
Module 2
Effect of Detector and Timing Parameters on the Operation of the Cross Street of an Isolated Intersection
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[bookmark: _Toc256414994]Introduction
[bookmark: _Toc256414995]Purpose 
How and when should a green indication terminate at a signalized intersection?  There are a number of factors that affect the termination of green including the desired efficiency of traffic signal operation, the quality of service provided to motorists, and the safety of motorists traveling through the intersection.  

In Module 2, you will explore the timing and termination of a phase for the cross street approach of an isolated actuated intersection. You will focus on one aspect of the phase termination process: How the length of the detection zone, together with the Vehicle Extension time and Minimum Green time settings in the traffic controller, must be considered together in order to produce an efficient, safe, and quality operation. You will consider stop bar presence detection on the cross street with light to moderate traffic volumes. In Lesson#6, you will prepare a design, integrating the various concepts and skills that you have learned in Module 2.
[bookmark: _Toc256414996]Goals and Learning Outcomes
The goal of Module 2 is to develop a detector design (length of the detection zone) and timing design (Minimum Green and Vehicle Extension time parameters) for a cross street at an isolated intersection.

When you have completed Module 2 you will:
Be able to describe the relationship between detection zone length, detector location, Vehicle Extension time, and Minimum Green time for the operation of a phase.
Be able to determine the duration of the Minimum Green time and the Vehicle Extension time given the length and placement of the detector. 
[bookmark: _Toc256414997]
Organization and Time Allocation
Module 2 is divided into six lessons.  These lessons and the approximate time allocated to each are listed in Table 1.

[bookmark: _Ref187062987]Table 1 Module sections and approximate completion times
	Lesson
	Title
	Approximate Time (min)

	1
	How a traffic phase times
	20

	2
	Effect of detection zone length on green duration
	30

	3
	Determining the length of the Minimum Green time
	15

	4
	Observing vehicle headways in the departing queue
	20

	5
	Relating headway to unoccupancy time and Vehicle Extension time
	30

	6
	Design exercise- setting the Minimum Green time and the Vehicle Extension time
	45

	
	Closure: Summary of key points learned
	15




[bookmark: _Toc256414998]Lesson #1: How A Traffic Phase Times
[bookmark: _Toc256414999]Learning Outcome
Be able to describe the two primary methods for the termination of a traffic phase at an isolated intersection.
[bookmark: _Toc256415000]Overview
The purpose of this Lesson is to observe the timing of a traffic phase and the method by which the phase terminates. You will observe the SB approach (phase 4) of the intersection of State Highway 8 and Line Street. This approach (Line Street) has two lanes, a left turn lane and a through/right turn lane. State Highway 8 is the major street and serves as a primary east-west route through the city. It also serves as the major access to a university. See Figure 1. You will monitor traffic on the through/right turn lane of this approach.
[bookmark: _Toc256415001]Questions to Consider
As you begin this Lesson #1, consider the following questions.  You will come back to these questions once you have completed the Lesson.
Why does the phase terminate for each of the two cases that you observe?
What is the process followed by the Minimum Green timer from the beginning of the green indication, until the timer expires?
What is the process followed by the Vehicle Extension timer from the beginning of the green indication, until the timer expires?
What is the process followed by the Maximum Green timer from the beginning of the green indication, until the timer expires?
What are the two conditions that separately cause the termination of the green indication?


[image: ]
[bookmark: _Ref200094441]Figure 1 Aerial photograph of State Highway 8 and Line Street
[bookmark: _Toc256415002]List of Steps
You will follow these steps during this Lesson:
Open the movie file.
Observe the status at the beginning of phase 4 green. 
Observe the two cases for one green indication.
Summarize your observations.



[bookmark: _Toc256415003]Running the Experiment
In Lesson #1, you will consider two cases, each illustrating a different method for the termination of phase 4 (which serves the SB through/right turn movements).  You will observe how the phase times (the timing processes for the Minimum Green, Vehicle Extension, and Maximum Green timers), and how it terminates for each case.  The two cases have been placed side-by-side in a movie format so that you can observe the traffic flow and timing processes at the same time.  The simulation has been set to run at less than real time, slow enough so that you can observe all timing and traffic flow processes.

Step 1. Open the movie file.
Locate the “MOST input files” folder.
Go to the “Lab2” folder, then the “Exp1” folder.
Open the file: “lab2-exp1.wmv.”

Step 2. Observe the status at the beginning of phase 4 green.
Move the animation to t = 45.6 seconds (which is equivalent to about 00:23 on the Windows Media Player clock).  Observe the following conditions for the scene on the left for the SB approach.
· Two vehicles in queue, one of which is in the detection zone.
· The red indication showing for the SB movement (which is about to end).
· The ASC/3 controller status screen showing that phase 4 is just about to begin timing (“T”) and has an active call (“C”) from the detector.
· The ASC/3 controller status screen showing that phase 4 is active in ring 1, that the Minimum Green timer is at 5.0 seconds, and that the Maximum Green timer is not active (“0.0”).

[image: ]
Figure 2 Traffic flow and controller status at t = 45.6
Note: There is a slight time delay between the ASC/3 controller and VISSIM, the simulation model. While the controller is now timing Minimum Green, the simulation will not be updated for a fraction of a second. As soon as you move forward from this instant in time, the simulation will show a green indication. These brief differences between what the controller is doing and what the simulation is displaying will only occasionally be noticeable (as when the simulation is paused).


Step 3. Observe the two cases for one green indication.
[Note: Remember, the animation that you are about to observe plays at much slower than real time.  This will allow you to monitor the traffic flow and the timing processes at the same time!]
Start the Windows Media Player animation.
First, watch the traffic flow, the detector status, and the timing processes for phase 4 for the case on the left.  Monitor these conditions for the entire green indication.
When this green indication is nearly complete for the case on the left, consider the reason for the phase terminating. 
Now turn your attention to the case on the right.  The green indication is just beginning for this case.  Again, monitor these conditions for the entire green indication.
Note when the green indication ends for each of the two cases, and why.

Step 4. Summarize your observations.
You may have to run (or scroll through) the movie file more than once to complete your observations.
Reflect on what you have observed on how a phase terminates.
Write a summary of your observations in the space provided at right.




	Observations:





































[bookmark: _Toc256415004]Considering the Questions
Let’s now consider each of the five questions that were presented at the beginning of Lesson #1.
Why does the phase terminate for each of the two cases that you observed?
What is the process followed by the Minimum Green timer from the beginning of the green indication, until the timer expires?
What is the process followed by the Vehicle Extension timer from the beginning of the green indication, until the timer expires?
What is the process followed by the Maximum Green timer from the beginning of the green indication, until the timer expires?
What are the two conditions that separately cause the termination of the green indication?

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 Lesson #1.



	Answers to questions:







































[bookmark: _Toc256415005]Lesson #2: Effect Of Detection Zone Length On Green Duration
[bookmark: _Toc256415006]Learning Outcome
Be able to relate the length of the detection zone to the duration of the green indication.
[bookmark: _Toc256415007]Overview
In Lesson #2 you will consider two cases, one in which the SB approach has a 22 foot detection zone and another in which the approach has a 66 foot detection zone, each representing a zone length sometimes used in practice. In both cases, the detection zones end at the stop bar.  See Figure 3. 

It is important to understand that both detectors are operating in the presence mode. This means that as long as the detection zone is occupied, a call is sent to the controller for the assigned phase. If a constant call is sent to a phase that is green, it will continue to remain green as long as the phase has not “maxed out.”

The Vehicle Extension time and Minimum Green time parameters have both been set to zero for phase 4, the phase serving the SB through approach movement. This means that you need to focus only on the detection zone length and how it affects the duration of the green indication.

Vehicles are present on the SB approach on Line Street (phase 4), the EB and WB approaches on State Highway 8 (phases 2 and 6).


[image: ]
[bookmark: _Ref187063515]Figure 3 Two detection zone alternatives on Line Street SB approach



[bookmark: _Toc256415008]Questions to Consider
As you begin Lesson #2, consider the following questions.  You will come back to these questions once you have completed Lesson #2.
When is the detector active and when is it inactive?
When does the phase terminate for the SB direction for each of the two cases?
Why does the phase terminate for each of the two cases?
Do you think that the phase is operating efficiently or not for the two cases?
Do you think that the quality of service provided to the motorist is good or not?
If the phase terminates too early or extends too long, what solutions should be considered?
[bookmark: _Toc256415009]List of Steps
You will follow these steps during Lesson #2:
Start the MOST software tool and open the input files.
Note information in the simulation windows.
Start the simulation.
Observe the simulation at t = 49.1.
Observe the simulation at t = 49.9.
Observe the simulation from t = 54.0 to 54.3.
Observe the simulation from t = 60.1 to 61.4.



[bookmark: _Toc256415010]
Running the Experiment
In Lesson #2, you will consider two cases, one with the detection zone length of 22 feet, and the other with a zone length of 66 feet.  In both cases, the zones are located at the stop bar.  The Vehicle Extension time and Minimum Green time are set to zero. The detectors are both operating in presence mode.  You will observe how and when the phase terminates for both cases, and the status of the controller at several points in the simulation.

Step 1. Start the MOST software tool and open the input files.
· Start the MOST software tool and select “Open File.” (See Figure 4)
· Locate the “MOST input files” folder.
Go to the “Lab2” folder, then the “Exp2” folder
Open the file for the 22 foot detector: “lab2-exp2-22ft.inp.”
Select “File”, then “Open Second File.” Open the file for the 66 foot detector: “lab2-exp2-66ft.inp.”



[image: ]
[bookmark: _Ref197068745]Figure 4 MOST interface, Open File menu





Step 2. Note information in the simulation windows.
You have several options for running the simulation.  You will primarily use two options, running the simulation continuously (“Run Mode”) or advancing the simulation in 0.1 second time steps (“Run Mode Single Step”).  See Figure 5. 
The simulation window shows the animation of vehicles traveling through the intersection as well as other data (see Figure 6):
· The current simulation time is noted in the lower left.  
· The detection zones (and their numbers) are shown in each approach lane as boxes.





[image: C:\Documents and Settings\Enas\Local Settings\Temporary Internet Files\Content.Word\New Picture (10).bmp]
[bookmark: _Ref187053436]Figure 5 Simulation run options
[image: ]
[bookmark: _Ref200371198]Figure 6 Features of animation window

Step 3. Start the simulation.
Select “Pause At” and enter “49.0.” This action will allow the simulation to run continuously until it reaches the time of t = 49.0 seconds.
Press the “Run Mode” button to start the simulation.
Feel free to move the VISSIM and ASC/3 windows as needed to provide an optimal view of the information provided.
[Note that when you select “49.0” above, the simulation actually will pause 0.1 seconds after this time, as noted below.  This results from a slight delay in the software response.]

Step 4. Observe the simulation at t = 49.1.
When the simulation reaches t = 49.1 seconds, observe the conditions at the intersection and in the controller for both cases. See Figure 7.
For the SB approach, four vehicles are in queue for both cases.
Point B on the controller status screen shows the status for phases 2 and 6, the current active phases in rings 1 and 2.  The red clearance timer is active, with a current value of 0.7 seconds.  And, phases 2 and 6 have gapped out, as noted in the status screen.
The controller status screen shows that phase 4 has an active call (noted by the “C” at point A) and is in “phase next” status (noted by the “N”).  This means that when phase 2 has terminated, phase 4 will be the next phase to be served.



[image: ]
[bookmark: _Ref199144245]Figure 7 ASC/3 status screen at t = 49.1 for both cases



Step 5. Observe the simulation at t = 49.9.
“Single step” the simulation until it reaches t = 49.9 seconds.
Record your observations on the status of phase 4 in the box on the right.  What is the color of the active indication?

Step 6. Observe the simulation from t = 54.1 to 54.3.
Set “Pause At” to 53.9.
Click the “Run Mode” button.
“Single step” the simulation from t = 54.1 seconds to t = 54.3 seconds.
Observe the simulation on the left of the screen (the 22 foot detector case).
Record your observations of the controller status window in the box at right, noting in particular the status of any calls, the timing status of phase 4, and the timing processes and timing parameter values for phase 4.
Also, record the status of the queue being served.

Step 7. Observe the simulation from t = 60.1 to 61.4.
Set “Pause At” to 59.8.
Click the “Run Mode” button.
“Single step” the simulation from t = 60.1 seconds to t = 61.4 seconds.
Observe the simulation on the right of the screen (the 66 foot detector case).
Record your observations of the controller status window in the box at right, noting in particular the status of any calls, the timing status of phase 4, and the timing processes and timing parameter values for phase 4.
Also, record the status of the queue being served.



	Observations at t = 49.9:










	Observations from t = 54.1 to 54.3:














	Observations from t = 60.1 to 61.4:














[bookmark: _Toc256415011]Considering the Questions
Let’s now consider each of the six questions that were presented at the beginning of Lesson #2.
When is the detector active and when is it inactive?
When does the phase terminate for the SB direction for each of the two cases?
Why does the phase terminate for each of the two cases?
Do you think that the phase is operating efficiently or not for the two cases?
Do you think that the quality of service provided to the motorist is good or not?
If the phase terminates too early or extends too long, what solutions should be considered?

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 Lesson #2.



	Answers to questions:







































[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Toc256415012]Lesson #3: Determining The Length Of The Minimum Green Time 
[bookmark: _Toc256415013]Learning Outcome
Be able to relate the length of the Minimum Green time to the efficient operation of a phase.
[bookmark: _Toc256415014]Overview
In Lesson #3, you will see the importance of the Minimum Green time during the early portion of the green indication, and how you can define the roles of the Minimum Green time and the Vehicle Extension time to ensure efficient intersection operations.  

You will again observe the operation of the SB approach of Line Street, at State Highway 8, and make observations about the operation.  You will again consider stop bar detection, with a detection zone length of 22 feet.
[bookmark: _Toc256415015]Questions to Consider 
As you begin Lesson #3, consider the following questions.  You will come back to these questions once you have completed Lesson #3. 
When is the Minimum Green time too long?
How long should the Minimum Green time be in order to get vehicles moving during the early portion of green?
What are the respective roles of Minimum Green time and Vehicle Extension time in producing efficient operations?

[bookmark: _Toc256415016]
List of Steps
You will follow these steps during Lesson #3:
Start the MOST software tool and open the input files.
Verify that the signal timing settings in the ASC/3 controller have been correctly set for phase 4.
Observe the timing and the termination of the SB phase for the two cases, using “Run Mode Single Step.” 
Observe vehicle start-ups, using “Run Mode Single Step.” (Case 1 only, left side)



[bookmark: _Toc256415017]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 “Lab2” folder, then the “Exp3” folder. 
Open the first and second files for this Lesson: “lab2-exp3-5sec.inp” and “lab2-exp3-10sec.inp.”

Step 2. Verify that the signal timing settings in the ASC/3 controller have been correctly set for phase 4. 
Figure 8 shows the controller screen for the ASC/3 database editor.  To access this editor, select “Open ASC/3 Database Editor,” then select the controller number that you want to check.
The Minimum Green time should be set to 5 seconds for phase 4 for the first case and 10 seconds for phase 4 for the second case.
The Vehicle Extension time should be set to 2.2 seconds for phase 4.



[bookmark: OLE_LINK3][bookmark: OLE_LINK4][image: ]
[bookmark: _Ref200005028]Figure 8 ASC/3 Database Editor


Step 3. Observe the timing and the termination of the SB phase for the two cases, using “Run Mode Single Step.” 
Advance the simulation using the “Run Mode Single Step” button until the start of green for phase 4 (the phase serving the SB movement).  Record the simulation time in the table on the right that corresponds to the start of green for both cases.
Record the simulation time that the vehicle in queue leaves the detection zone.
Record the time that green ends (yellow begins) for both cases.
Reflect on the data that you recorded and the implications of these data.
Record your observations in the box at right.
Remember, you will often observe a 0.1 second difference between the information shown in the controller status window and the indication status in the VISSIM window.  This difference, resulting from communications latencies between the ASC/3 controller software and the VISSIM software, will not substantially affect your results.




Table 2 Data collection table
	Data to record
	Case 1
	Case 2

	Start of green
	
	

	Back of vehicle leaves zone
	
	

	Start of yellow/end of green
	
	

	Difference between “start of yellow/end of green” and “back of vehicle leaves zone”
	
	



	Observations:




























Step 4. Observe vehicle start-ups, using “Run Mode Single Step.” (Case 1 only, left side.)
Set “Pause At” to 89.0.
Select “Run Mode” and wait until the simulation reaches t = 89.2. 
At this point (t = 89.2), observe the status of the traffic for the SB approach and the status of the timing process for both phase 2 and phase 4 for case 1 (on the left) only.
Record your observations in the box at right.
Advance the simulation by pressing the “Run Mode Single Step” button until case 1 (Minimum Green = 5.0 seconds) reaches the start of green for phase 4.  This should occur at t = 89.5 seconds.
For case 1, record the times that each of the four vehicles in the queue on the SB approach first begin to move and when they enter the detection zone. Use Table 3 to record these data. Watch the simulation carefully to note the time step that each vehicle begins to move.





	Observations:

























[bookmark: _Ref200368409]Table 3 Data collection table
	Vehicle #
	Start of green
	Vehicle begins to move
	Vehicle enters detection zone

	
	89.5
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	





[bookmark: _Toc256415018]Considering the Questions
Let’s now consider each of the three questions that were presented at the beginning of Lesson #3.
When is the Minimum Green time too long?
How long should the Minimum Green time be in order to get vehicles moving during the early portion of green?
What are the respective roles of Minimum Green time and Vehicle Extension time in producing efficient operations?

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 Lesson #3.



	Answers to questions:






































[bookmark: _Toc256415019]Lesson #4: Observing Vehicle Headways In The Departing Queue
[bookmark: _Toc256415020]Learning Outcomes
Understand the variation of vehicle headways in a departing queue.
Be able to establish a desired maximum allowable headway.
[bookmark: _Toc256415021]Overview
In previous lessons in Module 2, you learned that when the Minimum Green and Vehicle Extension times are set to zero, the phase will terminate immediately when the detection zone becomes unoccupied. You also learned that the detection zone length alone will not guarantee good quality of service to the motorist, since the phase may terminate before the entire queue has been served. This is especially true for the shorter 22 foot detection zone, in which it is difficult to allow more than one vehicle in the zone at the same time.  Finally, you learned that the Minimum Green time should be long enough to make sure that the queue immediately upstream of the detection zone begins to move, and enters the detection zone before the green indication prematurely ends.
In Lesson #4, the detection zone length is 22 feet.  The Minimum Green time is set to 7 seconds.  The Vehicle Extension time is set to 5 seconds, a very conservative value.  You will observe the operation of the SB movement, developing an understanding of the normal variation of headways in a departing queue.  You will also identify the desired maximum headway, the longest headway in a departing queue that you are willing to tolerate without terminating the green indication.  This will help you to understand how to establish the Vehicle Extension time, which will be covered in Lesson #5.
[bookmark: _Toc256415022]
Questions to Consider 
As you begin Lesson #4, consider the following questions.  You will come back to these questions once you have completed Lesson #4.
How much variation is there in the headways between vehicles in the departing queue?
Based on the headways that you observed in the departing queue, what is your recommendation for the desired maximum allowable headway?
[bookmark: _Toc256415023]List of Steps
You will follow these steps during Lesson #4:
Start the MOST software tool and open the input file.
Observe and record headways for one cycle.




[bookmark: _Toc256415024]Running the Experiment
Step 1. Start the MOST software tool and open the input file.
Start the MOST software tool and select “Open File.”
Locate the “MOST input files” folder.  
Go to the “Lab2” folder, then the “Exp4” folder.  
Open the file: “lab2-exp4.inp.”

Step 2. Observe and record headways for one cycle.
Set “Pause At” to 66.0.
Start the simulation using the “Run Mode” button.
When the simulation time reaches t = 66.1 seconds, observe the status of the traffic flow and the timing processes and note these in the box at right.
Advance the simulation by 0.1 second by pressing the “Run Mode Single Step” button.
Record the following values in Table 4 for phase 4 serving the SB through movement.
· Record the simulation clock time that the indication changes to green (“Start of green” in the table).
· Record the clock time that the front of each vehicle reaches the stop bar.
· Compute the headway for each vehicle (the time difference between when this vehicle enters the intersection and when the previous vehicle entered the intersection) and record your results in the table.



	Observations:










[bookmark: _Ref199566745]Table 4 Data collection table
	Vehicle number
	Start of green
	Time front of vehicle reaches stop bar
	Headway

	
	
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	


[bookmark: _Toc256415025]Considering the Questions
Let’s now consider each of the two questions that were presented at the beginning of Lesson #4.
How much variation is there in the headways between vehicles in the departing queue?
Based on the headways that you observed in the departing queue, what is your recommendation for the desired maximum allowable headway?

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 Lesson #4.



	Answers to questions:






































[bookmark: _Toc256415026]Lesson #5: Relating Headway To Unoccupancy Time And Vehicle Extension Time
[bookmark: _Toc256415027]Learning Outcomes
Be able to relate the maximum allowable headway to unoccupancy time.
Be able to determine the Vehicle Extension time based on the length of the detection zone and the desired maximum allowable headway.
[bookmark: _Toc256415028]Overview
In Lesson #4, you observed the normal variation in headways in a departing queue, and based on these observations, you selected a maximum allowable headway that represents the longest headway in a departing queue that you are willing to tolerate without terminating the green indication.  In this Lesson, you will relate this headway to its equivalent unoccupancy time.  You will then select a Vehicle Extension time based on this unoccupancy time that, in combination with the detection zone length, ensures both efficient operation and good service quality.
In Lesson #5, the detection zone length is 22 feet and the Minimum Green time is set to 7 seconds.  The Vehicle Extension time is set to 5 seconds.
[bookmark: _Toc256415029]
Questions to Consider 
As you begin Lesson #5, consider the following questions.  You will come back to these questions once you have completed Lesson #5.
What is your recommendation for the Vehicle Extension time, based on your recommended desired maximum headway?
If the detection zone length was longer than 22 feet, would your recommended Vehicle Extension time value be higher or lower?
[bookmark: _Toc256415030]List of Steps
You will follow these steps during Lesson #5: 
Start the MOST software tool and open the input file.
Collect data.



[bookmark: _Toc256415031]Running the Experiment
Step 1. Start the MOST software tool and open the input file.
Start the MOST software tool and select “Open File.” 
Locate the “MOST input files” folder. 
Go to the “Lab2” folder, then the “Exp5” folder.  
Open the file: “lab2-exp5.inp.”

Step 2. Collect data.
Verify that the Minimum Green time is set to 7 and the Vehicle Extension time is set to 5 by checking the Controller Database.
Set “Pause At” to 66.0.
Run the simulation (select “Run Mode”) and observe the operation of the SB approach.  
At t = 66.1 seconds, press the “Run Mode Single Step” button to advance the simulation by steps of 0.1 second.  Record the following values in Table 5 for phase 4 (serving the SB through movement).
· Record the simulation clock time that the display changes to green (“Start of green” in the table).
· Record the clock time that the front of each vehicle enters the zone and the rear of each vehicle exits the zone.  The entry time for the first vehicle is noted in the table (“14.0”).
· Record the clock time that the display changes to yellow (“Start of yellow” in the table).
· Compute the unoccupancy time for each vehicle pair and record the value in the “Unoccupancy time” column.  The unoccupancy time is the difference in the clock time that the front of the vehicle enters the zone and the clock time that the rear of the previous vehicle exits the zone.  If the value is negative, a zero should be entered.

[bookmark: _Ref200006721][bookmark: _Ref215139409]
Table 5 Data collection table
	Vehicle Number
	Start of green
	Start of yellow
	Front of vehicle enters zone
	Rear of vehicle exits zone
	Headway
	Unoccupancy time

	
	
	
	
	
	
	

	1
	
	
	14.0
	
	1.2
	

	2
	
	
	
	
	2.4
	

	3
	
	
	
	
	1.7
	

	4
	
	
	
	
	1.9
	

	5
	
	
	
	
	1.8
	

	6
	
	
	
	
	1.8
	

	7
	
	
	
	
	1.7
	

	8
	
	
	
	
	1.9
	

	9
	
	
	
	
	1.4
	

	10
	
	
	
	
	1.7
	

	
	
	
	
	
	
	






Write a brief summary of your observations in the space provided on the right.  Note any patterns that you see between the headway data and the unoccupancy time data.  What would be the basis of a relationship between these two parameters?



	Observations:





















[bookmark: _Toc256415032]
Considering the Questions
Let’s now consider each of the two questions that were presented at the beginning of Lesson #5. 
· What is your recommendation for the Vehicle Extension time, based on your recommended desired maximum headway?
If the detection zone length was longer than 22 feet, would your recommended Vehicle Extension time value be higher or lower?

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 Lesson #5.


	Answers to questions:
























[bookmark: _Toc256415033]Lesson #6: Design Exercise-Setting The Minimum Green Time And The Vehicle Extension Time
[bookmark: _Toc256415034]Learning Outcome
Be able to set the Minimum Green time and the Vehicle Extension time, balancing risks of early termination and inefficient green extension.
[bookmark: _Toc256415035]Overview
In the previous lessons, you learned about the effect of detection zone length on the duration of the green indication, the effect of the Minimum Green time in ensuring that a queue has sufficient time to begin to move at the beginning of the green indication, and the importance of the Vehicle Extension time in ensuring that the green indication extends long enough to serve a queue but not any longer.  

In Lesson #6, you will set the Minimum Green time and the Vehicle Extension time for traffic conditions that you might find in the real world.  This Lesson includes four separate green intervals for the SB approach, with a mix of passenger cars and heavy vehicles, and a range of driver behavior characteristics.  As before, the detection zone length is 22 feet.  As a starting point, the Minimum Green time is set to 10 seconds and the Vehicle Extension time is set to 5 seconds. 

How do you determine “efficient” operations, balancing the risks of early termination in which a queue is not served before the end of green (known as “cycle failure”) and inefficiently long green time (in which the queue clears but the phase continues to time)?  The following are criteria that you can use to refine your design, from the initial settings of Minimum Green time and Vehicle Extension time.
The phase is not extended inefficiently for a very short queue.
The phase extends long enough to clear the standing queue.
The phase doesn’t extend beyond the time that it takes for the queue to clear.
[bookmark: _Toc256415036]Questions to Consider
As you begin Lesson #6, consider the following questions.  You will come back to these questions once you have completed Lesson #6.
What are the primary characteristics of the traffic streams for each of the four cycles that you observed that will affect the settings for the Minimum Green time and the Vehicle Extension time?
What changes did you make to the given settings?
What are some of the trade-offs that you considered in setting the values for these two timing parameters?
Have you met the criteria established above?
[bookmark: _Toc256415037]List of Steps
You will follow these steps during Lesson #6:
Start the MOST software tool and open the input file.
Observe the simulation of the SB approach with the given values of Minimum Green time and Vehicle Extension time.
Lesson with the Minimum Green time setting for phase 4.
Lesson with the Vehicle Extension time setting for phase 4.
Continue to Lesson with the values of these two timing parameters until you reasonably meet the criteria listed below.
Prepare a justification of your recommended parameters.


[bookmark: _Toc256415038]Running the Experiment
Step 1. Start the MOST software tool and open the input file.
Start the MOST software tool and select “Open File.”
Locate the “MOST input files” folder.
Go to the “Lab2” folder, then the “Exp6” folder.
Open the file: “lab2-exp6.inp.”

Step 2. Observe the simulation of the SB approach with the given values of Minimum Green time and Vehicle Extension time.
Verify that the Minimum Green time and the Vehicle Extension time for phase 4 are set to 10 seconds and 5 seconds, respectively.
Set “Pause At” to 50.9, and click “Run Mode.”
Observe the operation of the SB approach for four cycles beginning at t = 51.0.  Describe the major characteristics of the traffic stream for each cycle.  Identify any problems with the operations of the intersection that you think can be solved with changes to the given settings of the Minimum Green time and the Vehicle Extension time.  Record your observations in the box on the right.
An example of an observation would be: “The green indication extended well beyond the time that the last vehicle demanded service on the SB approach.”




	Observations:





































Step 3. Experiment with the Minimum Green time setting for phase 4.
Based on your initial observations of the traffic flow characteristics, modify the value of the Minimum Green time setting for phase 4.
Re-run the simulation.
Do the changes that you tried make any difference in the traffic flow?
Document the results of your experiment in the box on the right.



	Observations:






































Step 4. Experiment with the Vehicle Extension time setting for phase 4.
Based on your initial observations of the traffic flow characteristics, modify the value of the Vehicle Extension time setting for phase 4.
Re-run the simulation.
Do the changes that you tried make any difference in the traffic flow?
Document the results of your experiment in the box on the right.




	Observations:




































Step 5. Continue to experiment with the values of these two timing parameters until you reasonably meet the criteria listed below.
Re-run the simulation, making any further changes to the Minimum Green time and/or the Vehicle Extension time so that you meet the three criteria listed below.
Document the results of your experiments in the box on the right.

Criteria:
The phase is not extended inefficiently for a very short queue.
The phase extends long enough to clear the standing queue.
The phase doesn’t extend beyond the time that it takes for the queue to clear.

Step 6. Prepare a justification of your recommended parameters.
Document the values of Minimum Green time and Vehicle Extension time that you recommend for this intersection.
Write a brief justification of these recommended values in the box on the right.



	Observations:
















	Justification:




















[bookmark: _Toc256415039]Considering the Questions
Let’s now consider the questions that were presented at the beginning of Lesson #6. 
· What are the primary characteristics of the traffic streams for each of the four cycles that you observed that will affect the settings for the Minimum Green time and the Vehicle Extension time?
What changes did you make to the given settings?
What are some of the trade-offs that you considered in setting the values for these two timing parameters?
Have you met the criteria established above?

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 Lesson #6.





	Answers to questions:























[bookmark: _Toc256415040]Closure: Summary Of Key Points Learned
In Module #2, you looked at the factors that should be considered when the Minimum Green time and the Vehicle Extension time parameters are set, for a given length of the detection zone. It should be pointed out that we’ve only considered stop bar detection, and other detection zone configurations will result in different results.

You saw in Lesson #1 how a phase times, and two common ways in which a phase is terminated:  (1) the Minimum Green and Vehicle Extension timers both expire, resulting in a “gap out,” and (2) the Maximum Green timer expires, resulting in a “max out.”

You saw in Lesson #2 that the detection zone itself can provide some extension of the green as vehicles arrive at the intersection and enter the zone.  A longer zone provides more of this extension capability.  

In Lesson #3, you learned how the Minimum Green time must be set long enough so that the queue begins to move but short enough so that the phase doesn’t extend inefficiently when very short queues are present.

In Lessons #4 and #5, you learned about the desired maximum headway, how it relates to the unoccupancy time, and how both factors help to set the Vehicle Extension time.

Finally, in Lesson #6, you experimented with the Minimum Green time and Vehicle Extension time settings for a case with a wide range of conditions.  In practice, you need to decide what conditions you will tolerate.  Do we want to risk that the green will terminate too soon and leave some vehicles unserved or that the green will not terminate soon enough, resulting in wasted green time?  Balancing these risks is one of the keys to efficient and effective signal timing.

It should also be noted that some agencies use 40 foot, 60 foot, and occasionally longer detection zones to keep Minimum Green and Vehicle Extension times to their lowest practical values.

In Module #3, you will learn how the timing parameters on one approach affect the operation on the other approaches and the intersection overall.


[bookmark: _Toc256415041]Glossary
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.

	Term
	Definition

	Actuated Signal Control
	A type of signal control in which the timing of each phase is at least partially controlled by detector actuations.


	Actuation
	The operation of any type of detector.

	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.


	Gap Out
	A method of terminating a phase resulting when the Passage Timer expires.


	Interval
	The duration of time during which the indications do not change their state (active or off). Typically, one or more timing parameters control the duration of an interval. The green interval duration is controlled by a number of parameters including minimum time, maximum time, and gap time.


	Isolated intersection
	An intersection located outside the influence of and not coordinated with other signalized intersections, commonly one mile or more from other signalized intersections.


	Max Out
	A method of terminating a phase resulting when the Maximum Green time for the phase is reached. 


	Maximum Green
	The maximum length of time that a phase can be green in the presence of a conflicting call.


	Minimum Green
	The minimum amount of time for a green indication that must be given to a phase. 


	Movement
	A path of travel through an intersection that is regulated by a signal indication. Typical vehicle movements are left, through, and right. 


	Passage Time
	A parameter that specifies the maximum allowable duration of time between vehicle calls on a phase before the phase is terminated (Also called Vehicle Interval, Gap, Passage Gap, or Unit Extension) [Note: the term Vehicle Extension (in lieu of “Phase Time”) is used in this text, as this is the terminology used by the Econolite ASC/3 traffic controller, the controller that is part of the MOST simulation environment.] 


	Phase
	A timing unit associated with the control of one or more indications or movements. 


	Serviceable Conflicting Call
	A call that occurs on a conflicting phase not having the right-of-way at the time the call is placed.


	Unoccupancy time
	The time that a detection zone is unoccupied, measured from the departure of the rear end of one vehicle from the zone to the arrival of the front end of the following vehicle in the detection zone.  [Note: This term is sometimes referred to as “gap time.”]
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