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Acronyms and Abbreviations

CBD - Central Business District

HCM - Highway Capacity Manual

ICU - Intersection Capacity Utilization

LOS - Level of Service

MOE - Measure of Effectiveness

MUTCD - Manual of Uniform Traffic Control Devices
PED - Pedestrian

PHF - Peak Hour Factor

v/c - Volume to Capacity Ratio
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Chapter 1 — Introduction

Introduction

Synchro Studio is a complete software package for modeling, optimizing, managing and simulating traffic systems.

Synchro Studio is a software suite that includes:
v Synchro, a macroscopic analysis and optimization program;
v SimTraffic, a powerful, easy-to-use traffic micro-simulation software application;
v" 3D Viewer, a three-dimensional view of SimTraffic simulations;

v' SimTraffic CI, an application that interacts with a controller interface (CI) device connected to a
controller in order to simulate the operation of the controller with simulated traffic.

The purpose of the User Guide is to provide basic instruction for using each of the above listed applications.
Chapter 1 highlights some of the key traffic engineering related tasks for which these software applications are
intended. A list of additional Synchro Studio documentation is included at the end of this chapter.

Capacity Analysis

Synchro implements the Intersection Capacity Utilization (ICU) 2003 method for determining intersection
capacity. This method compares the current volume to the intersection’s ultimate capacity. This method is very
straightforward to implement and can be completed using a single page worksheet.

Synchro also provides an easy-to-use solution for capacity analysis and timing optimization. All values are
entered in easy-to-use forms. Calculations and intermediate results are shown on the same forms.

Synchro’s percentile delay method includes an additional delay component related to spillback from adjacent
intersections. The Total Delay includes the traditional control delay plus the queue delay. Since delay
calculations are an integral part of the optimization objective, queue delay is also considered.

Synchro also implements the methods of the 2000, 2010, and 6t Edition Highway Capacity Manuals.

Coordinate and Optimize

Synchro allows for quick generation of optimum timing plans. Synchro optimizes cycle length, split times,
offsets and phase sequence to minimize driver stops and delay. Synchro is fully interactive. When input values
are changed, the results are updated automatically. Timing plans are shown on easy to comprehend timing
diagrams.

Users also have the ability to review a variety of detailed measures of effectiveness (MOEs) calculated during
the optimization process. Weighting factors can also be used to allocate more green time to an individual phase
or group of phases.

Actuated Signals

Synchro provides detailed, automatic modeling of actuated signals. Synchro can model skipping and gapping
behavior and apply this information to delay modeling. Detailed coding of detector data is a critical element to
replicating field conditions.
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Unsignalized Intersections
Synchro allows users to analyze unsignalized intersections using the HCM 2000, 2010, or 6t Edition analysis
method. Users can analyze the following unsignalized intersections within Synchro:

1. All-Way Stop Control (AWSC)

2. Two-Way Stop Control (TWSC)

3. Roundabouts

Users can quickly switch between intersection types with minimal data re-entry required.
Time-Space Diagram

Synchro has colorful, informative Time-Space Diagrams. Splits and offsets can be changed directly on the
diagram.

Synchro features two styles of Time-Space Diagrams. The bandwidth style shows how traffic might be able to
travel down an entire arterial without stopping. The traffic flow style shows individual vehicles that stop, queue
up, and then go. The traffic flow style gives a much clearer picture of what the traffic flow actually looks like.

The Time-Space Diagrams also display queue interaction issues with color-coded bars near the intersections.
Traffic Impact Analysis (TIA)

The TIA module allows users to manually input the number of expected trips or import them from a previously
created TripGen file. The new trips can then be automatically distributed and routed through the Synchro
roadway network. Each of the various menus items and screen were developed to minimize the number of
input steps required by the user to complete a traffic impact analysis.

SimTraffic Simulations

SimTraffic performs micro-simulation and animation of both vehicles and pedestrians. With SimTraffic,
individual vehicles are modeled and displayed traversing a street network. SimTraffic models signalized and
unsignalized intersections as well as freeway sections with cars, trucks, pedestrians, and buses. Unlike a
number of other modeling applications, SimTraffic animation is displayed while the simulation is performed.
Data entry is intuitive and efficient since the same data set created within Synchro is used to produce
simulations within SimTraffic.

3D Animations
SimTraffic can create a 3D file which can be viewed with the Trafficware 3D Viewer. The three primary modes

of the viewer for playback of SimTraffic data in a 3D environment include scene, ride, and track. The ability to
create scenery to enhance the default background is also available in the 3D Viewer.

Controller Interface (ClI)

SimTraffic CI simulates vehicles and detector operations. Detector calls are sent to the controller via the
controller interface (CI) device. The Controller operates as though it has real traffic. Current phase information
is returned from the controller to SimTraffic CI through the CI device. Data is exchanged between SimTraffic CI
and the CI device software 10 times per second.
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Helpful Documentation

To get started using Synchro Studio, see the document Getting Started and What’s New in Version 10. This
document can be found in the Trafficware directory where Synchro Studio is installed (default is C:\Program
Files (x86)\Trafficware\Version 10). The following additional documents are also installed within this
directory to assist in creating Synchro networks or keeping up-to-date on the most current release. A brief
description of each document is provided below.

1. Synchro Studio 10 Getting Started and What’s New - This document focuses on the new features of
Synchro, SimTraffic, 3D Viewer, and Warrants. Each new feature is highlighted.

2. Synchro Studio 10 Examples - A step-by-step description for coding the sample files. A summary table
is located at the beginning of the document, created to provide users with a quick reference guide that
includes a brief description of each sample file.

Additional Resources

A few additional resources are also available at http://www.trafficware.com/synchro-help.html/. This page

will be updated regularly with new content, so check back often. The PDF documents listed below are provided
to enhance the user’s understanding of key features of Synchro and SimTraffic.

1. Synchro Studio 10 Summary of Releases — This document provides the user with a brief description of
the various revisions incorporated within each new release.

2. Implementation of the HCM 6t Edition Within Synchro - This living document is updated based on
changes or enhancements to the HCM 6t Edition methodologies.

Support

Users that have purchased Synchro 10 support will About - Synchro plus SimTraffic 10 %
have access not only to the current Support Site, but

will also have unlimited access to Just-In-Time -'-raff"cwa'e@

Training Videos, selected Trafficware University
Webinars, and discounts on face-to-face training

Welcome to Synchro plus SimTraffic 10
classes.

Signal Timing and Analysis Software

. o . . Version 10.0, build 1, revision 26 (10.0.1.28)
The Just-In-Time Training Videos are aimed at

idi ief vi : Ful l
providing users a brief video focused on a particular =L
feature within Synchro or SimTraffic and can be Support starting 1/31/2017, ending 1/31/2018, remaining 633 days

viewed at any time.

This software is copyrighted by Trafficware LLC.,

Attendees who are registered and activated Version 10
users will receive a discount during the registration
process for our face-to-face training courses.

Users can view the status of support for each license by
choosing About Synchro from the Help tab.

Chapter 1 - Introduction

1993-2017. All rights reserved.

Any timing plans, warrant results, trip generation, or other
information obtained from this program, the sample files, or the
manual are intended as suggestions only and should be checked by
traditional methods for their appropriateness.

Traffioware assumes no liability for the use of any timing plans,
warrant results, trip generation, or any other information obtained
from these programs or any of the accompanying written materials,

‘You have read the End User License Agreement and have agreed to
its terms.

Synchro, SimTraffic, and Trafficware are registered trademarks of
Trafficware LLC. All third-party trademarks mentioned in this software
are the property of their respective owners.

Trafficware LLC.
281-240-7233
sales @traffioware. com
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Organization of User’s Manual*

Figure 1-1 includes a flowchart highlighting the various Synchro 10 User Manual Chapters.

Use Bing to import a
background image (page 4-1)

Will a background image

e amigared® (Chapter4] Import your own background

image (page 4-5)

A

Create Intersection
(Chapter 5)

Enter Geometric Data
(Chapter 8)

|

Enter Volume Data
(Chapter 9)

Hl

A 4

I Choose Intersection
Control (Chapter 10)

1 1 I |

All-Way-Stop
Controlled

Two-Way-Stop
Controlled

Signalized Roundabout

v v 4 X

Figure 1-1

1-4

Synchro Manual Flowchart

I Select appropriate s Select Unsig Control = Select Unsig Control I Select Roundabout
Control Type (page 7-4) Type (page 7-4) Type (page 7-4) Control Type (page 7-4)
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n Select appropriate Set appropriate Enter radius and
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I Enter Phasing data
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v M Analyze using HCM 6" Edition  {Chapter 15),
Enter Detector data HOM
HCM 2010 Chapter 16},
m' (Chapter 12) » 2: Ghap )
B HCM 2000 (page 21-14),
v @ Or SimTraffic {Chapter 24)
3 optimize (Chapter 18)
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Chapter 2 — Map View and Layout

Map View

Synchro 10's user interface was updated, introducing a new look and feel with easy-to-use ribbon bar controls.
The ribbon is a visual tool, rather than a text-based menu system. Similar tasks are grouped together under
tabs, to help improve efficiency. However, people work differently, so the ribbon bar is also highly customizable.

The basic layout of the MAP view has been enhanced to provide users with the ability to customize the location
and content of the toolbars.

The MAP view (see Figure 2-1), includes the drawing area used for creating the roadway network. Links and
nodes are displayed on the map canvas to resemble the roadway network being analyzed.

: To activate the MAP view, press the MAP view button or the [F2] key from anywhere in the program.

By default, Synchro will show the MAP view when you start the application.

OBBERBNYNA

HCM 6th Edition

2nd Ave

Wil Ent

Main Steet Main Steet

13792 12,062|

Figure 2-1 Map View

The ribbon introduces a new look and feel, but not new terminology. Users of previous versions of Synchro
should notice that all commands are included on the ribbon bar with similar names as in Synchro 9. Upon
installing Synchro 10, it is recommended that you spend some time familiarizing yourself with the new layout.
The sample files provide a convenient practice environment.

Each of the ribbon bar components is discussed in the following sections.

The ribbon bar can be hidden if it takes up too much of your screen, using the Ribbon Display Options
icon located on the right side of the title bar. Display options include:

e  Show Tabs and Commands (default setting)

Chapter 2 - Map View and Layout 2-1



Synchro Studio 10 User Guide
e Auto-Hide Ribbon: This option hides the entire ribbon, including tabs, click anywhere in the green bar
to temporarilly display the ribbon. It will hide again automatically after you select a command.

e Show Tabs: This option collapses the ribbon, so that only the tabs are visible When you click a tab, the
commands will be displayed temporarily.

Parts of the Ribbon Bar

OEEEBRSA-

~ mchro 10 - C:\Program Files (x86)\Trafficware\Version10\Sample Files\Fixed Cycle Coordination.syn

3
Options Transfer Optimize Reports Help 6
— A — — *x: Template ~ HCM Int. Results - )]
e yaa =W O Tempite - gy g v = & ©®
'»H| £ Ring & Barrier Bl +M\rmt Results -
< . Timi 2 ; - .
*x® QXA = o I C 0 CT® @ rescviomings | 1M Simloton gy
Mapping = Zoom View Options | Lanes & Volumes Signal Timing Detection HCM 6th Edition

Figure 2-2  Synchro Ribbon Bar

1. File Menu: The File menu contains the functions New, Open, Save, Save As, Save Part, Merge File, Create
Report, Print Window, and Close.

2. Quick Access Toolbar: The Quick Access Toolbar is a customizable toolbar that may be displayed either
above or below the ribbon. It is in view even when the ribbon is minimized.

3. Tabs: The Synchro ribbon is organized into tabs according to task. Tabs include Home, Options,
Transfer, Optimize, Reports, and Help.

4. Groups: Each tab is divided into logical groups of buttons. Groups are separated by vertical lines.

5. Dialog Box Launcher: Clicking the arrow icon ™ opens a dialog box with additional controls. For
example, pressing this icon on the Mapping group opens the Map Settings window.

6. Arrows: Arrows open submenus. For example, pressing the Node arrow on in the Display Results group
allows you to select what type of intersection-level results to display on the Map View (Node Numbers,
LOS, etc).

7. Collapsed Group: Groups expand and collapse when the window is resized. A partially collapsed group
may display the buttons in a different layout, or a reduced number of items. A fully collapsed group

only shows the group name with an arrow button that opens the group submenu.

8. Program Window Controls: The window controls work the same as most Windows-based programs.
Clicking the minimize button = minimizes the program to the taskbar; the maximize button toggles

between full-screen and reduced-size views; and clicking the m closes the program.
Current Intersection

On the right side of the window, below the ribbon bar, the current Node Number and Intersection Name is
displayed.

3 3rd 5t & Main 5treet
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Open files from the File menu

The Open tab on the File menu shows a list of files you’ve recently opened, and it includes links to places where
you commonly store files.

Synchro 10 - C:\Program Files (x86)\Trafficware\Version10\Sample Files\Fixed Cycle Coordination syn -E“

Recent Documents
SN
]\ L}I Recent ® Fixed Cycle Coordination.syn
EI:I Computer @ HCM_TWSC Ped_Example.syn
([ browse @ HCM_T\‘VSC_ExampIE‘syn

@ HCM_AWSC Examp\e syn

Dual Lame Rnumdahnut =Y

Merge File

Create Report

Smgle Lane Roumdabout syn

_ @
. %

Figure 2-3  Synchro File Menu

Select [Recent] to open one of your recently opened files; select [Computer] to open a file from a recently used
folder; or select [Browse] to locate the desired file from any network location.

Using the Quick Access Toolbar

The Quick Access Toolbar is a handy tool, used to bookmark frequently used commands. It is a customizable
toolbar that contains a set of commands that are independent of the tab on the ribbon that is currently
displayed.

The Quick Access Toolbar is located in the upper-left section of the title bar. By default, this toolbar contains

shortcuts to Open, Save, Save As, Create Reports Undo, and Redo. Additional buttons can be selected by clicking
the down arrow to display the drop-down menu shown in Figure 2-4.
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Customize Quick Access Toolbar

v  Open
g & wel = W

Map Select » & Save Ac g Merge Volume

View Background Template Settings
v  Create Report

Mapping F nes & Volumes

+  Undo

+ Redo
Map View
Add Link (A)
Delete
Move Mode (M)
Lane Settings
Yolume Settings
Phasing Settings
Detection Settings
Simulation Settings
Select Int.
T5D
SimTraffic
Print Window
Custormize Quick Access Toolbar... +1|

Show Quick Access Toolbar Below the Ribbon - r4|

Customize the Ribbaon...

Minirmnize the Ribbon

VIS 1Y L

Figure 2-4  Synchro Quick Access Toolbar

Click on any of the commands listed to add/remove it from the Quick Access Toolbar. The most commonly used
commands are included in the list shown in Figure 2-4, but even more options are available by selecting
Customize Quick Access Toolbar.
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@ Quick Access Toolbar Customization o IE8
Chooze commands from: Customize Quick Access Toolbar:
Al Commatds - Show Quick Access Toolbar below the Ribbon

TTl Delay M Dpen

X Delete Save

lH| Dretection Seting: Save bz

515? Detectar Template Create Repart

-ﬂ" Dirag Map Undo

¢ Edit Template Phazes... Bedo

! Error Check !—} b ap View

I8 HCM 2000 B 2dd Link 14

I8 HCM 2010 _ % Delete

CER HECM Bith @ I Move Made [M]

4 Header | @| Lane Settings
? Help |H| Wolurme Settings

+ Int. Results & Phasing Settings

+ Int. Results H| Detection Settings

ﬁ Intergection lﬂ: Simulation 5ettings

¢ Interzection to East-west =& Seclect Int

¢' Intersection to Morth-South E TSD

1 NI Videos & SimTraffic

‘ Lane Settings Print Window

l@| Lane Settings

L’;ﬁ License Key

Link
L' [Ny s
Feszet * LCancel

Figure 2-5 Customize the Quick Access Toolbar

To add an item to the Quick Access Toolbar, select it from the menu on the left, press the right arrow button,
then select [OK]. Items can be removed using the left arrow button.

Ribbon Bar Commands

Synchro has a variety of commands that are accessed through the ribbon bar. This section summarizes the
available commands.

Each tab contains specific groups, logically organized by task.
Some buttons will display gray (disabled) when their functions are not applicable to the current selection.
Home Tab

The Home Tab contains the most commonly used commands, and those used to setup a network.
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Mapping Group

< & wp

%,

Map Select ¥ &

View Background

Mapping P

The Mapping Group is used for initial model setup, and editing the layout of intersections.

details.

: Map View: Use this button or the [F2] key to switch to the MAP settings. Refer to Chapter 8 for

Select Background: Import a Map Background image. Refer to Chapter 4 for additional details.

a
L

Add Link: Select the Add Link button or press [A] to create a link on the MAP view. Refer to page 5-
2 for additional details.

Delete Link or Node: Select this button or press [Del] to delete the selected link/node. Refer to page
5-3 for additional details.

Move Node: Select this button or press [M] to move a node. Refer to page 5-4 for additional details.

Transform Map: Use this button to move, scale, or rotate the entire map. If your map was initially
laid out with a different coordinate system, you can change it with this command. Refer to page 5-
9 for additional details.

®w X P

Zoom Group

yae
QIR

Zoom

The Zoom Group is used to navigate around the Map View.

The mouse wheel can also be used to zoom and pan. To zoom in, roll the mouse wheel up. To zoom out, roll the
mouse wheel down. Holding the mouse wheel button down will allow you to drag the map.
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Drag Map: To scroll around the MAP view, choose the Drag Map button or press the [End] key. To
deactivate, select the button again or press [Esc]. In addition, holding the mouse wheel button
down will allow you to drag the map. The key pad arrows can also be used to scroll the Map view.

Zoom In: To view the map closer, choose the Zoom In button or press [Page Down]. It may be
necessary to scroll to put the map in the center of the MAP view. The mouse scroll wheel can also
be used to change the map view scale. Scrolling up will zoom in and scrolling down will zoom out.

Zoom Out: To view more of the map, choose the Zoom Out button or press [Page Up]. The mouse
scroll wheel can also be used to change the map view scale. Scrolling up will zoom out and scrolling
down will zoom in.

Zoom All: To view the entire map, choose the Zoom All button or press [Home].

Zoom Window: To view a specific section of the map, use the Zoom Window button or press [W]. To
define the area, click on the upper-left corner of the viewing area then click in the lower-right
corner of the viewing area.

Zoom Scale: To view the map at a specific scale, use the Zoom Scale button or press [Shift]+[S].
Enter the desired scale to view the map in feet per inch (meters per inch). This command assumes
100 pixels per inch on your screen.

P A L P E

To center the MAP view, press [Ctrl]+[C] and the click where you want the map to be centered.

View Options Group

=S
== -
View  Select
Ports Int.

View Opticns

Use this toolbar after the basic layout of your network is complete, to locate a specific intersection.

| View Ports: Use this button to create up to four View Ports within the MAP View. This feature allows
| q users to view different intersections while displaying the entire network.

Select Intersection: Use this button or the [F8] key to bring up a list of the intersections in your
network. Choosing an intersection and pressing [OK] will switch the current settings to that
intersection. In addition, the MAP View will be centered on the selected intersection.

é
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Lanes & Volumes

W + = 9

Lane Templates  Merge Volume
Settings = Template Settings

Lanes & Volumes

9?

The Lanes and Volumes group is used to enter the lane geometry, volumes, and related data.

W Templates Submenu: A node or link must be selected prior to using the Templates command. Once

Lane Settings: Use this button or the [F3] key to switch to the LANE settings. Refer to Chapter 8 for
details

selected, the intersection lane settings will be updated with the lane geometry included within the
respective template. The buttons available are listed below.

} Select the 1 Lanes LTR button to code one left turn/through/right turn lane.

Select the 2 Lanes L, TR button to code one exclusive left turn lane and one
through/right turn lane.

Select the 2 Lanes LT, TR button to code one left turn/through lane and one
through/right turn lane.

Select the 3 Lanes L, T, R button to code one exclusive left turn lane, one exclusive
through lane, and one exclusive right turn lane.

Select the 3 Lanes L, T, TR button to code one exclusive left turn lane, one exclusive
through lane, and one through/right turn lane.

Select the 4 Lanes L, T, T, R button to code one exclusive left turn lane, two exclusive
through lanes, and one exclusive right turn lane.

S R

local needs. Select this button to apply a custom template to the selected intersection. Refer to page

@ Merge Template: The predefined templates can be customized to match user preferences based on
5-5 for additional details.

Volume Settings: Use this button or the [F4] key to activate the VOLUME settings. Refer to Chapter
9 for detalils.
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? Traffic Impact Analysis (TIA): Use this button to activate the Traffic Impact Analysis module,
? including Trip Generation, Trip Distribution, and Trip Assignment. Refer to Chapter 14 for details.

L
Signal Timing

I ¢ Template - :q)
&2 Ring & Barrier

Tirmin Phasin T5D
Settinggs t? Cluster Editor Settinggs

Signal Timing

The Signal Timing group is used to enter the signal timing data and review related results.

Timing Settings: Use this button or the [F5] key to activate the TIMING settings. This button is
visible if a signalized intersection is selected. Refer to Chapter 10 for details.

<4 Signing Settings: Use this button or the [F5] key to activate the SIGNING settings. This button is
visible instead of the Timing Settings button if an unsignalized intersection is selected. Refer to
- Chapter 10 for details.

Phase Template Submenu: Phase templates allow phase numbers to be set automatically. Refer to
page 10-2 for additional details.

o Intersection to East-West: Set the phase template to an east-west template (phases on 2/6
eastbound and westbound approaches)

e Intersection to North-South: Set the phase template to a north-south template (phases on
2/6 northbound and southbound approaches)

e FEdit Template Phases: Local standards may have the phases mirrored from Synchro's
defaults. Use this command to edit the default Phase Templates.

4 Ring & Barrier Designer: Modify the Ring & Barrier Settings for complex intersection phasing. Refer
Eel78 to page 11-2 for additional details.

Cluster Editor: Use to group multiple intersections onto one controller. Refer to page 11-4 for
additional details.

Phasing Settings: Use this button or the [F6] key to activate the PHASING settings. Refer to Chapter
¢ 11 for details.

Time-Space Diagram: Use this button or the [F7] key to activate the TIME-SPACE DIAGRAM. An
intersection or link must be selected for this button to be active. Refer to Chapter 17 for details.
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Detection Group

W =

Detection  Detector
Settings  Template

Detection

I

The Detection group is used to enter the detection related data.

Detector Template: This command allows the user to define the number, position, type and size of
. - each detector. Refer to page 12-2 for additional details.

- =
b

Detection Settings: Use this button or the [F11] key to activate the DETECTOR settings. Refer to
Chapter 12 for details.

HCM 6" Edition Group

HCM - Int. Results -
22l +M~.rr'r1t Results -
&Rese’cWarnings
HCM 6th Edition

Use the HCM 6t Edition Group to enter and review data related to the HCM 6t Edition methodology. Refer to
Chapter 15 for additional details on using this methodology.

HGM HCM 6t Edition Settings: Use this button to activate the Highway Capacity Manual 6t Edition
settings. Included are the methods for the Automobile Mode, Pedestrian Mode and Bicycle Mode.
BT Ed Referto Chapter 15 for additional details.

HCM 6t Edtion Intersection Results: This submenu shows HCM 6t Edition intersection level results
on the MAP view.

Show HCM 6t Edition Intersection Delays: Displays the HCM 6th Edition delay for each
@ intersection. This is the Intersection Delay shown in the HCM 6t Edition settings

window.

Show HCM 6t Edition Intersection LOS: Display the HCM 6t Edition Level of Service
LOS (LOS) for each intersection. This is the Intersection Level of Service shown in the HCM
6t Edition settings window.
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HCM 6th Edtion Movement Results: This submenu shows HCM 6th Edition movement level results on
the MAP view.

capacity (v/c) ratio for each movement. This is the v/c ratio shown in the HCM 6th

E| Show HCM 6t Edition Movement v/c Ratio: Displays the HCM 6t Edition volume-to-
“ Edition settings window.

Show HCM 6t Edition Movement Delays: Displays the HCM 6t Edition delay for each
#1 movement. This is the Lane Group Delay shown in the HCM 6% Edition settings
window.

Show HCM 6t Edition Movement LOS: Display the HCM 6t Edition Level of Service
LOS (LOS) for each movement. This is the Lane Group Level of Service shown in the HCM
6th Edition settings window.

@ Reset HCM 6t Edition Warnings: Resets the HCM 6t Edition warning messages.

HCM 2010 Group

HCM + Int. Results -
o1 +I"v'1*.fmt Results -
ﬁ Reset Warnings
HCM 2010

Use the HCM 2010 Group to enter and review data related to the HCM 2010 methodology. Refer to Chapter 16
for additional details on using this methodology.

HEM HCM 2010 Settings: Use this button to activate the Highway Capacity Manual 2010 settings.
ﬁ' Included are the methods for the Automobile Mode, Pedestrian Mode and Bicycle Mode. Refer to
01 Chapter 16 for additional details.

HCM 2010 Intersection Results: This submenu shows HCM 2010 intersection level results on the
MAP view.

Show HCM 2010 Intersection Delays: Displays the HCM 2010 delay for each
@ intersection. This is the Intersection Delay shown in the HCM 2010 settings window.

each intersection. This is the Intersection Level of Service shown in the HCM 2010

LOS Show HCM 2010 Intersection LOS: Display the HCM 2010 Level of Service (LOS) for
settings window.
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I HCM 2010 Movement Results: This submenu shows HCM 2010 movement level results on the MAP
view.

ratio for each movement. This is the v/c ratio shown in the HCM 2010 settings

E| Show HCM 2010 Movement v/c Ratio: Displays the HCM 2010 volume-to-capacity (v/c)
“ window.

Show HCM 2010 Edition Movement Delays: Displays the HCM 2010 delay for each
#1 movement. This is the Lane Group Delay shown in the HCM 2010 settings window.

movement. This is the Lane Group Level of Service shown in the HCM 2010 settings

LOS Show HCM 2010 Movement LOS: Display the HCM 2010 Level of Service (LOS) for each
window.

@ Reset HCM 2010 Warnings: Resets the HCM 2010 warning messages.

Simulation Group

9 &

Simulation  SimTraffic
Settings
Simulation

Use these commands when preparing a model for microscopic simulation in SimTraffic.

= Simulation Settings: Use this button or the [F10] key to activate the SIMULATION SETTINGS button.
Refer to Chapter 13 for details
[ ]

Launch SimTraffic: Use this button or press [Ctrl]+[G] to start SimTraffic and load the current file
in SimTraffic.
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Display Results Group

B

Link Mode Ln/MWwt

- - -

Display Results

These buttons display various inputs and outputs on the MAP view. The icons in the ribbon bar indicate which
data is currently displayed on the map.

Select the None option in each submenu to clear the selection.
Link Submenu

The buttons in the Link submenu can be used to show link related information on the MAP view.

bS‘ﬁ' Show Speed: Displays the link speed on the MAP view.

Show Coordinatabilty Factor: Display the coordinatability factor for each link.
For further details, see the topic on Coordinatabilty Factors on page 18-22.

factor for each link. For further details, see the topic on Coordinatabilty Factors
on page 18-22.

Show Link Length: Display the link length on the MAP view.

]

B Show Natural Coordinatabilty Factor: Display the natural coordinatability
]

i

Show Link Distance, Speed and Travel Time: Displays the link distance, speed
DS | and travel time on the MAP view, or press the [T] key.

Node Submenu

The buttons in the Node submenu can be used to show node/intersection related information on the MAP view.

Lock Timings field shown in the TIMING settings. Refer to page 7-5 for additional

Show Locked Timings: Display the intersections with locked timings. This is the
E details.

the [#] key. Node numbers can be changed with the NODE settings. Refer to page

Show Node Numbers: Displays the node numbers on the Map View, or press the
i # 7-3 for additional details.

Chapter 2 - Map View and Layout 2-13



Synchro Studio 10 User Guide

Show Intersection Zones: Displays the zone numbers on the Map View, or press
the [Z] key. Zone names can be changed with the NODE settings. Zone names can
include any letter or number up to seven characters. Refer to page 7-3 for
additional details.

Show Cycle Lengths: Displays the current Cycle Length for each signalized
intersection on the Map View, or press the [C] key. This is the Cycle Length shown
in the TIMING settings. Refer to page 7-4 for additional details. Unsignalized
intersections will be displayed with a ‘U’.

Show Natural Cycle Lengths: Displays the Natural Cycle Length for each
signalized intersection, or press the [N] key to display the natural cycle length for
each intersection. This is the Natural Cycle Length shown in the TIMING settings.
Refer to page 7-6 for additional details. Unsignalized intersections will be
displayed with a ‘U’.

C CN

Show Volume Balancing: Displays the unbalance of traffic volumes between
intersections. This can be used in conjunction with volume diagrams for quick
editing adjustments. The information is directional, with the incoming volume
located on the right side of the link, closest to the downstream intersection. Also,
see coding errors 100, 101 and 206 (page 23-1).

==

Show Intersection Delays: Displays the intersection delay for each intersection,
or press [Shift]+[D]. This is the Intersection Delay shown in the TIMING
settings. Refer to page 7-7 for additional details.

Show Intersection Levels of Service: Displays the intersection LOS for each
intersection, or press the [0] key. This is the Intersection Level of Service shown
in the TIMING settings. Refer to page 7-7 for additional details.

2 @

Intersection Capacity Utilization (ICU): Displays the intersection ICU Level of
Service for each intersection. This is the ICU LOS shown in the TIMING settings.
Refer to page 7-8 for additional details.

Lane/Movement Submenu

The buttons in the Lane/Movement submenu can be used to show lane/movement related information on the
MAP view.

Show Lane Arrows on Map: Displays the lanes for each movement, or press the
[L] key. Stick diagram arrows display on the right side of the approach.

The displayed volumes are adjusted for growth factor (from the VOLUME settings

Show Volumes on Map: Displays the volumes on the map, or press the [V] key.
m‘ but not for peak hour factor).

is the Adjusted Flow shown in the Volume Settings. Refer to page 9-10 for

l Show Adjusted Volumes on Map: Displays the adjusted volumes on the map. This
ﬁ‘ additional details.
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2
u

Show Start of Greens: This option shows the beginning of green time for each
movement or press the [G] key. This field is helpful when reviewing the
progression quality. The intersection cycle length is automatically displayed.

For permitted plus protected movements, the start of the protected green is
shown. For actuated signals, the start is based on maximum green times. Double
clicking on the diagram opens the TIMING settings.

Show Start of Yellow Times: This option shows the beginning of yellow time for
each movement. This field is helpful when reviewing the progression quality. The
intersection cycle length is automatically displayed.

For permitted plus protected movements, the end of the protected green is
shown. For actuated signals, the start is based on maximum green times. Double
clicking on the diagram opens the TIMING settings and brings you to the Total
Split row.

Maximum Green Times: Displays the maximum green time for each phase in
seconds. The intersection cycle length is automatically displayed. For permitted
plus protected movements, only the protected greens are shown. Double clicking
on the diagram opens the TIMING settings.

Show Volume to Capacity Ratios: Displays the volume-to-capacity (v/c) ratios
for each movement. The v/c ratios are based on average green times as calculated
by the percentile method. The v/c ratios DO NOT show problems with defacto
turning lanes. This display can be used to quickly identify capacity problems.
Refer to page 10-14 for additional details. Double clicking on the diagram opens
the TIMING settings.

For unsignalized intersections, this is the volume to capacity for the movement as
calculated by the HCM 2000 method. Unlike signals, the v/c ratio is the maximum
for the movement, not lane group.

Show Movement Delays: Displays the delay for each movement. The delays are
based on the percentile method. This is the Total Delay displayed in the Timing
Settings window. Refer to page 10-16 for additional details. Double clicking on the
diagram opens the TIMING settings.

For unsignalized intersections, this is the control delay for the movement as
calculated by the HCM 2000 method.

Show Percentile Movement LOS: Displays the Level of Service (LOS) for each
movement. The LOS are based on the percentile method. This is the LOS displayed
in the Timing Settings window. Refer to page 10-16 for additional details. Double
clicking on the diagram opens the TIMING settings.

For unsignalized intersections, this is the LOS for the movement as calculated by
the HCM 2000 method.

Show Phase Numbers: Displays the phase number for each movement. Permitted
phases are shown in parentheses. For example, 1,(6) is a protected-permitted left-
turn with protected phase 1 and permitted phase 6. Refer to page 10-4 for details
on programming phase numbers. Double clicking on the diagram opens the
TIMING settings.

For unsignalized intersections, this is the Sign Control as programmed in the
Signing Settings window.
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Options Tab
& @ = Time Tracker '
= At -4
Metwork Map Scenario Metric Error
Settings  Settings  Properties Check

Opticns

The options tab contains settings useful in the initial configuration of a Synchro file.

Network Settings: Make changes that affect the entire network. These settings affect the default
values for entries in the LANE, VOLUME, TIMING, PHASING, and SIMULATION settings screens.
Refer to page 3-4 for additional details.

Map Settings: Use to change the appearance of the map. This command can change the color and
size of the map elements. Refer to page 3-1 for additional details.

Scenario Properties: Use to provide a description of project. Refer to page 3-3 for additional details.

%} Time Tracker: Enable or disable the Time Tracker. The Time Tracker is used to count the time
spent on a Synchro project. Refer to page 3-2 for additional details.

4| Metric: Convert between Metric and Imperial units

' Error Check: Use to check data for coding errors. Refer to Chapter 23 for additional details.
L]

Transfer Tab
& =7 EH = W=
= SR R i
SimTraffic  Warrants Open Save Read/Write Append Merge Save
Combined Combined v File Part
Software UTDF File Managernent

The Transfer tab is used when transferring data between Synchro and other software or formats.

SimTraffic: Use this button or press [Ctrl]+[G] to start SimTraffic and load the current file in
SimTraffic. This button is always active.

@ Warrants: If you have purchased Warrants, use this button to launch Warrants.
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E| Open Combined UTDF: Open a combined data csv file. Refer to page 22-3 for additional details.

Save Combined UTDF: Save the current file to a combined data csv file. Refer to page 22-3 for
additional details.

Phasing, Lane, or Layout data. Refer to Chapter 22 for additional details.

Append Timing/MOE Data: Exports the current timing and/or Measures of Effectiveness (MOE)

% Read/Write UTDF File: Use this submenu to read or write to a UTDF file containing Volume, Timing,
11
'%-Sn data to the current optimization output file(s). Refer to page 18-17 for additional details.

% Merge File: Merge multiple files or parts of files together. Refer to page 20-1 for additional details.
4 Save Part: Save the highlighted intersections to a new file. Refer to page 20-3 for additional details.

Optimize Tab

W WG
Splits  Cycle Offset  Partition Cycle  Offsets

Length Metwork  Length
Intersection Metwork

Use the Optimize tab to optimize the splits, cycle length, and offset for an individual intersection, zone, or entire
network. Refer to Chapter 18 for additional details on the optimization process.

Optimize Intersection Splits: Use to optimize the splits of the selected intersection, or press
[Ctrl]+[T]. Refer to page 18-3 for additional details.

Optimize Intersection Cycle Length: Use to optimize the cycle length of the selected intersection.
Refer to page 18-4 for additional details.

Optimize Intersection Offset: Use to optimize the offset of the selected intersection only, or press
[Ctr]] +[I]. Refer to page 18-18 for additional details.

i ST &

Chapter 2 - Map View and Layout 2-17



Synchro Studio 10 User Guide

H Partition Network: Use to divide a network into multiple systems (zones). Refer to page 18-6 for
4= s additional details.
(I |

- Optimize Network Cycle Length: Use to optimize the cycle length for the entire network or selected
‘/ zone(s). Refer to page 18-11 for additional details.

Optimize Network Offsets: Use to optimize the offsets for entire network or selected zone(s). Refer
‘/ to page 18-18 for additional details.

Reports Tab

T— Hﬁm HEM HCM ? é
E ETID B
Intersection HCM  HCM  HCM

2000 2010 oth

Reports

Use the commands to create reports on Synchro inputs and outputs. Each button on this tab opens the Create
Reports dialog box, with a different set of pre-selected data. Refer to Chapter 21 for additional details on the
report options available in Synchro.

Press [Ctrl]+[P] to open the Create Reports window from any of the data grids.

Create Intersection Report: Open the Create Report window with the Intersection report selected.
I% This report contains outputs from the Percentile method, which matches the data displayed in the
Timing Settings window. Refer to page 21-3 for additional details.
(=0

Create HCM 2000 Report: Open the Create Report window with the HCM 2000 report selected.
Refer to page 21-13 for additional details.

HGM  Create HCM 2010 Report: Open the Create Report window with the HCM 2010 report selected. This

%% report matches the data displayed in the HCM 2010 window. Refer to Chapter 16 for additional
details.

HGM  Create HCM 6 Edition Report: Open the Create Report window with the HCM 6t Edition report
% selected. This report matches the data displayed in the HCM 6t Edition window. Refer to Chapter
BN 15 for additional details.

Create TIA Report: Open the Create Report window with the Traffic Impact Analysis (TIA) report
?_ selected. Refer to page 14-9 for additional details.
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Help Tab

A2 @ P B @

Help  User T Support Checkfor License  About
Guide Videos Updates Key Synchro

Help

Help and support resources may be accessed through the Help tab.

7 Help: Several resources are available at http://www.trafficware.com/synchro-help.html. This
page will be updated regularly with new and updated content, so check back often.

User Guide: A comprehensive manual that includes detailed descriptions of the features and
methodologies of Synchro, SimTraffic and 3D Viewer. Or press [F1] to open the User Guide.

Just-In-Time (JIT) Training Videos: These videos are accessible to customers with a Support and
Maintenance Agreement. Each of these short vides is focused on a particular feature within
Synchro Studio and can be viewed at any time.

Support: Connect to the Trafficware support site to submit a question. Customers must have a
Support and Maintenance Agreement.

Check for Updates: Check to see if a newer build is available.

License Key: Show the product key and activation information.

About Synchro: Shows the current version, build, copyright, and current SMA (Support and
Maintenance Agreement) status.

Ov¥ ©e m-
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Synchro 9 to 10 Command Reference Guide

This section is designed for Synchro 9 users as they are first introduced to the ribbon bar in Synchro 10. The
tables below follow the organization in Synchro 9, but include references to the new location of each command

in Synchro 10.
Table 2-1

Version 9

Menu Command

File Commands

Version 10

Button Location

Keystrokes

File>New File>New Start a new file [Ctrl]+[N]
Quick Access Toolbar
File>Open File=>Open Open an existing file [Ctrl]+[O]
Quick Access Toolbar
File>Save File>Save Save the current file [Ctrl]+[S]
Quick Access Toolbar
File>Save-As File>Save As Save the current file with a
new name or File Type
Quick Access Toolbar
File>Save-Part Transfer tab Save the highlighted
intersections to a new file
File>Merge File Transfer tab Merge multiple files or parts of
files together
File>Merge Home tab, Lanes & Volumes group Merge template for the current
Template node
File>Select Home tab, Mapping group Import a Map Background
Backgrounds image
File>Create File>Create Report Open the Create Report dialog [Ctrl]+[R]
Report
Quick Access Toolbar
Reports tab
File->Print Window File->Print Window Create a report of the active [Ctrl]+[P]

tab

File>Printer Setup

Located inside the Create Report and
Print Window dialog boxes

Open the default printer set-up
window

File>Recent File>Recent Show a list of recently -
accessed files

File>Exit File>Close Exit the program -

Table 2-2  Edit Commands

Version 9 Version 10

Action Keystrokes

Menu Command Button Location

Edit>Undo Quick Access Toolbar  Use to undo multiple changes  [Ctrl]+[Z]

Edit->Redo Quick Access Toolbar Use to redo multiple changes [Ctrl]+[Y]
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Table 2-3

Version 9

Menu Command

Transfer Commands

Version 10
Button Location

Keystrokes

Transfer>Data
Access>0Open Combined
Data File

Transfer>Data
Access>Merge Data

Transfer>Data
Access—~>Save Combined
Data File

Transfer tab

Transfer tab
(renamed to
Merge File)

Transfer tab

Open a combined data csv file

Merge multiple files or parts of files
together

Save the current file to a combined data
csv file

Transfer>Data Transfer tab, Opens the UTDF Database Access [Ctrl]+[D]
Access>UTDF Read Read/Write UTDF window to the Read Volumes tab, to
Volumes submenu allow you to read volume from a csv file
Transfer>Data Transfer tab, Opens the UTDF Database Access -
Access>UTDF Write Read/Write UTDF window to the Write Volumes tab, to
Volumes submenu allow you to write volume to a csv file
Transfer=>Data Transfer tab, Opens the UTDF Database Access -
Access>UTDF Timing Read/Write UTDF window to the Timings tab, to allow you
submenu to read/write signal timings from a csv
file
Transfer>Data Transfer tab, Opens the UTDF Database Access -
Access>UTDF Phasing Read/Write UTDF window to the Phasing tab, to allow you
submenu to read/write signal phasing from a csv
file
Transfer->Data Transfer tab, Opens the UTDF Database Access -
Access>UTDF Lane Read/Write UTDF window to the Lane tab, to allow you to
submenu read/write lane configuration from a csv
file
Transfer>Data Transfer tab, Opens the UTDF Database Access -
Access>UTDF Layout Read/Write UTDF window to the Layout tab, to allow you
submenu to read/write model layout from a csv file
Transfer->SimTraffic Transfer tab Launches the SimTraffic micro [Ctrl[+[G]
Simulation simulation program
Transfer>Warrants Transfer tab Creates a Warrants file, and launches [Ctrl]+[W]
Evaluation Warrants
Transfer>Append Transfer tab Adds the current timing/MOE data to the -
Timing/MOE Data current optimization output file
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Table 2-4 OHtion Commands

Version 9

Menu Command

Options>Scenario Manager

Options>Map Settings

Options>Network Settings

Options—>Time-Space Diagram

Options>Coding Error Check

Options>Convert to Metric/Feet

Options>Phase
Templates—>Intersection to East-
West

Options>Phase
Templates—>Intersection to North-
South

Options>Phase Templates>Edit
Template Phases

Options—>Detector Templates
Options>Ring-and-Barrier-Designer

Options—>Cluster Editor

Options>Reset HCM Warnings

Version 10

Button Location
Options tab (renamed
Scenario Properties)
Options tab

Dialog box launched from the

Home tab, Mapping group =
Options tab

Home tab, Signal Timing
group
Options tab

Options tab

Home tab, Signal Timing
group, Template submenu

Home tab, Signal Timing
group, Template submenu

Home tab, Signal Timing
group, Template submenu

Home tab, Detection group
Home tab, Signal Timing
group

Home tab, Signal Timing
groupv

Home tab, HCM 6 Edition
and HCM 2010 groups

Action

Use to provide a description of
project

Use to change the appearance of
the map

Make changes that affect the
entire network

Open the time-space diagram
window

Use to check data for coding
errors

Convert between Metric and Feet

Set the phase template to an
east-west template
(phase 2/6 east and west)

Set the phase template to a north-
south template
(phase 2/6 north and south)

Edit the Phase Templates Editor

Open the Detector Template

Modify the Ring & Barrier Settings
for complex intersection phasing

Use to group multiple
intersections onto one controller

Resets the HCM 6™ Edition or
HCM 2010 warning messages

Table 2-5 OEtimize Commands

Version 9 Version 10

Action Keystrokes

Button Location

Menu Command

Optimize—>Intersection Optimize tab, Use to optimize the splits of the [Ctrl]+[T]
Splits Intersection group selected intersection

Optimize—>Intersection Optimize tab, Use to optimize the cycle length of the -

Cycle Length Intersection group selected intersection

Optimize~>Intersection Optimize tab, Use to optimize the offset of the [Ctrl]+[I]

Offset Intersection group selected intersection only

Optimize>Partition Network Optimize tab,

Network group

Use to divide a network into multiple -
systems (zones)

Optimize>Network Cycle Optimize tab, Use to optimize the cycle length for the -
Lengths Network group entire network or selected zone(s)
Optimize>Network Offsets Optimize tab, Use to optimize the offsets for entire -

Network group network or selected zone(s)
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Table 2-6 View Ports

Version 9 Version 10

Action
Menu Command Button Location
View Ports>View Home tab, View Options, This menu item is only available if View Ports have
Port 1 View Ports submenu been created. Use to display View Port 1
View Ports>View Home tab, View Options, This menu item is only available if View Ports have
Port 2 View Ports submenu been created. Use to display View Port 2
View Ports>View Home tab, View Options, This menu item is only available if View Ports have
Port 3 View Ports submenu been created. Use to display View Port 3
View Ports>View Home tab, View Options, This menu item is only available if View Ports have
Port 4 View Ports submenu been created. Use to display View Port 4
View Ports>All Home tab, View Options, This menu item is only available if View Ports have
View Ports View Ports submenu been created. Use to display all View Ports

Table 2-7 Help Commands

Version 9 Version 10 Keystrokes
Menu Command Button Location y
Help>User Guide Help tab Open the User Guide [F1]
Help->Check for Help tab Check to see if a newer build is available -
Updates
Help>JIT Training Help tab Connect to view Trafficware’s Just-In Time -
Videos Training Videos. Support must be active to

access.
Help->Support Help tab Connect to Trafficware support site to log a -

question. Support must be active to access.

Customize the Ribbon Bar

You can personalize your ribbon to arrange tabs and commands in the order you want them, hide or unhide
your ribbon, and hide those commands you use less often.

Refer to page 2-1 for information on hiding and unhiding the ribbon bar.

To personalize the location of tabs and commands on the ribbon bar, open the Customize the Ribbon Bar dialog
as shown in Figure 2-6 below.
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Customize Quick Access Toolbar

v  Open
_% % W v Save @ m

Map Select » & Save Ac £ Merge Velume

View Background Template Settings
v  Create Report

Mapping P nes & Volumes

+  Undo

+ Redo
Map View
Add Link (A)
Delete
Mowve Mode (M)
Lane Settings
Velume Settings
Phasing Settings
Detection Settings
Simulation Settings
Select Int.
T5D
SimTraffic
Print Window

Customize Quick Access Toolbar...

Show Quick Access Toolbar Below the Ribbon
Custornize the Ribban...
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Figure 2-6  Opening Customize the Ribbon Dialog
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@ Ribbon Customization o IE8
Choose commandsz from: Cuztomize the Ribbon:
L &l Tabs L

Main Tabs Main Tabs
4 Home 4 W Home

b Mapping b Mapping

b Zoom b Zoom

b Wiew Optiong b Wiew Optionz

b Lanes & Yolumes b Lanes & Volumes

b Signal Timing ¥ Signal Timing

b Detection b Detection

b HCHM Eth E dition b HCM Eth Edition

b HCH 2010 b HCM 2010

b Simulation b Simulation

b Display Results b Dizplay Results
b Optiong b v Oplions
b Transfer b v Transfer
b Optimize b v Optimize
»  Reports b v FAeports
¥ Help b | Help

add Rename...
Feszet * aK LCancel

Figure 2-7 Ribbon Customization Window

Add a Custom Tab

In the Ribbon Customization window, shown in Figure 2-7, select Add>New Tab.
Rename a Tab

Both default and custom tabs can be renamed. In the Ribbon Customization window, shown in Figure 2-7, right-
click on the tab that you want to rename. Select Rename, then enter the new name.

Hide a Tab

Both default and custom tabs can be hidden, but only custom tabs can be removed. In the Ribbon Customization
window, shown in Figure 2-7, clear the check box next to the tab you want to hide.

Remove a Custom Tab

Both default and custom tabs can be hidden, but only custom tabs can be removed. In the Ribbon Customization
window, shown in Figure 2-7, right-click on the tab that you want to remove and select Remove.
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Change the Order of Groups within a Tab

In the Ribbon Customization window, shown in Figure 2-7, click the group that you want to move (labeled as 1
in Figure 2-8 below). Click the Move Up or Move Down arrow (labeled as 2 in Figure 2-8 below) until you have
the desired order.

4@ Ribbon Customization o n
Choose commandsz from: Cuztomize the Ribbon:
All Tabs W &l Tabs Y]
Main Tabs Main Tabs
4 Home 4 | Home
b Mapping b Mapping
b Zoom b Zoom
b Wiew Optiong b Wiew Optionz
b Lanes & Yolumes b Lanes & Volumes
b Signal Timing ¥ Signal Timing
b Detection b Detection
b HCHM Eth E dition b HCM Eth Edition
b HCH 2010 b HCM 2010
b Simulation p b Simulation
b Dizplay Results b éDispIa_l,l Hesultso
¥ Optiong b v Ophions
b Transfer b v Transfer
b Optimize b v Optimize
»  Reports b v FAeports
b Help b Help
add = Rename...
Resst v 0K LCancel

Figure 2-8  Change the Order of Groups within a Tab

Add a Custom Group

In the Ribbon Customization window, shown in Figure 2-7, select the tab that you want to add a group to. select
Add>New Group.

Rename a Group

Both default and custom groups can be renamed. In the Ribbon Customization window, shown in Figure 2-7,
right-click on the group that you want to rename. Select Rename, then enter the new name.
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Remove a Custom Group

In the Ribbon Customization window, shown in Figure 2-7, right-click on the group that you want to remove
and select Remove.

Change the Order of Commands within a Group
In the Ribbon Customization window, shown in Figure 2-7, click the command that you want to move (labeled

as 1 in Figure 2-9 below). Click the Move Up or Move Down arrow (labeled as 2 in Figure 2-9 below) until you
have the desired order.

® o IEN

Chooze commands franm: Cusztomize the Ribbon:
All Tabs W &l Tabs W
Main Tabs Main Tabs i
4 Home 4 | Home
» Mapping b Mapping
b Zoom b Zoom
b Wiew Options b Wiew Options
b Lanes & Volumes b Lanes & Wolumes
b Signal Timing 4 Signal Timing
b Detechion I Timing Setings
b HCM Bth Editian b O Template
b HCHM 2010 &8 Ring & Barier Q
b Simulation 4 'k‘? Cluzter Editar r
b Dizplay Results - =¢} Phaszing Settingso v
5 [Oigftais F 10
b Transfer b Detection
¥ Optimize ¥ HCH Bth Edition
»  Reports b HCW 2010
r Help b Simulation
b Dizplay Results
b v Optiong
b | Tranzfer
b v Optimize v
Add * Rename...
Rezet = ok LCancel

Figure 2-9  Change the Order of Commands within a Group

Add Commands to a Group

In the Ribbon Customization window, shown inFigure 2-10 below, click the group that you want to add a
command to (labeled as 1).

In the Choose commands from list (labeled as 2), click the list you want to add commands from.

Click on the command of interest (labeled as 3).
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Click the right arrow to add the command (labeled as 4).

®

Choose commandsz from:

tain Tabs ev

Main Tabs

» Home

b Options

b Transfer

4 Opbimize
b Intersection
4 Metwork

‘}'% Partition Metwwark:

?fj Cycle Length

ﬁ Oftsets

b Reports

¥ Help

Fiezet v

Figure 2-10 Add Commands to a Group

Remove Commands from a Group

In the Ribbon Customization window, shown in Figure 2-7, right-click on the command that you want to remove

and select Remove.

Rename a Command

Cuztomize the Ribbon:

Al Tabs

Main Tabs

A

W
3

¥

-

RS A&

Home

b apping
20

Wiew O ptionz

Lanes & Wolumes

ESignaI Tirning

Detection

HCH Eth Edition

HCM 2010 4
Simulation =
Dizplay Fesults v
Optionz

Transfer

Optimize

Fepaorts

Help

Add = Rename...

oK Lancel

In the Ribbon Customization window, shown in Figure 2-7, right-click on the command that you want to
rename. Select Rename, then enter the new name.

Reset the Ribbon to Default Settings

In the Ribbon Customization window, shown in Figure 2-7, click Reset>Reset all customizations.
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MAP View Keyboard Commands

Change Map View Commands Link and Intersection Commands
Zoom All [Home] Delete Intersection [Delete]
Zoom In [Page Down] Delete Link [Delete]
Zoom Out [Page Up] Add Link [A]
Zoom Settings  [W], [Shift]+[W], [Ctri]+[W] Move Intersection [M]
Zoom Scale [Shift]+[S] Link Settings [Enter]
Zoom Previous  [Ctrl]+[BkSpace] Cancel Add or Move [Esc] or [Space]
Zoom Center [Ctrl]+[C]
Scroll Map [N [V][€][>]
Page Map [Ctri]+[A] [V] [€] [>]

Intersection Information Commands

No Intersection Information [Space]

Show Cycle Lengths [C] A indicates actuated signal, U indicates unsignalized
Show Natural Cycle Length [N]

Show Zones [Z]

Show Intersection Delays [Shift]+[D]

Show Intersection Level of Services [O]

Node Settings [Enter]

Show Node Numbers [#]

Show Volume Diagram I\

Movement Text Commands

Movement Volumes V] Select Intersection Commands
Show Link Distance, Speed and [T] Select Next Intersection to SW [1]
Travel Time Select Next Intersection to S [2]
Movement and Intersection Delays [D] Select next intersection to SE 13]
Show Starts of Green [C] Select next intersection to W [4]
Show Starts of Yellow [Y] Select next intersection to E [5]
Show Split Times [S] Select next intersection to NW [6]
Show Volume to Capacity [X] Select next intersection to N [7]
Show Movement Phase Numbers [P] Select next intersection to NE [8]

Chapter 2 - Map View and Layout 2-29



Synchro Studio 10 User Guide

This page intentionally left blank.

2-30 Chapter 2 - Map View and Layout



Synchro Studio 10 User Guide

Chapter 3 — Initial Synchro Model Set-Up

This chapter highlights several options when coding a Synchro model.

File Units

Use the Metric checkbox located on the Options tab to change the units used for the current file. When this box
is unchecked, Imperial Units are used.

When changing file units, any map background is discarded. You will have to convert your source DXF
file to the new units and re-import.

Map coordinates are scaled by 3.28 ft/m about the point (0,0).
Speeds, storage lengths, widths, and other values are similarly converted.
Each file has its own File Units setting. New files are created based on the units specified in the Regional and

Language Options. To change the Regional Settings, go to the Control Panel and select Regional and Language
Options.

Map Settings, Color, and Sizes

Use the Map-Settings command {3 , located on the Options tab, to change the appearance of the map. This
command can change the color and size of the map elements, as well as control the appearance of street names.

Map Settings E3

izible Screen Frinter Size [ft)

Eackground Bitmap v
Eackground v

2

Lane Dividers
Curb Line
Center Line

Stop Barz

< KK KR K

80.0
50.0

Street Mames

o e |
£ (=R =N =1

Maode Mumbers

<

Lane M arkings
Intersection Paths
Detectars

Right Tr lzlands
05
15

Signal Poles

< KKK

Signal Heads

EENNEENEEENE. ]

=
&l : £
=1

Arrow Diagrams

Bingltm] Zoom

Intersection Radius

[
=

Iiﬁ HERNEN WO e

Unsignalized Intersection Fadius

¥ D v X

Clagsic Colors D efaults Ok Cancel

Figure 3-1 Synchro Map Settings
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To change a color, click on the Color button for the desired element and then select a color from the choices
shown.

The sizes for street names, link widths, and intersection radii are in feet (meters). These elements will be scaled
when the map is zoomed in and out. The Street Name Height also affects how often the street name is repeated.
To have the street names repeat closer together, decrease the height of the street names.

The [Defaults] button will return the settings to the default settings (see page 3-10).

The [Classic Colors] button applies the Synchro 9 default colors.

Time Tracker in Synchro

The Time Tracker is used to count the time spent on a Synchro project. When a new file is saved for the first
time, the Time Tracker dialog is displayed asking for the user name input to start time counting. When an
existing file is opened, a user can input a new name or, click on the arrow at the right side of name editor, to
choose an existing name from the list of the users that already used Time Tracker for this project. After input
of the name, the time tracker starts counting the time.

@ Time Tracker E3

Enter pour name:

| > |

Disable ||} 0K

Figure 3-2 Time Tracker Dialog
Time Tracker is displayed on the right side of Synchro’s title bar as a Play/Pause button and two time displays

- current session time and the total time for the current user. If the Time Tracker option in the Options tab is
unchecked, the Time Tracker will be hidden and no longer displayed.

If the Time Tracker was previously disabled, it will not start automatically. Press the E button to enter your
name and start the Time Tracker.

Time tracker has three states as described below.

Counting state

0:2:15/ 0:6: 2| In this state, Time Tracker is counting the time. If you press the Time Tracker
button, Time Tracker will switch to the paused state and will not count the time.

Paused state

2407 0633 In this state, Time Tracker is not counting the time. If you press the Time Tracker
| button, Time Tracker will switch to the counting state and will start counting the

time.
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Stopped state
E In this state, Time Tracker does not count time. To turn off the Time Tracker, open the Synchro file and,

after the Time Tracker window appears, click “Disable” button or close the Time Tracker window
without typing any name.

Disabled state

& @ S { Time Tracker ] )'
= At -4

Metwork Map Scenario Metric Error
Settings  Settings  Properties Check
Opticns

In this state, Time Tracker is disabled; it does not count time, and is hidden from the Toolbar. In this state, Time
Tracker will not be displayed in any Synchro file.

Time Tracker Report

To view and print the Time Tracker statistics, choose Create Report select the Time Tracker report from the
Other group.

Scenario Properties

The Scenario Properties command E'ﬁ, located in the Options tab, allows detailed descriptions of the
network to be recorded. These descriptions can appear on the top and bottom of report pages and are also used
in conjunction with data management. The Scenario Manager will also open each time you use the Save-As
command. This will ensure that the information is updated for a new file.

Scenario Manager E3

Dezcription: |Fi:-:eu:| Cycle Probler| |
Data Date: Tirme: |:|
Alternative: | Baszeline |
Timing Plan ID:

Analyzt: | Synchro U ser |

Cancel ]

Figure 3-3  Scenario Manager

In a typical traffic study, it is common to create multiple scenarios of the same network. It is possible to have
two or more current traffic counts. Each of these counts may be scaled into 10 and 20-year projected traffic
volumes. There may also be multiple time-of-day timing plans and alternate lane geometry for different
alternatives. With a large project, it can be difficult to track all of the scenarios. The scenario manager provides
a convenient method to track each alternate.
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When working with multiple scenarios, it is suggested that each scenario have its own file. Selected data can be
transferred between files using the Merge File feature and the database access feature. The Merge File feature
helps to keep the Scenario information synchronized.

Data from multiple timing plans and volume counts is stored in data files with the Data Access feature. The
Scenario Manager works with the Data Access to track the Data date and time as well as the Timing Plan IDs.

The Description field is used to describe the location of the network. The description might include the city
name and the section of the city for a large city. Normally the description will be the same for all time periods
and alternates.

The Data Date and Data Time are the date and time of the data collection. For a future projection, they are the
date and time of the traffic projection. If performing an AM and PM peak study, the Time could be setto 7:00AM
and 5:00PM for each scenario to indicate which time is analyzed.

The Data Date and Time track the volume data. The Data Date and Time should be updated when reading and
writing Volume data with the UTDF feature. When merging data with Merge Volume data and Update Scenario
selected, the Data Date and Time will be taken from the merged file.

The Alternative describes the alternative being studied. This could describe "Before Improvements" and "After
Improvements" or could be used for "Baseline Traffic" or "Traffic with Mondo Mall".

The Alternative tracks the lane and geometry data. When merging data with Merge Lane Geometry and Update
Scenario selected, the Alternative is taken from the merged file.

The Timing Plan ID is the name of the timing plan used. The Timing Plan ID might be AMPeak and PMPeak to
indicate which time-of-day plan is used. The Timing Plan ID tracks the lane and geometry data. The Timing Plan
ID is used and updated when reading and writing timing data with the Data Access feature. When merging data
with Merge Timing Data and Update Scenario selected, the Timing Plan ID is taken from the merged file.

The Analyst is the name of the person or company performing the traffic analysis.

Network Settings

The Network Settings allow you to make changes that impact the entire network. These settings affect the
default values for entries in the LANE, VOLUME, TIMING, PHASING, SIMULATION, and EMISSION settings
screens.

To access the NETWORK settings, select the Network Settings command @ from the Options tab.

To quickly access the Network Settings window, double click with the mouse on the related row in any
o of the data entry settings.
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® EN

Lanes  Wolumes Timings Phase: Simulation  Emissions

Lane 'width (it} Set Al
Flow Riate [vphpl] Set Al
Stored Pagzenger Car Length [ft);
Stored Heawy Wehicle Length [ft);
Fazsenger Car Equivalent for Heawy Yehicle:

Allows Bight Turns On Red w

Travel Speed [mph): Set Al

Crtical gap for permitted left turn [=]:
Follows-up time for permitted left turn [):
Stop threshold speed [mph:

Critical merge gap (3]

Set Al

Area Tepe CED Set Al
Set Al Scope Defaults
Zone >
® Entire Mebwork,
Ok
Cloze

Figure 3-4 Network Settings

Because these settings will influence newly created intersections, it is strongly recommended that these
settings be entered first.

Most values have a button next to it marked [Set All]. Pushing this button will set all of the intersections in the
network to that value. Use these buttons with extreme caution. Pressing [Set All] for Cycle Lengths, for
instance, will cause all of the intersections in the network or zone to take on the new Cycle Length. Any custom
Split, Offset, or Cycle Length information will be lost. One or more zones can also be changed by choosing the
Scope prior to selecting [Set All] which will only change the cycle length within the selected zone.

The Set All Scope can be used to apply the settings to the Entire Network or a particular Zone.

All of these values, except Vehicle Length, Maximum Cycle Length, Pedestrian Walking Speed, Analysis Period,
and ICU Reference Cycle Length are defaults that may be changed locally at the intersection.

To switch between sections, press [Ctrl]+[Tab] or [Ctrl]+[Shift]+[Tab].

The [Default] button restores default values for all items in the Network Settings. The undo command can be
used after selecting the [Default] button to switch back to the previous settings (after closing the Network
Settings).
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Lane Settings

Lane Width

Lane Width is the width of a single lane in feet (meters). The default is 12 feet (3.7 meters). Also, see the topic
on Lane Widths on page 8-4.

Flow Rate

Flow Rate is the ideal Saturated Flow Rate per lane in the absence of any interference. The HCM 6t Edition
recommends using 1,900 vphpl as the default.

Vehicle Length

The Stored Passenger Car Length and Stored Heavy Vehicle Length is the average length of each vehicle type,
in ft (m), including the space between them when stopped. This value is used to calculate queue lengths and for
detecting blocking problems. The default value for passenger cars is 25 ft (7.6 m) and 45 ft (13.7 m) for heavy
vehicles.

The Vehicle Length is used in conjunction with the Storage Length and the length of links to determine if there
is adequate storage space for vehicles.

Passenger Car Equivalent for Heavy Vehicles
This value is the equivalent number of through cars for each heavy vehicle in the traffic stream. The Passenger

Car Equivalent for Heavy Vehicles (Et) is used to compute the Saturation Flow Rate Adjustment Factor for
Heavy Vehicles. Refer to 9-4 for details.

Allow Right Turn on Red
This field is used to specify whether Right Turns on Red (RTOR) are allowed by default.

Right Turn on Red is used to specify whether RTORs are allowed. Synchro automatically calculates a
Saturated Flow Rate (RTOR) if this option is selected. This field is also used for modeling RTOR in SimTraffic.

Travel Speed

The Travel Speed setting is the same as the Link Speed setting, located in the Lane Settings window. Travel
Speed should be set to the legal, safe speed that you expect after the traffic signals along the link are optimized.
See page 8-3 for details.

Area Type CBD
This field specifies whether Area Type Central Business District (CBD) is set by default. Check this box to set

CBD by default.
Volume Settings
Peak Hour Factor

The PHF is the ratio of the flow rate for the entire hour, to the flow rate for the peak 15 minutes. The default is
0.92. See the topic on Peak Hour Factor (page 9-3) for more information.
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Growth Factor

The Growth Factor can be used to adjust all volumes by a set amount. This is commonly used to convert current
traffic counts into future projections. See the topic on Growth Factor (page 9-4) for more information.

Heavy Vehicles

Heavy Vehicles is the percentage of trucks and heavy vehicles in the traffic stream. The default is 2%. If you are
analyzing an area with many trucks, consider using a higher value. See the topic on Heavy Vehicles (page 9-4)
for more information.

Conflicting Pedestrians

Conflicting Pedestrians is the number of pedestrians per hour crossing a given approach. The default is zero. If
you are analyzing an area with many pedestrians, consider assigning a default value. See the topic on Conflicting
Pedestrians (page 9-2) for more information.

Do not confuse this value with pedestrian calls. Conflicting pedestrians is the number of pedestrians that right
turns must yield to. Pedestrian Calls is the number of pedestrians activating the pedestrian push button.
Normally they will be the same.

Pedestrian Walking Speed

This setting is used for unsignalized intersection analysis. This setting also controls the pedestrian speed in
SimTraffic.

Analysis Period

This setting is used to modify the Analysis Period T that is used for delay calculations. Additional information
on the Analysis Period can be found in Chapter 18, Optimizations and Calculations.

Adj. Parking Lanes?
This field specifies whether Adjacent Parking Lanes is set by default. Check this box to set to Yes by default.

Timings Settings
Cycle Length

This is the cycle length, in seconds. See the topic on Cycle Length (page 10-6) for more information.

Maximum Cycle Length

The Maximum Cycle Length is the longest cycle length, in seconds, that is evaluated when optimizing the Cycle
Length. When optimizing intersection and network cycle lengths, Synchro will try a range of cycle lengths up to
the Maximum Cycle Length. The Cycle Length chosen will have the lowest combination of stops, delays, and
queue penalty.

Cycle lengths above 120s may offer incrementally more capacity, but they also have long queues, and may
increase frustration of motorists. It is difficult to maintain the saturation flow rate with long green times.

Allow Lead/Lag Optimize?

This is the default value for the Allow Lead /Lag Optimize? field in the TIMING SETTINGS window. Check this
box to allow lead-lag optimization by default.

Yellow Time

This is the amount of time for the Yellow Interval in seconds. See the topic on Yellow Time (page 10-7) for more
information.
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All Red Time

This is the amount of time for the all-red interval following the yellow interval. See the topic on All-Red Time
(page 10-7) for more information.

Lost Time Adjustment

The Lost Time Adjustment is the adjustment to the Total Lost Time. The Total Lost Time used in calculations is
the Y+AR plus the Lost Time Adjustment. The default for both startup lost time and extension of effective green
is 2.5 seconds, so the Lost Time Adjustment defaults to zero. See the topic on Lost Time Adjustment on page
10-7 for more information.

Reference Phase

This is the coordinated phase(s) to which offsets are referenced. Normally phases 2 and 6 are the coordinated
phase.

Offset Style

Offset Style is the portion of the phase to which offsets are referenced. Beginning of Green is the default for new
intersections and when using [Set All].

The options for Offset Style are:

Begin of Green: Offsets are referenced to the beginning of the last reference phase to turn green. This is
traditional NEMA referencing.

Begin of Yellow: Offsets are referenced to the beginning of the first reference phase to turn yellow. This
is 170 style referencing.

Begin of Red: Offsets are referenced to the beginning of the first reference phase to turn red.

TS2 -1st Green: Offsets are referenced to the beginning of the first reference phase to turn green. This is
the referencing used with some NEMA TS2 controllers.

170 Style: Referenced to start of FDW or start of yellow.

Minimum Splits, Left and Through

The Minimum Splits are the shortest allowable split, in seconds. Newly created intersections will have these
values for their minimum splits. Minimum Splits are used when optimizing the splits for an intersection.

Through phases will normally have a pedestrian phase associated with them, while left turn phases will
not. Therefore, the minimum required splits for through phases are typically longer than for left turn
O phases.

See the topic on Minimum Splits (page 11-6) for more information.

Control Type
This is the type of controller used. The options are Pretimed, Actuated-Uncoordinated, Semi Actuated-
Coordinated, Actuated-Coordinated, Unsignalized and Roundabout. Refer to the topic on Control Type (page 7-

4) for more information.

ICU Reference Cycle Length

This is the reference cycle length used by the ICU calculations (see page 19-31 for additional details).
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Phases Settings

Minimum Initial

This is the minimum green time. This value is used for computing actuated green times (see page 11-6 for
additional details).

Vehicle Extension
This is the maximum gap time (see page 11-8 for additional details).

Minimum Gap
This is the minimum gap time, used with volume-density operation (see page 11-8 for additional details).

Time Before Reduce
Time Before Reduce is used with volume-density operation (see page 11-8 for additional details).

Time To Reduce
Time To Reduce is used with volume-density operation (see page 11-8 for additional details).

Pedestrian Phase
This field controls whether through phases will have a pedestrian phase by default or after [Set All].

Left phases do not normally have a pedestrian phase associated with them. Refer to page 11-9 for additional
details.

Walk Time

Time for pedestrian walk interval in seconds (see page 11-9 for additional details).

Flash Don’t Walk Time

Time for pedestrian clearance interval in seconds (see page 11-9 for additional details).

Pedestrian Calls

The number of pedestrian calls per hour at a push button (see page 11-9 for additional details).

Fixed Force Off?

This option will control the Fixed Force Off setting. Refer to page 11-10 for additional details.

Yield Point

This setting allows the Yield Point to be set for the network or zone. Refer to page 7-11 for additional details.
Simulation Settings

Taper Length

This setting controls the taper length for storage lanes. See page 13-2 for full details.
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Enter Blocked Intersection

The Enter Blocked Intersection setting controls simulation modeling gridlock avoidance. Checking the box will
set this value to Yes. An unchecked box is No. See the topic on page 13-3 for full details.

Crosswalk Width

This setting controls the width of the crosswalk. See page 13-5 for full details.

Simulation Turning Speeds
These are the default left and right turning speeds for vehicles in miles/hour (km/h) while inside the

intersection. Synchro does not use this information. It is only used when modeling in SimTraffic. Turning speed
is adjusted by driver speed factor. See page 13-6 for full details.

Emissions Settings

CO (g/gal)

The constant used within Synchro used to calculate Carbone Monoxide (CO) emissions.

NOx (g/gal)

The constant used within Synchro to calculate Nitrogen Oxides (NOx) emissions.

VOC (g/gal)

The constant used within Synchro used to calculate Volatile Oxygen Compounds (VOC) emissions.
Default Settings

The following settings have a [Default] button available:
v" Network Settings (Synchro)

Report Settings (Synchro and SimTraffic)

Map Settings (Synchro and SimTraffic)

Detector Settings (Synchro)

Driver and Vehicle Parameters (SimTraffic)

AURNEENEENEEN

Interval Parameters (SimTraffic)

Using the [Default] button loads in the defaults for the given dialog, window or view.

The defaults are read from an intersection file (defaults.syn) located within the Trafficware directory. When a
user has a file with preferred defaults settings, it can be saved as the “defaults.syn” file and placed in the

Trafficware directory (or wherever Synchro is installed). If an organization wants to have standard settings for
everyone, they can deploy a defaults.syn to all users.
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Some organizations may lock down the application directory. Therefore, the administrator may need to
change or deploy the defaults file.

From the Network Settings or Detector Settings, pressing the [Default] button opens the Load Defaults dialog
(Figure 3-5).

Load Defaults E3

v | Load Metwork Defaults

w!| Load Detectors Templates

#® Load Defaults File

Load From File:

Cancel QK

Figure 3-5 Load Defaults Dialog

Check the options to include Network Defaults and/or Detector Templates. Then, choose one option to load the
values from the Defaults File or from a previously created file.
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Chapter 4 — Adding Background Images

This chapter highlights the two methods of adding background images within the Map View. The use of
background images increases the efficiency of coding a Synchro network.

Overview

It is recommended to add a background image to a Synchro model prior to coding the roadway network.
Synchro supports importing multiple images at the same time for the map background. The file types supported
include:

v DXF, CAD vector file. In version 7 and later, the DXF file is referenced as an external file and not
embedded in the Synchro file (*.syn).

v SHP, GIS shape files. The shape files come with supporting index files and must be kept together in the
same directory. The user will have the option to set the color of the shape file.

v’ SID, GIS bitmap files. Synchro uses MrSID Decode from www.lizardtech.com to convert SID files from
GIS to JPEG format (see next section).

v" JPG, JPEG, BMP, bitmap files.

\

The background image can be a combination of any of the listed file types.

v’ The size of an image should be 25 M or less.

! ! JPEG is preferred to BMP due to compression. The JPEG format allows only part of the file to be loaded
i when zoomed out.

Select Backgrounds Settings

To add, remove, or adjust backgrounds; use the command Select Backgrounds :F, located on the Home tab,
and select the Background File List tab as shown in Figure 4-1. To add an image file, click on the [Add Image
File(s)] button (“C” in Figure 4-1). The user is prompted for a file or multiple files. These files can have the
extension JPG, JPEG, BMP, DXF, or SHP as defined above. When loading a bitmabp file (bmp or jpg) it is necessary
to set the scale and base point. Once a bitmap file has been selected, the Set Bitmap Scale and Offset settings
will appear as shown in Figure 4-2.
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File Name : C\Images\11622271c2004 jpg

E
Figure 4-1 Select Backgrounds List

The list of files is shown in the Background File List, labeled “A” in Figure 4-1. This file list includes the
following:
v’ Filename is the background image filename including the path.
Type is the type of file (Bitmap, SHP, DXF, JPG).
X, Y is the Synchro coordinate for the upper left hand corner of the image.
X2, Y2 is the Synchro coordinates for the lower right hand corner of the image.
X Sc, Y Scis the image scale factor (see the section “Set Bitmap Scale and Offset” below).
Color allows you to change the color of a GIS shape file.

Hide will hide the background image when checked.

S N N N SR NN

Remove will remove the image from the background.

The [Compress] JPEG Files button (“D” in Figure 4-1) will prompt you for JPEG files. The selected files will be
loaded and resaved with higher compression, but less quality.

This function will alter your existing JPG files and reduce the image quality. Use this feature to reduce
the file size of background bitmaps. You cannot undo this command.

The Convert SID files area (“E” in Figure 4-1) provides access to the MRSIDDECODE.EXE, freeware utility. This
is an unsupported DOS tool to help convert SID files into JPG. Select one or more SID files, a jpg and jgw file will
be created with the same base name as the SID file. The jgw file is a text file that contains coordinate and scaling
information. Synchro reads this to automatically set the scale for converted SID files.
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The Scale setting can be used to reduce the scale and size of the converted files; 0 full size, 1 half size, 2 quarter
size, 3 1/8 size. Set this number before clicking convert. The resulting JPG must be less than 50M. If the source
file is large, use the following scales:

Size of SID File Use this scale
>200M 3
>100M 2
>40M 1
<=40M 0

Use the [Remove All] button to remove all files from list.

Use the [Hide All] button to temporarilly turn off this file in the background but retain its information in the
list.

Use the [Show All] button to turn on all hidden files in the background.

Set Bitmap Scale and Offset

When loading a bitmap file (bmp or jpg) it is necessary to set the scale and base point. To modify the scale and
base point for a previously attached background image, double click on the location or scale values for the file
that is to be adjusted (as outlined as “B” in Figure 4-1). The Set Bitmap Scale and Offset settings will appear
as shown in Figure 4-2.

For converted SID files, the scale is automatically set so you can skip the Set Bitmap Scale and Offset
O setting.
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Figure 4-2  Set Bitmap Scale and Offset Settings
The upper-left corner of the bitmap will have bitmap coordinates (0,0) in pixels. In an existing Synchro file, it
is necessary to match a point on the bitmap to a node in the Synchro file.

1. Click [Find] for world coordinates and select an intersection on the Synchro map. This will set the
World coordinates for the base point

2. Click [Find] for bitmap coordinates and select the point on the bitmap in the center of the previously
selected bitmap. This will set the Bitmap coordinates for the base point. The bitmap will be placed
so that the bitmap intersection is coincident with the Synchro intersection.

It is necessary to set the scale of the map. To help set the scale, Synchro allows you to measure distances on the
bitmap and in an existing Synchro map.

1. Click [Measure] for Feet (or Meters) and select the first point on a link of known length. Within a new
file, simply type in the distance of a known street length.

2. Click on the second point of the Synchro point with known length. This will set N in the formula, N
feet per M pixels.

3. Click [Measure] for Pixels and select the starting point of the same link on the bitmap.

4. Click on the second link point on the bitmap. This will set M in the formula N feet per M pixels.

® Importance of Memory Footprint
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It is very important to keep the size of the files used as small as possible. All of the bitmaps and other files are
loaded into RAM and accessed whenever the map view changes.

Keep the total size of backgrounds under 25V, if possible. The limit in Synchro is 200 M; this is to prevent a
lockup of your computer from overuse of memory.

Some tips to keeping the background file sizes small.
v’ Use JPEG, not Bitmap, JPEG is compressed, and optimized for viewing when zoomed out.

v' Use the scale factor when converting SID to JPEG.

v Load files in a picture editor such as Microsoft Photo Editor or Adobe Photo Shop, resave with
compression on high, and image quality low. Set off network areas to a single color. For extremely large
files, resize the image to % size or % size.

v" Remove tiled bitmaps that are not part of the street network.

Using Bing™ to Add a Background Image

Synchro allows users to import up to ten (10) regions of Bing™ background image tiles. This feature assists in
importing internet based images and ensuring that the scaling is appropriate. It also allows for the creation of
amosaic of images that will properly align. You can hide/unhide regions of interest to help keep the PC memory
footprint reasonable. To use this option, an internet connection must be available during the import (not
necessary after the images are cached).

In a new or existing Synchro file, use the command Select Backgrounds :F, located on the Home tab, and
select the Bing ™ Region List tab (labeled “B” in Figure 4-3).

5

B Select Backgrounds i =

F

Backgound Fie Lisi |
egonMlane | Pila  Pillen  Pi2ls | Polon  Hie

1 20638 | 95EMR | 286223 | 456009 O Rafesh Hcmmre-l

Birg Regon Lat

C Crecte Bing Pagion Bing Regon Name Fegan 1 | Bl All
CiesCache | [shoman | | Hides |
cancd | | 0K ]

/

f
D E

Figure 4-3  Bing Region List
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Add New Bing™ Region
To add a new region of Bing™ tiles to the background, select the [Create Bing Region] button (“C” in Figure 4-
3).
After selecting to create a new region, there will be a new window Create Bing Region dialog (see Figure 4-4)
that uses Bing™ Maps to:

e Navigate the world map,

Choose area boundaries and save the region,

[ ]
Set the reference between the map and the synchro file by setting a pair of reference points on the

Bing™ map and the synchro file,

Add the selected region as the synchro background.

To navigate the map to find a desired location, you may use pan and zoom, type an address or enter the name
of a place of interest in the search input line and conduct the search.

-

“B- Create Bing Region
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Figure 4-4 Define Map Region
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Set Region Boundaries

Press the Select Region button (circled Figure 4-4) and drag a box around the desired area on the Bing™ map.
The region will be shown as a yellow box and will mark the map area to be saved as the background image.

Set Reference

After defining the region boundaries, the cursor will automatically switch to a pushpin icon. Click the mouse on
the Bing™ map to choose a reference point. You will see a tan pushpin on the selected point. Press Next to open
the Set Synchro Reference Point window. Select a corresponding point on the Synchro MAP View or to
manually enter a World Coordinate (see Figure 4-5). The Map and Synchro points will denote the same
geographic point to tie the world map to the Synchro coordinates.

Set synchro reference point g|
)
& If you have a current Synchro
Pan and Zoom network drawn, click on a base
controls —__ | a intersection in this area to set the
— Synchro coordinate forthe World
E Coordinate
fol3
—— If no Synchro network has been
created, manually enter your
desired World Coordinate
Synchro reference point
The Bing(tm) Map reference point
\whorld Coardinates [f] g will be set to match the World

Coordinate established in this step
¥ |00 Y. |00

[ 0K l [ Canel ]

Figure 4-5 Set Synchro Reference Point Dialog

Save Region
Press OK to save the selected map area. All Bing™ images tiles are cached to the Synchro 9 installation directory.

By default, the maximum zoom level (highest resolution) is used when acquiring the Bing™ image tiles unless
the area defined by the region is greater than allowed by Bing™ Maps. If so, the zoom level will be decreased
incrementally until the tiles required can be acquired. If the resulting resolution is lower than desired, try
defining multiple regions with each having a smaller area.

Ading Multiple Bing™ Regions
For larger or irregularly shaped study areas it may be helpful to add multiple background images. Up to ten

(10) Bing™ images may be added to a Synchro file. Fo each additional region, repeat the steps to Add New
Bing™ Region and Set Region Boundaries.

All Bing ™ regions in a file will use the same Reference Point, so it is only required to set the reference
point for the first Bing™ region added to a file.
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Change Name of Bing™ Region

Each Bing Region created will automatically be given the name of Region 1, Region 2, etc. This name can be
changed to any text string that is 20 characters or less. To change the name of a Bing™ Region, select that region
in the list and modify the name in the edit box (labeled as “D” in Figure 4-3).

Refresh a Bing™ Region

The tiles that comprise a Bing™ Region are stored in Synchro’s image cache. To download a more up to date
image from Bing™ Maps, select the appropriate region from the list and click on the [Refresh] button for that
region. This process maintains the current region definition as it retrieves the current image tiles from Bing™.
An Internet connection is required for this process.

Hide or Remove a Bing™ Region

Bing™ Regions can be made visible or invisible on the background, or they can be removed from the current
Synchro file. To display/hide a region while maintaining the region’s data, select the Hide checkbox on the
appropriate Bing™ Region listing. To remove a region’s reference in the Synchro file, select the [Remove]
buttom for that region.

Clear Bing™ Image Cache

To clear Synchro’s Bing™ image cache, select the [Clear Cache] button (“E” in Figure 4-3). If the current Synchro
file contains any Bing™ Regions, the image download process will immediately begin once the cache has been
cleared.

Once the cache is cleared, all Synchro files that contain a Bing Region will have to go through the
download process to reacquire the Bing™ image tiles when opening the file. Clearing the cache does

i Clearing the Bing™ image cache will clear the entre cache for the current Synchro file and all others.
not remove any defined Bing Regions from a Synchro file. You cannot undo this command.

Street Name and Volume Label Backgrounds

The Map Settings dialog includes a visible checkbox. If it is checked, street names and volume labels will be
drawn over a rectangle of the background color to be more readable over a background bitmap. If not checked,
the street names and volume labels will be drawn without this rectangle.

Map Settings | Map Settings

‘Wisible Screen Frinter Size [ft] Wizible Screen Frinter Size [ft]

Background l:‘ l:‘ B ackground [F l:‘ l:‘

(S

Background Visable Checked Background Visable Unchecked

Figure 4-6  Background Visible in Map Settings
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Chapter 5 — Coding the Roadway Network

This chapter highlights the various elements within Synchro that are used to create a roadway network. Various
coding tips are also highlighted throughout the chapter.

Introduction to Links and Intersections

Synchro models streets and intersections as links and nodes. These links and nodes are created in the MAP
view. Every intersection to be analyzed in the study area is represented by a node.

E Synchro has the ability to create curved links. See the topic on How to Add a Link, page 5-2.

o

There are two types of links: internal links and external links. Internal links represent a section of street
between two intersections. External links indicate an approach to an intersection that does not connect to
another signalized intersection.

Bend Nodes

A node with exactly two links is assumed to be a bend node. A bend node is a special case of an unsignalized
intersection. Volume and timing data is not entered for a bend node; however, lane data can be entered. Synchro
assumes the volumes and lanes from the downstream intersection. The number of lanes on a link approaching
a bend node can be changed with the LANE settings (see Chapter 8).

Creating bend are useful in order to create a taper (lane add or lane drop) within a link.

If you plan to use your Synchro network for simulation in SimTraffic, minimize the number of bends that
you create. Bend nodes increase the time for calculations. Excessive bends and short links cause
O SimTraffic to model vehicles at slower speeds.

Unsignalized Intersections

Synchro 9.0 models unsignalized intersections (including roundabouts) based on the 2000 and 2010 Highway
Capacity Manuals. Input requirements include turning movement counts, intersection geometry and sign
control type for each approach (stop, yield or free flow).

Synchro 10.0 currently models TWSC, AWSC, and roundabout intersections based on the HCM 6%
Edtion, 2010, and 2000.

o

Unsignalized intersections can be used to model merging and diverging traffic flows from two or more link
segments. In addition, median areas and two-way left-turn lanes can be used to approximate real world
applications encountered in the field.

Unsignalized intersections created in Synchro can be simulated using SimTraffic. The analysis of unsignalized
intersections with SimTraffic is especially helpful for spotting blocking problems and for observing the
interaction of signalized intersections and unsignalized intersections (stop, yield and roundabout).
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Mapping out Links and Intersections

It is often helpful to sketch a large network using a photocopy of a detailed map of the study area. The sketch
can be used to record intersection numbers, link distances and speeds and lane configurations before coding
these details in Synchro.

Another option is to import a base map in (DXF, GIS, BMP or JPEG format) into Synchro as the base layer. Links
and nodes can then be created on top of the graphic layer. If you are using accurate base maps, the distances
and angles can be traced on the base map.

The steps to mapping out links and intersections are as follows:
a) Identify the intersections to be analyzed.

b) Identify the internal links and determine the length and direction of each link. Synchro indicates
direction by azimuths (North = 0°, East = 90°, South = 180°, etc.).

c) Identify the external links and determine their direction. If using Synchro only, the length of the
external link is not important. If you plan to export the study area to SimTraffic, then the length of the
external link should be long enough to allow vehicles to make a downstream maneuver. While highly
dependent on the volume level, an external length of 2000 feet (610 m) typically works well. This
should allow vehicles ample time to make decisions regarding their downstream movement. Increase
this length if vehicles appear to have difficulties getting into their target lane.

When drawing a link, the angle is shown in the lower left hand corner of the MAP view. North is always up (zero
degrees). Synchro allows up to eight links per node. Each link is assigned to the closest compass point heading
(North, North-west, North-east, etc.).

Chapter 6 explains how to manually change the approach directions assigned by Synchro when links are added
to the network. However, the user should refrain from changing the assigned direction as much as possible.

It is not necessary to determine the exact length of the links. It is sufficient to determine the distance to

within 20 or 30 feet (6 to 8 meters). The primary use of street lengths is to determine travel times. A car

&: traveling at 30 mph (50 km/h) covers 20 feet (6 meters) in 0.5 seconds. Travel time less than 1 second is

O not significant for Synchro's offset calculations. To make a link a precise distance, move the node to an
exact coordinate location with the NODE settings (see Chapter 7).

Before changing the geometry of an existing network, back up your data files to a different location or
filename. Changes to network geometrics may cause intersection data to become lost if an intersection is
re-configured, for example.

How to Add a Link
To add a link to the map:

1. Select the Add Link button E' or press the [A] key.

2. Position the mouse cursor on the MAP view where you want the link to start, and click the left mouse
button. The status indicators, at the lower-right corner of the settings, show the East and South
coordinates in feet (meters). Note: To cancel adding a link, press [Esc].

3. Release the mouse button and move the cursor to the position on the map where you want the link
to end. Click the left mouse button again. Refer to the status bar at the bottom of the settings to see
the length and direction of the link.
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Press and hold the [Shift] key while drawing to create a link centered on a 45-degree compass point on
&: the map.

[

It is not necessary to have the exact distance when adding a link. The distance can be adjusted via the LANE
Settings. However, new links added to the network should be within 50 feet of actual link distances to insure
accuracy during simulation.

It can sometimes be tricky to create short links because Synchro will snap to a nearby node. To reduce
&: the snap distance, reduce the Intersection Radius with the Options—»Map View command.

[

How to Add an Intersection

There is no direct command to add an intersection to the map. Intersections are created automatically when
you insert a link that crosses an existing link in the network. Simply, insert a new link over an existing link at
the center of the intersection you wish to add to the network. The existing link will be broken into two link
segments at the intersection.

Intersections cannot be created from curved links. Therefore, create intersections from straight link segments
and then add curvature to the links using Bezier curves.

Press and hold the [Ctrl] key while drawing to create a link that is grade separated. No intersection is
&: created where the links cross.

@

How to Draw Closely Spaced Intersections

When adding a link, Synchro will attempt to connect the link to nearby existing points. Make the nodes at least
100 feet (33m) apart and then move them closer together.

E If you are using this file with SimTraffic, Trafficware recommends nodes to be at least 70 ft apart.

o

How to Delete a Link
To remove a link from the map:

a) Select the link by clicking on it with the left mouse button. Half the link will become highlighted.

b) Select the Delete Link button — dor press the [Delete] key.

c) Select [Yes] to the question, "Delete Link, are you sure?"
The link will be removed from the screen. If the link was connected to an intersection with only two links, that
intersection will be removed as well.

How to Delete an Intersection
To remove an intersection from the map:

1. Select the intersection by clicking on it with the left mouse button. The node will become highlighted.

+

2. Select the Delete Node button or press the [Delete] key.
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3. Answer [Yes] to the question, "Delete Intersection, are you sure?"

Any through links going through this intersection will be joined together. Any other links going to adjacent
intersections will be shortened to preserve data at adjacent intersections. Any joined links will be redrawn.

How to Move an Intersection or External Node

To move an intersection or external node on the map:

1. Select the Move Node button i' or press the [M] key.

2. Selectanintersection, or the end of an external link, by clicking on it with the left mouse button. Note:
You can cancel a move operation by pressing [Esc], or by clicking the original intersection location.

3. Dragthe intersection, or node, to the new location and click the left mouse button.

If an external node is moved onto another external node, the two nodes will be combined as a new intersection.
However, existing intersections cannot be combined with other intersections or external nodes.

Synchro automatically assigns lane groups that agree with the layout of the network. Therefore, it is possible
that a realigned link forces Synchro to adjust the lane group assigned to the link. For example, if the relative
angle between two links is changed from 1802 to 902, there will no longer be a through lane group for these
links. Synchro preserves the lane group data. If a movement changes from NBL to NBT, for example, the data
for NBL will be transferred to NBT.

To move to exact coordinates, see the topic on Node Coordinates on page 7-3.

Limit of One Link for Each of Eight Directions

The maximum number of links that can meet at each intersection is eight. There can only be one link for each
of the eight major directions (North, South, East, West, North-East, North-West, South-East and South-West).
This limitation is due to the way that Synchro stores intersections and links. This limitation should not be a
problem for the vast majority of intersections, it might be a problem when there are two or more diagonal
streets that cross or join. [t might be possible to relabel headings to overcome this limitation (see the topic
Changing the Name of the Approach Direction on page 6-4).

Select Intersection

Use the Select-Intersection button or the [F8] key to bring up a list of the intersections in your
E'g network. This will bring up the Select Intersection settings.
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Figure 5-1  Select Intersection Settings

Choosing an intersection from the list and pressing [OK] will switch the current settings to that intersection.
The Map View will be centered on the selected intersection.

The Select Intersection setting is used to select whether intersections or named arterials are displayed. The
intersections can be listed by name or node number. All nodes, including bends and external nodes, can be
listed by node number.

Selecting a named arterial will bring up a Time-Space diagram showing the arterial. The Named Arterial view
can show part of an arterial based on its name, zone, or route #. The Named Arterial view can also show an
arterial that turns corners. See the topic Arterial Route Naming on page 8-2.

The Scope box can be used to view the list by a named zone or for the entire network.
Templates Submenu

The Templates submenu, located in the Lanes & Volumes group on the Home tab, can be used to
quickly populate an approach or intersection lane geometry, timing, and volume input fields. This
Templates section highlights the various options users regarding this new feature.

-

This feature is used once an intersection is created. After the intersection is created, simply select the approach
orintersection and then press one of the six new template icons that best meets the intersection’s configuration.
The appropriate data entry settings for the approach or intersection will then be populated.

The predefined templates can be customized to match user preferences based on local needs. In addition, users

can also create additional templates for use with the Merge Template command , located in the Lanes &
Volumes group on the Home tab.

Edit Predefined Template

1. Within Synchro, open one of the Template Files that are located within the C:\Program Files
(x86)\Trafficware\Version10\Template directory. Be sure to change the file type to Template.
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2. Update the lane, volume, and/or timing attributes as necessary.
3. Save the Template.
4. The updated Template will now be available in Synchro.

Create New Template File

1. Within Synchro, open one of the Template Files that are located within the C:\Program Files
(x86)\Trafficware\Version10\Template directory. Be sure to change the file type to Template.

Now select File—»>Save As and enter a new filename. Be sure the file type remains Template.
Update the lane, volume, and/or timing attributes as necessary.

Save the Template.

vtk wN

To access this new template, select the approach or intersection that you wish to update.

6. Select Merge Template @, located in the Lanes & Volumes group on the Home tab, and choose the
newly created Template file.
7. Choose the appropriate Options that you wish to apply to the selected approach or intersection.

8. Press OK to apply the selected attributes.

Link Menu Options

To access the Link Menu, right click on the link within the Map View.
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Figure 5-2 Link Menu Options
Time-Space Diagram

Choose the Street Name Up command to set the street name over or under the current link. If you move the
street name over the link, the menu will read Street Name Down.
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Delete

Choose the Delete command to remove the selected link from the Synchro network.

Add Curvature

Synchro allows users to add curvature to link segments using Bezier curves which are commonly found in CAD
and drawing packages. Bezier curves can be used to approximate any curvature represented on the base
drawing.

Simply right-click on a straight link segment and select Add-Curvature. Two squares (curve points) will appear
on the curved links which serve as control points. Select and drag a control point to modify the shape of the
curve. With a little practice, you can create smooth arcs and curves that represent any geometry found in your
street network.

Synchro will calculate the length of the curve. It should be possible to create a 270-degree loop ramp using 2
links with one bend node. Most other alignments should be possible with a single segment. The curvature can
be removed by "right clicking" on the link and selecting Remove-Curvature. If two links are joined because an
intersection is removed, the links will lose their curvature. The direction of traffic at the intersection (i.e., NB,
EB, NE, etc.) is determined by the direction of the first control point, rather than the direction of the next node.
This can be used to increase the angle between diagonals at the intersection.

The curve points must be placed after any tangents from a right turn Island, otherwise image distortion
will occur.

Street Name Up

Choose the Street Name Up command to set the street name over or under the current link. If you move the
street name over the link, the menu will read Street Name Down.

Move Street Name

Choose the Move Street Name to move the street name along the street. The label or street name becomes
highlighted. When the mouse is placed over this label, it starts following the motion of the mouse until the left
mouse is clicked.

Hide/Show Street Name

Select the Hide Street Name or Show Street Name to hide/show the street name in Synchro and SimTraffic.
The LANE SETTINGS window has corresponding Link Is Hidden checkboxes for each link (street). If a
checkbox is checked, the link is not visible.

Switch Diagram Position

Choose the Switch Diagram Position to move the diagram label over or below the current link.

Move Volume Diagram

Selecting the Move Volume Diagram option moves the diagram label along the street. The label becomes

highlighted. When the mouse gets over this label, it starts following the motion of the mouse until the left mouse
is clicked.
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View Ports

A View Port is a separate viewing window available within the Map View Window. Users have the ability to
create up to four (4) View Ports within the Synchro Map View Window. Each View Port is independent of each
other, thus allowing users to zoom in or out without affecting the roadway network within the main Synchro
Map View window.

Synchro 10 - C:\Program Files («86)\Trafficware\Version1 0\Sample Files\Fixed Cycle Coordination.syn

N yaa @g = © Template -
8 axa pv‘;w stec
orts - I

View Options

ey

T

Sl

z Signal Timing

2e[o[o]s]®

=

Main St
5=

Main Street

e[o/p[n|®

Main Street 11907 Main Street
100

ale

S Wy

1007
Main Street 1400~ §
100~ §

S W9 7

16,126 1227

Figure 5-3  View Ports

To create a View Port, complete the following steps:
=1

1. Select the View Ports button =¥, located in the View Options group on the Home tab.

2. Click left mouse button within the Synchro Map window to designate the upper-left corner of the
View Port. The cursor should change to a large plus symbol.

3. Dragthe cursor to the right until you have reached the desired location for the lower-right corner of
the View Port.

4. Letgo of the left mouse button to create the View Port.

5. Options for zooming and panning within the View Port window itself are located at the upper left.

6. Click on the Pin Icon (located in the lower left corner) to allow the View Port window to stay in front
of the Synchro Map screen. The Pin Icon allows a user to Lock/Unlock the View Port window so that
the window will stay on top of the Synchro Map View window.

7. If the View Ports were not Pinned, each of the View Ports will become hidden if a selection within
Synchro is made. If View Ports have been created, an arrow is displayed below the View Ports button
on the toolbar, turning this option into a submenu, as shown in Figure 5-4. The hidden View Ports
can be displayed by using this submenu.
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Transfer Reports

= <6 F = g

View @ Select Lane Templates  Merge Volume  TIA
Ports ™  Int Settings M Template Settings

View Port 1 Lanes & Volumnes

View Port 2

All View Ports

Figure 5-4  View Ports Submenu

Rotate, Scale and Move the Map's Coordinate System

Use the Transform Map button to move, scale, or rotate the entire map. If your map was initially laid
out with a different coordinate system, you can change it with this command.

To translate the map, do the following steps:

1. Select the Transform-Map button command.

2. Click on an intersection that has known coordinates in the new coordinate system.

3. The Transform Map view will appear with the existing coordinates of the selected intersection.
Enter the new coordinates for this intersection and select [OK].

4. Enter a scale factor or rotation angle. The scale and rotation base point will be the selected
intersection.

5. The map will be translated. Any background image will be cleared.

6. To change a map between feet and metric units, use the Metric checkbox, located on the Options tab.

Drawing Features

Freeway Links

Freeways can be coded for simulation with SimTraffic using the same links and nodes as surface streets and
intersections. Each direction of the freeway is coded with a one-way link or as a single link with a wide median.
For setting the median width, see the discussion on Median Width on page 13-3.

Freeways typically have higher speeds and flow rates than signalized intersections. You can set freeway link
speeds and headway factors using the LANES and SIMULATION options (double click on the link to access
these settings). When you set the default Saturation Flow (see page 8-8) for the link, the Headway factor (see
page 13-6) will automatically calculate.

Freeway Merges

Figure 5-5 shows a freeway merge in Synchro. Here are the steps to creating a freeway merge in Synchro.
1. The merge point is a 3-legged unsignalized intersection.
2. Create abend node 200 to 1000 ft downstream of the merge. The acceleration lane will end here. The
distance from the merge to the lane drop should represent the acceleration lane distance or the
distance to where the taper is less than 1/2 of a lane width.
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3. Select the LANE settings for the acceleration link. Code the number of lanes equal to the sum of the
mainline lanes plus the number of ramp lanes. No lanes should merge or cross at the merge point. Set
the Saturation Flow to an appropriate value for freeway links (2000 - 2200 vphpl).

4. Selectthe TIMING settings for the merge intersection. Set the control type to Unsignalized and all sign
control to Free. The ramp should not have a stop or yield sign.

5. Select the SIMULATION OPTIONS settings for the merge intersection. Set the turning speeds to the
speed limit. Do not use the default right turning speed of 9 mph; this will cause unacceptable slowing
at the merge. The headway factors headway factor is automatically updated based on the input
Saturation Flow. Adjust the Link Offset as described on page 13-4.

Code the number of lanes
equal to the sum of the
mainline lanes plus the
number of ramp lanes. Bend node at point where
acceleration lane ends
(place at location where taper

Downstream Link has is < 1/2 of a lane width)

acceleration lane \
—_———— " _— e N =
—_———— T _ e N =
— _Z . —
—

Intersection has Sign
Control of "Free"

o should be >= 20
degrees to keep size of
intersecion small

Notes:

- Set the Turning Speed to the appropriate value.

- Change the Saturation Flow for freeway links.

- Set the Link Offset equal to the width of the mainline

Figure 5-5 Freeway Merge

Freeway Diverges

Figure 5-6 illustrates a freeway diverge. Diverges are coded with a single unsignalized intersection. No
deceleration lane is required, but one can be coded similar to the acceleration lane for a two lane on ramp.

Here are the steps to creating a freeway diverge.

1. The diverge pointis a 3 legged unsignalized intersection.

2. Select the TIMING settings for the diverge intersection. Set the control type to Unsignalized and all
sign control to Free.

3. Select the LANE settings and set the Saturation Flow to an appropriate value for freeway links (2000
- 2200 vphpl).
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4. Select the SIMULATION OPTIONS settings for the diverge intersection. Set the turning speeds to the
speed limit. Do not use the default right turning speed of 9 mph, this will cause unacceptable slowing
at the merge. The headway factors headway factor is automatically updated based on the input

Saturation Flow. Adjust the Link Offset as described on page 13-4.

—_———— = - = _  _ _
. - = _ ___
— —
N o

Diverge point is an
Unsignalized Intersection

with control type "Free"
a should be >= 20

degrees to keep size of
intersecion small

Notes:

- Set the Turning Speed to the appropriate value.

- Change the Saturation Flow for freeway links.

- Set the Link Offset to the width of the mainline (use a negative value)

Figure 5-6  Freeway Diverge
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Chapter 6 — Overview of Data Entry Settings

Data can be input, edited and viewed with the data entry setting buttons after links and nodes have been created
in the MAP view. The data entry buttons are greyed out and not accessible until either a link or node is selected
on the map. Figure 6-1 shows the location of the data entry setting buttons in Synchro.

Synchro 10 - C:AProgram Files (<86)\Trafficware\Version1 0\Sample Files\Fixed Cycle Coordination.syn

SimTraffic | Link  Node | Ln/Mvt

Ulation Display Results “
3 3rd 5t 8 Main Street

1stAve el 1
50

1st Ave

Click on a node to
activate the Data
Entry Settings

1@8: Main Street Main Street e ——
Main Street

3 St & Main Street 13242 10054) 1358 1245

Figure 6-1 Data Entry Settings

Full View Data Entry

Data entry in Synchro is performed with a traditional full screen view or a MAP view side entry. In full view
data entry, the MAP view will disappear. To activate, select an intersection from the MAP view and select the
desired data entry button along the top of Synchro.

Figure 6-2 illustrates the full view data entry screen for the LANE settings. Details on the settings are found in
the upcoming chapters.

Chapter 6 - Overview of Data Entry Settings 6-1



Synchro Studio 10 User Guide
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Lane Utiization Factor 0497 095 1.00 1.00 095 1.00 1.00 0495 1.00 1.00 0495 1.00
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Left Tum Factor [perm) 0950 1.000  7.000f 05950 1000 0 1000) 0S50 1000 0 1.0000 0550 1.000  1.000
Right Ped Bike Factor 1.000 0 1.000  1.000f 1000 1000 10000 1000 1000 10000 1000 1.000 1.000
Left Ped Factor 1000  1.000  7.0000 1000 1000 0 10000 1000 1000 0 1.0000 1000 0 1.000  1.000
Saturated Flow R ate [pem] 3433 laicic] 1583 1770 laicic] 1583 1770 Klaicic) 1583 1770 Ko} 1583
Right Turn on Red? — — — — — — — —
Saturated Flow Rate [RTOR) 1] a 134 1] a a2 1] 1] g2 1] 1] 120
Link Iz Hidden — [ — — [ — — [ — — [ —
Hide Mame in Mode Title — [ — — [ — — [ — — [ —
Figure 6-2  Full View Data Entry, LANES Settings

The full view data entry screens will show all available movement headings. The available movement headings
will depend on the layout of the links. For instance, a T-intersection will have 6 columns visible and a 4-leg
intersection will have twelve columns visible.

The direction headings are based on the angle of the link as drawn in the MAP view (north is always up, or zero

degrees).

Side View Data Entry

In addition to a full view data entry screen, data can also be entered with a side view screen. This view displays
the data entry rows on the left side of the MAP view allowing you to see the data update as you enter. To activate
the side view data entry, double click on a link approaching an intersection.
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Synchro 10 - C:\Program Files («86)\Trafficware\Version1 0\Sample Files\Fixed Cycle Coordination.syn

YR bE W

Options _ Transfer _ Reports _ Help

@ MM hicreuts - HOM it Reuis - E

BNEd . Mymt Results ~ 2570 of Mymt Resuts ~

A4 L

H o oensan o= § F o2 W

View Background & axa Int.  Settings - Template  Settings Settings Settings Settings  Template MReset Wamings MReset Wamings  settings - -
T
-
LANE SETTINGS v 4
‘WBL ‘WBT ‘WBR . .
Lanes and Sharing [#RL) ~
= . Double-click on a link
Traffic: Volume [vph) 100 700 200| U)
Future Volume (v5h) 100 70 2m . .
2 to activate the Side
Link Distarce (1) R [2)
Link 5 peed mph) — a0 ] .
St At Narme rd Speed e - V|eW Data Entr
Travel Time [s] — 229 —|
Ideal Satd. Flow [vphpl) 1900 1900 1300|
Lane Width (] 12 12 12|
Grade (%) — [] —|
Storage Length [ft) 250 — 200|
Storage Lanes (#] 1 — 1
Curb Radius (] - - -
E— .
|Add Lanes (#] Br==}
Right Tun Factor 100 1000 085 PR
S
Left Turm Factor [perm) D350 1000 1000 e e L
Lot FedFate oot 350 A Main Street
Satuated Flow Rats (perm) [ RET 1000> gsa
FpTmofe? | -~ ® | 150 =3
Saturated Flow Rate (RTOR] 0 0 82|
Link I Hidden - O ]
Hide Mame in Node Title - O |
=
=
@
W
W
a
@

13332 10687

Figure 6-3 illustrates the side view data entry.
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Figure 6-3  Side View Data Entry, LANES Settings

The side view setting that will open is based on the last view edited. By default, the LANE settings will appear.
To choose a new view, click on the appropriate data entry settings button or press an [F] key.

You can toggle between full screen and side view with the [F] keys. Press [F3] for lanes, [F4] for volumes, [F5]
for timing, [F6] for phasing, [F10] for simulation settings and [F11] for detector settings.
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The top of the side view settings contains a series of buttons.

<| mj @+« 4] ¥

The [X] button will close the side view settings. The second button will toggle between full view and side view.
The red circle will bring up the NODE settings and the arrows will switch the approach.

When displaying the side view of the PHASING settings for a direction, it will show all phases that serve that
direction.

Lanes and Volumes Data Rows

Lanesz and Sharing [HAL] 1’i "'""f" i“r
Traffic Walume [vph) 100 200 00

The first two rows of the LANE, VOLUME, TIMING, SIMULATION OPTIONS and DETECTORS settings will
show the Lanes and Sharing row followed by the Traffic Volume row. This will reduce the need to switch
back and forth between settings.

Details on the Lanes and Sharing setting can be found on page 8-1 and for the Traffic Volume setting on page
9-1.

Changing the Name of the Approach Direction

To change the name of an approach direction, right click on the column label of the LANE, VOLUME, TIMING,
SIMULATION OPTIONS or DETECTORS settings. Double click on the desired direction name to reassign the
direction. To reset to the original map direction, select "Free".

The column label appears in the side view when you double click on a link. The column label displays a
directional arrow and a heading name (for instance, NBL, NBT, NBR, SBL, SBT, etc.)

The ability to change the approach heading is intended to reclassify diagonal approaches into orthogonal
approaches (NB, SB, EB, WB). This is not intended to rotate an entire intersection or map. North must always
be up on the MAP view.

Warning E3

This feature is used to renare an approach direction.

l %  Itis normally only used to make a diagonal approach into an ortho direction.
This feature should not be used to "rotate” the alignment of an entire intersection!
To reset an approach to its "natural” direction, set its direction to Free,

OK Cancel

Do not ask again.

Figure 6-4 Warning Screen
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To navigate between intersections, click on the column heading picture to move in that direction. For
I&I instance, click on the EBT column heading arrow to move to the intersection to the east. Clicking on the
o EBL column heading arrow will move to the intersection to the north.

Approach Movements

Synchro will allow 6 movements per approach. This includes one through, one U-turn, two lefts and two rights.
The through is defined as the opposing direction. Consider the six-leg intersection shown in Figure 6-5.
Traveling from nodes 1-2-5 is assigned the EBT direction, 1-2-4 is the EBL, 1-2-3 is the EBL2 (hard left), 1-2-1
is the U-turn, 1-2-6 is the EBR and 1-2-7 is the EBR2 (hard right).

SEI®

Sy

Figure 6-5 Approach Movements
If you do not have two opposing directions that line up (i.e., EB and WB), then there would be no through

movement defined. If you want a through movement to be defined, the opposing link must be labeled with the
opposing direction. You could change the approach name (as defined above) to create the through movement.
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Chapter 7 — Node Settings

To activate the NODE settings, double click on an intersection or select an intersection and press enter.

Signalized Intersection

The left side of the TIMING settings will display the NODE settings with alternate rows displayed in yellow.
Here you can update data such as the node number, zone name, intersection coordinates, description notes and
signal timing data. See Chapter 7 for full details on the NODE settings.

On the right side are blue shaded rows and columns. There is a column for every vehicle movement and every
vehicle movement can have multiple phases. To enter multiple phases, see the topic on Protected and
Permitted Phases on page 10-4. There is also a column for a pedestrian only phase and a Hold phase. To make
a pedestrian only phase, assign a phase number to this column. Details on the data entry items are found in
subsequent sections of this chapter.

Near the bottom of the TIMING settings are a Splits and Phasing diagram. This is fully defined on page 10-9.

Unsignalized Intersection

The TIMING settings become the SIGNING settings by selecting unsignalized or roundabout from the Control
Type (refer to page 7-4). The toolbar button becomes a stop sign when an unsignalized intersection is active.
[F5] opens the SIGNING settings or TIMING settings depending on the intersection.

To activate the NODE settings, double click on an intersection or select an intersection and press [Enter]. Figure
7-1 illustrates the NODE settings.
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MODE SETTIMGS
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Cycle Length [z]; 120.0
Lock Timings: ]
Optimize Cycle Length: Optimize |
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Actuated Cycle(z]: 1200
Matural Cyclefs]: 58.0
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Referenced to: Beqgin of Green
Reference Phaze: 246 -EBT WET
M aster Intersection: ]

Yield Paint; Single
Mandatory Stop On elow: ]

Figure 7-1 NODE Settings

The NODE settings allow the following values to be edited:
v’ Intersection ID or Node Number
Zone
Cycle Length, Control Type, Lock Timings and Optimize buttons
Coordinates (X, Y, Z)

Description Note box

D R N NI NN

Signal Timing data (controller, offset, etc.)

Selecting Multiple Intersections
Multiple intersections are selected by dragging a rectangle around the group of intersections.

1. Left-click on the map background being careful not to select a link or node.
2.  While holding the button down, drag a rectangle to the opposite corner.
3. When the desired intersections are inside the rectangle, release the mouse button.

Bend nodes are automatically selected if an adjacent intersection is selected.
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Additional intersections can be selected or deselected by clicking on them with the mouse while holding down
the [Ctrl] key down.

The NODE settings can be used with a group of intersections to set the zone, change the control type or cycle
length, or lock/unlock the timings.

Node Number

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.

Zone

Synchro allows intersections to be assigned to zones (use up to 7 characters). Zones are useful for analyzing a
section of a network. Use zones to keep the timings for some intersections constant while the timings for other
intersections are changed.

The following features can be used on a per-zone basis:
v' Optimize Network Cycle Lengths (see page 18-11)
v' Optimize Network Offsets (see page 18-18)
v Reports (see page 21-1)
v’ Universal Traffic Data Format (see page 22-1)

Zones with Calculations and Optimizations

If adjacent intersections have the same (or half or double) cycle lengths, they will be modeled as coordinated,
even if they are in different zones.

A Time-Space diagram will show all intersections along an arterial even if the arterial crosses several zones.

Offset optimization considers compatible cycle lengths of adjacent intersections even if they are assigned to
different zones.

The feature Optimize Network Cycle Lengths allows the user to assign a cycle length for the entire network
or by zone.

The Partition Network command reassigns zones to optimize cycle lengths within each zone while attempting
to preserve existing zone assignments as much as possible.

The user may designate an intersection in the zone as a master reference. This master will be used as the time
reference for all intersections assigned to the same cycle length. However, if no master is defined, then Synchro
will use an arbitrary time reference for the cycle length. Intersections are assigned to a master based on a
common cycle length, not by zone.

Using Multiple Zones

Multiple zones may be selected in dialog boxes that request zones by separating the zone numbers with a
comma. For example, to select zones N and S under SELECT REPORTS, enter "N, S" in the dialog box.

Node Coordinates

The NODE settings allow the X, Y and Z coordinates to be entered exactly. The coordinates of the nodes are used
in the layout of the map and the geometry of intersection approaches.

The X, Y and Z coordinate settings provide a convenient method for moving intersections to exact coordinates.
The coordinates are for the center point of the intersection. For traffic engineering purposes, it is good enough
to have the coordinates to within 20 feet.
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To create an overpass, assign a higher Z coordinate elevation to the nodes of the overpass link. The Z elevation
is only used for visual purposes.

Description

The Description cell is a convenient location to type notes about the intersection. The information will appear
at the bottom of the Intersection Reports (see the chapter on Reports and Printing on page 21-1).

Control Type
Timing Settings

Use the Control Type field to indicate what type of controller you are using. The choices are Pretimed, Semi-
Actuated-Uncoordinated, Actuated-Uncoordinated, Actuated-Coordinated, Roundabout and Unsignalized. Here
is a brief description of each signal control type.

Pretimed: A pretimed signal has no detector actuations and all phases are set to Maximum recall. The signal is
considered coordinated because the cycle length is fixed each cycle.

Semi-Actuated-Uncoordinated: A semi-actuated signal recalls the main street through phases to their
Maximum values. Other assigned phases may skip or gap-out based on vehicle detection. This signal is not
considered coordinated because the cycle length can vary each cycle.

Actuated-Uncoordinated: All phases are fully actuated and no recalls are set. The cycle length is allowed to
vary each cycle (based on detection), so the intersection is considered uncoordinated.

Actuated-Coordinated: In this case, all phases other than the assigned coord phases are fully actuated. The
signal operates on a fixed cycle length and any unused time in the cycle is added to the assigned coord phases.

Actuated-Coordinated and Semi-Actuated-Uncoordinated are not the same. With coordinated
:&: operation, any unused time on minor phases is used by the main street. With semi-actuated operation,
O any unused time on minor phases shortens the cycle length.

Signing Settings

When you select an unsignalized intersection, the TIMING settings button switches to the SIGNING settings
button. The symbol of the [F5] button also switches from the signal symbol to a stop sign to indicate whether
the selected intersection is signalized or unsignalized.

Unsignalized: Traffic movements at unsignalized intersections may be free-flow or controlled by stop or yield
signs. Both the 2000 and 2010 HCM methods are available to the user.

Roundabouts: Synchro models single lane traffic circles or roundabouts using the HCM methods (6t Edition,
2010, and 2000). The 2000 method only analyzes single lane roundabouts and the only output is a range of v/c
ratios. There is no attempt to produce delays or queues. The HCM 6t Edition and 2010 methods (see pages 15-
36 and 16-31) model multi-lane roundabouts, including calculating delay and queuing.

Roundabouts are modeled in SimTraffic. The user can input the number of lanes in the roundabout, the
I&I inside and outside radius, the speed, sign control to entering the roundabout and the number of exit lanes;
o this information is ignored by Synchro.

Cycle Length

The cycle length is the total time required to service all competing traffic movements at a signalized or
unsignalized intersection. Coordination fixes the cycle length at a constant value and insures that all slack time
not utilized by the actuated phases is used by the assigned coord phases.
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The user may specify the desired cycle length in seconds for each intersection.

To set a default for newly created intersections or to change all of the Cycle Lengths, use the Network Settings.
The minimum value allowed by Synchro is 3 seconds. Coordinated cycle lengths are typically in the 30 - 180
second range depending on the number of competing phases serviced. However, the Synchro range insures that
the capability of any traffic signal controller can be modeled.

In some instances, a long cycle can be useful to model dummy intersections that can stop traffic for an extended
period of time. The Cycle Length and the Maximum Split may have values up to 3000s (50 min).

Two examples for a long cycle would be a draw bridge and a rail crossing. At the location of the stop, create a
dummy intersection (create a T-intersection). Keep in mind that this dummy link can be hidden (see page 8-
13). Enter a phase for the main street (say phase 1) and then a Hold phase.

Lock Timings

The Lock Timings field is used to prevent the timing from changing. To preserve the timing for one or more
intersections, click the check box in this field for each of the intersections. If you optimize the network, these
intersections' timing plans will not change, but the other intersections will be optimized around them.

This field could be helpful if there are some intersections that are controlled by another agency and you
want to coordinate your signals with theirs. To do this, set up the timing for the other agency signals and
o then lock these timing plans. Enter the timing for your signals and leave them unlocked.

If you have two or more intersections that are close together and require a special type of timing, you can setup
their timing manually, lock the intersections, and optimize the intersections around them.

It is advisable that one of the locked intersections be the Master Intersection if the master intersection option is
used. Otherwise, the offsets for the locked intersections may be changed if the timing for the master intersection

changes.

An alternative to locking intersections is to divide the study area into zones, and perform analysis on specific
zones. Each zone can be locked after the optimization is complete for that zone.

Optimize Cycle Length

The Optimize Cycle Length button will optimize the selected intersection cycle length. Full details on the
intersection cycle length optimization can be found on page 18-4.

Optimize Splits

The Optimize Splits button will optimize the selected intersection splits. Full details on the intersection split
optimization can be found on page 18-3.

Actuated Cycle Length
The Actuated Cycle Length (CL) is the average cycle length for an actuated signal.
C' = Actuated CL

C' = C for pretimed and coordinated signals.
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Calculation
D.Ci
C'=
5

Ci = Percentile Scenario Cycle Length

C' may not equal the sum of the actuated splits due to skipped phases and dwell time.
HCM 2000 Report Calculation

C'=2(g' +YAR)

g' = Actuated Green times

The percentile actuated cycle length is the sum of the actuated splits, subject to ring and barrier rules.

Actuated Cycles by Percentile

The Actuated Cycles by Percentile are show in the NODE settings on the left side of the PHASING
settings. The Actuated Cycles will not appear in the NODE settings in any other location.

To represent a range of volume levels, five percentile scenarios are modeled. They are called the 90th, 70th,
50th, 30th, and 10th percentiles. Traffic volumes for each approach are adjusted up or down to model these
percentile scenarios. By adjusting the traffic for different scenarios, the actuated signals can be modeled under
a range of traffic conditions.

If traffic is observed for 100 cycles, the 90th percentile would be the 90th busiest, the 10th percentile would be
the 10th busiest, and the 50th percentile would represent average traffic.

For each of the percentile scenarios, this is the expected cycle length. This value is the sum of the actuated splits
for each phase.

Natural Cycle Length

The Natural Cycle Length is the shortest cycle length that will give acceptable capacity. In general,
intersections have an optimum cycle length that provides the best level of service. Using a shorter cycle length
will not provide enough green time to clear all of the waiting vehicles causing congestion. Using a longer cycle
length increases delays by introducing unused green time. For Natural Cycle Length, enter the shortest cycle
length for this intersection only. The Natural Cycle Length is the cycle length this intersection would operate at
if it were to operate independently of all other intersections. (For more information about using the Natural
Cycle Length, see Intersection Cycle Length Optimization on page 18-4).

At congested intersections, no cycle length gives acceptable capacity. In these cases, Synchro uses the cycle
length with the lowest combination of stops, delays, and unserved vehicles.

Maximum v/c Ratio
Timing Settings
The TIMING setting displays the Volume to Capacity Ratio (v/c) for each traffic movement or lane group (see

page 10-14). The Maximum v/c Ratio is the highest individual movement or lane group v/c ratio.
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In addition, Synchro provides an alternate method of evaluating intersection capacity called the ICU
(Intersection Capacity Utilization) method. In general, the ICU method is a more direct measure of intersection
capacity and easier to calculate. The ICU method also overcame several shortcomings that were corrected in
HCM 2000.

Intersection capacity values are summarized in the NODE SETTINGS for each node. The Max v/c Ratio is the
maximum lane group Volume to Capacity Ratio using the HCM method. The ICU value is also shown with the
associated ICU Level of Service (LOS).

Signing Settings

Volume to Capacity Ratios are also provided for 2-way stop and yield sign control. V/c ratios for 4-way stop
control are undefined. These results are consistent with HCM 2000 & HCM 2010. In addition, v/c ratios are
estimated for each movement at roundabouts, per the HCM 2010.

Intersection Delay
Timing Settings

The Intersection Delay field shows the average Total Delay for the signalized intersection and it is calculated
by taking a volume weighted average of all the Total Delays. The Total Delay includes the Queue Delay (see page
10-16) plus the Control Delay (see page 10-15).

Signing Settings

The average intersection delay for unsignalized intersections is based on an average of each movement’s delays.
The unsignalized intersection delay is strictly based on the methods in the HCM. Therefore, the unsignalized
delay does not include Queue Delay.

Intersection delay and level of service is not defined by the HCM for two-way stop controlled intersections;
&I therefore, it is not shown in the report. The analyst needs to look at the delay and LOS for the individual
o movements.

Intersection Level of Service
Timing Settings

For signalized intersections, the Level of Service for the intersection is calculated by taking the total Intersection
Delay and converting it to a level (A-F) using Table 7-1.
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Table 7-1 Signalized Intersection Level of Service

Control Delay Per Vehicle (s) LOS

<10
10 to 20
20to 35
35 to 55
55 to 80

>80

Mmoo W >

Signing Settings

For an unsignalized two-way stopped controlled (TWSC), all-way stop-controlled (AWSC) or a roundabout
intersection, the Level of Service for the intersection is calculated by taking the Intersection Delay and
converting it to a letter using Table 7-2.

Table 7-2 TWSC, AWSC and Roundabout Level of Service Criteria

Control Delay Per Vehicle (s) LOS

<10
10 to 15
15to0 25
25to0 35
35 to 50

>50

Mmoo W >

The LOS criteria for TWSC, AWSC and roundabout intersections are different than that used for a signalized
intersection. The primary reason for this is that drivers expect different levels of performance between
signalized and unsignalized intersections.

Intersection Capacity Utilization

Intersection Capacity Utilization is the 2003 (ICU 2003) for the intersection. Full details of the ICU 2003 can be
found in the topic, Intersection Capacity (ICU) Report (see page 21-10). A full description of ICU 2003 along
with commentary and instructions is available in the reference book, Intersection Capacity Utilization 2003
available from Trafficware.

The ICU is shown for unsignalized intersections because it represents the potential capacity for the intersection
if it were to be signalized.

ICU Level of Service

The ICU Level of Service (LOS) gives insight into how an intersection is functioning and how much extra capacity
is available to handle traffic fluctuations and incidents. ICU is not a value that can be measured with a stopwatch,
but it does give a good reading on the conditions that can be expected at the intersection. Full details of the ICU
LOS can be found in the topic, Intersection Capacity (ICU) Report.

Letters A to H are assigned to the intersection based on the Intersection Capacity Utilization using Table 7-3.
Note that the ICU 2003 includes additional levels past F to further differentiate congested operation.
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Table 7-3 Level of Service Criteria for ICU Analysis

ICU Level of Service

<55% A
55% to 64%
64% to 73%
73% to 82%
82% to 91%
91% to 100%

100% to 109%
>109%

I G Mmoo w

Offset Settings

The settings in the Offset settings box specify the phase the offset is reference to and the value of the current
offset. Each intersection is given one offset that can be referenced to the beginning of green, yellow or red of
the phase. The offset value represents the number of seconds that the reference phase lags the master reference
(or arbitrary reference if no master is specified). The master reference synchronizes the intersections sharing
a common cycle length to provide a coordinated system.

Please refer to your traffic signal controller manual for the specific settings required by your hardware.

% Coordination requires a fixed cycle length and a reference offset for each controller in the system.
Ke;- Therefore, set Control Type to Actuated-coordinated or Pretimed if the intersection is coordinated and
Faint specify Actuated-uncoordinated for isolated signals without fixed cycle lengths.

Offset Referenced To

Select the point to which you wish to have offsets referenced. Some types of traffic signal controllers allow the
offset to be referenced from the beginning of the green time. Other types of controllers require the offset to be
referenced to the beginning of yellow, or the end of the yellow plus red. This point is indicated by a (R) on the
phasing diagram.

Some NEMA controller’s reference offsets to the last of the coordinated phases to turn green. NEMA TS2
controller’s reference offsets to the first of the coordinated phases to turn green. Synchro supports both styles

of offset referencing.

With two reference phases and offsets referenced to Begin of Green, offsets will be referenced to last phase to
turn green.

With two reference phases and offsets referenced to TSZ2 - 1st Green, offsets will be referenced to first phase to
turn green.

With two reference phases and offset referencing to the beginning of yellow or beginning of red, offsets will be
referenced to first phase to turn yellow or red.
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170 Style

Begin of Yellow

TS2 - 1st Green
|<— Begin of Green |(_ Begin of Red

=

¥ 1 —» e [N s +

7 55 T Tid T |24 ]
-‘—

A . 5 N s

16 W W iE e ]

Figure 7-2  Offset Reference

Offset Referenced Phase(s)

The offset reference phase(s) are typically the coordinated phases associated with the arterial street. Selecting
two reference phases allows Synchro to optimize phase sequences and select the coord phase based on the
optimal phase sequence.

For example, using TS2 - 1st Green, if a leading left-turn sequence is optimal, then Synchro will automatically
select the first through phase following the leading lefts as the reference phase. If a lead/lag phase sequence is
optimal, Synchro will select the through movement serviced with the leading left-turn as the reference (coord)
phase.

You must insure that the reference phase selected by Synchro in the optimization matches the coord phase set
in your controller. Some NEMA TS1 controllers reference the offset to the last through phase to turn green.
NEMA TS2 references the offset to the first through phase to turn green (TS2 - 1st Green). Still, other controllers
give you full control over specifying the coord (reference) phase and synchronizing the offset to the begin-of-
green or end-of-green of that phase.

The symbol _! is displayed on the the phasing diagram to indicate the Reference Phase(s).

Table 7-4 Reference Point with Multiple Reference Phases

Referenced To Reference Point

Begin of Green Referenced to last of phases to turn green

Begin of Yellow Referenced to first of phases to turn Yellow

Begin of Red Referenced to first of phases to turn Red

TS2 - 1st Green Referenced to first of phases to turn green

170 Style Referenced to start of FDW or start of yellow (see below)

If the 170 Style reference is used, the reference point will depend on the Recall Mode setting. If
Coordinated-Max is used, the offset will be referenced to the start of flashing don’t walk. If Coordinated-
o Min is used, the offset will be referenced to the start of yellow.

The reference phases also control which phases are the coordinated phases for an actuated-coordinated signal.

To set a default for newly created intersections or change all of the reference phases, use the Network Settings
command from the Options tab.

The Reference Phase is used to determine the coordinated phase(s) for an actuated signal.
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170 U=zer=  For a 170-type controller, the offset is referenced to the end of phase 2 or phase 6 green. If either
|?""7‘” phase 1 or 5 is lagging, the offset is referenced to the first phase of 2 and 6 to turn yellow. If the main
'ﬁl street has rest-in-walk set, the offset is referenced to the beginning of do not walk.

Current Offset

The intersection Offset is the number of seconds that the reference (coord) phase lags after the master offset.
The offset may be referenced to the begin-of-green or end-of-green of the reference phase based on the
Referenced To value selected.

The Offset begins at zero because the master cycle counter always begins counting at zero. The maximum Offset
is one second less than the Cycle length because the master cycle counter always increments to that value, then
resets to zero.

The optimum offset can be found by using the optimization commands explained in Optimize Intersection
Offset, or by using the time-space diagrams.

Master Intersection

The Master Intersection typically has a zero offset value. Synchro allows you to designate an intersection as
the Master Intersection to reference offsets to the cycle counter at that intersection. If a master intersection is
not specified, then Synchro will choose an arbitrary offset reference as the master reference.

A cycle length of half or double the Master Intersection cycle length is considered compatible. The offset at the
half our double cycled intersection will be referenced to the Master Intersection.

If you have a master assigned to your network, then make your cycle length change at the master first,

:&: then change the cycle lengths at the other intersections you wish to follow the master cycle reference.

o This will avoid creating a situation where two or more masters provide the same cycle length. In those
cases, Synchro assigns the master with the most traffic volume.

Be sure to check for the master intersection after the Cycle Length(s) have been changed, for example using the
Optimize Network Cycle Lengths command.

button from the Node Display Results submenu. The master intersection(s) is shown with a * next to

0 To see which intersection(s) is the master, go to the MAP view and choose the Show Cycle Lengths
the cycle length in the MAP view.

Yield Points

The Yield Point determines when the Coordinated Phases will “yield” to side street phases. This setting affects
whether there is a single yield point for all phases, or multiple yield points.

Figure 7-3 illustrates how a single yield point works. The main street phases have a single scheduled end time.
If the next up phases have no calls, the other phases start at this point. If there are no calls for any of the phases
3,7, 4 and 8; then phases 1 and 5 can start early and the signal will return to the main street phases sooner.

Chapter 7 - Node Settings 7-11



Synchro Studio 10 User Guide

Lat— Single Yield Point
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Figure 7-3  Single Yield Point

Figure 7-4 illustrates how yield point by phases works. The main street phases stay on until the scheduled start
time of a conflicting phase. If phases 3 and 7 have no calls, the signal will not yield to phases 4 and 8 until their
scheduled start times.

= = cionfr3az
7 — g ——

1 Mocalls 3 &7
5 - Phase 4 & 8 Start at
- their programmed start

Figure 7-4  Yield Point by Phase

Flexible yield points allow the signal to yield any time between the single point and the phases’ scheduled start
time. Flexible yield points can be useful with low volume side streets; the side streets have a wider range of
time to yield the signal.

Using a single yield point in conjunction with Fixed Force Off makes the most time available for side street
phases. Yield point by phase extends the green bands for the coordinated movements rather than provide slack
time at the beginning of the bands. Either method must be provided as a feature by your controller
manufacturer.

Keep in mind that the controller will yield as soon as there is a call on the yield phase. Therefore, even if there
is only one call on phase 3 or 7 in the Yield Point by Phase example above, the controller will leave to service
the call after the yield point.

If you wish to allow the non-coordinated phases to utilize slack time from preceding actuated phases, then you
should select Fixed Force Off. This will prevent SimTraffic from terminating the phase if the sum of the slack
time and programmed split is greater than the max time.

Synchro does not explicitly model flexible yield point. Synchro will model flexible yield points the same as
l:&l single yield points. This will be equivalent except for when the first up actuated phases have low volume.
o With by phase yield points, Synchro models a single yield point for each barrier.
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Mandatory Stop on Yellow

Traditionally, SimTraffic will allow at least two vehicles to proceed during a signal phase, even if the Total Split
is set to 3 seconds. In some instances, it is desirable to create a dummy intersection to meter the traffic (i.e.,
allow 1 vehicle to proceeds every X seconds). This could be useful for modeling security gates, ramp meters,
etc.

To do this, check the Mandatory Stop on Yellow at the bottom of the NODE SETTINGS. This will allow only
one simulated vehicle to pass through a short green signal. No sneaker vehicles will be allowed during the
yellow interval.
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Chapter 8 — Lane Settings

From the MAP view, click on the desired intersection with the Right mouse button and select LANE settings.

From anywhere in the program, press [F8] and select the desired intersection from the list. Then push
the Lane Settings button or the [F3] key.

The LANE settings display a grid in which you can enter lane and geometric information. See Chapter 6 for
details on navigating the data entry screens.

LANE SETTINGS A —+ ¥ v A *\ T Vil > i <
EBL EBT EER WwBL  WEBET  WER MEL MBT MER SBL SET SER

Lanez and Sharing [#EL] ++ i" 'i ""‘f‘ v | 'i 4 i'
Traffic Yolume [vph) ] 400 43 100 200 0 1] ] 800 20 100
Future Yalume [vph) ] 400 43 100 200 0 ] ] 800 20 100
Street Mame Main Street tain Street SB Ramp 5B Ramp
Link Distance [ft] — 540 — — 414 — — 78 — — 559 —
Link Speed [mph] — 40 — — 40 — — 30 — — 30 —
Set Artenal Mame and Speed — EB — — wB — — MB — — SB —
Travel Time [g] — 101 — — A — — BE — — 127 —
Ideal Satd. Flow [vphpl] 1900 15300 1300 1400 15900 15900 1900 1900 15300 1300 1400 15900
Lane Wwidth [ft] 12 12 12 12 12 12 12 12 12 12 12 12
Grade [%] — 0 — — 0 — — 0 — — 0 —
Area Type CBD — [ — — O — — O — — OO —
Storage Length (1) 0 — 150 150 — I I — 0 0 — 150
Storage Lanes [H) — — 1 1 — — — — — — — 1
Right Turn Channelized — — MHone — — Mane — — Mone — — Mane
Curb Fradiusg [ft] — — — — — — — — — — — —
Add Lanes [#) — — — — — — — — — — — —
Lane Utilization Factar 1.00 0.95 1.00 1.00 0.95 1.00 1.00 1.00 1.00 0.95 0.95 1.00
Right Turn Factar — 1000 08800 1000 1000 — — — —| 1000 1.0 0850
Left Tum Factor [prat] — 1000 1.000f 04850 1.000 — — — —| 0550 04855 1.000
Saturated Flow Rate [prot) — 3539 1583 1770 3539 — — — — 1681 1630 1583
Left Turn Factor [perm) — 1000 10000 0850 1.000 — — — —| D850 0855  1.000
Right Ped Bike Factor — 1000 0831|1000 1.000 — — — —| 1000 1000 0959
Left Ped Factor — 1000 10000 1000 1.000 — — — —| 1000 1000 1.000
Saturated Flow Rate [perm) — 3539 1474 1770 3539 — — — — 1681 1690 1518
Right Turm on Red? — — — — — — — —
Saturated Flow Rate [RTOR] — 1] 177 0 1] — — — — 1] 0 177
Link 1z Hidden — [ — — O — — — — [ —
Hide Mame in Mode Title - — - g - - 4 — - O —
Figure 8-1 LANE Settings, Full View

Lanes and Sharing

Select the number of lanes and lane configuration for each lane group by selecting the pull-down list under each
movement arrow. See Rules for Shared Lanes, below, for information on how to enter lanes that serve more

than one movement and how to classify lanes.

Select the Lanes and Sharing pull-down list under each traffic movement arrow. You can specify the number
oflanes and any shared turning movements from those lanes using the pull-down list. You may also use a short-
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cut to select the number of lanes using the [0] - [8] keys. You can also quickly vary the shared lane assignment
by pressing [L] for a shared left-turn or [R] for a shared right-turn in the lane group.

Rules for Shared Lanes

Use the following rules to determine which lanes belong to a lane group.
v Shared lanes always count as through lanes.
v’ Only exclusive turning lanes count as turning lanes.
v' Ata ‘T’ intersection the shared Right-Left lanes count as a left lane.

If there is no turning lane, Synchro will assign turning traffic to the through lane group (or the left turn lane
group, if there is no through lane group).

If an approach has a shared turning lane and an exclusive turning lane, the approach can be modeled by
Synchro. The exclusive lane is in the turning group, and the shared lane is in the through group. Synchro
dynamically assigns traffic between the two-lane groups (refer to Traffic in Shared Lane, page 9-10).

I:&I To create a new column for U-turns, type [Ctrl] + [U].
o

I&I Refer to page 9-1 for details on the Traffic Volume setting.
O

Street Name

Naming a street will cause its name to appear on the map. If a street has several segments, the name will be
placed on a segment long enough to fit the name, or on an external link. To change the size of the street name,
use the Map Settings, located in the Options tab.

Arterial Route Naming

To create an Arterial Route with multiple street names or that turns corners, include a route number in the
street name with the # symbol. For example, the streets Main and 3rd Street are part of the same route. Give
these streets the names "Main Street #13" and "3rd Street #13". Synchro will be able to create reports and
analysis on the arterial "#13" (see the topic Viewing and Printing Reports on page 21-2 for details on how to
create a report for a route that turns a corner). You can also see a time-space diagram for route #13 (see the
topic Time-Space Diagram on page 17-1 for details on how to view a time-space diagram for a named arterial
view).

Link Distance
Link distances can be used to adjust the length of the link. Adding a link the exact distance with a mouse can be
tricky; this feature allows you to type in the exact distance. If you plan to use this data with SimTraffic, the

override distance should be within 20% to the map distance. Otherwise, the simulation software will reject the
data because map coordinates are used to simulate runs in SimTraffic.
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Changing the Link Distance in the LANE settings changes the internal link length. This setting does not
l&l change the coordinates of the underlying intersections. Synchro stores the link length independently from
O the coordinate distances.

The calculated link distance is shown in blue. Overridden distances appear as red. To revert to the calculated
distance, press [F12] when in the cell.

The link distances are the distance from intersection center point to center point. When determining link
distances for queuing analysis, Synchro will subtract 80 feet (24m) from the distance to account for the space

inside intersections.

Geodetic coordinates accurate within 20 feet are adequate for traffic modeling purposes.

Link Speed

The Link Speed should be set to the legal, safe speed that you expect along the arterial after the traffic signals
along the link are optimized. To set a default speed for newly created intersections or change all of the speeds,
use the Network Settings, located in the Options tab.

Enter the free flow speeds and travel times. Do not enter measured speeds from floating car data to
O account for congestion and delay unless the speed reduction cannot be improved by signal optimization.

Set Arterial Name and Speed

Select a direction button to propagate the name and speed up and down the entire arterial in the selected and
opposing direction. For instance, choose the [EB] option will set the street name and speed for the arterial in
the eastbound and westbound directions.

Travel Time

Travel Time is recalculated when either the speed or distance fields are changed. The calculated value will
appear in blue type. However, you may override this field manually, which will appear in red type. You can force
the field to re-calculate based on the speed and distance fields at any time by pressing [F12].

Ideal Saturated Flow

Enter the Ideal Saturated Flow Rate for a single lane in this field. The HCM 6t Edition recommends using
1,900 vehicles per hour per lane. This is the default.

It is not necessary to enter a different Saturated Flow Rate for turning lanes. Synchro will adjust the Saturated
Flow Rate automatically with turning movement factors (Refer to Right Turn Factor, page 8-7, and Left Turn
Factor, page 8-8).

Itis not necessary to adjust this rate to account for heavy vehicles, bus stops, parking maneuvers, turning traffic,
lane widths, grades, or area type. These are automatically adjusted by Synchro.

To set a default for newly created intersections or change all of the Ideal Saturated Flow Rates, use the Lanes
section of the Network Settings, located in the Options tab.

The Ideal Saturation Flow is a macroscopic model term used by Synchro. To account for changes of this factor
for simulation, the Headway Factor is used. For more details, refer to the topic Headway Factor on page 13-6).
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Lane Width

The default Lane Width is 12 feet (3.6 meters). Saturated Flow Rate increases as Lane Width increases.

To set a default for newly created intersections or change all of the lane widths, use the Lanes section of the
Network Settings, located in the Options tab.

The lane width factor is determined based upon the following table (source: Highway Capacity Manual 2010).
Table 8-1 Adjustment for Lane Width

Average Lane Width (ft) Adjustment Factor (fw)

<10.0 0.96
210.0-12.9 1.00
>12.9 1.04

This Table is an update for the Highway Capacity Manual 2010. In the 2000 HCM, there was a formula to
determine the Adjustment Factor for Lane Width.

Grade

The percentage Grade is the slope of the roadway approaching the intersection (negative grades are downhill).
The default percentage Grade for each approach is zero percent. The Saturated Flow Rate increases when traffic
moves downhill (negative Grade).
The factor for grade is based on the following formula:
Fg=1-%G/200
Fg = Grade adjustment factor
%G = % grade on a lane group approach

Area Type CBD

Select this checkbox if the lane group is typical of Central Business District (or "downtown" area). A CBD is
characterized by high parking turnovers, narrow short-block roadways and high pedestrian activity. Selecting
Area Type CBD lowers Saturated Flow Rate. See the HCM for more information about CBD characteristics.

Storage Length

The Storage Length is the length of a turning bay in feet (meters). If an intersection has a left turn storage bay
of 150 feet (45 meters), enter "150" ("45") in this box. If the left or right turn lane extends to the previous
intersection, enter "0".

If two or more storage lanes are present, enter the average length of the lanes, not the sum.

Storage Length data is used for analyzing potential blocking problems, such as through traffic blocking left turn
traffic, and left turn traffic blocking through traffic. If "0" is entered, no blocking analysis is performed.
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A storage bay can be coded for through lanes. It is also possible to mix full travel lanes and storage lanes
o for the turning movement.

Storage Lanes

Code the number of Storage Lanes in the right and left storage bays. This value only appears when the storage
length is greater than 0. By default, the number of storage lanes is equal to the number of turning lanes.

This field can be overridden so that some of the turning lanes are full travel lanes, or so that some of the through
lanes can be storage lanes.

A red value indicates an override, while a blue value indicates that the number of storage lanes is calculated.

Right Turn Channelized

This field is active for the rightmost movement. The choices are None, Yield, Free, Stop and Signal. If this value
is changed, it will also be updated for unsignalized analysis.

Synchro does not explicitly model a channelized right turn. If you have coded a signal in Synchro, it will be
modeled as follows in the TIMING settings:

v" None: No right turn channelization.
v' Yield: No phases are assigned, the saturation flow is that for the RTOR.

v Stop: No phases are assigned, the saturation flow is that for the RTOR. Yield and Stop are handled in
the same manner.

v Free: The phase assigned is 'Free' (100% green time). The saturation flow used is the permitted
saturation flow.

v’ Signal: The movement is controlled by the signal. Set the appropriate turn type and phase in the
TIMING settings.

For unsignalized 2-way or 4-way stop control, each traffic movement is analyzed using the guidelines in HCM
2000, 2010, and 6th Edition.

! ! If a channelized right connects to a curved link, the curve points must be placed after any tangents from
a right turn Island; otherwise image distortion will occur.

Curb Radius

Curb Radius specifies the horizontal curvature of the street intersection and is measured in feet from the back
of curb to the center point of the radius.

Add Lanes

Add Lanes controls how a right-turn lane enters the intersection street. Setting Add Lanes to zero (0) creates
a yield or merge for drivers completing a right turn. Setting the value to one (1) adds a continuation lane for
the right-turn.

Setting a Storage Length greater than zero creates a right-turn "pocket” on the approach side of the intersection.
Setting Add Lanes greater than zero extends the right-turn lane on the departure side of the intersection.
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Slip Lanes for Roundabouts

To code a right turn slip lane at a roundabout for HCM or SimTraffic analysis, set the Right Turn Channelized to
Stop, Yield, or Free. Additional right turn lane(s) will be added to the roundabout, outside of the Outside
Radius. The width of the slip lane is determined by the width of the incoming right turn lane group.

The input fields below have the following effect:

v Right Turn Channelized = Yield or Stop: Vehicles in slip lane will yield at end of slip lane if there is a
merge.

v Right Turn Channelized = Free: Vehicles in slip lane will merge at end of slip lane if there is a merge.

AN

Right Turn Channelized = None: No slip lane

v’ Lanes and Sharing: Controls number of lanes in right turn slip lane, and number of lanes to enter main
circle.

v' Curb Radius (in the SIGNING settings): Has no effect; slip lane controlled by Outside Radius.
v Add Lanes: Slip lane will be add lane(s), provided enough lanes exist downstream.
With a small circle or with tight angles between links, the slip lanes will directly connect to the roundabout.

With a larger circle or angle, the slip lanes will be additional lanes on the outside of the roundabout with an
additional radius.

Alternate Method

It is also possible to create a slip lane by coding a multilane roundabout with a two-lane exit (see page 10-13).
To get a direct slip lane it is necessary to code two lane exits at both the entry and the exit links. This method
works best for creating a slip lane in all directions.

Combining a slip lane with a two-lane Exit may give a three-lane exit or other strange results. It is usually best
to use one or the other.

Lane Utilization Factor

The Lane Utilization Factor determines how the traffic volumes assigned to a lane group are distributed across
each lane. A value of one (1) indicates equal distribution across all lanes. Values less than one lower the
saturation flow rate because all lanes are not working at full capacity. The Lane Utilization Factor is selected
from the values in Table 8-2.

:&: If there is an exclusive turning lane plus a shared turning lane, then all of the lanes will be placed in the
o through lane group to calculate this factor.
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Table 8-2 Lane Utilization Factors

Lane Group Movements # of Lanes Lane Utilization Factor
Thru or shared 1 1.00
Thru or shared 2 0.95
Thru or shared 3 0.91
Thru or shared 4+ 0.86
Left 1 1.00
Left 2 0.97
Left 3+ 0.94
Right 1 1.00
Right 2 0.88
Right 3 0.76

This field can be overridden. If, for example, there is a busy shopping center entrance just after this intersection
on the right side, most of the vehicles will be using the right lane and cause a lower lane utilization factor. If the
actual per lane volumes are known, the lane utilization factor can be calculated as follows:

200 wph  — _ Total App. Wal _ (100 + 200)

100 wph == T (Mo ofLanesix (2 x 2000
—\‘I [High Lane ol

fiu = Lane Utilization Factor

=075

The fLu is a macroscopic adjustment and will only affect the saturation flow rates. Changes to this value
I&I have no impact on the simulated results in SimTraffic. To account for unbalanced flow in SimTraffic, be
o sure to code in the geometric condition that is causing condition, such as a downstream lane taper.

Right Turn Factors

The Right Turn Factor is used to reduce the Saturation Flow Rate based on the proportion of right-turns in the
lane group and the type of lane servicing the right-turn. The default calculations from HCM 2000 can be
overridden by the user.

Exclusive Lane: frr = 0.85
Shared Lane: frr=1.0 - (0.15) Prr
Single Lane: frr=1.0 - (0.135) Prr
Prr = Proportion of right turn traffic in lane group
The permitted right turn factor is used during the through phase for this approach. The protected right-turn

factor is used if an exclusive right-turn lane is provided and a Protected Phase is assigned from a concurrent
left-turn (right-turn overlap signal).
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Left Turn Factors

The Left Turn Factors are applied in the HCM 2000 Saturated Flow Rate calculation. The default values are
calculated from the formulas below, but these may be overridden by the user. The Left Turn Factor for exclusive
lanes is:

fur=0.95
The Left Turn Factor for shared lanes is:
fr=1 /(1.0 + 0.05 Pvr):
PLr = Proportion of left turn traffic in lane group
For permitted left turns, the calculations are quite involved. Synchro has a complete implementation of the
2000 HCM permitted left turn model. The permitted left turn factor is based on actuated green times, the same
as the HCM 2000 calculation.
The calculation steps are as follows:
v’ Saturation Flows with maximum greens are used for the Ped Bike (see page 8-9) and Permitted Lefts
v’ Actuated green times calculated
v’ Saturation Flows are recalculated with actuated greens used for Ped Bike and Permitted Lefts factors
The permitted left turn factor is used for any permitted left turn phase, including the permitted portion of

permitted plus protected left turn phasing. The protected left turn factor is used for protected and split phasing,
and for the protected portion of permitted plus protected left turn phasing.

Saturated Flow Rates

The Saturated Flow Rates are the actual maximum flow rate for this lane group after adjusting for all of the
interference factors. The Saturated Flow Rates represent the number of lanes multiplied by the Ideal Saturated
Flow Rate and interference factors due to heavy vehicles, buses, parking maneuvers, lane widths, area type,
grade, and turning movements.

There is a permitted and a protected Saturated Flow Rate. For left and through lane groups the permitted
Saturated Flow Rate is used when left turns are permitted and the protected Saturated Flow Rate is used
I&I when left turns are protected. For right turn lane groups, the permitted flow rate is used with permitted and
o free right turn phases. The protected flow rate is used with a protected signal indication that overlaps with

a non-conflicting protected left-turn phase.

The Saturated Flow Rates are used in capacity and delay calculations, and for optimization calculations. The
Saturated Flow Rates are not used for simulation modeling in SimTraffic.

These fields are calculated but can be overridden.
The saturation flow rate is based on:
S=So*N *Fw * Fn * Fhv * Fg * Fp * Fbb * Fa * Flu * Flt * Frt * FLpb * FRpb
where:

S = saturation flow rate for the subject lane group, expressed as a total for all lanes in the lane group,
veh/h’

So = base saturation flow rate per lane, pc/h/In,

N = number of lanes in the lane group,
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Fw = adjustment factor for the lane width,

Fhv = adjustment factor for heavy vehicles in the traffic stream,

Fg = adjustment factor for approach grade,

Fp = adjustment factor for the existence of a parking lane and parking activity adjacent to the lane
group,

Fbb = adjustment factor for the blocking effect of local buses that stop within the intersection area,
Fa = adjustment factor for area type,

Flu = adjustment factor for lane utilization,

Flt = adjustment factor for left turns in the lane group,

Frt = adjustment factor for right turns in the lane group,

FLpb = pedestrian adjustment factor for left-turn movements, and

FRpb = pedestrian/bicycle adjustment factor for right-turn movements.

Right Ped Bike Factor

This factor is calculated based on the number of pedestrians and bicycles that are crossing the right turn
movement. The factor takes into account the amount of green time for the pedestrians and the bicycles as well
as the number of downstream receiving lanes. For a complete description of the FRpb calculation, see the HCM.

The Ped Bike factor used by Synchro has a slight variation from the HCM generated Ped Bike factor for
permitted plus protected movements. Synchro does not adjust for the proportion of right turns using the
protected phase (Prta), but calculates separate Saturated Flow Rates for permitted and protected movements.
The Ped Bike factor shown on the LANE settings and on the Intersection reports is for permitted phases only
and is only applied to the Permitted Saturation Flow rate.

The Ped Bike factor shown in the HCM Signals report is calculated based on the manual’s methods and may
vary for permitted plus protected movements. The HCM Ped Bike factor is applied to both permitted and
protected saturation flow rates.

For through and left lane groups with right turn traffic, the Ped Bike factor will be applied to all phases. Synchro
assumes right turns are always permitted not protected from a left or through lane group. Always code through
phases as protected, except at unusually aligned intersections.

Left Ped Factor

This factor is calculated based on the number of pedestrians and bicycles that are crossing the permitted left
turn movements. The factor takes into account the amount of green time for the pedestrians and vehicles, the
amount of oncoming traffic and the number of downstream receiving lanes. For a complete description of the
FLpb calculation, see the HCM 2000, Chapter 16, Appendix D.

The Ped factor used by Synchro has a slight variation from the HCM generated Ped factor for permitted plus
protected movements. Synchro does not adjust for the proportion of left turns using the protected phase (Plta),
but calculates separate Saturated Flow Rates for permitted and protected movements. The Ped factor shown
on the LANE settings and on the Intersection reports is for permitted phases only and is only applied to the
Permitted Saturation Flow rate.

The Ped factor shown in the HCM Signals report is calculated based on the manual’s methods, and may vary for
permitted plus protected movements. The HCM Ped factor is applied to both permitted and protected
saturation flow rates.
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Right Turn on Red (RTOR)

This field is used to specify whether Right Turns on Red (RTOR) are allowed. This field can also be used to
allow Left Turns on Red from a one-way to a one-way.

Synchro fully models Right Turns on Red. Synchro automatically calculates a Saturated Flow Rate for RTOR and
applies this flow rate to movements when they are red. See Saturated Flow Rate (RTOR), page 8-11 for details
on its calculation.

This field is also used when modeling in SimTraffic.
The following four options are provided to model right turns on red and free right turns.

1. For exclusive or shared right lanes, set Right Turns on Red to Yes in the LANE settings. Synchro will
calculate a RTOR Saturated Flow Rate and apply this flow rate during all red times. Each vehicle must
stop and wait for a gap, the maximum RTOR saturation flow rate is about 1091 vphpl.

2. Forexclusive rightlanes (not shared lanes), set the Turn Type to Free in the TIMING settings. Synchro
will assume that right turns will move unimpeded at all times. Use Free Rights only when the turns
move into their own acceleration lane and there are minimal pedestrians.

3. For exclusive right lanes (not shared lanes), set the Turn Type to Permited+Overlap in the TIMING
settings. Synchro will assume right turns move with a green ball and receive an overlapping arrow
during compatible left turn phases. Use Free Rights only when the signal has a right turn arrow.
Overlapped right turns can be used together with Right Turn on Red.

4. Reduce the input volumes to account for Right Turns on Red. This is the method prescribed by the
HCM for modeling RTOR. Reducing the input volumes will change the results of optimization and will
transfer smaller volumes to the simulation models. This can be unreliable because the right turn on
red volume is highly influenced by the mix of traffic and the timings used.

Selecting a Right Turn Treatment

Refer to Table 8-3 for direction on selecting a right turn treatment.

Table 8-3 Selecting a Right Turn Treatment

Right Turn Treatment Permitted RTOR Volume Reduction Free Perm +Over
Flow Rate on Ball 1600+ 1600+ 1600+ 1600+ 1600+
Flow Rate on Red 0 <1091 0 1600+ 0
Flow Rate on Arrow NA 1600+ 0 1600+ 1600+
silgl[:jt tsl.:grrl1 island, Yes
Right turn island plus Acceleration lane Yes
Acceleration Lane Yes
Overlapped Arrow Yes
No Right on Red Yes
HCM Compatibility Yes No Yes Yes Yes

HCM Compatibility

The HCM 6t Edition, HCM 2010, and HCM 2000 do not support Right Turn on Red Saturation Flow calculations.
Synchro calculations with RTOR enabled will use an equivalent reduction in right turn volume for the HCM
Signal Report (see page 21-13).
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The RTOR calculations are based on an internally developed model based on the HCM gap acceptance formula
for right turns. The RTOR saturation flow rates calculated by Synchro provide similar results to the HCM
method of reducing right-turn volumes to account for right turns on red. This approach improves simulation
results because traffic volumes are not deducted from the model.

Saturation Flow Rate (RTOR)

Synchro automatically calculates Saturation Flow rate for Right Turns on Red. This Saturation Flow Rate is
applied to a movement whenever the movement has a red signal. This calculation is also made for Left Turns
on Red crossing one-way streets.

The calculation of the RTOR Saturation Flow Rate is quite complex and is based on the signal timing, the
volumes of the subject approach, and the volumes of any merging approaches.

It is possible to override the RTOR Saturation Flow Rate to a measured value or hand calculated value.
Overriding RTOR Saturation Flow is not recommended because overridden values will not be updated when
the volumes or signal timings change. The RTOR Saturation Flow is very sensitive to changes in volumes and
timings.

SRTOR = Minimum(sRTOR1, sRTOR2) = RTOR Saturation Flow Rate
sRTOR1 = saturation flow rate based on gaps in merging traffic
sRTOR2 = limit to saturation flow rate based on through traffic blocking access to stop bar

If the RTOR volume is measured in the field, it can be used to calculate the SRTOR for Synchro based on the
following:

sRTOR =vRTOR * C/r
r =red time, s
C = Cycle Length
VvRTOR = Field Measured RTOR

For example, say 100 vph is the field measure RTOR volume, the movement red time is 80 seconds and the cycle
is 120 seconds. Then,

SRTOR =100 * (120/80) = 150

Gap Acceptance Calculation

The Saturation Flow Rate is calculated for each timing interval while the subject movement is red. Separate
interval calculations are provided to account for merging through, merging left turn and intervals with no
conflicting movements.

Vxi  @(~Yr6:2/3600)

SRTORi = R = saturation flow rate for each timing interval

sRTORi = 1091, when vxi=0

Ri = length of timing interval i

C = cycle length

vxi = vx * sxi * C / X (sxi*Ri) = merging volume during timing interval i
sxi = saturation flow rate for movement x during interval i

sRTOR1 = 3 (sRTORi * Ri) / Sum(Ri)
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The combined RTOR Saturation Flow Rate 1 (sRTOR1) is a time weighted average of each sRTORi calculated
for each red interval. The formula for sRTORI is taken from the HCM Unsignalized chapter and assumes a gap
time of 6.2 s and a follow-up time of 3.3 seconds. The maximum flow rate with zero conflicting vehicles assumes
one vehicle every 3.3 seconds or 1091 vph.

Conflicting pedestrian volumes are added into the merging vehicle volumes, vxi.

The conflicting volume rates (vxi) assume that conflicting flows will be divided proportionately among the
conflicting flows green times and saturation flow rates. For example, the conflicting movement is a permitted
plus protected left turn with the following values:

vL = left turn volume = 300 vph

R1 = permitted green = 20 s

sL1 = permitted saturation flow = 900 vph

R2 = protected green =10 s

sL2 = protected saturation flow = 1800 vph

C=cyclelength=60s

vL1 = permitted volume = 300 * 900 * 60 / (900 * 20 + 1800 * 10) = 450 vph
vL2 = protected volume = 300 * 1800 * 60 / (900 * 20 + 1800 * 10) = 900 vph

The conflicting through movement has the following:
vT = through volume = 1000 vph
R3 = permitted green = 20 s
vT3=1000*1000*60 /(1000 * 20) = 3000 vph

The resulting saturated flow calculations are as follows:
vx1 = NA, this is a green interval for subject movement
vx2 =vL2 =900 vph
SRTORi2 =900 * exp(-900 * 6.2 /3600) / [1 - exp(-900 * 3.3/3600] = 340
vx3 =vT3 = 3000 vph
sRTORi3 = 3000 * exp(-3000 * 6.2/3600) / [1 - exp(-3000 * 3.3/3600] = 18
SRTOR1 =[340 * 10 + 18 *20] / (10+20) = 126 vph

Shared Lane Blocking Calculation

The RTOR Saturation Flow Rate is limited because through traffic may block right traffic from reaching the stop
bar. sSRTOR2 is based on the average maximum number of right lane vehicles served before through traffic is
blocked. This calculation is performed for both shared lanes and for exclusive right turn lanes in a storage bay.

sRTOR2 =vR/vTh * (storage +1) * 3600 / R = blocking limit to saturation flow rate
VR = right turn volume
vTh = non-right volume in lane
storage = length of storage bay in vehicles (not multiplied by number of lanes)

R =length of entire red time

8-12 Chapter 8 - Lane Settings



Synchro Studio 10 User Guide

Exclusive Right Lane No Storage
For an exclusive right turn lane without storage restriction, the sSRTOR2 calculation is not performed.

Exclusive Right Lane with Storage
storage = length / vehicle length
For an exclusive right turn lane with storage, storage is equal to the number of vehicle lengths of the storage
bay. If the storage bay is 100 feet and it takes 5 through vehicles to block right turns, storage will be 5.
The non-right volume is equal to the non-right volume in the rightmost through lane.
vTh =vTot / (lanes * laneUtFact) = non-right volume in lane
vTot = total volume in through lane group
lanes = number of lanes in lane group

laneUtFact = lane utilization factor for through lane group

If the through lane group has volume of 1000 vph, 2 lanes, and laneUtFact = 0.95:
vTh=1000 / (2 *0.95) = 526.
If vR =200 and R = 60 s, the result sSRTOR2 is
sRTOR2 =200/526 * (5+1) * 3600 / 60 = 137 vph
Shared Through-Right Lane
In a shared lane, the storage is zero. If there is a flared right, or right turns can bypass 2 or 3 cars in parking
lane, consider coding a right turn lane with storage of 25 to 75 feet to approximate actual conditions in the field.

vTh = (vTot) / (lanes * laneUtFact) - vR = non-right volume in lane

vTh must be greater then (vTot -vR) * 0.2. This insures that at least some through traffic is in the right lane.

For example:
vTot=1200
vR =400
lanes = 2
laneUtFact = 0.95
R=60s
vTh=1200/(2*0.95)-400 =231
vTh > (1200 - 400) * 0.2 = 160, check OK
sRTOR2 =400/231 *1 * 3600 / 60 = 104 vph

SsRTOR2 must be less or equal to VR, otherwise non-right traffic will be moving during red.

Link is Hidden

The LANE SETTINGS screen has a Link Is Hidden checkbox for each link (street). If the checkbox is checked,
the corresponding link is not visible.
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Synchro requires a node to have 3 links before it is considered an intersection (allowing signal timing). This
Link is Hidden option can be useful for location where you require the node to be an intersection, but the
dummy link has no lanes or volumes. For example, a mid-block ped crossing or meter could use this option.

Hide Street Name in Node Title

The LANE SETTINGS window has a Hide Name in Node Title checkbox for each link (street). If the checkbox
is checked, the corresponding street name is not used in the node title. The street name will still be visible in
the MAP VIEW unless you use the Link Menu command to hide/show the street name.
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Chapter 9 — Volume Settings

From the MAP view, click on the desired intersection with the Right mouse button and select VOLUME Settings.
From anywhere in the program, press [F8] and select the desired intersection from the list. Then push

the Volume Settings button or the [F4] key.

The VOLUME settings display a grid in which you can enter volume information. See Chapter 6 for details on
navigating the data entry screens.

WOLUME SETTIMNGS ) — \" ( - ‘\ 4\ T f’. \’ i J
EBL EBT EBR WEBL  WET WEBHR MNBL MET NBR SEL SBT SER

Lares and Sharing [HRL] o | 44 Ful L1 44 Ful N T % T

Traffic: Yalume [vph) B00 1500 100 100 500 100 100 200 a0 100 200 50
Developrment Wolume [vph) ] ] ] 0 i I I ] ] ] 0 I
Cambined Valume [vph) 500 1500 100 100 500 100 100 200 &0 100 200 50
Future Valume [vph) 500 1500 100 100 500 100 100 200 a0 100 200 50
Conflicting Peds. [#/hr) 0 — 0 0 — 0 1] — 0 0 — 0
Conflicting Bicycles (#/hr) — — 0 — — I — — 0 — — I
Peak Hour Factor 0492 049z 092 0.9z 0.9z 0.92 0.9z 0492 0492 0.9z 0.9z 0.92
Groweth Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adjusted Flow [vph) 543 1620 109 109 543 109 104 217 54 109 217 54
Heavy Vehicles [%] 2 2 2 2 2 2 2 2 2 2 2 2
Buz Blockages [#./hi) 0 0 0 0 1] 0 ] 0 0 0 0 0
A, Parking Lane? 1 1 1 ] Il Il 1 1 1 [l ] ]
Parking Maneuvers [#/hr) — — — — — — — — — — — —
Traffic: from mid-block [%] — 0 — — ] — — 0 — — 0 —
Link 0D Yoluries — — — — — - - — — — — —
Traffic in shared lane (%) — — — — — — — — — — — —
Lane Group Flow [vph] B43 1620 109 109 B3 109 104 271 0 109 271 0

Figure 9-1 VOLUME Settings

% Refer to page 8-1 for details on the Lanes and Sharing setting.

Traffic Volumes
In the appropriate Traffic Volume cells, enter the traffic volumes for each movement in vehicles per hour.

Synchro models the hourly volumes provided for one design period. However, you may model multiple design
periods using the UTDF Volume table.

If you have volume counts in TMC format, it is possible to import them automatically into the UTDF Volume
table.

% To create a new column for U-turns, type [Ctrl] + [U].
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TIA Volumes

The Development Volume, Combined Volume, and Future Volume are automatically calculated based on
the values entered within the TIA module. These values cannot be overridden; edit the Trip Generation, Trip
Distribution, and/or Trip Assignment entries to modify the TIA Volumes. See Chapter 14 for details on the TIA
module.

The Development Volume is equal to the sum of all primary and pass-by trips generated by development(s)
selected in TIA.

The Combined Volume is the sum of existing Traffic Volume and Development Volume.

If included, pass-by trips are subtracted from the through movement adjacent to a driveway (see page

14-4 for more information about selecting driveways). The same volume is then added to the turning

movements entering and exiting the driveway node, so that these vehicles will continue on their original

&: path after exiting the development. In many cases, the calculated Development Volume will be negative
O for the through movement at a node adjacent to a driveway to account for the pass-by trips.

With a negative Development Volume, it is possible for the calculated Combined Volume to be less
than zero. The Combined Volume is set to 0 to prevent analysis with negative volume.

The Future Volume is equal to the Combined Volume with any select Future Scenarios applied using the
equation below. See page 14-7 for details on entering future scenarios.

FVr=V({1+r)

where:
FV = Future Volume
V = Combined Volume
r = Growth Rate

t = number of years

Conflicting Pedestrians

Enter the number of pedestrians, per hour, that conflict with permitted right turn movements. This number
affects the Right Ped Bike Factor (see page 8-9) and the Saturated Flow Rate (see page 8-8) shown in the LANE
settings for the permitted right turns. If right turns are protected from pedestrians due to an island, or if no
pedestrians are allowed during this approach's through phase, then enter zero.

Do not confuse this field with the Pedestrians Calls setting in the PHASING settings. Conflicting
Pedestrians are the number of pedestrians that right turning traffic must yield to. Pedestrian Calls are the
number of pedestrians activating this phase. These two values will be the same if there is only one
pedestrian per ped call.

o
I&I It is necessary to enter conflicting pedestrians for permitted left turns. These should be the number of
o pedestrians crossing the destination link.

Conflicting Pedestrians affect the Ped-Bike Factor in the LANE settings. Increasing the number of conflicting
pedestrians and bicycles reduces the saturated flow rate of right turns and left turns conflicting with these
movements.
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To set a default pedestrian value for newly created intersections, or to change all of the pedestrians,
use the Network Settings command, located on the Options tab.

Conflicting Bicycles

Enter the number of through bicycles that conflict with right turns. If bicycles cross the right turn traffic ahead
of the intersection, enter 0. This input will affect the Right Ped-Bike factor in the LANE settings.

Conflicting Bicycles do not need to be entered for left turns. It is assumed that they will clear during the queue
clearance time for vehicles.

Peak Hour Factor

The traffic volumes are divided by the Peak Hour Factor (PHF) to determine the traffic flow rate during the
busiest 15-minute period during the hour. For example:

Hourly Flow Rate: 1000 vph

Peak Hour Factor: 0.9

Adjusted Peak Flow Rate: 1000 / 0.9 =1111 vph
The HCM 6t Edition Chapter 19 provides suggested default values, that may be used in the absence of field
measurements of peak-hour factor (PHF). For intersections with a total entering volume = 1,000 veh/h, 0.92 is

a reasonable approximation for PHF. For conditions with a total entering volume < 1,000 veh/h, 0.90 is a
reasonable estimate for PHF.

If the Analysis Period is set to a value of greater than 15 minutes, the PHF will be set to 1.0 and cannot be
changed. The Analysis Period can be modified using the Network-Settings command, located in the Options
tab.

The default PHF is 0.92 following the guidelines of the HCM 6t Edition. The user may change the default or
reset existing Peak Hour Factors in the current data set in the Network-Settings. The range of PHF in Synchro
is 0.25 to 1.00.

Note that 15-minute traffic volumes read from a UTDF Volume file automatically recalculate PHF for each
volume period.

If traffic arrivals fit a Poisson distribution, probability suggests using the values in Table 9-1 for the PHF. This
assumes the highest 15-minute period is the 87.5 percentile based on average 15-minute periods of the hour.

Table 9-1 Suggested Peak Hour Values

Total Approach Volume (vph) PHF

2000 0.95
1000 0.93
500 0.92
200 0.87
100 0.83
50 0.78

If the upstream intersection is at capacity for the entire peak hour, use a PHF of 1.0.
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It is important to understand that the variance of traffic increases as the volume decreases. Therefore, lower
traffic volumes create greater fluctuations in 15-minute volume levels which tends to increase PHF.

Ifalarge factory or sports arena releases all of its vehicles at once, the traffic may have a large spike and a lower
PHF should be used.

Growth Factor

The Growth Factor can be used to adjust traffic volumes using a range from 0.5 to 3.0. The raw volume data is
multiplied by the Growth Factor when calculating Adjusted Volumes and Lane Group Volumes.

To calculate a Growth Factor (GF) based on a growth rate over several years, use the following formula.
GF = (1+1)¥
r = growth rate

Y = number of years

For example, the growth factor for 3% growth over 10 years is:

GF=(1+0.03)10=1.34

Heavy Vehicles

Heavy Vehicles (%) under the VOLUME settings represents the percentage of trucks and buses for each traffic
movement. Increasing this value decreases the Saturated Flow Rate shown in the LANE settings. The default
for this field is 2%.

Heavy Vehicle percentages are modeled explicitly in SimTraffic.

To set a default for newly created intersections or change all of the Heavy Vehicle Factors, use the
Options—>Network-Settings command.

The Heavy Vehicle Factor is:
Fhv =100/[100 + % hv (Et-1)]

where:
Fhv = heavy vehicle adjustment factor
% hv = % heavy vehicles for lane group volume

Et=2.0 pc/hv

Bus Blockages

Enter the number of buses per hour that stop and actually block traffic. Increasing this factor lowers the
Saturated Flow Rate shown in the LANE settings. The default for this field is zero buses per hour. Enter Bus
Blockages for each lane group that is affected by the blockage.

The bus blockages factor is calculated by:
Fbb = [N-(14.4Nb/3600)]/N

where:
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Fbb = bus blockage factor
N = number of lanes in lane group

Nb = number of buses stopping/h

Adjacent Parking Lane, Parking Maneuvers

If there is on-street parking for this approach, check the box for Adjacent Parking Lane and the number of
maneuvers per hour for Parking Maneuvers. Increasing the number of parking maneuvers lowers the
Saturated Flow Rate shown in the LANE settings. The default for this field is "No" adjacent parking lane which
does not reduce Saturated Flow Rate. Setting the field to "Yes" reduces Saturated Flow Rate even if the number
of parking maneuvers per hour is coded to zero. Therefore, only code a "Yes" value if on-street parking actually
impedes traffic flow. Table 9-2 illustrates examples on how to code parking movements.

Each lane group has its own field for parking movements. The general rule is to code the number of
movements that affect the lane group. In some cases, a parking movement affects more than one lane

o group.

Table 9-2 Parking Maneuver Coding Examples

Parking Left Thr_u Rig_ht
Parking Parking Parking
20 right side 1 Th, 1 Rt (no storage) 0 0 20
20 right side 1 Th, 1 Rt (yes storage) 0 20 20
20 right side 2Th 0 20 0
20 right, 10 left 1Lt, 1Th, 1 Rt (no storage) 10 0 20
20 right, 10 left 1Lt, 1 Th, 1 Rt (yes storage) 10 30 20
20 right, 10 left 2Th 0 30 0

The parking factor is based on the following equation:

Fp= [N-0.1-(18Nm/3600)]/N

where:
Fp= parking factor
N= number of lanes in lane group

Nm= number of parking maneuvers/h

Traffic from Mid-block

The Traffic from mid-block field identifies vehicles originating from mid-block sources between the current
intersection and the last upstream intersection modeled in Synchro. A value of 50 indicates that 50% of the
traffic is from mid-block sources. A value of zero indicates that 0% of the traffic is from driveways and 100% of
the traffic came from the upstream signal. This information is used during optimization and when calculating
delays. If volumes for a link originate primarily from mid-block sources, the reduction in delay from signal
optimization will not be as great if the traffic originated from an upstream signal.
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Unbalanced Traffic Between Intersections

Many times, the sum of traffic volumes entering a link at an upstream intersection does not equal the sum of
traffic volumes at the downstream end of the link. This can occur when the volume data was collected at
different times, or due to a mid-block traffic source or sink. Growth Factor and PHF values also affect the net
volume balance between adjacent intersections.

To see the volume balance between intersections, click on the Volume Balancing button lurE in the Node
submenu on the Home tab.

The following procedure is used by SimTraffic to resolve any imbalances between the volumes specified in the
LANE settings and the mid-block volumes specified in the VOLUME settings.

VU = sum of flows entering upstream. For an eastbound link, they would be EBT, NBR, plus SBL.

VD = sum of flows exiting downstream. For an eastbound link, they would be EBT, EBR, plus EBL.

MD = percentage of mid-block traffic entered in Volume settings

VM = max(VD * MD, VD - VU) = Mid-block traffic entering

VX = max(0, VU - VD - VM) = Mid-block traffic exiting

If upstream traffic is less than non-user-entered mid-block traffic, the traffic balance is assumed to come from
mid-block sources and the mid-block entries are scaled upwards.

If upstream traffic exceeds downstream plus mid-block traffic, a mid-block sink is assumed. Any extra vehicles
will be entering the sink.
Here is an example:

VU =100

VD =200

MD =10%

MD = max(200 * 0.1, 200 - 100) =100

VX=0

In the above example, SimTraffic would assume mid-block source of 100 vehicles per hour.
Link Origin Destination (O-D) Volumes

Purpose
Link Origin-Destination (0-D) Volumes allow detailed control over the origin and destination of two adjacent
intersections. Link O-D Volumes can be used to reduce or eliminate certain turn combinations. The most

common use is to specify the number of vehicles from an off ramp completing a U-turn at a freeway interchange.

The Link Origin-Destination Volumes settings display Movement Weighting Factors that control how volume
is allocated between input and output volumes.

To activate the Link Origin-Destination Volumes settings, go to the VOLUME settings for a node that has an
adjacent intersection and choose the appropriate button. For external links, the button will not be available.
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@ Link Origin-Destination Volumes “

£ 4« t

Total  Sink  MB-Tot  MEL HET MER

Lirk, T atal 2450 0 2450 400 2000 a0
From Midblock Wolume 1] 1] 1] ] n
From Midblock wWeight — 1.00 — 1.00 1.00 1.00
2450 o 3z 433 2BE2 E1
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N

From EBL eight — 1.00 — 1.00 1.00 1.00
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From MET ‘weight — 1.00 — 1.00 1.00 1.00

From WER “aolurme a0 1] E1 10 a0 1

From WER Weight — 1.00 — 1.00 1.00 1.00
Cloze Drefault Yolume YW eights

Figure 9-2  Link Origin-Destination Volumes Settings

Link OD Volume settings should be used in the following situations:
v’ Use on short links, less than 300 ft (90m) long.
Multiple intersections controlled by a single controller (Group Control).
Between intersections of a freeway interchange.
In the median of a wide arterial.

Between nodes of a "dog-legged" intersection. (Two closely spaced ‘T’ intersections.)

D R N NI NN

The Link Volume Balancer is also helpful to make sure upstream and downstream volumes match and
to make adjustments so that they do match.
Link OD Volume settings may be skipped in the following situations:

v External links.

v' Links over 1000 feet (300m) long. Most links over 300 feet (90m) long.

v" When origins and destinations have nearly equal "attractions".

For the majority of links, Link O-D Volumes are not needed. In most cases, Link O-D Volumes make little
difference to the timing plan optimization. Collecting Origin Destination traffic data is labor intensive and
o cannot be automated.

By default, Synchro assumes origin-destination volumes are proportional to the origin and destination volumes
for each O-D pair multiplied together. This assumption matches actual traffic in most cases.
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To Activate
ER Link O-D Volumes are available for both directions on links that connect two intersections. The
Q Link O-D Volumes are available from the VOLUME settings. All approaches that connect to an

intersection have a button available in the Link O-D Volumes row. To activate the Link Origin-
Destination Volumes settings, click on this button or press the [space bar] if the Link O-D Volumes
button is in focus.

The Link O-D Volumes buttons appear with a black caption when all Movement Weighting Factors are 1. If one
or more Movement Weighting factors have been changed, then Link O-D Volumes button appears with a red
caption.

Layout

There is one column for each destination turn on the link. There is also a column listing the sink volume, or the
traffic that turns off the network on this link.

There are two rows for each origin turning movement at the upstream intersection. There are also two rows
listing midblock traffic, or traffic entering the network on this link. The upper row lists the traffic volumes for
the origin-destination pair; the lower row lists the Movement Weighting Factor for the origin destination pair;
the volumes shown on these settings are adjusted for growth, but not PHF. Volumes shown on the map and
volume balance will also show volumes adjusted for growth, but not PHF. This is done so that the volumes
match what the user entered unless growth is used, which is not very common.

Cells in the top row can be used to set the actual volumes at the downstream intersection. Cells in the left column
can be used to set the actual volumes at the upstream intersection.

The left cell in the From Mid-Block Volume row can be used to set the midblock traffic. This value changes the
percent mid-block setting found in the VOLUME settings. It is not possible to set this value exactly; the resulting
volume will be within 1% of the total link volume.

The sink traffic cannot be entered or overridden. It is calculated based on the upstream, downstream and mid-
block traffic volumes. Reading the sink and mid-block traffic volumes can be used to determine if input volumes
are balanced between upstream and downstream intersections.

Entering the volume or the weighting factor can set traffic for individual origin-destination movements. The
weighting factor is the value stored in the file, the movement volume is calculated. Movement volumes are
adjusted to balance volumes between origins and destinations so it may not be possible to get the exact volume
desired. It may take multiple entries with movement volumes or weighting factors to get the desired results.

Differences in traffic volumes under 30 vph will have a negligible effect on optimization results. Do not be
| I overly concerned with getting the exact numbers.
O

Approximations are usually good enough. It is normally sufficient to set weighting factors to 0.1 for
movements to squelch and leave the other weighting factors at 1.

Do not be overly concerned about collecting origin-destination traffic data. In most cases, common sense

I&I about the area's traffic patterns and land use will yield a good guess at the origin-destination patterns. For

o example, traffic rarely exits a freeway and enters in the opposite direction. Similarly, traffic from a
residential collector to a residential collector may be less common than traffic patterns in other areas.

Avoid setting weight factors to zero. It may appear no one makes two left turns in a row under normal
circumstances. However, with a road closure, the majority of traffic might be turning around.
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Do not set all the factors in a row (or a column) to zero. This will cause zero traffic from an origin (or to a
destination) to be generated.

Background

Link O-D volumes provide control over vehicle paths through multiple intersections. An alternate method for
specifying this type of data is to have a grid of origins and destinations for all entrances and exits of two or more
intersections. An O-D matrix is like the Link Volume Balancer but contains all the entrances and exits for several
intersections, rather than for a single link.

0-D matrices are good for controlling traffic through a cluster of 3 or more closely spaced nodes such as for a
roundabout. O-D matrices are also good for specifying traffic demand without specifying the actual route for
applications involving dynamic traffic assignment. O-D matrices are used extensively in large area planning
models.

0-D matrices require the collection of a lot of traffic data. Vehicle paths must be observed through two or more
intersections. This type of data is impossible to collect automatically with detectors or other devices.

Synchro uses the Link Volume weighting for individual links. The Weighting Factors allow O-D volumes to be
calculated from intersection turning counts. This allows easier data collection and even data collection through
automatic detectors. Turning movement data can be collected for many time periods and the O-D volumes are
estimated based on the weighting factors.

Link O-D Volume Calculations
All volumes in this discussion are adjusted for growth and PHF. Traffic volume balancing is subject to the
following rules:

Vu = 2 (Vi) = volume from upstream intersection

Vi = volume from upstream movement i

Vd = 2;(Vd) = volume to downstream intersection

Vj = volume to downstream movement j

Vm = max(Vd - Vu, Vd * %MB) = volume entering mid-block, can be calculated or set with %MB

%MB = percent of traffic entering mid-block, input in VOLUME settings

Vt =Vd + Vm = total link volume

Vx = Vt - Vd = sink volume, always calculated

Wij = movement weight factor from origin i to destination j

Vij = volume from origin i to destination j

Vij = Wij * Vi * Vj / Vt = initial calculation, before adjustment to balance volumes
Mid-block Volume is a valid origin I. Sink Volume is a valid destination ].
Movement Volumes (Vij) are adjusted iteratively so that origin and destination volumes are balanced for each
[] movement. Due to volume balancing, Movement Volumes will not usually be proportionate to the Weight
Factors.

Volume balancing also limits the range of deviation for each I] movement from its normally weighted value.

By default, all Weight Factors (Wij) are 1 and traffic is allocated in proportion to origin and destination traffic
for each movement.
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Adjusted Flow

The Adjusted Flow (vph) is the Future Volume modified by the Peak Hour Factor and Growth Factor. This field
cannot be overridden.

Traffic in Shared Lane

Traffic volumes assigned to exclusive and shared lane are proportioned to each lane as follows.

Vehicles are counted as passenger car equivalents (PCE) as follows

Throughs: 1

Rights: 1.18

Protected Lefts: 1.05

Permitted Lefts: 1 / [0.95 * (900 - vOp)/900], (max 6.67)

Permitted plus protected Lefts: 2/[0.95 + 0.95 * (900 - vOp)/900], (max 1.82)
vOp = through volume opposed.

Traffic is assigned so that PCEs are balanced between lanes. The assignment of traffic to the shared lane is
between 10% and 90% of the turning traffic.

This simplified left turn factor removes the interdependence of lane assignments from the permitted left turn
factor (see page 8-8) calculation. As a practical matter, the need for a permitted left-turn factor is somewhat
nullified by this lane assignment procedure.

This value can be overridden to control lane assignment in Synchro. Changes to this setting will not impact the
simulation.

Lane Group Flow

The Lane Group Flow combines the Adjusted Flow and Traffic in Shared Lane (%) values to assign net volumes
to each lane group.

If there are no turning lanes, the turning volume is assigned to the through lane group. The shared lanes are
part of the through lane group and the exclusive lanes are part of those movements' lane groups.

If an approach has a shared turning lane and an exclusive turning, the Adjusted Flow value in the exclusive turn
lane is reduced by the Traffic in Shared Lane (%) value for that lane. The through movement corresponding
with the shared lane is increased by this same value. These are calculated fields and cannot be overridden by
the user.
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Chapter 10 — Timing/Signing Settings

Timing Settings

From the MAP view, click on the desired intersection with the Right mouse button and select the Timing
Settings.

From anywhere in the program, press [F8] and select the desired intersection from the list. Then push
the Timing Setting button or the [F5] key.

The TIMING settings are displayed with information about the timing and phasing. See Chapter 6 for details on
navigating the data entry screens.

NODE SETTINGS TIMING SETTINGS 4 — Ty ¥ " A .\ T f. \ l J £ .
EBL EBT EBR | WBL 'wWBT WBR MEBL NET NBR SBL SET SBR PED | HOLD
Mode # 3 Lanes and Sharing (#RL] w5 - | + 7 i 4 r % 3 % 3 — —
Zone: Traffic olume [vph] 500 1500 100 100 500 100 100 200 50 100 200 50 = =
o East [): 5000 Future Yolume [vph] 500 1500 100 100 500 100 100 200 50 100 200 50 — —
' Morth [ft]): B000 Turh Type Prat — Perm Prat — Perm Prat — — Prat — — — —
Z Elevation [ft) i} Protected Phases 5 2 1 [ 3 8 — 7 4 —
Drescription Permitted Phases 2 E — — — —
Cantrol Type Actd-Coord Permitted Flashing ellow — — — — — — — — — — — — — —
Cycle Length [s]: 100.0 Detector Phases 5 2 2 1 B E 3 8 — 7 4 — — —
Lock Timings: (] Switch Phase 1} 1} 0| 1} 1} 0| 1} 1} — o 0 — — —
Optimize Cycle Length: Optlimize: | Leading Detector (ft] 50 300 50 50 350 50 50 300 - 50 300 — — —
Optimize S plits: Optimize | Trailing Detectar (i) 1} 144 a 1} 144 a 1} 1} - a 1} - - -
Actuated Cucle(s): 100.0 Minimurn [nitial 5] 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 — 4.0 4.0 — — —
Matural Cycle(s): 80.0 Minirum Split (5] 10.0 200 20.0 10.0 200 20.0) 10.0 20.0 — 10.0 20.0 — — —
M ax w/c Flatio: 0.93 Total Split [s) 20.0 50.0 50.0 10.0 400 40.0 15.0 250 = 15.0 25.0 = = =
Intersection Delay [s): 399 Velow Time [3) 35 35 35 35 35 35 35 35 - 35 35 — — —
Intergection LOS D All-Red Time (5] 0.5 05 0.5 0.5 0s 0.5 0.5 0s — 0.5 0s — — —
ICU: 0.77 Lost Time Adjust [s] 0.0 0o 0.0 0.0 0.0 0.0 0.0 0.0 — 0.0 0.0 — — —
ICU LOS: o] Lagging Phase? | | - O (] — — —
Offset [5): 0.0 Allov Lead/Lag Optimize? — — — —
Referenced to: Begin of Green Recal Mode Mone C-Max Caz MNone C-Max  C-Max  Mone MHaone — Mone  Mone — — —
Reference Phase: 2+6-EBT 'WEBT Speed limit [mph) — 45 — — 45 - - 45 - - 45 - - -
M aster Intersection: [l Actuated Effct. Green [5) 18.4 435 435 B.7 379 374 10.0 17.8 — 94 17.7 — — —
‘rield Paint Single; Actuated g/C Ratio 018 0.50 0.50 0.07 0.38 0.38 0.10 018 — 010 018 — — —
tandatary Stop Or ellow: (| alume to Capacity Ratio 0.8e 093 0.13 047 041 0.15 082 082 — 0.62 082 — — —
Control Delay (s) 55.4 369 16 52.2 245 [E 58.5 576 — 58.9 56.0 — — —
Queue Delay (<) 0.0 0o 0o 0.0 0.0 0o 0.0 0.0 = 0.0 0.0 = = =
Tatal Delay [s) 55.4 354 1.6 52.2 245 0E 50.5 576 — 50.9 56.0 — — —
Level of Service E D A o) C A E E = E E = = =
Approach Delay [5) — 3849 - — 251 - — 7.8 - — 583 — — —
Approach LOS — D — — C — — E — — E — — —
(Queue Length S0th (ft] 176 ~531 0 34 135 0 £7 1568 — £7 139 — — —
Queue Length 95th [f] #289  #710 17 E3 183 2 123 B24E = 123 #246 = = =
Stops [vph) 425 1229 5 54 357 0 54 224 — 54 224 — — —
Fuel Used [g/hr) 14 36 1 ) 10 1 ) 7 = 3 7 = = =

Figure 10-1 TIMING Settings

Layout

The left side of the TIMING settings will display the NODE settings with alternate rows displayed in yellow.
Here you can update data such as the node number, zone name, intersection coordinates, description notes and
signal timing data. See Chapter 7 for full details on the NODE settings.

On the right side are blue shaded rows and columns. There is a column for every vehicle movement and every

vehicle movement can have multiple phases. To enter multiple phases, see the topic on Protected and
Permitted Phases on page 10-4. There is also a column for a pedestrian only phase and a Hold phase. To make
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a pedestrian only phase, assign a phase number to this column. Details on the data entry items are found in
subsequent sections of this chapter.

Near the bottom of the TIMING settings are a Splits and Phasing diagram. This is fully defined on page 10-9.

Refer to page 8-1 for details on the Lanes and Sharing setting and to page 9-1 for details on the Traffic
o Volume setting.

Signing Settings

The TIMING settings become the SIGNING settings by selecting unsignalized or roundabout from the Control
Type (refer to page 7-4). The toolbar button becomes a stop sign when an unsignalized intersection is active.
[F5] opens the SIGNING settings or TIMING settings depending on the intersection.

Phase Templates

Phase templates allow phase numbers to be set automatically.
¢I Template -

d} Intersection to East-West
¢I Intersection to Morth-5outh
: ¢I Edit Ternplate Phases...

Figure 10-2 Phase Template Submenu

To set phases for an east-west or north-south arterial use the Phase Template submenu, located in the Signal
Timing Section of the Home tab.

Phases 2 and 6 are normally used for the main street. Thus, a template is provided for each type of arterial.
To edit the phase templates select Edit Template Phases.

Enter phase numbers for each through and left movement. Local standards may have the phases mirrored from
Synchro's defaults. Synchro's defaults are shown in Figure 10-3.

Phase Template Editor [ x|

Z P [N !

EEL EBT | WwEBL WBT [ MEL MNET | SEL  SET

Marth South Arterial ?| 4 3 a a 2 1 5
E ast "West Artenal i 2 1 G 3 g 7
LCancel

Figure 10-3 Phase Template Editor
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Phase Templates are for dual ring controllers and cannot be used to set up single ring timing or other
I&I advanced applications. To set up advanced applications use the Ring-and-Barrier-Designer (see page
o 11-2).

Use default phase templates to set up phase numbers matching the agency’s standard phasing scheme.

The Phase Template is a global setting for all intersections within this file.

Turn Type

The Turn Type sets the level of turn protection and assigns default phase and detector numbers to the
dedicated turn lane. These defaults can be changed at any time.

Before setting the turn types, set the phase numbers for the through movements using a phase template.
Left Turn Type

The types of left turn treatment are:

1. Permitted (Perm): Left turn movements are not protected and vehicles must yield to oncoming traffic
and pedestrians in the crosswalk.

2. Protected (Prot): Left turn movements are protected by a dedicated signal and turning traffic can
only move during the arrow indication of this signal.

3. Permitted + Protected (pm+pt): Left turn movements are protected during the protected (arrow)
signal indication and permitted during the green ball indication. With permitted plus protected
phasing, it is common to use four to five signal displays for the turn indications.

4. Split: Left and through traffic share a single protected phase. This type of phasing is commonly used
if a lane is shared between left and through traffic. Split phasing insures that shared left-turn lanes
are protected and offer a greater level of protection compared with permitted left-turns. If there is
no through approach, such as at a T intersection, then the left turn treatment should always be split.

5. Dallas Permitted (D.Pm): A special type of phasing developed in the Dallas, Texas area. The left turn
lane has its own signal head. The left signal head is louvered to make it invisible from adjacent lanes.
The ball in the left lane displays the same phase displayed to oncoming through traffic. This
configuration eliminates the lagging left turn trap problem.

6. Dallas Permitted plus Protected (D.P+P): A special type of phasing developed in the Dallas, Texas
area. The left turn lane has its own signal head. The left signal head is louvered to make it invisible
from adjacent lanes. The ball in the left lane displays the same phase displayed to oncoming through
traffic. This configuration eliminates the lagging left turn trap problem. Use this option for a protected
plus permitted Flashing Yellow Arrow (FYA).

7. NA: No phase selected. Left turns are prohibited.

8. Custom: A non-standard left turn phase combination is selected
Right Turn Type

If there is right turn traffic, there is an option for the right turn treatment. There are eight choices.

Right turn traffic from a through or shared lane will only move during phases for those movements. The
o right turn phasing only applies to exclusive right lanes.
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Perm (perm): Permitted right turn movements are not protected and vehicles must yield to

Protected (Prot): Right turn movements are protected by a dedicated signal that provides a right-
turn arrow that does not conflict with pedestrian indications.

Overlap (Over): This turn type displays a right turn arrow with a protected left-turn movement on
Overlap should not be used as a substitute for Right Turn on Red. See Right Turn on Red on page 8-

Permitted + Overlap (pm+ov): This right turn overlap displays a right-turn arrow with a compatible
left-turn and a permitted (green ball) indication with the through phase.

Protected + Overlap (pt+ov): This right-turn overlap displays a right-turn arrow with the compatible
left-turn and the through movement associated with the right-turn.

Free: A free right turn movement yields to pedestrians and is not assigned a signal phase. The
permitted phase is automatically set to Free by the Free turn type.

Free should not be used as a substitute for Right Turn on Red. See Right Turn on Red on page 8-10
for guidance on which type to use. Free should only be used if the movement has an acceleration lane

NA: A right turn type set to NA (Not Applicable) is prohibited. The volume for the right-turn
movement must be coded to zero for this turn type.

1.
pedestrians in the crosswalk.
2.
3.
the intersecting street.
10 for guidance on which type to use.
4,
5.
6.
downstream.
7.
8.

Custom: Non-standard right turn phases are entered.

Protected and Permitted Phases

The Phase rows are used to assign one or more phases for each movement. During protected phases, traffic
can move without conflict. During permitted phases, left turning traffic must yield to oncoming traffic and right
turn traffic must yield to pedestrians. Conflicting phases have the phase number shown in red. Permitted left
turns do not conflict with movements bound for the same link. Permitted through movements do not conflict

with left turns bound for the same link.

If a movment is unsignalized, you can type “Free” in place of the protected phase. This movment will be given a

constant green.

I&I In many cases, the phase numbers can be set automatically by using the Phase Templates and the Turn

o Type controls.

Most signals in North America use dual ring controllers, which service a phase in each ring concurrently.

TIMIMNG SETTIMGS ) —> -\" ( - ‘\'
EEL EET EER WHBL  WET WER
Lanesz and Sharing [HEL) ++ i“' ‘i ++
Traffic Yolume [+ph] ] 400 43 100 200 1]
Future % olurme [vph] a0 400 43 100 200 300
Turn Type — — Perm Prat — —
Protected Phases — 2 1 21 —
Fermitted Phazes = 2 =

Figure 10-4 Multiple Phasing (Overlaps)
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Multiple phasing is referred to as phase overlaps in controller terminology. Multiple phases can be entered by
separating the phase numbers with a space. The Total Split for multiple phases is the sum of all the phases for
the movement. In the above diagram, the WBT total split is the sum of the phase 1 split (10 s) and the phase 2
split (30 s) for a total of 40 seconds.

All phases phases included in the overlap are assigned as Detector Phases.

If a movement is served by two consecutive phases, the clearance intervals (Y+AR) between the phases
are not shown and the signal stays green. Synchro automatically takes this into account when calculating
O effective green times, g/C ratios, and v/c ratios.

Automatic Phase Creation and Removal

Alane group is considered "phase-able” when it has 1 or more lanes. Through, Left, and U-turn lane groups are
also "phase-able"” when they have traffic volume or a shared lane. Right lane groups are only "phase-able"” when
they have 1 or more primary lanes.

Table 10-1 What Makes a Lane Group "Phase-able”

Lane Group U-Turn Left 2 Left Through Right Right 2

Volume
Primary Lanes

Shared Lanes

Phase-able lane groups must always have at least one phase or be coded Free. Non-phase-able lane groups are
coded with zero phases and zero lane group volume. Therefore, all measures (MOE) for a non-phase-able lane
group are not applicable.

When a lane group is made phase-able by adding volumes or lanes, a phase is automatically assigned to this
lane group. Through lane groups are given a default-protected phase based on the phase templates. Synchro
attempts to determine which phase template is in use and assigns a through phase from the appropriate
template. Left and right lane groups are given a default permitted phase equal to the through lane group's
protected or permitted phases. If the through lane group has no phases or does not exist, the turning lane group
is given a permitted phase based on the phase template for through phases.

If a pedestrian or hold phase is added to a lane group by the user or the phase assigner, the phase is no longer
a hold or pedestrian phase.

When a lane group is made non-phaseable by removing volumes and lanes, all phases are removed from the

lane group. If these phases do not serve other movements, the phases are removed from the timing plan. Care
should be used when importing volumes or lanes so as not to lose phase information.

Permitted Flashing Yellow

Selecting Permitted Flashing Yellow is only used if a simulation within SimTraffic is conducted. The traffic
signal display will flash yellow during the permitted phase of a prot+perm left turn.

The Permitted Flashing Yellow setting does not affect the analysis results.
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l&: Flashing yellow arrows typically utilize the Dallas Permitted plus Protected (D.P+P) Turn Type.
a

Detector Phase
Detectors in the subject lane group will call and/or extend the Detector Phases. The function of the detector
is setin the DETECTORS settings in the Detector Type row (see pagel2-4).

Detectors call a protected phase by default or a permitted phase if a protected phase does not exist. Default
detector phases are shown in blue font and may be overridden by the user (red font).

Avoid changing the Detector Phase and Switch Phase. To change the phase associated with the lane
group, use the Protected Phases or Permitted Phases setting. If you override the Detector Phases, it will
not be updated if the phase numbers change later.

If there is no detector for this lane group, code a value of ‘0’ in the setting for Detector Phase and ensure that
this is either the coordinated phase, is a pretimed signal, or 'maximum’' is coded for the Recall Mode.

Switch Phase

The Switch Phase is a secondary phase that extends the entered phase when it is green. This setting does not
place a call and does not call the primary Detector Phase when the entered switch phase is green.

This setting can be used for the permitted phase of a permitted plus protected left turn. Do not use with alagging
left turn because the protected left will not get called while the permitted phase is green. The default for
permitted plus protected is to have the Detector Phase equal to the Protected Phase and Switch Phase set to
none.

Leading Detector

This distance in feet (meter) is measured from the stop bar to the leading edge of the detector farthest from the
stop bar. Enter this value for each lane group.

This information only needs to be entered if you are using the actuated signal analysis functions of Synchro.
This information does not need to be entered for the main street approaches of semi-actuated and coordinated
signals.

Do not set the Leading Detector to zero; the minimum value is 5 feet (1.5 m). If there is no detector for
l&: this lane group, code a value of 0 in the setting for Detector Phase and ensure that this is either the
o coordinated phase, is a pretimed signal, or 'maximum’ is coded for the Recall Mode.

Trailing Detector

This is the distance from the trailing edge of the trailing detector to the stop bar in feet (meters). Enter only
extension detectors for each lane group. Do not count calling-only and type-3 detectors in this field. The
detector information is used in conjunction with gap-out times and thus only extension detectors are used. A
negative value can be entered if the trailing detector extends past the stop bar.

This information only needs to be entered if you are using the actuated signal analysis functions of Synchro.

This information does not need to be entered for the main street approaches of semi-actuated and coordinated
signals.
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! ! The Leading and Trailing Detector settings are automatically updated if you enter detector information
in the DETECTORS settings.

Minimum Initial and Minimum Split

The Minimum Initial and Minimum Split may be edited in either the Timing or Phasing Settings window.
These parameters are discussed in the Phasing Settings chapter. See page 11-6 for details.

Total Split

The Total Split time is the same as the Maximum Split time located in the Phasing Settings window. This value
can be edited in either the Timing or Phasing Settings window. See page 11-7 for details.

To adjust the Total Split time with the mouse, move the mouse to the right side of a yellow + all red band on the
Splits and Phasing diagram shown at the bottom of the TIMING settings.

The cursor will change into the shape shown here. Hold down the left mouse button and drag the cursor
right or left to adjust the split. When the button is released, all of the other colored bands that are
affected will automatically adjust their splits, and any changed information will be shown on the
numbers above.

Synchro will automatically extend a phase to ensure that the sum of the phases in each ring equals the cycle
length. This extended split is shown in gray on the Splits and Phasing diagram.

Yellow and All-Red Time

Yellow Time and All-Red Time may be edited in either the Timing or Phasing Settings window. These
parameters are discussed in the Phasing Settings chapter. See page 11-7 for more information.

Lost Time Adjustment

The Lost Time Adjustment is used, so that the clearance interval is automatically accounted for and
simplifying the total lost time calculations.
Total lost time is calculated as startup lost time plus yellow plus all red, as shown below.
tL=Yi+ L1 - e = Total Lost Time
Yi = Yellow plus All-Red Time
L1 = startup lost time = 2.5 seconds by default
e = Extension of effective green = 2.5 seconds by default
The Lost Time Adjustment is the startup lost time minus extension of effective green. The default for startup

lost time and extension of effective green is 2.5 seconds, so the Lost Time Adjustment defaults to zero. The
extension of the effective green is time vehicles continue to enter after yellow interval begins.

tLA = L1 - e = Lost Time Adjustment
tL =Yi+ tLA
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Lagging Phase?

The first two phases within a ring-barrier sequence are considered phase partners. The 3rd and 4th phases
within a ring-barrier sequence if used, are also phase partners. Phase Lagging is used to swap the order of phase
partners.

Eight phase dual ring operation provides phase partners 1-2 and 3-4 in ring 1 and phase partners 5-6 and 7-8
in ring 2.

If Phase Lagging is set to “on” for a phase, it will follow the phase that it normally proceeds. If Phase Lagging is
set to “off” for an even phase, it will precede the odd phase that normally comes before the even phase.

Usually left turns are assigned odd phase numbers and through movements are assigned even phase numbers.
If you wish to have a lagging left turn that follows a through movement, then set Lagging Phase to “on” for this

phase. The oncoming through phase will have its Lagging Phase automatically set to “off.”

Lagging can be used with left turns and their oncoming through approaches. It can also be used to reverse the
order of sequential phases. Lead and lag phase partners must be in the same ring and barrier.

With non-standard rings and barriers, lag and lead may not be available.

Lead-lag phasing on the main street occurs when one coordinated phase leads and the other lags. For
example, phases 1 and 6 lead, 2 and 5 lag.

.&: Coding C-Max recall for a lagging through movement also also forces the lagging left-turn to recall to
O max. This feature is called lag phase hold.

Coding C-Min recall for a lagging through movement allows the lagging through and left-turn movement
to gap out. This allows for more flexible lead-lag phasing.

Allow Lead/Lag Optimize?

One of the powerful features of Synchro is that it can optimize the order of phases. When optimizing offsets,
Synchro will check all combinations of leading and lagging phasing so as to improve traffic flow. This is
accomplished by looking at all combinations of the Lagging Phase setting discussed in the previous section.

If it is okay for the phase to be either leading or lagging, set this field to “on” by checking the box. If the phase
must be lagging or must be leading, set this field to “off.”

Some jurisdictions require all left turn phases to be leading. If this is the case, set this field to “off” for all left
turn movements. This will keep the optimizer from changing these phases to lagging.

When using split or sequential phasing, set this field to “on.” This will allow the optimizer to reverse the order
of the phases to improve coordination. The exception to this rule is if the phase order is hardwired into your
signal controller.

Some jurisdictions are hesitant to use lagging left turn phasing because cars can become "trapped" in
I&I the intersection. This phenomenon occurs when one approach allows permitted left turns and the
O oncoming approach has a lagging left turn signal.

Lagging left turns should not be used if oncoming traffic has any of the following types of left turn treatments:
v’ Permitted

v Leading Permitted + Protected
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v’ Lagging Permitted + Protected with a different split for the left turn than the oncoming left turn.
However, lagging left turns can be used safely if oncoming traffic has any of the following types of left turn
treatments:

v’ Protected leading

v’ Protected lagging (if the oncoming left split is less than or equal to this left's split)

v’ Prohibited (if, for example, this is a "T" intersection, or if a cross street is a one-way street such as
freeway ramps.)

v' Split Phasing

v’ Protected - permitted left-turn signals developed by the City of Dallas with louvered green indications
or Flashing Yellow Arrow (FYA)

Sequential Phasing
Assign cross street phases to phase 3 and 4 to allow lead/lag optimization with split phasing. Alternatively,
open the Ring-and-Barrier-Designer (see page 11-2) and change the phase sequence from 3-4-7-8 to 4-8.

Lead/Lag optimization is performed on the first two phases in a ring-barrier sequence and on the last two
phases in a ring-barrier sequence.

Recall Mode

The Recall Mode may be edited in either the Timing or Phasing Settings window. This parameter is discussed
in the Phasing Settings chapter. See page 11-8 for more information.

Splits and Phasing Diagram
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Figure 10-5 Splits and Phasing Diagram Example

The Splits and Phasing diagram is shown at the bottom of the TIMING settings. It is a graphical representation
of the current splits and phasing and can be used to adjust the splits. To adjust the splits with the mouse, move
the mouse to the right side of a yellow + all red band on the current Splits and Phasing diagram.

The cursor will change into the shape shown here. Hold down the left mouse button and move the
mouse right or left to adjust the split. When the button is released, all of the other colored bands that
are affected will automatically adjust their splits, and any changed information will be shown on the
numbers above.

==
Permitted movements are shown in gray and protected movements are shown in black. On Figure 10-5, the

southbound left (phase 7) is first protected and then permitted with phase 4.

Next to the movement diagram is a phase number identified with the phase symbol (@) and inside the green
band is the split time in seconds. In Figure 10-5, the southbound left is 7 and has a 10 s split.

% Remember that the split time includes the Yellow Time plus All-Red Time.
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Splits for phases within a ring are not required to add up. Synchro will extend a phase to make the rings equal.
This extended split is shown in gray on the Splits and Phasing diagram. In Figure 10-5, 2 has 22 s entered on
the Total Split row, however, it has extended an additional 10 s to make the rings equal.

65+@86=14s+36s=50s
¢l + 32 + g2 extension=18s +22s+10s=50s.

Changing one of the values for one phase on the Total Split row will not affect the other phase(s). This however
may extend the cycle length. Dragging on the diagram can be used to change a split but preserve the cycle length.

I&I Holding down the [CTRL] key can be used to swap the phase order. When the [CTRL] key is held down

o and the mouse cursor is moved over a swappable phase, the cursor changes to indicate the phases can
be swapped. Clicking the mouse changes the phase sequence. Locked timing plans cannot be changed.
Phases can be manually swapped even if marked 'No' for Allow Lead Lag Optimize.

Group Control (Multiple Intersection Control)

Synchro allows you to model multiple intersections with one controller (group control). This allows for the
analysis of complex traffic situations such as a diamond freeway interchange or two closely spaced
intersections. To set up a controller to operate with group control, see the Cluster Editor and the Ring-and-
Barrier-Designer, page 11-4.

1 #1 # 1
.‘_
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Figure 10-6 Group Control Example

On the Splits and Phasing diagram, each intersection has a color associated with it. In addition, the top number
identifies the node number preceded by a # symbol. In Figure 10-6, the two intersections modeled are
intersection #1 and intersection #2.

Clicking on the movement diagram within the Splits and Phasing diagram will jump to the intersection selected.
For instance, if the TIMING settings for intersection #1 are active, holding the cursor over any of the movement
diagrams for intersection #2 will change the cursor to a hand symbol. Clicking will now change the TIMING
settings information to intersection #2.

Pedestrian and Hold Phases

The far right columns allow an entry of pedestrian only or phase hold. Set the PED phase to any phase dedicated
solely for pedestrians (often called an exclusive ped phase). This is a phase where all vehicle movements are
red and pedestrians can walk anywhere in the intersection. Set the phase number to blank to remove the
pedestrian phase.

Sign Control

If Control Type (see page 7-4) is set to Unsig, this intersection becomes unsignalized and the signing settings
replace the signal settings.

There are three Sign Control settings in the third row of the signing settings window.

a) Free: Traffic goes through the intersection without stopping.
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b) Yield: Traffic has a yield sign and slows down, stopping only if necessary.

c) Stop: All traffic stops, and waits until all conflicting traffic is clear.

Synchro will model unsignalized intersections based on the methods of the Highway Capacity Manual (HCM)
6th Edition (see Chapter 15), HCM 2010 (Chapter 16), and HCM 2000 (page 10-2). When modeling platoons
going through unsignalized intersections, traffic on a free approach goes through. Traffic at stop and yield
approaches are spread out over the entire cycle.

Use Free at a freeway onramp, even if a yield sign exists in the field. A yield sign will cause vehicles to stay and
wait for a gap in the traffic.

Median Width and TWLTL Median

This row appears in the SIGNING settings for unsignalized intersections. This field is the same as the Median
Width in the SIMULATION settings (see page 13-3). Changes to this setting will immediately update on the
MAP view.

The Median Width will be used for two-stage gap acceptance calculations in HCM 2000. If the Median Width on
the main street is larger than the average vehicle length (set in the Network Settings), then two-stage
calculations will be performed. The median is assumed to be a raised median unless the two-way left turn lane
(TWLTL) option is checked.

Refer to page 15-28 for information on using two-stage gap acceptance with HCM 6™ Edition analysis
o and page 16-25 for information on using two-stage gap acceptance with HCM 2010 analysis.

The number of vehicles that can be stored in the median is equal to the Median Width divided by the Vehicle
Length. For a TWLTL median, 2 vehicles can be stored in the median. No partial vehicles are assumed.

If a file created in Synchro version 6 or older is loaded, the median for the main street is based on the setting
for the side street of the older version.

The Median Width field is used for HCM unsignalized analysis to perform unsignalized analysis with two-
stage gap acceptance. SimTraffic will increase the median width visually; however, SimTraffic is not able
O to model two-stage gap acceptance.

Right Turn Channelized
This row appears in the SIGNING settings for unsignalized intersections.

This field is active for the rightmost movement. Enter Yield or Free if this movement has a triangular island and
yields or merges with oncoming left turn traffic. One or more right turns must be selected.

For two-way unsignalized analysis, the channelized right turn traffic will not be considered in the conflicting
volume for other movements, following the HCM guidance for unsignalized analysis.

For all-way stop intersections and roundabouts, the traffic in channelized right turns will not be considered in
the analysis. Channelized right turns are not counted in the two lanes per leg per approach limit. This extension
is not part of the HCM analysis. To be fully HCM compatible, do not code channelized right turns for all-way
stops or roundabouts.
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Critical Gap

This row appears in the SIGNING settings for unsignalized intersections.

The Critical Gap, tC, is defined as the minimum length of time interval in the major street traffic stream that
allows intersection entry for one minor street vehicle. The critical gap is defined in Chapter 17 of the HCM 2000.
The value in Synchro is the value that is defined by equation 17-1 from the HCM 2000. This value is adjusted
for heavy vehicles, grades, and geometry.

For two-stage gaps, this is the combined single stage tC. When using two-stage, each stage is 1 second less.

This value can be over-ridden.

Follow Up Time

This row appears in the SIGNING settings for unsignalized intersections.

The Follow Up Time is the time span between the departure of one vehicle from the minor street and the
departure of the next vehicle using the same major street gap, under a condition of continuous queuing on the
minor street. The follow up time is defined in Chapter 17 of the HCM 2000. The value in Synchro is the value
defined by equation 17-2 after adjusting for heavy vehicles.

This value can be over-ridden.

Roundabout Settings

To select a roundabout, set the Control Type to Roundabout.

The values in the Signing Settings are based on the HCM 2000. The HCM 2000 provides limited modeling
of roundabouts. The only measure of effectiveness is a range of volume to capacity ratios. Use the HCM
O 6" Edition or HCM 2010 buttons for full modeling of roundabouts.

Roundabout Radius
Inside Radius and Outside Radius control the size of the roundabout. 900 feet is the maximum. These settings

appear in the NODE settings when the Control Type is set to Roundabout. The maximum radius value is 900
feet. The radius settings are only used by SimTraffic to construct the geometry of the roundabout.

Roundabout Lanes

Roundabout Lanes (#) also appear in the NODE settings. This value controls the number of interior lanes
within the traffic circle (maximum of 3 lanes).

Circle Speed

Circle Speed also appears in the NODE settings and controls the speed of vehicles within the roundabout. This
setting is only used by SimTraffic.
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Max Exit Lanes

The Max Exit Lanes setting controls how many of the interior lanes exit the next downstream departure leg.
This information is only used by SimTraffic. See the sub-topic on Roundabout Analysis on page 25-6) for
additional details.

If you have a roundabout with a slip ramp, see the topic Slip Lanes for Roundabouts (page 8-6).

Measures of Effectiveness

Actuated Effective Green

This value represents the average green time observed while the signal is operating in actuated mode. This
value may be less than maximum green time if the phase is skipped or gapped out. The effective green may be
higher than maximum green during coordination depending on the Floating Force Off setting and Yield method
selected. Effective green for left-turns is also dependent on whether the left-turn is protected, permitted, or
both (pm+pt).

The actuated green time is an average of the five percentile green times, subject to the following rules. The
actuated effective green time includes yellow plus all-red time with the total lost time subtracted. The
calculation rules for the HCM (2000 or 2010) Report and Control Delay as shown in the TIMING settings are
slightly different.

_z{ngrYAR} L2 Ci

25

—tL , (Percentile)

g' = Actuated Effective Green Time (s)

(use 0 instead of gi + YAR for skipped scenarios)
g'= Z[ :l Z + YAR —tL , (Webster)

(g'is zero if less than 0.1 second)
gi = Percentile Green Time

Ci = Percentile Cycle Length

YAR = Yellow + All-Red time (s)
tL = Total Lost Time (s)

Control Delay Notes:
When calculating Ci, dwell time is subtracted from the cycle length for non-recall phases.
gi is equal to the minimum green time for skipped phases.

The sum of actuated splits may exceed the actuated cycle length. Skipped phases are given the minimum initial
green time, but other phases will not have this time added to their cycle or deducted from their green time.

Dwelled time is added to the green time of recall phases but not added to the red time or cycle length of non-
recall phases.
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HCM Report Notes:

The HCM (2000, 2010, or 6t Edition) Report calculation differs slightly from the Synchro calculation. The HCM
(2000, 2010, or 6t Edition) method requires all lost time from other phases to be included in the red time and
cycle length. The percentile method discounts part of the lost time for other phases if they sometimes skip.

The green time for coordinated phases is calculated by subtracting actuated splits from non-coordinated splits.
The main effect is that yellow time for skipped phases is still subtracted from the split of the coordinated phases.

The sum of HCM (2000, 2010, or 6t Edition) actuated phases will always equal the actuated cycle length.

Actuated Green to Cycle Ratio

This is the average actuated green time divided by the actuated cycle length. See Actuated Effective Green
Time (page 10-13) for notes on actuated green time calculation.

Calculation

/C:Z(gi/Ci)
& 5

g = Effective Green Time (split minus total lost time)
C =Cycle Length
gi = Percentile Green Time

Ci = Percentile Scenario Cycle Length

HCM 2000 Report Calculation
g/C=g/C
g'/C = Actuated Effective Green to Cycle Ratio
C'=% (g' + YAR) = Actuated Cycle Length, equals sum of effective green times
g' = Actuated Effective Green Time (split less total lost time)
Ci = Percentile Scenario Cycle Length
For the HCM 2000calculation, C' will always be the sum of the effective splits (taking into account ring and

barrier rules). With the Synchro calculation X(Ci)/5 may be less than the sum of the actuated splits. This is
because total lost time is not counted for skipped phases when evaluating other phases.

Volume to Capacity Ratio
Timing Settings

The Volume to Capacity Ratio (v/c Ratio) uses actuated green times and cycle lengths. The v/c ratio indicates
the amount of congestion for each lane group. Any v/c Ratio greater than or equal to 1 indicates that the
approach is operating at above capacity. This number is calculated by the formula:

_ v
R g/C

X = Volume to Capacity Ratio

v = Adjusted Lane Group Volume (see VOLUME settings on page 9-1)
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s = Saturated Flow Rate (see LANE settings on page 6-1)

g = Effective Green Time (split minus total lost time)

C = Cycle Length
If there are separate lane groups for right or left turn traffic, the v/c Ratios for these lane groups are also shown.
There is a separate lane group for left traffic, if there are left turn lanes and the left turn type is not Split. There

is a separate lane group for right traffic, if there are right turn lanes. Shared lanes are in the through lane group.

For permitted plus protected movements, each Saturated Flow Rate is multiplied by its respective actuated
effective green time and added together.

Defacto Turning Lanes

A dl or dr in the v/c ratio field indicates a Defacto left or right turning lane. If there are two or more through
lanes and a heavy turning movement, it is possible to have a defacto turning lane.

Synchro will flag a defacto turning lane if the turning movement using a single lane would have a v/c ratio
greater than the group as a whole and its v/c ratio is 0.85 or more.

Defacto lanes should be taken seriously. It is possible that the v/c ratio for the entire group is acceptable, while
the turning lane is not acceptable.

To correct a defacto turning lane, change the coding of a through lane into a turning lane. A defacto left or right
turn lane usually indicates the need for an additional exclusive turning lane.

Signing Settings
For unsignalized intersections, the volume to capacity ratio is reported for each movement. Unlike signals, the
v/cratio is the maximum for the movement, not the lane group. See the HCM 2000 Unsignalized report (page

21-15) for more details about the capacity and delays by lane.

For roundabouts, the high capacity v/c ratio is shown for the approach. This is the high capacity range of
possible v/c ratios for the method. To see the low capacity ratios, see the HCM 2000 Unsignalized report.

Control Delay
Timing Settings
See the discussion of Delay Calculations (page 19-1) for a complete description of the calculations.

Delays in Synchro are Signal Delay, also called Control Delay. These delays are equivalent to the Stopped Delay
multiplied by a constant of 1.3.

In Synchro, control delays are used for analyzing the effects of coordination, actuation, and congestion. Control
delay is the component of delay caused by the downstream control device and does not include Queue Delay.

Signing Settings
For unsignalized intersections, the delay is shown for the movement. Unlike signals, the delay is for the

movement, not the lane group. A value of 9999 indicates no capacity is available. See the HCM 2000
Unsignalized report (page 21-15) for more details about the capacity and delays by lane.
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Queue Delay

Timing Settings

Queue Delay is an analysis of the effects of queues and blocking on short links and short turning bays. This
delay includes the analysis of spillback, starvation, and storage blocking. Additional details on queue delay and
queue interactions can be found in the topic Queue Interactions (page 19-12).

Signing Settings

The unsignalized intersection delay is strictly based on the methods in Chapter 17 of the HCM 2000, which does
not include a term for queue delay. Therefore, Queue Delay is not included in the SIGNING settings.

Total Delay
Timing Settings

Total Delay is the lane group Control Delay plus the Queue Delay. Additional details on total delay, queue delay
and queue interactions can be found in the topic Queue Interactions (page 19-12).

Signing Settings
The unsignalized intersection delay is strictly based on the methods in Chapter 17 of the HCM 2000 which does

not include a term for queue delay. Therefore, Total Delay is not included in the SIGNING settings, only Control
Delay.

Level of Service
Timing Settings

The Level of Service (LOS) for the lane group is calculated by taking the signalized Intersection Delay and
converting it to a letter, between A and F, based on the length of the delay. Refer to Table 7-1 on page 7-8.

The Level of Service is based on the Synchro Control Delay.
Signing Settings

This is based on the movement control delay for an unsignalized intersection. This is based on Table 7-2 located
on page 7-8.

Approach Delay
Timing Settings

This is the delay for the entire approach. The Approach Delay is a volume weighted average of the Total Delays
for each lane group.

Signing Settings
For unsignalized intersections, the delay is shown for the approach. Unlike signals, the delay is for the

movement, not lane group. A value of 9999 indicates no capacity is available. See the HCM 2000 Unsignalized
report for more details about the capacity and delays by lane.
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For roundabouts, the HCM 2000 method does not define a delay, so none is shown. The HCM 2010 and HCM 6t
Edition, however, include movement delay and average intersection delay for roundabouts.

The Approach Delay and LOS for main street approaches are not shown because they are not defined for main
street approaches. The analyst needs to examine the left turn LOS and delay to rank the vehicles.

Approach Level of Service

Timing Settings

This is the Approach LOS based on the Total Delay.
Signing Settings

Based on the approach Control Delay.

Queue Lengths
Timing Settings

The Queue Length rows show the 50th percentile and 95th percentile maximum queue lengths. The 50th
percentile maximum queue is the maximum back of queue on a typical cycle and the 95th percentile queue is
the maximum back of queue with 95th percentile traffic volumes (also see Queue Length Calculation, page
19-23).

The queue length reported is the one for the lane with the highest queue (feet or meters) in the lane

o group. The total queue length is divided by the number of lanes and the lane utilization factor.

In many cases, the 95t percentile queue will not be experienced due to upstream metering. If the upstream
intersection is at or near capacity, the 50t percentile queue represents the maximum queue experienced.

Similarly, if the upstream intersection has a v/c ratio over 0.8; the maximum queue is approximately equal to
the 50th percentile queue divided by the upstream v/c ratio. For example, if the 50th percentile queue is 150ft,
and the v/c ratio upstream is 0.90; the maximum possible queue would therefore be 150 / 0.90 = 167ft.

Due to upstream metering, the 95th queue may be less than the 50th queue. If the upstream intersection
is operating with v/c>1, the metered arrival rate will be /ess than the volume for this intersection. Since
metering is only performed with the 95th queue, this causes the 95th queue to be less than the 50th
&I queue. This situation may indicate a coding problem. Be sure that the Midblock traffic is coded correctly
o and that the signal timing and volumes for both intersections are set correctly. This reduced 95th queue
does represent a valid queue because vehicles will not be able to clear the upstream intersection to

queue at this intersection.

The ~ and # footnotes indicate that the volume modeled exceeds capacity. The ~ footnote indicates that the
approach is above capacity and the queue length could be much longer. The queue length is theoretically infinite
and blocking problems may occur. The value shown for the 50th percentile queue is sufficient to hold one cycle
of traffic. This will prevent capacity problems from being compounded by insufficient storage space.

The # footnote indicates that the volume for the 95th percentile cycle exceeds capacity. This traffic was
simulated for two complete cycles of 95th percentile traffic to account for the effects of spillover between cycles.
If the reported v/c <1 for this movement, the methods used represent a valid method for estimating the 95th
percentile queue. In practice, 95th percentile queue shown will rarely be exceeded and the queues shown with
the # footnote are acceptable for the design of storage bays.
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When the Analysis Period is set to greater than or equal to 30 minutes, the PHF will be set to 1.0. See the Queue
Length Calculation on page 19-24.

The m footnote indicates that volume for the 95th percentile queue is metered by an upstream signal.
Signing Settings

For two-way stops, the 95t percentile queue is shown. The queue is the highest for any lane in the lane group.

Avalue 0f 9999 indicates no capacity is available. See the HCM Unsignalized report for more details about the
capacity and delays by lane.

.&: For roundabouts and all-way-stop-controlled intersections, the HCM 2000 methodology does not define
O a queue, so none is shown.

Warning Indicators

The lower right cells (below the Splits and Phasing diagram) of the TIMING and PHASING settings indicate
potential intersection coding errors or timing problems when red.

Timing Settings
Green indicates no errors.

Conflict indicates a phase or coincident phase(s) serve conflicting movements. Look at the Protected Phasing
row for red phase numbers. No conflict checking is performed on permitted phases.

v/c > 1 indicates that Volume exceeds capacity for one or more movements. It may also indicate volume was
coded without lanes or green time. Look at the v/c row for values greater than 1 or for "No Cap" errors. For
congested intersections, a v/c >1 error may be unavoidable.

Min Err indicates that one or more splits violate minimum timing requirements. Look at the Total Split row for
values in red. Also, compare the Maximum Split in the PHASING settings to the Minimum split. A Min Err may
also occur if timings are too short for pedestrian timings.

Signing Settings

Invalid Sign Control for Unsignalized Analysis: Oncoming approaches must both be free or both be signed. The
intersection is limited to two free approaches.

Too Many Legs for Unsignalized Analysis: The unsignalized analysis is limited to four leg intersections. It is also
possible to get this message if too many legs are on one side of the intersection.

Too Many Lanes for Unsignalized Analysis: HCM 2000 Two-way-stop control intersections are limited to four
lanes per approach. All-way-stop-control intersections are limited to two lanes per leg; however, channelized

right lanes do not count towards this total. HCM 6t Edition and HCM 2010 have different limitations. Refer to
pages 15-21 and 16-17 for additional details.

How to Code an Overlap

An overlap signal indication services a movement during two or more phases of the signal cycle. The phases
typically follow each other in sequence so the last phase serviced provides the clearance intervals for the
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overlap. A common application of the use of overlaps is at a diamond interchange using one controller for both
ramps. Figure 10-7 shows the phase assignments for a typical diamond interchange with overlaps.
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Figure 10-7 Use of Overlaps at a Diamond Interchange

In this illustration, overlap A operates with its parent phases 1 and 2 and overlap B operates with its parent
phases 5 and 6.

To code this with Synchro, you do not need to define a new phase number for overlap A and B in the Ring-and-
Barrier-Designer. To code this, simply enter 1 and 2, separated with a space, in the Protected Phases row for
the WBT movement for the left side intersection. Next, enter a 5 and 6, separated with a space, in the Protected
Phases row for the EBT movement for the right side intersection. See Figure 10-8.
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Figure 10-8 Coding Overlaps in Synchro
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If a movement is served by two consecutive phases, the clearance intervals (Y+AR) between the phases
l&: are not shown and the signal stays green. Synchro automatically takes this into account when calculating
o effective green times, g/C ratios, and v/c ratios.

The listed phases will become the Detector Phases. The phase listed first will be used for split optimization.

Pay careful attention to Detector Phases. They are key to controlling split optimization, as well as skipping and
gapping behavior with the actuated green times and in SimTraffic.

Normally the first phase in the sequence should be the first Detector Phase listed. With a leading left 1, phase 1
is entered first (1, 2), with a lagging left 1, phase 2 is entered first (2, 1).
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Timing Settings Quick Start Guide

There is a lot of information that can be entered into the TIMING settings that can be intimidating for new
users. The purpose of this section is to give the basic steps that are required to quickly get your data entered
into the TIMING settings. For a basic intersection, the steps would be as follows:

1. Enter your LANE and VOLUME settings data for your intersection (refer to Chapter 7 and Chapter 9).

2. Choose the appropriate Phase Template (refer to page 10-2) to match your numbering convention.
This step is necessary so Synchro can use the appropriate template when setting up Turn Types and
phase numbers. To set phases for an east-west or north-south arterial as shown in Figure 10-9, select
the appropriate Phase Template, using the submenu located in the Signal Timing Group of the Home
tab.

This step is not necessary if you want to use the Synchro default template (North/South template) or
if you are coding an unsignalized intersection.

ru-_

I
iii ‘;i? iii ¥ g
a1 a1

EastWest I'I.I'Ialn North/South Main

Figure 10-9 Phase Template

3. Choose your Control Type. For signalized intersections, this can be set to a pretimed, semi-actuated
uncoordinated, actuated-uncoordinated or actuated-coordinated. For unsignalized intersections, this
can be set to an unsignalized (stop or yield controlled) or roundabout intersection.

4. Select the appropriate Turn Type for your left and right turns. This is the step where you will define
how your turning movements are phased (protected, permitted, free, etc.). If you have defined the
phase template in step 3, Synchro will automatically assign phase numbers for your turn treatments
based on the diagram shown in Figure 10-9.

If this is an unsignalized intersection, you would select the appropriate sign control (stop, free or
yield).

5. Enter the appropriate Cycle Length. If you are not performing an existing conditions intersection
analysis, you can determine the cycle length by performing an intersection cycle length optimization
or a network cycle length optimization.

6. Enter the PHASING settings (see the next chapter).
7. Adjust the phase splits with the Splits and Phasing diagram using your mouse. Move your
mouse cursor to the end of the phase split and it will change to the shape shown here *|=*

(horizontal resize button). Hold down the left mouse button and move the mouse right or
left to adjust the split.
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Chapter 11 — Phasing Settings

From the MAP view, click on the desired intersection with the Right mouse button and select Phasing Settings.

P

From anywhere in the program, press [F8] and select the desired intersection from the list. Then push
the Phasing Settings button or the [F6] key.

The PHASING settings, Figure 11-1, are displayed with information about the phase settings. See Chapter 6 for
details on navigating the data entry screens.

MODE SETTINGS PHASIMNG SETTINGS ( > ‘\ * ) il \. T
14/BL | 2EBT | 3MBL | 45BT | 5EBL | 64/BT | 75BL | BMET

MNade # 3 Wirirnum Initial (2] 40 40 40 40 40 40 40 40
Zone: bimimum Split (=] 100 200 100 200 100 200 100 200
# E ast [ft): 5000 b amimum Split (2] 100 50,0 15.0 250 200 40,0 160 200
' Morth [f): 5000 Tellow Time ) 35 35 35 35 38 38 A A
Z Eleveation [ft]: 0 Al-Fed Time (=] [1R3] [1R3] [1R3] [1R3] na na 0a 0a
Description Lagging Phass? (| (| O Il
Control Type Actd-Coord Allow Lead/Lag Optimize?
Cycle Length [z]: 100.0 Optimize Phs ‘wWeights - Delays 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lock Timingz O Yehicle Extension [g] a0 248 a0 20 a0 258 a0 20
Optimize Cycle Length; Optimize | Minimum Gap [z) a0 2] a0 20 a0 258 a0 20
Optimize Splits: Optimize | Time Before Reduce (g) on on on on oo oo oo oo
Actuated Cpcle 90th [=): 100.0 Time To Reduce [s] oo oo oo oo oo oo oo oo
Actuated Cocle 70th [=): 100.0 Recall Mode Mone| C-hax Mone Mone Mone|  C-Max Mone Mone
Actuated Cycle 50th [3): 100.0 Pedestrian Phase (| (| (| Il
Actuated Cocle 30tk [=): 100.0 wialk. Tirme (2] — a0 — a0 — a0 — a0
Actuated Cycle 10th [3): 1000 Flash Dont ' alk (2] — 11.0 — 11.0 — 11.0 — 11.0
Matural Cycle(s): an.0 Pedestrian Calls (H7hr) — i — i — il — il
Man wic Ratio: 093 Diual Entry? (| (| ] Il
Intersection Delay (s): 339 Fixed Force Off?
Intersection LOS: Bl 90tk Zile Green Time (3] B  46cd 11me  2mm| 16me Bed ITme 21 ms
ICL: 077 Tth %ile Green Time (2] B  46cd 11mx 21mm| 16me  3Fcd  TTme 21 me
ICU LOS: B B0th Zile Green Time (2] Bm4 46cd 11gp 19gp| 18mm 3Ecd 1Tmx  19hd
Offset [z : 0o 30tk Eile Green Time (2] Bgpl Bled| 10gp| 16gp| 22gp| 3Ecd  10gp 1Egp
Referenced to: Beain of Green 10t Zile Green Time [g] Eap B9 cd Tap 12 ap Z20gp 45cd Top 12ap
Reference Phage: 2+6-EBT WET
I aster Intersection: Il
“rield Point: Single
Mandatomny Stop On ellow: Il

Figure 11-1 PHASING Settings

Layout

The left side of the PHASING settings will display the NODE settings. The rows will be displayed in yellow. Here
you can update data such as the node number, zone name, intersection coordinates, description notes and
signal timing data. See Chapter 7 for full details on the NODE settings.

On the right side are blue shaded rows and columns. There is a column for every phase that has been set in the
TIMING settings. Details on the data entry items are found in subsequent sections of this chapter.
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Percentile Scenarios

The key to modeling actuated signals is to model traffic conditions using multiple traffic scenarios. Synchro
uses the Percentile Delay Method for determining delays and green times.

There are five scenarios modeled, the 90th, 70th, 50th, 30th, and 10th percentiles. Traffic volumes for each
approach are adjusted up or down to model these percentile scenarios. By adjusting the traffic volumes for
different scenarios, the actuated signals can be modeled under a range of traffic conditions.

If traffic is observed for 100 cycles, the 90th percentile would be the 90th busiest, the 10th percentile would be
the 10th busiest, and the 50th percentile would represent average traffic.

The percentile scenarios are likely to occur during the hour for which volume data is provided. These scenarios
are not intended to represent traffic conditions for other times. To model the signals under other traffic
conditions, reanalyze the signals with appropriate traffic volume counts.

Ring and Barrier Designer

The Ring and Barrier Designer allows up to 32 phases to be entered in one of 64 fields. This allows for the
modeling of complex phasing strategies. Phase numbers are entered into the appropriate barrier, ring and
position (BRP) fields in the four rings and four barriers.
When to use the Ring and Barrier Designer:
v Group Control (Multiple intersections on one controller)
5 or more legs
Two intersections on one controller
Single ring controller, more than 4 phases

Diamond interchange

AU N NN

More than 9 phases

Not needed for:
v" Split phasing
Lagging phases
Standard 8 phase controller
Single ring controller up to 4 phases

8 phase controller + 9

A N N NN

Many two intersection configurations

12 11
To activate, select the Ring and Barrier button EI“ from the Signal Timing group of the Home tab.
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Ring and Barrier Designer “
Sequential Phazing
Standard Ringz and Barriers ® Ajtomatically Update
Set Manually
feadMe 1-256 Sequential
Diamand 4 3-4-7-8 Seguential

Mon Standard Phaszing

Bar1 Bar1 Barr 1 Bar1 Bar 2 Barr 2 Bar 2 Bar 2 B
Ring A 2 3 4 g
Ring B ] G 7 a 1
Ring C
Ring D
< >
Cancel ok

Figure 11-2 Ring and Barrier Designer
The [Diamond 4] button is used to set the phases for use with a Leading-Alternating diamond interchange.
Figure 11-3 displays the default phase assignments within the Ring and Barrier Designer. The values in the

table can be modified to meet your particular needs. To revert to the default phasing layout, select the
[Standard] button.

Barrier 1 Barrier 2 Barrier 3 Barrier 4
E'-"_ Phaze |Phasze Phasze |Phasze Fhasze |Phasze Phasze |Phasze
o= 1 2 3 4 g 10 11 12
?N Phaze |Phaze Phaze |Phaze FPhaze |Phaze Phaze |Phaze
= 5 B T g 13 14 15 16
=]
L m
e
=
£ =
=3

Figure 11-3 Default Phase Assignments in Ring and Barrier Designer

With group control, it is recommended that each intersection use phases in one ring only. All phases for a
l&: node should be in a single ring or possibly two. Normally each ring should contain phases from one node
O only (see the Figure 11-4 below).
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—
Mode #1 Mode #1 Mode #1

& 8 i
=1 4 -
Ringd 7| -
Made #2 Mode #2 Mode #2 Mode #2 .

Ring Structure

Ring & G 3 p) )
Mode #1 —
2

Figure 11-4 Intersection Diagram with Ring Structure

Cluster Editor

The Cluster Editor allows multiple intersections to share one controller (Group Control). This is often used in
conjunction with the Ring and Barrier Designer.

To activate, select the Cluster Editor button % from the Signal Timing group on the Home tab.
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Cluster Editor “

|nterzectiong:

- E 1: 15t 5t & Main Street
] 2 Main Street & 2nd St

2 Rl
e e | e
Main Straat?=- - 'g@nsﬁ Main Straat

£

15 15k ?

Select Interzections Using This Controller

Cancel ok

Figure 11-5 Cluster Editor

Click on an intersection in the Cluster Editor to add or remove intersections from the group (intersection shown
on the right).

Each intersection has a color associated with it in the Splits and Phasing diagram. The color can be changed by
right clicking on the map.

Group Control
Possible Applications
v Diamond Interchange
v Diamond Interchange with frontage road(s)

v" Two or more closely spaced intersections

v’ Arterial with wide median modeled as two nodes
Use the Cluster Editor to assign group control.

Each intersection has a color associated with it in the Splits and Phasing diagrams.

The controller number used for data exchange is the smallest node number in the cluster. In Figure 11-5,
the node number 1 is used to identify the two intersection group for data exchange.

The controller number should match the hardware controller number used by Advanced Traffic Management
Systems (ATMS).

With group control, it is recommended that each intersection use phases in one ring only. All phases for
a node should be in a single ring or possibly two. Normally each ring should contain phases from one
0 node only (see Figure 11-4).
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Minimum Initial

The Minimum Initial is the shortest green time that is guaranteed if a phase is serviced. This is often referred
to as Min Green in actuated controllers, and holds the initial green long enough to ensure that the phase can be
extended by detection. The minimum value allowed in Synchro is 1 second and the maximum value is 840
seconds. The large range will allow for the modeling of unusual timing plans.

Synchro does not support added initial or maximum initial. Synchro assumes that the controller and
o etectors are set so that the signal will not gap-out before the queued vehicles are cleared.

Do not confuse this field with the Minimum Split setting. Minimum Initial is used in determining actuated
behavior; Minimum Split is used to optimize splits.

Minimum Split

The Minimum Split is the shortest amount of time allowed for a phase.

The Minimum Split must at least be long enough to accommodate the Minimum Initial interval plus the Yellow
and All-Red Time. This will usually be 8 seconds or more. The minimum allowed in Synchro is 3 seconds and
the maximum is 840 seconds. When Synchro automatically assigns splits, it will make sure all splits are greater

than or equal to their Minimum Splits. (This assumes the cycle length is long enough to accommodate all splits.
See the section on Optimize-Intersection Splits on page 18-3 for information about how splits are calculated.

If the Minimum Split is shown in red, it indicates an error. The Minimum Split must be greater than or equal to
the Minimum Initial plus clearance time (Y + AR). If this phase as a pedestrian phase, the Minumum Split should
be greater than or equal to the sum of the Walk time, Flashing Don’t Walk time, Yellow time, and the All-Red
time. Minimum Splits that violate pedestrian timings can be entered. This will prevent the splits from being
reset to the pedestrian timing requirements when optimizing splits or changing pedestrian times.

To set a default for newly created intersections or change all of the Minimum Splits, use the Network Settings,
located in the Options tab.

Do not confuse this field with the Minimum Initial setting. Minimum Initial is used in determining actuated
behavior; Minimum Split is used to optimize splits.

Split Minimum Rules
Here is a summary of the rules for Minimum and Maximum Splits. If any of the inequalities are false, a minimum
error is generated.
MxS=MnS2Mi+Y+AR
MxS = MnS 2 W + FDW + Y + AR (if the phase has a pedestrian phase)
where,
MxS = Maximum Split
MnS = Minimum Split
Y = Yellow
AR = All-Red
Mi = Minimum Initial

W = Walk
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FDW = Flashing Don’t Walk

Maximum Split

The Maximum Split is the current split time, given in seconds. It is the longest amount of split time for actuated
movements.

It is the amount of green, yellow, and all-red time assigned for each phase. The splits for the intersection can be
calculated automatically using the Optimize Intersection Splits command. The minimum value allowed is 3
seconds.

Refer to the Splits and Phasing Diagram at the bottom of the Timing Settings window for a graphical
representation of the current split times.

The Maximum Split time can be adjusted visually using the Splits and Phasing Diagram in the Timing Settings
window. For additional details, see the topic on Total Split in the TIMING settings, page 10-7.

Synchro will automatically adjust splits if the cycle length changes, if the phase changes, or if the intersection
layout changes. The cycle length will be increased if an increase in Total Split causses the sum of the splits in
any ring to exceed the cycle length. Adjusting the splits graphically on the Splits and Phasing Diagram preserves
the cycle length.

Maximum Cycle and Split Times

In some instances, a long cycle can be useful to model dummy intersections that can stop traffic for an extended
period of time. The Cycle Length and the Maximum Split may have values up to 3000 sec (50 min). The Cycle
Length should not exceed 3000 seconds.

Two examples for using this would be a draw bridge and a rail crossing. At the location of the stop, create a
dummy intersection (create a T-intersection). Keep in mind that this dummy link can be hidden (see page 8-
13). Then you can enter a phase for the main street and a conflicting Hold phase.

Yellow Time

Yellow Time is the amount of time for the yellow interval. Normally, this value should be set to between 3 and
5 seconds, depending on the approach speed, the cross-street width, and local standards. The minimum value
allowed by Synchro is 2 seconds and the maximum is 10 seconds.

To set a default for newly created intersections or change all of the Yellow Times, use the Network Settings,
located in the Options tab.

All-Red Time

All-Red Time is the amount of time for the all red interval that follows the yellow interval. The all red time
should be of sufficient duration to permit the intersection to clear before cross traffic is released.

To set a default for newly created intersections or change all of the All-Red Times, use the Network Settings,
located in the Options tab.

The minimum value allowed is 0 seconds and the maximum is 120 seconds. A large range is used to allow the
modeling of unusual timing plans, such as the example for Two Way Traffic Control.
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Lagging Phase and Lead/Lag Optimize

The Lagging Phase and Allow Lead/Lag Optimize settings may be edited in either the Timing or Phasing Settings
window. These parameters are discussed in the Timing Settings chapter. See page 10-7 for additional details.

Vehicle Extension

Vehicle Extension is also known as the maximum gap. When a vehicle crosses a detector, it will extend the
green time by the Vehicle Extension time.

&I Vehicle Extension must be at least as long as the travel time from the trailing detector to the stop bar.
a

Minimum Gap

This is the Minimum Gap time that the controller will use with volume-density operation. If volume-density
operation is not used, set this value to the same as the Vehicle Extension.

l&: Minimum Gap should be at least as long as the travel time from the trailing detector to the stop bar.
a

Time Before Reduce

When using volume-density operation, this is the amount of time before gap reduction begins.

Time To Reduce

When using volume-density operation, this is the amount of time to reduce the gap from Vehicle Extension (also
known as maximum gap) to Minimum Gap.

Recall Mode

Each phase can have a recall of None, Minimum, Maximum, Coordinated (maximum or minimum), or Ped.
No Recall: The phase can be skipped.
Minimum Recall: The phase will always come on to its minimum, the phase cannot be skipped.

Maximum Recall: The phase will always show its maximum and has no detection. The phase cannot skip
or gap out, nor can it be extended.

Pedestrian Recall: The phase will always show a walk phase. The phase cannot be skipped or gap out
until the walk and do not walk intervals have passed.

Coordinated Maximum (C-Max): Used with coordinated signals only. This option is available for phases
selected as the reference phase in the Offset settings. Phase shows for its maximum time starting at its
scheduled start time.

Coordinated Minimum (C-Min): Used with coordinated signals only. This option is available for phases
selected as the reference phase in the Offset settings. Phase shows for its minimum time starting at its
scheduled start time. Coordinated movements must have detectors. No effect with By Phase yield points
except with lead-lag phasing.

For Fully-Actuated signals, all phases will have No recall or Minimum recall.
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For Semi-Actuated signals, the main street phases have Maximum recall. Side streets have No recall.
For Actuated-Coordinated signals, the recall for main street phases (usually 2 and g6) are set to Coordinated
recall (maximum or minimum). The main street phases will receive all unused time from the side streets, have

no detection and always have maximum green. Side street phases usually have No recall.

To change the coordinated phases set the Reference Phase (refer to page 7-10). To change the signal to
pretimed or non-coordinated, change the Control Type (refer to page 7-4).

Pedestrian Phase

Set this field to yes (check the box) if there is a pedestrian phase for this movement.

Setting Pedestrian Phase to no (unchecked box) will disable the pedestrian phase and the input fields for walk,
do not walk, and pedestrian calls.

Walk Time

This is the amount of time for a pedestrian walk phase.
Pedestrian phases only time when the phase has pedestrian calls, or if the phase has a pedestrian recall.

This value can be ignored if the phase is in maximum recall and the split is long enough to accommodate
pedestrians.

Flashing Don’t Walk Time

This is the amount of time for a pedestrian Flash Don’t Walk phase.

This value can be ignored if the phase is in maximum recall and the split is long enough to accommodate
pedestrians.

When checking and optimizing splits, Synchro requires that the green time be greater or equal to the walk plus
flashing don’t walk times. The clearance time is NOT part of the flashing don’t walk interval.

Some agencies may allow using the yellow interval as part of the pedestrian clearance time. If this is the case,
subtract the yellow time from the required pedestrian clearance time for use with the Flash Don’t Walk field.
For example, the required pedestrian clearance time is 15 s and the yellow time is 4 s. If the yellow time can be
used for pedestrian clearance, the required Flashing Don’t Walk is then 11 s. This can give shorter side street
phases and more efficient operation.

Pedestrian Calls

This is the number of pedestrian push button calls for this phase. This value is only needed if this phase has a
pedestrian push button.

Do not confuse this field with the Conflicting Pedestrians setting in the VOLUME settings. Conflicting
Pedestrians is the number of pedestrians that right turning traffic must yield to. Pedestrian Calls are the

number of pedestrians activating this phase. Normally the two values will be the same.

When counting pedestrians, people traveling in groups can be counted as a single pedestrian call. This value is
used to determine how many cycles per hour will need to have a pedestrian phase.
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Collecting data about the numbers of pedestrians can be quite time consuming. The following paragraphs
give some guidance on when pedestrian numbers can be estimated.

If you know there are 100 or more pedestrian calls per hour, the walk phase will almost always be called
and exact pedestrian counts are not needed. Set the pedestrian calls setting to 100.

If there are between 1 and 15 pedestrians per hour, the walk phase may only be called for the 90th
percentile. If you know there are some pedestrians, but less than 15 per hour, enter 5 in place of better
data. If there are less than 10 pedestrians per day, set pedestrian calls to 0.

If the phase has pedestrian recall, this field can be ignored.

Dual Entry

Dual Entry can be set to “On” or “Off” for the given phase.

Select “On” (check) to have this phase appear when a phase is showing in another ring and no calls or recalls
are present within this ring and barrier.

Normally, even phases are set to “On” and odd phases are set to “Off.” Recall has priority over dual entry. Below
are examples for a typical eight-phase, dual ring controller.

Examples:

Phases 1 2
Dual Entry No Yes
Recall None None

If there are no calls on phases 1 or 2, phase 2 will show when phases 5 or 6 are showing.
Phases 1 2

Dual Entry No Yes

Recall Min None

If there are no calls on phases 1 or 2, phase 1 will show when phases 5 or 6 are showing.
Phases 1 2

Dual Entry No No

Recall None None

If there are no calls on phases 1 or 2, no phase from this ring will show when phases 5 or 6 are showing.

Fixed Force Off?

The Fixed Force Off setting is used for Actuated-Coordinated signals only. When “On” (check the box),
o a non-coordinated phase can show more than its maximum time when it starts early.

In Figure 11-6, phase 4 can start early due to phase 3 being skipped. With Fixed Force Off? set to “On,” phase
4 can use all of phase 3’s unused time. Otherwise this time would revert to the coordinated phases (2 and 6).
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i MaXi 1 i
I:I. : i : Fixed Force
ba=—= 1 - off=

Early Start—» «— Normal Start E<— Force Off
(o] e Feree
off=01
Figure 11-6 Example of Fixed Force Off

Set Fixed Force Off to “On” to give more time to side streets. Set Fixed Force Off to “Off” to give all extra time
back to the main street.

The amount of time available for side street phases and their starts can also be manipulated by the Yield Point
and using Actuation for the Coordinated phases.

Percentile Green Times
There are five scenarios modeled. They are the 90th, 70th, 50th, 30th, and 10th percentiles. Traffic volumes for
each approach are adjusted up or down to model these percentile scenarios. By adjusting the traffic for different

scenarios, the actuated signals can be modeled under a range of traffic conditions.

If traffic is observed for 100 cycles, the 90th percentile would be the 90th busiest, the 10th percentile would be
the 10th busiest, and the 50th percentile would represent average traffic.

For each percentile scenario and phase, a green time is given. The range of green times for each phase gives an
indication of how often the phase will max-out, gap-out, or be skipped.

Next to each green time is a code indicating how the phase terminates, as defined in Table 11-1.
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Table 11-1 Phase Termination Codes

Code Phase Termination

Sk Phase is skipped

Mn Phase shows for minimum time

Gp Phase gaps-out

Hd Phase held for other ring to cross barrier
Mx Phase maxes out

Pd Phase held for pedestrian button or recall
Mr Phase has max-recall

Dw Main street phases dwells or green

Cd Coordinated phase

Modeling Occasional Pedestrians with Actuated Signals

A common problem with modeling actuated signals is how to deal with a phase with occasional pedestrians.
For example, consider an actuated signal with medium side street volumes and about 10 pedestrians per hour.
With normal traffic, a split of maybe 15 seconds is required, but the occasional pedestrian requires a split of 25
seconds. The predicted delay and capacity of the main street will be strongly influenced by which split is
modeled for the side street. Should the signal be modeled with a split of 15 s, 25 s or something in between?
The choice can change the predicted delay on the main street by 30% or more in many cases.

Synchro's solution to this problem is to model multiple percentile scenarios. With this example the 90th
percentile scenario will use a 25 s split and the others will use 15 s splits. The resulting delay and actuated
capacity in this case is a combination of 80% calculated without the pedestrian phase and 20% calculated with
the pedestrian phase. If you are using the Percentile Delays of Synchro, no special treatment is required for
modeling occasional pedestrians.

Occasional Pedestrians with Other Models

Modeling the occasional pedestrian is more of a challenge with the traditional traffic models. The HCM 2000
allows the user to enter actuated phase times. The manual does not state how to handle pedestrian actuations,
but a reasonable interpretation would be to average greens with and without pedestrian times based on
pedestrian frequency. The actuated green times calculated by Synchro for use with HCM Signals Report and
HCM input files are an average of the five percentile green times. Some of these percentiles will include time for
pedestrians and some will not, depending on the number of Pedestrian Calls.

Some engineers recommend using short phases in conjunction with coordination only in areas where there are
less than 10 pedestrians per day.
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Chapter 12 — Detector Settings

From the MAP view, click on the desired intersection with the Right mouse button and select Detector Options.

W

The DETECTOR settings display a grid in which you can enter detector information. See Chapter 6 for details
on navigating the data entry screens.

From anywhere in the program, press [F8] and select the desired intersection from the list. Then push
the DETECTOR settings button or the [F11] key. Clicking on a detector within the MAP view also
activates the Detector Settings.

DETECTOR SETTINGS ) — ( - k 1\\ T \h ‘l'
EEL EET WEL  WET WER HEL HET SEL SET

Lanes and Sharing (HAL] w4 W M " 4 W A
Traffic Yolume [vph] 2a0 72 172 ann 300 2a0 B00 328 GO0
Future Yolurme [vph) 240 721 172 ann 300 240 a00 aza GO0
Mumber of Detectars [#] 1 2 1 2 1 1 2 1
Detector Phases 7 4 K] a a 4] 2 1
Switch Phaze 0 0 0 0 0 0 0 ]
Leading Detector (ft) 20 100 20 100 20 20 100 20 100
Trailing Detector [ft] 1] 1] 1] 1] 1] 1] 1] ] ]
Detector Template Left Thru Left Thru Right Left Thru Left Thru
Add/Update Template
Detector 1 Position [ft] 1] 1] 1] 1] 1] 1] 1] ] ]
Detector 1 Size [ft] 20 E 20 E 20 20 E 20 E
Detectar 1 Type C+Ex  ChEw CHEx ClHEx Cl+Ex| CHEx  ChExl ChEx  ChEx
Detectar 1 Channels
Detector 1 Extend 0.0 0.0 0.0 0.0 0o 0o 0o 0o 0o
Detector 1 Queus 0.0 0.0 0.0 0.0 0o ] 0o nn nn
Detector 1 Delay 0.0 0.0 0.0 0.0 0o 0o 0o 0o 0o
Detector 2 Pogition [ft] — 94 — 94 — — 94 — 94
Detectar 2 Size [ft] — B — B — — B — B
Detector 2 Tupe — CHE= — CHE= — — CHE= — CHE=
Detector 2 Channels — — — — —
Cetector 2 Extend — 0.0 — 0.0 — — 0.0 — 0.0

Figure 12-1 DETECTOR Settings

Refer to page 8-1 for details on the Lanes and Sharing setting and to page 9-1 for details on the Traffic
o Volume setting.

Number of Detectors

This is the number of longitudinal detector sets, not the number across the lanes. Detectors are numbered from
the stop bar back, detector 1 is closest to the stop bar. You can enter up to 5 detectors.
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Detector Phase

The Detector Phase is primary phase for a detector. This is the same as the Detector Phase setting in the TIMING
settings.

There is only one detector phase and one switch phase per lane group.

Switch Phase

The Switch Phase is a secondary phase that extends the entered phase when it is green. This setting does not
place a call and does not call the primary Detector Phase when the entered switch phase is green (per NTCIP
specifications).

This setting can be used for the permitted phase of a permitted plus protected left turn. Do not use with alagging
left turn because the protected left will not get called while the permitted phase is green. The default for
permitted plus protected is to have the Detector Phase equal to the Protected Phase and Switch Phase set to
none.

Leading Detector, Trailing Detector

Leading and Trailing Detector settings maintain backward compatibility with earlier versions of Synchro (6
and older). The Detector Template automatically updates the Leading/ Trailing Detector fields. For newly
created files, there is no need to edit these values.

Detector Template

Detector Templates allow the user to define the number, position, type and size of each detector, and then
apply those properties to multiple approaches and multiple intersections. Default templates named Left, Thru,
and Right are used to setup detectors for new approaches. You can modify these templates, but you cannot
remove them. It is recommended that you set up templates for all of the standard detector layouts your agency
uses. Give them names such as “Thru 300” for through detectors located 300 feet in advance of the stop bar.

Add Template

-
- .,

hﬁ;’ or by double clicking on the left column of the DETECTOR settings. The Detector Template Editor
! < allows the user to define additional templates in separate columns. Data fields are identical with the
- DETECTOR settings.

.

. Activate the Detector Template Editor by selecting the Detector Template button on the Home tab,

-

",

The inputs on the Template are the same as those in the DETECTOR settings, except for the detector phase and
detector channel.

Select the [New] button to create an empty template and specify the template name.

Select the [Copy] button to duplicate the active column. The copied column will be inserted to the right. Data
can be edited and template renamed.

The [Delete] button will remove the active column. The default Left, Thru and Right columns cannot be
removed.

Use the Update Lane Detectors to Template [This Template] button to update all lane groups with that detector
template name.

12-2 Chapter 12 - Detector Settings



Synchro Studio 10 User Guide
Use the Update Lane Detectors to Template [All Templates] button to update all lane groups with any detector
template name.

Detectors associated with a template are not automatically updated when the template is modified. Therefore,
apply the Update Lane Detectors to Template button after modifying a template.

There is no cancel button. Use the undo command to roll back to the previous settings.

@ Detector Template Editor - o IES8
1 2 3 Delete

Detectar Template Hame Left Thru Right B

Humber of Detectors [#] 1 2 1

Leading D etectaor [ft] 20 100 20 I e

Trailing Detector [f] 1] 1] 1]

Add/Update Template — — — |dpdate Lane

Dietectar 1 Pasition it 0 0 0 Detectors to

- Template

Detectar 1 Size [ft] 20 B 20

Detector 1 Type CHE= CHE= CHE= Thiz Template

Detector 1 Extend 0o 0o 0o

Detectar 1 Queue 0o 0o 0o All Templates

Detectar 1 Delay 0 0 0

Detectar 2 Poszition [ft] — 34 —

Detector 2 Size (ft] — g — Defaults

Detector 2 Tupe — CHE= —

Detectar 2 Extend — nao —

Detector 3 Position [it] — — —

Detector 3 Size (] - - - L. BeEE

Detectar 3 Type — — —

Detector 3 Extend — — —

Detector 4 Pogition [ft] — — —

Detectar 4 Size [ft] — — —

Detector 4 Tupe — — —

Detector 4 Extend — — —

Detector 5 Position [ft] — — —

Detector & Size [ft] — — —

Detectar & Tupe — — —

Detector 5 Extend — — —

Figure 12-2 Detector Template Settings

Detector n Position

This is the distance from stop bar to the trailing edge (closet to stop bar) of detector n. This setting is for all
lanes in the lane group.
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o W\f_

Stop
d4 Bar

D = Detector
d = Distance
s = Size of Detector

Refer to the example in Figure 12-3. In this example, detector 1 (D1) has a position of zero feet, detector 2 (D2)
has a position of d2, detector 3 (D3) has a position of d3, and detector 4 (D4) has a position of d4.

Figure 12-3 Detector Position

Detector n Size

This is the size of the detector in the traveled direction. The default for detectors made from Leading Distance
is 6 ft (1.8m). This setting is for all lanes in the lane group. In this example, detector 1 (D1) has a size of s1,
detector 2 (D2) has a size of s2, detector 3 (D3) has a size of s3 and detector 4 (D4) has a size of s4.

Detector n Type

The options are Calling, Extend, Cl+Ex; Calling places a call when the phase is yellow or red. Extend places a call
when the phase is green. Options for delay, queue, and extend detectors are set by using a non-zero time for
these options.

All detectors modeled in Synchro are presence detectors, not passage (or pulse) detectors.

Detector n Channel

Enter the detector number used by the controller. If there is a different detector channel for each lane, enter
each value separated by columns. Traditionally the detector number is the same as the phase number, and one
channel is used for all the detectors for a phase. Newer installations may have a separate detector input for
each lane to allow volume counts. If the detector channels across three lanes (left to right) are 11, 12, and 13;
enter “11,12,13".

The Detector Channel is not currently used by Synchro or SimTraffic, but can be imported and exported
I&I in UTDF data access. In the future, there may be a conversion program to convert counts by detector
o number into counts by turning movement for use by Synchro.
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Detector n Extend

Detector Extend, or "carry over" is specified in tenths of a second. This value extends the call for the specified
value after the call drops.

One application is to have 3 seconds extend time on advance detectors, and 0 extend time at the stop bar, in
conjunction with a gap time of 0.5 seconds. This will allow the advance detectors to hold the phase green, while
the stop bar detectors will not.

Detector 1 Queue

Enter the Queue time here to have the stop bar detector act as a queue detector (the old name is “Type 3
detector”). A queue detector will extend the phase during the first g seconds, and then be silent. Queue detection
is useful for extending the phase during the queue clearance time, then later allowing the advance detectors to
extend the phase.

If the stop bar detector extends the phase for 3 seconds, this will create 3 seconds of green after the last vehicle
enters the intersection. This vehicle will be well beyond the intersection during the clearance interval. This will
create extra delay for the opposing movements.

Detector 1 Delay

Enter the Delay time here to have the stop bar detector act as a Delay detector. A delay detector will not place
a call on red or yellow, until the vehicle has been there for at least d seconds. A delay detector will extend
normally on green. Delay detectors are useful for right turn lanes with right turn on red allowed. If a vehicle is
able to turn on red within, for example, 10 seconds, it is not necessary to bring up this phase.
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Chapter 13 — Simulation Settings

From the MAP view, click on the desired intersection with the Right mouse button and select Simulation
Options.

-
From anywhere in the program, press [F8] and select the desired intersection from the list. Then push

the SIMULATION OPTIONS settings button or the [F10] key.
]

The SIMULATION OPTIONS setting displays a grid in which you can enter SimTraffic simulation specific
information. See Chapter 6 for details on navigating the data entry screens.

SIMULATION SETTINGS ) —* \" ( - ‘\ ‘\ T f’ \’ i J
EEL EEBT EER WEBL  WET WEHR MEL MHET NER SEL SET SER

Lanes and Sharing [HRL] LL Y | +4 Fud % 4 Fud % T % Ta

Traffic Walume [vph) 500 1500 100 100 500 100 100 200 50 100 200 50
Future Walume [vph) 500 1500 100 100 500 100 100 200 a0 100 200 50
Storage Length [ft) 250 — 150 250 — 150 100 — 1] 100 — 0
Storage Lanes [H] 2 — 1 2 — 1 1 — — 1 — —
Taper Length (f) 25 — 25 28 — 25 20 — — 25 — —
Lane Alignment Lett Lett Right Left Left Fight Lett Lett Fight Left Left Right
Lane YWidth [ft] 12 12 12 12 12 12 12 12 12 12 12 12
Enter Blocked Intersection Mo Mo Mo Mo Mo Mo Mo Mo Mo Mo Mo Mo
b edian width [ft] — 2 — — 24 — — 12 — — 12 —
Link Qffzet [ft) — 1] — — 1] — — 1] — — a —
Crozzwalk \Width [f) — 16 — — 16 — — 16 — — 16 —
TWLTL Median - O — - O — — O — - O —
Headway Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Turhing Speed [mph] 15 — 9 15 — g 15 — 9 15 — g
tdandatory Distance [ft] — 416 — — 416 — — 4B — — 416 —
Pagitioning Distance [ft] — 1980 — — 1980 — — 1980 — — 1980 —
tdandatony Distance 2 [ft] — 1320 — — 1320 — — 1320 — — 1320 —
Pazitioning Distance 2 [ft) — 2640 — — 2640 — — 2640 — — 2640 —

Figure 13-1 SIMULATION Settings

& Refer to page 8-1 for details on the Lanes and Sharing setting and to page 9-1 for details on the Traffic
0 Volume setting.

other rows are only used by SimTraffic. If a simulation is not going to be performed, these settings do not
o need to be entered.

9 The Lanes and Sharing and Traffic Volume settings are the only two rows that apply to Synchro. All

Storage Length

The Storage Length is the length of a turning bay in feet (meters) and is the same value found in the LANE
settings. If an intersection has a left turn storage bay of 150 feet (45 meters), enter "150" ("45") in this box. If
the left or right turn extends back to the previous intersection, enter "0". For additional information, see the
topic in the LANE settings, page 8-4.
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Storage Lanes

Code the number of lanes in the right or left storage bay. This value only appears when the Storage Length is
greater than 0. By default, the number of Storage Lanes is equal to the number of turning lanes. This is the
same value found in the LANE settings. For additional details, refer to page 8-5.

Taper length

The Taper Length affects the visual MAP view drawing. In SimTraffic, the Taper Length impacts when vehicles
can start entering the storage. The default is 25 ft (7.5 m).

Lane Alignment
When adding a lane, lanes are added on the right or left. The setting will allow the user to specify how lanes
align through an intersection. Figure 13-2 illustrates the options. The choices are as follows:
A, Left
B. Right
C. L-NA (left, no add)
D. R-NA (right, no add)

The default is Right for right turns, Left for left turns and through, and Right-NA for U-turns.

Lane Alignment: Lane Alignment:

Left Left - NA

Lane Alignment: Lane Alignment:

Right Right - NA

Figure 13-2 Lane Alignment Options

Consider the examples in Figure 13-3. Part A shows an example where the EBT and NER are green at the same
time. There are four upstream lanes (two EBT and two NER) flowing into four downstream lanes. In order to
prevent a conflict, the EBT is forced to use the left lanes downstream by setting the Lane Alignment to L-NA.
The NER is forced into the downstream right lanes by setting the Lane Alignment to R-NA.
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Part B of Figure 13-3 shows a T intersection with continuous flow in the eastbound direction. In this case, the
EBT and SBL are allowed to operate without conflict. To do this, set the EBT Lane Alignment to R-NA and the
SBL to L-NA.

Some adjustment in median width and/or link offset may be necessary to align the approach lanes with
l&: the departure lanes. You can turn on the Intersection Paths in Map Settings to graphically show the path
o of the vehicles crossing the intersection and verify lane alignment.

A I B I Southbound Left
Lane Alignment:
J l Left - NA

Eastbound Through L
Lane Alignment: - -------  —————— % mmm==m—
L-NA 3

Eastbound Through
Lane Alignment: --------  ———————
Right - NA

Northeast Right”
Lane Alignment:
R-NA

Figure 13-3 Lane Alignment Examples

Lane Width

Lane Width is the width of a single lane in feet (meters). The default is 12 feet (3.7 meters). Also see the topic
on Lane Widths on page 8-4.

Enter Blocked Intersection

The Enter Blocked Intersection setting controls simulation modeling gridlock avoidance. The four options for
modeling blocked intersections are "Yes", "No", "1" and "2". The default value is "No", for intersections and
"Yes", for bends and ramp junctions. We suggest that you set Enter Blocked Intersection to "No", for high speed
approaches and movements.

A vehicle will slow for an intersection, if there are 4 other vehicles ahead of it, but behind the stop bar.

A side street of an unsignalized intersection can be set to 1 or 2. This will allow 1 or 2 vehicles to enter a blocked
intersection from the side. This can help the capacity of driveways.

Median Width

The Median Width is used to set the width of the median. Left turn lanes are considered to be positioned in the
median even if they are not defined as storage lanes.

This setting can be overridden. The default is calculated as follows:

Formula for a link:

1) sum of (width of left turn lanes + width of left storage lanes for reverse departing link)
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2) reduced by minimum of (left storage, left storage for reverse departing link)

3) widen to match wider median on through approach

Median Width must be set for each direction independently.

Figure 13-4 illustrates some examples of median width. In A and C, the median width has been set
automatically. Parts B and D show a manual over-ride of the Median Width setting.

A ] 8 ]

Median
Width = 0'
Median
Width = 24"

2 through lanes, no left turn lanes
2 through lanes, no left turn lanes . . \
Median Width automatically set to 0' Median Width manually set to 24
Y (Note: median width set on both ends of link)

<] o]

=48

12'

Median

Width

Left lane placed
in median

Median

Width

©
I
I
I
|
I
o
I
m

Opposing
median

Opposing
median

automatically
setto 12'

automatically
setto 12'

2 through lanes, 1 left turn lanes
Median Width manually set to 48'
(Note: median width set on both ends of link)

2 through lanes, 1 left turn lanes
Median Width automatically set to 12"
(Note: median width set on both ends of link)

Figure 13-4 Median Width Examples

Link Offset

The Link Offset setting is used to offset the roadway alignment to the right or left of the centerline. This can be
used to create a dog-leg intersection, if there are no internal stop bars (see Figure 13-5 A).

For an onramp or other acute intersection, use a positive link offset value for onramp, and a negative link offset
value for an offramp (see Figure 13-5 B). In the figure below, w is the width of the mainline lanes used as the

link offset for each ramp.
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A
w = Link Offset

+48' on east end of link
-48 on west end of link

Figure 13-5 Link Offset Examples

Crosswalk Width

The Crosswalk Width is used to control the width of the crosswalk and the location of the stop bar. Figure
13-6 illustrates the crosswalk in SimTraffic. The stop bar is located on the upstream end of the crosswalk.

Corner Point

Cross
Walk
S Width
Width Right

Corner Point

I

I

|

f

I

L. —

I

|

I

[
Width Left — f—

1

2

Figure 13-6 Cross Walk Width

Notes about driveways:

Avoid placing too many driveways along your link. Some driveways with short storage and taper lengths can
be used. To reduce space of driveway intersections, set crosswalk width on the main street to 4ft. and draw the

driveways at 90 degree angles.

Vehicles will not initiate or complete lane changes within an intersection. Too many driveways reduce
opportunities for lane changes.
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TWLTL Median

@ The TWLTL Median is visual only. Vehicles will not use the TWLTL.

The two-way left turn lane (TWLTL) Median setting draws a TWLTL in the median. The median will be colored
with the pavement color and dashed yellow lines will be added. Storage taper lengths still apply. Setting the
TWLTL “on” (check) will also set the TWLTL for the reverse link.

The TWLTL Median setting on one end of a link sets the TWLTL Median on the reverse end of the link.

Headway Factor

SimTraffic applies the Headway Factor to model Saturated Flow Rates for individual lane groups. Headway
Factor is not used in any of the capacity calculations in Synchro.

The Headway Factor is based on the Ideal Saturation Flow, lane width factor, the grade factor, the parking
factor, the bus stops factor, and the area factor. The headway factor is magnified by 30% because at cruise
speeds, about 30% of the time per vehicle is taken by vehicle passage and 70% by the headways.

*
HWF = 1371900 —0.3 = Headway Factor

fw* fg* fp* fbs* fa* Ideal

The Headway Factor is calculated but can be overridden.

Turning Speed

This is the Turning Speed for vehicles in miles/hour (km/h) while inside the intersection.
Synchro does not use this information. It is only used when modeling in SimTraffic.

The NETWORK settings have a network wide turning speed option.

For large intersections or intersections with large turning radii, increase the Turning Speeds. This will give
improved capacity in SimTraffic.

The Turning Speed should be adjusted if you are using SimTraffic to model a freeway section.

Turning speed is adjusted by driver speed factor.

Lane Change Distances

The Lane Change Distances are used for calibration of SimTraffic lane changing logic. Editing these values will
not affect Synchro.
There are four parameters as shown below.

v" Mandatory Distance is the distance back from the stop bar where a lane change must commence.

v' Positioning Distance is the distance back from the Mandatory point where a vehicle first attempts to
change lanes.
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v/ Mandatory 2 Lane Distance is added to Mandatory Distance if a second lane change is required during
the simulation.

v’ Positioning 2 Lane Distance is added to both Mandatory 2 Lane Distance and Mandatory Distance to
determine the beginning of the positioning zone for the first of two lane changes.

All distances are measured from the stop bar. See the discussion on Lane Choice and Lane Changes on page
28-5.
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Chapter 14 —Traffic Impact Analysis (TIA)

This chapter focuses on the Traffic Impact Analysis (TIA) capabilities in Synchro. The TIA module allows users
to manually input the number of expected trips or import them from a previously created TripGen file. The new
trips can then be automatically distributed and routed through the Synchro roadway network. Each of the
various menus items and screen were developed to minimize the number of input steps required by the user
to complete a traffic impact analysis. The following are just a few of the key features of TIA;

e Users can directly input entering/exiting vehicle trip information or import new vehicle trips directly
from a previously generated TripGen 10 file

o Create and analyze multiple developments within the same Synchro file
e Automatically distribute and assign vehicle trips to study intersections
e Select which development volumes to analyze within Synchro

e Account for pass-by trips by intersection

e Create reports summarizing the distribution of trips to each development driveway as well as all of
the impacted intersections.

The following sections provide an overview of various TIA menus and steps required to code and analyze the
effect of new vehicle trips generated by a proposed development.

Traditional TIA Process

Trip Generation

The first step in completing a TIA is typically calculating the number of vehicle trips traveling to/from the
proposed development during a one hour period. The TIA module allows users to manually input the number
of vehicle trips or these values can be imported via Trafficware’s TripGen 10 software.

Trip Distribution

The second step involves selecting a series of origins/destinations (external nodes) from Synchro’s roadway
network. The user first selects origins (external nodes) within the roadway network where trips are expected
to travel to/from the development. The user then selects driveways (external nodes) that provide direct access
to the proposed development. The possible routes that vehicles could take to/from the development by either
the Quickest (time) or Shortest (distance) are then calculated.

Trip Assignment
This is the last and final step within Synchro’s TIA module. The number of vehicle trips are calculated and used
or Synchro analysis and optimization once saving and exiting TIA. Volumes computed using the TIA module

will also be used in SimTraffic.

Synchro will show these volumes for the selected developments within the Volume Settings Screen.
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Overview of Menu Selections and Calculations

Each of the new menus within Synchro’s TIA module is highlighted within this section.
Starting TIA

q The TIA icon is located in the Lanes and Volumes group on the Home tab. Upon pressing the TIA icon,
*. =" anew window will open with the TIA interface.

TIA Main Menu

| 1]
Manage Developments Trip Generation Origins / Driveways Routing Trip Distribution Trip Assignment | |Basic Example - H TIA Map Settings ~ & Q Q @ @ Q

Once within the TIA module, the tool bar displayed above will be available for use. This tool bar includes all of
the necessary functions required to successfully code a proposed development’s traffic characteristics.

| 1]
Prior to exiting TIA, press the H icon to save the data that has been entered within the various TIA screens
and return to the main Synchro interface.

Developments Menu

The first step within TIA is to create a development. This is accomplished by pressing the Manage
Developments button. Once selected, an input screen will appear. This screen includes a variety of
development characteristics that can be input for descriptive purposes. This screen allows users to create new
development(s). Users should first select New to create a development. The first entry line, Development Name,
must be entered for each development that will be included within the current Synchro file. Once a development
name has been entered, the additional properties can be entered if desired. Press Done to close this window
when finished entering the various development properties.

Manage Developments Manage Developments
- New (&) Done ~ |igd Cancel [ save
Development Name Development Mame Basic Example
Description Description
Owner Owner
Designer Designer
Engineer Engineer
Builder Builder
Analyst Analyst
Analysis Date Analysis Date | Saturday , March 21, 2015 E-
OpenDate | Satu OpenDate | Saturday , March 21, 2015 B~

Figure 14-1 TIA Manage Developments

Trip Generation Menu

Upon selecting this Menu item, the screen shown below will be displayed. Users have the option of manually
entering the number of Entering and Exiting trips or importing the trip generation data from a previously
created TripGen 10 file. A description of each key parameter required for the Use Manual Entries option is
highlighted below. It should be noted that the Total column will automatically populate based on the values
entered within the Entering and Exiting columns. Once the appropriate data has been entered, press OK.

e Driveway Volume - The Total number of trips (across all driveways) Entering and Exiting the
proposed development should be entered within this row.

e Pass-By Volume - Total number of pass-by trips based on the proposed land uses within the
development. Pass-By trips are defined as trips to/from a land use by vehicles already traveling along
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the adjacent roadway network. These trips are often accounted for separately at a developments’
driveway because they can be treated as a “credit” for already being on the roadway. For example, if a
new gas station was proposed on a lot that you drive by every day and once constructed, you decide to
stop in one morning. You would be considered a pass-by trip since you were already on the roadway
and would not be considered a new trip (vehicle) to be added to the roadway. Refer to the latest edition
of ITE’s Trip Generation Manual for additional information.

o Adjusted Volume - This value represents the net number of new trips to be distributed throughout the
Synchro network as coded by the user. The values in this row are automatically calculated and filled in
by Synchro.

Trip Generation oK

Entering Exiting Total
Driveway Volume 100 50 150
Pass-By Yolume d 0

Adjusted Volume 100 50 150

Import TripGen Volumes

Figure 14-2 TIA Trip Generation

Users also have the option of importing an existing TripGen 10 file directly from within Synchro’s TIA module.
Simply select the Use TripGen Data option and navigate to the appropriate input file. A description of each key
parameter is highlighted below. Once the appropriate data has been selected, be sure to press OK.

e Alternative - Each Alternative coded within the TripGen 10 will be available for selection from the
drop-down menu.

e  Phase - Each Phase coded within the TripGen 10 will be available for selection from the drop-down
menu.

e Time Frame - Each Time Frame coded within the TripGen 10 will be available for selection from the
drop-down menu.
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B Trip Generation |l= =] &
Alternative Phase Time Frame
Alternative 1 + Al Phases + Weekday AM Peak Hour of Adjacent Street Traffic -

Development Summary

ITE Land Use Size Units Enter Exit Total
934 FASTFOODDT 1 5 Gross Floor Area 1000 5F 118 113 227
4 +
Unadjusted Volume 116 111 227 -
Internal Capture Trips 1] 1] 1]
Pass-By Trips 1] a a
Volume Added To Adjacent Streets 116 111 227

l x Cancel ] [ o Accept ]
Chwork\Trafficware\Synchro Studic Manuals\weTIA\TripGen Basic.tgf

Figure 14-3 TIA Import Trip Generation

Users should review the data listed within the Development Summary to confirm their selections.

Origins/Driveways Menu

The Origins/Driveways menu includes two of the most critical functions within the TIA module. These menu
items allow the user to identify the origins and destinations of each development included within a
development. Upon selecting this menu item, a screen identifying the Origins and Driveways of the current
development will be displayed. An Origin is defined as an external node where the primary trips for the selected
development will originate. Driveways are identified as external nodes that allow trips to access the current
development being analyzed.

Exiting primary trips for the selected development will travel from a Driveway to an Origin.

Users should simply click on the appropriate external node(s) as an Origin or Driveway based on the
development being analyzed. Each node will be highlighted with the color designated within the TIA Map
Settings screen. The screen shot below displays the Origins in Yellow. Once the Origins have been selected, users
should click the Driveways radio button and select external nodes for each Driveway. Nodes coded as Origins
may not be coded as Driveways.

Origins and Driveways

@) Origins
() Driveways
Origin # Origin Mame

1 |Orig\n 1 (Node 11)
2 Origin 2 (Mode 1)
3 Origin 3 (Node 12)
4 Origin 4 (Mode 2)
5 Origin 5 (Node &)

i 5 flads

171=

Figure 14-4 TIA Origins and Driveways
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Routing Menu

Once Origins and Driveways have been coded, selection of the Routing menu item will direct Synchro to calculate
paths (routes) between the Origins and Driveways based on the current roadway network within Synchro. The
Quickest (time) method for calculating the inbound and outbound routes will be used by Default. This method
uses the calculated travel time along each link along with the movement delay associated with the relevant
movements along each route. The Shortest (distance) can be selected if preferred. This method calculates the
inbound and outbound routes based upon the distances along each link on the route. Each route or path can be
displayed within the roadway network by selecting a row within the table.

Routing

71 Quickest (time)
(@ Shortest (distance)

Inbound Routes | Quthound Routes |

Origin # | Driveway # Route Omit = Manual Define  «
2 Origin 1 {Node 1) to Driveway 2 (Mode 3) [

3 Origin 1 {(Node 1) to Driveway 3 (Node 20)

2 Origin 1 {Node 1) to Driveway 2 (Mode 3)

3 Origin 1 {(Node 1) to Driveway 3 (Node 20)

2 Origin 1 {Node 1) to Driveway 2 (Mode 3)

3 Origin 1 {(Node 1) to Driveway 3 (Node 20) ¥

2 Origin 2 {Node 7) to Driveway 2 (Mode 9) 0 —————] . -
3 Origin 2 (Node 7) to Driveway 3 (Mode 20) | L

2 Origin 3 {Node 11) to Driveway 2 (Node 9)

3 Origin 3 (Node 11) to Driveway 3 (Node 20) [

i ;Origin 4 (Node 12) to Driveway 2 (Node 9) L

3 Origin 4 {Node 12) to Driveway 3 (Node 20) [ ] ]

2 Origin 5 {Node 18) to Driveway 2 {Node 5} | I = }%’

L S O N T e = S

Figure 14-5 TIA Routing

If changes to the route are necessary, select Manual Define. A dialogue screen will appear. Users should now
select the appropriate nodes that belong to the route being coded.

To assign zero (0) volume to a route, check Omit.

Recaloulate Routes Select highlighted intersections to

() Quickest {time) 11: ‘
(@ Shortest {distance)
Inbound Routes | Quthound Routes ack o
Origin # | Driveway # Route Omit Manual Define
1 1 Origin 1 {Node 11} to Driveway 1 (Mode 5) W
2 1 Origin 2 (Node 1) to Driveway 1 (Mode 9)
3 1 Origin 3 {Node 12 to Driveway 1 (Mode 5)
4 1 Origin 4 (Node 2) to Driveway 1 (Mode 9)
) 1 Origin 5 (Node &) to Driveway 1 (Mode 3)

Figure 14-6 TIA Manual Define a Route
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The Recalculate Routes button should be used when changes to the study intersections could have affected the
calculation of a route. This function updates both the Routing and Trip Distribution, using the current data in
Synchro. Routes may be affected by changes to volume, signal timing, or adding/deleting nodes.

Trip Distribution Menu

The Trip Distribution menu includes a summary of the percentage of inbound and outbound trips along each
route for the current development. Each route includes value for Percentage In and Percentage Out. By default,
these percentages are computed based on the entering values at each of the Origins that were selected
previously. Users have the option to adjust these values as needed. Refer to Example One (located at the end of
this chapter) for more details. The In % and Out % columns must each total 100%.

Tri p Distri b ution Recalculate Distribution oK

Inbound | Cutbound

Origin #  Driveway # Route In %
1 1 Origin 1 (Mode 43) to Driveway 1 (Node 10) 4, 74%
2 1 Origin 2 (Mode 33) to Driveway 1 (Node 10) 94, 79%
3 1 Origin 3 (Mode 74) to Driveway 1 {(Mode 10) 0.47%:
4 1 Origin 4 (Mode 71} to Driveway 1 (Node 10) 0.00%
100.00%:

Pass-By Distribution?

Yes

@ Mo

Figure 14-7 TIA Trip Distribution

Users have the option to include Pass-By trips as part of the analysis by selecting Yes for the Pass-By
Distribution? menu option. The default percentages can be adjusted by the user if necessary. The volume of
pass-by trips is entered within the Trip Generation Screen. Refer to ITE’s Trip Generation Handbook for more
information about when to use pass-by trips.
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Pass-By Distribution? | prjyeway Driveway Name Direction PassBy %
@ Yes 1 Driveway 1 (Node 20) E 66.00%
= No 1 Driveway 1 (Mode 20) W 34.00%
100.00%

Omit

Figure 14-8 TIA Pass-by Trip Distribution

The Recalculate Distribution button should be used when changes to either the base volumes or site generated
volumes may impact the distribution of trips, but no changes to the geometry have been made. This function
updates the Trip Distribution, but Routing remains the same.

Trip Assignment Menu

This menu is the final step within TIA. Upon selecting Trip Assignment, a new screen is displayed with three key
display areas. The top section of the screen includes a list of Routes and the number of Trips In and Trips Out of
each driveway. These values are equal to the total number of trips entered within the Trip Generation screen
multiplied by the percentages entered in the Trip Distribution screen. Revisions to the number of trips can not
be made within this screen. Users must go back to the Distribution menu to adjust percentages or to the Trip

Generation menu to adjust the total number of trips in or out of the selected development.

The center section of this screen displays the Pass-By volumes in each direction, for each driveway.

Trip Assignment ok
Inbound | Qutbound
QOrigin # | Driveway # Route Trips In
i 1 QOrigin 1 {Node 11) to Driveway 1 {Node 20) 3
2 1 Origin 2 {Node 2) to Driveway 1 {Node 20) 24
3 1 Crigin 3 (Node 12) to Driveway 1 (Node 20) 16
4 1 Crigin 4 {(Mode 1) to Driveway 1 (Node 20) 50
5 1 Origin 5 {(Mode &) to Driveway 1 (Node 20) z
100
Pass By Volume
Driveway : Driveway Name Direction Pass-By Volume =
Driveway 1 {(Node 20) E i}
1 Driveway 1 (Node 20) w 0
0 -
Future Scenarios Developments for Analysis
[T use future scenarios Development Tdude
Big Box il
Retail Center I:l

Figure 14-9 TIA Trip Assignment

Chapter 14 -Traffic Impact Analysis (TIA)
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The list displayed in the lower right (Developments for Analysis) allows the user to select which
development(s) to include within the Synchro analysis. Users should place a checkmark in the selection box
displayed in the Include column to “send” the assigned intersection volumes to the Development Volume (vph)
row of the Volume Settings screen. The volume sent is the sum of each assigned intersection turning
movement volumes for all developments that were selected.

The Future Scenarios section allows the user to increase the intersection traffic

Future Scenarios volumes by including up to four growth rates for a specified number of years. The
e input growth rates are applied to the Combined Volume (vph) to calculate the values
CurentSelection  Zyearsat 7% listed within the Future Volume (vph) row displayed in the Volume Settings screen.

vemls) eewhraes | The Future Volume (vph) values are used in all Synchro calculations.
@ 2 3.00

3 200
1] 0.00
1] 0.00

TIA Map Settings

This menu item allows users to customize the color of key parameters displayed within the TIA Map window.
Click or move the mouse over one of first four menu items for a color palette to appear. Select the color of your
choice from the drop-down menu. A brief description of each menu item is highlight below.

Origin Color - Display color for each Origin Node.

Driveway Color - Display color for each Driveway Node.

Route Color - Display color for the selected path (route) between an Origin and Driveway.

Highlight Color - Display color used to highlight nodes that may be selected when creating Origins,
Driveways, and Routes.

e  Show Node Numbers - If checked, the node numbers associated with the Origins and Driveways will be
displayed within the TIA Map Screen. If unchecked, the Origin # will be displayed in the middle of the

node.
| TIA Map Settings*-y Q Q Q m Q
Origin Coler »
Driveway Color L
Route Color L
Highlight Color k

3rd St

Show Mode Mumbers i/

Applying TIA Volumes to Synchro Analysis

The newly assigned volumes from the TIA Module will be displayed in the Development Volume (vph) row of
the Volume Settings screen for each intersection that was included within a route calculated in the TIA
module.

The Combined Volume (vph) is the sum of the values included in the Traffic Volume (vph) and Development
Volume (vph) rows.

Finally, the values in the Future Volume (vph) rows are the Combined Volume (vph) with the Growth Rate
applied over the specified number of years from the Trip Assignment menu. The analysis within Synchro and
SimTraffic is based on the volumes listed within the Future Volume (vph) row.
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VOLUME SETTINGS A Y 4 Ml ‘\" N T % > l’ _‘/
EEL EBT EBR WBL  WEBT WER HEL HBT MER SBL SBT SER
Lares and Sharing [#RL) 'i T-) GTT-) 'i “"T-) 'i “"T')
Traffic Walume [vph) 100 10 50 50 100 50 100 2300 150 150 1000 50
Development Y olume [wph] 0 0 0 280 7 0 0 0 95 0 0 0
Combined Wolume [wph] 100 10 50 330 107 50 100 2300 245 150 1000 50
Future Walume [vph) 100 10 A0 330 107 A0 100 2300 245 150 1000 A0

Figure 14-10 Volume Settings with TIA results

Reports

Users have two reports to summarize a TIA analysis. The reports are located within Synchro’s Create Report

menu.

Create Report

Select Heports

HCH 2000 &S0 =
-HCW 2010 Tw/SC
Phases
Achsated
- Mezues of Ellectivens::
b Fie Companizons
Ot E
4 - & Tiallic Impact dnalsis
Disbribahion
o Impacted Intessections

Options

i m 3

Uze CTHL far mudhi-sebeck

Header .. | Giraphics . Delauks Save Taxt |

Scops
Single Inbsrzaction =
Zone

@ Ertre Hetwok

i

[ Piet

Freses

| it Senp

| Cancel

Distribution

This report summarizes the percentage and volume number of development generated trips to/from each

driveway

TIA Driveway Distribution Report

Development: Basic Example

Driveway: 1 Driveway 1 (Node 10)
- To From
Ongin# | Route Distribution % | Trps Distribution % | Trips
1 Driveway 1(Mode 10) to Origin 1 (Node 43) 474 ) 6.67 3
2 Driveway 1(MNode 10)to Origin 2 (Node 33) 94.79 a5 20.00 40
3 Driveway 1 (Mode 10) to Origin 3 (Mode 74) 0.47 0 13.33 7
4 Driveway 1 (MNode 10)to Origin4 (Node 71) 0.00 0 0.00 0

Figure 14-11 TIA Trip Distribution Report

Chapter 14 -Traffic Impact Analysis (TIA)
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Impacted Intersections

This report includes summary of each intersection affected by a development within the current Synchro file.
The figure below depicts an example of this report.

TIA Impacted Intersection Report

MNode Description
3 3rd 5t & Main Street
4 4th 5t & Main Street
7 3rd St & 1st Ave
9 1st Ave & 1st Ave

Figure 14-12 TIA Impacted Intersection Report

Integrity Check

When data is changed in Synchro after adding a Development to the TIA module, the Routing and/or Trip
Distribution calculated may no longer be valid. This can happen if volumes are changed, a movement is added
or deleted along the route, or a node is created or deleted.

On any of these events, a “TIA is out of sync” message is displayed at the bottom of the Map View. To resolve
this error, first lauch the TIA module. A message is displayed containing details about the error(s).

TIA Integrity Information

Route 82-10 Movements allowed or nodes have changed. Recalculate routes.
Mode 7 Synchro volume that determine distribution percentages have changed.

«F OK

Figure 14-13 TIA Integrity Check

If movements or nodes included in one or more route(s) have changed, it is recommended that you Recalculate
Routes to ensure that all routes are consist of current and valid movements.

If volumes have changed for one or more movements, you may choose to Recalculate Routes or Recalculate

Distribution. Recalculating the distribution will maintain the current routes, but recalculate the distribution
percentages based on the current volumes.
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Step-By-Step Examples

This section includes two step-by-step examples highlighting each of the various menu items and capabilities
of the new TIA module included within Synchro. Users are encouraged to code the proposed driveway(s) that
provide(s) access to the development prior to using the TIA module. In addition, intersections along the
roadway network should be coded with the appropriate number of access driveways to be included within the
TIA analysis.

Basic Example — Manually Entering Trips

This example highlights the steps required for one proposed development with only one driveway and zero
pass-by trips.

1. Select TIA Icon: Upon selecting the TIA Icon, a new screen within Synchro will be displayed. This
screen includes all of the necessary menus and data input screens to successfully analyze the effects of

a proposed development located within the Synchro network.
' - s EE

Main Street

Chapter 14 -Traffic Impact Analysis (TIA) 14-11
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2.

14-12

Select Developments from Main Menu: Once selected, the screen below will be displayed. Select New
to create a development within the TIA module.

Manage Developments

Development Mame
Description

Owner

Designer

Engineer

Builder

Analyst

Analysis Date

Open Date

Saturday , December

Saturday , December

30,1

Mew (&) Done

Enter Development Information: Begin entering the development characteristics as deemed
necessary. The Development Name is the only input element that must be entered. The other data
elements are optional, but should be coded for descriptive purposes. Be sure to press Save once you
have enetered the the appropriate fields. The second screen listed below will then be displayed. If
desired, you can always come back to this menu by selecting Developments and pressing Edit.

Manage Developments

Manage Developments

¥ | &y Cancel H save
Development Name Basic Example

Description
Owner
Designer
Engineer
Builder
Analyst

Analysis Date | Saturday , March 21, 2015

OpenDate | Saturday , March 21, 2015

Basic Example > New | Edit | g Delete igZ) Done
Development Name |Basic Example
Description |One Development with Zero Pass-By

Owner
Designer
Engineer

Builder

Analyst

Analysis Date | Saturda March 2015

Open Date | Saturday ,

Enter Trip Generation Characteristics: Since the development in this example only has one land use,
the entering and exiting trips can be manually input within the Trip Generation screen. Select the Trip
Generation menu item and code 100 trips for the Entering Driveway Volume and 50 for the Exiting
Driveway Volume. The Trip Generation screen should look like the figure below.

Trip Generation

Driveway Volume

Pass-By Volume

Adjusted Volume

Entering
100}
0

100
100

Import TripGen Volumes

Exiting

30

g0

Total

OK
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5. Enter Origins/Driveways: For purposes of this example, only four Origins and one Driveway will be
coded. The nodes are designated as follows:

e Origins-33,43,71,74
e Driveways - 10

The following sub sections describe each of the key menu selections included within the Distribution
Menu. Upon selecting the Distribution Origins/Driveways menu item, follow these steps:

a) Besure that Origins is selected and begin clicking the nodes listed above as Origins. The node
numbers should be highlighted by a Yellow circle upon selection.

Origins and Driveways

o
© Driveways

b) Now choose Driveways and select the node designated as the driveway noted above. The
node number should be highlighted by a Red circle upon selection.

Origins and Driveways

(© origins
(@) Driveways

Drivenay #  Driveway Name
1 Driveway 1 (Node 10)

Chapter 14 -Traffic Impact Analysis (TIA) 14-13
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14-14

Review Routing Characteristics: Review the routes by pressing the Routing button. Be sure to
review both the Inbound and Outbound routes. For purposes of this example, the Shortest (distance)
option will be used. If a route is selected in the Routing screen, the route will be highlighted within

the TIA Map screen. If it is necessary to adjust a route, select Manul Define and select the nodes along
the desired route.

Rovting Recalculate Routes oK
Quickest (time) Mall Ent. % [2ds 2nd Ave
@ Shortest {distance) 00 Il F5
Inbound Routes | Outbound Routes it
Origin = | Driveway = Route Omit | Manual Defi g
1 1 Origin 1 {Node 33) to Driveway 1 (Node 10) o
2 1 Crigin 2 {Node 43) to Driveway 1 (Node 10)
3 1 Crigin 3 {Node 74) to Driveway 1 (Node 10) = ¥~
4 1.Grigin 4 (Node 71) to Driveway 1 (Node 10) SR =
— e
1st Ave > égsg 1st Ave ag.  1SAVE
st A=

Main Street Main Street

Main Street

1001
20~ 1
oo

Wain Street ﬁ’.‘
00 |

s Uy

I8 pig §§? M
LS

7. Review Trip Distribution Characteristics: Review the calculated distribution percentages by
pressing the Trip Distribution button. Once again, be sure to review both the Inbound and Outbound

percentanges. For purposes of this example, No should be selected for the Pass-By Distribution? option.
The following highlights the calculation of the percentages:

Chapter 14 -Traffic Impact Analysis (TIA)
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a) Thedefault percentages for the four routes are automatically calculated based on the existing
volumes along the various inbound and outbound routes. Since the development’s driveway
is new, the existing traffic volumes into and out of the driveway are zero, thus affecting the
calculated values for %in and %out.

Tri p Distri b ution Recaloulate Distribution Ok

Inbound | Outbound

Origin # Driveway # Route In %
1 1 Crigin 1 (Node 33) to Driveway 1 (Node 10) 94, 79%
2 1 Origin 2 (Mode 43) to Driveway 1 (Mode 10) 4. 74%
3 1 Origin 3 (Node 74) to Driveway 1 (Node 10) 0.47%
4 1 Crigin 4 (Mode 71) to Driveway 1 (Mode 10) 0.00%

Example Calculations:
At Node 33 Inbound Volume = 2,000

At Node 43 Inbound Volume = 100

At Node 74 Inbound Volume = 10

At Node 71 Inbound Voume =0

Total Inbound Volume = 2,000+100+10+0 = 2,110

% Inbound for Origin One at Driveway = 100/2,110 = 4.74%

8. Review Trip Assignment Characteristics: Review the calculated Trips In and Trips Out by pressing
the Trip Assignment button. These are the trips that will be added to each of the intersections’ turning
movements along the calculated routes. For purposes of this example, a future growth rate will not be
entered.
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14-16

The last step is to place a checkmark within the Include column of the Developments for Analysis
section of the Trip Assignment screen. Completing this step will now “send” the assigned trips to the
Volume Settings screen within Synchro. The assigned volumes will be displayed within the
Development Volume (vph) row.

Trip Assignment

Outbound

Future Scenarios

|| Use future scenarios

Inbound
Crigin #  Driveway # Route
T 1
2 1
3 1
4 1

Origin 1 {Node 43) to Driveway 1 {Node 10)
Crigin 2 (Mode 33) to Driveway 1 (Mode 10)
Qrigin 3 {Node 74) to Driveway 1 (Node 10)
Origin 4 (Mode 71) to Driveway 1 (Node 10)

Developments for Analysis

Basic Example

Development

OK

Trips In
5
95
i}
n}

100

Indude

Review Volume Setting Screen for each Intersection Included in a Route: Select the Save icon. You
should now be sent back to the main Map screen. Review each of the intersections to confirm that the
appropriate values are displayed within the Development Volume (vph) row. The figure below is the
Volume Settings screen for Node 3.

WOLUME SETTINGS ) =" \" ( e k ‘\ T /’ \’ i J
EBL EBT EEBR wBL WwBT WHA MBL HET MHER SBL SBT SER
Laries and Sharing [#AL] LA il i i % % iy % i
Traffic Wolumne [vph] 350 1000 150 100 i} 200 150 2000 250 100 EO0 250
Drevelopment W olume [vph) i] i] 0 i] 0 5 ] 95 i] 3 40 ]
Combined Yolume [vph] 350 1000 150 100 700 205 150 2095 250 103 E40 250
Future Yolume [vph] 380 1000 180 100 Fon 205 150 2095 280 103 E40 250

The Combined Volume (vph) row includes the addition of the Traffic Volume (vph) and Development
Volume (vph) rows. The Future Volume (vph) row displays the final volumes that will be used within
the Synchro analysis adjusted for Future Growth, if a value was entered.
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Multiple Development Example — Use of TripGen, Pass-Bys, & Future Growth

This example highlights the steps required to add another development to the Synchro File used in the first
example described above.

1. Select TIA Icon: Upon selecting the TIA Icon, a new screen within Synchro will be displayed. This
screen includes all of the necessary menus and data input screens to successfully analyze the effects of
a proposed development located within the Synchro network.

2. Select Developments from Main Menu: Once selected, the screen below will be displayed. Note the
development name from Example One is displayed. Select New to create a development within the TIA
module.

Manage Developments

Basic Example - Mew | Edit | g Delete (&) Done

Development Name |Basic

o

Desaiption |Cne Development with Zero Pass-By
Cwner
Designer
Engineer
Builder
Analyst

Analysis Date

Open Date

Chapter 14 -Traffic Impact Analysis (TIA) 14-17
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3. Enter Development Information: Begin entering the development characteristics as deemed
necessary. The Development Name is the only input element that must be entered. The other data
elements are optional, but should be coded for descriptive purposes. Press Save once you have
enetered the the appropriate fields. The screen listed below will then be displayed. If desired, you can

always come back to this menu by selecting Developments and pressing Edit.

Manage Developments

Owner
Designer
Engineer

Builder

Analyst
Analysis Date

Open Date

Development for Second Example

Saturday |

New | Edit

Development Name |Development for Second Example

Description | TripGen, Pass-By, and Future Growth Induded

March 21, 2015

March 21, 2015

3 Delete (g

&) Done

4. Enter Trip Generation Characteristics: The trip generation characteristics in this example will be
obtained from a previously created TripGen 10 file. Begin by pressing the Importing TripGen
Volumes button. Once the TripGen 10 screen appears, select the appropriate Alternative, Phase and
Time Frame desired analysis purposes. For purposes of this example, the Weekday PM Peak Hour of
Adjacent Street Traffic should be selected. The TripGen 10 screen should look like the figure below.

8 Trip Generation = |E] &
Alternative Phasze Time Frame
Alternative 1 w Al Phases » Weekday PM Peak Hour of Adjacent Street Traffic -
Development Summary
ImE Land Use Size Units Enter Exit Total -
§20  CENTERSHOPPING 1 125 Gross Leasable Area 1000 SF 223 241 454 [
850 SUPERMARKET 1 100  Gross Floor Area 1000 SF 483 455 943 |=
= 3
Unadjusted Volume 706 706 1412 -
Internal Capture Trips u} ] 0
Pass-By Trips 171 171 342
Yolume Added To Adjacent Streets 535 535 1070

I xCancel | l JA::cept]

14-18
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5. Enter Trip Distribution Characteristics: The following sub sections describe each of the three key
menu selections included within the Distribution Menu. Upon selecting the Distribution
Origins/Driveways menu item, follow these steps:

a) Be sure that Origins is selected and begin clicking the nodes with the Yellow highlight as
displayed in the Figure below.

Origins and Driveways Lroekete| [ ok
© Origns
Drivewars

orign# | Origin Name
1 [Origin 1 (Node 14)
Oigin 2 (Node 12)

2
3 Grigin 3 (Node 13)
+ Grigin 4 (Node 33)
5 Crigin 5 (Node 61)
3 Crigin § (Node 82)
7 Grigin 7 (Node 22)

ain Strest

b) Now choose Driveways and select the node with the Red highlight as displayed in the Figure
below.

Crigins and Driveways & Deete || 0K

Crigins
© Driveways

Driveway # Driveway Name
1 Driveway 1 (Node 15)

<
Pl

12 puz

.
il

F

MiainStest

6. Review Routing Characteristics: Review the routes by pressing the Routing button. Be sure to
review both the inbound and outbound routes. For purposes of this example, the Shortest (distance)
option will be used. If it is necessary to adjust a route, select Manul Define and make the necessary
adjustments your desire. Be sure to select Recalculate Routes to confirm the adjustments were
accepted.
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7. Review Trip Distribution Characteristics: Review the calculated distribution percentages by
pressing the Trip Distribution button. Once again, be sure to review both the Inbound and Outbound
percentanges. For purposes of this example, the following step should be completed:

a) Select Yes (Pass-By Distrubtion?) to include Pass-By Trips within the analysis. An estimation
of the Pass-Bys Percentages will then be displayed. The percentages can be adjusted if

necessary.
Tri D Distribution Recaloulate Distribution oK
Inbound | Outbound
Origin # |Driveway # Route In %
1 1 Origin 1 {(Mode 14) to Driveway 1 (Node 15) 27.03%
2 1 Crigin 2 {Node 12) to Driveway 1 (MNode 15) 2.70%
3 1 Crigin 3 {(Mode 13) to Driveway 1 (Mode 15) 2.70%
4 1 Crigin 4 {(Mode 33) to Driveway 1 (Mode 15) 4,05%
5 1 Origin 5 {(Node 61) to Driveway 1 (Mode 15) 32.43%
[} 1 Origin 6 {(Node 82) to Driveway 1 (Mode 15) 28.33%
Fi i Origin 7 (Node 22) to Driveway 1 (Mode 15) 2.70%:
100.00%
PassBy Distribution? | prveway Driveway Name Direction  Pass-By %  Omit
@ Yes 1 Criveway 1 {Node 15) M 40.00%
\ Na 1 Driveway 1 (Mode 15) s 60.00%
100.00%

8. Review Trip Assignment Characteristics: Review the calculated Trips In and Trips Out by pressing
the Trip Assignment button. These are the trips that will be added to each of the intersection turning
movements along the calculated routes. For purposes of this example, a two percent (2%) future
growth rate will be applied.
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Inbound | Cutbound
Origin # |Driveway #
1 1
2 1
3 1
4 1
5 1

[¥] Use future scenarios

Current Selection

Year(s)

Future Scenarios

Trip Assignment

Route

Crigin 1 (Mode 14) to Driveway 1 (Mode 15)
Origin 2 (Mode 12) to Driveway 1 (Mode 15)
Crigin 3 (Mode 13) to Driveway 1 (Mode 15)
Origin 4 (Mode 33) to Driveway 1 (Mode 15)
Crigin 5 (Mode 61) to Driveway 1 (Mode 15)

PP S T S . P L__ar

Pass By Volume

Driveway :|Driveway MName

Driveway 1 (Mode 15)

1 Driveway 1 (Mode 15)

Basic Example

2 years at 2%

Direction

M
3

Development

Development for Second Example

Growth Rate %
2.00

0.00
0.00

0.00

Developments for Analysis

Ok

Trips In

145
14
14
22

174

335

Pass-By Yolume
63

103

171

Include

-

The last step is to place checkmarks for both developments listed within the Include column of the
Developments for Analysis of the Trip Assignment screen. Completing this step will now “send” the
assigned trips to the Volume Settings screen within Synchro. The assigned volumes will be displayed
within the Development Volume (vph) row.

9. Review Volume Setting Screen for each Intersection Include Within a Route: Select the Save icon
within TIA. You should now be sent back to the Map screen within Synchro. Review each of the
intersections to confirm that the appropriate values are displayed within the Development Volume
(vph) row. The figure below is the Volume screen for Node 3.

Chapter 14 -Traffic Impact Analysis (TIA)

WOLUME SETTINGS ) —* \' ( Al k ‘\ T /’ \’ l ‘/
EBL EBT EER WBL  WBT  WEBR | MNEBL MET MER SEL SET SBR

Lares and Sharing [HAL] W A4 i % M i N 44 i N i
Traffic Yolume [wph] 380 1000 150 100 00 200 150 2000 250 100 GO0 250
Development Yalurme [vph) 235 1685 18 0 174 5 22 95 0 3 40 152
Combined W olume [vph] 585 1165 168 100 av4 205 172 2095 250 103 G40 402
Future Yalume [vph) G09 1212 175 104 909 213 178 2180 260 107 GEE 418
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Chapter 15 - HCM 6'" Edition Settings

This chapter highlights the various HCM 6t Edition methods that are included within Synchro. The HCM is
authored by the Transportation Research Board, which is a division of the National Academy of Sciences, a
nonprofit organization based in Washington DC. The HCM 6t Edition was released in October of 2016.

The HCM 6t Edition is divided into four volumes. Volume 1 includes concepts, volume 2 focuses on
uninterrupted flow, volume 3 on interrupted flow and volume 4 is an electronic only applications guide. In
addition, the HCM 6t Edition includes computational engines that contain computer code based on the analysis
procedures within the manual. The computational engines are maintained by the TRB Committee on Highway
Capacity and Quality of Service (AHB40). TRB periodically releases updates to the computational engines, based
modifications or corrections to the methodology. The code from the signalized intersection chapters are
incorporated within Synchro and updated as new computational engines are released.

Currently Synchro includes the analysis methods from the following chapters:
v Chapter 18 and Chapter 30 include signalized intersections within a coordinated network.
v Chapters 19 and Chapter 31 include isolated signalized intersections.
v Chapter 20 and Chapter 32 include two-way stop controlled intersections (TWSC).
v' Chapter 21 and Chapter 32 include all-way stop controlled intersections (AWSC).
v Chapter 22 and Chapter 33 include roundabouts.
Users can download a White Paper focused on the HCM 6t Edition and Synchro at

http://www.trafficware.com/synchro-help.html/. This document is updated based on each new Synchro
release.

HCM 6t Edition Settings

HGCM From the MAP view, click on the desired intersection and select the HCM 6t Edition Settings button
on the Home tab.

Gth Ed

If the intersection is compatible with the HCM 6t Edition methodology, the appropriate HCM 6t Edition form
will be displayed. The form includes all of the necessary inputs and outputs required to mimic the various HCM
6t Edition methodologies. Some of the methods also include procedures for analyzing Pedestrian and Bicycle
Modes. Additional tabs within the HCM 6t Edition forms are available for the methods included within Synchro.
If the intersection selected is not HCM 6t Edition compliant, a warning or error message will be displayed.

Signalized Intersection - Automobile Mode

After selecting the HCM 6t Edition settings button, the Auto Mode tab will be selected by default.

Auto Mode |F'eu:|estrian I'-.-1|:u:|e| Bicycle Mode |
BT 2 e
EBR

EBL EBT WEL WBT  WER

HCM6th Settings

Figure 15-1 HCM 6t Edition Auto Mode Tab
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8- Synchro 9 - C:\Program Files (x86)\Trafficware\Versiond\Sample Files\Fixed Cycle Coordination.syn = | =3 |[=]
File Edit Transfer Options Optimize Help
SRET Y |
= - r
1 £ A {‘;‘; g - g J/ggg J;S; % ;'é:;‘g = = D\:q/ Ep [ o [ s staMein sweet
E] AuoMode | Pedestian Mode | Bicpcle Mode |
HCM 2010 INTERSECTIOM HCM 2010 SETTINGS —* - k \’ ¢ 4/ a3 . |:\
EBL EBT EBR | WBL WBT WBR | NBL NET HER SBL SBT SBR PED | HOLD |
Mode # 4 Lares and Sharing [$AL) n 4 il n +4 il n - L] - — —
Description Traffic Yolume [vph) 50 1300 50 300 200 300) 100 100 200 100 300 100 = =
Control Type Actd-Coord Future Yolume [vph) 50 1300 =) 200 a00 00| 100 100 200 100 300 100 — —
Cycle Length [3] 1200 Lagaging Phase? O O (] = = = =
Lock Timings O Tuin Type Prot — Peim| Prot - Peim| Peim — — Perm — — — —
HCM E quilibrium Cyele(s] 1200 Protected Phazes 5 2 1 E 8 — 4 —
HCM Contral Delap(z] 131 Pemitted Phases 2 B 8 — 4 — — —
HCM Intersection LOS B Paszage Time (3] 3.0 3.0 3.0 30 30 3.0 30 a0 — a0 a0 — — —
Analysis Time Period (] 0.25) Minimum Green 5] 40 40 4.0 4.0 4.0 4.0 4.0 40 — 40 40 — — —
Saturation Flow Rate [pe/h/ln) — M asimumn Split 5] 1.0 530 530 270 E3.0 E3.0 400 400 — 400 400 — — —
Use Saturation Flow R ate O Yellow Time (3] 35 35 35 35 35 35 35 35 — 35 35 — — —
Sneakers Per Cycle [veh] 20 All-Red Time (s) 0.5 0.5 0.5 05 05 0.5 05 {1§3) — {1§3) {1§3) — — —
Mumber of Calc. |terations 35 Masimum Green [3] 7.0 430 430 230 E50 E5.0 360 3E0 — 3E0 3E0 — — —
Stored Passenger Car Length [ft) 25 Wwalk Time [3) — 5.0 5.0 — 50 5.0 50 50 — 50 50 — — —
Stored Heavy Yehicle Length [ft) 45 Flash Dont Walk [s] — 11.0 11.0] - 11.0 11.0] 11.0 11.0 — 11.0 11.0 — — —
Probahility Peds. Pushing Button 051 ‘Walk+ ped. clear [s) = 16.0 160 = 160 160 160 16.0 = 16.0 16.0 = = =
Deceleration Rate [ft/s/s) 4.00 Recall Mode Mone  C-Maw  C-Max Mone  C-Max  C-Max Maone Mane — Mane Mane — — —
Acceleration Rate (ftés/s) 3.80 Dual Entry? O (] — — — —
Distance Between Stared Cars [ft) 8.00 Adijusted Flow Rate [veh/h) B0 1300 B0 300 800 300| 100 100 200 100 300 100 — —
Queue Length Percentile 50/ Adiusted Mo of Lanes 1 2 1 1 2 1 1 1 1] 1 1 1] — —
Left-Turn Equivalency Factor 1.05 Right Turn on Red Yalume (vph] — — ol - - ol - — a — — a — —
Right-Tum Equivalency Factor 1.18 Ideal Satd. Flow [vphpl] 1900 1900 19000 1900 1900 19000 1900 1900 19000 1900 1500 1900 = =
Heawy Veh Equivalency Factor 2.00 Percent Heavy Vehicles (%] 2 2 2 2 2 2 2 2 — 2 2 — — —
Critical Gap for Perm. Left Tun (<] 4.5 Lane Utilization Adj.Factar — 0.95 — — 0.95 — — — — — — — — —
Follow-up Time Peim Excl Left(s) 28 Peak Hour Factor 1.00 1.00 1.00| 1.00 1.00 1.00| 1.00 1.00 1.00 1.00 1.00 1.00 — —
Follow-up Time Perm Shrd Left{z] 45 Growth Factor 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 = =
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Critical Merge Gap [s] 37 Startup Lost Time [s] 20 20 20 20 20 20 20 20 — 20 20 — — —
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Bicycle volume [bicycles/h] — — 0 — — 0 — — il — — il — —
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Initial Queue [veh) 1} 1} o o o o o a — a a — — —
Speed limit [mph) = 40 = = 40 = = 25 = = 25 = = =
Lane ‘Width [ft] 12 12 12| 12 12 12 12 12 12 12 12 12 — =i~

dth St & Main Street (14587 10074)
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Mins ok

Figure 15-2 HCM 6t Editoin Auto Mode Full Screen

HCM 6t Edition Intersection Pane

These settings apply to the selected intersection. TRB refers to these parameters as calibration parameters,
beginning with Sneakers Per Cycle and moving towards the bottom of the pane, that can be used adjusted to
match field conditions.

Node #

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.

Description

The Description cell is a convenient location to type notes about the intersection. The information will appear
at the bottom of the Intersection Reports (see the chapter on Reports and Printing on page 21-1).

15-2
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Control Type

This field indicates what type of controller is being used. Changing the Control Type will also cause the
Controller Type to change within the Timing Settings window.

Cycle Length

The Cycle Length is the total time required to service all competing traffic movements at a signalized
intersection. Changing the Cycle Length will also cause the Cycle Length to change within the Timing Settings
window.

Lock Timings

The Lock Timings field is used to prevent the timing from changing. To preserve the timing for one or more
intersections, click the check box in this field for each of the intersections. Adjustments to this parameter will
also be applied within the Timing Settings window.

HCM Equilibrium Cycle (s)

This is the calculated Cycle (s) Length based on the methods described within the HCM 6t Edition. For
uncoordinated intersections, it may be less than the programmed Cycle Length.

HCM Control Delay (s)

This is the calculated intersection control delay (s) based on the methods described within the HCM 6t Edition.

HCM Intersection LOS

This is the Level of Service at the selected intersection based on the HCM 6t Edition thresholds.

Analysis Time Period (h)

This is the duration of time for one single application of the HCM 6t Edition methodology. Traffic conditions
are considered steady during this time. Synchro does not support a multiple time period analysis.

Saturation Flow Rate (pc/h/In)

The entered value for this parameter will be used for all lanes of the selected intersection. Users should place a
checkmark within the Use Saturation Flow Rate box to use the entered Saturation Flow Rate for the entire
intersection.

Use Saturation Flow Rate

Click to add a checkmark. This will direct Synchro to use the Saturation Flow Rate entered in the cell located
directly above this parameter instead of the Saturation Flow Rate entered in the Lane Settings window. Note
that the individual Ideal Satd. Flow Rates cells within the HCM 6t Settings pane (located to the right) will be
replaced with a dash.

Sneakers Per Cycle (veh)

Sneakers Per Cycle (veh) represent the number of vehicles that are served during the clearance intervals
(Yellow +All-Red).
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Number of Calc. Iterations

The HCM 6t Edition methodology calculates the phase durations for actuated signals based on a series of
iterative calculations. The “solution” is based on the difference between two successive iterations. The
maximum number of iterations is 100.

Stored Passenger Car Length (ft)

The average length of a vehicle measured from front bumper of first vehicle to front bumper of second vehicle.

Stored Heavy Vehicle Length (ft)

The average length of a heavy vehicle measured from front bumper of the heavy vehicle to front bumper of
second vehicle.

Probability Peds. Pushing Button

This value represents the Probability of a Pedestrian Pushing the Button during the Don’t Walk interval.

Deceleration Rate (ft/s/s)

Average Deceleration Rate as a results of a red signal indication.

Acceleration Rate (ft/s/s)

Average Acceleration Rate as a result of a green signal indication.

Distance Between Stored Cars (ft)

Average distance to the nearest point of detection for two queued vehicles. This distance is subtraced from the
Stored Vehicle Length to estimate the average detected vehicle length.

Queue Length Percentile

Percentile queue length to be included in the HCM 6t Edtion reports. The default is 50, which represent the
average queue length. Other accepted percentiles include 85th, 90th, or 95th,

Left-Turn Equivalency Factor

Equivalent number of through vehicles for each protected left-turn vehicle, given an exclusive lane and no
conflicting movement.

Right-Turn Equivalency Factor

Equivalent number of through vehicles for each protected right-turn vehicle, given an exclusive lane and no
conflicting movement.

Heavy Vehicle Equivalency Factor

Equivalent number of passenger vehicles for each heavy vehicle, given an exclusive lane and no conflicting
movement.

Critical Headway for Perm. Left Turn (s)

Critical headway for permitted left-turn at signalized intersection.
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Follow-Up Time for Perm. L Turn (s)

Follow-up time for permitted left turn from an exclusive lane at signalized intersection.

Stop Threshold Speed (mph)

The speed defining a stopped vehicle. A stop occurs when a vehicle first drops below this threshold.
Critical Merge Headway (s)

The critical headway required for a through driver desiring to merge into an adjacent lane.

HCM 6" Edition Settings Pane

The HCM 6t Edition Settings pane includes three expandable sections: Signal Timing Details, Adjusted Flow
Rate, and Ideal Saturated Flow. The most commonly used parameters are viewable with all sections collapsed,
with additional details about the intersection available by expanding one or more of these section(s).

Traffic Volume and Future Volume

For additional details, see the topic on TIA Volumes

The Development Volume, Combined Volume, and Future Volume are automatically calculated based on
the values entered within the TIA module. These values cannot be overridden; edit the Trip Generation, Trip
Distribution, and/or Trip Assignment entries to modify the TIA Volumes. See Chapter 14 for details on the TIA

module.

The Development Volume is equal to the sum of all primary and pass-by trips generated by development(s)
selected in TIA.

The Combined Volume is the sum of existing Traffic Volume and Development Volume.

If included, pass-by trips are subtracted from the through movement adjacent to a driveway (see page

14-4 for more information about selecting driveways). The same volume is then added to the turning

movements entering and exiting the driveway node, so that these vehicles will continue on their original

&] path after exiting the development. In many cases, the calculated Development Volume will be negative
O for the through movement at a node adjacent to a driveway to account for the pass-by trips.

With a negative Development Volume, it is possible for the calculated Combined Volume to be less
than zero. The Combined Volume is set to 0 to prevent analysis with negative volume.

The Future Volume is equal to the Combined Volume with any select Future Scenarios applied using the
equation below. See page 14-7 for details on entering future scenarios.

F¥F=1{1+f
where:

FV = Future Volume

V = Combined Volume
r = Growth Rate

t = number of years
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Conflicting Pedestrians

Turn Type

The Turn Type sets the level of turn protection and assigns default phase and detector numbers to the
dedicated turn lane. These defaults can be changed at any time.

Before setting the turn types, set the phase numbers for the through movements using a phase template.

For additional details, see the topic on Turn Type in the TIMING settings, page 10-3.

Protected Phases

For additional details, see the topic on Protected and Permitted Phases in the TIMING settings, page 10-4.
Permitted Phases

For additional details, see the topic on Protected and Permitted Phases in the TIMING settings, page 10-4.
Lagging Phase?

The first two phases within a ring-barrier sequence are considered phase partners. The 34 and 4th phases
within a ring-barrier sequence, if used, are also phase partners. Phase Lagging is used to swap the order of
phase partners. Normally phase partners are 1 and 2, 3 and 4, 5 and 6, 7 and 8.

For additional details, see the topic on Lagging Phase in the TIMING settings, page 10-7.

Opposing Right-Turn Lane Influence

This factor is used to adjust the capacity of left turning vehicles due to right turning vehicles from the opposing

approach. Select Yes or No from the drop-down menu based on field observations. This setting applies to
permissive left-turns or the permitted portion of a protected-permitted left-turn.

Signal Timing Details

This section may be expanded to view additional signal timing parameters. In most cases, this information is
entered using the Timing Settings and Phasing Settings windows.

Passage Time (s)
Passage Time is the maximum amount of time one vehicle actuation can extend the green interval while green
is displayed. It is input for each actuated signal phase. It is also referred to as vehicle interval, extension interval,

extension, or unit extension.

For additional details, see the topic on Vehicle Extension in the PHASING settings, page 11-8.

Minimum Green (s)

The Minimum Green setting represents the least amount of time a green signal indication is displayed when a
signal phase is activated. Minimum Green is equivalent to the Minimum Initial time.

For additional details, see the topic on Minimum Initial in the PHASING settings, page 11-6.
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Maximum Spilit (s)

The Maximum Split is the current split time, given in seconds. It is the longest amount of split time for actuated
movements.

For additional details, see the topic on Maximum Split in the PHASING settings, page 11-7.
Maximum Green (s)

The Maximum Green is a calculated value. This is equal to the Maximum Split minus the Yellow Time and
All-Red Time. To change this value, change the Maximum Split value.

Yellow Time (s)

Yellow Time is the amount of time for the yellow interval. Normally, this value should be set to between 3 and
5 seconds, depending on the approach speed, the cross-street width, and local standards. The minimum value
allowed by Synchro is 2 seconds and the maximum is 10 seconds.

For additional details, see the topic on Yellow Time in the PHASING settings, page 11-7.

All-Red Time (s)

All-Red Time is the amount of time for the all red interval that follows the yellow interval. The All-Red Time
should be of sufficient duration to permit the intersection to clear before cross traffic is released.

For additional details, see the topic on All-Red Time in the PHASING settings, page 11-7.
Lost Time Adjust (s)
For additional details, see the topic on Lost Time Adjustment in the TIMING settings, page 10-7.

Start-up Lost Time (s)

Time lost at the start of green as queued drivers react to the green indication and increase their speed such that
constant saturation headway is achieved by the higher queue positions.

Extension of Effect. Green Time (s)

The extension of the effective green is time vehicles continue to enter after yellow interval begins.

Walk Time (s)

This is the amount of time for a pedestrian walk interval.

For additional details, see the topic on Walk Time in the PHASING settings, page 11-9.
Flash Don’t Walk (s)

This is the amount of time for a pedestrian flashing don’t walk interval, sometimes referred to as a pedestrian
clearance interval.

For additional details, see the topic on Flashing Don’t Walk Time in the PHASING settings, page 11-9.
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Walk + Ped Clearance (s)

The Walk + Ped Clearance is a calculated value and is the sum of the Walk Time and the Flash Don’t Walk
time.

Recall Mode

Each phase can have a recall of None, Minimum, Maximum, or Pedestrian. The HCM 6t Edition Settings do not
currently have an option for coordinated recall. C-Min will be evaluated as a Minimum recall, and C-Max will be
evaluated as a Maximum recall.

For additional details, see the topic on Recall Mode in the PHASING settings, page 11-8.

Adjusted Flow Rate (veh/h)

The traffic volume adjusted for peak hour factor and growth factor.

Peak Hour Factor

The traffic volumes are divided by the Peak Hour Factor (PHF) to determine the traffic flow rate during the
busiest 15-minute period during the hour.

For additional details, see the topic on Peak Hour Factor in the VOLUME settings, page 9-3.

Growth Factor

The Growth Factor can be used to adjust all volumes by a set amount. This is commonly used to convert current
traffic counts into future projections. See the topic on Growth Factor (page 9-4) for more information.

Adjusted No. of Lanes
Number of lanes for HCM 6t Edition computations.

Refer to the Appendix of the Working White Paper on the Implementation of the Highway Capacity
Manual 6th Edition in Synchro for addition details.

Pedestrian Volume (p/h)
This is the number of pedestrian conflicting with the right turn movement.

For additional details, see the topic on Conflicting Pedestrians in the - Volume Settings, page 9-2.

Bicycle Volume (bicycles/h)
This is the number of bicycles conflicting with the right turn movement.

For additional details, see the topic on Conflicting Bicycles in the VOLUME settings, page 9-3.

Ideal Saturation Flow Rate

Enter the Ideal Saturated Flow Rate for a single lane in this field. The HCM recommends using 1,900 vehicles
per hour per lane for urban areas with a population greater than 250,000. This is the default.

If the Use Saturation Flow Rate box is checked, the single value entered in the Intersection panel will be used
for all movements at the intersection.
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Right Turn on Red Volume

The HCM 6t Edition includes a RTOR reduction input. Synchro computes the saturation flow increase for RTOR
and therefore can calculate a RTOR volume reduction. The RTOR reduction is calculated as follows:

VRTOR = minimum (sRTOR,v) * r/C = RTOR reduction to volume
sRTOR = RTOR saturation flow as calculated by Synchro
r = effective red time
v = adjusted lane group volume (before RTOR reduction)
C = cycle length
For additional details, see the topic on Right Turn on Red (RTOR) in the LANES settings, page 8-10.

Percent Heavy Vehicles (%)

A heavy vehicle is defined as any vehicle with more than four tires touching the pavement. Local buses that stop
within the intersection area are not included in the count of heavy vehicles.

For additional details, see the HCM 6t Edition and the topic on Heavy Vehicles in the VOLUME settings, page
9-4.

Lane Utilization Adjustment Factor

The lane utilization adjustment factor accounts for the unequal distribution of traffic among the lanes in those
movement groups with more than one exclusive lane.

For additional details, see the HCM 6t Edition and the topic on Lane Utilization Factor in the LANES settings,
page 8-6.

Lane Width (ft)

The average lane width represents the average width of the lanes represented in a movement group. The
minimum average lane width is 8 ft. Standard lane widths are 12 ft.

For additional details, see the topic on Lane Width in the LANES settings, page 8-4.
Parking Present?
Check this box if there is on-street parking on the intersection approach.

For additional details, see the HCM 6t Edition and the topic on Adjacent Parking Lane, Parking Maneuvers
in the VOLUME settings, page 9-5.

Parking Maneuvers (#/hr)

For additional details, see the HCM 6t Edition and the topic on Adjacent Parking Lane, Parking Maneuvers
in the VOLUME settings, page 9-5.

Bus Stopping Rate (#/hr)

Enter the number of local busses that stop at the intersection during the analysis period.

For additional details, see the HCM 6t Edition and the topic on Bus Blockages in the VOLUME settings, page
9-4.
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Work Zone on Approch?
Check this box if there is a work zone in or adjacent to the travel lanes of the intersection approach.

For additional detatils, see the topic on Work Zone Presence Adjustment Factor in Chapter 31 of the HCM 6t
Edition.

Total Approach Width

This field is available for approaches with a work zone present. Enter the total width of all left-turn, through,
and right-turn lanes open.

Lanes Open During Work Zone

Enter the number of left-turn and through lanes open on the approach in the work zone. If the number of lanes
in the work zone varies, then the smallest number of lanes open to motorists should be used.

HCM Platoon Ratio

The HCM Platoon Ratio describes the quality of progression associated with arrivals to a phase. For left-turn
movements with permitted phasing, the platoon ratio describes arrivals during the Protected Phase. For right
turn movements with a protected operation concurrent with the complementary left, the platoon ratio
describes arrivals during the permitted right-turn operation.

Platoon Ratio is designated using a number from 0 to 2.0. The conditions associated with various ratios are
described below:

Platoon Ratio Arrival Type Description

0.333 1 Very poor progression

0.667 2 Unfavorable progression

1.000 3 Uncoordinated signals or random arrivals
1.333 4 Favorable progression

1.667 5 Highly favorable progression

2.000 6 Exceptional progression

Figure 15-3 Platoon Ratio Thresholds

Synchro calculates a Platoon Ratio for approaches of a coordinated intersection based on the user input
Reference Phase. For a Platoon Ratio to be calculated, the following are required:

e Upstream signalized coordinated intersection within 0.60 mile.
¢ Upstream intersection and study intersection must have equal, double, or half cycle lengths.

¢ Reference Phase of upstream intersection points towards study intersection.

Refer to the HCM 6t Edition for additional details.

HCM Upstream Filtering Factor

The upstream filtering adjustment factor accounts for the effect of an upstream signal on vehicle arrivals to the
subject movement group. Specifically, this factor reflects the way an upstream signal changes the variance in
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the number of arrivals per cycle. The variance decreases with increasing volume-to-capacity ratio, which can
reduce cycle failure frequency and resulting delay.

The filtering adjustment factor varies from 0.09 to 1.0. A value of 1.0 is appropriate for an isolated intersection
(i.e., one that is 0.6 mi or more from the nearest upstream signalized intersection). A value of less than 1.0 is
appropriate for non-isolated intersections.

Refer to the HCM 6t Edition for full details.

Initial Queue (veh)

The initial queue represents the queue present at the start of the subject analysis period for the subject
movement group. This queue is created when oversaturation is sustained for an extended time. The initial
queue can be estimated by monitoring queue count continuously during each of the three consecutive cycles
that occur just before the start of the analysis period. The smallest count observed during each cycle is recorded.
The initial queue estimate equals the average of the three counts. The initial queue estimate should not include
vehicles in the queue due to random, cycle-by-cycle fluctuations.

Include Unsignalized Delay?

The delay for unsignalized movments may be included in an HCM 6t Edition analysis. If this box is checked the
volume for any channelized right-turn movement(s) with Free, Yield, or Stop controlled will be included in the
calculation of approach delay and intersection delay.

Unsignalized Movement Delay

Enter the delay for unsignalized movements (Free, Yield, or Stop-controlled right-turns) to be included in the
calculation of approach delay and intersection delay.

The delay must be estimated by means external to the HCM 6t Edition methodology. This may include direct
field measurement or simulation in SimTraffic.

Refer to the HCM 6th Edition for additional details.

Right Turn Channelized

The type of channelization for the right-turn is displayed in the HCM 6t Edition window. The choices are None,
Yield, Free, Stop and Signal. This field may be edited using the Lane Settings window (see page 8-5)

HCM 6" Edition Capacity (veh/h)

This is the capacity of the lane group based on the HCM 6t Edtion methods. For additional details, see the HCM
6t Edition.

HCM Volume/Capacity

This is the volume-to-capacity ratio based on the HCM 6t Edition methods. For additional details, see the HCM
6t Editoin.

HCM Lane Group Delay (s/veh)

This is the average control delay for all vehicles in the subject lane group based on the HCM 6t Edition methods.
This is the sum of the Uniform Delay (d:), the Incremental Delay (dz), and the Initial Queue Delay (ds).

For additional details, see the HCM 6t Edition.
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HCM Lane Group LOS

This is the lane group LOS based on the HCM 6t Edition thresholds. For additional details, see the HCM 6t
Edition.

HCM Approach Delay (s/veh)

This is the average approach control delay per vehicle based on the HCM 6t Edition methods. If Include
Unsignalized Delay is checked, the Approach Delay is computed to include the volume and delay for the
unsignalized right-turn on the subject approach.

For additional details, see the HCM 6t Edition.
HCM Approach LOS

This is the approach LOS based on the HCM 6t Edition thresholds. For additional details, see the HCM 6t
Edition.

Signalized Intersection - Pedestrian Mode

After selecting the HCM 6t Edition Settings button, choose the Pedestrian Mode tab to use the HCM 6t Edition
Pedestrian Mode.

Auta Mode Pedestian Mode  Bicycle Mode

HCM Bth CROSSWALK
EE "B ME 5B

Figure 15-4 HCM 2010 Pedestrian Signalized Intersection Mode Tab
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f‘igure 15-5 HCM 6t Edition Signalized Intersection Pedestrian Mode Screen
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HCM 6t Edition Pedestrians Pane
Node #

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.

Control Type

This field indicates what type of controller is being used. Changing the Control Type will also cause the
Controller Type to change within the Timing Settings window.

Cycle Length (s)

The Cycle Length is the total time required to service all competing traffic movements at a signalized or
unsignalized intersection. Changing the Cycle Length will also cause the Cycle Length to change within the
Timing Settings window.

Analysis Time Period (h)

This is the duration of time for one single application of the HCM 6t Edition methodology. Traffic conditions
are considered steady during this time. Synchro does not support a multiple time period analysis.

Percentage of Elderly Peds (%)

Average percentage of elderly pedestrians at the study intersection. Values greater than 20% will result in a
decreased average walking speed.

For additional details, see the HCM 6t Edition.
Percentage of Upgrade Slope (%)

Enter the average slope upgrade along the study intersection crosswalks. Values greater than 10% will result
in a decreased average walking speed.

For additional details, see the HCM 6th Edition.

Average Ped Walk Speed (fps)

The Average Pedestrian Walking Speed is calculated based on the Perdentage of Elderly Peds and the
Percentage of Upgrade Slope. This value may be overridden based on field observations.

HCM 6t Edition Crosswalk Pane

Refer to the following figure for assistance in entering crosswalk data.
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Figure 15-6 HCM 6th Edition Crosswalk Data
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Crosswalk Length (ft)

The crosswalk length (i.e., Lc and Ld) is measured from outside edge to outside edge of road pavement (or curb
to curb, if present) along the marked pedestrian travel path.

Crosswalk Width (ft)

The crosswalk width (i.e, Wc and Wa) represents an effective width. Unless there is a known width constraint,
the crosswalk’s effective width should be the same as its physical width. A width constraint may be found when
vehicles are observed to encroach regularly into the crosswalk area or when an obstruction in the median (e.g.,
a signal pole or reduced-width cut in the median curb) narrows the walking space.

Total Number of Lanes Crossed

This is the total number of vehicular lanes crossed by a pedestrian on the subject approach. The value is
automatically populated by Synchro based on the intersection geometry.

Number of Right Turn Islands

This is the number of right-turn islands present on the subject approach.

Type of Control

This is the type of pedestrian control on the approach. The options are none, actuated, pre-timed, actuated plus
rest in walk, or no signal.

Corresponding Signal Phase

This is the signal phase associated with the pedestrian movement on the subject crosswalk. See Figure 15-6 for
an example.

Effective Walk Time (s)

Research indicates that, at intersections with pedestrian signal heads, pedestrians typically continue to enter
the intersection during the first few seconds of the pedestrian clearance interval. This behavior effectively
increases the walk time available to pedestrians. A conservative estimate of this additional walk time is 4.0 s. A
nonzero value for this additional time implies that some pedestrians are initiating their crossing during the
flashing DON'T WALK indication. Refer to the HCM 6t Edtion for details.

Right Corner Size A (ft)

The width of sidewalk A (Wa). Refer to Figure 15-6.

Right Corner Size B (ft)

The width of sidewalk B (Ws). Refer to Figure 15-6.

Right Corner Curb Radius (ft)

The corner radius of the corner curb in feet (R). Refer to Figure 15-6.

Right Corner Total Area (ft2)

The Total Area of the right corner, based on Wa, Wy, and R.
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Ped. Left-Right Flow Rate (p/h)

This is the flow rate of pedestrians crossing from left to right when viewing the crosswalk from the subject
approach. Refer to Figure 15-6.

Ped Right-Left Flow Rate (p/h)

This is the flow rate of pedestrians from right to left when viewing the crosswalk from the subject approach.
Refer to Figure 15-6.

Ped Right Sidewalk Flow Rate (p/h)

This is the flow rate of pedestrians on the right sidewalk when viewing the crosswalk from the subject
approach. Refer to Figure 15-6.

Veh. Perm. Left Flow Rate (v/h)

This is the permitted left-turn flow rate, in units of vehicles per hour. This number is NOT the total hourly left-
turn flow rate, it's only the flow rate of the permitted turns.

Veh. Right-turn Flow Rate (v/h)

This is the permitted right-turn flow rate, in units of vehicles per hour. This number is assumed to be the TOTAL
permitted right-turn flow rate, including RTOR's.

Veh. RTOR Flow (v/h)

This is the right-turn-on-red flow rate, in units of vehicles per hour. This is for the right-turning movement that
could otherwise turn permissively into the crosswalk during the pedestrian phase.

85th percentile speed (mph)

This is the 85t percentile speed at a mid-segment location along the street approaching the intesection, in units
of miles per hour.

Right Corner Area per Ped (sq. ft.)

This is the pedestrian circulation area for the right corner of the subject crosswalk. The table below can be used
to evaluate this data.

Pedestrian Space (ft2/p) Description

>60 Ability to move in desired path, no need to alter movements
>40-60 Occational need to adjust path to avoid conflicts
>24-40 Frequent need to adjust path to avoid conflicts
>15-24 Speed and ability to pass slower pedestrians restricted
>8-15 Speed restricted, very limited avility to pass slower pedestrians
<8 Speed severely restricted, frequent contact with other users

Figure 15-7 Qualitative Description of Pedestrian Space

Crosswalk Circulation Area (sq. ft.)

The Pedestrian Circulation Area is the subject crosswalk circulation area per pedestrian. Figure 15-7 can be
used to evaluate this data.
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Pedestrian Delay (s/p)

The Pedestrian Delay calculated based on the HCM 6t Edition methodology. Refer to the HCM for additional
information.

Pedestrian Compliance Code

The pedestrian compliance code is based on the HCM 6t Edition methodology as shown in the table below.

Pedestrian Delay (s/p) Pedstrian Compliance

<10 Good
>10-30 Fair
<30 Poor

Figure 15-8 Pedestrian Compliance at Signalized Intersections

Pedestrian Crosswalk Score

The pedestrian LOS score for the intersection Iy is calculated by using Equation 19-71 through
Equation 19-76 of the HCM 6 Edition. Refer to the HCM for additional information.

Pedestrian Crosswalk LOS

Pedestrian delay represents the average time a pedestrian waits for a legal opportunity to cross an intersection
leg. The LOS score is an indication of the typical pedestrian’s perception of the overall crossing experience.
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Signalized Intersection - Bicycle Mode

After selecting the HCM 6t Edition Settings button, choose the Bicycle Mode tab to use the HCM 6t Edition
Bicycle Mode.

Auto Mode Pedestrian Mode  Bicycle Mode

HCHM BICYCLE SETTINGS
EE "B ME SB

Figure 15-9 HCM 6 Edition Signalized Intersection Bicycle Mode Tab

i e =
file Edit Transfer Options Qptimize Help
H l_] - | ‘ 0:0:0/ 0:0:0
4 A f" %] g H g ’rg/“, { » ;{ocw‘r; o e By, B[ 4 | ManSteetmatst
[m[o]+]+4]+] AtoMode | Pedesion | i Moce
HEM 2010 BICYCLE MODE HCM BICYCLE SETTINGS
BB | wB | NB | B
Node & i Bicycle Flaw Rate [bice/n] 0 0 E E
Contol Type ActdCoord| | Total Flow Fate [veh/r) 0 1400 4o eoo
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Enalysts Time Period (] 025 [Cross Stueal Width [1] ®4| 488 721 720
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Throuigh Lane Width (1] 20 120 120 120
Bicycle Lane Widih (1] 00 00 og o
Paved Shoulder Widh (1) 00 00 0 0Q
Cutb s Present? O ol old
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Bicycle LOS Score 37| 348 332 34
Bicycle LOS E E E 0

Main Street & 4th St (14587 10074)

Figure 15-10 HCM 6t Edition Signalized Intersection Bicycle Mode Screen

HCM 6t Edition Bicycle Mode
Node #

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.

Control Type

This field indicates what type of controller is being used. Changing the Control Type will also cause the
Controller Type to change within the Timing Settings window.

Cycle Length (s)
The Cycle Length is the total time required to service all competing traffic movements at a signalized or

unsignalized intersection. Changing the Cycle Length will also cause the Cycle Length to change within the
Timing Settings window.
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Analysis Time Period (h)

This is the duration of time for one single application of the HCM 6th Edition methodology. Traffic conditions
are considered steady during this time. Synchro does not support a multiple time period analysis.

Bicycle Saturation Flow Rate (b/h)

The maximum bicycle rate of flow as measured at the stop line during the green indication. The default value
of 2,000 bicycles/h assumes that right-turning drivers yield the right-of-way to through bicyclists. Refer to the
HCM 6t Edition for additional information.

HCM 6" Edition Bicycle Settings

Bicycle Flow Rate (bicycles/hour)

The bicycle volume on the subject approach.

Total Flow Rate (bicycles/hour)

This is the sum of the Adjusted Lane Group flow rates for all movements on the subject approach.

Effect. Green for Bike (s)

It is assumed that bicycles share the same phase as the through movement on the subject approach. Therefore,
the effective green time for bicycles is the actuated effective green time from the Timing Settings.

Cross Street Width (ft)

The street width represents the width of the cross street as measured along the outside through vehicle lane
on the subject approach between the extended curb line limits of the cross street. Refer to the HCM 6t Edition
for details.

Through Lanes Number
This is the number of through lanes for the given approach. Both shared and exclusive lanes are counted.

Through Lanes Width (ft)

This is the Lane Width for the outside through lane, not including a gutter or shoulder. The value is
automatically read from the Lane Settings window.

Bicycle Lane Width (ft)

This is the bicycle lane adjacent to the outside lane, if used.

Striped Parking Lane Width (ft)

This is the width of the on-street striped parking lane, if used.

On Street Parking Occupied?

Check this box if any vehicles are parked along the right-side curb line within 250 ft upstream or downstream
of the intersection. Refer to the HCM 6t Edition for details.
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Paved Shoulder Width (ft)

This is the paved outside shoulder width adjacent to the bicycle lane or outer vehicular lane. Shoulder width is
measured to the curb face when a curb is present.

Curb is Present?
Check box if curb is present, leave unchecked if no curb is present. Refer to the HCM 6t Edition for details.
Bicycle Lane Capacity (bicycles/hour)

This is a calculated capacity for bicycles based on the HCM 6t Edition methodology. Refer to the HCM 6t Edition
for details.

Bicycle Delay (s)

This is the calculated bicycle delay based on the HCM 6t Edition methodology. Refer to the HCM 6t Edition for
details.

Bicycle Compliance

The bicycle compliance code is based on the HCM 6t Edition methodology as shown in the table below.

Bicycle Delay (s/p) Bicycle Compliance

<10 Good
>10-30 Fair
<30 Poor

Figure 15-11 Bicycle Compliance at Signalized Intersections

Bicycle LOS Score

The bicycle LOS score for the intersection In,int is calculated by using Equation 19-79 through Equation 19-82 of
the HCM 6t Edition. Refer to the HCM for additional information.

Bicycle LOS

The LOS score is an indication of the typical bicyclist’s perception of the overall crossing experience. Refer to
the HCM 6t Edition for details.
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HCM 6t Edition Unsignalized Intersections

To analyze an unsignalized intersection, first select the TIMING Settings button and set the Control Type to
Unsig.

il
The screen will switch to the SIGNING Settings icon ' The basic setup for a stop-controlled intersection
should be completed in this window; the results displayed in that window are based on the methodologies of
the 2000 HCM. To use the HCM 6t Edition Unsignalized intersection methodologies, choose the HCM 6t Edition
settings button.

AWSC - HCM 6t Edition Intersection Screen

After selecting the HCM 6t Edition settings button, the Automobile Mode Method will be displayed.

I 4 . 4 M VIEW e
5 I" o [ I§,’ ;gm == s @ I 8 2
[x] o)==+
HCM 2010 INTERSECTION MOVEMENT SETTINGS AL NS
EBL EBT | WET WBR | SBL  SER

Node # 2 Lanes and Sharing (HRL) -4 3

Zone: TialicValume [voh) L

XEast ) 9500 Peak How Factor 035 095 0% 035 0% 0%

[V Horth (i 11050 Growth Factor 100 100 100 100 100 100

Z Elevation [f] 0 Heauy Vehicles (%] 2 2 2 E 2 2

Desciiplion Movement Flow Rate 53 315 36 105, 105 B3

Contral Type Ursig Humber of Lanes 0 1 1 [ 1 0

HCM Control Type awsC

HEM Intersection Delay (5] 127, |BopachDam 7] WB 58

HEM Intersection LOS B Opposing Approach wB €6

[Analysis Feriod Min] 15 Opposing Lanes 1 1 ]
Conficting Approach Left 5B wB
Conficting Lanes Left 1 0 1
Canficting Appraach Right 3 EB
Conflicting Lanes Right 0 1 1
HEM Approach Concl Delap(s) | 128 133 106

HCM 2010 LANE
EBLn1 | WELnl | SBLnI

Volume Left (%] oz 67

Volume Thiu (2] o7 74 04

Volume Right ] T

Sign Control Stop|  Siop] _ Stop

Tralfic Volume by Lane [vph] I

Left Turming Yolume (veh] 50 o 1o

Thaugh Valume (vphl EE [

Right T uming Wolume [vph) o 1o =

Lane Flow Rate (vph] EREEEE

Gieomelry Group 1 1 1

Degres of Utlization % 05 0545 0250

Deparlue Headway. Hd 1382 4883 6721

Convergence [V/N) Yes|  Tes|  Tes

Capaciy [voh) [

Service Tme (5] 291 274 3721

HCM Lane W/C Ratio 0505, 058 05

HEM Control Delay ) 128 133 108

HEM Lans LOS B B B

HCM 95th Forcentle Ousus [vehl] 28 39 1

(9500 11050)

Figure 15-12 HCM 6t Edition Signalized Intersection Automobile Mode Screen

HCM Control Type

This should be AWSC, thus indicating All-Way Stop Control methodologies are being applied.

HCM Intersection Delay (s)

This is the overall intersection control delay per vehicle. For additional details, see the HCM 6t Edition.
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HCM Intersection LOS

The LOS for the intersection is determined using the HCM LOS table and the computed or measured values of
control delay.

Analysis Period (hr)
This is the length of analysis period in hours. Typically, set at 15 minutes or 0.25 hours.
AWSC - Movement Settings screen

Lanes and Sharing (#RL)

This is a pictorial representation of the lane geometry along each approach.

Traffic Volume and Future Volume

For additional details, see the topic on TIA Volumes

The Development Volume, Combined Volume, and Future Volume are automatically calculated based on
the values entered within the TIA module. These values cannot be overridden; edit the Trip Generation, Trip
Distribution, and/or Trip Assignment entries to modify the TIA Volumes. See Chapter 14 for details on the TIA

module.

The Development Volume is equal to the sum of all primary and pass-by trips generated by development(s)
selected in TIA.

The Combined Volume is the sum of existing Traffic Volume and Development Volume.

If included, pass-by trips are subtracted from the through movement adjacent to a driveway (see page

14-4 for more information about selecting driveways). The same volume is then added to the turning

movements entering and exiting the driveway node, so that these vehicles will continue on their original

&: path after exiting the development. In many cases, the calculated Development Volume will be negative
O for the through movement at a node adjacent to a driveway to account for the pass-by trips.

With a negative Development Volume, it is possible for the calculated Combined Volume to be less
than zero. The Combined Volume is set to 0 to prevent analysis with negative volume.

The Future Volume is equal to the Combined Volume with any select Future Scenarios applied using the
equation below. See page 14-7 for details on entering future scenarios.

F¥r=¥v{l1+r*
where:

FV = Future Volume

V = Combined Volume
r = Growth Rate

t = number of years
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Conflicting Pedestrians Peak Hour Factor

The traffic volumes are divided by the Peak Hour Factor (PHF) to determine the traffic flow rate during the
busiest 15-minute period during the hour.

For additional details, see the topic on Peak Hour Factor in the VOLUME settings, page 9-3.
Adjusted Flow Rate (veh/h)
The traffic volume adjusted for peak hour factor and growth factor.

Growth Factor

The Growth Factor can be used to adjust all volumes by a set amount. This is commonly used to convert current
traffic counts into future projections. See the topic on Growth Factor (page 9-4) for more information.

Heavy Vehicles (%)

A heavy vehicle is defined as any vehicle with more than four tires touching the pavement. Local buses that stop
within the intersection area are not included in the count of heavy vehicles. For additional details, see the
VOLUME SETTINGS, page 3-7.

Number of Lanes

This is the number of lanes (in numerical form) along each approach of the intersection.

Approach Data

The approach leg is reiterated by Synchro for use in determining the opposing and conflicting lanes required
by the HCM 6t Edition.

Opposing Approach

The Opposing Approach is defined by the HCM 6t Edition as the “opposite” approach leg from the subject
approach being analyzed. See the HCM 6t Edition for additional details.

Opposing Lanes
This value is number of lanes along the Opposing Approach.
Conflicting Approach Left

The Conflicting Approach Left is defined by the HCM 6t Edition as the approach on the left that “conflicts”
with the subject approach being analyzed. See the HCM 6t Edition for additional details.

Conflicting Lanes Left

This value is number of lanes along the Conflicting Approach Left.

Conflicting Approach Right

The Conflicting Approach Right is defined by the HCM 6t Edition as the approach on the right that “conflicts”
with the subject approach being analyzed.
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Conflicting Lanes Right
This value is number of lanes along the Conflicting Approach Right.

HCM Approach Control Delay (s)

This is the average control delay per vehicle on each approach to the intersection. For additional details, see
the HCM 6t Edition.

AWSC - HCM 6" Edition Lane Screen

Volume Left (%), Volume Through (%), Volume Right (%)

These values represent the movement volume as a percentage of the total volume on the subject approach.
Sign Control

For an All-Way Stop Control intersection, the word Stop should be displayed in all columns.

Traffic Volume by Lane (vph)

These values represent the total volume of vehicles assigned to the subject lane.

Left Turning Volume (vph)

These values represent the number of left-turning vehicles in the subject lane.

Through Volume (vph)

These values represent the number of through vehicles in the subject lane.

Right Turning Volume (vph)

These values represent the number of right-turning vehicles in the subject lane.

Lane Flow Rate (vph)

The total volume within each lane is adjusted by the peak hour factor.

Geometry Group

Based on the intersection configuration and the number of lanes, each approach is assigned a value based on
Exhibit 21-11 of the HCM 6t Edition. This value is then used to determine the base saturation headways and

headway adjustment factors. Figure 15-13 depicts the conversion of the geometry group listed within the HCM
6t Edition.
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Intersection Approach Configuration Geometry Group

HCM Synchro

Four Legor T 1 1
Four Legor T 2 2
Four Leg or T 3a/4a 3
T 3b 4
Four Leg 4b 5
Four Leg or T 5 6
Four Legor T 6 7

Figure 15-13 Geometry Group Conversion

Degree of Utilization, X

This value represents the probability of finding at least one vehicle on the subject approach. See the HCM 6th
Edition for additional details.

Departure Headway, Hd
This value represents the average time between departures of successive vehicles on a given approach.
Convergence (Y/N)

A value of Yes indicates that the calculated value of departure headway is within 0.1 second of the initial
assumed value of departure headway.

Capacity (vph)

The maximum flow rate calculated for each lane based on a degree of utilization = 1.0. See the HCM 6t Edition
for additional details.

Service Time (s)

These values represent the average time spent by a vehicle in the first position (at the stop bar) waiting to
depart. See the HCM 6t Edition for additional details.

HCM Lane V/C Ratio

This is the volume/capacity ratio for the lane group.

HCM Control Delay (s)

This is the average control delay per vehicle for the subject lane. For additional details, see the HCM 6t Edition.

HCM Lane LOS

The LOS for each lane is determined using the HCM LOS table and the computed values of control delay.

HCM 95th Percentile Queue (veh)

The 95th Percentile Queue is based on Equation 21-33 of the HCM 6t Edition.
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TWSC Intersection - Automobile Mode

After selecting the HCM 6t Edition settings button, the Automobile Mode tab will be selected by default.

Auto Mods | Pedestrian Mode |

MOVEMENT SETTINGS Ay
EEL EET EER
Figure 15-14 HCM 6t Edition TWSC Auto Mode Tab
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Figure 15-15 HCM 6t Edition TWSC Auto Mode Screen
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TWSC Intersection - HCM 6t" Edition Intersection Pane
Node #

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.

Control Type

Unsig will be displayed for an unsignalized intersection.

HCM Control Type

This should read TWSC, thus indicating Two-Way Stop Control methodologies are being applied.

HCM Intersection Delay (s)

This is the overall intersection control delay per vehicle. It should be noted that the major street through traffic
is not accounted for in this calculation becuase its delay is assumed to be negligible. For additional details, see
the HCM 6t Edition.

HCM Intersection LOS

The LOS for the intersection is not calculated because traffic along the major street is considered free-flowing
and thus experiences negligible delay. For additional details, see the HCM 6t Edition.

Analysis Period (hr)
This is the length of analysis period in hours. Typically, set at 15 minutes or 0.25 hours.
Ped Walking Speed (ft/s)

This is the walking speed of pedestrians used in the two-way stop calculations.

Include upstream Signal?

Select No if you do not wish to have the calculations adjusted due to the presence of an upstream signal. Select
Yes if you wish to have the calculations adjusted due to the presence of an upstream signal. The calculations
are adjusted based on the platooning of traffic from the signalized intersection.

The effect of upstream signals may be included for coordinated intersections located within 0.60 mile from the
subject TWSC intersection.

If the next upstream intersection is another TWSC, Synchro will search further upstream for a signalized
intersection. However, a bend node will cause Synchro to stop searching for a signalized intersection in that
direction. If there are signalized intersections both upstream and downstream of the subject TWSC intersection,

but you’d only like to include one of them in the analysis, add a bend node between the subject intersection and
the signalized intersection that you would NOT like to consider.

TWSC - Movement Settings Pane
Lanes and Sharing (#RL)

This is a pictorial representation of the lane geometry along each approach.
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Traffic Volume and Future Volume

For additional details, see the topic on TIA Volumes

The Development Volume, Combined Volume, and Future Volume are automatically calculated based on
the values entered within the TIA module. These values cannot be overridden; edit the Trip Generation, Trip
Distribution, and/or Trip Assignment entries to modify the TIA Volumes. See Chapter 14 for details on the TIA

module.

The Development Volume is equal to the sum of all primary and pass-by trips generated by development(s)
selected in TIA.

The Combined Volume is the sum of existing Traffic Volume and Development Volume.

If included, pass-by trips are subtracted from the through movement adjacent to a driveway (see page

14-4 for more information about selecting driveways). The same volume is then added to the turning

movements entering and exiting the driveway node, so that these vehicles will continue on their original

|:&] path after exiting the development. In many cases, the calculated Development Volume will be negative
o for the through movement at a node adjacent to a driveway to account for the pass-by trips.

With a negative Development Volume, it is possible for the calculated Combined Volume to be less
than zero. The Combined Volume is set to 0 to prevent analysis with negative volume.

The Future Volume is equal to the Combined Volume with any select Future Scenarios applied using the
equation below. See page 14-7 for details on entering future scenarios.

F¥r=1{1+"f
where:

FV = Future Volume

V = Combined Volume
r = Growth Rate

t = number of years

Conflicting PedestriansConflicting Pedestrians (#/hr)

Conflicting Pedestrians represents the number of pedestrians conflicting with either left or right turning
vehicles.

Sign Control

In the Two-Way Stop Control module, the word Stop should be coded for the minor street. Free should be coded
for the major street.

Storage Length (ft)
This is the length of a turning bay. See Storage Length (page 3-6) for additional information.

Vehicles in Median Storage (#)

If a median exists and left-turning vehicles from the minor street use the median to perform the left turn in two
stages, enter the maximum number of left-turning vehicles (1) or (2) that can be stored within the median.
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Grade (%)

The percentage Grade is the slope of the roadway approaching the intersection (negative grades are downhill).
See Grade, page 3-6 for additional details.

Peak Hour Factor

The traffic volumes are divided by the Peak Hour Factor (PHF) to determine the traffic flow rate during the
busiest 15-minute period during the hour. For additional details, see the HCM 6t Edition and VOLUME
SETTINGS, page 3-6.

Growth Factor

The Growth Factor can be used to analyze future volumes based on a value entered. See Growth Factor (page
3-7) for additional details

Adjusted Flow
The traffic volume adjusted for peak hour factor and growth factor.

Heavy Vehicles (%)
Aheavy vehicle is defined as any vehicle with more than four tires touching the pavement. Local buses that stop

within the intersection area are not included in the count of heavy vehicles. For additional details, see VOLUME
SETTINGS, page 3-7.

Movement Flow Rate

The traffic volume adjusted for peak hour factor and growth factor.

Right Turn Channelized

Select the appropriate Right Turn Channelized geometry, if one exists. If this data was entered within the Lane
Settings window, the appropriate values will be displayed.

Curb Radius (ft)
If a Right Turn Channelized island exists, enter the appropriate curb radius.
Approach Data

The approach leg is reiterated by Synchro for use in determining the opposing and conflicting lanes required
by the HCM 6t Edition.

Major/Minor

Each approach is assigned a label based on its sign control.

Conflicting Flow Rate - All

The total conflicting flow rate for completing the assigned movement in either one or two maneuvers. See the
HCM 6t Edition for additional details.
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Critical Headway

This value is the critical headway for completing the designated movement using only one maneuver. See the
HCM 6t Edition for additional details.

Critical Headway Stage 1

This value is the critical headway for Stage 1 of a two-stage maneuver. See the HCM 6t Edition for additional
details.

Critical Headway Stage 2

This value is the critical headway for Stage 2 of a two-stage maneuver. See the HCM 6t Edition for additional
details.

Follow-up Headway

This value is the time between the departure of one vehicle from the minor street and the departure of the next
vehicle using the same major-street headway, under a condition of continuous queuing on the minor street.
Based on the number of lanes, a Base Follow-Up Headway from Exhibit 20-12 of the HCM 6t Edition is then
assigned to the applicable movements.

The HCM 6t Edition assumes that both major-street approaches have the same number of lanes. Synchro allows
the user to analyze approaches with multiple lane configurations by converting the total number of lanes on
the roadway to the number of lanes per approach. Table 16-4 depicts the conversion of the total number of
lanes along the major roadway compared to the number of through lanes along the major roadway. See the
HCM 6t Edition for additional details.

Table 15-1  Total Number of Lanes vs. Number of Through Lanes along Major Roadway

HCM 6t Edition

Number of Through Lanes on Approach

Total Number of Lanes

Potential Capacity — 1 Maneuver

The Potential Capacity is calculated based on the HCM 6th Edition Equation 20-32. See the HCM 6t Edition for
additional details.

Time Blocked by platoon (%)

The Time Blocked by platoon (%) is calculated if there is an upstream or downstream signalized intersection
within 0.60 miles of the study TWSC intersection and Include Upstream Signal? is set to Yes. This value is
determined based the reference phase and offset of the signalized intersection(s). See the HCM 6t Edition for
additional details.

Movement Capacity — 1 Maneuver
This value is the capacity of a crossing vehicle completing the designated movement using only one maneuver.

This value is calculated even for movements that allow a two-stage maneuver. Adjustment factors are applied
to account for the impeding effects of higher-ranked movements. See the HCM 6t Edition for additional details.
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Movement Capacity — 2 Maneuvers
This value is the capacity of a crossing vehicle completing the designated movement using two maneuvers. If
Vehicles in Median Storage is set to 0, not permitting a two-stage maneuver for the subject movement the

Movement Capacity - 1 Maneuver is displayed again. Adjustment factors are applied to account for the
impeding effects of higher-ranked movements. See the HCM 6t Edition for additional details.

HCM Approach Control Delay (s)

This is the average control delay per vehicle for the approach. For additional details, see the HCM 6t Edition.

HCM Approach LOS

The LOS for the approach is determined using the HCM LOS table and the computed values of control delay.
TWSC - Lane Settings Pane

Capacity (vph)

The maximum flow rate calculated for each lane. See the HCM 6t Edition for additional details.

HCM Lane V/C Ratio

This is the volume/capacity ratio for the subject lane.

HCM Control Delay (s)

This is the control delay per vehicle for each of the minor street lanes and major street left-turns at the
intersection. For additional details, see the HCM 6t Edition.

HCM Lane LOS

The LOS for each lane is determined using the HCM LOS table and the computed values of control delay.

HCM 95th Percentile Queue (veh)

The 95t Percentile Queue is based on Equation 20-68 of the HCM 6t Edition.

TWSC Intersection - Pedestrian Mode

After selecting the HCM 6t Edition Settings button, choose the Pedestrian Mode tab to use the HCM 6t Edition
Pedestrian Mode.

Auto Mode Pedestrian Mode

HCM 6th CROSSWALK
EB WE

Figure 15-16 HCM 6t Edition TWSC Pedestrian Mode Tab
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B Synchro 9 - C:\Program Files (x86)\Trafficware\Versiond\Sample Files\HCM_TWSC_Example.syn = =] =]
File Edit Transfer Options Optimize Help
B o = |
w o 5 = = % ¥ 3
Zoom § A & @ U QF _ : Map B¢ e . Node o A o B L 105 iU Tmphts < «f 4t of ofF -
S L J Auto Mode | Pedestrian Mode
HCHM 2010 PEDESTRIANS HCM 2010 CROSSWALK
EB WE

Mode # 3 Median Present - Yes ‘fes

Zone:

* East [ft): 3418 Crosswalk Length 41 29 11 29

' Marth [ft): 11420 Through Lanes Crossed 2 2| 2 2|

Z Elevation [ft]: 0 Vehicular Volume Crossed 230 275 278 230

Description Pedestrian Volume i} i} i} 0

Cantrol Type Unsig Yield Rate (%) 0 0 0 0
Pedestrian Platooning No No No No

HCM Control Type TwisC

Ped'walking Speed [ft/s] 3.5 Critical Headway 14.71 11.29) 1471 11,29

Ped Clearance Time [3] 3 Prob Blocked Lane 0,33 0,35 0.43 0.30
Delay For Adg Gap 15.93 11,50 18.55 10.22]
Prob Delayed Crossing 0.61 0.58 0.68 0.51
Average Ped Delay 971 6.66 12,54 5.25
Approach Delay 16.37 17.79
Approach Level of Service C C

Figure 15-17 HCM 6t Edition TWSC Pedestrian Mode Full Screen
HCM 6t Edition Intersection Pedestrian Inputs
Pedestrian Walking Speed

Enter the average pedestrian walking speed at the study intersection.

Pedestrian Clearance Time

This value represents the pedestrian start-up time and end clearance time.

Crosswalk Settings

Median Present?:

Yes or No will automatically be selected based on the Median Width coded in the Simulation Setttings screen.
No indicates that pedestrians cross the entire length of the roadway at once. Yes indicates that pedestrians

cross a portion of the roadway, wait in the median, and then cross the remaining portion of the roadway. If Yes
is displayed, two colums will be displayed for the crosswalk, as seen in Figure 15-17.
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Crosswalk Information

Crosswalk Length

The length of crosswalk is measured from outside edge to outside edge of road pavement (or curb to curb, if
present) along the marked pedestrian travel path. This value is calculated automatically, but can be overridden
as needed.

Through Lanes Crossed

The total number of through lanes crossed by the pedestrian will be displayed.

Vehicular Volume Crossed

The total number of through vehicles that the pedestrian is in conflict with will be displayed.

Pedestrian Volume

Enter the number of pedestrians crossing the roadway within each crosswalk.

Yield Rate

This value represents the average rate that motorist will yield to pedestrians waiting to cross the roadway.
Table 15-2 includes the average yield rates based on research data collected at intersections with different
crossing treatments. The use of local data is recommended if available. For additional information see Chapter
20 of the HCM 6t Edition.

Table 15-2 Average Effect of Pedestrian Crossing Treatments on Motorist Yield Rates

Staged Pedestrians* Unstaged Pedestrians**
Number of Mean Yield Number of Mean Yield

Crossing Treatment Sites Rate (%) Sites Rate (%)
Overhead flashmg beacon (push 47 49
button activated)
nghgad flashing beacon (passive 3 31 3 67
activation)
Pedestrian crossing flags 6 65 4 74
In-street crossing signs (20-30 3 g7 3 90
mph)
High-visibility signs and markings 5 17 ) 20
(35 mph)
High-visibility signs and markings 1 61 1 91
(25 mph)
Rectangular rapid-flash beacon N/A N/A 17 81

*Staged data was collected with pedestrians trained by the research team to maintain consistent positioning,
stance, and aggressiveness in crossing attempts.
**Unstaged data was collected through video recordings of the general population.
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Pedestrian Platooning

Users should select Yes or No from the drop-down menu to indicate whether Pedestrian Platooning exists at
the intersection. Pedestrian platooning is defined as groups of pedestrians crossing the roadway as a group.

Refer to the HCM 6th Edition for additional details.
Critical Headway

The Critical Headway is defined as the time in seconds below which a pedestrian will not attempt to begin
crossing the roadway. The calculated value is dependent on whether pedestrian platooning exists at the
intersection.

Refer to the HCM 6t Edition for additional details.

Probability of a Blocked Lane

The probability that a lane is blocked by a vehicle is calculated based on the Critical Headway, Vehicular Volume
Crossed, and number of through lanes crossed.

Refer to the HCM 6th Edition for additional details.
Delay for Adequate Gap

The average delay that a pedestrian or group of pedestrians will experience waiting for an adequate gap is
calculated based on the assumption that no motor vehicles yield to the pedestrian.

Refer to the HCM 6t Edition for additional details.
Probability of a Delayed Crossing

The probability that a pedestrian or group of pedestrians will be delayed is calculated based on the probability
of a blocked lane and the number of through lanes crossed.

Refer to the HCM 6t Edition for additional details.
Probability of a Delayed Crossing

The probability that motorists yield to pedestrians waiting to cross the roadway is calculated based on the
Yield Rate (%) and number of lanes crossed.

Refer to the HCM 6t Edition for additional details.
Average Pedestrian Delay

This is the calculated average pedestrian delay based on the HCM 6t Edition methods for each individual
crosswalk. Refer to the HCM 6t Edition for details.

Approach Delay(s) & Level of Service

The total delay and level of service for the entire crosswalk is displayed. If a median is present along an
approach, the approach delay is equal to the sum of both crosswalk segments.
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Table 15-3 Two-Way Stop Control Pedestrian Level of Service (HCM 6t Edition)

LOS Control Delay Comments

(s/ped)
A 0-5 Usually no conflicting traffic
B 5-10 Occasionally some delay due to conflicting traffic
C 10 - 20 Delay noticeable to pedestrians, but not inconveniencing
D 20-30 Delay noticeable and irritating, increased likelihood of risk taking
E 30 -45 Delay approaches tolerance level, risk-taking behavior likely
F >45 Delay exceeds tolerance level, high likelihood of pedestrian risk taking

Result/Report Notations
TWSC and AWSC

The following notations are used in the HCM 6t Edition window and reports:
$ Delay more than 300 seconds.
*  All conflicting volume is present in crossing platoon. No conflicting volume in random arrival phase.
!  Computation is not supported by HCM 6th Edition Methodology.

- Notapplicable.
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HCM 6" Edition Roundabouts

To analyze a roundabout, first select the TIMING settings button and set the Control Type to Roundabout. The
screen will become the SIGNING Settings. Some settings are entered in this window. The results displayed are
the older, HCM2000 Roundabout methodology. To see the HCM 6t Edition Roundabout methodology, choose
the HCM 6t Edition settings button.

B Synchro9 - C:\Program Files (x86)\Trafficware\Version9Sample Files\Dual Lane Roundabout.syn |EHE||E|
File Edit Transfer Options Optimize Help
i | (g A~ HCM Seg™ [+ ik
1Z8S SRS =9 G
=EOEIESEIN
HCM 2010 ROUNDABOUT HCM 2010 ROUNDABOUT
EE wiB ME 5B

Node 3 Entry Lanes [ 2 2 1 2

Zone: Conflicting Circle Lanes 1 1 2 2

¢ East [f): 1000 Exit Lanes 2 2 1 1

7 Morth [ft): 1000 Adjusted Approach Flow [vph] 768 773 242 Far

< Elevation [ft]: 1) Demand Flow Rate [pe/h) 208 a8 247 a1

Description Wehicles Circulating [pe/h) B4 372 976 r2

tdax w/c Ratio: 0.81 Wehicles Exiting [podh) 759 851 534 na

Interzection Delap () 19.7 Follow-Up Headway (2] 3186 3786 3186 3186

Interzection LOS: C Ped Vol. Crossing Leg [frhr] 1] 1] o 1]

ICL: 0.86 Ped Capacity Adjustment 1.000 1.000 1.000 1.000

ICU Las E Approach Delay [zec/veh] 3.5 129 134 16.7

Ingide R adiusz [ft): 28 Approach LOS u} B B C

Outzide R adioz [ft): 52 Lane Left Right — Left Right — Left — — Left Right —

Roundabout Lanes [#]: 2 Critical Headway [z] 5193 5193 — 5193 51493 — 4113 — — 4293 4113 —

Circle Speed [mph): 18 Designated moves LT TR — LT TR — LTR — — LT R —

Inside Color: : Azsumed Moves LT TR = L TR = LTR = = LT R =

Transparent Circle [ Right Turn Channelized — — — — — — — — — — — —
Lane Utiization 0470 0530 —| 0540 0460 —| 1000 - —| 0423 0571 —
Enitry Flow Rate [peh) 373 477 — 442 376 - 47 - - 322 429 —
Capacity, Entry Lane [pc/h) 526 526 = 779 779 = a71 — — B33 [s1ak] —
Entry HY Adjustment Factar 0352 0953 —| 0352 0352 —| 047 - —| 083 053 —
Flow Rate, Entry [vph] 361 407 — 41 358 - 242 - - 6 42 —
Capacity, Entry [vph] 501 502 — 742 ™ - 558 - - B E4E —
“olume to Capacity B atio 07 0an —| 0BEF 0483 —| 0433 - —| 0508 0E52 —
Control Delay [zec/veh] 271 353 — 139 M7 — 134 — — 142 186 —
Level of Service o] E = E B = E = = B C =
S5th-Percentile Queue [veh] E 8 — 4 3 — 2 — — 3 g —

[1000 1000)

Figure 15-18 HCM 6t Edition Roundabout Mode Full Screen

Entry Lanes

This is the number of lanes entering the given approach. These values are based on the data input within the
Lane Settings window.

Conflicting Circle Lanes

This is the number of internal circular lanes conflicting with the subject approach. The number of circulating
lanes may vary throughout the roundabout. The user can adjust these values if required.

The HCM 6t Edition limits the circulatory lanes to two.

Exit Lanes

This is the number of lanes exiting on the given approach.

15-36 Chapter 15 - HCM 6t Edition Settings



Synchro Studio 10 User Guide

Adjusted Approach Flow (vph)

This is the total adjusted flow on the approach, in vehicle per hour.

Demand Flow Rate (pc/h)

This is the equivalent adjusted flow converted to passenger car equivalent. See the HCM 6t Edition for
additional details.

Vehicles Circulating (pc/h)
The circulating flow opposing a given entry is defined as the flow conflicting with the entry flow (i.e., the flow

passing in front of the splitter island next to the subject entry). All flows are in passenger car equivalents. See
the HCM 6t Edition for additional details.

Vehicles Exiting (pc/h)
The exiting flow rate for a given leg is used primarily in the calculation of conflicting flow for right-turn bypass
lanes. If a bypass lane is present on the immediate upstream entry, the right-turning flow using the bypass lane

is deducted from the exiting flow. All flows are in passenger car equivalents. See the HCM 6t Edition for
additional details.

Ped Vol. Crossing Leg (#/h)

The number of pedestrians crossing the leg. This value is used to determine the pedestrian impedance factor.
Ped Capacity Adjustment

Pedestrian impedence factor, calculated based on Chapter 22, Step 6 of the HCM 6t Edition.

Pedestrian traffic can reduce the vehicular capacity of a roundabout entry if sufficient pedestrians are present
and they assert the right-of-way typically granted pedestrians in most jurisdictions. Under high vehicular
conflicting flows, pedestrians typically pass between queued vehicles on entry and thus have negligible
additional impact to vehicular entry capacity. However, under low vehicular conflicting flows, pedestrians can

function effectively as additional conflicting vehicles and thus reduce the vehicular capacity of the entry. The
effect of pedestrians is more pronounced with increased pedestrian volume.

Approach Delay (s/veh)

This is the average control delay for the subject approach in vehicles per second.
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Approach LOS

This is the average approach LOS, based on Table 15-4.
Table 15-4 Roundabout Level of Service (HCM 6t Edition)

Control Delay LOS by Volume to Capacity Ratio

(s/veh) <1.0 >1.0
<10 A F
>10 - 15 B F
>15 - 25 C F
>25 - 35 D F
>35 - 50 E F
>50 F F

Lane
For multi-lane (two lane roundabouts), this will display the left and right lanes.
Follow-Up Headway (s)

Field measures of follow-up headway can be used to calibrate the capacity model. Refer to the HCM 6th Edition
for additional details.

When the conflicting flow rate approaches zero, the maximum entry flow is given by 3,600 s/h divided by the
follow-up headway, which is analogous to the saturation flow rate for a movement receiving a green indication
at a signalized intersection.

Critical Headway (s)

Field measures of follow-up and critical headway can be used to calibrate the capacity model. Refer to the HCM
6t Edition for additional details.

Designated and Assumed Moves

The Designated Moves are based on the input Lanes and Sharing, in the Lane Settings window. For cases in
which a movement may use more than one lane, a check should first be made to determine what the assumed
lane configuration may be. For approaches in which a movement may use more than one lane, the assumed m
moves may differ from the designated lane assignment based on the specific turning movement patterns being
analyzed. See the HCM 6t Edition for additional details.

Right Turn Channelized

In Synchro, this is the Right Turn Channelized setting represents right-turn bypass lanes. Valid entries for a
roundabout are None, Free, or Yield. If Stop is selected in the Lane Settings window, it will be treated as yielding
bypass lane.
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Lane Utilization
Table 15-5 Roundabout Lane Utilization (HCM 6t Edition)

Lane Configuration % Traffic in Left Lane* % Traffic in Right Lane*
[left—through] + [through-right] 0.47 0.53
[left—through—right] + right 0.47 0.53
left + [left—through—right] 0.53 0.47

*These values are generally consistent with observed values for through movements at signalized intersections.
These values should be applied with care, particularly under conditions estimated to be near capacity.

Entry Flow Rate (pc/h)
This is the per lane entry flow rate in passenger cars per hour.
Capacity, Entry Lane (pc/h)

This is the per lane entry capacity in passenger cars per hour, as computed using the HCM 6t Edition
methodology.

Entry HV Adjustment Factor

The flow rate for each movement may be adjusted to account for vehicle stream characteristics using factors
shown below and Equation 22-15 of the HCM 6t Edition.

Table 15-6 Entry HV Adjustment Factor (HCM 6t Edition)

Vehicle Type Passenger Car Equivalent, Er

Passenger Car 1.0
Heavy Vehicle 2.0

Flow Rate, Entry (vph)

This is the entry flow rate, converted back to vehicles per hour.
Capacity, Entry (vph)

This is the lane capacity, converted back to vehicles per hour.

Volume to Capacity Ratio

For a given lane, the volume-to-capacity ratio x is calculated by dividing the lane’s calculated capacity into its
demand flow rate.
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Control Delay (s/veh)

The average control delay for the subject lane is based on the following formula:

3600
d—3600+900T 1+J 12+( ¢ )x
=T x (x=1) 450T

+ 5 x min[x, 1]

x = volume-to-capacity ratio of the subject lane

¢ = capacity of the subject lane (veh/h)

T = time period (h) = 0.25
Level of Service
The LOS for each lane on each approach is determined using Table 15-4 and the computed control delay.
95t Percentile Queue (veh)

The 95t Percentile Queue is based on the following equation from the HCM 6t Edition:

3600
L [
150T 3600

Qqs = 900T [x — 1 + (1—x)2+(

15-40 Chapter 15 - HCM 6t Edition Settings



Synchro Studio 10 User Guide

Chapter 16 - HCM 2010 Settings

This chapter highlights the various HCM 2010 methods that are included within Synchro. The HCM is authored
by the Transportation Research Board, which is a division of the National Academy of Sciences, a nonprofit
organization based in Washington DC. The HCM 2010 was released in January of 2011.

The HCM 2010 is divided into four volumes. Volume 1 includes concepts, volume 2 focuses on uninterrupted
flow, volume 3 on interrupted flow and volume 4 is an electronic only applications guide. In addition, the 2010
HCM includes computational engines that contain computer code based on the analysis procedures within the
manual. The computational engines are maintained by the TRB Committee on Highway Capacity and Quality of
Service (AHB40). Each year, TRB releases updates to the computational engineers. The code from the signalized
intersection chapters are incorporated within Synchro and updated as new computational engines are released.

Currently Synchro includes the analysis methods from the following chapters:
v Chapter 17 and Chapter 30 include signalized intersections within a coordinated network.
v’ Chapters 18 and Chapter 31 include isolated signalized intersections.
v Chapter 19 and Chapter 32 include two-way stop controlled intersections (TWSC).
v' Chapter 20 and Chapter 32 include all-way stop controlled intersections (AWSC).
v Chapter 21 and Chapter 33 include roundabouts.
Users can download a White Paper focused on the HCM 2010 and Synchro at

http://www.trafficware.com/resources Reference Documents tab. This document is updated based on each
new Synchro release.

HCM 2010 Settings

HCM
From the MAP view, click on the desired intersection and select the HCM 2010 Settings |2019| button within
the Command toolbar.

If the intersection is compatible with the HCM 2010 methodology, the appropriate HCM 2010 form will be
displayed. The form includes all of the necessary inputs and outputs required to mimic the various HCM 2010
methodologies. A few of the methods also include procedures for analyzing Pedestrian and Bicycle Modes.
Additional tabs within the HCM 2010 forms are also available for the methods included within Synchro. If the
intersection select is not HCM 2010 compliant, a warning or error message will be displayed.

Signalized Intersection - Automobile Mode

After selecting the HCM 2010 settings button, choose the Auto Mode tab to enter the HCM 2010 Automobile
Mode Method.

Auto Mode Fedestrian mode | Bicpcle Mode

o—
HCM 2010 SETTINGS ) —* -‘\' ( k

EEL EET EER WEBL  WEBT  WER

Figure 16-1 HCM 2010 Auto Mode Tab
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Figure 16-2 HCM 2010 Auto Mode Full Screen

HCM 2010 Intersection Pane

These settings apply to the selected intersection. TRB refers to these parameters, beginning with Sneakers Per
Cycle and moving towards the bottom of the pane, as calibration parameters that can be used adjusted to match

field conditions.

Node #

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.

Description

The Description cell is a convenient location to type notes about the intersection. The information will appear
at the bottom of the Intersection Reports (see the chapter on Reports and Printing on page 21-1).
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Control Type

This field indicates what type of controller is being used. Changing the Control Type will also cause the
Controller Type to change within the Timing Settings window.

Cycle Length

The Cycle Length is the total time required to service all competing traffic movements at a signalized or
unsignalized intersection. Changing the Cycle Length will also cause the Cycle Length to change within the
Timing Settings window.

Lock Timings

The Lock Timings field is used to prevent the timing from changing. To preserve the timing for one or more
intersections, click the check box in this field for each of the intersections. Adjustments to this parameter will
also be applied within the Timing Settings window.

HCM Equilibrium Cycle (s)
This is the calculated Cycle (s) Length based on the methods described within the HCM 2010.

HCM Control Delay (s)

This is the calculated control delay (s) based on the methods described within the HCM 2010.
HCM Intersection LOS

This is the Level of Service at the selected intersection based on the HCM 2010 thresholds.

Analysis Time Period (h)

This is the duration of time for one single application of the HCM 2010 methodology. Traffic conditions are
considered steady during this time.

Saturation Flow Rate (pc/h/In)

The entered value for this parameter will be used for all lanes of the selected intersection. Users should place a
checkmark within the Use Saturation Flow Rate box to use the entered Saturation Flow Rate for the entire
intersection.

Use Saturation Flow Rate

Click to add a checkmark. This will direct Synchro to use the Saturation Flow Rate entered in the cell located
directly above this parameter. Note that the individual Ideal Satd. Flow Rates cells within the HCM 2010
Settings pane (located to the right) will be replaced with a dash.

Sneakers Per Cycle (veh)

Sneakers Per Cycle (veh) represent the number of vehicles that are served during the clearance intervals
(Y+AR).

Number of Calc. Iterations

The HCM 2010 methodology analyzes actuated signals based on a series of iterative calculations. The “solution”
is based on the difference between two successive iterations. Max value is 100.
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Stored Passenger Car Length (ft)

The average length of a vehicle measured from front bumper of first vehicle to front bumper of second vehicle.

Stored Heavy Vehicle Length (ft)

The average length of a heavy vehicle measured from front bumper of the heavy vehicle to front bumper of
second vehicle.

Probability Peds. Pushing Button

This value represents the Probability of a Pedestrian Pushing the Button during the Don’t Walk interval.
Deceleration Rate (ft/s/s)

Average Deceleration Rate based on a red signal indication.

Acceleration Rate (ft/s/s)

Average Acceleration Rate based on a green signal indication.

Distance Between Stored Cars (ft)

Average distance to the nearest point of detection for two queued vehicles.

Queue Length Percentile

The length of queue that will not be exceeded should be entered in the Queue Length Percentile cell. The
default is 50.

Left-Turn Equivalency Factor

Equivalent number of through vehicles for each left turn vehicle, given an exclusive lane and no conflicting
movement.

Right-Turn Equivalency Factor

Equivalent number of through vehicles for each right turn vehicle, given an exclusive lane and no conflicting
movement.

Heavy Vehicle Equivalency Factor

Equivalent number of passenger vehicles for each heavy vehicle, given an exclusive lane and no conflicting
movement.

Critical Gap for Perm. Left Turn (s)

Critical gap for permitted left turn at signalized intersection.

Follow-Up Time for Perm. L Turn (s)

Follow-up time for permitted left turn from an exclusive lane at signalized intersection.

Stop Threshold Speed (mph)

The speed (when a vehicle first drops below) at which a vehicle will stop.
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Critical Merge Gap (s)

The Critical Gap required for a through driver desiring to merge into an adjacent lane.

HCM 2010 Settings Pane

Lagging Phase?

The first two phases within a ring-barrier sequence are considered phase partners. The 3rd and 4t phases
within a ring-barrier sequence, if used, are also phase partners. Phase Lagging is used to swap the order of

phase partners. Normally phase partners are 1 and 2, 3 and 4, 5 and 6, 7 and 8.

For additional details, see the topic on Lagging Phase in the TIMING settings, page 10-7.

Turn Type

The Turn Type sets the level of turn protection and assigns default phase and detector numbers to the
dedicated turn lane. These defaults can be changed at any time.

Before setting the turn types, set the phase numbers for the through movements using a phase template.

For additional details, see the topic on Turn Type in the TIMING settings, page 10-3.

Protected Phases

For additional details, see the topic on Protected and Permitted Phases in the TIMING settings, page 10-4.

Permitted Phases

For additional details, see the topic on Protected and Permitted Phases in the TIMING settings, page 10-4.
Passage Time (s)

Passage Time is the maximum amount of time one vehicle actuation can extend the green interval while green
is displayed. It is input for each actuated signal phase. It is also referred to as vehicle interval, extension interval,

extension, or unit extension.

For additional details, see the topic on Vehicle Extension in the PHASING settings, page 11-8.

Minimum Green (s)

The Minimum Green setting represents the least amount of time a green signal indication is displayed when a
signal phase is activated.

For additional details, see the topic on Minimum Initial in the PHASING settings, page 11-6.
Maximum Spilit (s)

The Maximum Split is the current split time, given in seconds. It is the longest amount of split time for actuated
movements.

For additional details, see the topic on Maximum Split in the PHASING settings, page 11-7.
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Yellow Time (s)

Yellow Time is the amount of time for the yellow interval. Normally, this value should be set to between 3 and
5 seconds, depending on the approach speed, the cross-street width, and local standards. The minimum value
allowed by Synchro is 2 seconds and the maximum is 10 seconds.

For additional details, see the topic on Yellow Time in the PHASING settings, page 11-7.

All-Red Time (s)

All-Red Time is the amount of time for the all red interval that follows the yellow interval. The all red time
should be of sufficient duration to permit the intersection to clear before cross traffic is released.

For additional details, see the topic on All-Red Time in the PHASING settings, page 11-7.

Maximum Green (s)

The Maximum Green is a calculated value. This is equal to the Maximum Split minus the Yellow Time and All-
Red Time. To change this value, change the Maximum Green setting.

Walk Time (s)

This is the amount of time for a pedestrian walk phase.

For additional details, see the topic on Walk Time in the PHASING settings, page 11-9.

Flash Don’t Walk (s)

This is the amount of time for a pedestrian Flash Don’t Walk phase.

For additional details, see the topic on Flashing Don’t Walk Time in the PHASING settings, page 11-9.
Walk + Ped Clearance (s)

The Walk + Ped Clearance is a calculated value and is the sum of the Walk Time and the Flash Don’t Walk
time.

Recall Mode

Each phase can have a recall of None, Minimum, Maximum, or Ped. The 2010 HCM Settings do no currently have
an option for coordinated recall.

For additional details, see the topic on Recall Mode in the PHASING settings, page 11-8.

Dual Entry?
Dual entry mode is used in dual-ring operation to specify whether a phase is to be activated (green) even though
it has not received a call for service. Two entry modes are possible: dual entry and single entry. This mode is

input for each actuated signal phase.

For additional details, see the topic on Dual Entry in the PHASING settings, page 11-10.
Adjusted Flow Rate (veh/h)

The flow rate adjusted for peak hour factor and growth rate.
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Adjusted No. of Lanes

Number of lanes for HCM 2010 computations.

Right Turn on Red Volume
The HCM 2010 includes a RTOR reduction input. Synchro computes the saturation flow increase for RTOR and
therefore can calculate a RTOR volume reduction. The RTOR reduction is calculated as follows:
VRTOR = minimum (sRTOR,v) * r/C = RTOR reduction to volume
SRTOR = RTOR saturation flow as calculated by Synchro
r = effective red time
v = adjusted lane group volume (before RTOR reduction)

C = cycle length

The vRTOR value cannot be over-ridden. However, the sRTOR can be changed in the LANE settings.
The sRTOR can be calculated with observed vRTOR using the formula sRTOR = vRTOR * C/r.

o

For additional details, see the topic on Right Turn on Red (RTOR) in the LANES settings, page 8-10.

Percent Heavy Vehicles (%)

Aheavy vehicle is defined as any vehicle with more than four tires touching the pavement. Local buses that stop
within the intersection area are not included in the count of heavy vehicles.

For additional details, see the HCM 2010 and the topic on Heavy Vehicles in the VOLUME settings, page 9-4.
Lane Utilization Adjustment Factor

The lane utilization adjustment factor accounts for the unequal distribution of traffic among the lanes in those
movement groups with more than one exclusive lane.

For additional details, see the HCM 2010 and the topic on Lane Utilization Factor in the LANES settings, page
8-6.

Peak Hour Factor

The traffic volumes are divided by the Peak Hour Factor (PHF) to determine the traffic flow rate during the
busiest 15-minute period during the hour.

For additional details, see the HCM 2010 and the topic on Peak Hour Factor in the VOLUME settings, page 9-
3.

Lost Time Adjust (s)

For additional details, see the topic on Lost Time Adjustment in the TIMING settings, page 10-7.

Start-up Lost Time (s)

Time lost at the start of green as queued drivers react to the green indication and increase their speed such that
constant saturation headway is achieved by the higher queue positions.
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Extension of Effect. Green Time (s)

The extension of the effective green is time vehicles continue to enter after yellow interval begins.

HCM Platoon Ratio

The HCM Platoon Ratio describes the quality of progression associated with arrivals to a phase. For left-turn
movements with permitted phasing, the platoon ratio describes arrivals during the Protected Phase. For right
turn movements with a protected operation concurrent with the complementary left, the platoon ratio
describes arrivals during the permitted right-turn operation.

Platoon Ratio is designated using a number from 0 to 2.0. The conditions associated with various ratios are
described below:

Table 16-1 Platoon Ratio (HCM 2010)

Platoon Ratio Arrival Type Description

0.333 1 Very poor progression

0.667 2 Unfavorable progression

1.000 3 Uncoordinated signals or random arrivals
1.333 4 Favorable progression

1.667 5 Highly favorable progression

2.000 6 Exceptional progression

Refer to the 2010 HCM for additional details.

HCM Upstream Filtering Factor

The upstream filtering adjustment factor I accounts for the effect of an upstream signal on vehicle arrivals to
the subject movement group. Specifically, this factor reflects the way an upstream signal changes the variance
in the number of arrivals per cycle. The variance decreases with increasing volume-to-capacity ratio, which can
reduce cycle failure frequency and resulting delay.

The filtering adjustment factor varies from 0.09 to 1.0. A value of 1.0 is appropriate for an isolated intersection
(i.e., one that is 0.6 mi or more from the nearest upstream signalized intersection). A value of less than 1.0 is
appropriate for non-isolated intersections.

Refer to the HCM 2010 for full details.

Pedestrian Volume (p/h)

This is the number of pedestrian conflicting with the right turn movement.

For additional details, see the topic on TIA Volumes

The Development Volume, Combined Volume, and Future Volume are automatically calculated based on the
values entered within the TIA module. These values cannot be overridden; edit the Trip Generation, Trip
Distribution, and/or Trip Assignment entries to modify the TIA Volumes. See Chapter 14 for details on the TIA

module.

The Development Volume is equal to the sum of all primary and pass-by trips generated by development(s)
selected in TIA.
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The Combined Volume is the sum of existing Traffic Volume and Development Volume.

If included, pass-by trips are subtracted from the through movement adjacent to a driveway (see page

14-4 for more information about selecting driveways). The same volume is then added to the turning

movements entering and exiting the driveway node, so that these vehicles will continue on their original

&] path after exiting the development. In many cases, the calculated Development Volume will be negative
O for the through movement at a node adjacent to a driveway to account for the pass-by trips.

With a negative Development Volume, it is possible for the calculated Combined Volume to be less
than zero. The Combined Volume is set to 0 to prevent analysis with negative volume.

The Future Volume is equal to the Combined Volume with any select Future Scenarios applied using the
equation below. See page 14-7 for details on entering future scenarios.

FV=v(l+r)

where:

FV = Future Volume
V = Combined Volume
r = Growth Rate
t = number of years

Conflicting Pedestrians in the VOLUME settings, page 9-2.

Bicycle Volume (bicycles/h)
This is the number of bicycles conflicting with the right turn movement.

For additional details, see the topic on Conflicting Bicycles in the VOLUME settings, page 9-3.

Opposing Right-Turn Lane Influence

This factor is used to adjust the capacity of left turning vehicles due to right turning vehicles from the opposing
approach. Select Yes or No from the drop-down menu based on field observations.

Initial Queue (veh)

The initial queue represents the queue present at the start of the subject analysis period for the subject
movement group. This queue is created when oversaturation is sustained for an extended time. The initial
queue can be estimated by monitoring queue count continuously during each of the three consecutive cycles
that occur just before the start of the analysis period. The smallest count observed during each cycle is recorded.
The initial queue estimate equals the average of the three counts. The initial queue estimate should not include
vehicles in the queue due to random, cycle-by-cycle fluctuations.

Speed Limit (mph)
Average running speed is used in the methodology to evaluate lane group performance. It is correlated with
speed limit when speed limit reflects the environmental and geometric factors that influence driver speed

choice.

For additional details, see the HCM 2010 and the topic on Link Speed in the LANES settings, page 8-3.
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Lane Width (ft)

The average lane width represents the average width of the lanes represented in a movement group. The
minimum average lane width is 8 ft. Standard lane widths are 12 ft.

For additional details, see the HCM 2010 and the topic on Lane Width in the LANES settings, page 8-4.

Receiving Lanes

The number of receiving lanes represents the count of lanes departing the intersection. This number should be
separately determined for each left-turn and right-turn movement. Experience indicates that proper turning
cannot be executed at some intersections because a receiving lane is frequently blocked by double-parked
vehicles. For this reason, the number of receiving lanes should be determined from field observation when
possible.

In Synchro, this value is determined based on the downstream lanes.

Turn Bay or Segment Length (ft)

For additional details, see the HCM 2010 and the topic on Storage Length in the LANES settings, page 8-4.
Parking Present?

For additional details, see the HCM 2010 and the topic on Adjacent Parking Lane, Parking Maneuvers in the
VOLUME settings, page 9-5.

Parking Maneuvers (#/hr)

For additional details, see the HCM 2010 and the topic on Adjacent Parking Lane, Parking Maneuvers in the
VOLUME settings, page 9-5.

Bus Stopping Rate (#/hr)
For additional details, see the HCM 2010 and the topic on Bus Blockages in the VOLUME settings, page 9-4.

Stop Line Detector Length (ft)

The stop-line detector length represents the length of the detection zone used to extend the green indication.
This detection zone is typically located near the stop line and may have a length of 40 ft or more. However, it
can be located some distance upstream of the stop line and may be as short as 6 ft. The latter configuration
typically requires a long minimum green or use of the controller’s variable initial setting.

For additional details, see the HCM 2010.

HCM 2010 Capacity (veh/h)

This is the capacity of the lane group based on the HCM 2010 methods. For additional details, see the HCM 2010.
HCM 2010 Volume/Capacity

This is the volume to capacity ratio based on the HCM 2010 methods. For additional details, see the HCM 2010.

HCM 2010 Lane Group Delay (s/veh)

This is the delay the lane group based on the HCM 2010 methods. For additional details, see the HCM 2010.
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HCM 2010 Lane Group LOS
This is the lane group LOS based on the HCM 2010 methods. For additional details, see the HCM 2010.
HCM Approach Delay (s/veh)

This is the approach control delay per vehicle based on the HCM 2010 methods. For additional details, see the
HCM 2010.

HCM Approach LOS

This is the approach LOS based on the HCM 2010 methods. For additional details, see the HCM 2010.

Signalized Intersection - Pedestrian Mode

After selecting the HCM 2010 Settings button, choose the Pedestrian Mode tab to enter the HCM 2010
Pedestrian Mode Methods.
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HCM 2010 Pedestrians Pane
Node #

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.

Control Type

This field indicates what type of controller is being used. Changing the Control Type will also cause the
Controller Type to change within the Timing Settings window.

Cycle Length (s)

The Cycle Length is the total time required to service all competing traffic movements at a signalized or
unsignalized intersection. Changing the Cycle Length will also cause the Cycle Length to change within the
Timing Settings window.

Analysis Time Period (h)

The duration of time for one single application of the HCM 2010 methodology. Traffic conditions are considered
steady during this time.

Percentage of Elderly Peds (%)
Average Percentage of Elderly Peds (%) at the study intersection.
Percentage of Upgrade Slope (%)

Average Percentage of Upgrade Slope along the study intersection crosswalks.

Average Ped Walk Speed (fps)

Average Pedestrian Walk Speed at the study intersection.

HCM 2010 Crosswalk Pane
Crosswalk Length (ft)

The crosswalk length (i.e., Lc and Lq) is measured from outside edge to outside edge of road pavement (or curb
to curb, if present) along the marked pedestrian travel path.

Crosswalk Width (ft)

The crosswalk width (i.e.,, Wc and Wa) represents an effective width. Unless there is a known width constraint,
the crosswalk’s effective width should be the same as its physical width. A width constraint may be found when
vehicles are observed to encroach regularly into the crosswalk area or when an obstruction in the median (e.g.,
a signal pole or reduced-width cut in the median curb) narrows the walking space.

Total Number of Lanes Crossed
The street width represents the width of the cross street as measured along the outside through vehicle lane

on the subject approach between the extended curb line limits of the cross street. It is measured for each
intersection approach.
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Number of Right Turn Islands

This is the number of right turn islands present on the approach.

Type of Control

This is the type of control on the approach. The options are none, actuated, pre-timed, actuated plus rest in
walk, or no signal.

Corresponding Signal Phase

This is the signal phase associated with the pedestrian movement.

Effective Walk Time (s)

Research indicates that, at intersections with pedestrian signal heads, pedestrians typically continue to enter
the intersection during the first few seconds of the pedestrian clear interval. This behavior effectively increases
the effective walk time available to pedestrians. A conservative estimate of this additional walk time is 4.0 s. A
nonzero value for this additional time implies that some pedestrians are initiating their crossing during the
flashing DON'T WALK indication. Refer to the HCM 2010 for details.

Right Corner Size A (ft)

The width of sidewalk A. Refer to Figure 16-5.
Right Corner Size B (ft)

The width of sidewalk B. Refer to Figure 16-5.

Right Corner Curb Radius (ft)

The corner radius of the corner curb in feet. Refer to Figure 16-5.

Right Corner Total Area (ft?)

The Total Area of the right corner.
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Figure 16-5 HCM 2010 Pedestrian Mode Crossing Diagram
Ped. Left-Right Flow Rate (p/h)

This is the flow rate of pedestrians from left to right.

Ped Right-Left Flow Rate (p/h)

This is the flow rate of pedestrians from right to left.

Ped Right Sidewalk Flow Rate (p/h)

This is the flow rate of pedestrians on the right sidewalk.

Veh. Perm. L. Flow in Walk (v/h)

This is the permitted left-turn demand flow rate, in units of vehicles per hour. This number is NOT the total
hourly left-turn flow rate, it's only the flow rate of the permitted turns.

Veh. Perm. R Flow in Walk (v/h)

This is the permitted right-turn demand flow rate, in units of vehicles per hour. This number is assumed to be
the TOTAL permitted right-turn flow rate, including RTOR's.

Veh. RTOR Flow in Walk (v/h)

This is the right-turn on red flow rate, in units of vehicles per hour. This would be the RTOR within the right-
turning flow rate that could otherwise turn permissively into the crosswalk while the crosswalk is being used
by pedestrians.

85th percentile speed (mph)

This is the 85t percentile speed at a mid-segment location on the major/minor street, in units of miles per hour.
Right Corner Area per Ped (ft2)

This is the right corner area per pedestrian in square feet per pedestrian.

Right Corner Quality of Service

The pedestrian level of service for the subject crosswalk based on the score in HCM 2010 Exhibit 18-5 (from
the HCM 2010).

Ped. Circulation Area (ft2)

The Pedestrian Circulation Area is the subject crosswalk circulation area per pedestrian, in units of square-feet
per pedestrian or ft2/p

Crosswalk Circulation Code

Circulation Code using the qualitative descriptions of Exhibit 18-24 (from the HCM 2010), the corner circulation
area is provided a description of service.

Ped. Delay (s/p)

The Pedestrian Delay calculated based on the HCM 2010 methods. Refer to the HCM for additional information.
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Pedestrian Compliance Code

The pedestrian compliance code based on the HCM 2010 methods. Refer to the HCM for additional information.

Pedestrian Crosswalk Score

The pedestrian LOS score for the intersection Ip,int is calculated by using Equation 18-72 through Equation 18-7
of the HCM 2010. Refer to the HCM for additional information.

Pedestrian Crosswalk LOS

Pedestrian delay represents the average time a pedestrian waits for a legal opportunity to cross an intersection
leg. The LOS score is an indication of the typical pedestrian’s perception of the overall crossing experience.

Signalized Intersection - Bicycle Mode

After selecting the HCM 2010 Settings button, choose the Bicycle Mode tab to enter the HCM 2010 Bicycle
Mode Methods.

&uto Mode Pedestrian mode |  Bicycle Mode
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Figure 16-6 HCM 2010 Signalized Intersection Bicycle Mode Tab
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Figure 16-7 HCM 2010 Signalized Intersection Bicycle Mode Screen

HCM 2010 Bicycle Mode
Node #

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.
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Control Type

This field indicates what type of controller is being used. Changing the Control Type will also cause the
Controller Type to change within the Timing Settings window.

Cycle Length (s)

The Cycle Length is the total time required to service all competing traffic movements at a signalized or
unsignalized intersection. Changing the Cycle Length will also cause the Cycle Length to change within the
Timing Settings window.

Analysis Time Period (h)

The duration of time for one single application of the HCM 2010 methodology. Traffic conditions are considered
steady during this time.

Bicycle Saturation Flow Rate (b/h)

The maximum bicycle rate of flow as measured at the stop line during the green indication.

HCM 2010 Bicycle Settings

Bicycle Flow Rate (bicycles/hour)

The bicycle flow rate is based on the count of bicycles whose travel path is crossed by vehicles turning right
from the subject approach during the analysis period. Refer to the HCM 2010 for details.

Total Flow Rate (bicycles/hour)

This is the sum of the Adjusted Lane Group flow rates for the given movement. Refer to the HCM 2010 for
details.

Effect. Green for Bike (s)

This is the actuated effective green time from the Timing Settings.

Cross Street Width (ft)
The street width represents the width of the cross street as measured along the outside through vehicle lane

on the subject approach between the extended curb line limits of the cross street. Refer to the HCM 2010 for
details.

Through Lanes Number

This is the number of through lanes for the given approach. Refer to the HCM 2010 for details.

Through Lanes Width (ft)

This is the Lane Width for the through lanes. Refer to the HCM 2010 for details.

Bicycle Lane Width (ft)

This is the bicycle lane adjacent to the outside lane. Refer to the HCM 2010 for details.
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Paved Shoulder Width (ft)

This is the paved outside shoulder width adjacent to the bicycle lane. Refer to the HCM 2010 for details.
Curb is Present?

Check box if curb is present, leave unchecked if no curb is present. Refer to the HCM 2010 for details.
On Street Parking?

Check box if parking is present, leave unchecked if no parking is present. Refer to the HCM 2010 for details.
Bicycle Lane Capacity (bicycles/hour)

This is a calculated value based on the HCM 2010 methods. Refer to the HCM 2010 for details.

Bicycle Delay (s)

This is the calculated bicycle delay based on the HCM 2010 methods. Refer to the HCM 2010 for details.
Bicycle Compliance

Refer to the HCM 2010 for details.

Bicycle LOS Score

Refer to the HCM 2010 for details.

Bicycle LOS

Refer to the HCM 2010 for details.

HCM 2010 Unsignalized Intersections

To activate the unsignalized intersection methods, first select the TIMING Settings button and set the Control
Type to Unsig. The screen will revert to the SIGNING Settings icon (Stop Sign). Most of the basic inputs are
entered in this window. The results displayed in this window are based on the methodologies of the 2000 HCM.
To use the HCM 2010 Unsignalized intersection methodologies, choose the HCM 2010 settings button.

Select the appropriate Sign Control (Stop or Free) based on the analysis desired. For All-Way Stop Controlled
(AWSC) intersections, each approach (maximum of four) should be coded using the Stop option. For Two-Way
Stop Controlled (TWSC) intersections, the minor street should be coded using the Stop option, while the main
street should be coded as Free. A maximum of four approaches also applies to TWSC intersections. The effects
from adjacent signalized intersections are accounted for within Synchro 9.0, if specified by the user. Table 16-2
includes LOS thresholds for unsignalized intersections.

Table 16-2 Unsignalized Intersection Level of Service (HCM 2010)
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AWSC — HCM 2010 Intersection Screen

After selecting the HCM 2010 settings button, the Automobile Mode Method will be displayed.
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Figure 16-8 HCM 2010 Signalized Intersection Automobile Mode Screen
HCM Control Type

This should be AWSC, thus indicating All-Way Stop Control methodologies are being applied.

HCM Intersection Delay (s)

This is the overall intersection control delay per vehicle. For additional details, see the HCM 2010.
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HCM Intersection LOS

The LOS for the intersection is determined using the HCM LOS table and the computed or measured values of
control delay.

Analysis Period (hr)

This is the length of analysis period in hours. Typically, set at 15 minutes or 0.25 hours.

AWSC - Movement Settings screen

Lanes and Sharing (#RL)

This is a pictorial representation of the lane geometry along each approach.

Traffic Volume (vph)

Traffic Volume represents the number of vehicles for each movement in vehicles per hour.

Peak Hour Factor

The traffic volumes are divided by the Peak Hour Factor (PHF) to determine the traffic flow rate during the
busiest 15-minute period during the hour. For additional details, see the HCM 2010 and VOLUME SETTINGS,
page 3-6.

Heavy Vehicles (%)

Aheavy vehicle is defined as any vehicle with more than four tires touching the pavement. Local buses that stop
within the intersection area are not included in the count of heavy vehicles. For additional details, see the HCM
2010 and VOLUME SETTINGS, page 3-7.

Movement Flow Rate

The traffic volume adjusted for peak hour factor and growth factor.

Number of Lanes

This is the number of lanes (in numerical form) along each approach of the intersection.

Approach Data

The approach leg is reiterated by Synchro for use in determining the opposing and conflicting lanes required
by the HCM 2010. See the HCM 2010 for additional details.

Opposing Approach

The Opposing Approach is defined by the HCM 2010 as the “opposite” approach leg from the subject approach
being analyzed. See the HCM 2010 for additional details.

Opposing Lanes

This value is number of lanes along the Opposing Approach. See the HCM 2010 for additional details.
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Conflicting Approach Left

The Conflicting Approach Left is defined by the HCM 2010 as the approach on the left that “conflicts” with the
subject approach being analyzed. See the 2010 HCM for additional details.

Conflicting Lanes Left
This value is number of lanes along the Conflicting Approach Left. See the HCM 2010 for additional details.
Conflicting Approach Right

The Conflicting Approach Right is defined by the HCM 2010 as the approach on the right that “conflicts” with
the subject approach being analyzed. See the HCM 2010 for additional details.

Conflicting Lanes Right
This value is number of lanes along the Conflicting Approach Right. See the HCM 2010 for additional details.

HCM Approach Control Delay (s)

This is the control delay per vehicle along each approach to the intersection. For additional details, see the HCM
2010.

AWSC - HCM 2010 Lane Screen
Volume Left (%), Volume Through (%), Volume Right (%)

These values represent the corresponding volume movement being analyzed within each lane. See the HCM
2010 for additional details.

Sign Control

Since this is the All-Way Stop Control module, the word Stop should show up in all columns.
Traffic Volume by Lane (vph)

These values represent the total volume of vehicles being analyzed within each lane.

Left Turning Volume (vph)

Based on the left turning movement percentages within each lane and the corresponding Traffic Volume by
Lane, these values represent the number of left turning vehicles being analyzed within each lane.

Through Volume (vph)

Based on the through movement percentages within each lane and the corresponding Traffic Volume by Lane,
these values represent the number of through vehicles being analyzed within each lane.

Right Turning Volume (vph)

Based on the right turning movement percentages within each lane and the corresponding Traffic Volume by
Lane, these values represent the number of right turning vehicles being analyzed within each lane.

Lane Flow Rate (vph)

The total volume within each lane is adjusted by the peak hour factor. See the HCM 2010 for additional details.
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Geometry Group

Based on the intersection configuration and the number of lanes along each approach, each approach is
assigned a value based on Exhibit 20-10 of the HCM 2010. This value is then used to determine the base
saturation headways and headway adjustment factors. Table 16-3 depicts the conversion of the geometry
group listed within the HCM 2010. See the HCM 2010 for additional details.

Table 16-3 Geometry Group Conversion

Intersection Approach Configuration Geometry Group

HCM 2010 Synchro

Four Legor T 1 1
Four Leg or T 2 2
Four Legor T 3a/4a 3
T 3b 4
Four Leg 4b 5
Four Leg or T 5 6
Four Legor T 6 7

Degree of Utilization, X

This value represents the probability of finding at least one vehicle on that approach. See the HCM 2010 for
additional details.

Departure Headway, Hd
This value represents the average time between departures of successive vehicles on a given approach.
Convergence (Y/N)

Avalue of Y indicates that the calculated value of departure headway is within 0.1 second of the initial assumed
value of departure headway.

Capacity (vph)

The maximum flow rate calculated for each lane based on a degree of utilization = 1.0. See the HCM 2010 for
additional details.

Service Time (s)

These values represent the average time spent by a vehicle in the first position (at the stop bar) waiting to
depart. See the HCM 2010 for additional details.

HCM Lane V/C Ratio

This is the volume/capacity ratio for the lane group.

HCM Control Delay (s)

This is the control delay per vehicle for each lane at the intersection. For additional details, see the HCM 2010.
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HCM Lane LOS

The LOS for each lane is determined using the HCM LOS table and the computed or measured values of control
delay.

HCM 95th Percentile Queue (veh)
The 95th Percentile Queue is based on Equation 20-33 of the HCM 2010.
TWSC Intersection - Automobile Mode

After selecting the HCM 2010 settings button, choose the Auto Mode tab to enter the HCM 2010 Automobile
Mode Methods.

Auto Mode | Pedestrian Mode

MOVEMEMT SETTINGS "} — \"
EEL EET EER

Figure 16-9 HCM 2010 TWSC Auto Mode Tab
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Figure 16-10 HCM 2010 TWSC Auto Mode Screen
TWSC Intersection - HCM 2010 Intersection Pane
Node #

All intersections and external nodes are assigned a unique node number used to identify the node in reports
and data exported to UTDF.

Control Type

Unsig will be displayed since the analysis is for an unsignalized intersection.

HCM Control Type

This should be TWSC, thus indicating Two-Way Stop Control methodologies are being applied.
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HCM Intersection Delay (s)

This is the overall intersection control delay per vehicle. [t should be noted that the major street through traffic
is not accounted for in this calculation since its delay is assumed to be zero. For additional details, see the HCM
2010.

HCM Intersection LOS

The LOS for the intersection is not calculated since traffic along the major street is considered free-flowing and
thus experiences zero delay.

Analysis Period (hr)

This is the length of analysis period in hours. Typically, set at 15 minutes or 0.25 hours.
Ped Walking Speed (ft/s)

This is the walking speed of pedestrians used in the two-way stop calculations.
Include upstream Signal?

Select No if you do not wish to have the calculations adjusted due to the presence of an upstream signal. Select
Yes if you wish to have the calculations adjusted due to the presence of an upstream signal. The calculations
are adjusted based on the platooning of traffic from the signalized intersection.

If the next upstream intersection is another TWSC, Synchro will search further upstream for a signalized
intersection. However, a bend node will cause Synchro to stop searching for a signalized intersection in that
direction. If there are signalized intersections both upstream and downstream of the subject TWSC intersection,
but you’d only like to include one of them in the analysis, add a bend node between the subject intersection and
the signalized intersection that you would NOT like to consider.

TWSC - Movement Settings Pane

Lanes and Sharing (#RL)

This is a pictorial representation of the lane geometry along each approach.
Traffic Volume (vph)

Traffic Volume represents the number of vehicles for each movement in vehicles per hour. For additional
details, see the HCM 2010 and VOLUME settings, page 3-6.

Conflicting Pedestrians (#/hr)

Conflicting Pedestrians represents the number of pedestrians conflicting with either left or right turning
vehicles.

Sign Control

Since this is the Two-Way Stop Control module, the word Stop should be coded for the minor street. Free should
be coded for the major street, free-flowing movement.

Storage Length (ft)

This is the length of a turning bay. See Storage Length (page 3-6) for additional information.
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Vehicles in Median Storage (#)

If a median exists and left turns from the side street use the median to perform the left turn in two stages, enter
the number of left turning vehicles (1) or (2) that can be stored within the median.

Grade (%)

The percentage Grade is the slope of the roadway approaching the intersection (negative grades are downhill).
The default percentage Grade for each approach is zero percent. See Grade, page 3-6 for additional details.

Peak Hour Factor

The traffic volumes are divided by the Peak Hour Factor (PHF) to determine the traffic flow rate during the
busiest 15-minute period during the hour. For additional details, see the HCM 2010 and VOLUME SETTINGS,
page 3-6.

Growth Factor
The Growth Factor can be used to analyze future volumes based on a value entered.

Heavy Vehicles (%)
Aheavy vehicle is defined as any vehicle with more than four tires touching the pavement. Local buses that stop

within the intersection area are not included in the count of heavy vehicles. For additional details, see the HCM
2010 and VOLUME SETTINGS, page 3-7.

Movement Flow Rate

The traffic volume adjusted for peak hour factor and growth factor.

Right Turn Channelized

Select the appropriate Right Turn Channelized geometry, if one exists. If this data was entered within the Lane
Settings window, the appropriate values will be displayed. See page 8-5 for additional details.

Curb Radius (ft)
If a Right Turn Channelized island exists, enter the appropriate curb radius. See page 8-5 for additional details.
Approach Data

This is the approach direction of the intersection.
Major/Minor
Each approach is assigned a label based on whether it is considered the major roadway or minor roadway.

Conflicting Flow Rate - All

The total conflicting flow rate based on crossing the major street in either one or two maneuvers. See the HCM
2010 for additional details.

Critical Headway

This value is the critical headway of a crossing vehicle completing the designated movement using only one
maneuver. See the HCM 2010 for additional details.
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Critical Headway Stage 1

This value is the critical headway for Stage 1 of a crossing vehicle completing the designated movement using
only two maneuvers. See the HCM 2010 for additional details.

Critical Headway Stage 2

This value is the critical headway for Stage 2 of a crossing vehicle completing the designated movement using
only two maneuvers. See the HCM 2010 for additional details.

Follow-up Headway

This value is the time between the departure of one vehicle from the minor street and the departure of the next
vehicle using the same major-street headway, under a condition of continuous queuing on the minor street. The
HCM 2010 methodology assumes that both approaches along a particular roadway have the same number of
lanes. Based on the number of lanes, a Base Follow-Up Headway from Exhibit 19-11 of the HCM 2010 is then
assigned to five of the key movements associated with a Two-Way Stop Controlled intersection. Synchro 9.0
allows the user to analyze approaches with multiple lane configurations. Table 16-4 depicts the conversion of
the total number of lanes along the major roadway compared to the number of through lanes along the major
roadway. See the HCM 2010 for additional details.

Table 16-4 Total Number of Lanes vs. Number of Through Lanes along Major Roadway
HCM 2010

Number of Through Lanes Along Approach

Total Number of Lanes

Potential Capacity — 1 Maneuver

The Potential Capacity is calculated based on the HCM 2010 Equation 19-32. See the HCM 2010 for additional
details.

Time Blocked by platoon (%)

The Time Blocked by platoon (%) is calculated if there is an upstream or downstream signalized intersection
within 0.60 miles of the study TWSC intersection. This value is determined based the reference phase and offset
of the signalized intersection(s). See the HCM 2010 for additional details.

Movement Capacity — 1 Maneuver

This value is the capacity of a crossing vehicle completing the designated movement using only one maneuver.
Several capacity adjustment factors that account for the impeding effects of higher-ranked movements are
considered in this calculation. See the 2010 HCM for additional details.

Movement Capacity — 2 Maneuvers

This value is the capacity of a crossing vehicle completing the designated movement using two maneuvers.
Several capacity adjustment factors that account for the impeding effects of higher-ranked movements are
considered in this calculation. See the HCM 2010 for additional details.
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HCM Approach Control Delay (s)

This is the control delay per vehicle for the approach. For additional details, see the HCM 2010.

HCM Approach LOS

The LOS for the approach is determined using the HCM LOS table and the computed or measured values of
control delay.

TWSC - Lane Settings Pane
Capacity (vph)

The maximum flow rate calculated for each lane based on a degree of utilization = 1.0. See the HCM 2010 for
additional details.

HCM Lane V/C Ratio

This is the volume/capacity ratio for the lane group.

HCM Control Delay (s)

This is the control delay per vehicle for each of the minor street lanes at the intersection. For additional details,
see the HCM 2010.

HCM Lane LOS

The LOS for each lane is determined using the HCM LOS table and the computed or measured values of control
delay.

HCM 95th Percentile Queue (veh)

The 95t Percentile Queue is based on Equation 19-68 of the HCM 2010.

TWSC Intersection - Pedestrian Mode

After selecting the HCM 2010 Settings button, choose the Pedestrian Mode tab to enter the HCM 2010
Pedestrian Mode Methods.

Auto Mode | Pedestrian Mode

HCM 2010 CROSSWALK

EB wB

Figure 16-11 HCM 2010 TWSC Pedestrian Mode Tab
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Figure 16-12 HCM 2010 TWSC Pedestrian Mode Full Screen

HCM 2010 Intersection

General intersection data as described within the Auto Mode.

Pedestrian Inputs

These two parameters are applied globally to the study intersection.

Walk Speed

This is the average pedestrian walking speed at the study intersection.

Clearance Time

This value represents the pedestrian start-up time and end clearance time.

Approach Information

Approach Direction

The approach direction of the crosswalk(s) will be displayed.
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Median Present?:

Yes or No will automatically be selected based on the Median Width coded within the Simulation Setttings
screen. No indicates that pedestrians cross the entire length of the roadway at once. Yes indicates that
pedestrians cross a portion of the roadway, wait in the median, and then cross the remaindering portion of the
roadway. If Yes is displayed, a second crosswalk dialogue box will be displayed within, as shown below.

Total Delay (s) & Level of Service

The total delay and level of service for the entire crosswalk is displayed. If a median is present along an
approach, the total delay will be equal to the sum of both crosswalk segments.

Crosswalk Information
Length of Crosswalk

The length of crosswalk is measured from outside edge to outside edge of road pavement (or curb to curb, if
present) along the marked pedestrian travel path.

Lanes Crossed

The total number of through lanes crossed by the pedestrian will be displayed.

Veh Vol Crossed

The total number of through vehicles that the pedestrian is in conflict with will be displayed.
Yield Rate

This value represents the average rate that motorist will yield to pedestrians waiting to cross the roadway.
Table 16-5includes the average yield rates based on research data collected at intersections with different
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crossing treatments. The use of local data should be used if available. For additional information see Chapter
19 of the HCM 2010.

Table 16-5 Average Effect of Pedestrian Crossing Treatments on Motorist Yield Rates

Staged Pedestrians* Unstaged Pedestrians**
Number of Mean Yield Number of Mean Yield

Crossing Treatment Sites Rate (%) Sites Rate (%)
Overhead flashmg beacon (push 47 49
button activated)
OV(.erhe_ad flashing beacon (passive 3 31 3 67
activation)
Pedestrian crossing flags 6 65 4 74
In-street crossing signs (20-30 3 37 3 90
mph)
High-visibility signs and markings 5 17 ) 20
(35 mph)
High-visibility signs and markings
(25 mph) 1 61 1 91
Rectangular rapid-flash beacon N/A N/A 17 81

*Staged data was collected with pedestrians trained by the research team to maintain consistent positioning,
stance, and aggressiveness in crossing attempts.
**Unstaged data was collected through video recordings of the general population.

Ped Vol Crossing
Ped Vol Crossing represents the number of pedestrians crossing the roadway within each crosswalk.
Pedestrian Platooning?

Users should select Yes or No from the drop-down menu to indicate whether Pedestrian Platooning exists at
the intersection. Pedestrian platooning is defined as groups of pedestrians crossing the roadway as a group.

Critical Headway
The Critical Headway is defined as the time in seconds below which a pedestrian will not attempt to begin

crossing the roadway. The calculated value depends on whether pedestrian platooning exists at the
intersection.

Prob Blocked Lane

The probability that a lane is blocked by a vehicle is calculated based on user input.

Prob Delayed X-ing

The probability that a pedestrian or group of pedestrians will be delayed is calculated based on user input.
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Delay for Adq Gap

The average delay that a pedestrian or group of pedestrians will experience waiting for an adequate gap is
calculated based on user input.

Prob Motorists Yielding

The probability that a motorist will yield to pedestrians waiting to cross the roadway is calculated based on
user input.

Avg Ped Delay

This is the calculated average pedestrian delay based on the HCM 2010 methods for each individual crosswalk.
Refer to the HCM 2010 for details.

Level of Service

This is the Level of Service based on the HCM 2010 methods for each crosswalk segment.

Table 16-6 Two-Way Stop Control Pedestrian Level of Service (HCM 2010)

Control Delay Comments

(s/ped)
A 0-5 Usually no conflicting traffic
B 5-10 Occasionally some delay due to conflicting traffic
C 10 - 20 Delay noticeable to pedestrians, but not inconveniencing
D 20 -30 Delay noticeable and irritating, increased likelihood of risk taking
E 30 - 45 Delay approaches tolerance level, risk-taking behavior likely
F >45 Delay exceeds tolerance level, high likelihood of pedestrian risk taking

New Result/Report Notations
TWSC and AWSC

The following notations have been added to the HCM 2010 window pane. These notations will also be displayed
if a report is created.

$ Delay more than 300 seconds.

* All conflicting volume is present in crossing platoon. No conflicting volume in random arrival phase.

! Computation is not supported by HCM 2010 Methodology.

Not applicable.

HCM 2010 Roundabout Mode

To activate the roundabout methods, first select the TIMING settings button and set the Control Type to
Roundabout. The screen will become the SIGNING Settings. Most of the settings are entered in this window. The
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results displayed are the older, 2000 HCM Roundabout methods. To see the HCM 2010 Roundabout methods,
choose the HCM 2010 settings button.
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Figure 16-13 HCM 2010 Roundabout Mode Full Screen

Entry Lanes

This is the number of lanes entering the given approach. These values are based on the data input within the
Lane Settings window.

Conflicting Circle Lanes

This is the internal conflicting circular lanes to the approach. The user can adjust these values if required. HCM
2010 limits the circulatory lanes to two.

Exit Lanes

This is the number of lanes exiting on the given approach.

Adjusted Approach Flow (vph)

This is the total adjusted flow on the approach, in vehicle per hour.
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Demand Flow Rate (pc/h)

This is the equivalent adjusted flow converted to passenger car equivalent. See the HCM 2010 for additional
details.

Vehicles Circulating (pc/h)

The circulating flow opposing a given entry is defined as the flow conflicting with the entry flow (i.e., the flow
passing in front of the splitter island next to the subject entry). All flows are in passenger car equivalents. See
the HCM 2010 for additional details.

Vehicles Exiting (pc/h)

The exiting flow rate for a given leg is used primarily in the calculation of conflicting flow for right-turn bypass
lanes. If a bypass lane is present on the immediate upstream entry, the right-turning flow using the bypass lane
is deducted from the exiting flow. All flows are in passenger car equivalents. See the HCM 2010 for additional
details.

Follow-Up Headway (s)

When the conflicting flow rate approaches zero, the maximum entry flow is given by 3,600 s/h divided by the
follow-up headway, which is analogous to the saturation flow rate for a movement receiving a green indication
at a signalized intersection. At high levels of entering and conflicting flow, limited priority (where circulating
traffic adjusts its headways to allow entering vehicles to enter), priority reversal (where entering traffic forces
circulating traffic to yield), and other behaviors may occur. In these cases, more complex analytical models or
regression models, such as those incorporated into some of the alternative tools discussed later in this chapter,
may give more realistic results.

Ped Vol. Crossing Leg (#/h)

The number of pedestrians crossing the leg and is used to determine the pedestrian impedance factor.

Ped Capacity Adjustment

Pedestrian traffic can reduce the vehicular capacity of a roundabout entry if sufficient pedestrians are present
and they assert the right-of-way typically granted pedestrians in most jurisdictions. Under high vehicular
conflicting flows, pedestrians typically pass between queued vehicles on entry and thus have negligible
additional impact to vehicular entry capacity. However, under low vehicular conflicting flows, pedestrians can

function effectively as additional conflicting vehicles and thus reduce the vehicular capacity of the entry. The
effect of pedestrians is more pronounced with increased pedestrian volume.

Approach Delay (s/veh)

This is the roundabout approach delay in vehicles per second.
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Approach LOS

This is the roundabout approach LOS.
Table 16-7 Roundabout Intersection Level of Service (HCM 2010)

Control Delay LOS by Volume to Capacity Ratio

(s/veh) <1.0 >1.0
<10 A F
>10 - 15 B F
>15 - 25 C F
>25 - 35 D F
>35 - 50 E F
>50 F F

Lane

For multi-lane (two lane roundabouts), this will show the left and right lanes. There are multiple lane
geometries that may exist for the group.

Critical Headway (s)

This is the Critical Headway for the given Lane. It uses the default values from the HCM 2010 and can be changed
to calibrate the model.

Designated and Assumed Moves

The Designated Moves are based on the input Lanes and Sharing. For cases in which a movement may use more
than one lane, a check should first be made to determine what the assumed lane configuration may be. This
may differ from the designated lane assignment based on the specific turning movement patterns being
analyzed. See the HCM 2010 for additional details.

Right Turn Channelized

In Synchro, this is the Right Turn Channelized setting, see page 8-5. It can be None, Free, Yield or Stop. If Stop
is selected, the movement will be treated as Yield control.

Lane Utilization
Table 16-8 Roundabout Lane Utilization (HCM 2010)

Lane Configuration % Traffic in Left Lane* % Traffic in Right Lane*
[left—through] + [through-right] 0.47 0.53
[left—through-right] + right 0.47 0.53
left + [left—through—right] 0.53 0.47

*These values are generally consistent with observed values for through movements at signalized intersections.
These values should be applied with care, particularly under conditions estimated to be near capacity.
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Entry Flow Rate (pc/h)

This is the per lane entry flow rate in passenger cars per hour.

Capacity, Entry Lane (pc/h)

This is the per lane entry capacity as determined with the HCM 2010 methods in passenger cars per hour.
Entry HV Adjustment Factor

The flow rate for each movement may be adjusted to account for vehicle stream characteristics using factors
shown below.

Table 16-9 Entry HV Adjustment Factor (HCM 2010)

Vehicle Type Passenger Car Equivalent, Er

Passenger Car 1.0
Heavy Vehicle 2.0

Flow Rate, Entry (vph)

This is the entry flow rate, converted back to vehicles per hour.
Capacity, Entry (vph)

This is the lane capacity, converted back to vehicles per hour.
Volume to Capacity Ratio

For a given lane, the volume-to-capacity ratio x is calculated by dividing the lane’s calculated capacity into its
demand flow rate.

Control Delay (s/veh)

The roundabout control delay is based on the following formula:

3600
d—3600+900T 1+J 12+( ¢ )x +5 x min[x, 1]
= x (x ) 2507 min|x,

Level of Service

The LOS for each lane on each approach is determined using the HCM LOS table and the computed or measured
values of control delay.
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95t Percentile Queue (veh)

The 95t Percentile Queue is based on the following equation from the HCM:

3600
c ) ( c )
150T 3600

Qqs = 900T [x — 1 + (1—x)2+(
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Chapter 17 — Time-Space Diagram

| The Time-Space Diagram can be used to graphically see how traffic flows between intersections. To
S, :| view a Time-Space Diagram (TSD), first click on the desired intersection or the desired link to select it,
then press the Time-Space Diagram button or the [F7] key.
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Figure 17-1 Time-Space Diagram

Arterial view: Invoking a time-space diagram with a link selected will bring up a time-space diagram showing
that link's arterial TSD from one end to the other.

Intersection view: Invoking a time-space diagram with an intersection selected will bring up a time-space
diagram showing all of the links connecting to that intersection and one intersection in each direction.

Named Arterial view: Invoking a time-space diagram with a named arterial from the SELECT INTERSECTION

window (press the Select Intersection button or the [F8] key) will bring up a time-space diagram
$| showing a named arterial. The Named Arterial view can show part of an arterial based on its name,
zone, or route #. The Named Arterial view can also show an arterial that turns corners. See the section

on Interacting with the Time-Space Diagram on page 17-7 for details on creating a route number.
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Parts of a Time-Space Diagram
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Figure 17-2 Parts of a Time-Space Diagram
Synchro's time-space diagrams display time along the horizontal axis and distance along the vertical axis.

The following information summarizes each part of the time-space diagram in Figure 17-2.

15N Toolbar- These buttons change the views of the Time-Space Diagram. They are explained in detail
below.

B Street Names and Offsets- These are the street names of the intersection shown. The top name is

the name of the street with the time-space diagram being shown. The bottom name is the name of
the cross street. Underneath the street names is the intersection offset. The offset is referenced to
the reference phase even if it is not one of the approaches in the diagram.

Direction Icon- These icons indicate the direction of the street in question. The top icon shows the
direction of traffic moving downward in the diagram, usually Southbound or Westbound. The
bottom icon shows the direction of traffic moving in the upward direction in the diagram, usually
Northbound or Eastbound. These directions also match the direction of the average delays showed
in delays options and the colored timing bands (F).

G Street and Intersection Diagram- The vertical line represents the street with the time-space

diagrams. The horizontal lines are crossing streets. These lines identify which links connect two
intersections and which are external links. These lines also show where the diagrams stop, when
two or more streets are shown in Intersection View. Clicking on or near a vertical line will display
an Arterial View centered on that link. Clicking on or near a horizontal line will display an
Intersection View for that intersection.

Traffic flow lines or Traffic Density Diagram- The diagonal and horizontal lines show traffic flow.
(See the Traffic Flow Diagram in this topic for a complete description.)
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= Timing Bands- The red, green, and yellow bands indicate the phase of the signal for each part of the
cycle. The different colors and hatching are as follows:

e Green represents a green phase for through traffic in both the upwards and downwards
direction.

e Red represents a red phase for both directions through and left movements.
e Teal represents an unsignalized intersection or a bend.

o Downward Hatching (\\\\) represents a green phase for downward through and left
traffic. Left turns, if any, are protected.

o Upward Hatching (////) represents a green phase for upward through and left traffic. Left
turns, if any, are protected.

¢ Cross Hatching (XXXX) represents a green phase for left turns in both directions. Through
traffic has a red phase.

¢ Solid Yellow or Hatched Yellow represents a yellow phase for one or more phases in the
movement.

The green bands for an actuated signal may start or end early. The times shown are actuated times
and this represents the phases gapping out early. Select [Max] to show maximum green times.

A scale on the top of the timing bands shows the time scale. The scale can be changed with the
Options — Time-Space Diagram command. Refer to the icons in (C) to see which direction the
cycle bands represent.

If your time-space diagrams only show 2 or 3 intersections, it may be because you are displaying an
:&: intersection view. See the Switching Views section below for information about arterial views.

o

Time-Space Diagram Features

Scrolling

+ To scroll or move the time space diagram vertically, use the arrow buttons, the arrow keys, or by
* clicking and dragging on the diagram (away from the timing bands).

Show Bands

Bands « | The show bands (bandwidth option) shows arterial bandwidths. Bandwidth is the part of the
Flows cycle that allows the vehicles to go through all intersections without stopping (in theory).
Bands Synchro shows both arterial bands and link bands.

Arterial bands are green bands that carry a vehicle along the entire corridor without stopping. Link bands are
green bands that carry a vehicle between two intersections without stopping.

The following default colors are used in bandwidth displays.
v" NB and WB Arterial Through Bands Red
v SBand EB Arterial Through Bands Blue
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v" NB and WB Link Bands and NB and WB Left Turn Bands Purple
v" SB and EB Link Bands and SB and EB Left Turn Bands Teal

Legend

The default colors can be changed with the time-space options. Clicking the [Legend] button will display a
legend of the colors.

Vehicle Flow Option

This diagram also shows the speed and position of the vehicles. Each line represents one or more vehicles (see
the table below). The slope of the line is proportional to the vehicles' speed. Horizontal lines represent stopped
cars. The best timing plans are the ones with the fewest and shortest horizontal lines.

The triangles of horizontal lines represent stopped vehicles queued at a red light. The width of the triangle is
the longest waiting time. The height of the triangle represents the maximum queue. A tall, skinny triangle
represents a long queue making a short stop. A short, wide trapezoid represents a few vehicles making a long
stop.
The following default colors are used in flow displays.

v" NB and WB Through Traffic Red

v" SB and EB Through Traffic Blue

v" NB and WB Through Traffic and NB and WB Left Traffic Purple

v SBand EB Through Traffic and SB and EB Left Traffic Teal

Normally each line represents one vehicle. On high volume lane groups, a line could represent two or more
vehicles. Table 17-1 indicates how many vehicles each line represents.

Table 17-1 Time-Space Vehicles per Line

Adj Lane Group Volume Vehicles per line

0 to 899 vph
900 to 1899

1800 to 2699
2700 to 3599

B WO N -

Percentile Options

Traffic flow is not constant but varies, even over the course of an hour. Synchro models traffic flow, actuated
green times, and traffic flows with five different traffic scenarios. These scenarios represent 90th, 70th, 50th,
30th, and 10th percentile cycles for the hour for which volume data is given. If you looked at 100 cycles, the
90th percentile would have 90 cycles with less volume (10 with the same or more). The 50th percentile
represents average traffic conditions.

The time-space diagrams allow you to see traffic flow for these scenarios. To see the varied flow options, select
the appropriate drop-down from the toolbar on the left.

Maximum Option

With Maximum, green bands show maximum green times, even for actuated signals.

17-4 Chapter 17 - Time-Space Diagram



Synchro Studio 10 User Guide

Max can only be used with the Bandwidth option. This is because Synchro calculates departures
internally using actuated green times. Synchro does not calculate departure patterns for actuated signals
O with maximum green settings. The Flow option can only be used with the Percentile scenarios.

90th, 70th, 50th, 30th, and 10th Percentile views

With one of these options selected, the green bands show the actuated green times and actuated

a0th ~| start times.

(L

?gm Traffic flows represent the flows from the percentile scenario.

20tk The 90th percentile scenario will have heavier traffic; the 10th percentile traffic will have
10th lighter traffic.

Bandwidths in percentile scenarios are based on actuated green times. This feature can actually allow greater
bandwidths around intersections that have light side-street traffic.

Early Return to Green

Viewing actuated signals in percentile view can highlight several potential problems with coordination. If some
phases are skipped or gap out, the main street green will start earlier than predicted with pre-timed
coordination. These vehicles will arrive at the next intersection early and may have to stop a second time.

When coordinating side streets or left turn phases, it is possible for the signal to skip or gap-out before the
platoon arrives. This view can highlight these problems. This is especially a problem with leading left turns.

When showing a Percentile flow, splits cannot be adjusted. Maximum splits must be shown in order to
o adjust splits.

Show Delays

To show the Total Delay for each movement, and the intersections overall, push in the Delays button. Showing
delays gives you feedback about how well a timing plan works. Turning off the delays makes more space
available for the diagrams, and speeds up diagram generation.

Push [Delays] a second time to turn delay display off.

Total Delays - These values are the estimated total delay for all traffic moving in the given direction. Total delay
includes control delay and queue delay. The first three columns are the total delay for traffic in the left, through,
and right turn lane groups. The fourth column is the total delay for the intersection, including traffic in all
directions.

Show Super Saturated

Push the Super button to show lane groups operating above capacity. They are shown with their queues filled
at the beginning of green. When this option is off, the time-space diagram assumes that all queues are cleared
at the end of green. If you want to hand create a timing plan for super saturated conditions, turn on this option.
If you want a timing plan that works for unsaturated conditions, turn off this option. This option only affects
lane groups whose volume-to-capacity ratio is greater than 1.0 and who have compatible cycle lengths.

If the intersections have incompatible cycle lengths, the diagram does not repeat and a queue builds with each
successive cycle.
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Show Queue Interaction Problems
Push the Queue button to show queue interaction problems. Queue interaction problems will be shown as
colored rectangles in the time-space diagram at the stop bar. The color coding is as follows:

v" Red indicates blocking delay. A red rectangle at a stop bar indicates that the upstream intersection
queues are spilling back and blocking.

v" Yellow indicates starvation delay. Starvation delay is congestion caused by a short upstream link in
conjunction with poor/no coordination .

v" Brown shows storage delay.
Blocking for left turns is shown with two strips as red or brown. If the cycles are uncoordinated, blocking time

is shown as pink across the entire width. More details can be found in the topic on Queue Interactions page
19-12.

Show Legend

Select the Legend button to display a color-coded legend. The legend shows the color for the flow lines and the
through and left timing bands. If the [Queue] button is selected, the legend will include queue interaction color-
coding.

Time-Space Diagram Options

Select the [Options] button to:
v Change the scale of the diagrams
v Change the flow line colors

v" Turn on or off some of the flow directions or flows to left turns

Scale

Tirme: [z per inch) ae.

16, 24, 32, 48, or 96 recommended

E=pand Short Blocks v Lancel
Digtance: [ft. per inch) 2500
w*| Print in Colaor

Traffic Elow Lines Calars
v MEB and'WB Thrus, At Bands
MNEB and B Laft Turms
MNEB and WE Link Bands
v 5B and EB Thrusz, &rt. Bands
SE and EB Left Tumns

5B and EB Link Eands
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Figure 17-3 Time-Space Diagram Options

Normally time-space diagrams print the green portion of the timing bands as white. This makes the diagrams
clearer on a black and white printer.
To print the timing bands as red and green on a color printer, check the following setting:

a) Choose [File>Print Window].
b) Check the box, Color Printer.

The Time Space diagrams have an option "Expand Short Blocks". This allows space for text or users can
&: keep them small. The option is on the Time Space diagram options settings and the Print Settings options.

o

Time and Distance Scale

For the time scale, enter a number between 16 and 96. The higher the number, the smaller each cycle is. Since
there are 96 dots per inch on the screen, it is recommended that the time scale be an even divisor of 96. Good
numbers for the time scale are 16, 24, 32, 48, and 96. For the distance scale, enter a number between 100 and
3,000 feet per inch (30 to 1,000 meters per inch). As the scale increases, the distance between intersections
decreases.

Enabling Flow Lines and Changing Colors

Viewing traffic flows for four movements simultaneously can be a bit overwhelming. There are options to limit
the movements shown simultaneously.

For each movement, the color can be changed by clicking the color box to the right of the text.

The flow lines can be added /removed by checking/unchecking the appropriate box.

Interacting with the Time-Space Diagram
Switching views

To switch to a different Intersection View you can do any of the following,
v" Click on the Street and Intersection Diagram (D in Figure 17-1), on a horizontal line.

v" Go to the Map view (press [F2]), click on a different intersection, then return to the Time-Space
Diagram (press [F7]).

v’ Press [F8] to get the intersection list and select an intersection.

To switch to a different Basic Arterial View, you can do one of the following:

v" Click on the Street and Intersection Diagram, (D in Figure 17-1) on a vertical line (do not click near
any horizontal line).

v" Go to the Map view (press [F2]), click on a different link, then return to the Time-Space Diagram
(press [F7]).

The Basic Arterial view shows an entire corridor of through streets regardless of name or zone. When in basic
arterial mode, the Intersection Name panel in the upper tool bar is blank.
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To switch to a Named Arterial view, select the Helicopter button or press [F8] to activate the Select

Intersection settings.
% 1) Select an arterial by name or number.
2) To select part of an arterial by zone, choose the By Zone option.

The Named Arterial view can show an arterial with bends or for a specific zone. When in named mode, the
arterial name appears in the Intersection Name panel on the upper toolbar.

To set up a route with multiple street names or that turns corners, enter a route number as part of the street
name with a # sign. For example, a street name of "Ashby Ave, SR #13" can be referred to as route #13.

To make an arterial bend from North to East for example, make sure that '#13' is in the north and east links and
NOT in the south or west links.

To display an arterial that splits into a one way pair, include the route numbers "5th Street #101N" and "4th
Street #101S" in the name of the one way sections. Include both route numbers in the name of the two way
section separated by a space such as "Broadway #101N #101S".
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Adjusting Splits and Offsets

¢(Mp To change an offset for any phase, click and drag on the timing bands away from any phase boundaries
(F in Figure 17-2). The cursor will change into a hand shape before and during offset adjustment.

Offsets cannot be changed for actuated and semi-actuated signals because they are not coordinated and
o thus do not use offsets.

1; | _, To change a split for a phase, click and drag on the timing bands at a phase boundary. The cursor will
" change into a splitter shape before and during split adjustment. This feature changes the maximum
splits.

Splits can only be changed when in MAX mode. When in a percentile mode, the splits shown are actuated
|:&: splits; this feature only works with maximum splits.

o

When adjusting splits and offsets, you should attempt to make the right end of traffic flow lines hit the timing
bands in the green section, or to the left of the green section. This represents traffic arriving at the intersection
when the signal is green or just before the signal turns green.

When manually adjusting the timing, be sure to look at the average delay values. When you reduce the delay
for one direction, you may be increasing it for another direction. Make sure you consider the delay for all
movements. It is probably easier to let Synchro determine the best timing plans for you.

Swap Phases

Holding down the [Ctrl] key can be used to swap the phase order. When the [Ctrl] key is held down and the
mouse cursor is moved over a swappable phase, the cursor changes to indicate that the phases can be swapped.
Clicking the mouse changes the phase sequence. If the cursor is over two phases, the phase with the closest
center pointis chosen. Locked timing plans cannot be changed. Phases can be manually swapped even if marked
'No' for Lead/Lag Optimize.

Printing the time space diagram
The Time-Space Diagram can be printed using the File—Print Window command.

The red and green bands will print as gray and white with a black and white printer. The color option can be
changed with the Color Printer checkbox.

Notes on Timing Bands

Actuated Splits

When a percentile option is shown, the displayed green times are actuated green times. The green times may
be more or less than the inputted Maximum Green times. It is possible that some bands show 100% red or
100% green; this indicates that a phase has been skipped. Phase skips are common with volumes less than 100
vph, and for the 10th and 30th scenarios.

It is also quite possible for the main street green to start early. This is caused when side street phases gap-out

or skip. This behavior is called "early return to green", and the Time-Space Diagram shows this when a
percentile option is selected.
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Splits cannot be adjusted when a percentile option is shown. This is because the timings shown are the
calculated actuated splits and not the maximum input splits. To edit splits in the Time-Space diagram, choose
the [Max] option.

Maximum Splits

When the [Max] option is selected, flow lines cannot be displayed. The vehicle flows are calculated using an
iterative process based on coordination and actuated green times. It would make no sense to show vehicle flows
with maximum green times because the flows do not exist without actuated green times.

Uncoordinated Intersections

Uncoordinated Intersections do not have an Offset or a fixed cycle length. With uncoordinated intersections,
the first phase always starts at time 0, and offsets cannot be adjusted.

Relating the Time-Space Display to Delays and Queues
Delays

The width of the horizontal lines in the Flow diagrams represents the signal delay incurred by each vehicle. The
sum of the line widths divided by the vehicles per cycle is equal to the uniform delay for the percentile scenario
shown.

The control delay shown with the Delay option is same stopped delay shown in the TIMING window and in the
Intersection reports. The Percentile delays are volume weighted average of the five percentile scenario delays
with the incremental delay added.

To convert from the delays represented by the flow lines to Percentile Delays the following steps are applied:

a) Uniform Delay for each percentile scenario is the sum of horizontal widths divided by vehicles per
cycle.

b) Take Volume weighted average of five scenarios

c) Add Incremental delay for congestion

One might ask why the delay option does not show the delay associated with the percentile shown. The
percentile scenario is an unstable event that does not exist for more than one cycle. In real life, traffic will vary
between the maximum and minimum scenario volumes each cycle. One cycle could be 90t percentile traffic
followed by a 30th, a 50th, a 10th, and a 78th. To show delays for a single scenario has no meaning because the
scenarios all exist together in a 15 or 60 minute analysis period.

A follow-up question might be why the time space diagram does not show a mix of percentile scenarios. This
type of display would be too difficult to present in a clear and informative method.

Queues

Each horizontal line represents one (or more) vehicles in queue. The height of the queue stack is equivalent to
the length of the queue. The height with the 50th Percentile Flows is roughly equivalent to the 50th Percentile
Maximum Queue. Each vehicle takes up the space of the average vehicle length, which is 25ft (7.5m) by default.
With 2 or more lanes, the space per vehicle is divided by the number of lanes. A delay of 6 seconds or less
represents a vehicle slowing but not stopping. The maximum queue will thus be at the top vehicle with a delay
of 6 s or more.

The 95th Percentile Maximum Queue is normally 10 to 20 percent longer than the height of the 90th

Percentile Flows' Queue Stack. A delay of 6 seconds or less represents a vehicle slowing but not stopping. The
maximum queue will thus be at the top vehicle with a delay of 6 s or more.
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In a coordinated system, it is possible to change the queue length and delay by changing the offsets. Remember
that the widths of the horizontal lines represent delay and the height of the queue stack represents the
maximum queue.
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Chapter 18 — Signal Optimization Routine

Introduction

The signal optimization routine in Synchro allows users the ability to favor specific phases during the
optimization routine. This is accomplished by applying weighting factors (by phase) at individual intersections
or throughout the entire network.

The application of weighting factors > 1.0 will generally tend to increase the amount of green time allocated to
the phase(s) for which the weighting factor was applied. For example, applying weighting factors to the
coordinated phases along an arterial should increase the green along the arterial, thus leading to an increase in
the green band along the arterial. This chapter will define how to perform a basic signal optimization as well as
an advanced signal optimization using Synchro.

Overview of Optimizations

Synchro contains a number of optimization functions. It is important to understand what each function does
and use the optimizations in the correct order.

Partition Network; i .
Setup intersection® . Optimize Cycle Opgrr:':;zehzifgets = RTV!er/
@ timing plans D|Y|de network Lengths p inal timing
into zones sequences plans

- -
- o.o.
Figure 18-1 Optimization Steps
Step 1: Set Up Intersection Timing Plans

The first step is to develop timing plans for each individual intersection. This step includes:
v Enter lane data (refer to Chapter 8)
v Enter volume data (refer to Chapter 9)

v Set up phase numbers for each movement along with phase parameters (refer to Chapter 10 and
Chapter 11)

v Optimize cycle lengths and splits
v Check capacity
v" Check for coding errors (see the topic on Coding Error Messages on page 23-1)

Step 2: Partition Network
The next step is to divide the network into subsystems. This step is optional.

The Partition Network command will divide the network into multiple zones. This function assigns a zone name
to each intersection. Each zone can be optimized as a separate system in the cycle length optimization.
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Step 3: Optimize Network Cycle Length

The next step is to determine a system cycle length. It is possible to create multiple zones and assign a different
cycle length to each zone.

The Network Cycle Length command will develop a timing plan for each cycle length based on the range
selected by the user. Synchro will highlight the cycle length with the lowest Performance Index (PI).

Synchro allows users to apply weighting factors to specific phases during the optimization routine and save the
MOE results at various times throughout the development of the optimal signal timing plan for further review.

Step 4: Optimize Offsets, Lead/lag Phasing

After determining a system cycle length (or several cycle lengths), the last step is to optimize offsets. Select
Offsets from the Network section of the Optimize ribbon tab.

If you have set Allow Lead/Lag Optimize? to “yes”, this step will also optimize phase orders.
SimTraffic can be used afterwards to simulate the timing plans.

Table 18-1 shows the six types of optimizations and which parameters they optimize.

Table 18-1 Optimization Commands

Optimization

Values Optimized Values Needed for Input

Type
Intersection Cycle Current . . -
Length Intersection Cycle Length, Splits Volumes, Lanes, Fixed Timings

. . Current . Volumes, Lanes, Left Turn Type,
Intersection Splits Intersection Splits Cycle Length, Fixed Timings
Partition Network Network Zone Volumes, Lanes, Fixed Timings
Network Cycle Network or Cycle Lengths, Splits, . -
Lengths Zone Offsets, Lead/Lag Order Volumes, Lanes, Fixed Timings
Intersection Current Volumes, Lanes, Fixed Timings,
Offsets Intersection i O Cycle Lengths, Splits
Network Offsets Network or Offsets, Lead/Lag Order Volumes, Lanes, F!xed Timings,

Zone Cycle Lengths, Splits

Tips to Improve Optimizations

Be sure to set the Maximum Cycle Length using the Options—>Network-Settings command. Congested
intersections will be set to the Maximum Cycle Length in many situations.

If there are permitted left turn movements with a v/c of greater than 1, consider making a protected left turn
phase or prohibiting left turns at this intersection.

If you find that there are blocking problems between closely spaced intersections, consider using alternative
phase orders, such as lagging lefts, lead-lag phasing, or split phasing. If you set the Allow Lead/Lag Optimize?
field in the PHASING settings to "Yes" then Synchro will try both leading and lagging for that phase. Synchro
measures queue interaction delay, which will be accounted for during the optimization process (see the section
on Queue Interactions, page 19-12).

When optimizing Offsets, optimizing the lead-lag phasing slows down the optimization process. If you want a
faster optimization, turn off Allow Lead/Lag Optimize.
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Optimize-Intersection Splits

The Optimize Intersection Splits command will automatically set the splits for all the phases. Time is divided
based on each lane group's traffic volume divided by its adjusted Saturated Flow Rate. The Split Optimizer will
respect Minimum Split settings for each phase whenever possible.

Optimizing Splits by Percentile

When optimizing splits, Synchro first attempts to provide enough green time to serve the 90th percentile lane
group flow. If there is not enough cycle time to meet this objective, Synchro attempts to serve the 70th
percentile traffic and then the 50th percentile traffic. Any extra time is given to the main street phases.

By attempting to serve the 90th percentile, Synchro gives splits that will clear the queue 90% of all cycles.
Because low volume approaches have more variability in traffic than high volume approaches, this method will
tend to give lower v/c ratios for low lane group flow approaches. Consider the following examples
Phase #1, Lane Group Flow = 120 vph, Cycle Length = 60, capacity is 1800 vph
50th percentile Lane Group Flow per cycle is 2.
90th percentile Lane Group Flow per cycle is 3.8.
Green time assigned is 8 seconds

v/cis 0.44

Phase #2, Lane Group Flow = 1000 vph, Cycle Length = 60, capacity is 1800 vph
50th percentile Lane Group Flow per cycle is 17.
90th percentile Lane Group Flow per cycle is 22.
Green time assigned is 44 seconds
v/cis 0.74

In practice, percentile optimization gives short phases a few extra seconds to process an occasional extra
vehicle. Longer phases also get extra time, but their extra time is less as a proportion of the total time.

If the volume exceeds capacity, Synchro will attempt to balance v/c ratios for each phase, while still respecting
all minimums.

Other Rules

If two or more lane groups move concurrently, the maximum volume to saturation flow rate is used to set the
split. For example, if there is a right turn lane and a through lane, the one with the highest volume to saturation
flow rate is used.

If two rings are used, the maximum sum of ratios is used for this barrier. For example, the time requirement for
NBT + SBL is compared to the time requirement for NBL + SBT. The maximum is used for these phase pairs.

All phases are assigned a split greater than or equal to their Minimum Split. The Optimize Splits algorithm
calculates splits repeatedly to ensure all minimums are met. If the minimums exceed the cycle length, then all
splits are reduced proportionately and there is a Min Error at the bottom of the TIMING settings. To use a split
less than the ped timings, set the Minimum Split less than Walk + FDW + Yellow + All Red.

If there are permitted left turns, the entire process above is done repeatedly; the first time using protected
left turn factors. Permitted left turn factors are then calculated based on these splits. Next, splits are
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recalculated using the permitted left turn factors. Finally, the left turn factors are recalculated using the new
splits.

If a lane group is served by two or more phases, its volume will be divided among the phases that serve it.
However, the lane group's volume will only be used to request time for the first Detector Phase. Make sure that
the first Detector Phase is set correctly for each movement.

If there is a shared turning lane plus an exclusive turning lane, the calculations are repeated even further.
The traffic is assigned among the various lane groups based on volume-to-capacity ratios. Lane group
assignment affects permitted left turn factors and volume-to-saturation flow ratios. These, in turn, change the
optimum splits, which means that the traffic may need to be reassigned further.

At low volume intersections, there may be extra time available even after accommodating the 90th percentile
traffic. In these cases, extra time is divided evenly among phases at all intersections.

Notes on Permitted Left Turn Factors
On pass 1, the permitted left turn factor used is an estimate independent of a timing plan. This is the same
estimate used for calculating the percent traffic in a shared lane.
fit Est = (900 - volOp)/900 * 0.95; (minimum of 0.15),
volOp = opposing volume
On subsequent passes fit is based on the previous passes timings. Pretimed maximum timings are used for the

calculation of Fit in split optimization. After split optimization, the final calculated Fi: is based on actuated green
times.

For version 7/8, split optimization does consider RTOR saturation flow during red times. In previous version,
RTOR saturation flow was not considered.

Optimize Intersection Cycle Length

The Natural Cycle length is the lowest acceptable cycle length for an intersection operating independently. The
natural cycle length appears on the TIMING settings.

The Optimize Intersection Cycle Length command will set the intersection to the Natural Cycle Length.

The Natural Cycle Length will be one of three possibilities.
a) Shortest Cycle Length that clears the critical percentile traffic.

b) Cycle Length with the lowest Performance Index, provided lowest PI cycle length is shorter than cycle
length found in (1). This option is used to give reasonable cycles for intersections over capacity.

c) Ifno cycle is able to clear the critical percentile traffic, but a shorter cycle is able to give satisfactory
v/c ratios, the shorter cycle length will be used. This is a special case to handle near capacity
intersections with permitted left turns.

In some cases, a longer cycle length will give lower delays or other performance
benefits. The Cycle Length Optimization attempts to determine the shortest cycle
O length with acceptable performance.

Synchro starts with a short cycle length and optimizes the splits for that cycle length. If the splits for each phase
are not able to clear the critical percentile traffic, Synchro will try a higher cycle length until the critical
percentile traffic is cleared. For cycle lengths above 90, the v/c ratios simply need to be less than 1. If no
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acceptable cycle length is found, the cycle length is set to the cycle length with the lowest P1. To set the Maximum
Cycle Length, use the Options—>Network Settings command. Table 18-2 shows the acceptable Critical
Percentile Traffic for each range of cycle lengths.

Table 18-2 Acceptable Critical Percentile Traffic for Cycle Length

Cycle Length Critical Percentile Traffic

40 - 60 90th
61-90 70th
91+ 50th (v/c > 1)

Over-Capacity Cycle Length Optimization

With one or more movements at or over capacity, the standard optimization procedure is to try successively
longer and longer cycle lengths. Longer cycle lengths add additional capacity because a lower proportion of the
cycle is used by yellow and total lost time.

When cycle lengths exceed 120 seconds, however, further increases to cycle length start to have less impact on
intersection capacity, while incremental delay continues to increase. In one example, changing the cycle length
from 150 seconds to 160 seconds increases the capacity for the intersection by 80 vehicles per hour, but adds
3 seconds of delay to all 5000 vehicles using the intersection. At some point, the cost of the extra delay does not
outweigh the extra capacity due to increasing the cycle length.

The cycle length optimization will choose the cycle length with the lowest performance index. The PI is
calculated as follows.

PI=[(D*1)+ (St*10)] /3600
PI = Performance Index
D = Total Delay (s)
St = Vehicle Stops

The Percentile Signal Delay adds 450 seconds of delay for each unserved vehicle. This causes the cycle length
to stop increasing when adding capacity for one vehicle will increase delay to other vehicles by 450s (7.5
minutes). In general, shorter cycle lengths have a shorter uniform delay, and will be favored when comparing
delays of various cycle lengths. The Signal Delay calculation helps to favor longer cycle lengths in congested
situations.

In previous versions of Synchro, over capacity intersections were always set to the Network Maximum cycle
length. In many cases, these intersections can have a significantly shorter cycle length with much less delay and
only a slight drop in capacity.

Shorter cycle lengths may also have other operational benefits. Queue lengths are generally shorter and storage
bays can operate more efficiently.

Special Case for Permitted Left Turns

In some cases with permitted left turns, it is possible that capacity decreases as cycle length increases. In some
cases, a short cycle length will give acceptable capacity while longer cycle lengths fail. In this case, Synchro may
recommend a short cycle length that does not meet the percentile criteria.
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Why Optimize for Critical Percentile Traffic?

By optimizing to accommodate percentile flows, Synchro will not recommend short cycle lengths unless there
is extra capacity to accommodate traffic fluctuations. In previous versions of Synchro, the cycle length
optimization only attempted to find acceptable v/c ratios. In some cases, Synchro recommended cycle lengths
that were considered too short. At a low volume approach, the traffic can be quite variable and a low v/c ratio
is needed. If 2 vehicles per cycle are expected, it is quite likely to have 4 vehicles in some cycles. To
accommodate these extra vehicles, 8 seconds of green is needed rather than 4 and a v/c ratio of 0.50. By looking
at percentile flows, Synchro can be more confident that all vehicles will be handled on busy cycles when short
cycle lengths are used.

Partition Network

This allows a network with multiple systems and cycle lengths, allowing timing plans to be tailored to local
conditions. On the Optimize tab choose Partition Network to divide a network into multiple systems. Each
intersection is assigned a zone. Existing Zone assignments will be changed. This command does not actually
change timings, but it sets up the network to have multiple cycle lengths when Optimizing Network Cycle
Lengths.
Reasons to use multiple systems:

v’ Large distances separate various parts of the network.

v Various parts of the network have different traffic characteristics. For example, the CBD may contain
two phase signals with short cycle lengths, while the suburban areas may contain eight phase signals
with long cycle lengths.

v’ Itis possible to use shorter cycle lengths in some areas and longer cycle lengths in the more congested
areas.
Reasons to use all one system:
v Controller hardware will not support multiple systems.
v All intersections are close together (less than 500ft apart).
Even if all of the intersections are in the same zone, the Cycle Length Optimization may still recommend

individual intersections to be operated independently. This means that candidates for independent operation
can be included in the same zone.
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Partitioninig Strategyw:

Ore System [0]
Divide Rarely (30

Divide Sometimesz [50]

Divide Often [70]

& Thiz operation will change Zone settings!

Cancel ok

Figure 18-2 Partition Network Settings

The partition network optimization calculates Coordinatability Factors (CFs) for each pair of adjacent
intersections. Any intersections with a CF above the threshold value are put into the same zone. See the
description of the CF calculation later in this section (page 18-22).

The CF value will range between 0 and 100. When choosing a Partitioning strategy, the number in parenthesis
is the threshold CF. If One System is selected all connected intersections will be placed in the same zone.

Intersection Zones button. You may wish to change the zone recommendations based on personal

Tf After partitioning the network, the zones can be observed on the map by pressing the Show
experience with the network or to match the current network partitioning.

Even though there are multiple zones, the intersections can still be in the same system by assigning them the
same cycle length.

Performance Index

The best cycle length is found by calculating a performance index. Previous versions of Synchro included a
queuing penalty component within the PI. This is now directly accounted for with the Total Delay, which
includes Queue Delay.

The Pl is calculated as follows.
PI=[D*1+St*10] /3600
PI = Performance Index
D = Total Delay (s)
St = Vehicle Stops (vph)

The Total Delay above includes the Control Delay plus the Queue Delay. When multiple zones are optimized,
the MOEs assume that intersections in adjacent zones are not coordinated.

Using a longer analysis period tends to favor longer cycle lengths in the network cycle length optimization.
Unserved vehicles will be delayed on average for 1/2 of the analysis period. (Individual vehicles are not delayed
this long, but is the cumulative effect of added delays). With a longer analysis period, serving as many vehicles
as possible tends to dominate more than reducing uniform delays by having shorter cycle lengths.
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Congestion lasting for 1 hour or longer tends to favor longer cycle lengths than spot congestion for 15 minutes.
Changing to a longer analysis period may cause the cycle length optimization to recommend longer cycle
lengths.

Faster Optimizations

It can take several minutes to evaluate each cycle length depending on the number of intersections and the
speed of your computer. To get the best solutions quickly, a two-step optimization is recommended.

Pass 1: Evaluate a wide range of cycle lengths with a large increment (e.g., 60 to 150 at increment 15). Use
quick offset optimization and manual optimization.

Pass 2: From the first pass, it will become clear which range of cycle lengths work best. At this point, focus the

optimization on this range of cycle lengths (e.g., 80 to 100 at increment 5). Use Medium or Extensive offset
optimization.
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Manually Selecting a Cycle
: - o IES

Cucle Perfform  Queue Total Delay / Total Stops / Ungerved Dilemma % Dilemms Awerage
Length Index Delay [hr] Delay [hr]  “eh (3] Stops Weh Fuel [gal] Vehicles  Wehicles  Wehicles  Spd [mph)
a0 446 23 334 53 18646 0.70 E34 a0z 374 4% 11

90 390 3 346 a7 15760 059 E18 anz 1055 4% 12

100 7R 1 330 44 16568 0.E2 E1E 42 885 3 12

110 Kr| 2 325 44 16760 0.E3 E14 E92 734 3 12

120 3E5 2 318 43 16931 063 E10 E10 a7 3E 13

130 7R 2 329 44 16547 0E2 E14 E51 VB2 3E 12

140 K| T 335 45 16433 0.E2 E18 574 FEll 3E 12

150 389 16 342 46 16735 063 E26 345 EES 2% 12

Zone: | [al) o | L Cucle Length: 120

Mumber of interzections: 5
Uncoordinated: 0
Half Cycled: 0

Cancel Analize Locked Other: 0

Figure 18-3 Select Cycle Lengths Summary Table

After performing a manual cycle length optimization, the Select Cycle Lengths Summary Table will appear.
Each cycle has MOEs listed for Performance Index, Queue Delay, Total Delay, Delay/Vehicle, Total Stops,
Stops/Vehicle, Fuel Consumption, Unserved Vehicles, Dilemma Vehicles, Percent Dilemma Vehicles, Speed, and
Average Speed.

These MOEs can be used to choose the optimal cycle length.
One cycle length can be used for the entire network or each zone can have its own cycle length.

The box in the lower right displays the number of intersections in the zone. For the selected zone and cycle
length, the number of half, double and uncoordinated intersections is also listed.

The performance indexes shown for zones in the Select Cycle Lengths settings are for the zone independent
of neighboring zones and without coordination across zones. The performance indexes in the Select Cycle
Lengths settings are for the entire network and do consider coordination across zones. The network PI for a
cycle may be less or more than the sum of the zone PlIs.

I&I The Select Cycle Lengths settings cannot be used to determine the benefits of coordination across zones.
o The zone MOEs in the Select Cycle Lengths settings assume no coordination with neighboring zones.
Improved solutions may exist which provide coordination across zones. The automatic method and the

initially recommended manual solution do consider coordination across zones.

Locked Intersections

Using the cycle length optimization with locked intersections presents a number of problems. If the locked
intersection is pre-timed or actuated-coordinated, its timings will not change for cycle lengths other than its
original. There will thus be no coordination from locked intersections. Caution should be exercised in using
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cycle length optimization with locked intersections. If the intersection's original cycle length is chosen, it will
keep the same timing and neighboring intersections will be optimized with it.

If the locked intersection is actuated-uncoordinated, it will remain uncoordinated with the same timings. No
attempt will be made to optimize the timings.

Isolated Intersections

With some options, isolated and uncoordinated intersections are set to their natural cycle length for all
evaluated cycle lengths. To view the performance of a single intersection at each cycle length, do one of the
following:

v’ Assign the intersection to its own zone.

v' Select “Never” for Allow Uncoordinated.

Multiple Zones
Network Cycle Length Optimization calculates a separate set of MOEs for each cycle length in each zone.
Initially each zone is assigned a cycle length with the best set of MOEs for that zone.

Next, each set of adjacent zones is evaluated for a combined cycle length. If the zones have lower MOEs due to
inter-zone coordination, both zones are assigned the cycle length with the lowest combined PI.

The automatic cycle length optimization attempts to combine zones at the same cycle length for inter-zone
coordination. This feature allows the user to set up many zones without fear of losing coordination across
zones, but will still allow for multiple cycle lengths when appropriate.

Example:
Performance
Selected Zone(s) el

80 sec 90s

Cycle Cycle
Zone 1 100 112
Zone 2 310 300
Zone 1+2 (independent) 410 412
Zone 1+2 (coordinated), less than sum 390 395

due to coordination across zone

Best Independent Solution: Zone 1 @ 80 s + Zone 2 @ 90 s =400
Best Coordinated Solution: Zone 1 +Zone 2 @ 80 s = 390
The performance indexes can be calculated assuming random and coordinated arrivals across zones. In the

above example, the best solution for independent zones uses different cycle lengths. However, when the
benefits of coordination across zones are considered, the best solution is to use one cycle length.
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Master Intersection

In Synchro, there is one or zero master intersections for each cycle length. Half cycled intersections share the
master. When changing offsets, it is possible to combine two masters into the same cycle length and only one
intersection will remain a master.

A common misconception is that there is one master per zone. This is not true. There is one master per cycle
length. Two zones with one cycle length can have only one master, even if they are not physically connected.

Optimize Network Cycle Lengths*
[=]

bir bd 2 Increment
Cycle Length: |80 150 |[10 | Automatic
&llow Uncoordinated: | Mever [0 w M anual
Allovs Half Cpcle Length
C I
Preserve Filez For Each Cycle Length St
w*| Optimize Phasze Sequence
Offzet Optimization: E wtehzive e
W eighting
® Mo'wWeighting
Optirmize uzsing Phz Weighting
Optirmize uzing RefPhs Weighting of |:|
Scope
Sone | e |
® Entire Mebwork,
W' Write Timing File
File Mare |E:HTraining MaterialtdvancediTiming Timing Timing Exerci| | Browse .

Timing Plan |OptCycle

Figure 18-4 Optimize Cycle Length Settings

The top portion of Figure 18-4 has not changed from that of Version 7 or 8. Within Synchro 9 and 10, however,
the ability to add Weighting Factors during the optimization routine has been added. Synchro 9 and 10 also
allows detailed MOE and timing data to be saved for additional analysis. This added feature allows users to
select timing plans that best meet their goals and objectives.
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Basic Optimization - Network Cycle Lengths*

To perform a basic signal optimization, choose the Optimize Network Cycle Lengths command to optimize
cycle lengths for the zone or network identified within the Scope setting.

1.

Minimum, Maximum, and Increment Cycle Length: Enter the minimum and maximum cycle lengths
to evaluate. The optimizer will evaluate every cycle length between the minimum and maximum at
increment intervals. If the values are set to 60, 100, and 10; the optimizer will evaluate cycle lengths of
60, 70, 80, 90, and 100 seconds.

g If Allow Half Cycles is selected, only even numbered cycle lengths will be evaluated. If min, max, and incr

o

are set to 80, 120, and 5, and half cycles are allowed, the optimizer will evaluate 80, 86, 90, 96, 100, 106,
110, 116, and 120.

Allow Uncoordinated: This option may recommend that some intersections be left uncoordinated.
The number in parentheses is the threshold Coordinatability Factor (CF). Intersections will be made
independent and uncoordinated when either one of the following apply:

a) CF with all neighbors isless than threshold CF and space required for one cycle of traffic is less
than 80% of the storage space.

b) The sum of Minimum Splits exceeds the Evaluation Cycle, the intersection will be set to
uncoordinated.

Allow Half Cycle Length: This option will test some intersections at half cycle length. This option can
give snappier operation and less delay at less congested intersections. Half Cycle Intersections will be
given a cycle length of 1/2 the evaluated cycle. Intersections will be half cycled when they meet both
of the following criteria:

¢) Natural Cycle < Evaluation Cycle / 2
d) Space required for one cycle of traffic is less than 120% of the link storage space.

Preserve Files: With this option a file is saved for each cycle length. These files can be loaded
afterwards for evaluation or used for a multi-file comparison report. The files are given the name
"filename-050.syn" where filename is the name of the file and 50 is the cycle length evaluated.

Optimize Phase Sequence: If this box is checked, leading and lagging left turn combinations will be
tested. However, lead/lag combinations will not be checked if the Allow Lead/Lag Optimize? setting
in the Phasing window is unchecked (see page Error! Bookmark not defined.).

Offset Optimization: Choose Quick to evaluate many cycle lengths quickly. Choose Medium or
Extensive to analyze several cycle lengths in detail.

Table 18-3  Offset Optimization Options

Offset Option Optimizations Performed

Quick Incremental Offsets and Phase Orders, time step = 4

Medium Incremental Offsets and Phase Orders, time step = 8
Cluster Offset Optimization, time step = 2
Incremental Offsets, time step = 2

Extensive Incremental Offsets and Phase Orders, time step = 2
Cluster Offset Optimization, time step = 2
Incremental Offsets, time step = 1
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7. Weighting: Choose No Weighting. See the next section for conducting an advanced optimization.

8. Write Timing File: Click the box to display a checkmark in the box. This will enable Synchro to create
a csv file (file name as indicated) that includes the basic signal timing data for each intersection within
the selected range. This file can then be viewed once Step 10 has been completed.

9. Automatic: The automatic option will automatically select the best cycle length based on the cycle
with the lowest Performance Index (PI). It is possible to have each zone assigned a different cycle
length.

] - o IES

Cycle Perform  Queue Total Delay / Total Stops / Ungerved  Dilermma % Dilemme  Average
Length Index Delay (hr)  Delav (b)) Yeh (3] Stops Yeh Fuel [gal) Vehicles  Vehicles  Vehicles  Spd [mph)
a0 445 23 354 53 18646 0.vo £84 802 974 4% 1

90 390 3 B A7 15760 053 £18 802 1085 4% 12

100 e 1 330 44 16563 0e2 E1E 742 285 k4 12

110 an 2 325 44 16760 063 £14 g3z 734 3% 12

120 3E5 2 e 43 16931 063 £10 £10 871 3% 13

120 75 2 329 44 16847 0e2 £14 £51 762 k4 12

140 381 7 335 45 16443 062 £18 574 Fici| 3% 12

150 389 16 342 48 16795 063 B2 345 EE5 2% 12

Zone: | [all w | La Cyele Length: 120

MHumber of intersections: 5
Uncoordinated: 0
Half Cycled: 0

Cancel Analyze Locked Other: O

Figure 18-5 Select Cycle Lengths Summary Table

10. Manual: Selecting the manual option will create a summary table of cycle lengths and MOEs. The user
can choose the best cycle length required to meet the goals of their network. Each zone can be assigned
its own cycle length or all zones can be assigned a single cycle length. A new button (Analyze) has been
added for users that wish to review a detailed summary of the optimization MOEs. Refer to the next
section for additional details regarding this new feature.

Advanced Optimization - Network Cycle Lengths*

To perform an advanced signal optimization, choose the Optimize Network Cycle Lengths command to
optimize cycle lengths for the zone or network identified within the Scope setting. Refer to the previous section
and select the appropriate settings for Steps 1-6. Once completed, refer to Step 7 below to complete the required
coding to perform an advanced optimization.

7. Weighting: There are two choices for applying weighting factors when performing an advanced
optimization:

a) Optimize using Phs Weighting: Choosing this option will direct Synchro to use the values
entered within the Optimize Phs Weights - Delays cells located within the Phasing Settings
screen. This option is used when there is a variety of weighting to be applied to individual
phases.

Chapter 18 - Signal Optimization Routine 18-13



Synchro Studio 10 User Guide
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Figure 18-6  Optimize Phase Weighting Option in Phasing Settings

b) Optimize using RefPhs Weighting of: Choosing this option will direct Synchro to apply the
entered weighting value to the Reference Phase(s) that are coded within the Timing Settings
screen.

The weighting range is from 0.1 to 5. A value of 1 indicates no weighting and therefore would be the same as
performing a basic optimization.

8. Write Timing File: Click the box to display a checkmark in the box. This will enable Synchro to create
a csv file (user can enter filename) that includes the basic signal timing data of each intersection within
the scope identified. The Timing Plan name will be used as a label within the csv file along with an
extension indicating the cycle length being optimized. For example, if the timing plan is entered as
AMPeakRefWt2 (representing the AM peak period with a weighting factor of 2 applied to the reference
phases) and the cycle length range was 100 seconds to 150 seconds, the summary csv file would
include labels AMPeakRefWt2-100. This allows users to easily compare delay results from various
timing plans within one summary file.

The csv file also includes a few additional fields for identification of the various optimization scenarios that
were conducted.

a) Notes - labels automatically inserted during the optimization process.

b) RunDate & RunTime- Date and time of optimization.

c) Weighting - This field provides the weight of each phase in sequential order. If there is only
one value in the weight field, then the weighting factor was applied only to the reference
phase(s).
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2 PLANID INTID s1 52 53 s4 S5 56 57 58 cL OFF [13] REF CLR NOTE RUNDATE RUNTIME  WEIGHT

3 OPTCYCLE-100 4 22 45 33 10 57 33 100 30 26 26 From Opt 1/14/2014

4 OPTCYCLE-100 5 16 51 33 19 48 33 100 97 26 26 From Opt 1/14/2014

5 OPTCYCLE-100 [ 14 30 13 15 49 23 100 3 25 6 From Opt 1/14/2014

6 OPTCYCLE-110 4 25 48 37 11 62 37 110 103 26 26 From Opt 1/14/2014

7 OPTCYCLE-110 5 17 56 37 20 53 37 110 108 26 26 From Opt 1/14/2014

2 OPTCYCLE-110 6 14 57 14 17 54 25 110 g 25 6 From Opt 1/14/2014

9 OPTCYCLE-120 a4 27 53 40 11 69 40 120 115 26 26 From Qpt 1/14/2014

10 OPTCYCLE-120 3 20 38 42 21 57 42 120 2 26 26 From Opt 1/14/2014

11 OPTCYCLE-120 6 15 63 15 18 60 27 120 12 25 6 From Opt 1/14/2014

12 OPTCYCLE-130 a 29 58 43 12 75 43 130 113 26 26 From Opt 1/14/2014

13 OPTCYCLE-130 5 21 63 a6 23 61 46 130 120 26 26 From Opt 1/14/2014

14 OPTCYCLE-130 6 17 67 17 19 65 29 130 0 25 6 From Qpt 1/14/2014 =|

15 OPTCYCLE-140 4 31 62 47 12 81 a7 140 125 26 26 From Opt 1/14/2014

16 OPTCYCLE-140 5 23 68 43 25 66 49 140 130 26 26 From Opt 1/14/2014

17 OPTCYCLE-140 6 18 2 19 20 70 31 140 0 25 6 From Opt 1/14/2014

18 TIMING 4 22 45 33 10 57 33 100 0 25 26 From Synchro 1/14/2014

19 TIMING 5 16 51 33 19 48 33 100 96 26 26 From Synchro 1/14/2014

20 TIMING 6 14 50 13 15 49 23 100 6 25 ] From Synchro 1/14/2014

7

Figure 18-7 Timing Summary Table

9. Automatic: The automatic option will automatically select the best cycle length based on the cycle with
the lowest Performance Index (PI). This option is not recommended when performing an advanced
optimization.

10. Manual: The manual option will create a summary table of cycle lengths and MOEs. The user can
choose the best cycle length required to meet their needs. Each zone can be assigned its own cycle
length or all zones can be assigned a single cycle length. The new Analyze button allows users to view
a detailed MOE summary.

11. Analyze: Upon selecting the Analyze button Synchro creates a detailed summary table that includes a
variety of MOEs categorized by cycle length, node, approach, lane group and zone. Users can review
the various MOEs to determine which set of signal timing parameters best meet their overall goals.

The table provides users the ability to review MOE'’s at the individual lane group for each of the cycle lengths
that were analyzed. The MOE categories can also be filtered based on user preference. This allows users to
quickly focus on a critical intersection and/or approach to compare MOE’s across a range of cycle lengths.

Users can select from three different types of summary tables:

a. Detail - Results summarized for each signalized intersection (node) by approach and lane
group.

b. Sum By Cycle - Results summarized for each cycle length for the total network. These
results match those within the Select Cycle Lengths table displayed when Manual is
selected choice for optimizing the network.

c. Sum By Cycle/Node - Delay results for each cycle length are summarized by node.
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Figure 18-8 Detailed Summary Table

Grand Total
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2 22/ 0 15 2 2244 0.07 59 o 221 1 2
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100 Total 394 24 338 36 20124 0.60 663 427 1043 3 12/
110 386 30 328 35 20606 0.62 660 253 884 3 13
120 409 26 348 3» 22104 0.66 694 213 1054 3 12

Figure 18-9 depicts a summary table that has been filtered by Node and then by Approach. In this example, the
critical EB Left delay reduced from 111.9 seconds to 61.2 seconds when the cycle changed from 110 seconds to
130 seconds respectively.

Grand Total
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142 16, 0 13, 1] 1049 0.03 34 12, 65 0 1] 2372 461 550 102.30 1500
146 13 0 10, 1] 1010 0.03 32 0 54 0 1] 2194 427 508! 75.30] 1500
150 14 0 11, 1] 1065 0.03 33 0 85 0 1] 2279 443 529 83.00] 1500
154 14 0 12, 1] 1017 0.03 33 0 70 0 1] 2285 444 530 91.20 1500
s 1 0 10 1 1076 00 o 0 4 0 1 224 436 20 250 500 T

Figure 18-9 Detailed Summary Table

Users also have the option of exporting the data to a csv file for additional analysis. The summary tables will
include rsults for the entire Synchro network. The following table includes a list of the data exported to the csv

file:

Cycle

Node

Approach

Lane Group

Rec PI

Queue Delay

Total Delay

18-16

Dilemma Vehicles

Pct Dilemma Vehicles

Avg Spd (mph)

co

NOX

VOC

LG Tot Vol

Total Delay (s)

Plan

Prot Phase

Perm Phase

Weight

Queue 50 Note

Queue 95 Note
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Delay Per Veh Zone nLanes
Total Stops Queue 50 RunDate
Stops Per Veh Queue 95 RunTime
Fuel (gal) Act Eff Gr
Unserved Vehicles Total Split
12. Review Timing File: This file includes all of the key signal timing data (splits and offsets) calculated

13.

14.

for each cycle length during the optimization process.

Repeat Steps 11-15, as necessary: Steps 11-15 can be repeated as often as desired. As the process is
repeated, be sure to enter a new Timing Plan name within Optimize Cycle Lengths dialogue box. The
timing file listed will then be appended with the new results from each round of optimization. A
warning message will be displayed alerting the user that the previous file name was not changed and
whether it should be deleted. Select No to append the file with the new optimization data.

Fine-Tuning Signal Timing Parameters: Once the MOEs are considered acceptable, the user has the
opportunity to manually adjust splits or offsets at the intersection level, if required. If changes are made
at the intersection level, the revised MOEs can be appended to the timing and/or MOE data file created
in Step 16. Choose Transfer—>Append and confirm the file names listed in the screen displayed. Be
sure to change the Timing Plan ID so any existing data is not overwritten.

The Synchro 10 Examples pdf located where Version 10 is installed includes a step-by-step example detailing
the use of this feature.

MOE File
File Mame |C: {Training Material\Advanced\MOE Exerdse 4 TSD.csv Browse Write
Detail e
Timing File
File Mame |C: {Training Material\AdvancediTiming Exerdise 4 TS0, csv Browse Write

Timing Plan |'I'|ming |

Scope
® Intersection |Westmonte Dr & SR 436 v]
Zone | - |

Entire Netwark

Figure 18-10 Append to Files Screen
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Optimize Intersection Offsets

To change a single intersection's timing plan so that it works best with its neighbors, click on an intersection
and then choose the Optimize Intersection Offsets command. This command tests all possible offsets and
lead-lag combinations. This command chooses the timing plan for this intersection that minimizes delays on
links between this intersection and its immediate neighbors.

Network Minimum delay score is a relative measure of delay, so that you can see how the optimization is
progressing. These scores are not convertible into an actual delay measure and will vary by cycle length.
However, after performing an intersection offset, users can append the MOE table to determine actual
intersection delays to compare results without adjustments to the offsets.

The scoring used for offset optimization uses the 50th and 90th percentile scenarios only, with the 50th
percentile being double weighted.

This command only changes the selected intersection. It does not make any changes to surrounding
!! intersections. There may be better timing plans available by changing the timings of surrounding

intersections, but Optimize Intersection Offsets and Phasing will not find them. To find the best timing
o plans overall, use the Optimize Network Offsets command discussed in the next section.

For each offset and lead-lag combination Synchro will re-evaluate the departure patterns at this and
surrounding intersections and recalculate delays. Synchro will also recalculate skipping and gap-out behavior
at actuated-coordinated intersections.

When optimizing offsets, Synchro will look at offsets every 16 seconds around the cycle. Synchro will take those

with the lowest delay score and look at offsets nearby every 4 seconds. Synchro will then take those with the
lowest delays and look at offsets nearly every 1 second.

Optimize Network Offsets*

The final step in network optimization is to optimize offsets. This step should be performed after the cycle
length has been determined.

Choose the Optimize Network Offsets command.
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Figure 18-11 Optimize Network Offsets Settings

The offset optimization function is used to evaluate the delays by varying the offset for every 8 seconds around
the cycle. The optimizer then varies the offset by step size increments (1 or 4 seconds) around the 8 second
choices with the lowest delays or close to the lowest delays. This finds the offset with the lowest delays, even if
there are multiple "valleys" with low delay. The cluster optimization will vary groups of intersections so that
local clusters can be synchronized with other local clusters rather than with just each other.

A new option, Weighting the Reference Phases, during the offset optimization routine has been added. Selecting
this option will focus the Offset optimization routine on minimizing delay for the reference phases. In many
cases, an improved bandwidth in one or both directions (based on the reference phases) will occur. Users can
append the MOE table to determine actual intersection delays to compare results without adjustments to the
offsets.

Scope

Choose Zone and enter a zone to perform optimizations on a group of intersections. To select multiple zones,
separate the zones with a comma.

Choose Entire Network to optimize the entire network.
Optimizations
Optimize Splits will perform a Split Optimization for all intersections in the current scope. Cycle lengths and

offsets are not affected. Perform this step if volumes or geometry has changed since the cycle length was last
changed.
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Offset Optimization Speed controls how many optimization passes are performed and the step size of each
pass.

The Step Size controls how many offsets are looked at with incremental offset optimization. Using a value of 1
will check offsets in 1 second intervals. Using a value of 2 will check offsets in 2 second intervals and will take
less time. It is recommended that offsets be optimized with a step size of 4 first and followed with a step size of
1.

[OK] starts the optimization process. All of the checked optimizations will be performed in order.
To fine-tune a network after minor changes, only use the incremental offset options.

Do not select Optimize Splits if splits have been set manually. These values will be optimized and any custom
splits will be lost.

Allow Lead/Lag Optimize? is enabled for some passes. This feature will try reversing phase orders to improve
coordination. This optimization is only performed for phases with Allow Lead/Lag Optimize? set to Yes.

Cluster vs. Individual Optimization

During passes 1, 3, and 5, Synchro performs individual intersection offset optimization. With individual
optimization, each intersection's offset is set to a representative sample of every possible value between 0 and
the cycle length -1. With each offset value traffic flow bands, actuated green times, and delays are recalculated.
The offset resulting in the lowest delays is selected. The delays for the subject intersection and its neighbors
are considered. In some cases, the timing of the subject intersection can affect delays at an intersection two or
more links away.

During passes 2 and 4, Synchro performs cluster optimization. With cluster optimization, Synchro finds groups
of intersections that are connected and treats them as a single group. Synchro will adjust the offsets of the entire
group together.

Consider an arterial of 4 intersections. With cluster optimization, the left two intersections will have their
offsets adjusted together while the right two intersections are held constant. Whenever a group of two or more
intersections is connected to the remainder of the network via a single link, they will be treated as a dangling
cluster. Dangling cluster optimization works well with linear arterial(s).

Another type of cluster is a CF cluster. If two or more intersections have Coordinatability Factors between them
of 90 (or 70) or more, they are considered a cluster and have their offsets optimized together. CF Cluster
optimization helps with situations when two or more intersections that are very close have a lot of traffic
between them. Without CF cluster optimization, these intersections would tend to be optimized for the benefit
of each other only and not for the surrounding intersections.

Platoon Dispersion
Some traffic models such as TRANSYT-7F implement platoon dispersion. With platoon dispersion, itis assumed
that some vehicles will go faster or slower than the defined speed and platoons spread out over greater

distances. One result of platoon dispersion is that coordination has less beneficial impact on longer links.

Synchro does not implement platoon dispersion. Synchro offers two other features that reduce the weightings
of far-apart intersections.

Entering mid-block traffic can be used to "soften"” the platoons and provide an effect similar to platoon
dispersion.
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Synchro calculates a Coordinatability Factor that takes the travel time between intersections into account. In
many cases Synchro's optimization routine will recommend not coordinating intersections when the travel
time between the intersections exceeds 30 seconds. Therefore, in places where platoon dispersion is expected
to reduce the benefits of coordination, Synchro may recommend no coordination at all.

To reduce the weighting of coordination on longer links, enter mid-block traffic (see page 9-5). Also consider
not coordinating intersections that are more than 30 s apart.

Check Phase Orders

In many cases, using alternate phase orders, such as lead-lag phasing, can significantly reduce delays, stops,
and queues. Many parts of North America only use leading left turns and never consider alternate phase orders.
When performing Network Offset Optimization and Automatic Network Cycle Length Optimization, Synchro
performs a check to see if using alternate phase orders can reduce delays. The Check Phase Orders optimization
does not change phase orders in the final timing plan, it merely recommends changes that could reduce delays.

A phase pair is the 1st and 2nd phases or the 3rd and 4th phases of a ring-barrier sequence. During Lead/Lag
optimization, the optimizer will test timing plans by reversing the order of the phase pairs. During
improvement optimization, the optimizer will test all combinations of phase reversals, including those marked
"Fixed" for Allow Lead/Lag optimization. This may result in some suggestions that the engineer had not
previously considered.

When an improvement is found that reduces delay by at least 1800 vehicle seconds per hour, the improvement
is listed, like this example:

Consider changing the phase order at Node 3: E Pine ST & Freeman RD
Node #3 Phase:1 WBL, Change to a lagging phase.

Node #3 Phase:5 EBL, Change to a leading phase.

Total Delay is reduced by 10295 vehicle seconds per hour!

Node #3 Intersection delay is reduced by 8395 veh-s/hr!

Node #3 NBR Delay is reduced from 28.2 to 20.3 seconds per vehicle!
Node #3 WBT Delay is reduced from 9.7 to 4.0 seconds per vehicle!
Node #15 EBL Delay is reduced from 28.1 to 25.7 seconds per vehicle!

To optimize phase orders:

Check the "Optimize Lead/Lag Phasing" option AND

Set "Allow Lead/Lag Optimize" to YES in the Phasing settings.

Performing a complete Lead/Lag optimize may find even greater timing improvements.
Combining these suggestions may reduce total delay more or less than

the sum of the improvements.

WARNING, Permitted left turns should not be used with lagging left turns.

All delays listed above are uniform delays only. The incremental
portion of delay is not affected by offset optimization.

In this example, changing some of the phase orders at node #3 would reduce network delay by over 10,000
seconds per hour. This reduction may occur at node #3 and its neighboring intersections. Intersection delay
reductions are listed that exceed 1800 veh-s/hr and individual movement reductions are listed that exceed 900
veh-s/hr or 50%.

To implement one or more of these suggestions, go to the Phasing settings and change the Lead/Lag field of
the recommended phases. When using lagging left turns, the oncoming left turn treatment should be changed

from Permitted-plus-Protected to Protected (see topic on Left Turn Trapping, page 10-8).

Check Phase Orders cannot be disabled. The ratio of time saved by motorists to the time spent analyzing these
alternatives can exceed 10,000 to 1. Check Phase Orders is not performed if at least 66% of phase pairs have
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Allow-Lead/Lag-Optimize set to “Yes”. Check Phase Orders is not performed on any intersection that has Allow-
Lead/Lag-Optimize set to “Yes” for all phase pairs and the preceding optimization allowed for Lead/Lag
optimize.

Coordinatability Factor

The Coordinatability Factor (CF) is a measure of the desirability of coordinating the intersections. Several
criteria are used in an attempt to determine whether coordination is warranted. These criteria are used to
determine a CF on a scale from 0 to 100 or more. Any score above 80 indicates that the intersections must be
coordinated to avoid blocking problems; any score below 20 indicates the intersections are too far apart, or
coordination is otherwise not desirable.

The CF is used with the Partition Network optimization. Intersections with CF values above the threshold CF
are placed in the same zone or signal system.

The CF is also used with cycle length optimization when uncoordinated intersections are allowed. Intersections
with CF values below the threshold CF are allowed to be independent and uncoordinated.

be used with caution. They are primarily meant to call attention to the different criteria that make

a The calculation of Coordinatability Factors is highly empirical. The application of these factors should
coordination desirable or undesirable.

The following criteria are used to determine the Coordinatability factor and are discussed here.
CF = Max(CF1, CF2) + Ap + Av + Ac
Where:
CF = Coordinatability Factor
CF1 = Initial Coordinatability Factor from Travel Time
CF2 = Initial Coordinatability Factor from Volume per Distance
Ap = Platoon Adjustment
Av = Volume Adjustment
Ac = Cycle Length Adjustment
Travel Time Between Intersections: This is the single most important element. The travel time affects the CF
in the following ways. For links greater than 80 seconds apart, (5,300 ft. at 45 mph or 3,500 ft. at 30 mph), the
intersections are assigned an initial CF of 0 because they are too far apart. For links less than 4 seconds apart,

the intersections are assigned an initial CF of 100. These intersections are so close together, they could cause
blocking problems. For links between 4 and 80 seconds, the initial CF is assigned using the formula:

CF1 =100 - (time - 4) * 100 / 76.

Many agencies use the distance between intersections as the sole criteria for determining coordinatability.
Using travel time instead of distance takes into account the speed of the links. High-speed expressways require
coordination over longer distances than low-speed city streets.

Average Traffic Per Cycle Exceeds Link Distance: This criteria is similar to the previous criteria in that it
uses the distance between intersections. This test also considers the traffic volume on the link and the cycle
length of the intersection to see if the average traffic per cycle length will exceed the storage space between the
intersections. If the average volume per cycle for either direction between the two intersections exceeds the
available storage space, there is a potential blocking problem. Synchro assumes there is a blocking problem
when AverageTraffic > 0.80 x StorageSpace.
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vc=v*C /3600 = volume per cycle
StorageSpace = n * LinkDist / VL
Where:
v = volume in lane group
C = Cycle Length of destination intersection (s)
n = lanes in through lane group
LinkDist = link distance minus 150 feet (45 m) for the space in intersection and extra space.
VL = average vehicle length, entered in NETWORK settings

Similar checks are also made for the right and left turn lane groups as well. CF2 is the maximum factor of the
internal lane groups.

CF2 =100 * AverageTraffic / StorageSpace

Platooning of Traffic During the Cycle: This criteria looks at how much of the traffic arriving is compressed
into the busiest 30% and 60% part of the cycle. If vehicle arrivals are spread out over the entire cycle, due to
traffic coming from the side streets or from mid-block, coordinating this link will have less effect on reducing
delays overall. If there is a short red time upstream, the traffic will be spread out over most of the cycle and
coordination will have less effect. A pulse factor of 45 indicates that vehicles arrive uniformly across the cycle,
coordination will provide no benefit. A pulse factor of 100 indicates that all of the traffic arrives in the busiest
30% of the cycle and coordination is a good idea.
PulseFactor = (v30 +v60) / (2 *vc) * 100%
Where:
PulseFactor = proportion of upstream traffic in busiest part of cycle
v30 = volume of traffic arriving during the busiest 30% of the cycle

v60 = volume of traffic arriving during the busiest 60% of the cycle

vc = volume per cycle
The adjustment to the CF for platoons is calculated by the following formula:
Ap = Platoon Adjustment = 10 - (100 - PulseFactor) * 30 / 55

A Pulse Factor of 45 reduces the CF by 20 points. A Pulse Factor of 100 increases the CF by 10 points. For a two-
way link, the maximum Pulse Factor for the two directions is used.

Main Street Volume: This criteria looks at the volume of the main streets. The assumption is that high volume
arterials are more suitable for coordination than low volume streets. The arterial volume is the total hourly
volume on the link in both directions including turning movements. The Volume Adjustment, Av is adjusted
according to the following formula.

Av =(v2-700) /50, whenv2 <1200
Av =(v2-200) /100, whenv2 <2200
Av =20, when v2 >2200

Where:

Av = Volume Adjustment
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v2 = sum of two way volume on link (vph)

The following summarizes how volumes affect Av.

v2 Av
200 -10
700 0
1200 10
1700 15
2200 20

Incompatible Cycle Lengths: This criteria looks at the natural cycle lengths of the adjacent intersections, or
groups of intersections, to see if they are compatible. The Natural Cycle Length is the cycle length the
intersections would have if they were operating as independent intersections, and it is the shortest cycle length
that gives an acceptable level of service. If the two intersections have close to the same cycle length, they can
be coordinated together without increasing delays to uncoordinated movements. Conversely, if one
intersection only needs a short cycle length and the other needs a longer cycle length, both intersections would
have to operate at the longer cycle length. This increases delays at the intersection with the shorter natural
cycle length. The following test attempts to calculate, empirically, how much delay is increased when the
intersection(s) with the shorter cycle length is increased to the longer cycle length:

Ac = Cycle Length Adjustment = - (X IncreaselnCycle) / 2
Where:
—30<Ac<0

IncreaselnCycle = amount to increase cycle length for coordination

If the shorter cycle of the two adjacent intersections can be half cycled, then IncreaseInCycle = LongerCycle / 2
- ShorterCycle. For example, Intersection 1 has a natural cycle length 100 and intersection 2 has a natural cycle
length of 40. Intersection 2 can be half cycled so its cycle length is increased from 40 to 50 and IncreaselnCycle
is 10.

If one or both intersections are operating actuated or semi-actuated with a floating cycle length, the increase in
cycle length is the difference between the longer natural cycle length and the average actuated cycle length
without dwell time. If both intersections are actuated, the IncreaselnCycle for both intersections is used. For
example, intersection 1 has a natural cycle of 70 seconds and an actuated cycle without dwell of 46 seconds.
Intersection 2 has a natural cycle of 100 and actuated cycle without dwell of 78. To coordinate these
intersections, intersection 1 increases from 46 to 100 and intersection 2 increases from 78 to 100. The
IncreaselnCycle is thus (100-46) + (100-78) or 76.

This factor will avoid coordination when it significantly increases the cycle length of intersections. This factor
also avoids coordinating actuated signals when they can shorten their cycle with skipped and gapped-out
phases.

Summary of Coordinatability Factor

To see CFs select the Show Natural Coordinatability Factors button or the Show Current Coordinatability
Factors button. The CF for each link will appear on the map. To see a detailed listing of the factors of the CF
select the Create Report command and include a report for Coordinatability Factors, or double-click on any
link while the CFs are displayed.
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Current versus Natural Coordinatability Factor

The Current Coordinatability Factor uses the current cycle length and timings to calculate the CF. The Natural
Coordinatability Factor uses the intersection's natural cycle lengths. The Natural CF is used to initially
determine which intersections should be coordinated. The Current CF is used to analyze the current timing plan
and justify whether or not to coordinate additional intersections.

To answer the question, ‘why were these two intersections coordinated together?’, look at their natural CF. To
answer the question, ‘why are these two intersections not coordinated together?’, look at their current CF.
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Chapter 19 — Percentile Delay Method

Introduction

This chapter provides in-depth details regarding the underlying calculations found within Synchro.
Comparisons with the HCM methodologies are also highlighted throughout the chapter.

Delay Calculations

Synchro’s core delay calculation is called The Percentile Delay Method. The percentile delay calculation looks
at five levels of traffic arrivals so that actuated signals can be evaluated under varying traffic loads. This allows
the percentile delay method to capture and rationally model the non-linear behavior of actuated signals.

The Percentile Delay calculations in Synchro are also interval based. Vehicle arrivals from adjacent
intersections are evaluated in intervals to determine the influence of coordination.

The calculations for The Percentile Delay Method can be quite complex, including multiple intervals to be
evaluated with detailed information about arrival patterns from adjacent signals. The HCM 2000 Delay
equation (Webster's Formula), can be calculated by hand, while the HCM 6t Edition and HCM 2010 cannot.

Choosing a Delay Formula

Synchro allows you to choose which delay method is used, the Synchro control delay or an HCM delay
evaluation. The delay shown in the TIMING settings is the Synchro control delay.

Use the HCM 6t Edition/2010/2000 Signals Report When:
v Compatibility with Highway Capacity Manual is desired

Use Synchro Delay When:
v’ Evaluating actuated signal parameters
v’ Optimizing offsets
v" Detailed modeling of coordination is needed

v" Detailed modeling of actuated signals is needed

The following sections explain the differences in calculations between the HCM 2000 and the percentile delay
methods in detail.

Webster's Formula (HCM 2000 Signals Report)
Webster's formula as it appears in the Transportation Research Board's, HCM 2000 is defined as:

D = D1 * PF + Dz + D3 = Webster's Delay (s)

D, =0.5%C* [l—(g/C?]z
[1-(g/C)*min(X,1)

] = Uniform Delay

PF = Progression Factor to account for coordination or controller type

Chapter 19 - Percentile Delay Method 19-1



Synchro Studio 10 User Guide

D, =900*T*| (x-1)+ \/(x -1+ % = Incremental Delay

D3 = Residual Demand Delay, caused by existing queue at beginning of analysis, not used in Synchro

C = Cycle Length (s)

T = duration of analysis in hours, default 0.25 (see Network Settings)

g = Effective green time (s)

X = Volume to Capacity Ratio (v/c)

¢ = Capacity (vph)

k = incremental delay factor, dependent on controller settings (0.5 for pre-timed or near saturation)

I = upstream filtering factor (1.0 for isolated intersections)
Webster's Formula is used when compatibility with the HCM is required. Webster's Formula and the HCM
methods are a nationally recognized standard for measuring intersection performance. The formula provides

a uniform set of rules for all design reports and planning studies. For these types of applications, Webster's
formula should still be used.

The Progression Factor (PF) is used by the HCM 2000 to account for the effects of coordination. Synchro has
already explicitly calculated the delay with coordination effects, so Synchro actually can determine the true PF
by the following formula:

PF = DelayCoord / DelayUnCoord
PF = Progression Factor
DelayCoord = uniform delay calculated by Synchro with coordination
DelayUnCoord = uniform delay calculated by Synchro assuming random arrivals

The Uniform Delay shown in the Delays Report assumes random arrivals, to get the total delay, multiply the
Uniform Delay by the PF and add the Incremental Delay.

Analysis Period

The analysis period, T, in Synchro can be modified. To change this, go to the Network Settings, Volume Settings
tab.

The typical (and default) analysis period is 15 minutes (T = 0.25 hours). As the v/c ratios begin to increase to
about 0.90, the control delay is significantly affected by the length of the analysis period. When the flows for
each 15-minute interval remains relatively constant, consideration should be taken to increase the analysis
period. If v/c exceeds 1.0 during the analysis period, then the length of the analysis period should be extended
to cover the period of oversaturation in the same fashion, as long as the average flow during that period is
relatively constant.

If the Analysis Period is changed to 30 minutes or greater, the PHF is automatically set to 1.0 and is not editable.
The PHF is only used in conjunction with a 15-minute analysis. The delay equations (both Percentile and HCM)
have provisions to accommodate traffic fluctuations that would occur for the peak 15-minute period during a
60-minute analysis.
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How Analysis Period Affects Delay

The length of the analysis period will affect the control delay. Adjusted volumes and v/c ratios will be lower
due to not using a PHF adjust. Uniform delays will be lower at 60 minutes due to lower volumes. Incremental
delays will be lower at 60 minutes due to lower volumes, but higher due to longer analysis period. Movements
under and near capacity may see a reduction in delay. Movements over capacity will likely see a big increase in
delay. This reflects over capacity movements having standing queues for 60 minutes rather than 15 minutes.
Use a 15-minute period when:

v" Most of the intersections in the study area are operating at less than capacity.

v If the agency has a goal of LOS D or better for all intersections.

v' The study area has a short term spike in traffic, such as a shift change at a major employer.

v' Traffic counts are available in 15 minute intervals

Use a 60-minute analysis period when:

v/ Most of the intersections in the study area are operating near or over capacity for 30 minutes to 2
hours.

v" The agency is forced to accept intersections over capacity and is looking at incremental improvements.

v' Traffic counts are not available in 15 minute intervals.

Use a 120-minute analysis period when:
v’ Most of the intersections in the study area are over capacity for 2 hours or longer.

v The agency is forced to accept intersections over capacity and is looking at incremental improvements.

The Percentile Delay Method

Basic Delay Calculation

s = saturated flow rate

v = volume

A = Queue

| e

|

-

! R = Red i G = Green l
Figure 19-1 Vehicles Queued at Red light

The average delay for a lane group at a pretimed signal is represented by the area in the triangle in Figure 19-1.
The width of the triangle's base is equal to the effective red time of the phase. The slope of the left side is the
arrival rate of vehicles in vehicles per second. The slope of the right side is the departure rate or Saturated Flow
Rate in vehicles per second. The height of the triangle is the maximum queue in vehicles. The maximum queue
can thus be found with the following formula.
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v
0 * R = Maximum Back of Queue (vehicles)

T (1= v/5)*3600

v = Volume (vph)
s = Saturated Flow rate (vph)
R = Red Time (s)

The vehicle delay per cycle is the area of the triangle; the delay per vehicle is the area of the triangle divided by
the vehicles served per cycle.

2

D= (l—v/sv)*3600 *%zvehideDelay

VD
C*3600
C = Cycle Length (s)

= Uniform Delay per vehicle, for scenario p (s)

Dp

Thus, this gives...

Dp = 0.5 xR *5
(1-v/s) C
Given that...
B %
s*g/C
R/C=1-G/C

1-(g/Of
DpZO.S*C*[ (g )]

h—uY*g/C]
This formula is identical to the definition for Webster's formula for D1. The primary differences between the
Percentile and Webster calculations lie in the determination of green time, and the handling of nearly- and over-
saturated conditions.
Percentile Scenarios
Over the course on an hour or 15-minute period, traffic will not arrive at an intersection uniformly. Some cycles
will have more traffic and some cycles will have less. A Poisson distribution can be used to predict how traffic
arrives.
To account for variations in traffic, Synchro models traffic flow under five percentile scenarios, the 90t, 70t,
50th, 30th, and 10t percentile scenarios. If 100 cycles are observed, the 90t percentile cycle will be the 90t
busiest cycle. Each of these scenarios will represent 20% of the cycles actually occurring.

The traffic volumes for each scenario are adjusted up or down according to the following formulas.

The expected number of vehicles, A, is the hourly flow rate divided by the number of cycles per hour.
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C

3600
v = Volume (vph)
C = Cycle Length (s)

=p*

The variance, or standard deviation, in traffic is the square root of the expected number of vehicles for a Poisson
arrival.

p = Sqrt( A ) = standard deviation in expected arrivals per cycle

The expected number of vehicles for a given percentile can be calculated using a Poisson distribution. A Normal
Distribution can be used if the expected number of vehicles is greater than 6. This gives the formula:

vVP=(A+zp)* 3600

= volume for percentile P

C = Cycle Length (s)

z is the number of standard deviations needed to reach a percentile from the mean. It can be determined the
table below.

Table 19-1 Standard Deviations for Percentile Scenarios

Percentile Z

10 -1.28
30 -0.52
50 0

70 0.52
90 1.28

The simplified formula to determine adjusted volumes is thus:

vP:v+[Z*«/v*C/3600]*$

withvP >0

Using five scenarios instead of one has several advantages. Even though an approach is below capacity, it may
be above capacity for the 90th percentile traffic. By modeling the 90th percentile traffic, it is possible to better
model nearly saturated intersections.

Using multiple scenarios allows actuated signals to be modeled under multiple loadings. The complex operation
of actuated signals will vary under the five scenarios and give a range of expected green times over the course
of an hour.

For example, a phase serving a low volume movement may skip 40% of the time. With percentile modeling this
phase is skipped in two of five scenarios. The alternative used by HCM is to assume a split or green time of 60%

of the non-skipped time. Similar non-linear behavior occurs with pedestrian activated phases.

To get basic delays for pretimed, unsaturated signals with uniform arrivals, the formulas are:

Chapter 19 - Percentile Delay Method 19-5



Synchro Studio 10 User Guide

_ VD10+VD30+VD50+VD70+ VD90
' (010 +v30+ 150 + v70 +190) * C /3600

D1 = average percentile delay

VD10 = 10th percentile Vehicle-Delay per hour
2

Mo LR
(1-v10/s5) C

v10 = 10th percentile volume rate (vph), volume rate is adjusted using methods described earlier

VD10 =0.5* *3600

Vehicle-Delay values and Arrival rates for other percentiles are calculated similarly.

If volume exceeds capacity for a percentile scenario, the capacity, rather than the volume is used in the uniform
delay calculation. For congested percentile conditions the following apply:

R2
VD10 =0.5*%5/3600* i = uniform delays calculation for congested links

Actuated Signal Considerations

To estimate the delay for actuated signals, it is necessary to determine how skipping and gapping behavior will
change their timings. These actuated timings are then used with the Percentile Delay formulas. This section
describes how actuated signals are modeled.

The key to determining actuated behavior is to predict if each phase will be skipped and when each phase will
gap out. Once these behaviors are determined, the green and red times from the actuated signals can be used
to model delays.

Determining Skip Probability

To determine the probability of a phase being skipped it is necessary to determine the expected number of
vehicles that arrive during red. Synchro assumes the phase will be skipped if there is a greater than 50% chance
that zero vehicles arrive during the red time. If the expected number of vehicles is less than 0.69, there is a 50%
chance that zero vehicles arrived.

The red time can be a tricky number to determine. The red time occurs at the beginning of the unusable yellow
time or about 2 to 3 seconds into the yellow time. The red time extends to the end of the permissive period for
this phase. The permissive period ends at the yield point of the previous phase. If there are advanced detectors,
this will allow more vehicles to be detected and extend the detection time for avoiding a gap.
R'=R + L2 + Tlead - Ymain = Red time for calculating skips (s)

R = Actual Red Time (s)

L2 = Clearance Lost Time (s) =1to 2 s.

Tlead = Travel time from first advanced detector to stop bar. (s)

Ymain = Yellow time for main street. Only subtract if main street has not yielded to another phase. (s)

When determining the probability of a skip, traffic from all lane groups calling the phases are added and
pedestrian calls are added as well.

Any phases with recall will not be skipped.
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If this signal is not in coordination, the actual cycle length may be less than the maximum cycle length and the
skipping and gapping calculations must be done iteratively with shorter cycle lengths.

If this signal is in coordination, the arrival flow will reflect the departures from the upstream intersection.

It is possible for a phase to be skipped if the platoon arrives after the permissive period, this occurs most

&: often with leading left turn phases. In this case, Synchro will calculate delays by modeling two cycles. In

O the first cycle, the phase is skipped. In the second cycle, all vehicles are served. Synchro will not skip
phases if the v/c ratio is 0.9 or greater.

Synchro assumes that any phase with traffic of at least 1 vph will not be skipped during the 90th percentile
cycle. This insures that every phase gets at least some green time.

Determining Queue Clear Time
The queue clearance time is equal to the startup lost time plus the service time for any vehicles that arrived

during red plus vehicles arriving during the clearance time. Synchro has the startup lost time set for 2.5 seconds.
The service time is 3600 divided by the Saturated Flow Rate and the number of lanes.

v

Tqg=L1+ *(L2+ R+ L1) = queue clearance time (s)

S—V
L1 = 2.5 s = startup lost time (s)
v = arrival rate (vph)
s = Saturated Flow Rate (vph)
R = Actual Red Time (s)

L2 = Clearance Lost Time (s)
If the signal is in coordination, the arrival rate will not be constant.
If this phase serves two or more lane groups, the lane group with the highest Volume to Saturation ratio is used.

If the lane group for this phase is also served by another phase such as a permitted + protected left turn phase
or a right turn phase with an overlap, the vehicles arriving on red will be reduced by the vehicles served by the
other phase.

Synchro does not actually model stop bar detectors or initial intervals. Synchro assumes that the detectors and
initial interval settings are set up in such a way that the phase will not gap out before the queue is cleared.

An "overflow queue" calculation is used to prevent gap-out at lower percentiles for movements near or over
capacity. The unserved vehicles from the 90th percentile cycle are assumed to be in the initial queue for the
lower percentile cycles. The overflow queues are assigned as follows:

ul = (vI - cI)*C/3600 = unserved vehicles for percentile I.

vl = percentile volume for percentile I

cl = capacity for percentile I, based on maximum green times

070 =u90/4 = 70th percentile initial overflow queue (vehicles / cycle)

050 =u90/4 +u70/3 = 50th percentile initial overflow queue (vehicles /cycle)
030 =u90/4 +u70/3 + u50/2 = 30th percentile initial overflow queue

010 =u90/4 +u70/3 + u50/2 + u30 = 10th percentile initial overflow queue
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C = cycle length, using maximum green times
The overflow queue calculations are based on maximum green times.
Determining Time to Gap-Out
The time-to-gap-out is the time from when the queue clears until there is a 50% chance of gap out.

The effective gap time, GapEff, is the time required between two vehicles for the signal to gap out. A single
vehicle can extend the phase from the time it hits the first detector until the time it leaves the last extension
detector plus the gap time. GapEff is thus equal to the controller's actual gap time plus the travel time between
the first and last extension detectors. Only extension detectors are counted when determining the effective gap
time.

GapEff = Gap + Tlead - Ttrail = Effective gap time (s)
Gap = Vehicle Extension time. (s)
Tlead = Travel time from leading detector to stop bar. (s)
Ttrail = Travel time from trailing extension detector to stop bar. (s)

The probability of an immediate gap-out is the probability of 0 vehicles in the first GapEff seconds. If the
expected vehicles are less than 0.69 in this time, there is more than 50% chance of an immediate gap-out.

The probability of a gap-out in any subsequent second is the probability of no vehicles in the new second and
the probability of no vehicles in the trailing GapEff -1 seconds. The expected number of vehicles in the trailing
time is arrivals + 1 since we know there was at least one vehicle in the trailing GapEff seconds.

Coordination

One of the best ways to reduce delays at signalized intersections is through coordination. When a signal is in
coordination its arrival flows from adjacent intersections will vary over the course of a cycle. Under perfect
coordination all traffic arrives on green, there are no stops or delays.

Synchro models coordination by varying the arrival rate at intersections based on the departures at upstream
intersections. This causes the arrival rate to vary across the cycle.

Determining Arrival Patterns

Synchro takes all traffic from upstream intersections moving toward the subject intersection, both through and
turning traffic. If the upstream green interval is not saturated, the traffic flow leaving the upstream intersection
will vary across the green band.

Normally traffic from the upstream intersection will be heavy during the upstream intersection's queue
clearance period and then the flow will decrease to the upstream intersection's arrival rate. If a platoon arrives
at the middle or end of the upstream intersection's green time, the platoon will carry through to this
intersection.

For a graphical representation of how vehicles leave the upstream intersection, look at the flows in the time-
space diagram (page 17-4).

If the upstream intersection is actuated-uncoordinated or if it has an incompatible cycle length, the traffic is

assumed to arrive uniformly. A compatible cycle length is the same cycle length, double the cycle length, or half
the cycle length.
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If the upstream intersection has half the cycle length, traffic will be modeled over two of its cycles. If the
upstream intersection has double the cycle length, this intersection will be modeled with two cycles.

Actuated-coordinated intersections always see traffic arriving uniformly.

If the upstream intersection is unsignalized or a bend node, Synchro will look beyond the unsignalized
intersection for a signalized intersection. Any vehicles arriving at a free approach to an unsignalized
intersection are assumed to depart immediately.

Vehicles arriving at a stop or yield approach to an unsignalized intersection are assumed to depart uniformly
across the cycle. If mid-block traffic is coded, this traffic is represented as arriving uniformly.

Traffic volumes from upstream traffic are adjusted up or down to match the required traffic at the subject
intersection. Traffic adjusted downward can be used as an automatic traffic sink. Traffic flows from upstream
intersections will be adjusted upward by as much as 30%. Any additional traffic is assumed to arrive uniformly.

The vehicle flows from upstream are time adjusted based on the travel time between the intersections. Synchro
has no option for platoon dispersion.

It is possible that the departures of a distant intersection can affect the arrival pattern at this intersection. For
this reason, departure patterns are recalculated iteratively and this causes Synchro to take a while to
recalculate.

Modeling Over Capacity and Cycle Failures
Saturated Links

At links near or above capacity, the delay will have two parts:

D = D1 + D2 = total percentile delay
D1 = Uniform delay, weighted average of percentile scenarios (sec)

D2 = Incremental Delay (sec)

As volume approaches capacity, some or all vehicles will not be accommodated on the first cycle. Both the
Synchro Delay and HCM Signals Report include an incremental delay term (D2) to account for delays from
vehicles waiting for extra cycles. The D2 in both models accounts for delays due to near saturation and over
saturation.

Incremental delay is now calculated using the HCM formula. Earlier versions of Synchro performed a 100 cycle
simulation to determine the incremental delay. Trafficware conducted research that showed the HCM formula
gives essentially the same results for a wide range of v/c ratios, cycle lengths, and green times, provided the
same definition of delay is used. Synchro 6 switched to using the HCM formula to give consistency with the
other method, and to facilitate fast D2 calculations to model queue interactions during optimization.

* ok Tk
D, =900*T * ()c—1)+\/(x—l)2 +M = Incremental Delay

c*T

Synchro allows for analysis periods other than 15 minutes. D2 will be higher when using longer analysis periods.
However, with a 60-minute analysis period, there is no adjustment for PHF, this will normally reduce the
adjusted volume. The resulting delay could be higher in some cases and lower in others than using a 15-minute
analysis period.
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Upstream Metering

The I term is determined by Exhibit 15-9 in the HCM 2000. If this is an isolated intersection or there is no
upstream intersection, I = 1.0 for random arrivals. Exhibit 15-9 of the HCM 2000 is as follows:

EXHIBIT 15-9. RECOMMENDED |-VALUES FOR LANE GROUPS WITH UPSTREAM SIGNALS

Degree of Saturation at Upstream Intersection, Xu
0.40 0.50 0.60 0.70 0.80 0.90 =10
I 0.922 0.858 0.769 0.650 0.500 0.314 0.090

Note: 1= 1.0- 0.91X %5 and X, < 1.0

Percentile Delay Summary

The basic premise of the Percentile Delay Method is that traffic arrivals will vary according to a Poisson
distribution. The Percentile Delay Method calculates the vehicle delays for five different scenarios and takes a
volume weighted average of the scenarios. The five scenarios are the 10th, 30th, 50th, 70th, and 90th
percentiles. It is assumed that each of these scenarios will be representative of 20% of the possible cycles. For
each scenario, traffic for each movement is adjusted to that percentile.

If the signal is actuated or semi-actuated, the skipping and gap-out behavior for these traffic conditions are used
to determine the green times for each scenario. If the signal is in coordination, an arrivals flow pattern is
calculated to account for the effects of coordination. Delays are calculated using the adjusted volumes and
calculated green times.

Estimating actuated operation or coordination arrivals may require that the calculations be performed
iteratively. D2 is calculated to account for signals near or above saturation.

Percentile Delay and Webster's Formula Compared

In most situations, the delays calculated by the Synchro Percentile and HCM methodologies are similar and will
be within a few seconds of each other. Key differences are highlighted in the table below.

Table 19-2 Limitations of Methodologies in Synchro

Limitation Synchro’s Percentile HCM 6th Edition & 2010 HCM 2000

Delay Method

IR BT CHOZ Vil TAl All analysis methods in Synchro have this limitation. If vehicles are spilling out
of a turn pocket or through vehicles are blocking a turn pocket, the delay that
would occur in the field is not included in the models’ delay output.

Spillback and Synchro includes a The HCM methods do not include any delay for queue
Starvation Delay method to model this spillback or starvation.

(caused by closely delay when

EWL LU s i)l intersections are close

to each other.

LG e GO RS R WGl Synchro determines The HCM 6t Edition and The HCM 2000 does not
Calculations actuated green times 2010 include calculate the actuated
computational engines green time. In Synchro,
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based on a Percentile that determine actuated the Percentile green
method. green times. times are used.

Right Turn on Red Synchro calculates a In the HCM methods, the RTOR is a volume input by
RTOR saturation flow the user and is used as a volume reduction (not a
rate, and increases the capacity increase).

right-turn capacity.

Actuated Signals

Webster's formula calculates delay using a single set of green times. These green times are an average of the
actual green times encountered by the signal operating in actuated mode. The percentile method uses five sets
of green times, by using five levels of traffic. Delays are calculated using each scenario and a weighted average
is taken.

In most cases, the difference between using one and five scenarios will be less than a few seconds. The biggest
differences occur with the non-linear behavior associated with pedestrian phases and skipped phases. If an
intersection has pedestrian actuated phases with 1 to 50 pedestrians per hour or skipped phases and traffic
under 100 vph; the delay to other phases will be calculated more accurately using the Percentile method.

Coordination

Webster's formula calculates the effects of coordination by using a Progression Factor (PF). The PF is calculated
by estimating the percentage of vehicles arriving on green. The formula does not discriminate between vehicles
arriving at the beginning or end of red so the entire process is an approximation.

The Percentile Method calculates the effects of coordination by looking at actual arrivals from adjacent
intersections. The queue length and delays are calculated by integrating the expected arrival rate across the
cycle length. The delays calculated this way explicitly account for coordination and give the detail necessary for
offset optimization.

Delay Calculations for Approaches with Left Turn Phasing, but no Left Turn Lane

Delay calculations for approaches with left turn phasing, but no left turn lane are completed as follows. Traffic
is assumed to flow freely (both left and through) during the protected left turn phase. During the through phase,
traffic is somewhat or fully constrained. For Permitted+Protected operation, the flow rate during the
permitted part of the cycle is reduced by the left turn factor calculated using the methods shown in the 2000
Highway Capacity Manual. For Protected operation, it is assumed that the left lane will be blocked by a left
turning vehicle. The capacity is thus reduced by one lane, or the capacity is zero for a one lane approach.

Synchro Delay Method

The Synchro delay calculations are designed for operations and signal timing optimization. Synchro’s method
is called The Percentile Delay Method. The Percentile Delay Method is designed to model coordination and
actuated signals in detail.

Delay based methods including Synchro’s are inherently less accurate than capacity based methods. However,
Synchro’s delay method does explicitly account for actuation and coordination thereby reducing those sources

of inaccuracy.

The calculations are too complicated to be performed by hand or described completely on paper. The Synchro
results are therefore not reproducible by other software or by hand methods.
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For optimizing signal timing for coordination, Synchro’s delay method is the best choice because it is explicitly
calculating the affects or coordination. Similarly, for analyzing actuated signal parameters, Synchro’s delay

method is also the best choice.

Queue Interactions

Synchro 6 introduced a new series of traffic analysis called Queue Interactions. Queue Interactions looks at how
queues can reduce capacity through spillback, starvation, and storage blocking between lane groups.

Spillback

Spillback is caused when a queue from a downstream intersection uses up all the space on a link and prevents

vehicles from entering the upstream intersection on

green. (See Figure 19-2)

Queue causing
spillback
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Figure 19-2 Spillback

Starvation

Starvation occurs when a downstream signal is green, but the signal cannot service at full capacity efficiency

because the upstream signals is red, see Figure 19-3.
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Figure 19-3 Starvation
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Queue Interactions

Queue Interactions have the potential to not just increase delay, but also reduce capacity, even on movements
that normally are under capacity. With movements at or above capacity, queue interactions become even more
critical because they have the potential to reduce capacity even further.

Historically Synchro has modeled how good coordination can reduce delay. With Queue Interaction modeling,
Synchro is modeling how bad coordination or no coordination can exponentially increase delays and reduce
capacity.

Queue Interactions look at queues on short links and short turning bays. Less storage space than one full cycle
of traffic causes higher delays along with a reduction in capacity. It is not just a bad problem, it is a terrible
problem. In addition to the problems previously noted, it is also a safety problem. Vehicles holding at a green
light can get rear-ended. Vehicles stuck within an intersection can get into a right-angle collision.

Spillback and starvation are tightly interrelated. It is possible to initially have one and not the other depending
on which intersection is more capacity constrained. The reduction in capacity due to starvation will eventually
lead to spillback upstream. Spillback and starvation are caused by no coordination or bad coordination in
conjunction with short block spacing.

To reduce spillback and starvation; all major movements for a direction need to be green at the same time.
Using shorter cycle lengths and/or longer block distances can also reduce queue interaction problems.

Changes to Synchro 6 and later
The Queue Interaction calculations are used throughout Synchro 6 and later, including the following areas.

A new queue delay term is introduced. All displays and reports that show a percentile delay now have an
additional term called Queue Delay. This delay measures the additional delay incurred by the capacity
reduction of queues on short links.

Queue delay is part of the objective function used for optimizations. Optimized timing plans will now take into
account the effects of queue interactions. This will tend to favor timing plans that hold all movements green
simultaneously on short links and shorter cycle lengths.

The Time-Space Diagrams can now show times where queue interactions occur. Starvation, spillback, and
storage blocking times are shown at the stop bar with colored rectangles.

The Coding Error Check feature now looks for queue interaction problems. Any significant problems are
reported in detail as a warning.

The Queue report now contains detailed information about the three types of queue interactions. The Queuing
penalty is removed.

Calculations

The queue interactions calculations generally have 3 steps:

1. Determine if the volume per cycle to distance ratio is critical.

2. Determine the capacity reduction, due to the amount of time per cycle that the movement is starved
or blocked.

3. Determine the additional delay incurred by this capacity reduction.

Chapter 19 - Percentile Delay Method 19-13



Synchro Studio 10 User Guide

Compare Volume to Distance

The first step is to determine if the ratio of volume per cycle to distance is critical. Queue Interactions only cause
areduction in capacity when the storage space is less than one cycles worth of traffic.

If a movement is over capacity, it will cause spillback at any distance; but system capacity will not be reduced
because there is enough storage space to accommodate an entire cycle of traffic.

A link is subject to spillback and starvation whenever:

Min(capDist, volDist) > Dist
capDist=L*[2+C*c/ (n*3600)] = distance per lane used by one cycle of capacity
volDist=L*[2 +v90 *C / (n *3600)] = distance per lane used by one cycle of 90th percentile volume
Dist = Internal Link Distance
¢ = lane group capacity
n = number of lanes
v90 = 90th percentile volume
C = cycle length

L = average vehicle length
The addition of 2 vehicles is to accommodate a possible truck.
A storage bay is subject to storage blocking whenever:

Min(capDist, volDist) > Store

Store = Storage Bay Distance

This test must be true for both the blocking and the blocked movement. Both movements need to have a queue
extending past the storage bay opening for an interaction to occur.

These tests do not actually determine if queue interactions are occurring, only if they have the potential to
occur.

Determine Capacity Reduction

The next step is to determine the time that the movement is blocked or starved. For storage blocking and
spillback, the capacity during this time will be zero. For starvation, the capacity during this time will be reduced
to the upstream saturation flow rate active at the time.

Starvation Capacity Reduction

The time-space diagram in Figure 19-4 illustrates a case of starvation.
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Figure 19-4 Starvation in Time Space view
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Note that at the beginning of green vehicles begin to clear the queue at point (1), the queue is drained at time
(2) and the last queued vehicle clears the stop bar at time (3). From time (3) to time (4), the only vehicles that
can be serviced are those that enter the intersection from times (2) to time (5). The storage space cannot be
used after time (3).

If the upstream signal is red between times (2) and (5), only vehicles using the intersection will be vehicles
turning from side streets upstream or entering mid-block. The capacity of the downstream intersection is
limited by the Saturated Flow Rate of allowed movements upstream during this time.

For starvation analysis, the green time is divided into two portions. The beginning of green for queue clearance
time Tgq is able to clear vehicles stored on the link. After Tgq, the capacity is limited to the upstream Saturated
Flow Rates of traffic given a green during that time.
Tq = queue clearance time = D/L/[s/(n*3600)]
D =link distance
L = average vehicle length
s = Saturated Flow Rate

n = number of lanes

Refer to Figure 19-5 for an example.
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Figure 19-5 Starvation Capacity Reduction

Figure 19-5(a) shows the basic capacity for the downstream intersection versus time for one cycle. Figure
19-5(b) shows the upstream Saturated Flow Rates for vehicles bound to the downstream intersection. The
Saturated Flow Rates are adjusted to account for the proportion of vehicles in that stream bound for this
movement. Note that there is a big flow for the upstream through movement, and smaller flow on red for
vehicles turning from side streets upstream. Figure 19-5(b) is time adjusted to account for the travel time
between intersections.

Figure 19-5(c) shows the combination of the two flow profiles. The shaded area is the reduced starvation
capacity. The difference between Figure 19-5(a) and Figure 19-5(c) is the reduction in capacity due to
starvation.

In the case where the upstream intersection has a different cycle length, the average volume is used for the
capacity during the Starvation time.
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Note that at some cycles, the starvation time will be fully utilized and other cycles will be starved.
The link clearance time for a 300 ft link with saturation flow rate of 2000 vphpl is:
tQ = 300ft / 25ft / (2000/3600) = 21.6 s
If the two intersections operate at different cycle lengths, starvation may occur on some cycles but not others.
Over time the flow rate serviced after time Tq will be equal to the volume. During some cycles, it will be greater

and some cycles it will be less.

The capacity at the downstream intersection is reduced depending on the number of vehicles that can be
serviced after Tq.

If starvation is a potential problem, it is essential to use good signal coordination and/or shorter cycle lengths.
Spillback Capacity Reduction

For spillback analysis, the upstream capacity will be zero whenever the queue extends to the upstream link.
Refer to Figure 19-7. The first step is to simulate the traffic flow of the downstream movement. This will

determine the queue time upstream. In Figure 19-7 this is from time (2) to (4). The capacity of the upstream
movement(s) are reduced to zero during this time.
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Figure 19-7 Spillback in Time Space view

Note that side street movements may also have their capacity reduced during the spillback time. If a side street
lane group has two lanes of Thru and Thru-Right, its capacity will be reduced by % during the time the right
movement is blocked.

In the case where the two intersections have different or variable cycle lengths, the calculations are performed
multiple times. The upstream intersection’s departure and capacity profiles are rotated at 5 second increments
over their entire cycle. At each 5 second increment, the profiles are truncated or extended to match the
downstream cycle length and the spillback analysis is performed. The capacity reduction is averaged for all the
5 second offset rotations. This allows all offset combinations to be evaluated and considered. It is likely the
spillback affects will vary greatly among offset rotations. It is necessary to test all offset rotations in order to
determine whether there are damaging spillbacks with incompatible cycle lengths.

For half cycling or double cycling, offset rotation is not used; the analysis is performed using a double cycle.

For queue delay calculations, the capacity reduction is calculated using both 50th percentile traffic and 90th
percentile traffic with the 50th percentile traffic counting for 2/3 of the total.

crSB = (crSB50 * 2 + crSB90) /3 = capacity reduction due to spillback
crSB50 = capacity reduction due to spillback using 50th percentile traffic
crSB90 = capacity reduction due to spillback using 90th percentile traffic

Storage Blocking Capacity Reduction
Storage blocking combines a spillback and a starvation analysis. The first step is to determine the time that the

entrance to the storage bay is blocked by the blocking movement.
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Refer to Figure 19-8. In this example through traffic is simulated for a cycle to determine the queue time at the
top of the storage bay. In Figure 19-8 this is from time (1) to (2).
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Figure 19-8 Storage Blocking in Time Space view (Through Traffic)

Refer to Figure 19-9. This shows left traffic on the same link.

Time-Space Diagram Seconds
Approach

1|I] 2|l] 3|I] 4|I] 5|I] BII] ?'II] BII] SII] 1 I|]I] 1 ] o 1 I2I] 1 iIJI] 1 4III]
vehicle Flow Lines

{Left turners)

] W]
I
1

Left turn
starvation time

Figure 19-9 Storage Blocking in Time Space view (Left Turn Traffic)
Next the storage clearance time is determined:

tS = St/L/[s/(n*3600)] = storage clearance time
St = storage distance
L = average vehicle length
s = Saturated Flow Rate
n = number of lanes

The time from (3) to (5) is the storage clearance time. From time (5) to (6), the capacity will be zero if the
storage entrance is blocked.

Figure 19-10(a) shows the basic capacity for the blocked movement versus time for one cycle. Figure 19-10(b)

shows the time the entrance to the storage bay is blocked. Figure 19-10(b) is time adjusted to account for
travel time.
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Figure 19-10(c) shows the combination of the two flow profiles. The capacity is reduced after ts whenever the
storage bay is blocked. The shaded area is the reduced storage blocking capacity. The difference between
Figure 19-10(a) and Figure 19-10(c) is the reduction in capacity due to storage blocking.

Storage blocking is not considered with queue delay. Initial versions of Synchro 6 included this feature, but it
was found that this behavior is too complex to model macroscopically.

Some examples: For a two lane through movement, through vehicles can move around queued left vehicles in
the right lane. In many cases the capacity was not reduced as much as predicted. Blocking through traffic
prevented left traffic from entering and queuing, and vice versa. The best way to model the interactions of
queued traffic with storage bays is with simulation.

The storage blocking is still shown on the time space diagrams, but the queue delay is not affected.
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Figure 19-10 Storage Blocking Capacity Reduction

Determine Queue Delay

Queue delay is the additional delay associated with the capacity reduction of queue interactions. It is calculated
using the incremental delay formula with and without the capacity reduction.
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The purpose is to penalize queue interactions that increase v/c above 1, but not penalize queue interactions
that keep v/c < 1. This delay also penalizes interactions in proportion to the amount they increase delay by
reducing capacity on the critical links.

* ok Tk
D, =900*T * (x—l)+\/(x—l)2 +8k# = Incremental Delay
C

T = duration of analysis period (hours)

X =v/c = volume to capacity ratio

C = capacity

k = incremental delay factor, 0.50 is used here because these movements are at capacity
I = upstream filtering, 0.3 is used here, because these movements are metered

qd = queue delay =d2’ - d2

d2’ = incremental delay using c - cr instead of ¢

cr = capacity reduction due to queue interactions = max(crSB, crS)

crSB = capacity reduction due to spillback

crS = capacity reduction due to starvation.

Here are some examples of how capacity reduction affects queue delay:

\% (o cr X X' qd
800 1000 100 0.80 0.89 2.3
900 1000 100 0.90 1.00 12.0
1000 1000 100 1.00 1.11 39.8
500 1000 300 0.50 0.71 14
1200 1000 50 1.20 1.26 28.0

Note that qd is much larger when v/c is pushed over 1. In the 4th example, a 30% reduction in capacity has
minimal affect because excess capacity is available. In the last example, a 5% reduction in capacity has a large
affect because the movement is already over capacity.

The Uniform Delay is not part of the Queue Delay calculation. Synchro already calculates the effect of
coordination (good or bad) on Uniform Delay.

Implications

Queue Interactions can have very negative impacts on traffic flow. In addition to increasing delays, they also
can reduce available capacity and even create safety problems. The calculation of queue interactions is very
complex and prior to Synchro 6 was only available through microscopic simulation.

The queue delay quantifies the impact of queue interactions. Queue delay is used during optimizations to find
offsets, phase sequences and cycle lengths with minimal impact from queue interactions. Queue Interactions

can be seen visually on the time space diagram, and listed in the Coding Error Check.

The best way to minimize queue interactions is to use good coordination. With short links, all movements for a
given direction need to be green at the same time. Using shorter cycle lengths can also reduce the impacts.
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If Storage Blocking is a problem, there are several options available. The simplest is to use lead-lag or split
phasing. Using longer storage bays, shorter cycle lengths, or better coordination can also help reduce Storage

blocking.

Sometimes bandwidth style timing plans can have bad queue interactions, especially on the link where timing
plans alternate. Figure 19-11 shows a bandwidth timing plan for a two-way arterial. Figure 19-12 shows the

flow lines for the same timing plan.
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Figure 19-11 Two-Way Bandwidth
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Figure 19-12 Flow Line Diagram

Note that on the link between (1) and (2), all traffic is stopped nearly for the entire red period. Note that these
queues are causing spillback SB at (1) and NB at (2). The short block spacing is also causing starvation SB at (2)
and NB at(1). The conclusion is to watch out for queue interactions (and excessive delays) when the timing
plans alternate on a bandwidth style timing plan.

l:&l It is of vital importance to coordinate closely spaced intersections, especially when there is not enough
o space on the link to store a full cycle of traffic.

Uncoordinated intersections can cause spillback and starvation. Even when the signals are controlled by
different agencies; it is imperative to use coordination to keep the intersections operating safely and at full
capacity.

Queue Length Calculation

This section explains how queue lengths are calculated.

The queue reports show the 50th percentile and 95th percentile queue. This queue represents maximum back
distance where vehicles stop during a cycle.

The queue lengths shown are the queue for each lane. The total queue length is divided by the number
O of lanes and the lane utilization factor.

Chapter 19 - Percentile Delay Method 19-23



Synchro Studio 10 User Guide

Delay=56s

v = volume 5 = saturated

flow rate

VD =
Vehicle Delay

! R =Red 7l G = Green

Figure 19-13 Arrival Departure Graph
Consider the arrival departure diagram in Figure 19-13. The base of the triangle is the effective red time, R.

The slope of the left side is the arrival rate in vehicles per hour, v. In a coordinated system, the arrival rate may
vary across the cycle.

The slope of the right side is the Saturated Flow Rate in vehicles per hour, s.

The height of the triangle is the maximum back of queue in vehicles, Q. Vehicles delayed a short time will only
slow but not stop. For this reason, Synchro does not consider vehicles delayed by less than 6 seconds to be part
of the queue. The Queue is actually the height to the point where the triangle is 6 seconds wide.

The value Q2 is the number of vehicles arriving on red. After the signal turns green, additional vehicles may
queue up in back while the front of the queue dissipates. Other queuing methods such as the ITE and SIGNAL
94 queuing methods are based on the lower Q2 value.

queuing and blocking problems. Details on this can be found in the topic Queue Interactions. In addition,
Q you could use microscopic simulation, such as SimTraffic, to determine the affects of queuing on traffic
flow.

9 Synchro's delay, capacity, and LOS outputs now take into account delays and reduced capacity from

Calculation of Queues

Based on Figure 19-13, the formula for the queue is.

Y
3600

R = Red time (s)

Q

*(R-6)*1+ ! s L | Queue Length (ft)
s/v=1] n* fLU

s = Saturation Flow Rate (vph)

v = Arrival Rate (vph)

L = Length of vehicles including space between (ft)
n = Number of Lanes

fLU = Lane Utilization Factor
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If the volume to capacity ratio (v/c) exceeds 1, the queue length is theoretically infinite. Synchro calculates the
queue length as the maximum queue after two cycles. This will equal

Q =(v*(C-6)+ (v-s*g/C)*C /3600 = Queue Length for Saturated Links (ft)
95th Percentile Queue

The 95th percentile queue is calculated by increasing the arrival rate to account for fluctuations in traffic. The
volume is unadjusted by the Peak Hour Factor because the 95th volume adjustment accounts for traffic
fluctuations.

Jve

vc

VOS5 =v* PHFx*|1+1.64* = 95t Percentile Arrival Rate (vph)

vc = Vehicles per cycle=v * C / 3600
PHFx = minimum of PHF or 0.9

I&I If the Analysis Period is set to 30 minutes or greater, PHFx is set to 1.0.
O

The 95th percentile queue will be calculated using v95 rather than v.

In many cases, the 95t percentile queue will not be experienced due to upstream metering. If the upstream
intersection is at or near capacity, the 50t percentile queue represents the maximum queue experienced.

Similarly, if the upstream intersection has a v/c ratio over 0.8; the maximum queue is approximately equal to
the 50th percentile queue divided by the upstream v/c ratio. For example, if the 50th percentile queue is 150ft,
and the v/c ratio upstream is 0.90; the maximum possible queue would therefore be 150 / 0.90 = 167ft.

Queue Length Sample Calculation

Here is a complete step-by-step calculation of queue lengths. Note that the formulas presented here are
simplifications of the flow rate integration used internally by Synchro. These formulas will not work with
platooned arrivals or with complex phasing such as permitted plus protected left turns.
Input Data

Adjusted Volume (v): 351 vph

Saturated Flow Rate (s): 1770 vph

Lanes (n): 1

Cycle Length (C): 90 s

Effective Green Time (G): 23 s

Average Vehicle Length (L) : 25 ft

Peak Hour Factor: 0.9

Lane Utilization Factor (Fu): 1.0
Solution

Part 1, 50th Percentile Queue
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50th percentile queue is average traffic, so no volume adjustment is needed.

First check v/c ratio:
v/c=v/(s*g/C)=351/(1770*23/90) =0.78
v/cratio is less than 1, proceed with normal method.
Q=v/3600*(R-6)*(1+1/(s/v-1))*L/(n*Fu) =
=351 vph /(3600 s/hr) * (90s - 23s-6s) * (1 +1 /(1770 vph /351 vph-1))*25ft/(1*1.0) =185
ft
Part 2, 95th Percentile Queue

First convert volume to 95th percentile volume
VC = Vehicles per cycle=v * C /3600
VC=351*90/3600=8.8
v95 =v *PHFx * (1 + 1.64 * SquareRoot(VC) /VC)=351*0.9 * (1 + 1.64 * SquareRoot(8.8) / 8.8) =
491 vph
Next check v/c ratio:
v/c=v/(s*g/C)=491/(1770*23/90) =1.08
95th percentile v/c ratio exceeds 1, use alternate queue method.
Queue is unserved vehicles from first cycle, plus all arrivals on second cycle.
Q=[(v95-s*g/C)*C/3600+Vv95*C/3600]*L/n
=[(491 vph- 1770 vph *23s/90s)*90s /(3600 s/hr) + 491 vph*90s / (3600s/hr)] *25ft/1
=[1.0veh +12.2veh] *25ft /1
=331ft

Upstream Metering

The arrival volume for the 95th queue, but not the 50th queue, is adjusted to account for metering at the
upstream intersection.

If the upstream intersection has volume equal to capacity, v/c=1, the 95th queue will equal the 50th queue. If
the upstream intersection has v/c=0.95, the volume for the 95th queue will be limited to 105% of the 50th
percentile traffic and the 95th queue will only be about 5% longer than the 50th queue. The above cases assume
no mid-block sources of traffic.

Upstream metering is not performed if the upstream intersection has a incompatible cycle length, or if either
intersection is actuated with different controllers. Upstream metering is not performed at stop controlled
unsignalized intersections, but is performed for signals beyond if traffic flows freely through the unsignalized
intersection.

Upstream metering is used to determine the rate only. The arrival profile is calculated without metering and

may be overly weighted towards metered movements. Metering is not used in the calculation of arrival profiles
and uniform delay calculations.
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! ! Synchro's delay, capacity, and LOS outputs take into account delays and reduced capacity from queuing

and due to upstream metering. The 95th queue may be less than the 50th Percentile queue. If the
upstream intersection is operating with v/c>1, the metered arrival rate will be less than the volume for
this intersection. Since metering is only performed with the 95th queue, this causes the 95th queue to be
less than the 50th queue. This situation may indicate a coding problem. Be sure that the Midblock traffic
is coded correctly and that the signal timing and volumes for both intersections are set correctly. This
reduced 95th queue does represent a valid queue because vehicles will not be able to clear the upstream
intersection to queue at this intersection.

Example Calculation

Adjusted Volume: 1000 vph

PHFx = 0.90

C=90s

Volume from Midblock: 100 vph or 10%

Volume from upstream through: 700 vph or 70%

Upstream Through v/c: 0.95

Volume from upstream left: 200 vph or 20%

Upstream Leftv/c: 0.8

VC = Vehicles per cycle=v * C / 3600
VC=1000*90 /3600 =25

v95 unmetered = v * PHFx * (1 + 1.64 * SquareRoot( VC) /VC)=1000*0.9 * (1 + 1.64 * SquareRoot(25) / 25
)

=1195 vph
v95 metered = v * sum(Propl * min(1/(vi/ci), v95/v)
=1000 *[0.1*1195/1000 + 0.70 * min(1/0.95,1195/1000) + 0.2 * min(1/0.80, 1195/1000)]
=1095 vph
In this example traffic from upstream through is not able to increase by more than 5% due to the high v/c ratio.

Traffic from midblock and from upstream left is able to fluctuate. The resulting metered v95 is less than the
unmetered v95 but is more than the 5% increase allowed from upstream through.
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Stop Calculations
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Figure 19-14 Arrival Departure Graph

Stops are calculated similarly to the calculation of delays. Consider the arrival departure graph above. The total
number of vehicles being delayed is equal to the number of vehicles queued or Q in the diagram above.
However, vehicles being delayed for less than 10 seconds do not make a full stop. Synchro calculates the number
of stopped vehicles by counting the number of delayed vehicles for each delay time and adjusting these vehicles
by the following table.

Table 19-3  Stop Adjustment

Vehicle Delay(s) Percent of Stop

0 0%
20%
58%
67%
77%
84%
91%
94%
97%
99%

© 00N Ok WN -~

This table is taken from the TRANSYT 7-F User’s Manual and is the same adjustment made for partial stops
used by TRANSYT.

These stops are calculated for each percentile scenario and averaged for cycle failures and over capacity
vehicles. The stop calculations model 100 cycles similar to the delay calculations, to calculate stops for
congestion.

Fuel and Emissions Calculation

Fuel Consumption is calculated using the following formulas:
F = TotalTravel * k1 + TotalDelay * k2 + Stops * k3
k1=.075283-.0015892 * Speed +.000015066 * Speed " 2
k2 =.7329
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k3 =.0000061411 * speed " 2

F = fuel consumed in gallons

Speed = cruise speed in mph.
TotalTravel = vehicle miles traveled
TotalDelay = total signal delay in hours

Stops = total stops in vehicles per hour
For metric users, the values are converted.
These are the same as the default formulas for fuel consumption used by TRANSYT 7-F.

It may be useful to create this report with a before and after scenario to access the amount of improvement
gained by adding coordination.

Emissions Calculations

The emissions calculations are based only on fuel consumption. The somewhat simplified calculation multiplies
fuel consumption by the following factors to determine emission rates.
CO=F *69.9 g/gal = Carbon Monoxide Emissions (g)
NOx =F *13.6 g/gal = Nitrogen Oxides Emissions (g)
VOC=F *16.2 g / gal = Volatile Oxygen Compounds Emissions (g)
F = Fuel Consumption (gal)

These simplified rates are based on an unpublished letter to the Federal Highway Administration from Oak
Ridge National Labs.

Unserved Vehicles Calculation

The Unserved Vehicles calculation is simply the volume minus the capacity. The capacity is the Saturated Flow
Rates multiplied by the effective green time. For an actuated signal, the capacity will be based on an average of
the actuated green times from the five percentile scenarios.

u=v - c = Unserved Vehicles per hour
v = Adjusted Lane Group Volume
¢ = Actuated Capacity

The unserved vehicles are shown in the MOE reports and the Optimize Cycle Length table to quickly show
where and by how much capacity is exceeded.

When optimizing, it is desirable to minimize and keep at zero the number of Unserved Vehicles. In some cases,
it may be acceptable to accept some unserved vehicles. Many times a long cycle length exceeding 100 seconds
will be recommended to accommodate an extra 10% capacity. Long cycle lengths can have negative operation
aspects including long queues, inefficient use of turning lanes, and blocking. Lower cycle lengths may be better
because the reduced queues will generally increase capacity and provide smoother operation.

If alternate routes exist, some unserved vehicles are acceptable because drivers will select alternate routes
when faced with congestion.
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Dilemma Zone Vehicles and Safety

Discussion

Traditionally traffic engineers have used MOEs such as delays, stops, and bandwidth when timing signals in
order to move vehicles as efficiently as possible. However, today many engineers are being called on to
implement traffic calming and improve safety. The traditional MOEs do not provide a measure of safety, so new
MOE:s are needed. The Dilemma Zone MOE is a new measurement that considers safety.

The Dilemma Zone Vehicles measures the number of vehicles arriving while the signal is turning yellow.
Vehicles in the Dilemma Zone are more likely to have accidents because they must either:

v Stop quickly and risk being hit from behind.

v' Continue through the intersection after the signal turns red and risk a pedestrian or right angle
accident.

v Regular users of a coordinated system are likely to know that the signal will change and thus exceed
the speed limit to avoid the upcoming yellow signal. Sometimes speeders will ignore pedestrian right-
of-way and exhibit other dangerous behaviors in order to keep up with the coordination platoon.

It is therefore desired to have timing plans with minimal numbers of vehicles in the dilemma zone. A timing
plan that delays the platoon by 5 or 10 seconds will be safer than a timing plan that "cuts off" the last 5 or 10
seconds of the platoon.

The original design goal of Synchro was to encourage the use of lead-lag phasing to improve coordination. Many
engineers are hesitant to use lead-lag phasing because they perceive it to be a safety problem due to driver
confusion and false starts. It is hoped that the Dilemma Vehicles MOE can show that lead-lag phasing is actually
safer in many cases because fewer vehicles are in the Dilemma Zone. Vehicles in the Dilemma Zone are a much
bigger safety issue because they are moving at full speed while false starts are starting from a stop.

Many times, agencies have money available for safety improvements but not for signal coordination. The
Dilemma Zone MOE can be used to show that coordination is a safety improvement and qualify signal timing
for additional sources of funding.

Only lane groups with a speed > 35mi/h (> 55 km/hr) are counted as dilemma vehicles. Turning groups

-4 with turning speed less than 35 (55) are not counted as dilemma.

Calculation

The dilemma zone is a summation of the vehicles expected in the dilemma zone. The zone starts at
DS =RS - L2 - 2 = Dilemma Start Time
DE =RS - L2 + 3 = Dilemma End Time
RS = Red start time (end of yellow)
L2 = Clearance Lost Time (Total Lost time less 2.5 s)
As an example:
Y+AR = Clearance Time =4 s
tL = Total Lost time =4 s
L2=tL-25=15s
DS=RS-15-2=RS-35
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DE=RE-15+3=RS+15

In this example the dilemma time starts 3.5 seconds before the end of red or 0.5 seconds after the start of
yellow; and the dilemma time ends 1.5 seconds after the beginning of red.
For an uncoordinated phase, the Dilemma Vehicles will equal to:

dv =5 *v / C=Dilemma Vehicles for uncoordinated movements

v = Adjusted volume

C = Cycle Length

For actuated signals, the dilemma zone vehicles may be reduced for phases that gap-out. If the gap times and
detectors locations are set up so that gap-out occurs when no vehicles are expected to be in the dilemma zone.

If the phase gaps out for a given percentile scenario, the arrival profile will remove vehicles in the "gap-out
shadow".
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Figure 19-15 Dilemma Zone Gap-out Shadow

To reduce vehicles in the dilemma zone, use a long distance from the leading detector. Using a gap time longer
than the time between detectors will not remove vehicles from the dilemma zone. Using a long gap time,
without leading detectors will not remove vehicles from the dilemma zone, because the signal will not detect
late arriving vehicles until after the signal turns yellow. If the phase has max recall, or maxes out; there will be
no dilemma reduction for the gap-out shadow.

Synchro does not consider Dilemma Vehicles when optimizing offsets. There is a loose relationship between

delay and Dilemma Vehicles, so Synchro optimized timing plans should be safer than bandwidth style timing
plans in most cases.

Intersection Capacity (ICU) Calculations

The Intersection Capacity Utilization (ICU) method is a simple yet powerful tool for measuring an intersection’s
capacity. The ICU can be calculated using a single page worksheet, that is both easy to generate and easy to
review. The ICU is the perfect tool for planning applications such as roadway design and traffic impact studies.
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The method sums the amount of time required to serve all movements at saturation for a given cycle length
and divides by that reference cycle length. This method is similar to taking a sum of critical volume to saturation
flow ratios (v/s), yet allows minimum timings to be considered. The ICU can tell how much reserve capacity is
available or how much the intersection is overcapacity. The ICU does not predict delay, but it can be used to
predict how often an intersection will experience congestion.

The ICU is timing plan independent, yet has rules to ensure that minimum timing constraints are taken into
account. This removes the choice of timing plan from the capacity results. The ICU can also be used on
unsignalized intersections to determine the capacity utilization if the intersection were to be signalized.

Additional Details can be found in the Intersection Capacity Utilization 2003 book. A copy of this can be
o found in Adobe PDF format in your Trafficware installation directory.

ICU 2003 includes new procedures for analyzing Diamond Interchanges and Single Point Urban Interchanges.
The Diamond method includes procedures recognizing the special timing needs of a diamond interchange to
prevent spillback.

Level of Service

The ICU is the sum of time required to serve all movements at saturation given a reference cycle length, divided
by the reference cycle length.
ICU = sum (max (tMin, v/si) * CL + tLi) / CL = Intersection Capacity Utilization
CL = Reference Cycle Length
tLi = Lost time for critical movement i
v/si = volume to saturation flow rate, critical movement i

tMin = minimum green time, critical movement i

The ICU Level of Service should not be confused with delay-based levels of service such as the HCM.

&] Both are providing information about the performance of an intersection while measuring a different

Q objective function. The ICU LOS reports on the amount of reserve capacity or capacity deficit. The delay
based LOS reports on the average delay experienced by motorists.

The ICU 2003 uses one-hour volume counts with no adjustment for Peak Hour Factor. Older versions of the ICU
used one-hour volume counts with a peak hour adjustment factor (with a default of 0.90). The scale has been
adjusted to reflect this change while still providing the same LOS.

Table 19-4 ICU Level of Service

Old ICU New ICU Level of Service
0 to 60% 0 to 55% A
>60% to 70% >55% to 64% B
>70% to 80% >64% to 73% C
>80% to 90% >73% to 82% D
>90% to 100% >82% to 91% E
>100% to 110% >91% to 100% F
>110% to 120% >100% to 109% G
>120% >109% H

19-32 Chapter 19 - Percentile Delay Method



Synchro Studio 10 User Guide

A brief description of the conditions expected for each ICU level of service follows:

LOS A, ICU £0.55: The intersection has no congestion. A cycle length of 80 seconds or less will move traffic
efficiently. All traffic should be served on the first cycle. Traffic fluctuations, accidents, and lane closures
can be handled with minimal congestion. This intersection can accommodate up to 40% more traffic on all
movements.

LOS B, 0.55 <ICU < 0.64: The intersection has very little congestion. Almost all traffic will be served on the
first cycle. A cycle length of 90 seconds or less will move traffic efficiently. Traffic fluctuations, accidents,
and lane closures can be handled with minimal congestion. This intersection can accommodate up to 30%
more traffic on all movements

LOS C, 0.64 < ICU £ 0.73: The intersection has no major congestion. Most traffic should be served on the
first cycle. A cycle length of 100 seconds or less will move traffic efficiently. Traffic fluctuations, accidents,
and lane closures may cause some congestion. This intersection can accommodate up to 20% more traffic
on all movements.

LOS D, 0.73 < ICU < 0.82: The intersection normally has no congestion. The majority of traffic should be
served on the first cycle. A cycle length of 110 seconds or less will move traffic efficiently. Traffic
fluctuations, accidents, and lane closures can cause significant congestion. Sub optimal signal timings cause
congestion. This intersection can accommodate up to 10% more traffic on all movements.

LOSE, 0.82 <ICU £ 0.91: The intersection is right on the verge of congested conditions. Many vehicles are
not served on the first cycle. A cycle length of 120 seconds is required to move all traffic. Minor traffic
fluctuations, accidents, and lane closures can cause significant congestion. Sub optimal signal timings can
cause significant congestion. This intersection has less than 10% reserve capacity available.

LOS F, 0.91 < ICU <£1.00: The intersection is over capacity and likely experiences congestion periods of 15
to 60 minutes per day. Residual queues at the end of green are common. A cycle length over 120 seconds
is required to move all traffic. Minor traffic fluctuations, accidents, and lane closures can cause increased
congestion. Sub optimal signal timings can cause increased congestion.

LOS G, 1.00 < ICU < 1.09: The intersection is 10% to 20% over capacity and likely experiences congestion
periods of 60 to 120 minutes per day. Long queues are common. A cycle length over 120 seconds is required
to move all traffic. Motorists may be choosing alternate routes, if they exist, or making fewer trips during
the peak hour. Signal timings can be used to "ration" capacity to the priority movements.

LOS H, 1.09 < ICU: The intersection is 20% over capacity and could experience congestion periods of over
120 minutes per day. Long queues are common. A cycle length over 120 seconds is required to move all
traffic. Motorists may be choosing alternate routes, if they exist, or make fewer trips during the peak hour.
Signal timings can be used to "ration" capacity to the priority movements.

The length of the congested period is heavily dependent on the source of traffic and the availability of alternate
routes. If traffic is generated by a single factory shift change, the congested period may be shorter. However, a
shopping mall could generate congested traffic for several hours. If alternate routes exist, motorists may know
to avoid the congested intersections during the peak hour and this reduces congestion.

If intersections have LOS E to LOS G, queues between intersections can lead to blocking problems. Signal timing
plans should be analyzed with microscopic simulation to ensure that spillback is not causing additional
problems.

ICU LOS and HCM Level of Service

The ICU 2003 is designed to be compatible with the HCM. The default Saturated Flow Rates and volume
adjustments are the same as those recommended by the HCM. The two methods are closely interrelated. If the
intersection has an ICU LOS of E or better, a timing plan exists that will give LOS E or better with the HCM. With
an ICU of F, the intersection will be over capacity for the peak 15 minutes. It may possible to get an acceptable
HCM LOS when the intersection is over capacity by using a timing plan favoring the highest volume movements.
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Overview of Calculations

The primary calculation for ICU 2003 is to calculate an Adjusted Reference Time for each movement. The
Reference Time is the amount of time required for each movement at 100% capacity. The reference time is
volume times Reference Cycle Length divided by Saturated Flow Rate.

tRef = vC/s * CL = reference time
vC = adjusted volume combined for lane group
s = saturation flow rate for lane group
CL =reference cycle length
The Reference Time must be greater than the Minimum Green time and is added to the Lost Time to give the

Adjusted Reference Time. The ICU is the sum of the critical Adjusted Reference Times divided by the Reference
Cycle Length. The Reference Cycle Length is a fixed input value; the default is 120 seconds.

tAdj = max(tRef, tMin) + tL = adjusted reference time
tMin = minimum green time

tL = lost time
There are further adjustments to account for pedestrian time and pedestrian interference.
The reference times for the critical movements are added together to get the combined time required.

Additional Details can be found in the Intersection Capacity Utilization 2003 book. A copy of this can be found
in Adobe PDF format in your Trafficware installation directory.

Permitted Lefts and Shared Lanes

The modeling of permitted left turns, particularly for shared lanes is problematic in the ICU methodology. This
is especially a problem for single lane approaches.

The ICU method requires a movement to be protected to determine its timing requirements based of the v/s
ratio (volume to saturated flow ratio). If there is no left turn lane, protected phasing cannot be used. The two
options available are to use Split phasing or to assume a de-facto left turn lane. For modest left turn volumes,
neither of these solutions is satisfactory because a large proportion of the time there will be no left turn vehicles
and the lanes will function as though they were normal through lanes.
Permitted left turns will be able to go under three conditions:

1. A gap in oncoming traffic due to low oncoming traffic volumes

2. Sneakers at the end of green

3. A gap in oncoming traffic caused by a left turn from a single lane approach.
Trafficware conducted research using simulation to determine the average amount of green time a left turner
spends at the stop bar. The simulations were performed for a complete range of left turn proportions for the

subject approach and a complete range of left turn proportions for the oncoming approach. If the oncoming
approach has multiple lanes, then the behavior is assumed to be equivalent to zero oncoming left turns.

Comparison of ICU and HCM Delay Based Methods

Currently the most popular method for analyzing capacity is the HCM. The HCM method is based on estimating
delay for the intersection.
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The ICU 2003 is designed to be compatible with the HCM and can be used in conjunction with the HCM and
other methods. The default Saturated Flow Rates and volume adjustments are the same as those recommended
by the HCM. In most circumstances, the volume to Saturated Flow Rates in ICU 2003 (v/s), will be the same as
those in the HCM. When an agency requires an acceptable HCM Level of Service, an acceptable ICU Level of
Service will insure that the HCM Level of Service is met.

An acceptable ICU Level of Service guarantees that a timing plan exists that will meet all of the following:
v’ Acceptable HCM level of service
v All minimum timing requirements are met
v All movements have acceptable v/c ratios
v All movement volumes can have their volume increased by the reciprocal of the ICU and be at or below
saturation.
With an acceptable HCM level of service, the following is guaranteed:
v' Average delays are less than the amount for that Level of Service
v The majority of traffic has acceptable v/c ratios or short red time

The ICU is inherently more precise because the delay equation is unstable near capacity. The calculation of
delay requires an estimate for the effects of coordination, which adds greatly to the resulting uncertainty.

One consequence of the high range of uncertainties is that it makes the method easy to manipulate. In some
cases, it is possible to get a 20% reduction in delay or two Levels of Service by increasing capacity 5% and
reducing volume 5%.

If a real estate developer is attempting to get project approval with a minimum of mitigation measures, it is not
too difficult to adjust the input factors, platoon factors, and so forth to get a significant reduction in delay. Some
communities have regulations requiring developers to maintain a certain LOS. There is unfairness to this
method of regulation because all developers up to the critical LOS pay nothing and the first developer to go
over is saddled with high mitigation costs. A more equitable approach is to assess all developers equally based
on the number of trips generated. Because of this unfairness, there is a huge incentive to manipulate the
numbers to get the desired LOS.

Diamond Interchanges

The ICU 2003 includes a special procedure for evaluating diamond interchanges. This method considers the
special timing requirements for a diamond interchange due to the limited storage space and susceptibility for
spillback. Refer to the Intersection Capacity Utilization 2003 book for a complete description of the ICU for
Diamond Interchanges.

Single Point Urban Interchanges

The ICU 2003 includes a special procedure for evaluating Single Point Urban Interchanges. This method
considers the special timing requirements for an Urban Interchange including the long clearance times

necessary due to the long turning paths. Refer to the ICU 2003 book for a complete description of the ICU for
Urban Interchanges.

Stopped Delay vs. Signal Delay

Previous versions of Synchro and the HCM used stopped delay. Stopped delay includes the time vehicles are
stopped while signal delay also includes the time lost due to slowing.
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The delay used by Synchro (version 4 and later) and the HCM (2000 edition and later) is Signal Delay. TRANSYT
7F also uses signal delay. When looking at delays calculated by Synchro Version 3.2 and the HCM 1994, you may
need to multiply those delays by 1.3 to be equivalent to the Signal Delays currently used in Synchro.

Comparison of Analysis Methods

Synchro offers three independent methods to analyze signalized intersections: Synchro Percentile Delays, HCM
Signalized Method, and Intersection Capacity Utilization (ICU). The table below summarizes some of the
features of each method.

Table 19-5 Comparison Analysis Method Summary

Synchro

HCM Method ICU
Delay
Measures of Delay and v/c Delay and v/c v/c
Effectiveness y y
. . Planning

Operations, g
Target Applications Si P | Timi Op?;;trl]on?: and Impact Studies,

Ignal fiming 9 Roadway Design
Expected Precision 10% to 27% 10% to 29% 3% to 10%
Other SQUFCGS for No HCM compatible Spreadsheet and Worksheet
Calculation software
Pede§tr|an Timing Yes Yes Yes
Requirements
Detallgd Modellng of Yes No* No
Coordination
Detailed Actuated Signal Yes Yes No

Modeling
* The HCM Delay calculation within Synchro explicitly models coordination and actuated signal timings.

For a complete discussion about accuracy, see the topic Precision in Traffic Analysis on page 19-37.

Choosing an Analysis Method

Table 19-6 helps to choose the appropriate analysis method for your project needs.
Table 19-6 Data Requirement by Analysis Method

Data Requirement Analysis Method

High Accuracy is required ICU or HCM v/c
True Measure of Capacity is required ICU
Client Requires HCM report HCM
Planning Applications, site impact studies, and roadway design ICU
Operations, signal timing optimization Synchro Delay
Optimization of actuated signal parameters Synchro Delay
Offset Optimization Synchro Delay
Independent Validation Required ICU

Intersection Capacity Utilization

The ICU method is designed to be used for planning applications; its primary benefits are higher accuracy, ease
of use, and reproducibility. The theory of ICU is to add up the times required for a phase to serve each movement
at 100% saturation with a cycle length of 120 seconds. The sum of critical phases is divided by the reference
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cycle length of 120 seconds. The result is similar to adding the critical volume to saturation (v/s) ratios, but the
sum of required phase times takes into account lost times and minimum timing requirements.

The ICU method is completely documented with step-by-step instructions. The method is also available as a
Microsoft® Excel spreadsheet and a single page worksheet that can be calculated by hand. Because the method
is less complex and well-defined, it is possible for results to be reproduced by an independent analyst.

The ICU method is designed for high accuracy. Volume capacity ratios are inherently more accurate than delay
calculations. The ICU assumes that all left turns are protected so there is no uncertainty from permitted left
turn factors. Coordination is not considered so there are no inaccuracies introduced by coordination.

The ICU is designed to be a true measure of capacity. Unlike the HCM v/c calculation, conflicting movements
are not allowed to use the intersection at the same time so that capacity is not double counted.

Precision in Traffic Analysis

This section contains a short discussion about accuracy and precision. The uncertainties of the inputs are
analyzed along with their effects on the resulting values. A simplified method is presented to show how
uncertainties in input values propagate to uncertainties in results.

Table 19-7 below lists the primary inputs for an ICU calculation, and an intersection delay calculation along
with typical uncertainties.

The general volume to capacity ratios can be calculated with more accuracy than delay. The following illustrates
how inaccuracies can compound in an ICU or delay analysis; the numbers in parenthesis are the typical level of
certainty.

Table 19-7 Compounding Inaccuracies in Analysis

Value Typical Uncertainty Percent
Volume 500 50 10%
Saturated Flow 2000 100 5%
Lane Utilization 0.9 0.05 6%
Lost Time 4 0.5 13%
Permitted Left Factor 0.3 0.03 10%
Green Time 40 2 5%
Platoon Factor 1 0.3 30%

The Table below shows how these certainties combine to affect the overall uncertainty in the resulting ICU. The
ICU affect was calculated using a spreadsheet. The relevant input variable was increased 1% and the resulting
ICU for a typical intersection was compared to the baseline ICU. A value of 0.88 indicates that a 1% increase in
volume increases the ICU by 0.88%. Each input value’s percent uncertainty is multiplied by the affect factor and
squared. The root of the sum of the squares is the combined uncertainty for all input uncertainties. For this
example, the ICU has an uncertainty of 10.6%.

If the ICU had been calculated without permitted left turns, the resulting ICU uncertainty would be 9%. Most
ICU calculations do not use permitted left turns.

Table 19-8 Uncertainties Effect on ICU
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Value ui m; (ICU) (ui * mj)?

Volume 7% 0.88 0.0036
Saturated Flow 5% -0.87 0.0019
Lane Utilization 6% -0.87 0.0023
Lost Time 13% 0.12 0.0002
Permitted Left Factor 10% -0.57 0.0032
Green Time 5% na

Platoon Factor 30% na

Sum 0.0113
Combined Uncertainty (CU) 10.6%

Table 19-9 examines the same uncertainties effect on delay. Two cases are considered, the firsthasav/c of 0.75
and the second has a v/c of 1.0. Note that uncertainty to volume and capacity has a multiplying effect of over 3
at capacity, but only about 1 at lower v/c ratios.

If the intersection is assumed to be uncoordinated and uses protected lefts, the platoon factor and permitted
left turn factor contributions are removed and the resulting uncertainties are 13% and 41% for the 0.75 and
1.0 cases.

Table 19-9 Uncertainties Effect on Delay

m; (HCM 0.75) (ui * mj)? m; (HCM 1.00) (ui * m;)?

Volume 7% 0.92 0.0039 3.33 0.0517
Saturated Flow 5% -1.04 0.0027 -3.60 0.0325
Lane Utilization 6% -1.04 0.0033 -3.60 0.0401
Lost Time 13% -0.16 0.0004 -0.40 0.0025
Permitted Left Factor 10% -1.04 0.0108 -3.60 0.1299
Green Time 5% -1.59 0.0063 -3.87 0.0375
Platoon Factor 30% 0.82 0.0611 0.53 0.0257
Sum 0.0886 0.3199

Combined Uncertainty

0, 0,
(Sum of Squares) 30% S7%

The following table summarizes the amount of uncertainty that can be expected from ICU and HCM methods
for various scenarios. The uncertainty for ICU is relatively low and constant for all options. The uncertainty for
HCM is acceptably low when v/c is under capacity, left turns are protected, and the approach in uncoordinated.
The HCM and delay based calculations become very uncertain when v/c approaches 1 because small changes
to input values have a 3x effect on the resulting delay. The HCM relies on estimates of platoon factor to account
for the effects of coordination. This adds greatly to the effects of uncertainty in the HCM delay values.

Table 19-10 Uncertainties Summary

ICU HCM
Protected Lefts, Uncoordinated, v/c = 0.75 9% 11%
Protected Lefts, Uncoordinated, v/c = 1 9% 41%
Protected Lefts, Coordinated, v/c = 0.75 9% 28%
Protected Lefts, Coordinated, v/c = 1 9% 44%
Permitted Lefts, Uncoordinated, v/c = 0.75 11% 17%
Permitted Lefts, Uncoordinated, v/c = 1 11% 54%
Permitted Lefts, Coordinated, v/c = 0.75 11% 30%
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Permitted Lefts, Coordinated, v/c = 1 11% 57%

Figure 19-16 illustrates how delay is related to volume. Note that delay increases significantly once capacity is
reached. This steepness of the graph illustrates how small changes to volume or capacity can make a huge
difference in delay. The v/c ratio increases linearly and also provides information about when the delay slope
will start to increase.

—e—Delay

D9|ay vs. Volume —&—Coordinated Delay
——v/c * 100

80 // / /
. .l
) ey
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Figure 19-16 Delay vs. Volume

Traffic volumes fluctuate as discussed in Chapter 4 of the ICU 2003 book. Volume will change by day of week,
hour of the day, by time of year, and even within the peak hour. Volume will also change due to special events,
accidents, and bad weather.

Some days can experience 10% or higher volumes in the peak hour than the design volumes. The delay for these

days can be 30% higher and the LOS 2 levels worse. The ICU for these days will only be 10% higher and 1 level
worse. The ICU does a better job of predicting reserve capacity.
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Chapter 20 — File and Project Management

File and Project Management Overview

Synchro has a variety of tools for file and project management. This includes the ability to merge two files into
one larger file as well as save parts of larger files to create a stand-alone Synchro file. This chapter also
highlights the Scenario Manager and the ability to transfer data to/from Synchro.

Synchro Studio is designed to run on your local machine. Itis best to store your project folder locally, especially
when using SimTraffic or 3D Viewer.

Save As*

Use the File —» Save As command to save a file with a new name or to save a Synchro 10 file to a version 7/8
or comma separated (CSV) format. The CSV format can be used with Synchro’s UTDF format (see page 22-1).
After saving a file with a new name, the Scenario Manager dialog will appear.

The Synchro 10 file format is compatible with Synchro 9.1, and files may be opened directly. The Save As
feature must be used to create files compatible with previous versions of Synchro.

Merge Files
Use the Transfer - Merge command to combine or merge two files (both commands get to the same place).

The Merge command can combine some data, such as volumes, from one file with other data, such as lane
geometry and timings, from another file.

File Merge works with data files in the CSV format (Combined, Lanes, Phasings). File Merge will not add links
or nodes, nor change geometry.
To Merge files, perform the following:

a) Open the file to be overwritten. If some intersections exist in both files, start with the file that will be
overwritten.

b) Select the Transfer—Merge button.

c) Locate and select the filename of the second file to merge.

d) Select [Open].

e) The MERGE OPTIONS settings will appear (Synchro file only). Select options and press [OK].
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Figure 20-1 Merge Options Settings
The Merge Options settings control how to combine data from intersections that exist in both files.

Merge Options only appears for Synchro files. Data files are always merge by ID. To merge selective data from
a data file, edit the data file in Excel or Word and remove the sections you don’t want to merge,

Selecting Merge /Add Intersections by Location will cause intersections from the merged file to be merged if
they are at the same location as intersections in the overlaid file. Other intersections in the merged file will be
added to the merged file. Select this option when both files have the same coordinate system and when
combining different intersections.

Selecting Merge Intersections by ID# will cause intersections from the merged file to be merged when their
node numbers match a node number in the overlaid file. Intersections in the merged file without matching ID
numbers will be ignored. Select this option to combine data from files with different coordinate systems or
when transferring partial intersection data between two files.

Select Merge Lane Geometry, Merge Volume Data, and Merge Timing Data to control how intersections are
merged. When the box is checked, the data is taken from the merged file; otherwise, the data in the overlaid file
is preserved. Lane Geometry includes all the data in the LANE settings. Volume Data include all the data in the
VOLUME settings. Timing data includes all the data in the TIMING and PHASING settings.

The Update Scenario option can be used to combine the Scenario Manager information between the two files.
The Date and Time information will be taken from the merged file if the Merge Volume option is selected. The

Alternative will be taken from the merged file if the Merge Lane Geometry option is selected. The Timing Plan
ID will be taken from the merged file if the Merge Timing option is selected.

Merge a Small File into a Bigger File

Open the large file first. Select File—>Merge and choose the smaller file. Check all of the merge options on, and
merge by ID.

The data from the smaller file will be merged into the larger file. Only the data from matching IDs will be merged
in. Non-matching IDs will be ignored.
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Merge Two Files from Separate Areas
Open one file first. Use the Transform Map button if necessary to adjust coordinates. Select Transfer—>Merge
File, and choose the other file. Check all of the merge options on, and merge by location. This must be performed

with two Synchro files, not CSV data files.

The two files will now be merged into one file. Links between the two separate areas may need to be created to
connect to them.

Change Coordinates of a File
This option allows you to correct the coordinates of a file to a file with correct coordinates.
Open the file with correct coordinates first. Select Transfer—>Merge File and choose the Synchro or data file

with incorrect coordinates. Check all of the merge options on, and merge by ID. Use the File—>Save As to save
the file with a new name.

Save Part of a File

The Transfer—Save Part command can be used to split a file into sections or to save a part of a file into a
separate file.

To use this command:

a) Select one or more intersections to include. See Selecting Multiple intersections, page 7-2, for more
information.

b) Select the Transfer—Save Part command. Enter a filename for the new section. If you choose an
existing filename, its data will be overwritten.

Team Management
The Transfer—Save Part command can be useful for allowing multiple people to work on the same file. Parts

of a large network can be saved as separate files (see Save Part of File above). Each team person can work on
each piece of the network. The pieces can be combined later using the Transfer—>Merge File command.

File Extensions

The following are the file extensions used by Synchro and SimTraffic:

Filename.SYN Synchro data, version 7/8/9.0/9.1/10

Filename.SIM SimTraffic configuration data versions 7/8/9/10

Filename.HST SimTraffic history file, all versions

Filename.S3D SimTraffic history files for 3D graphics, all versions

Versions 10 and 9.1 will save to a Version 9.0 or Version 8 format (syn). Synchro 10 can create a comma
delimited (csv) file format for use with Versions 7. If you open an older version Synchro file with version

7/8/9/10 and simulate, the old HST file will be overwritten. The S3D file can be viewed with 3D Viewer. Refer
to Chapter 29 for details on operation.
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Saving to a previous version of Synchro may loose some functionality that was not available in the
prior version.

The following are historical file extensions used by previous versions of Synchro and SimTraffic:
Filename.SY7 Synchro data, version 6

Filename.ST7 SimTraffic configuration data, version 6

Filename.SY6 Synchro data, versions 4 and 5

Filename.ST6 SimTraffic configuration data, versions 4 and 5
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Chapter 21 — Reports and Printing

Printing Views

To print the current Synchro view, type [Ctrl] + [P]. This will print the currently active Map view, or the Time-
Space Diagram to the default printer. When you select the File—>Print-Window command from the Volume,
Lane, Timing, Signing, Phasing, Detectors or Simulation settings window, a report is created containing
information for those settings.

Printing the Map and Time-Space Diagram (File—Print-Window command) has an options settings dialog.
The user can set up headers and footers and select the font. The scale is also adjustable and there are a number
of options including fixed scale or print to fit.

Header —
Tir
itle% v | v] £
Hview’ v | |xdatex v Print Setup
Cancel
Footer
Zdescription® Xalternativ v| Efilenamne v|
Zanalysts v| | v|
Faont Arial Bold 10
Scale
#® Fized 200ft4in 0\5
Fit "idth
Fit Height

Figure 21-1 Print Window Settings
When printing the MAP View with fixed scale, it will use the scale specified by Zoom-Scale. The printout will
be centered on the center point of the current MAP View. To print the entire Map View centered on one page,

first use the Zoom All button.

To change the current printer, select Print Setup.

Select Reports Dialog

When choosing the File—>Create-Report command, the Select Reports dialog appears (Figure 21-2). This
window can also be access from the Reports tab. From here, you can select the reports to include and the
options for each report.
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Figure 21-2 Select Reports Dialog

Viewing and Printing Reports

After selecting the desired report options, select [Preview] to view the report, or [Print] to print the report.
Viewing Reports

Select [Preview] from the Create Report settings to view reports. To change pages, use the buttons [|<], [<<],
[>>], and [>[]. You can also change pages using the [Page Up], [Page Down], mouse scroll wheel, [Home], and

[End] keys. To move around the current page, click on it and drag with the mouse. You can also move the page
with the arrow keys. To return to the Select Reports settings, use the [Back] button.

Zoom in the Report Preview

A Zoom control is located at the top of the Report Preview window to view the report in a larger or smaller
scale.

Printing Reports

To print the report, select the [Print] button from the Create Report or Report Preview settings. To change the
printer, select or the [Print Setup] button.
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Intersection Report Options

When an Intersection Report is selected in the left panel, its options are included in the right panel. It is possible
to select any or all options for each report. In some cases, the same data appears in more than one option; the
report generator will only include this data once in a logical order.

Intersection reports have an option to skip unused rows. With this feature, rows for items such as pedestrians,
busses, growth factor, will not be included if they contain default or blank data. This can be used to shorten the
report if desired.

Lane Inputs, Lane Outputs, Volume Outputs, Simulation Settings, Detector Settings, Timing Inputs, Actuated
Inputs and Actuated Green Times mirror the data contained in the input settings.

The reports with the Lane Inputs option will include link speed and distance, plus travel time.

Level of Service Info contains a summary of information needed in a capacity analysis report for the control
delay calculation. v/c Ratios contain the output information in the Timing settings for each delay type.

The delay measures include the Control Delay, the Queue Delay and the Total Delay. The Control Delay is
uniform delay plus the impacts of coordination and incremental delays. Queue Delays are the additional delay
caused by reduction in capacity due to spillback and starvation. Total Delay is the combination of the Control
Delay and the Queue Delay.

Stops, Fuel, Emissions contain these MOEs in the report. The Queues option includes information about
maximum queue lengths and blocking times in the reports.

Most of the information contained in Intersection Reports mirrors the data shown on input screens. Some notes
about special cases are listed below.

The Stops, Fuel Consumption, and Emissions are calculated based on the methods shown in the topic on Fuel
and Emissions Calculation (see page 19-28).
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Figure 21-3 Intersection Reports

There are seven (7) Intersection Reports that summarize the analysis of an intersection based on the
percentile delay method. These reports provide information about individual intersections.

The HCM 6t Signalized, HCM 6t Roundabouts, HCM 6th AWSC, and HCM 6th TWSC Reports include options
by mode of travel and are based on the HCM 6t Edition.

The HCM 2010 Signalized, HCM 2010 Roundabouts, HCM 2010 AWSC, and HCM 2010 TWSC Reports
include options by mode of travel and are based on the HCM 2010.

The HCM 2000 category includes reports for both Signalized and Unsignalized Intersections. These reports
include the methodology of the HCM 2000.

The Phases: Timings Report contains all of the timing information sorted by phase number. This report is
useful for programming controllers.

The Actuated Green Bars Report shows the range of actuated green times for each phase in an actuated signal.
The Actuated Greens and Starts Report also shows the start times and is useful for actuated-coordinated
signals. The Actuated Details Report shows the green times as well as the time to clear the queue and the time
to gap out. The Details report is useful for examining actuated signal behavior in detail.

The Measures of Effectiveness Reports show the performance of intersections, arterials and the entire zone
or network. These reports can be customized with the panel on the right.
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The Multi File Comparisons Report lists Measures of Effectiveness (MOEs) from multiple files side by side so
that various alternatives can be compared. To use these reports, it is necessary to have multiple versions of the
same network stored as different files.

Arterial Level of Service is an arterial travel time report. This report is very similar to the HCM 2000 Chapter
15 reports for Arterials.

The Permitted Left Turn Factors Report contains detailed information about the calculation of Flt. This
report is used for capacity analysis.

The Coordinatability Factors Report displays information about the calculation of CFs for each pair of
adjacent intersections. The CF is a measure of the need to coordinate a pair of adjacent intersections.

The Time Tracker Report provides a summary of a Synchro File’s User and various command-related
statistics.

The Traffic Impact Analysis: Distribution report summarizes the number of new trips to/from each driveway

coded within the TIA module. The Traffic Impact Analysis: Impacted Intersections report lists all
intersections where the volumes have been impacted by one or more development(s) within the TIA module.

Header and Footer Options

In the Select Reports Window, press the [Header] button to set the header, footer, report, and page numbering
options.

The report header and footer can have two lines each with information on the right and left sides. The eight

input boxes control which information appears in each line and each side. The header and footer include macros
to display dynamic information, these macros are as follows.
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Table 21-1 Header/Footer Options

Macro Description Notes

Y%report_title% Title of Report Name of the report type being printed

Y%report_title2% Title of Report2 Secondary name of report, if applicable

Y%short_filename% Short Title Name of the report without the path

%filename% Filename Filename and path of file analyzed or "Multiple"

Page %page% Page Number Starting page number can be changed

%date% Current Date Date report was created, not analysis date

%description% Description Set in Options—Scenario Manager, location of analysis

Y%alternative% Alternative Set in Options—Scenario Manager, alternative being analyzed

Y%analyst% Name of Set in Options—>Scenario Manager, person or firm performing

Analyst study

%data_date% Date of Data Set in Options—Scenario Manager, date of volume counts or
projection

Y%data_time% Time of Data Set in Options—Scenario Manager time of volume counts or
projection

Timing Plan: Timing Plan ID Set in Options—Scenario Manager, name of timing plan

Y%planid%

Part of the program key code prints under the footer. The key code identifies the name to which Synchro is
registered. The key code will not appear if the analyst is shown and the registered name appears within the
analyst field of the Scenario Manager.

Graphic Options

Press the [Graphics] button to set the line colors, fonts and picture options. Shade Rows, Horizontal Lines,
Section Color, and Back Color control the look of the printed report.

The Font buttons allow for editing of the fonts used in the reports. The default font is Arial Narrow 10 for data
and Arial 12 for titles. The narrow font of the data is better for separation of the twelve data columns.

Set Pictures to Color for color pictures, B/W for pictures to print on a black and white printer, or None to
exclude the picture from the report.

Defaults

Press the [Defaults] button to change the settings back to the user defaults. Refer to page 3-10 for additional
details.

Scope

At the bottom of the Select Reports window, the Scope determines which intersections are included in the
report.

Choose Single Intersection and select an intersection to create reports for a single intersection.

Choose Zone and enter a zone to create reports for a group of intersections. To select multiple zones, separate
the zones with a comma (i.e., “A, B, C” to print reports for zone A, B and C).
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Choose Entire Network to report the entire network.

Footnotes

There are number of footnotes possible on intersection reports. Below are the definitions of the possible
footnotes:

*  User Entered Value: Indicates that the calculated value was changed with a user entered value. This
applies to adjusted volumes, lane utilization factors, Saturated Flow Rates, turning factors, and delay
factors.

~ Volume exceeds capacity, queue is theoretically infinite: This is used with Intersection Queue
Reports, see page 21-7.

# 95th percentile volume exceeds capacity: This is used with Intersection Queue Reports, see page
21-7.

m Upstream metering is in effect: This is used with Intersection Queue Reports, see page 21-7.

dl Defacto Left Lane: Indicates the shared left lane has congestion exceeding the level of other through
lanes. Synchro does not model this situation correctly. Convert a shared-through lane into an exclusive
left lane to model correctly.

dr Defacto Right Lane: Indicates the shared right lane has congestion exceeding the level of other
through lanes. Synchro does not model this situation correctly. Convert a shared-through lane into an
exclusive right lane to model correctly.

! Phase conflict between lane groups: Indicates that two or more conflicting movements may have
concurrent phases.

@ Some critical lane groups may be at other intersections sharing controller: Used in volume to
capacity report. Not all lane groups are listed in this report. The controller at this intersection serves
other intersection and some of the critical lane groups may be at the other intersection.

Intersection Queue Report

The Intersection Queue Report contains information about Maximum Queue Lengths and Blocking
Information (also see, Queue Length Calculation, page 19-23). In addition, the Queue report contains
information on the Control Delay, Queue Delay, v/c ratio, capacity reductions and more.

The queue length shown for a lane group is the queue for each lane. The total queue length is divided
by the number of lanes and the lane utilization factor. For instance, if the lane group has 2 lanes, do not
O divide the queue reported by Synchro by 2 since this has already been done by Synchro.

The Lane Group Flow is the adjusted lane group flow.

The Queue report shows the 50th Percentile and 95th Percentile Maximum Queue lengths. The 50th percentile
maximum queue is the maximum back of queue on a typical cycle. The 95th percentile queue is the maximum
back of queue with 95th percentile traffic volumes. Synchro's queues may be longer than those in other queue
methods, because Synchro's queues include traffic that arrives during the queue clearance stage. Vehicles
delayed for less than 6 seconds are not counted because these vehicles slow but do not stop.

The 95th percentile queue accounts for upstream metering. The 95th percentile volume is unadjusted for peak
hour factor.

The ~ and # footnote indicate that the volume modeled exceeds capacity.
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The ~ footnote indicates that the approach is above capacity for the 50th percentile traffic and the queue length
could be much longer. The queue length is theoretically infinite and blocking problems may occur. See the topic
on Queue Length Calculations for more information (page 19-23).

The # footnote indicates that the volume for the 95th percentile cycle exceeds capacity. This traffic was
simulated for two complete cycles of 95th percentile traffic to account for the effects of spillover between cycles.
If the reported v/c < 1 for this movement, the methods used represent a valid method for estimating the 95th
percentile queue. In practice, 95th percentile queue shown will rarely be exceeded and the queues shown with
the # footnote are acceptable for the design of storage bays.

The m footnote indicates that volume for the 95th percentile queue is metered by an upstream signal.

! Due to upstream metering, the 95th queue may be less than the 50th queue. If the upstream intersection

is operating with v/c > 1, the metered arrival rate will be less than the volume for this intersection. Since

o metering is only performed with the 95th queue, this causes the 95th queue to be less than the 50th

queue. This situation may indicate a coding problem. Be sure that the Midblock traffic is coded correctly

and that the signal timing and volumes for both intersections are set correctly. This reduced 95th queue

does represent a valid queue because vehicles will not be able to clear the upstream intersection to
queue at this intersection.

When designing the size of storage bays, it is normally sufficient to store a single cycle of queues. The idea being
that through and left traffic will move at different times during the cycle and enough storage should be provided
so the two movements do not block each other from using their green time effectively.

The Link Length is the link distance minus 80ft (24m) to account for the space inside the intersections. The
link distance is entered center-point to center-point.

The Queue report lists "Internal Link Dist" to distinguish from Total Link Distance.
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Queues

1: 1st St & Main Street 12/28/2016
Lane Group EBL EBT WBL WBT NBL  NBT SBL SBT  SBR
Lane Group Flow (vph) 300 1100 200 800 100 500 100 200 400
v/c Ratio 075 070 076 062 031 083 116 033 051
Control Delay 566 311 64.3 8.0 313 482 1866 305 48
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 566 3141 84.3 9.0 313 482 1866 305 48
Queue Length 50th (ft) 218 370 124 95 57 343 ~80 114 0
Queue Length 95th (ft) #340 485 m#203 156 98 448  #195 165 63
Internal Link Dist (ft) 420 1755 608 603

Turn Bay Length (ft) 250 150 100 100 100
Base Capacity (vph) 398 1569 283 1297 370 700 100 714 853
Starvation Cap Reductn 0 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0 0
Reduced v/c Ratio 075 070 071 062 027 071 100 028 047

Intersection Summary

~ Volume exceeds capacity, queue is theoretically infinite.
Queue shown is maximum after two cycles.

# 95th percentile volume exceeds capacity, queue may be longer.
Queue shown is maximum after two cycles.

m Volume for 85th percentile queue is metered by upstream signal.

Figure 21-4 Queues

Queue Report Additional Measures of Effectiveness

The v/c Ratio is the volume to capacity ratio for the lane group.

The Control Delay is the delay caused by the downstream traffic control device for the lane group.
Queue Delay is an analysis of the effects of queues and blocking on short links and short turning bays.
Total Delay is the combination of the Control Delay and the Queue Delay.

Base Capacity is the capacity of the lane group if unimpeded. Capacity is the lane group saturation flow
multiplied by the lane group green to cycle ratio.

The Starvation Capacity Reduction is the reduction to the base capacity due to starvation. Starvation is
congestion caused by a short upstream link in conjunction with poor/no coordination.

Spillback Capacity Reduction is a reduction to the base capacity caused by a short downstream link becoming
filled up.

Storage Capacity Reduction is a reduction to the base capacity caused when turn pockets cannot
accommodate queue lengths.

Reduced v/c Ratio is the modified volume to capacity ratio with the adjustments to the base capacity.
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Intersection Capacity (ICU) Report

The Intersection Capacity Utilization report provides a straightforward method to calculate an intersection's
level of service. The method simply takes a sum of the critical movement’s volume to saturation flow rates.

Line by Line Explanation
This section contains line by line description of the ICU report. Lines not described are self-explanatory.

For a complete reference on the calculations, see the topic on Intersection Capacity (ICU) Calculations, page
19-36.

Additional Details can be found in the Intersection Capacity Utilization 2003 book. A copy of this book
:&: can be obtained from Trafficware.

o

Pedestrian Timing Required: This is the Walk plus Don’t Walk Time from the primary phase associated with
this direction. If no pedestrian timing is provided and pedestrians are present, this value is 16 seconds.

Ideal Flow: This is the Ideal Saturated Flow and 1900 vphpl by default. If the intersection has Area Type of
CBD, the Ideal Flow is multiplied by 0.90.

Lost Time: This is the Total Lost time for the movement. By default, it is 4 seconds.
Reference Cycle Length: This is set to 120 seconds.

Adjusted Volume: Volume adjusted for peak hour factor.

Volume Combined: This is the volume assigned to lane groups.

Volume Separate Left: The volume assigned to lane groups, assuming no shared left-through lane. A shared
lane is considered exclusive left or exclusive through for each lane group’s analysis.

Lane Utilization Factor: This factor adjusts the Saturated Flow Rate when there are 2 or more lanes. This
adjustment accounts for the unequal use of lanes.

Turning Factor Adjustment: This factor adjusts for the number of right or left turners in the lane group.

Saturated Flow Rate Combined: This is the adjusted Saturated Flow Rate adjusting for turning factors,
number of lanes, and lane utilization.

Saturated Flow Rate Separate: This is used with a shared left-through lane. This value will be used for some
capacity checks in the permitted and split options.

Minimum Green Time: This is the minimum time a signal can show green. This is the Minimum Initial value
for the phase or 4 seconds for unsignalized intersections.

Pedestrian Interference Time: This is the estimated time per cycle that right turn traffic will be blocked by
pedestrians.

Pedestrian Frequency (freq): This is the probability of a pedestrian activating the pedestrian timings on any
cycle. If there are no pedestrians it is 0. If there are no push buttons and there are pedestrians, it is 1.
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Protected Option

Protected Option Allowed: The protected option is allowed only when both opposing directions do not have
a shared left-through lane. Otherwise, the intersection is only analyzed with split or permitted phasing. In some
cases, a shared left-through lane can be recoded as a left only lane to give better performance with the protected
option.

Reference Time: This is the time required to serve the adjusted volume at 100% saturation. It is equal to the
Adjusted Volume divided by the Saturation Flow Rate Combined multiplied by the Reference Cycle Length and
added to the Pedestrian Interference time.

Adjusted Reference Time: This is the reference time adjusted for minimums, pedestrians, and lost time.

Permitted Option

This option calculates the ICU using a permitted left turn option. Traditionally the ICU method did not allow for
permitted left turns because it is taking a sum of conflicting movements. However using the protected option
requires a dedicated left lane. Many intersections in urban areas have shared left-through lanes that are
analyzed too harshly with the protected or split options.

The ICU 2003 contains two options for treating permitted left turns. Option “A” assumes that there are
relatively few left turners. These left turners will be accommodated as sneakers at the end of a green or when
there is a left turn on an oncoming single lane approach. Option “A” should only be used when the left turn
volume is less than 60 vph or the oncoming approach is single lane with some left turn traffic.

Option “B” assumes that the oncoming traffic is relatively light and that oncoming traffic will only block the left
turns for the first 8 seconds of green. Option “B” is only available when the oncoming traffic is less than 120
vph.

If the volume exceeds the requirements for both Options “A” and “B”, itis considered that the intersection would
operate as efficiently using protected or split phasing. It may be necessary to reclassify a left-through lane as a
left only lane for the analysis.

Permitted Option Allowed: The permitted option is allowed for opposing approaches, when either left traffic
is less than 60 vph or the oncoming through traffic is less than 120 vph. This condition must be met for both

sets of conflicting movements for the opposing approaches for permitted analysis to be allowed.

Adjusted Saturation A: This is the saturation flow rate of the through and shared lanes adjusted for blocking
by left turn traffic.

Reference Time A: This is the reference time for the through movement, when the shared lane is blocked by
less than 60 vph of left traffic. If vL is greater than 60, enter "NA".

Adjusted Saturation B: This is the Saturated Flow Rate of the through lanes without the shared lane.

Reference Time B: This is the reference time assuming the lanes will be blocked for 8 seconds by oncoming
through traffic. If oncoming through traffic is greater than 120 vph, the B option is not allowed.

Reference Time: The minimum of Reference Time A and Reference Time B is allowed.

Adjusted Reference Time: This is the reference time adjusted for minimums, pedestrians, and lost time.
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Split Option: The split option is always allowed, in some cases the split option is the only option allowed. The
split option analyzes the lanes combined and also checks the left and through traffic independently.

Reference Time Combined: This value is for the combined lanes and volumes. This is the time required to
serve the adjusted volume at 100% saturation. It is equal to the Adjusted Volume divided by the Saturation

Flow Rate Combined multiplied by the Reference Cycle Length and added to the Pedestrian Interference time.

Reference Time By Movement: This Reference Time calculates lefts and throughs and rights separately. This
adds an additional check against uneven lane distribution.

Reference Time: The maximum of Reference Time Combined and the Reference Times by Movement.

Adjusted Reference Time: This is the reference time adjusted for minimums, pedestrians, and lost time.

Summary

This section summarizes and combines the required times for left and through traffic by approach pairs. The
best solution is found for each approach pair and combined.

Protected Option: Maximum of the Sums of the opposing Adjusted Reference times.
Permitted Option: Maximum of the Permitted Adjusted Reference Times is allowed.
Split Option: Sum of the opposing Adjusted Reference times.

Minimum: For each approach pair, take the minimum combined adjusted reference time.
Combined: The sum for all approaches.

Right Turns

Right turns from exclusive lanes are calculated by a separate calculation. This accounts for free rights,
overlapping right turn phases, and right turns on red.

Adjusted Reference Time: The Adjusted Reference Times for right turns. For approaches with 0 exclusive
right lanes, this value will be 0.

Cross Through Adjusted Reference Time: The minimum Adjusted Reference Times for the cross through
movement.

Oncoming Adjusted Left Reference Time: The minimum Adjusted Reference Times for the cross left
movement. This does not include the permitted time for oncoming left. The split reference time for left
movements should be the same as for through movements.

Combined: The sum of the above lines. If this movement is a free right, it is simply the right turn’s Adjusted
Reference time. For intersections with 5 or more legs, the cross through times and oncoming left times may
include multiple movements. There may be additional time added if there are "interlocking" right times that
are both critical.

Final Calculations

Intersection Capacity Utilization: The maximum of the Combined times for through and right turn sections,
divided by the Reference Cycle Length. This is the Intersection Capacity Utilization. It is similar to, but not
exactly the same as the intersection volume to capacity ratio. A value less than 100% indicates that the
intersection has extra capacity. A value greater than 100% indicates the intersection is over capacity.
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Level of Service: A letter A to H based on the table and the Intersection Capacity Utilization. Note that the ICU
2003 includes additional levels past F to further differentiate congested operation.

HCM 2000 Signals Report

This report provides a full implementation of the HCM 2000 Signalized Operations method. This report will
match other HCM 2000 (Chapter 16) implementations except for the items listed below.

Report Items Line by Line

Unless noted here, the report line items are self-explanatory or match the same fields found on the Synchro
input settings.

Total Lost Time: This is the sum of the Startup lost time and the Clearance lost time. Do not confuse this value
with the Startup Lost time. Refer to page 10-7 for details on the Lost Time adjustment.

Frpb, Flpb: Bike and Ped factors, these may vary slightly from the bike and ped factors shown in other Synchro
reports because these are calculated based on actuated green times for HCM compatibility. These factors are
applied to both the permitted and protected phases. The bike/pedestrian factors in other Synchro reports are
calculated based on maximum green times for calculation efficiency and only apply to the permitted phases.

Fie Permitted: The permitted left turn factor may vary slightly from the left turn factor shown in other Synchro
reports because these are calculated based on actuated green times for HCM compatibility. The permitted left
turn factors in other Synchro reports are calculated based on maximum green times for calculation efficiency.

RTOR Reduction: The HCM Signal Report includes a RTOR reduction calculation. The Lane Group Flow is now
equal to the Adjusted Lane Group flow minus the RTOR reduction. The RTOR reduction is calculated as follows:
VRTOR = minimum (sRTOR,v) * r/C = RTOR reduction to volume
SRTOR = RTOR saturation flow as calculated by Synchro
r = effective red time
v = adjusted lane group volume (before RTOR reduction)

C = cycle length

The vRTOR value cannot be over-ridden. However, the sRTOR can be changed in the LANE settings.
The sRTOR can be calculated with observed VRTOR using the formula sSRTOR = vVRTOR * C/r.

o

Actuated Green: The green times used for the HCM signals report are actuated green times which may be less
than the maximum green times for actuated signals. When comparing to other HCM compatible software, be
sure to compare the same green times.

v/s Ratios: The volume to Saturated Flow Rate ratios for permitted and protected movements. A "c" indicates
that this is a critical movement. The HCM volume to capacity ratio is based on a sum of the critical v/s ratios.

Progression Factor: The progression factor is calculated by dividing Synchro’s control delay with coordination
by the control delay without coordination. This may vary from the progression factor used in other HCM

implementations.

The HCM Signals Reports will skip unused or default rows. With this feature, rows for items such as pedestrians,
buses, growth factor, will not be included if they contain default data.
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Multiple options can be selected when printing reports. For example, the HCM Signal Report can be
printed with the Queue report. In the SELECT REPORT settings, choose the HCM Signal Report, hold
O the [Ctrl] key and select Int: Queues.

Discussion

In some cases, Synchro will give results different than the HCM and the HCS. Some of these deviations are
necessary to accommodate modeling of coordination and actuation. Other differences can be attributed to
varying input methods and rounding errors. The following section outlines the known deviations of Synchro
from the HCM and recommended workarounds.

The following table lists the reasons why the Synchro HCM report may deviate from the HCM and HCS reports.
Synchro Version 5 and later have eliminated many of the differences found in earlier versions of Synchro by
using the HCM delay formulas instead of time-slice analysis. The remaining differences are mostly due to
limitations in the other software and Synchro’s explicit calculation of coordination.

Table 21-2 Synchro HCM vs. HCM & HCS Differences

Reason

Work Around

Capacity

Difference

Delay
Difference

Queue Delay is New in Synchro 6 is an added measure for Accept Synchro's No Yes
not included in queue interaction delays. This measure is not delay
the HCM and included in the HCM Signal Report or the HCS.
HCS
PF (Platoon Effects of coordination are calculated explicitly. Synchro's PF is No Yes
Factor) based on
Does not match calculations versus
HCM a +25% estimate in
the HCM method.
Input Data User has entered data differently for each Export data from Yes Yes
different model. Synchro or check
data carefully

Rounding Programs round numbers to different precision. Minor Minor
Differences
Effective Green When both directions have a leading Permitted Accept Synchro's Yes Yes
Times with plus Protected left turn of the same length, the truer numbers or (Synchro (Synchro
Permitted + HCS assumes (incorrectly in our opinion) that use HCS has lower has higher
Protected Left the interval between the green arrow and the capacity) delay)
Turns green ball is part of the permitted green time.

This causes the HCS to give higher effective

green times, lower v/c ratios and Fit and lower

delays.
Effective Green With lagging Permitted plus Protected left turn Accept Synchro's Yes Yes
Times with phasing, the HCS assumes (incorrectly in our truer numbers or (Synchro (Synchro
lagging opinion) that the interval between the green ball use HCS has lower has higher
Permitted + and the green ball counts towards the protected capacity) delay)

Protected Left
Turns

green time. This causes the HCS to give higher
effective green times, lower v/c ratios and lower
delays.
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HCM 2000 Unsignalized Report

The HCM Unsignalized Report is based on the HCM 2000 Chapter 17. More information about the calculations
and the variables in the report are found in the HCM.

Two Way Report

Hourly Flow Rate: Movement volume divided by PHF.

tC, single: The critical gap time for single stage crossing.

tC, 2 stage: The critical gap time for each stage of a two stage crossing.
tF: The follow up time.

pO: The probability of a queue free state for this movement.

cM: The capacity for the movement. This value considers the impacts of two stage gap acceptance and
plattooned flows. However, this capacity does not consider the influence of shared lanes or flared right turns.

Lane Section

The lower part of the unsignalized report has information on a per lane basis. One column appears for each
lane.

cSH: The capacity for each lane considering the effects of sharing and flared right turns. The capacity of free
movements is assumed to be 1700 vphpl.

Queue Length: This is the 50th percentile queue for each lane in feet or meters.

Intersection wide delay and level of service is not defined by the HCM for two-way stop controlled
intersections, therefore, it is not shown in the report. The analyst needs to look at the delay and LOS for
O the individual movements.

The LOS for main street approaches is not shown because it is not defined for main street approaches. The
analyst needs to examine the left turn LOS and delay to rank the vehicles.

All Way Report

If a right turn lane is marked channelized, it is not included in the headway calculations and its volume does
not affect the intersection calculations.

Hourly Flow Rate: Movement volume divided by PHF.

Hadj: Headway adjustments based on turning percentages and proportion of heavy vehicles.

Departure Headway: This is the value Hd, computed by multiple iterations of Worksheets 4a and 4b from the
Highway Capacity Manual, Chapter 17. It is the average time each vehicle requires at each lane. Hd takes into
account the number of lanes, and occupancy of conflicting lanes.

Degree Utilization, x: This is the volume divided by the departure headway. Note that x is not the v/c ratio

because increases to the volume on this approach will increase the headways and occupancies for conflicting
approaches and in turn increase the headways for this approach.
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Capacity: This is the capacity for the lane. The method iteratively increases the volume for each lane until x is
1. The volume to capacity ratio is based on the Capacity.

Roundabout Report (for HCM 2000 Methods)

Hourly Flow Rate: Movement volume divided by PHF.
Approach Volume: Sum of movement volumes for approach.

Crossing Volume: Sum of movement volumes crossing this movement in front of the roundabout. The method
is only applicable for crossing volumes up to 1200 vph. If the crossing volume exceeds 1200, the results are not
valid.

High Capacity: High range of capacity. The method has a high and low range of possible capacities. It is the
analyst's responsibility to decide which is more applicable.

High v/c: The high capacity volume to capacity ratio.

Low Capacity: High range of capacity. The method has a high and low range of possible capacities. It is the
analyst's responsibility to decide which is more applicable.

Low v/c: The low capacity volume to capacity ratio.

The roundabout's method has not been very well developed. There are no delay or queue outputs. The method
is only applicable to single lane roundabouts with up to 1200 vph crossing volume. The output is a range of v/c
values; it is the analyst's responsibility to decide which v/c ratio is most applicable.

Arterial Level of Service Report

The Arterial Level of Service report contains information about the speed and travel time for an arterial. This
report mirrors the reports used in the Arterials section of the HCM 2000, Chapter 15. The Arterial report can
also be compared with field travel time studies.

When creating an Arterial LOS report, select one or more arterials in the right panel of the Select Reports
settings. To create an arterial with multiple street names or that turns corners, include a route number with
the # symbol in the street names, such as "Ashby Ave #13". A report is created for each direction of the arterial.

The Arterial Class is calculated automatically based on the distances between intersections and the link
speeds. The Speed is the total distance divided by the total travel time. The segment distance is the total distance
divided by the number of segments.

Table 21-3  Arterial Class

Speed (mph) Segment Distance Class

1to 29 any [\
30to 35 <2000 ft v
30 to 35 = 2000 ft 11
36 to 45 any Il
above 45 any |

The Flow Speed is the free flow speed or link speed input for each link.
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For segments over 0.5 miles, the Running Time is the link distance divided by the flow speed. For shorter links,
the running time is based on the running times in the HCM 2000, Table 15-3. This table is based on FHWA
research that shows longer running times on networks with short segments. This will cause longer travel times
and lower LOS than using the free flow speeds.

The Signal Delay is the Synchro Control delay for the through lane group. This will match the Control Delay as
shown in the Timing view.

The Travel Time is equal to Running time plus Signal Delay. Arterial Speed is thus Distance divided by Travel
Time.

The Arterial LOS is based on the speed and the Arterial Class.

Arterial Level of Service

12/28/2016

Arterial Flow Running Signal Travel Dist Arterial Arterial

Cross Street Class Speed Time Delay Time (s) (mi) Speed LOS
1st St Il 40 109 3141 42.0 0.09 8.1 F
2nd St Il 40 34.4 54 398 0.35 31.4 B
3rd St Il 40 29.3 65.0 94.3 0.27 10.2 F
4th St Il 40 28.0 9.8 378 0.25 243 C
5th St Il 40 16.2 10.5 26.7 0.14 19.0 D
Bth St Il 40 16.2 12.0 28.2 0.14 18.0 D
Total Il 135.0 133.8 268.8 1.25 16.7 E
Arterial Flow Running Signal Travel Dist Arterial Arterial

Cross Street Class Speed Time Delay Time (s) (mi) Speed LOS
6th St Il 40 17.5 277 452 0.15 12.1 F
5th St Il 40 16.2 8.1 243 0.14 209 D
4th St Il 40 16.2 10.2 26.4 0.14 19.2 D
3rd St Il 40 28.0 58.7 87.7 0.25 10.5 F
2nd St Il 40 29.3 11.2 40.5 0.27 237 C
1st St Il 40 34.4 9.0 434 0.35 28.8 B
Total Il 141.6 125.9 267.5 1.30 17.5 D

Figure 21-5 Sample Arterial Level of Service Report

Network Measures of Effectiveness Reports

The Summary Network MOEs and Detailed Network MOEs reports display quantitative information about the
performance of intersections and the network.

The MOEs can include delays, stops, fuel consumption, queuing penalty, dilemma vehicles and emissions.

The network reports can display information about each approach, each intersection, for an arterial, and for
the entire zone or network selected.

Measure Of Effectiveness (MOE) Report Options
The MOE Report is based on Synchro’s Percentile Delay Anslysis. Details of this analysis method can be found
in Chapter 19. MOE Report options are available for the Measures of Effectiveness reports and the Multi-file

reports (“A” in Figure 21-6).

Select the MOEs to include in the report. Detailed information about each MOE is listed later in this topic.
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Select the Level of Detail to include in each report (“B” in Figure 21-6). It is possible to list MOEs for each
approach, for each intersection, for selected arterials, and for the entire network or zone.

Select one of more Arterials to include in the report (“C” in Figure 21-6). The report will summarize the MOEs
along the arterial for arterial approaches only. Through and turning lane groups are included.

Create Report “

Select Reportz O ptions
> HCM 2000 ~ keazure(s] of Effectiveness Levellz) Of Detail
» Phazes

> Actuated
v of Measures of Effectiveness

Surmmary
" Detail A
> Mulki File Comparizons

w  [Jther

Artenial(z] ba Evaluate

Artenial Level of Service 3’d_5t
Permitted Left Factors Main Street C
Coordinatability Factors <
£ >
Ilze CTRL for multi-zelect
Header... Graphics. .. Defaulks Save Text Erint
Scope Presview
®) Single Intersection | 10 13t 5t & Main Street R Frint Setup
Zone e
Entire M etwark,
LCancel

Figure 21-6 Network Report Options
MOE Notes

The delays shown are Synchro’s Control Delay.

The volumes are not adjusted for PHF or Lane Utilization. Volumes are adjusted for growth factors.

Delays per vehicle are the Synchro Control Delay, Queue Delay and Total Delay. The Total Delay per vehicle
would be the Control Delay per vehicle plus the Queue Delay per vehicle. The Total Delay is the Total Delay

per vehicle multiplied by the number of vehicles in the network/zone in one hour.

Stops are calculated with the methods shown in the topic, Optimizations and Calculations (see page 19-28).
Stops are the number of stops per hour.

The Average Speed is the link distance divided by the travel time including delays. Average Speed includes the
speed of vehicles in turning lanes and will not match the Average Speeds in the Arterial Travel Time report.

The Total Travel Time is an hourly summary of delays and travel time.
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The Distance Traveled is the volume times the link distance. Bend distances are included at the downstream
intersection. Travel on exit links is not counted.

The Fuel Consumed is calculated using the methods outlined in the topic Fuel and Emissions Calculation
(see page 19-28). The fuel is based on the delays, stops, speed, distance traveled, and travel time.

The Emissions are calculated based on the fuel consumption. The conversion rates are shown in the topic Fuel
and Emissions Calculation (see page 19-28).

The Unserved Vehicles is the Adjusted Volume less the Actuated Capacity. A value of 10 indicates that the
volume exceeds capacity by 10 vehicles per hour.

The Vehicles in Dilemma Zone is a count of the vehicles arriving while the signal turns yellow and soon
thereafter. This is rough measure of the safety of the movement. It is undesirable to create timing plans that

turn yellow when a platoon is approaching the intersection.

The Performance Index is a combination of the delays and stops. When optimizing, Synchro selects the cycle
length with the lowest PI. See the topic on Optimize Intersection Cycle Length on page 18-11 for more details.

A sample Network MOE report is shown in Figure 21-7.

Detailed Measures of Effectiveness

12/28/2016
Number of Intersections 8
Control Delay / Veh (s/v) 36
Queue Delay / Veh (s/v) 2
Total Delay / Veh (s/v) 38
Total Delay (hr) 349
Stops / Veh 0.62
Stops (#) 20712
Average Speed (mph) 12
Total Travel Time (hr) 504
Distance Traveled (mi) 6057
Fuel Consumed (gal) 674
Fuel Economy (mpg) 9.0
CO Emissions (kg) 4713
NOx Emissions (kg) 9.17
VOC Emissions (kg) 10.92
Unserved Vehicles (#) 223
Vehicles in dilemma zone (#) 693
Performance Index 406.5

Figure 21-7 Detailed MOE Report Example

Arterial Summaries

Select a street name or route number to generate an Arterial Summary (“C” in Figure 21-6). The Arterial
Summary summates the MOEs for approaches on the arterial including turning lane groups. Side street
approaches are not counted. The MOEs are summarized by direction and totaled.

To create an Arterial Route with multiple street names or that turns corners, include a route number in the
street name with the # symbol. For example, the streets Ashby Avenue and Tunnel Road are part of the same
route. Give these streets the names "Ashby Ave SR #13" and "Tunnel Road SR #13". Synchro will be able to
create reports and analysis on the arterial "#13".
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The values summarized by arterial are volume weighted and include turning lane groups. The values will not
match the average speeds and total travel times listed in the Arterial Report.

Multi File Comparison Report

The Multi File Comparison Report is used to compare multiple alternatives side-by-side.

The report could be used to compare a before-and-after condition, or the report can be used to compare MOEs
for two or more different timing plans.

When performing a Cycle Length Optimization, select the Preserve File for Each Cycle Length option. These
files can be used to create a Comparison Report.

The files used should contain mostly the same intersections with the same arterial names. Be sure to correctly
enter the Scenario Manager information so that each alternative can be identified.

To create a Multi File Comparison Report, use the following steps (files to compare must be in the same
directory):
v" From the SELECT REPORTS dialog, choose Detailed or Summary Multi-File Comparison
Select the options you would like to include
Select the [Print], [Save-Text] or [Preview] button to create your report
A dialog to select your files to compare will appear
Navigate to the directory with the files
To show all Synchro files in the directory, enter *.syn in the File Name and press [Enter]

Choose the files you want to compare by holding the [Ctrl] key and clicking on the files you want

N N N N SR NN

Select [Open]

If your computer is configured to open files on a single click, hold the [Ctrl] key down when selecting the

! E first file. Then hold the [Shift] key to select the last file. Clicking a file with the [Ctrl] key down can select
or deselect a file. Multiple files can also be selected by dragging a rectangle around their names. Start
the rectangle to the right of any filenames.

The first page of the comparison report lists each alternative with its scenario information and basic statistics
(Figure 21-8).

Detailed Alternative Comparisons
112212008

Scenario Information

Suenatio #

Filename: C:\Program FilesTraficowaraFized Crole Coordination-100.5vm
Lowation: Fixed Cyole Problem

Diata Date: 21461 999

Timirg Plar 10 PM PEAK

Btemative: Baseline

Humker of Signalized Intersecions: 8

Most Popular Cyele Lerngth: 100

Suenatio #2

Filehame: C:'Program FilesT reficware'Fized Cycle Coordination-110.5ym
Lowation: Fized Cyele Proklem

Data Date: 31461999

Timirug Plar I0: PM PEAK

Bltemative: Basaling

Humbet of Signalized Intersecions: &

Mozt Papular Cyele Lenith: 110

Figure 21-8 Detailed Alternative Comparisons
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Succeeding pages list the MOEs with one column for each alternative. The MOE information follows all of the
rules for the Network report listed above (Figure 21-9).

Cetailed Alternative Comparisons

11232006
Metwork Totals
Suenatio # i 2
Humker of Intersecdions g E]
Mozt Popular Cyele (5] 100 140
Bltematine Baseling EBaseling
Timing Plan I FMPEAY  PMPERK
Crata Time
Contral Delay vieh [sh) H a8
Queve Delay 'vieh 3] 3 1
Totel Delay veh (sh] 46 39
Tatal Celay [hr] 424 363
Stops {eh 063 0.56
Stops [#] 20807 18611
Puerage Speed [mph) 10 12
Totel Travel Time (hr] T8 318
Distance Travalad [mi) BO3T BOST
Fuel Consumed [gal] T3 BA0
Fuel Economy [mpg) 8.3 92
0 Emissions [ka) 5109 4612
M Emissiohs [ky) 954 a.4a7
Wi Emizsions (ke 11.24 10.69
Unsered Vehicles (#) T 469
Wehicles in dilemma zome [#] T Tai
Fetformanse [hdex 4821 Hd4

Figure 21-9 Detailed Alternative Comparisons Example

Timing Report - Sorted by Phase Number

Timing Report, Sorted by Phase Number option (Phases: Timings) provides information about the signal timing
parameters determined by Synchro. For each phase that is in use, the following information is given:

Movement Time To Reduce (s)
Lead/Lag Walk Time (s)
Lead-Lag Optimize Flash Don’t Walk (s)
Recall Mode Dual Entry
Maximum Split (s) Floating Force Off
Maximum Split (%) Start Time (s)
Minimum Split (s) End Time (s)
Yellow Time (s) Yield/Force Off (s)
All-Red Time (s) Yield/Force Off 170 (s)
Minimum Initial (s) Local Start Time (s)
Vehicle Extension (s) Local Yield (s)
Minimum Gap (s) Local Yield 170 (s)

Time Before Reduce (s)
Most of these values are the same values shown in the Timing settings or Phasing settings.

Movement is the lane group(s) served by this phase. For through movements, for example NBT or EBT, the
movement ends in T. For left turn phases the movement ends in L. For split phasing, for example NBTL, the
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movement ends with TL, because the phase serves through and left traffic. For a single phase serving two
directions, the movement is NB-SB for northbound and southbound.

The report includes a start time, an end time, a yield/force off and yield/force off 170. These times are phase
references to the beginning of the system clock. The 170 yield (to the coordinated phase) is referenced to the
beginning of the flashing don’t walk.

The report also contains the Cycle Length, Natural Cycle Length, Control Type and Offset Information at the top,
and a Splits and Phasing Diagram at the bottom.

A sample Timing Report, Sorted by Phase is shown in Figure 21-10.

Timing Report, Sorted By Phase
37 3rd 5t & Main Street 12/28/2016

¢ = % v 2 v 51
PhaseMomber 1 2 3 &4 5 & 1 8

Movement WBL EBT NBL SBT EBL WEBT SBL  NBT
Lead/Lag Lead Lag lag  Lead lag  Lead lag  Lead
Lead-Lag Opimize Yes Yes Yes Yes Yes Yes Yes Yes
Recal Mode Mene C-Max  Mone Min  Monme OC-Max  MNone Min
Maxamum Spi (s) 10 36 21 53 16 30 9 63
Maxamum Spi (%) 83% 300% 175% 442% 133% 250% 7H% HM2%
Minimum Spi (s) 3 15 8 19 8 15 3 19
Yelow Time (5) 35 33 35 35 35 35 35 35
Al-Red Time (5) 05 03 05 05 05 05 05 05
Minimum |nigal (s) 4 4 4 4 4 4 4 4
Vehicle Extension (s) 3 47 3 3 3 47 3 3
Mimimum Gap (s) 3 47 3 3 3 47 3 3
Time Before Reduce (s) 0 0 0 0 0 0 0 0
Time To Reduce (s) 0 0 a 0 0 a 0 0
Walk Time () 3 3 5 ]
Flash Dont Walk (s) 10 10 10 10
Dual Enfry No Yes No Yes No Yes No Yes
Inhibd Mac Yes Yes Yes Yes Yes Yes Yes Yes
Start Time (s) 88 93 67 14 118 88 79 14
End Time (s) 98 14 67 14 118 &8 79
YieldForce Off (s) o4 10 it 63 10 114 o 75
YieldiForce Off 170(s) o4 0 &4 63 10 104 &4 73
Local Start Time (s) 10 0 89 36 20 10 101 36
Local Yiel (s) 116 32 106 63 32 16 106 97
Lecal Yield 170(s) & 22 106 65 32 & 106 a1
lersecéon Syeow@ry 0000000000000
Cycle Length 120

Control Type Aciuated-Coordinated

Maiural Cycle 120

Offset 98 (82%), Referenced fo phase 2.EBT and 6:WBT, Start of Green

Splis and Phasses: 3 3rd St & Main Sireet

Figure 21-10 Sample Timing Report, Sorted By Phase
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Actuated Green Times Summary

The Actuated Phase Start and Green summary report shows the green time for each phase. This information is
provided for each of the five percentile scenarios. This report is helpful for looking at actuated signals to see
the range of green times.
For each phase and percentile scenario, the following information is listed:

Phase

Percentile

Green

Termination

Detail Bar Graph
Phase: Each phase has its number and lane group listed here.

Percentile: This is the percentile scenario for this row. Synchro models traffic under five percentile scenarios
(see the topic on the Percentile Delay Method, page 19-3).

Green: This is the actual green time for this scenario. This value is normally equal to the sum of the Queue and
the Gap-out times. Many times, the green time is constrained by the minimum or maximum times or the phase
is skipped altogether.
Termination: This code explains how the phase was terminated. The available options are as follows:

Skip: Phase is skipped, no calls.

Min: Phase shows for minimum time.

GapOut: Phase gaps out

Hold: Phase held for phase in another ring. Lagging main street phases are also held.

Max Out: Phase shows for maximum time.

Ped: Phase extended for pedestrian phase due to ped button or ped recall.

Max Recall: Max Recall, phase is set for maximum recall.

Dwell: Signal rests or dwells on this phase, conflicting volume is very light.

Coordinated: This phase is the main street phase in coordination. Any extra time reverts to this phase.

Detail Bar Graph: The bar graphs to the right show the green times graphically. Each graph shows the green
and yellow time as green and yellow.

For non-coordinated actuated signals, the cycle length and the rest-in-red time are shown at the bottom. If all
phases have no recall, the signal may rest with all phases red. The blue bars represent the cycle length and the
red bars represent rest-in-red time.

For pre-timed and fixed-cycle signals, the cycle length is listed at the bottom.

A sample Actuated Green Times Report is shown in Figure 21-11.
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Actuated Signal, Actual Green Times
2: Main Street & 2nd 5t 112212005

=
=
=
5
=
&
=
3
&

Phaze Lile  Green Termmination
;-4 7.0 hax
acth 7.0 Coordinated
Tith 57.0 Coordinated
- Sth 58.2 Coordinated
2 EBTL  3ith 61.7 Coordinatad
10th 67.2 Coordinated
vt 350 hbx
ath 25.0 himx Out
N Tith 25.0 himx Out
Alth 33.8 Gap Out
4 SHL  3lth 3003 Gap Ot
10th 247 Gap Out

hiax 16.0 hix
ath 16.0 hix Out
# Toth 142 Gap Out
Sith 11.3 Gap Out
5 EBL  th 9.1 Gap Out
10th 7.2 Gap Out

I 7.0 hax

ath 7.0 Coordinated
— Toth 38.8 Coordinated

Sith 428 Coordinated
6 UrBT  3th 486 Coordinated

10th 5.1 Coordinated

Cyele Length: 100

)

Figure 21-11 Sample Actuated Green Times Report

Actuated Start and Green Times Summary

The Actuated Phase Start and Green summary report shows the green time for each phase along with the
phases' start time. This information is provided for each of the five percentile scenarios. This report is helpful
for looking at actuated signals in coordination, to see if phases may be starting early.
For each phase and percentile scenario, the following information is listed:

Phase

Percentile

Green

Start

Termination

Detail Bar Graph
Phase: Each phase has its number and lane group listed here.

Percentile: This is the percentile scenario for this row. Synchro models traffic under five percentile scenarios.
Also see Percentile Scenarios (page 19-4) for more information.

Green: This is the actual green time for this scenario. This value is normall