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1. INTRODUCTION 

1.1 Purpose 
Traffic signal controller coordination provides a scheduling 
mechanism to allocate capacity among competing phases and 
define a deterministic timing relationship with adjacent signals to 
provide progression.  The scheduling mechanism is analogous to 
the configuring of a VCR in complexity with a means to vary 
coordination plans by time of day, day of week, by holiday, and 
planned special events.  The parameters that define the allocation 
of capacity and progression are typically obtained from design 
packages such as Synchro. 

1.2 Goals and Learning Objectives 
The goal of Laboratory 6 is to explain critical coordinated system 
timing parameters and their effects on capacity allocation and 
platoon progression. When you have completed Laboratory 6, you 
will be able to: 
• Explain how the three fundamental parameter settings, Cycle, 

Offset, and Split, are used to impact capacity allocation and 
platoon progression. 

• Explain how split times impact capacity allocation among 
competing movements. 

• Explain how the start of green in a coordinated-actuated 
system varies stochastically and impacts platoon progression. 

• Control the reallocation of unused green time by selecting 
appropriate operating parameters. 

1.3 Organization and Time Allocation 
Laboratory 6 is divided into fourteen sections, including this 
introduction.  The thirteen sections that follow and the approximate 
time allocated to each section are listed in Table 1. 

 
Table 1 Laboratory sections and approximate completion times 

Section Title Approximate 
Time (min) 

0 Introduction  5 

2 Terms 5 

3 Experiment #1: Becoming 
familiar with coordinator status 
screens  

15 

4 Experiment #2: Detector 
mapping and pitfalls 

15 

5 Experiment #3: Extension time 
adjustments pitfalls 

15 

6 Experiment #4: Adjusting splits 
on minor lefts 

25 

7 Experiment #5: Balancing split 
times across barriers  

25 

8 Experiment #6: Reallocating 
slack green time 

25 

9 Experiment #7: Changing cycle 
length and observing impacts 

15 

10 Experiment #8: Offset 
adjustment 

15 

11 Experiment #9: Leading and 
lagging left turns with coordinator 

15 

12 Experiment #10: Estimating 
volume to 
capacity ratios 

10 

13 Experiment #11: Integrating 
Synchro outputs into VISSIM 
ASC/ 3 database 

10 

14 Closure: Summary of key points 
learned 

5 
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2. TERMS 
Standard definitions for traffic signal terminology are provided by 
the National Electrical Manufacturers Association (NEMA) [9] and 
by the National Transportation Communications for ITS Protocol 
(NTCIP) 1202 document, “Object Definitions for Actuated Traffic 
Signal Controller Units” [2]. Definitions are also provided in the 
Federal Highway Administration’s Traffic Signal Timing Manual [5]. 
The definitions presented here are adapted from these sources. 
 
Call: An actuation of a phase by vehicle detection or by an internal 
signal controller setting (a “recall”). A phase that is not called will 
be skipped. 
 
Capacity: The maximum flow rate that can be served by a phase 
at an intersection. The units of this measure may be given as 
vehicles per hour per lane or vehicles per hour. The capacity of a 
phase represents the maximum volume that could utilize the 
phase. 
 
Cycle Length: The amount of time needed to serve all of the 
called phases in a ring. 
 
Effective Green: The amount of time in each split that is used by 
vehicles for movement. Because the start-up lost time is equal to 
the amount of clearance time in which vehicles move, the effective 
green is equal to the amount of time that the green indication is 
shown. 
 
Effective Split: The proportion of the cycle that a phase is actually 
served. This may differ from the programmed splits, because of the 
reallocation of excess green due to phases gapping out. 
 
Excess or Unused Green: The amount of green time that is 
yielded by a phase when it gaps out, or is skipped. 
 

Fixed Force-Off: Force-offs are relative to the cycle. When a 
phase is skipped or gaps out, the unused green time passes to the 
next phase, which is allowed to hold the green until it reaches its 
force-off point. Minor phases may have green times longer than 
allowed by the splits, if there is enough demand to prevent them 
from gapping out. 
 
Fixed Force-Off: A force-off calculated relative to the cycle.  
 
Floating Force-Off: A force-off calculated relative to the 
beginning of the phase. 
 
Gap Out: A method of terminating a phase resulting when the 
Passage Timer expires. 
 
Lagging Left Turn Phase: The through movement precedes the 
competing (opposite) left turn movement. 
 
Leading Left Turn Phase: The left turn precedes the competing 
(opposite) through movement. 
 
Lost Capacity: The maximum flow rate that can be served during 
the lost time, in which no movement takes place. 
 
Lost Time: The amount of time in each split that is not used by 
vehicles for movement. It includes start-up lost time and unused 
clearance time. 
 
Maximum Recall: A controller setting in which each phase is 
served to its force-off point. The controller operates as though 
there were calls constantly being placed on each detector. The 
resulting operation is equivalent to a fixed time plan. 
Minimum Green: The minimum amount of time for a green 
indication that must be given to a phase. 
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Movement: A path of travel through an intersection that is 
regulated by a signal indication. Typical vehicle movements are 
left, through, and right. 
 
Offset: The timing relationship between two signals that is used to 
define the relationship of either the start or end of particular 
phases at adjacent traffic signals.. 
 
Pattern: A set of cycle timing parameters (including cycle length 
and splits) that is used to control operation. The splits are 
distributed based upon expected demand for movements. Various 
patterns are programmed into a controller. 
 
Phase: An element of the signal controller operating plan that 
corresponds to a movement. When a phase is served, the green 
indication is shown, allowing the movement. 
 
Platoon Progression: Defining a timing relationship between 
adjacent controllers to facilitate the unimpeded movement of a 
platoon of vehicles through multiple signals along a signalized 
arterial. 
 
Programmed Capacity: The maximum flow rate that can be 
served by a phase given its programmed green time. 
 
Programmed Green: The amount of effective green time that a 
phase would receive when in maximum recall mode. This time is 
determined by the split. 
 
Ring: A series of phases that is repeated perpetually. In an eight-
phase dual-ring configuration (shown in Figure 1), two rings run 
concurrently. Phases 1, 2, 3, and 4 form the upper ring, while 
phases 5, 6, 7, and 8 form the lower ring.  The bold vertical lines in 
the figure are called barriers. A phase in one ring may run at the 
same time as a phase in the other ring that is on the same side of 
the barrier. For example, phase 1 may run at the same time as 

phase 5 or 6, but not at the same time as phase 2, or with phases 
3, 4, 7, or 8. 

 
Figure 1 Ring diagram for a dual-ring, eight-phase plan 

Saturation Flow Rate: The maximum rate of flow that can be 
sustained through a lane of travel at an intersection. In this 
laboratory, a rate of 1900 vehicles per hour per lane is assumed. 
 
Split: The percentage of a cycle that is expected to be used by a 
phase. This value is programmed into the controller, and used to 
determine the amount of green time given to the phase. 
 
Split Time: The amount of time that is given to a phase expressed 
in seconds rather than a percentage. 
 
Synchro: An optimization software program 
(http://www.trafficware.com/). 
 
Volume to Capacity Ratio: (v/c) Estimated as the number of 
vehicles passing through an intersection (served vs. demand) in 
comparison to the theoretical capacity. Conventional wisdom 
indicates the lower the v/c the better the operation. 

1 2 3 4

5 6 7 8
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3. EXPERIMENT #1: BECOMING FAMILIAR 
WITH COORDINATOR STATUS SCREENS  

3.1 Learning Objective 
• Be able to identify free and coordinated operations as each 

appears in a virtual controller and a programming database. 

3.2 Overview 
This experiment will demonstrate how an NTCIP traffic controller 
can be read and adjusted in the VISSIM simulation software. 
• References to “front panel” describe what would be seen on the 

ASC/3 controller’s screen.   
• The “Database Editor” is the software used to adjust a 

controller’s program.  
• Any changes made on the front panel will only affect the 

current running of the simulation and can only be made while 
the simulation is running.  

• Changes in the database editor can only occur between runs 
but will remain until manually changed.  

 
Experiment #1 will provide you with a comparison between free 
and coordinated operations using two interfaces (the front panel 
and the database editor).  Simple observations will be performed to 
confirm controller changes. 

3.3 Questions to Consider 
As you begin this experiment, consider the following questions. You 
will come back to these questions once you have completed the 
experiment. 
• How do the virtual controller and the database editor differ? 

Why is this important in this laboratory? 
• What is the difference between “free” and “coordinated” 

operation? 
• What defines coordinated operations? 
• How is a split different than a max time? 

3.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Observe the front panels. 
• Observe cycle length. 
• Find programmed cycle length for free and coordinated 

operation. 
• Change Max times and Split percentages. 
• Use the database editor. 
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3.5 Running the Experiment  
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp1” folder. 
• In the “a_Free” folder, open the file: “free.inp.” 
• Select “File”, then “Open Second File.” Select the “b_Coord” 

folder, then open the file: “coord.inp.”  
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button. 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
 
Step 3. Observe the front panels. 

• Observe the front panels labeled 2001 and 4001. Look carefully 
at the middle, left part of the panel for the words “MAX” or 
“SPLT.” See Figure 2 and Figure 3. 

• “Max” should be on the left panel (2001); “SPLT” should be on 
the right (4001). If a signal is running in free operation, then 
the green time will be governed by the programmed maximums 
(the Max times).  If a signal is in coordination, it will be 
governed by Splits, which can be defined by either percentages 
or seconds. For simplicity both of these simulations have been 
set to maximum recall which will place a call on all phases 
continuously, causing each phase to run to its full allowed 
duration. 

 
Figure 2 Status screen for free operation 

 
Figure 3 Status screen for coordinated operation  

Presence of Max 
1 timer indicates 
Free operation 

Presence of SPLT 
timer indicates 
Coordinated 
operation 
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Step 4. Observe cycle length. 

• Read all bullets below before proceeding with this step. 
• Restart the simulation using the “Run Mode” button. 
• To observe the cycle lengths for both the free and coordinated 

operations, pause the simulation at 364 seconds using the 
“Pause At” button on the MOST interface.  

• When the simulation reaches t = 364, use the “Run Mode 
Single Step” button to move forward to the beginning of yellow 
for phases 2 and 6. Record the time in Table 2 (lower right 
hand corner) on the front panel at which the beginning of 
yellow occurs for both cases. 

• Press the “Run Mode” button and watch the cycle progress 
while keeping the mouse over the “Pause” button.  When your 
signal returns green to phases 2 and 6, press “Pause.”  

• Using the “Run Mode Single Step” button, advance the 
simulation to the beginning of yellow for 2 and 6. Record the 
time from the front panel.  Compute the duration of the cycle 
and enter the values in Table 2. This difference in the beginning 
and ending times is the current cycle length. Since these 
controllers are receiving a maximum recall from all detectors, 
this cycle length will be constant. 

 

 
Table 2 Observed duration of each cycle 

Operation Free Coordinated 

Beginning*   

Ending*   

Duration   

*Reference start of Yellow on Phases 2 and 6. 
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Step 5. Find programmed cycle length for free and 
coordinated operation. 
• In this step you will observe the programmed times. 
• Remember, in order to use the front panel, the simulation must 

be running. 
• Free operation cycle length is controlled by the Maximum times.  

These can be found in the timing plan programmed in the 
controller. Make the following selections to determine the 
maximum values. Press “Run Mode” to start the simulation. 
o Click ‘MM’ on the front panel of controller 2001 for Main 

Menu. Then select option 2 “Controller.”  
o Select “Timing Plans.”  Using the arrow keys scroll down to 

the Max1 row. Record the first 4 phases of Max1 provided. 
As these rings are identical, simply adding the times for 
phases 1-4 will provide a value equal to the green time 
observed in step 5. Note 20 seconds of yellow and red were 
also observed. 

• Coordinated operation cycle length is controlled by a 
programmed cycle length that is partitioned into split times for 
each phase. While free operation determines cycle length from 
the bottom up (summing the phases), coordinated operation 
requires a top down approach where cycle length is determined 
beforehand and the phases each vie for an appropriate 
allocation. Make the following selections to observe this 
assignment. 
o Click “MM” on the front panel of controller 4001 for Main 

Menu. Then select option 7, “Status Display.” Select option 
2 “Coordinator.”  Observe the upper right hand corner for 
information regarding cycle length, offset, and current 
operating pattern. For split information use the “NP” (next 
page) button to scroll to the third page of information on 
this screen. Enter those percentage values in Table 3 in the 
“Split” row. For simplicity in calculation, a 100 second cycle 
length is used, and split percent and split seconds are thus 
the same. 

 

 
Figure 4 Timing plan as displayed in the controller 

 
Table 3 Programmed Max/Split values for ring 1 

Phase* 1/5 2/6 3/7 4/8 

Max 1 (Free)     

Split (Coord)     

*For simplicity Rings 1 and 2 are identical. 
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Step 6. Change Max times and Split percentages. 

• Changing the Max times in the free operation will increase cycle 
length.  To observe, this make the following selections on the 
front panel. 
o Click “MM” on the front panel of controller 2001 for Main 

Menu. Then select option 2, “Controller.”  
o Select “Timing Plans.” Using the arrow keys, scroll down to 

the Max1 row. Add 20 seconds to each value for each 
phase.  This will have the combined effect of adding 80 
seconds to the entire cycle.  

o To exit, press “Status” at the bottom of the keypad. 
• Observe the next full cycle after the transition completes or as 

directed by the instructor. Did the cycle length change as 
predicted? 

• Changing split percentages reallocates the green time but does 
not affect the cycle length. Make the following selections to 
reallocate 10 percent of the cycle from the major through 
movements to the minor lefts. 
o Click “MM” on the front panel of controller 4001 for Main 

Menu. Then select “3” for coordination.  
o Select “Split Patterns.” Use the arrow keys to scroll down to 

the Splits row.  Increase phases 3 and 7 by 10 percent of 
the original cycle while decreasing phases 2 and 6 by 10% 
of the original cycle. Click “Status” on the bottom of the 
front panel to return to the previous screen. 

• Wait about one minute and then observe a full cycle as in step 
5. Did the cycle length change from predicted?  If so, why 
might this have occurred? 

• Complete Table 5 and comment on the differences in the box at 
right. 

 
Table 4 Observed duration of cycles 

Operation Free Coordinated 

Beginning*   

Ending*   

Duration   

*Reference Start of Yellow on Phases 2 and 6. 
 
Table 5 Comparison of cycle lengths 

 Step #4/5 Step #67 

Free Cycle Length 100 seconds*  

Coordinated Cycle Length 100 seconds*  

Calculated in Step 4 and checked in Step 5 
 
Observations 
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Step 7. Use the database editor. 

• Up to now, the ASC/3 controller has been used to display and 
change the differences between free and coordinated operation.  
This step will show how to make the same changes in the 
database editor, which once saved, will make them permanent 
changes to the controller programming. 

• If the previous simulation is still running, use the “Pause” 
button to end this simulation. 

• Open the database editor using the “Open ASC/3 Database 
Editor” button on the MOST interface.  Choose “Network 1” and 
controller “2001”. 

• When the database opens, select the tab for “Controller.” 
• Under the “Controller” tab update MAX1 times as completed in 

step 6 
• Store the new values in the database by going to the “File” 

menu and selecting “Store in Database.`` ” 
• Close this database editor screen. 
• Open a second database as before by selecting “Open ASC3 

Database Editor” and selecting “Network 2” and controller 
4001. 

• When the database opens, select the tab for “Coordinator.” 
• Under the “Coordinator” tab update the Split percentages times 

as completed in step 6. 
• Store the new values in the database by going to the “File’ 

menu and selecting “Store in Database.” 
• Close this database editor screen. 
• Restart each simulation and observe the differences between 

the original and the updated controller settings. 
• Once finished, stop the simulation and end MOST. 

 

 

 

Figure 5 Database editor samples   

Network 1: 
Change Max 1 
times in 
Controller 
2001 

Network 2: 
Change Split 
percentages in 
Controller 
4001 
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3.6 Discussion 
Let’s now consider each of the four questions that were presented 
at the beginning of this experiment. 
• How do the virtual controller and the database editor differ? 

Why is this important in this laboratory? 
• What is the difference between “free” and “coordinated” 

operation? 
• What defines coordinated operations? 
• How is a split different than a max time? 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment.  
 

 
Answers to questions: 
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The data that you collected during this experiment are shown in 
the tables on the right.  Study these results and compare with 
those that you collected.  You may have observed slightly different 
results. 
 
Figure 6 shows the calculation of the cycle length based on either 
Max times or Split times. 
 

 

Figure 6 Illustration of cycle length created by either Max Times as in free 
operation or Split as in coordinated operation 

 
Table 6 Observed duration of cycles (step 4) 

Operation Free Coordinated 

Beginning* 16:36:12 16:36:15 

Ending* 16:37:52 16:37:45 

Duration 100 100 
*Reference Start of Yellow on Phases 2 and 6.  Note that start 
 

 
Table 7 Programmed Max/Split Values for Ring 1 (step 5) 

Phase* 1/5 2/6 3/7 4/8 

Max 1 (Free) 10 45 5 20 

Split (Coordinated) 15 50 10 25 
*For simplicity Rings 1 and 2 are identical. 
 
Table 8 Observed duration of cycles (step 6) 

Operation Free Coordinated 

Beginning* 16:41:12 16:43:35 

Ending* 16:44:12 16:45:15 

Duration 180 100 
*Reference Start of Yellow on Phases 2 and 6. 
 
Table 9 Comparison of cycle lengths (step 6) 

 Step #4/5 Step #6 

Free Cycle Length 100 seconds* 180 

Coordinated Cycle Length 100 seconds* 100 

Calculated in Steps 5 and Check in Step 6 
 
  

Cycle Length

MaxMax Max Max

Split Split Split Split
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1. How do the virtual controller and the database editor 
differ? Why is this important in this laboratory? 

The virtual controller represents a controller operating in the 
field.  Changes on the virtual controller will only affect the current 
simulation.  The database editor provides a permanent record of 
the timing plans.  Edits in this format will remain if saved for 
further runs. 
  
2. What is the difference between “free” and “coordinated” 
operation? 

Free operation does not have a specified cycle. A maximum cycle 
length during free operation can be determined by the summation 
of the maximum green times, yellow times, and red clear times on 
the critical path through the ring structure.  However, a cycle 
length may be shorter than the maximum due to phases gapping 
out.  Your cycle length was fixed, however, as maximum recall was 
set on each phase. 
 
3. What defines coordinated operations? 

Coordinated operation relies on fixing the cycle length so that a 
deterministic cyclical operation can be established to accommodate 
platoons of traffic.  .Table 4 and 5 illustrate coordination 
parameters that can be changed and their impact on cycle length. 
 
4. How is a Split different than a Max time? 

Max time refers to the maximum green time allowed for a phase.  
Split refers to the sum of the phase’s green, yellow, and red 
clearance periods (Figure 7).  In addition, a split can be changed 
several times a day as well as by day of week, holiday, planned 
special event, or even using traffic responsive triggers. 

 

 
Figure 7 Derivation of Split time 

 

Split = s% × C

Clearance

Cycle Length

l1 e

Red Green Indication Y R

G = Split – Yi – Ri

Effective Green
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4. EXPERIMENT #2: DETECTOR MAPPING 
AND PITFALLS 

4.1 Learning Objective 
• Understand how a simple mis-mapping can be observed, 

understood, and fixed in the controller. 

4.2 Overview 
This experiment will demonstrate how to check for a mis-mapping 
type error and reverse it in the field. 
• Mapping detectors to phases provides a valuable link between 

the presence of vehicles and the allocation of green time. 
• A missed call on a detector can leave a vehicle sitting at a 

signal for more than one cycle. 
• Detector calls assigned the wrong phases can result in unused 

green time. 
• Simple checks using the controller can be made to insure that 

each detector is mapped to the appropriate phase. 

4.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• How would a detector become mis-mapped into a signal 

controller? 
• Why are missed calls a particularly serious concern for an 

agency? 
• Discuss design/documentation procedures that can be used to 

minimize the likelihood of mis-mapped detectors. 
• Besides mis-mapping, what can lead to poor detector 

operation? 

4.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Observe a detector failure. 
• Check and fix vehicle detector mapping in database. 
• Use the front panel of the controller to change detection 

settings. 
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4.5 Running the Experiment  
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder  
• Go to the “Lab6” folder, then the “Exp2” folder. 
• In the “a_mismapped” folder, open the file: “mismapped.inp”. 
• Select “File”, then “Open Second File”. Select “b_remapped” 

folder, then open “remapped.inp” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 8.  
 
 
 
  

 

 
Figure 8 Example of status screen highlighting controller clock 
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Step 3. Observe a detector failure. 
• Using the MOST interface, start the simulation by selecting 

“Run Mode.” 
• Using the MOST interface, set “Pause At” to 350 seconds. 
• By this time several vehicles will have queued on the NBLT lane 

(phase 3). 
• View the status screen of the signal front panel. Does a call 

appear for phase 3? 
 
Step 4. Check and fix vehicle detector mapping in database. 

• Stop the simulation. 
• Using the MOST interface set “Open ASC/3 Database Editor” for 

network 2, controller 4001. 
• Remap detector 3 to phase 3 by selecting the “Detector” tab, 

then selecting “Detector Number 3,” and finally setting 
“Assigned Phase” to “3.” 

• Go to the “File” menu and select “Store in Database” to save 
these changes. 

• Close this window and restart the simulation. 
• Use the MOST interface to set “Pause At” to 350 seconds again. 
• How do the status display screens differ? 
 

 

 
Figure 9 Example of vehicle queue not calling phase 3 

 

  
Figure 10 Database entry page for mapping detectors 
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Step 5. Use the front panel of the controller to change 
detection settings. 
• Using the MOST interface, select “Run Mode” to start the 

simulation. 
• Select “MM” for Main Menu, “6” for detector, and “2” for vehicle 

detector setup. 
• Under Detector Setting choose a detector number 1 through 8 

at random. 
• Change the assigned phase of the random detector to 0. 
• Click the “Status” button to observe the effect of un-mapping 

this detector. 
• This process can be used to observe how detectors and the 

controller are mapped together to provide the feedback loop 
needed for actuation. 

 
 

 
Figure 11 Vehicle detector screen 

  
Detector Number 

and Assigned 
Phase 
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4.6 Discussion 
Let’s now consider each of the four questions that were presented 
at the beginning of this experiment. 
• How would a detector become mis-mapped into a signal 

controller? 
• Why are missed calls a particularly serious concern for an 

agency? 
• Discuss design/documentation procedures that can be used to 

minimize the likelihood of mis-mapped detectors. 
• Besides mis-mapping, what can lead to poor detector 

operation? 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment. 

 
Answers to questions: 
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1. How would a detector become mis-mapped into a signal 
controller? 

The numbers could mis-mapped though wires being 
misconnected, drawings being mislabeled or lane configuration 
being altered.  There are many other possible combinations that 
cause mis-mappings. 
 
2. Why are missed calls a particularly serious concern for an 
agency? 

Missed calls leave drivers with no recourse but to back up or 
violate a red indication.   
 
3. Discuss design/documentation procedures that can be 
used to minimize the likelihood of mis-mapped detectors. 

Proper organization, schematics and consistent naming systems 
minimize the opportunity for mis-mapped detectors. 
 
4. Besides mis-mapping, what can lead to poor detector 
operation? 

Weather damage, mis-calibration and other physical 
characteristics can cause detectors to work worse. 
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5. EXPERIMENT #3: EXTENSION TIME 
ADJUSTMENTS PITFALLS 

5.1 Learning Objective 
• Understand the practical effects of excessive extension time 

and how this can be detrimental to efficient use of green time. 

5.2 Overview 
This experiment will demonstrate how excessive green time can be 
inadvertently created and how it can be detrimental to the efficient 
use of green time.  
• Extension time allows the presence of a vehicle to extend green 

time through the allotted split. 
• Long extension times allow a single vehicle to extend green well 

beyond the time needed to move through the stop bar. 
• Short extension times lead to queue discharge being truncated 

midway through due to natural vehicle spacing. 
• Extension Time, Passage Time, or Vehicle Extension Time can 

be added either into the individual detector or the phase in the 
timing plan.  Placement in both will lead to double counting, 
thus twice the time anticipated. 

5.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• What differences were observed between step 3 and step 4? 
• Why would a signal design engineer wish to design short 

extension times? 
• Why would a signal field engineer or technician desire longer 

extension times? 
• Where and when would “snappier” operations be best and least 

well received? 

5.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Observe wasted green time. 
• Modify the Vehicle Extension Time. 
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5.5 Running the Experiment  
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST simulation software tool and select “Open File.” 
• Go to the “Lab6” folder, then the “Exp3” folder. 
• Locate the “MOST input files” folder. 
• In the “a_dual_ext” folder, open the file: “dual_ext.inp.” 
• Open the second file in the “b_sing_ext” folder using “Open 

Second File”: “sing_ext.inp.” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 12.  
 
 
 
 

 

 
Figure 12 Example of status screen highlighting controller clock 

 
  

Simulation Time 
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Step 3. Observe wasted green time. 
• Using the MOST interface, select “Run Mode” to start the 

simulations. 
• Using “Pause At,” run the simulation for 460 seconds. 
• With careful attention to the current point in the cycle, continue 

with “Run Mode” to advance the simulation until phases 2 and 6 
(EB/WB through) are yellow.  Then click the “Run Mode Single 
Step” button. 

• Continue to click “Run Mode Single Step” until 0.1 second 
before the all red ends and green starts for phase 8. Note that 
some phases may be skipped if no demand is present. 

• “Single Step” through the cycle until the last vehicle is at the 
NB stop bar. View the numbers under phase 8. (Approximately 
4:37:59 or 478 seconds.) Write down in Table 10 the time the 
last vehicle passed the NB stop bar. 

• Continue to click single step until the numbers under vehicle 
extension start to count down. Write down in Table 10 the time 
when the Vehicle Extension starts to count down. This will be 
approximately 3 seconds, representing the 3 seconds of Vehicle 
Extension built into the detector.  

• Continue clicking until phase 8 transitions to yellow. Write down 
this time in Table 10. 

 
Table 10 Quantifying Vehicle Extension 

 Time Record Step 3 Time Record Step 4 

Simulation 
status 

Veh. 
crossing 
stop bar 

Veh 
Ext 

timing 
down 

Yellow 
begins 

Veh. 
crossing 
stop bar 

Veh 
Ext 

timing 
down 

Yellow 
begins 

Dual       

Single N/A N/A N/A    

 

 
Figure 13 Example of virtual controller and field observation 
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Step 4. Modify the Vehicle Extension time. 

• Using the MOST interface, select “Run Mode” to start the 
simulations. 

• Using controller 4001, click on “MM” for Main Menu and then 
“6” for detector. 

• Click on “2” for detector setup. 
• Scroll with the keyboard arrow keys to the detector number 

and change it to 8. 
• Continue to scroll with the arrow keys down to Vehicle 

Extension time and change it from 3 to 0. 
• Click the “Status” button to return to the main status screen. 
• Using a similar procedure to step 3, paying careful attention to 

the current point in the cycle, use “Run Mode” to advance the 
simulation until phases 2 and 6 (EB/WB through) are yellow, 
and then click the “Run Mode Single Step” button. 

• Continue to click “Run Mode Single Step” until 0.1 second 
before the all red ends and green starts for phase 8. 

• “Single Step” through the cycle until the last vehicle is at the 
NB stop bar. View the numbers under phase 8. (Approximately 
4:39:21 or 560 seconds.) Write down in Table 10 the time the 
last vehicle passed the stop bar north for both simulations. 

• Continue to click “Run Mode Single Step” until the numbers 
under Vehicle Extension time start to count down for both 
simulations. Write down this time for both in Table 10. 

• Continue clicking until phase 8 transitions to yellow.  
• Write down this time for both in Table 10. 
 

•  
Figure 14 Detector setup window 

 
Figure 15 Example of signal transition  
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5.6 Discussion 
Let’s now consider each of the four questions that were presented 
at the beginning of this experiment. 
• What differences were observed between step 3 and step 4? 
• Why would a signal design engineer wish to design short 

extension times? 
• Why would a signal field engineer or technician desire longer 

extension times? 
• Where and when would “snappier” operations be best and least 

well received? 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment. 

 
Answers to questions: 
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The data that you collected during this experiment are shown in 
Table 11.  Study these results and compare with those that you 
collected.  You may have observed slightly different results. 
 
Table 11 Quantifying Vehicle Extension 

 Time Record Step 3 Time Record Step 4 

Simulation 
status 

Vehicle 
crossing 
stop bar 

Veh 
Ext 

timing 
down 

Yellow 
begins 

Vehicle 
crossing 
stop bar 

Veh 
Ext 

timing 
down 

Yellow 
begins 

Dual 481.6 484.6 494.2 575.5 578.6 581.6 

Single N/A N/A N/A 575.5 575.5 578.5 
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1.  What differences were observed between step 3 and step 
4? 

The controller in step 3 required 6 seconds without a vehicle 
detection to transition to yellow and give time to other phases.  
The controller in step 4 was able to transition to the beginning of 
yellow 3 seconds quicker and provide more green time for other 
phases. 
 
2. Why would a signal design engineer wish to design short 
extension times? 

Short extension times more efficiently move green time from 
phases which have served their demand to phases with demand 
waiting. 
 
3. Why would a signal field engineer or technician desire 
longer extension times? 

Long extension times help ensure the signals do not turn yellow 
prematurely because vehicle spacing is longer than the extension 
time. 
 
4.Where and when would “snappier” operations be best and 
least well received? 

Snappier operations are most desirable at intersections that are 
close to saturation and little reserve capacity.  Tight gap times (or 
snappy operation) are less desirable during rain and snow 
conditions because natural gaps will cause phases to gap out 
prematurely.  
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6. EXPERIMENT #4: ADJUSTING SPLITS ON 
MINOR LEFTS  

6.1 Learning Objective 
• Be able to accommodate substantial volume changes on minor 

roadways in a coordinated system. 

6.2 Overview 
This experiment will demonstrate how to modify an intersection’s 
split pattern to provide green time for an underserved minor street 
movement. 
• Minor street movements in a coordinated operation can only 

increase green time by taking green time from another minor 
or major movement. 

• Giving more of the split percentage to a minor left turn can be 
used to address a split failure. 

• These changes may affect other movements at the intersection, 
particularly those that must give up split time. 

6.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• When it is reasonable to reallocate split time? 
• Considering the barrier locations, what complications might 

have occurred if reallocated time had come from a major street 
movement instead of a minor street one? 

• What are potential complications of reallocating split time? 

6.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Load the network. 
• Update the split pattern to solve the observed split failure. 
• Update the database. 
• Fix a split failure. 
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6.5 Running the Experiment 
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp4” folder. 
• In the “a_3Fail” folder, open the file: “3Fail.inp.” 
• Open the second file in the “b_3retime” folder using “Open 

Second File”: “3retime.inp.” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 16.  
 
 
 

 

 
Figure 16 Example of status screen highlighting controller clock 

  

Simulation Time 
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Step 3. Load the network. 

• Use the “Pause At” button on the MOST interface to stop the 
simulation at 350 seconds, then select “Run Mode.” While the 
network is loading to this point observe the operation.  Note 
that each phase is running near capacity. Volume should be 
building on phase 3 (NB left) beyond what the maximum split 
time can handle. 

• At 350 seconds the simulation will pause. Observe the long 
queue in the NB left turn pocket. 

 

 

 
Figure 17 Beginning of phase 3 (NB Left) with queue spilling beyond turn 
pocket. 

  



 
 
Laboratory 6. Actuated Traffic Signal Coordination Concepts 
 

Section 6. Experiment #4: Adjusting Splits on Minor Lefts        293 

Step 4. Update the split pattern to solve the observed split 
failure. 
• The controller labeled 4001 operates the signal in the right 

simulation.  This controller front panel will be used to address 
the split failure. 

• To address the failure, follow these steps to move 5 percent of 
the cycle from the minor southbound through movement, phase 
4, to the minor northbound left, phases 3 

• Press the “Run Mode” button in the MOST interface to allow use 
of the controller. 

• To update the split pattern: 
o Click “MM” for Main Menu.  
o Then “3” on the keypad for coordination. 
o Then “3” again for split pattern. 
o Scroll to phases 3 and 4, and enter the underlined values 

shown in Table 12. 
• Observe the next few cycles and confirm that phase 3 has 

recovered.  Also confirm that no other phase is now failing. 
• This reallocation of time reduces capacity allocated to a 

movement with some reserve capacity and increase capacity 
for a movement that has insufficient capacity.   You should 
have observed that this reallocation more effectively matched 
capacity with demand. 

 

 
Table 12 Values for Solving Phase 3 Split Failure. 

Movements Minor Left Turns Minor Through  

Phase 
Phase 3 
NB LT 

Phase 7 
SB LT 

Phase 4 
SB Thru 

Phase 8 
NB Thru 

Before 10 10 25 25 

After 15 10 20 25 

 

 

Figure 18 Controller Front Panel for Split Pattern 1  
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Step 5. Update the database. 

• The database editor can be used to program the desired split 
timings before running the simulation. 

• Open the database editor using the “Open ASC/3 Database 
Editor” button on the MOST interface.  Choose “Network 2” and 
controller “4001.” 

• When the database opens, select the tab for “Coordinator.” 
• Under the “Coordinator” tab update split pattern 1. 
• Change phases 3 and 4 to the values shown in Table 3. 
• Go to the “File” menu and select “Store in Database” to store 

the updated values in the database. 
• Restart each simulation and observe the differences between 

the original and the updated controller settings. 
• Once finished, stop the simulation and stop MOST. 
 
Step 6. Fix a split failure. 
• Following steps 1 and 2, open the input files in the following 

folders: “c_7Fail” and “d_7retime.” 
• Employ the same logic presented in steps 1 through 4 of this 

experiment to solve the split failure problem on phase 7. 
  

 

 

Figure 19 Example of database editor for split patterns 

  

Splits to Be Updated 
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7.6 Discussion 
Let’s now consider each of the three questions that were presented 
at the beginning of this experiment. 
• When it is reasonable to reallocate split time? 
• Considering the barrier locations, what complications might 

have occurred if reallocated time had come from a major street 
movement instead of a minor street one? 

• What are potential complications of reallocating split time? 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment. 

 
Answers to Questions: 
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Splits should be used to reallocate capacity in response to changes 
in demand.  Ideally, it is performed on a scheduled basis that 
matches capacity with demand.  Often times, however, splits must 
be “tuned” when motorists call in reports of split failures.  
 
As intersections approach capacity, this reallocation becomes more 
difficulty because there may be little or no unused capacity.  In 
those cases, increases the split time on one will decrease the split 
time on a competing phase and may introduce capacity deficiencies 
for the phase that had the split time reduced.  
 
1. When it is reasonable to reallocate split time? 

When you can identify a pair of phases where one needs 
additional green time (capacity) and another one has excess green 
time (capacity). 
 
2. Considering the barrier locations, what complications 
might have occurred if reallocated time had come from a 
major street movement instead of a minor street one? 

 Additional phases (other than phases 3 and 4) would have to 
have been adjusted.  This complicates the adjustment process, but 
is commonly done in practice. 
 
3. What are potential complications of reallocating split 
time? 

Minimum vehicle phase times must be observed.  If pedestrian 
phases are employed, those too must typically be served within the 
allocated split time. 
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7. EXPERIMENT #5: BALANCING SPLIT 
TIMES ACROSS BARRIERS 

7.1 Learning Objective 
• Understand how barriers in a ring and barrier structure require 

extra attention when retiming an intersection. 

7.2 Overview 
This experiment will demonstrate how to move split from one side 
of the barrier to the other. For simplicity, all splits will be in 
maximum recall and both rings will be identical. 
• Ring and barrier structure allows two phases to operate 

simultaneously as long as these phases are in different rings 
and between the same barriers. For example, phases 1 and 5 
or 1 and 6 can run simultaneously in the structure shown in 
Figure 20. 

• Within a barrier pair, split can be moved easily between phases 
on the same ring. For example, 5 percent of the cycle could be 
transferred from phase 2 to phase 1 without any complication. 

• However, split cannot jump a barrier in one ring alone.  If split 
is needed for phase 3 and the donor is phase 2, time from 
either 5 or 6 must be moved to either 7 or 8 in the example 
structure shown in Figure 20. This is important, as often the 
need for green to be transferred across a barrier will only exist 
in one ring but must be accommodated in both. 

 

7.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• What are the advantages of ring and barrier structure? 
• How is green time transferred within a barrier in a fixed force-

off operation? 
• What is the consequence of not transferring time across the 

barrier in both rings? 
• How might time in a actuated coordinated operation be 

reallocated from phases 4 and 8 to phases 1 and 5, given fixed 
force-offs and extra green on phases 3 and 7? 

7.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Locate a split failure. 
• Update the split pattern to solve the observed split failure. 
• Update the database. 
 

 
Figure 20 Typical ring and barrier structure 

1 2 3 4

5 6 7 8



 
 
Laboratory 6. Actuated Traffic Signal Coordination Concepts 
 

Section 7. Experiment #5: Balancing Split Times Across Barriers        298 

7.5 Running the Experiment 
Step 1. Start the MOST software tool and open the input 
files. 

• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp5” folder. 
• In the “a_8short” folder, open the file: “8short.inp.” 
• Open the second file in the “b_8long” folder using “Open 

Second File”: “8long.inp.” 
 
Step 2. Start the simulation.  
• Start the simulation using the “Run Mode” button. 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 21. 
 

 

 
Figure 21 Example of status screen highlighting controller clock 

  

Simulation Time 
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Step 3. Locate a split failure. 

• Use the “Pause At” button on the MOST interface to stop the 
simulation at 775 seconds, then select “Run Mode.” While the 
network is loading to this point observe the operation.  Note 
that each phase is running at maximum capacity.  

• At 775 seconds the simulation will pause. Observe the following 
cycle for an example of a split failure. 

 
Figure 22 End of phase 8 (NB Through) with queue remaining 
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Step 4. Update the split pattern to solve the observed split 
failure. 
• The controller labeled 4001 operates the signal in the right 

simulation.  This controller front panel will be used to solve the 
split failure. 

• To solve the failure, follow these steps to move 5 percent of the 
cycle from the major through movement (phases 2 and 6) to 
the minor through (phases 4 and 8). Note that both rings are 
being changed by the same amount in the same location for 
simplicity. 

• [Note: Each ring must be the same duration between the 
barriers.] 

• Press the “Run Mode” button in the MOST interface to allow use 
of the controller. 

• To update the split pattern: 
o Click “MM” for Main Menu  
o Then “3” on the keypad for coordination. 
o Then “3” again for split pattern. 
o Scroll to phases 2, 4, 6, and 8 and enter the values shown 

in Table 13. 
• Observe the next few cycles and confirm that phase 8 does not 

fail.  Also confirm that no other phase is now failing. 
 
 

Table 13 Values for solving phase 3 split failure. 

Movements Minor Through  Major Through  

Phase Phase 4 Phase 8 Phase 2 Phase 6 

Before 25 25 50 50 

After 30 30 45 45 

 

 

Figure 23 Controller front panel for Split Pattern 1  
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Step 5. Update the database. 

• The database editor can be used to program the desired split 
timings before running the simulation. 

• Open the database editor using “Open ASC/3 database editor”   
button on the MOST interface.  Choose network 2 and controller 
4001. 

• When the database opens, select the tab for “Coordination.” 
• Under the “Coordination” tab update split pattern 1. 
• Change the phases 2, 4, 6, and 8 to values consistent with step 

4. 
• Go to the “File” menu and select “Store in Database” to store 

the updated values in the database. 
• Restart each simulation and observer the differences between 

the original and the updated controller settings. 
• Once finished, stop the simulation. 
 

 
 

 

Figure 24 Example of database editor for Split Patterns 

  

Splits to Be Updated 
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7.6 Discussion 
Let’s now consider each of the four questions that were presented 
at the beginning of this experiment. 
• What are the advantages of ring and barrier structure? 
• How is green time transferred within a barrier in a fixed force-

off operation? 
• What is the consequence of not transferring time across the 

barrier in both rings? 
• How might time in a actuated coordinated operation be 

reallocated from phases 4 and 8 to phases 1 and 5, given fixed 
force-offs and extra green on phases 3 and 7? 

 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment. 
 

 
Answers to questions: 
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1. What are the advantages of ring and barrier structure? 

Ring and barrier structure allows multiple non-conflicting 
movements to run simultaneously and thus move more vehicles 
through the intersection.  The barriers insure that only movements 
that are non-conflicting do run together. 
 
2. How is green time transferred within a barrier in a fixed 
force-off operation? 

In a fixed force-off operation, time can be reallocated to 
subsequent phases (in floating force-off operation, all extra time is 
reallocated to the coordinated phase). 
 
3. What is the consequence of not transferring time across 
the barrier in both rings? 

For time to cross a barrier, both lagging phases need to ‘gap out’ 
for extra green time to cross a barrier.  This is due to the need for 
all conflicting movements to be served before a new set of 
movements can begin. 
 
4. How might time in an actuated coordinated operation be 
reallocated from phases 4 and 8 to phases 1 and 5 given 
fixed force-offs and extra green on phases 3 and 7? 

Unused green time from phases 3 and 7 can be used by 4 and 8, 
and then, if no more time is needed and both phases 4 and 8 have 
gapped out, the extra green time can be reallocated across the 
barrier to phases 1 and 5. 
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8. EXPERIMENT #6: REALLOCATING SLACK 
GREEN TIME 

9.1 Learning Objective 
• Understand the practical differences between floating and fixed 

operation and how these differences can be used. 

9.2 Overview 
This experiment will demonstrate how floating force-offs allocate 
extra green time to the last phase in a cycle (typically the 
coordinated movement) while fixed force-offs allocate extra green 
time to succeeding phases and rely on their detectors to gap out 
efficiently. 
• The two main styles of green time reallocation are floating and 

fixed operation. 
• Floating force-offs operations “float” the initial force-off points, 

effectively pushing all the extra green time to the coordinated 
movements whose barriers remain fixed in the same point of 
the cycle. 

• Fixed force-offs operations “fixed” the phase force-off points 
allowing each phase to remain green until a time at which it 
interferes with the originally allotted time for the next phase, or 
gaps out due to insufficient demand. 

9.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• When it is reasonable to reallocate all available time to the 

coordinated movement (floating force-offs)? 
• If each phase in a fixed force-off operation requires less green 

than its original allotment, would a field observer outside of the 
cabinet be able to distinguish it from floating operation? 

• What are the advantages and disadvantages of floating and 
fixed force-offs? 

• Discuss the limitations of employing fixed force-offs. 

9.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Observe insufficient split provided for phase 8. 
• Update the reallocation strategy. 
• Adjust splits in conjunction with floating and fixed force-offs. 
  



 
 
Laboratory 6. Actuated Traffic Signal Coordination Concepts 
 

Section 8. Experiment #6: Reallocating Slack Green Time        305 

8.5 Running the Experiment  
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp6” folder. 
• In the “a_Float” folder, open the file: “Float.inp”. 
• Open the second file in the “b_Fixed” folder using “Open 

Second File”: “Fixed.inp.” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button. 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 25. 
 
 

 

 
Figure 25 Example of status screen highlighting controller clock 
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Step 3. Observe insufficient split provided for phase 8. 
• Using the MOST interface, select “Run Mode” to start the 

simulations. 
• Observe the excessive queuing on the NBTH movement caused 

by the overwhelming volume given the amount of split 
provided. 

• Given your knowledge of split and the rules regarding the 
allocation of extra green time, write in the box at right a simple 
plan for solving the unpredicted overwhelming volume on the 
NBTH movement.  

 

 
Figure 26 Example of the long queue formed due to insufficient green time 
for the volume 

Observations 
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Step 4. Update the reallocation strategy. 

• In Step 3 you observed that there was a need to obtain more 
green time for phase 8, NBTH movement. 

• Stop the simulation and open the database editor using the 
“Open ASC/3 Database Editor” button on the MOST interface.  
Choose “Network 2” and controller “4001.” 

• Under the “Coordination” tab view the section “Options (MM) 3-
1.” 

• Update the “Force Off” setting from “Float” to “Fixed.” 
• Close this window, start the simulation, and use the “Pause At” 

button to pause the simulation at 600 seconds. 
• Observe the relative queue developments and write in the box 

at right why you believe this to be so. 

 

 

Figure 27 Database editor for changing coordination options 

 
Observations 
 
 
 
 
 
 
 
  

Change from Float to Fixed 
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Step 5. Adjust splits in conjunction with floating and fixed 
force-offs. 
• As you have observed, fixed force-offs can be used to acquire 

extra time for a non-coordinated phase. However, this relies on 
extra green time being available prior to the beginning of the 
phase. 

• Make all changes to the controller 2001 and 4001 to observe 
how fixed and floating force-offs differ in the use of this new 
split pattern. 

• To provide some extra time in phases 3 and 7 for subsequent 
reallocation  
o press the “Run Mode” button, then use the front panel and 

go to “MM” for Main Menu, and then “3” for coordination. 
o Click “3” for split pattern, move 5 percent from the 

coordinated movements (phases 2 and 6) to the next two 
phases (3 and 7).  This action will provide more time at the 
beginning of each cycle for reallocation if it is not used by 
phases 3 or 7.  

• Remember:  
o In floating force-off operations, this time will return to the 

coordinated movement if not used by phases 3 or 7. 
o In fixed force-off operations, phases 4/8 and 1/5 will have 

an opportunity to receive unused green time, but ultimately 
it be allocated to the coordinated movement if no other 
movement needs it. 

 
Figure 28 Front panel display of Split Pattern 1 
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8.6 Discussion 
Let’s now consider each of the four questions that were presented 
at the beginning of this experiment. 
• When it is reasonable to reallocate all available time to the 

coordinated movement (floating force-offs)? 
• If each phase in a fixed force-off operation requires less green 

than its original allotment, would a field observer outside of the 
cabinet be able to distinguish it from floating operation? 

• What are the advantages and disadvantages of floating and 
fixed force-offs? 

• Discuss the limitations of employing fixed force-offs. 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment. 
 

 
Answers to questions: 
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Figure 29 illustrates the allocation of split times to phases for three 
conditions: maximum recall, floating force offs, and fixed force 
offs.  With floating force off’s, all of the extra green time not used 
by prior phases (due to gap out) is reallocated to the coordinated 
phase. In general, this is undesirable because only the coordinated 
phases receive the benefit of any slack time.  With fixed force-off’s, 
green time not used by prior phases (due to gap out) can be used 
by succeeding phases (up to, but not exceeding their original fixed 
force-off). In general, this is preferred because it allows 
subsequent phases to accommodate stochastic variation in demand 
that occasionally exceeds the average volume.  However, this 
benefit is not uniform. In general phases 3 and 7 never receive any 
extra green time from preceding phases because they are the first 
phases in the cycle. Phases 4 and 8 get some benefit and phases 1 
and 5 tend to get the most benefit from green time rolling forward 
with fixed force offs. 
 
1. When it is reasonable to reallocate all available time to 
the coordinated movement (floating force-offs)? 

In cases where the coordinated movements are deemed the most 
critical and it is desired to reallocate all slack time to the 
coordinated phases. 
 
2. If each phase in a fixed force-offs operation requires less 
green than its original allotment, would a field observer 
outside of the cabinet be able to distinguish it from floating 
operation? 

No, if each of the non-coordinated phases requires less green 
than the splits permit, then all the extra green time would be given 
to coordinated phases in a similar manner to floating force-offs. 
 
3. What are the advantages and disadvantages of floating 
and fixed force-offs? 

Floating force-offs have the advantage of protecting the 
coordinated movement by giving the coordinated movements all 
extra available green time.  Fixed force-offs have the ability to 

provide other phases with extra green time, if preceding phases 
gap out early. 
 
4. Discuss the limitations of employing fixed force-offs. 

Fixed force-offs cannot provide extra green to minor movement 
leading phases (typically phases 3 and 7).     

 
Figure 29 Ring and barrier representation of reallocated slack time 

 

(a) Effective Splits with Maximum Recall 

 

(b) Effective Splits with Floating Force-Offs 

 

(c) Effective Splits with Fixed Force-Offs 
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9. EXPERIMENT #7: CHANGING CYCLE 
LENGTH AND OBSERVING IMPACTS 

9.1 Learning Objective 
• Understand the practical effects of moderate and long cycle 

lengths as they pertain to queue length and delay. 

9.2 Overview 
This experiment will demonstrate how moderate cycle lengths 
provide less green more frequently while longer cycle lengths can 
be used to provide more total green time after a longer wait.  
• Cycle length corresponds closely with queue length. 
• Short cycle lengths provide quicker servicing of each movement 

but also produce more lost time. 
• Longer cycle lengths provide more overall green time, but 

produce longer wait times for servicing of each movement. 
• Careful consideration of objectives, volumes, detection and 

coordination should be made before a cycle length type is 
defined. 

9.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• When would a shorter cycle length be appropriate? 
• When would a longer cycle length be appropriate? 
• Why in a coordination pattern would a long cycle length be used 

at a low volume intersection? 
• How does cycle length affect queuing? 
• At signals in or near interchanges, how would cycle length 

affect operations? 
• List the factors that would affect cycle length decisions. 
 

9.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Observe queue lengths. 
• Observe modified cycle queue lengths. 
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9.5 Running the Experiment  
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp7” folder. 
• In the “a_120” folder, open the file: “120.inp.” 
• Open the second file in the “b_240” folder using “Open Second 

File”: “240.inp.” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 30. 
 
 
 
 

  

 
Figure 30 Example of status screen highlighting controller clock 

  

Simulation Time 
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Step 3. Observe queue lengths. 

• Using the MOST interface, select “Run Mode” to start the 
simulations. 

• Set “Pause At” to 350 seconds. 
• With careful attention to this part of the cycle, use “Run Mode” 

to advance the simulation until phases 4 and 8 (NB/SB 
through) are yellow and then click the “Run Mode Single Step.” 

• Continue to click “Run Mode Single Step” until 0.1 second 
before the all red ends and green starts for phases 1 and 5 
(EBLT and WBLT). 

• Count the vehicles in each turn pocket and report the queue 
length in Table 14 

 
Step 4. Observe modified cycle queue lengths. 

• Using the MOST interface, select “Run Mode” to start the 
simulations. 

• Using controller 4001 click on “MM” for Main Menu and then “3” 
for coordination. 

• Click on “2” for coordination pattern. 
• Scroll with the keyboard arrow keys to the cycle length value 

and type in “240.” 
• Click “Status” to return to the main status screen. 
• Using a similar procedure to step 3, and paying careful 

attention to this part of the cycle, use “Run Mode” the 
simulation until phases 4 and 8 (NBTH and SBTH) are yellow 
together and then click the “Run Mode Single Step.” 

• Continue to click “Run Mode Single Step” until 0.1 second 
before the all red ends and green starts for phases 1 and 5 
(EBLT and WBLT). 

• Count the vehicles in each turn pocket and report the queue 
length in the 6 blank cells shown in Table 14. 

 
 

 
Table 14 Queue lengths in number of vehicles 

Iteration 
Controller/ 

Cycle 
Length 

No. of 
Vehicles EB 
Left Turn 
Pocket 

No. of 
Vehicles WB 

Left Turn 
Pocket 

During 
Step 3 

2001/120   
4001/(240) N/A N/A 

During 
Step 4 

2001/120   
4001/240   

 

 

Figure 31 Example of screen MM 3-2 coordination pattern 
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9.6 Discussion 
Let’s now consider each of the six questions that were presented at 
the beginning of this experiment. 
• When would a shorter cycle length be appropriate? 
• When would a longer cycle length be appropriate? 
• Why in a coordination pattern would a long cycle length be used 

at a low volume intersection? 
• How does cycle length affect queuing? 
• At signals in or near interchanges, how would cycle length 

affect operations? 
• List the factors that would affect cycle length decisions. 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment.  

 
Answers to questions: 
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The data that you collected during this experiment are shown in 
Table 15.  Study these results and compare with those that you 
collected.  You may have observed slightly different results. 

 
Table 15 Queue lengths in number of vehicles 

Iteration 
Controller/ 

Cycle 
Length 

No. of 
Vehicles EB 
Left Turn 
Pocket 

No. of 
Vehicles WB 

Left Turn 
Pocket 

During 
Step 3 

2001/120 3 1 
4001/(240) N/A N/A 

During 
Step 4 

2001/120 2 0 
4001/240 5 5 
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1. When would a shorter cycle length be appropriate? 

Shorter cycle lengths can be used to considerably reduce delay at 
low volume intersections.  Short cycles provide service from all 
movements more frequently and therefore leave vehicles waiting 
for the next green period for less time. 
 
2. When would a longer cycle length be appropriate? 

Longer cycle lengths increase the overall potential capacity of a 
signal by reducing the total lost time each hour. This can be useful 
if consistently high volumes require large portions of continuous 
green time to serve those volumes.  For example, consider Figure 
32 that shows the proportion of lost time as a function of cycle 
length for a typical 8 phase intersection.  A 60 second cycle 
consumes about 1/3 of the capacity in clearance and queue start 
up inefficiencies.  The efficiency rapidly improves up to cycles in 
the 120-150 second range.  After that, efficiency improvements 
dwindle. For example, for a 240s cycle, approximately 8% of the 
cycle is still consumed by clearance times and queue start up 
inefficiencies. 
 
3. Why in a coordination pattern would a long cycle length 
be used at a low volume intersection? 

In a coordinated system, cycle length needs to be kept consistent 
along the coordinated roadway. Consequently, cycle length is often 
dictated by the intersection with the need for the longest cycle 
length (critical intersection), forcing other intersections to have a 
longer than necessary cycle length to accommodate. 
 
4. How does cycle length affect queuing? 

Longer cycle lengths will service cycles less frequently causing 
longer queues to build up.  Your results in Table 9 illustrate this 
phenomenon when the cycle length is doubled. 
 

5. At signals in or near interchanges, how would cycle 
length affect operations? 

Queuing near interchanges is a significant concern as queues on 
interchange ramps create dangerous situations. 
 
6. List the factors that would affect cycle length decisions. 

Volume, nearby intersections, queue storage capacity, roadway 
purpose. 
 

 
Figure 32 Cycle length efficiency vs. cycle length 
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10. EXPERIMENT #8: OFFSET ADJUSTMENT 

10.1 Learning Objective 
• Understand how having good offsets can improve intersection 

operation. 

10.2 Overview 
This experiment will demonstrate how to perform simple evaluation 
and improvement to offsets for better intersection performance. 
• Offsets allow a coordinated system to return green to a 

coordinated movement at a predictable point in the signal’s 
operation. 

• A good offset will facilitate continuous movement for a platoon 
of vehicles along the coordinated route. 

• Good offsets are difficult to achieve in both directions. 
Compromising is often necessary between the coordinated 
directions. 

• Stochastic variation in start of green for the coordinated 
movement at an actuated intersection can cause some 
complication.  The approach used in this example is empirical 
and can be explained more thoroughly in quantitative and 
graphical methods. 

10.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• How in the field could a poor offset be detected? 
• Why is planning a good offset in both directions along a 

standard arterial roadway difficult? 
• How does actuation cause stochastic variation in green start 

times? 
• What are some strategies for overcoming stochastic variation? 

10.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Observe a poor offset. 
• Change to a good offset. 
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10.5 Running the Experiment  
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp8” folder. 
• In the “a_badoff” folder, open the file: “badoff.inp.” 
• Open the second file in the “b_goodoff” folder using “Open 

Second File”: “goodoff.inp.” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 33. 
 

 

 
Figure 33 Example of status screen highlighting controller clock 

  

Simulation Time 
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Step 3. Observe a poor offset. 

• Read the instructions for this step completely before beginning 
the tasks. 

• Using the MOST interface, select “Run Mode” to start the 
simulations. 

• Using the MOST interface, set “Pause At” to 215 seconds. 
• Resume “Run Mode” while carefully observing the EBTH traffic 

and signal. Once the signal turns yellow, immediately click the 
“Run Mode Single Step” button. 

• Continue clicking the “Run Mode Single Step” button until the 
signal is red. Count the number of cars that arrive on red and 
record them in the six blank cells of Table 16. This can be done 
by continuing to press the ‘Run Mode Single Step’ button until 
the EBTH signal returns to green. 

• Repeat this process a second time to record the data for cycle 
2. 

 
 

 
Table 16 Number of Vehicles Arriving on Red in the Eastbound Through 
Lanes 

 
Step 3  

(around 300s) 
Step 4  

(around 600s) 
Offset 
Quality 

Bad 
(20s) 

Good 
 

Bad  
(20s) 

Good 
(60s) 

Cycle 1  N/A   

Cycle 2  N/A   

 

 

 
 
 
Figure 34 Beginning of EBTH (phase 2) rd  
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Step 4. Change to a good offset. 

• In step 3 the offset is timed to cause most arriving vehicles in 
the eastbound direction to arrive on red. To correct this, the 
offset will be moved in an effort to start green at the point of 
the cycle when red starts in step 3. 

• For the sake of time and simplicity, it is assumed that the 
proper offset is 60 seconds as calculated beforehand. These 
instructions will guide the process of changing the currently bad 
offset of 20 seconds to a better 60-second offset. 

• Click the “Run Mode” button to allow signal controller 4001 to 
be accessed. 

• Click “MM” for Main Menu and “3” for Coordinator. 
• Under “Coordinator”, click “2” for Coordinator Pattern. 
• In the coordinator pattern use the arrow keys to scroll down to 

“Offset Val” and change it from “20s” to “60s.” After this, click 
“Status” and evaluate the side-by-side networks. 

• Once the transitioning process is complete (system and local 
times differ by 60 seconds) watch the EB traffic signal and 
pause the simulation with the “Pause” button. This could take 
several minutes. 

• Follow the instructions in step 3 to record the step 4 arrivals on 
red for both simulations Table 16. 

 

 
Figure 35 Coordination Pattern Screen 

 

 

 

 

 

Figure 36 Transition indication on Front Panel  

Transition 
Indications 
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10.6 Discussion 
Let’s now consider each of the four questions that were presented 
at the beginning of this experiment. 
• How in the field could a poor offset be detected? 
• Why is planning a good offset in both directions along a 

standard arterial roadway difficult? 
• How does actuation cause stochastic variation in green start 

times? 
• What are some strategies for overcoming stochastic variation? 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment. 

 
Answers to questions: 
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The offset defines the time difference relationship between a 
reference point in two adjacent signals.  For example, in Figure 38, 
the offset is shown relative to the start of the green movement for 
the coordinated movement. 
 
Figure 37 illustrates that for different offsets, the proportion of 
vehicles arriving on green (or red) can change quite dramatically.  
Table 17 quantifies the positive of changing from a “bad” to a 
“good” offset.  

 
Figure 37 Comparison of arrival types 

 

Figure 38 Time-space representations of Offset 

 
Table 17 Number of vehicles arriving on red in the EBTH Lanes 

 
Step 4  

(around 300s) 
Step 5  

(around 600s) 
Offset 
Quality 

Bad 
(20s) 

Good 
 

Bad 
(20s) 

Good 
(60s) 

Cycle 1 29 N/A 21 1 

Cycle 2 20 N/A 33 4 
  

 
 

 

(a) Phase 2 
 

 

(b) Phase 6 

GreenRed

GreenRed

time

space

O
ff

se
t

Distance

vehicle trajectory

#2#1 Direction
of Travel

R
ed

R
ed

R
ed

R
ed



 
 
Laboratory 6. Actuated Traffic Signal Coordination Concepts 
 

Section 10. Experiment #8: Offset Adjustment        323 

1. How in the field could a poor offset be detected? 

Platoons from the earlier signal arriving on red hand having to 
wait for most of the cycle before they receive a green signal.   Your 
results in Table 10 illustrate this where you observed a dramatic 
reduction in the number of vehicles arriving on red when the good 
offset was configured. 
 
2. Why is planning a good offset in both directions along a 
standard arterial roadway difficult? 

To achieve a good offset in both directions along two-way 
roadways typically requires that the upstream signals in both 
directions are equally spaced. 
 
3. How does actuation cause stochastic variation in green 
start times? 

The amount of extra green time provided to the coordinated 
movement varies in an actuated operation.  Therefore, the start of 
green will vary from cycle to cycle. 
 
4. What are some strategies for overcoming stochastic 
variation? 

Stochastic variation cannot be overcome entirely.  But if the 
coordinated movement consistently starts 10-15 seconds early, the 
offset should be adjusted to reflect that expected start time to 
optimize progression.   
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11. EXPERIMENT #9: LEADING AND 
LAGGING LEFT TURNS WITH 
COORDINATOR 

11.1 Learning Objective 
• Understand how phase sequencing can be used to gain 

advantages in green arrivals. 

11.2 Overview 
This experiment will demonstrate how to modify sequencing of 
phases in order to have a better percentage of arrivals on green. 
• Phase sequencing controls which phases occur after each other 

in the cycle. Two common types are leading and lagging in 
reference to left turning movements. 
o Lagging Left Turn Phase: The through movement precedes 

the competing (opposite) left turn movement. 
o Leading Left Turn Phase: The left turn precedes the 

competing (opposite) through movement. 
• Changing sequencing from leading to lagging can advance the 

start of green on the through movement by at most the entire 
left turning split. This change affects both the “Early Return to 
Green” and the nature of offsets. 

11.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• How would lead/lag changes affect left turn delay? 
• What are the ramifications of lagging left turns? 
• Why would phase sequencing be used as a tool when offset is 

available? 
• What is the concern with changing phase sequence? 

11.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Observe improvable Arrival Type. 
• Implement lagging sequencing. 
• Test lagging sequencing. 
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11.5 Running the Experiment  
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp9” folder. 
• In the “a_lead” folder, open the file: “lead.inp.” 
• Open the second file in the “b_lag” folder using “Open Second 

File”: “lag.inp.” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button. 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 39. 
 
 

 

 
Figure 39 Example of status screen highlighting controller clock 

  

Simulation Time 
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Step 3. Observe improvable Arrival Type. 

• Using the MOST interface, click “Run Mode,” and then use the 
“Pause At” button to stop the simulation at 220 seconds. 

• Observe the arrival of the EBTH movement during this period. 
Often it will arrive on red and then after a short delay receive 
green. 

• Using the MOST interface, click the “Run Mode Single Step” 
button to bring both intersections to all red. 

• Count and record in Table 11 the number of queued EB vehicles 
observed at this point. 

• Many of these vehicles would not have needed to stop if the 
green had started a few seconds earlier. 

 

Table 18 Number of vehicles arriving on red in the EB TH lanes 

 Step 3 Step 5 

 Lead Lag Lead Lag 

Cycle 1  N/A   

 

 

Figure 40 Example of re-sequencing opportunity 
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Step 4. Implement lagging sequencing. 

• Using the MOST interface, click “Run Mode,” and then focus on 
the signal controller 4001. 

• Click “MM” for Main Menu and “3” for coordination. 
• Under “Coordinator”, click “2” for the coordinator pattern. 
• Under coordinator pattern, scroll to sequence and change this 

to 6. 
• To learn more about the meaning of sequence click the ‘H’ 

button on the virtual controller for a help screen related to this 
setting and reference Figure 41 for details. 

• Click on “Status” to return to the main screen. 
 

 

Figure 41 Comparison of phase sequence 1 and 6 as initially programmed 
in the ASC/3 controller 

 

Figure 42 Coordinator pattern screen for changing sequence 
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Step 5. Test lagging sequencing. 

• In this step, look first at the lag simulation on the Right. 
• Using the MOST interface, click “Run Mode” to pause on the 

next available yellow for the NBTH and SBTH movement (phase 
4/8). 

• Once paused on yellow, use the “Run Mode Single Step” button 
to advance to the end of the all red time. 

• Count and record in Table 11 the number of vehicles arriving on 
red in both simulations. (As both simulations are no longer 
running at the same time, estimate what the comparative 
queue would be). 

 
 
 
 

  
Figure 43 Comparison of status screens with different sequencing. (Note 
the left one calls 1 and 5 next and the right on calls 2 and 6 next.) 
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11.6 Discussion 
Let’s now consider each of the four questions that were presented 
at the beginning of this experiment. 
• How would lead/lag changes affect left turn delay? 
• What are the ramifications of lagging left turns? 
• Why would phase sequencing be used as a tool when offset is 

available? 
• What is the concern with changing phase sequence? 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based on your 
observations from this experiment. 

 
Answers to questions: 
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The data that you collected during this experiment are shown in 
Table 19.  Study these results and compare with those that you 
collected.  You may have observed slightly different results. 
 
1. How would lead/lag changes affect left turn delay? 

Lead/lag changes can be used to help progression along a 
coordinated roadway.  Often the goal of progression is to allow the 
through movement to proceed continuously from intersection to 
intersection. Leading lefts help left turns leave before platoon 
movements.  Lagging lefts help accumulate left turns from the 
platoon and move them as one large group at the end of a cycle.  
Table 11 quantitatively illustrates the impact this can have on the 
quality of progression by showing a significant reduction in the 
number of vehicles arriving on red after the sequence is changed. 
 
2. What are the ramifications of lagging left turns? 

Lagging left turns can cause delay for left turners as they are 
required to wait for the oncoming through movement before 
receiving green time.  Often, the oncoming through movement is 
one of the longest phases.  This cannot solve all coordination 
problems, but is a very good tool in many situations where 
arterials have unequally spaced segments. 
 
3. Why would phase sequencing be used as a tool when 
offset is available? 

Phase sequencing can help progression by accommodating for 
varying distances between signals. Effectively, it moves the 
reference point for the offset for just one of the through 
movements. 
 
4. What is the concern with changing phase sequence? 

Drivers generally expect either leading or lagging left turns.  
When phase sequence is altered, it is believed to confuse drivers 
and perhaps compromise safety. 

 
Table 19 Number of vehicles arriving on red in the EBTH Lanes 

 Step 4 Step 6 

 Lead Lag Lead Lag 

Cycle 1 20 N/A 23 10 
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12. EXPERIMENT #10: ESTIMATING 
VOLUME TO CAPACITY RATIOS 

12.1 Learning Objective 
• Understand how “volume to capacity” ratios are calculated at a 

signalized intersection. 

12.2 Overview 
This experiment will demonstrate how to calculate “volume to 
capacity” ratios at a signalized intersection, uncovering some 
anomalies about this measure of effectiveness. 
• Volume to Capacity (v/c) Ratio: Estimated as the number of 

vehicles passing through an intersection (served vs. demand) in 
comparison to the theoretical capacity. Conventional wisdom 
indicates the lower the v/c the better the operation. 

• Capacity at a signalized intersection for a specific lane of a 
specific movement is a product of the green provided. The 
calculations in this experiment are simplified to illustrate 
principles of volume to capacity ratios. 

12.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• How did the v/c compare to anticipation? 
• How is v/c related to queuing? 
• Why would a properly functioning actuated intersection not 

have a low v/c even when volumes are low? 
• Estimate the v/c ratio of phase 2 during the morning and 

afternoon peak periods. 

12.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Load the networks. 
• Calculate capacity. 
• Calculate capacity. 
• Measure cycle volume. 
  



 
 
Laboratory 6. Actuated Traffic Signal Coordination Concepts 
 

Section 12. Experiment #10: Estimating Volume to Capacity Ratios        332 

12.5 Running the Experiment 
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp10” folder. 
• In the “a_VoverC” folder, open the file: “VoverC.inp.” 
• Open the second file in the “b_VoverC_short” folder using 

“Open Second File”: “VoverC_short.inp.” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button. 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 44. 
 
 

 

 
Figure 44 Example of status screen highlighting controller clock 

  

Simulation Time 
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Step 3. Load the networks. 

• Using the MOST interface, click “Run Mode,” and then use the 
“Pause At” button to pause the simulation at 460 seconds.  This 
will allow both networks to overcome start up differences and 
operate normally. While waiting, read steps 4 and 5 for 
background on capacity. 

 
Step 4. Calculate capacity. 

• First, focus on the left network. The cycle length here is 100 
seconds. The split percentage for the major through 
movements is 50 percent and is in a coordinated and maximum 
recall operation. This means that at least 50 seconds each cycle 
is dedicated to the green, yellow and all red associated with 
phases 2 and 6. Since the other movements at this intersection 
are actuated, time allotted to these movements may also be 
available. Since we know that there are 5 seconds of yellow and 
all red for every phase, and phases 2 and 6 will run yellow and 
all red simultaneously, we know that both phases 2 and 6 will 
receive a minimum of 45 seconds of green time. Assuming that 
actual green and effective green are the same (see glossary) a 
capacity based on Minimum Green time for this movement can 
be calculated using the equation below. 

 s
C
G

c e ×=
,
 

where “c” is capacity, “Ge” is Effective Green, “C” is Cycle Length 
and “s” is saturation flow. Using 1800 for saturation flow (per 
lane), a capacity of 810 vehicles per hour per lane results. 

 
Calculation Example 
Calculate the split time: 

 ( ) ( ) s 50%50s 100 =×=tS  

Determine the lost time: 

 ( ) ( ) s 5s 5.1s 5.3 =+=Lt  

Calculate the programmed green: 

 
s 45550 =−=eG  

Calculate the capacities in veh/h/ln using the equation shown at 
left. 

 veh/h/ln810 veh/h/ln1800
s100
s 45

=×=c  

Since each of these phases has two lanes, this capacity can be 
doubled with an assumption of balanced lane use. Use the extra 
space below each sample to make the same calculations for the 
right simulation (VoverC_short) which has a cycle length of 75 
seconds and uses 45 percent of the cycle on the primary phases.   
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Step 5. Calculate capacity. 

• Find the splits configured for the 75 second cycle, use the 
method described in step 4, to calculate capacities for phases 
2.  Enter your results in Table 20, for both 75 and 100 second 
cycles.   

 

Table 20 Theoretical capacities for phase 2 

Cycle Length 100 75 

Per Lane   

Total   
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Step 6. Measure cycle volume. 

• In this step, vehicles will be counted in the virtual intersection 
as though a field study were underway. 

• The left and right simulations are at different parts of their 
respective cycles. Start with the left simulation. After 
completing the following instruction for the left simulation, then 
repeat for the right simulation. 

• Using the “Run Mode” button of the MOST interface, let the 
cycle run until the simulation reaches yellow on the major 
through movements, phases 2 and 6, and then press “Pause.”  

• Using Table 21, count (and then enter into the table) the 
number of vehicles that arrive in the EBTH lanes (phase 2). To 
do so, use the “Run Mode,” “Run Mode Single Step,” and 
“Pause” to move through a single cycle.  The boxes can be used 
to keep track of your counts before entering the data into the 
table. 

• Follow this same procedure to count a second cycle.  Record 
this information in Table 21. Take the average of these two 
cycles and record this as well in Table 21. 

• Repeat for the right simulation. Afterwards, calculate and 
compare v/c for group discussion. 

 

Left –100second – Volume Cycle 1 

 

 

Left - 100second – Volume Cycle 2 

 

 

 

Right - _short 75second – Volume Cycle 1 

 

 

Right - _short 75second – Volume Cycle 2 

 

 

Table 21 Volume to capacity tabulation 

Simulation Cycle 
1 

Cycle 
2 

Ave. Capacity
/Hour 

Capacity 
/Cycle* 

V/C 

Left side 
(100s) 

      

Right side 
(75s)  

      

*Based on Calculation of Number of Cycles per Hour 
** This is possible because of near optimal arrival type and 
stochastic variation of vehicle headways. 
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12.6 Discussion 
Let’s now consider each of the four questions that were presented 
at the beginning of this experiment. 
• How did the v/c compare to anticipation? 
• How is v/c related to queuing? 
• Why would a properly functioning actuated intersection not 

have a low v/c even when volumes are low? 
• Estimate the v/c ratio of phase 2 during the morning and 

afternoon peak periods. 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based o your 
observations from this experiment. 

 
Answers to questions: 
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Table 20 summarizes your estimate of theoretical capacities for 
Phase 2.Two factors cause the capacity of the 75 second cycle to 
be lower.  
 
Only 45 percent instead of 50 percent of the cycle is used for Phase 
2. This is to compensate for the impact of a shorter cycle length 
has on lost time and the slight shift of split percentage to the minor 
movements so that they can meet the minimum green. 
 
The more times a cycle runs per hour, the more instances of yellow 
and all red. Since lost time is 20 seconds of each cycle, the more 
cycles that occur in an hour, the more lost time. This leads to a 
decrease in theoretical capacity. 
 
Lastly, Table 23 shows that on average the controller is providing 
adequate capacity, but stochastic demands in traffic result in some 
cycles with phases near or over capacity.  This emphasizes the 
point that controller timing must be robust to accommodate tis 
stochastic variation in demand. 

 
Table 22 Theoretical capacities for phase 2 

Cycle Length 100 75 

Per Lane 810 690 

Total 1620 1380 

 

Table 23 Volume to capacity tabulation 

Simulation Cyc 1 Cyc 2 Ave. Capacity
/Hour 

Capacity 
/Cycle* 

V/C 

Left side 
(100s) 

34 30 32 1620 45 0.71 

Right side 
(75s)  

38** 11 25 1380 28.75 0.87 

*Based on Calculation of Number of Cycles per Hour 
** This is possible because of near optimal arrival type and 
stochastic variation of vehicle headways  

 

  



 
 
Laboratory 6. Actuated Traffic Signal Coordination Concepts 
 

Section 12. Experiment #10: Estimating Volume to Capacity Ratios        338 

1. How did the v/c compare to anticipation? 

The v/c ratios were better on the longer cycle length than the 
shorter cycle length as the overall potential capacity is increased 
with longer cycle lengths. 
 
2. How is v/c related to queuing? 

When v/c exceeds 1.0, the queue will grow each cycle. 
 
3. Why would a properly functioning actuated intersection 
not have a low v/c even when volumes are low? 

With ideal detector placement and extension times, the phase 
would gap out such that the capacity (green time) closely matched 
demand. 
 
4. Estimate the v/c ratio of phase 2 during the morning and 
afternoon peak periods. 

Morning is <0.5 and afternoon is close to 1.0. 
 

 

 

Figure 45 Volume to capacity ratio by time of day 
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13. EXPERIMENT #11: INTEGRATING 
SYNCHRO OUTPUTS INTO VISSIM ASC/3 
DATABASE 

13.1 Learning Objective 
• Be able to use standard Synchro outputs to configure cycle, 

split and offset in a virtual controller. 

13.2 Overview 
This experiment will demonstrate how several key signal 
parameters, cycle, split and offset can be taken from a Synchro 
output and programmed into the database of a NTCIP traffic 
controller using the VISSIM simulation software. 
• A database editor software module will be used to update the 

database which the controller references. 
• Synchro, a widespread software tool used for the development 

of signal timing, provides outputs which are needed in the 
database. 

• Using the MOST interface, the new signal timings can be 
evaluated. 

13.3 Questions to Consider 
As you begin this experiment, consider the following questions.  
You will come back to these questions once you have completed 
the experiment. 
• How does Synchro represent cycle, split and offset? 
• How do cycle, split and offset relate to coordinated operation? 

13.4 List of Steps 
You will follow these steps during this experiment: 
• Start the MOST software tool and open the input files. 
• Start the simulation. 
• Use the database editor. 
• Confirm coordination inputs. 
• Observe coordination. 
• Modify offsets. 
 

 

Figure 46 From Synchro to ASC/3/NTCIP database  
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13.5 Running the Experiment 
Step 1. Start the MOST software tool and open the input 
files. 
• Start the MOST software tool and select “Open File.” 
• Locate the “MOST input files” folder. 
• Go to the “Lab6” folder, then the “Exp11” folder. 
• Open the file: “free.inp.” 
 
Step 2. Start the simulation.  

• Start the simulation using the “Run Mode” button 
• When the ASC/3 front panel completes its cold start, click the 

“Run Mode Single Step” button to pause the animation. 
• The current simulation time is noted in Figure 47. 
 

 

 
Figure 47 Example of status screen highlighting controller clock 

  

Simulation Time 
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Step 3. Use the database editor. 

• This step will show how to make the same changes in the 
database editor, which once saved, will make them permanent 
changes to the controller programming. For referencing the 
Synchro outputs, the table 

• Open the database editor using the “Open ASC/3 Database 
Editor” button on the MOST interface.  Choose “Network 1” and 
Controller 2001. 

• When the database opens, select the tab for “Coordinator.” 
• Under the ‘Coordinator’ tab update the split percentages as 

shown in the Synchro output (Figure 51). 
• On page 2 of the “Coordinator” tab, update the cycle and offset 

values as shown in the Synchro output (Figure 51). 
• Return to page 1 of the “Coordination” tab and change “Manual 

Pattern” from “Free” to “Auto.” This will indicate to the 
controller to look for a coordination plan. 

• Store the new values in the database by going to the “File” 
menu and selecting “Store in Database.” 

• Close this database editor screen. 

 

(a) Coordinator Page 1 

 

(b) Coordinator Page 2 
Figure 48 Location of programming changes  

Cycle Length: 
Change according 
to Synchro 

Offset: 
Change according 
to Synchro 
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Step 4. Confirm coordination inputs. 

• To observe the changes made, use the MOST interface to start 
the simulation using the “Run Mode” button. 

• Once both controllers (1001 and 2001) are up and running, 
select “SM” for sub-menu on controller 2001. 

• From sub-menu, select “2” for Coordinator. 
• Under “Coordinator,” select “NP” for next page which is the 

coordinator pattern. This screen displays the cycle length and 
Offset Value. 

• To check the splits that you entered, select “NP” for next page, 
which is the split pattern. 
 

 
(a) Coordinator Pattern 

 
(b) Split Pattern 

Figure 49 Coordination parameters  

Offset: 
Confirm 

Cycle 
Length: 
Confirm 

Split Pattern: 
Confirm 
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Step 5. Observe coordination. 

• Observe two cycles. While observing, record whether or not 
each phase reaches gap-out (G) or force-off (F). 

 
Step 6. Modify offsets. 

• The offset will be modified using the front panel of the 
controller 2001. 

• Select “MM” for Main Menu and “3” for Coordinator. 
• Under “Coordinator,” select “2” for coordinator pattern.  
• In coordinator pattern, change the Offset value from 60 

seconds to 30 seconds. 
• Select “Status” and watch to review the change and 

degradation of the progression. 
 

Table 24 Table of gap-out or force-off 

Phase 1 2 3 4 5 6 7 8 

Cycle 1         

Cycle 2         

 

 

Figure 50 Coordinator pattern 

 

  

Offset: 
Change to 30 
seconds 
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Figure 51 Timing Plan Synchro Output 

 

 

Figure 52 HCM Synchro Output 
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a) Database -editor’s coordinator menu  
 

  
b) ASC3’s coordinator menu  
 

ASC3 Screen 
Parameter 

NTCIP Object 
NTCIP OID 

Value 

Split Pattern # splitNumber1.1 
1.3.6.1.4.1.1206.4.2.1.4.9.1.1.1.1

1 

Coordinated Phase 
 

splitCoordPhase.1.2 
1.3.6.1.4.1.1206.4.2.1.4.9.1.5.1.2  

1(2) 

splitCoordPhase.1.6 
1.3.6.1.4.1.1206.4.2.1.4.9.1.5.1.6 

1(6) 

Split 
 

splitTime.1.1 
1.3.6.1.4.1.1206.4.2.1.4.9.1.3.1.1 

15 

splitTime.1.2 
1.3.6.1.4.1.1206.4.2.1.4.9.1.3.1.2 

50 

splitTime.1.3 
1.3.6.1.4.1.1206.4.2.1.4.9.1.3.1.3 

10 

splitTime.1.4 
1.3.6.1.4.1.1206.4.2.1.4.9.1.3.1.4 

25 

splitTime.1.5 
1.3.6.1.4.1.1206.4.2.1.4.9.1.3.1.5 

15 

splitTime.1.6 
1.3.6.1.4.1.1206.4.2.1.4.9.1.3.1.6 

50 

splitTime.1.7 
1.3.6.1.4.1.1206.4.2.1.4.9.1.3.1.7 

10 

splitTime.1.8 
1.3.6.1.4.1.1206.4.2.1.4.9.1.3.1.8 

25 

Mode 
 

splitMode.1.1 
1.3.6.1.4.1.1206.4.2.1.4.9.1.4.1.1 

4 (Max) 

splitMode.1.2 
1.3.6.1.4.1.1206.4.2.1.4.9.1.4.1.2 

4 (Max) 

splitMode.1.3 
1.3.6.1.4.1.1206.4.2.1.4.9.1.4.1.3 

4 (Max) 

splitMode.1.4 
1.3.6.1.4.1.1206.4.2.1.4.9.1.4.1.4 

4 (Max) 

splitMode.1.5 
1.3.6.1.4.1.1206.4.2.1.4.9.1.4.1.5 

4 (Max) 

splitMode.1.6 
1.3.6.1.4.1.1206.4.2.1.4.9.1.4.1.6 

4 (Max) 

splitMode.1.7 
1.3.6.1.4.1.1206.4.2.1.4.9.1.4.1.7 

4 (Max) 

splitMode.1.8 
1.3.6.1.4.1.1206.4.2.1.4.9.1.4.1.8 

4 (Max) 

c) Itemized list of parameter and their values 
 

Figure 53 Split Pattern Data Settings (Pattern 1)  
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a) Database -editor’s coordinator menu  
 

  
b) ASC/3’s coordinator menu 

 

 

 

 

 
 

 

 

 

 
 

c) Itemized list of parameters and their values 
 
Figure 54 Coordinator Pattern Data Settings (Pattern 1) 

 
  

ASC/3 Screen 
Parameter 

NTCIP Object 
NTCIP OID 

Value 

Coordinator Pattern patternNumber.1 
1.3.6.1.4.1.1206.4.2.1.4.7.1.1.1 

1 

Cycle patternCycleTime.1 
1.3.6.1.4.1.1206.4.2.1.4.7.1.2.1 

100 

Offset Value patternOffsetTime.1 
1.3.6.1.4.1.1206.4.2.1.4.7.1.3.1 

60 

Split Pattern patternSplitNumber.1 
1.3.6.1.4.1.1206.4.2.1.4.7.1.4.1 

1 

Sequence patternSequenceNumber.1 
1.3.6.1.4.1.1206.4.2.1.4.7.1.5.1 

1 

Actuated Coord asc3ptnActuatedCrd Phase.1 
1.3.6.1.4.1.1206.3.5.2.13.16.1.9.1 

1 (Yes) 

Action Plan timebaseAscActionNumber.1 
1.3.6.1.4.1.1206.4.2.1.5.3.1.1.1 

1 

Timing Plan asc3tbTimingPlan.1 
1.3.6.1.4.1.1206.3.5.2.14.19.1.4.1 

1 
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13.6 Discussion 
Let’s now consider each of the two questions that were presented 
at the beginning of this experiment. 
• How does Synchro represent cycle, split and offset? 
• How do cycle, split and offset relate to coordinated operation? 
 
Take a few minutes to review each question and write brief 
answers to each question in the box on the right based o your 
observations from this experiment. 

 
Answers to questions: 
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A test can be taken at 220s however, as written all the phases will 
force-off in the max mode. This could be an instructor driven 
question as student will expect something different.)  Subsequent 
cycles later in the simulation will show some phases gapping out 
instead of forcing off. 
 
1. How does Synchro identify cycle, split and offset? 

Figure 51 graphic illustrates that all those parameters are shown 
in seconds.  However, many agencies choose to use splits in terms 
of % of cycle.  This translation from seconds to % is frequently a 
source of miscommunication between engineering staff and field 
staff. 
 
2. Why are Cycle, Split and Offset important for coordinated 
operation? 

These are the primary parameters used to configure the 
controller for coordinated operation (Figure 53, Figure 54).  
 

 
Table 25 Table of gap-out or force-off 

Phase 1 2 3 4 5 6 7 8 

Cycle 1 F F F F F F F F 

Cycle 2 F F F F F F F F 
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14. CLOSURE SUMMARY OF KEY POINTS 
LEARNED 
Traffic signal controller coordination provides a scheduling 
mechanism to allocate capacity among competing phases and 
define a deterministic timing relationship with adjacent signals to 
provide progression.  The scheduling mechanism is analogous to 
the configuring of a VCR in complexity with mechanism for varying 
coordination plans by time of day, day of week, by holiday, and 
planned special events.  The parameters that define the allocation 
of capacity and progression are typically obtained from design 
packages such as Synchro. 
 
The key points explained by Laboratory 6 include: 
• How the three fundamental parameter sets, cycle, offset, and 

split, are used to impact capacity allocation and platoon 
progression. 

• How split times impact capacity allocation among competing 
movements. 

• How the start of green in a coordinated-actuated system varies 
stochastically and impacts platoon progression. 

• Define the reallocation of unused green time by selecting 
appropriate operating parameters. 

 
The skills you learned in this laboratory on how split, cycle and 
offset impact the operation of a traffic signal will be augmented by 
Laboratory 7 where you will learn how to define a complete suite of 
parameters necessary for scheduling plan that will change these 
parameters by time of day.   
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