
Module 3
Developing Timing Plans for Efficient Intersection Operations During Moderate Traffic Volume Conditions
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[bookmark: _Toc256416216]Introduction
[bookmark: _Toc256416217]Purpose
In Module 2 you studied the operation of the minor street approach and determined the value of the Vehicle Extension time and the Minimum Green time that would provide sufficient time for the queue to begin to move, and to extend the green for as long as a queue existed, but no longer.  The focus was on the traffic flow and signal timing for the minor street only, with no consideration of the major street.

In this module, you will consider the operation of both the major street and minor street approaches together.  You will see how choosing the timing parameters on one approach affect the operation on the other approach as well as the intersection as a whole.  We will again assume stop bar presence detection on both the major and minor streets, with moderate traffic volumes.
[bookmark: _Toc256416218]Goals and Learning Outcomes
The goal for Module 3 is to develop a timing plan for a signalized intersection with moderate traffic volumes.

When you have completed Module 3 you will:
Be able to compare the operation of the intersection with low and high values of Vehicle Extension time and understand the consequences of both alternatives.
Be able to determine the effect of the minor street Vehicle Extension time setting on the efficiency of major street and intersection operations.
Be able to determine pedestrian timing parameters using Manual of Uniform Traffic Control Devices (MUTCD) procedures.
Be able to determine the Maximum Green time and understand its effect on intersection operations.
Be able to set the timing parameters (Minimum Green time, Vehicle Extension time, and Maximum Green time) for both approaches of an intersection.
[bookmark: _Toc256416219]Organization and Time Allocation
Module 3 is divided into four lessons.  The approximate time allocated to each lesson is listed in Table 1.

[bookmark: _Ref200685651]Table 1 Module sections and approximate completion times
	Lesson
	Title
	Approximate Time (min)

	1
	Determining the effect of minor street Vehicle Extension time on intersection operations
	60

	2
	Determining pedestrian timing parameters 
	30

	3
	Determining the effect of Maximum Green time on intersection operations
	45

	4
	Design exercise- setting timing parameters for both approaches of an intersection
	60

	
	Closure: Summary of key points learned
	15
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[bookmark: _Toc256416220]Lesson #1: Determining The Effect Of Minor Street Vehicle Extension Time On Intersection Operations
[bookmark: _Toc256416221]Learning Outcome
Be able to determine the effect of the minor street Vehicle Extension setting on the efficiency of major street and intersection operations.
[bookmark: _Toc256416222]Overview
In this lesson you will observe the operation of both approaches at the intersection of State Highway 8 and Line Street.  An aerial view of the intersection, looking toward the south, is shown in Figure 1.  State Highway 8 has a five to six lane cross section, while Line Street has a three lane cross section (see Figure 2).  In this lesson, both approaches have stop bar presence detection with a zone length of 22 feet.  The volumes are moderate, with 1400 vehicles per hour on the EB approach and 600 vehicles per hour on the SB approach.

The intent here is to vary the Vehicle Extension time on phase 4 serving the SB Line Street (minor street) approach and to observe the effect of each setting on the queuing experienced by motorists on both the major and minor streets.  The Minimum Green time has been set to 5 seconds and will not be varied in this lesson.

You will consider two different settings of Vehicle Extension time: 2 seconds and 5 seconds.  Both queue length and green time duration will be considered in evaluating the performance of these alternatives.  You will also learn the relationship of green time duration and cycle length on the delay experienced by motorists at the intersection.

[image: ]
[bookmark: _Ref200876598]Figure 1 Aerial photo for State Highway 8 and Line Street
[image: ]
[bookmark: _Ref200876625]Figure 2 Line St SB approach

[bookmark: _Toc256416223]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 EB and SB approach queue lengths vary given the two Vehicle Extension time values used for the SB approach?
How does an increase in the SB approach Vehicle Extension time affect the EB green interval duration?
How does the increase in the SB approach Vehicle Extension time affect the cycle length?
What effect does the Vehicle Extension time have on the delay experienced for these two cases?
[bookmark: _Toc256416224]List of Steps
You will follow these steps during this experiment:
Open the movie file.
Adjust play speed setting.
Observe the operation of both approaches at the intersection as well as the signal status data.
Observe and record the queue lengths and start/end of green intervals.
Summarize your data.
[bookmark: _Toc256416225]
Running the Experiment
You will consider two different settings of Vehicle Extension time on the minor street (SB approach) and how these different settings affect the queuing and green time duration experienced on both approaches.

The animation file for this experiment (see Figure 3) shows side-by-side windows for the two different cases:

Left window (case 1): the Vehicle Extension time for both the SB approach and EB approach is 2 seconds.  
Right window (case 2): the Vehicle Extension time for the SB approach is set to 5 seconds whereas the Vehicle Extension time for the EB approach remains at 2 seconds. 

To assess the traffic operations quality in terms of queue length, duration of green time, and cycle length, you need to do the following:

“Beginning of green” data collection:  Once the signal indication for an approach turns green, pause the animation and record the length of the queue and the simulation time the signal indication turns green. 
“End of green” data collection:  Once the signal indication for the approach turns red, pause the animation and record the simulation time the signal indication turns red.  

IMPORTANT REMINDER:
You will use these data collection steps frequently to assess the quality of traffic operations.  It is important to pay attention to how these data are collected.  To assist you, visual prompts have been added to the .wmv file to illustrate key events and times.

[image: ]
[bookmark: _Ref200876880]Figure 3 Side-by-side animation window





Step 1. Open the movie file.
Locate the “MOST input files” folder.
Go to the “Lab3” folder, then the “Exp1” folder.
Open the file: “lab3-exp1.wmv.”

Step 2. Adjust play speed setting.
In Windows Media Player, select “Now Playing,” then select “Enhancements,” and click on “Play Speed Settings” (Figure 4, top). 
A “Play Speed Setting” tool box will appear in the left lower corner of Windows Media Player. The sliding ruler will allow you to adjust the speed of the animation (Figure 4, bottom). 
Select “Play” in Windows Media Player.
Select the speed with which you are most comfortable.  You may need to use trial and error to find the speed that is best for you.  
[Note: When an event of interest occurs, press the “Pause” button to record the pertinent information.]
[Note: If you miss the time when you should begin collecting data, you can move the simulation backwards using Windows Media Player.]




[image: ]

[bookmark: _Ref181706207]Figure 4 Adjusting play speed setting in Windows Media Player


Step 3. Observe the operation of both approaches at the intersection as well as the signal status data.
[Note: Case 1 is in the left window and case 2 is in the right window.]
Before starting the animation file, make sure you identify the simulation time clock in both windows (see red circles in Figure 5). You will use this clock to record the beginning and ending of green.  This animation starts at the simulation time of t = 446.8 seconds and ends at t = 761.4, a total time of a little more than five minutes.
Figure 6 shows the side-by-side animation that you will observe.  Scales have been provided to show the length of the queues (in vehicles) along the SB and EB intersection approaches.  The ASC/3 controller status windows are also shown so that you can follow the timing processes.  Finally, notes will pop up periodically to point out points for you to observe.  For example, for case 2, the note in Figure 6 shows that cycle 1 is timing, the EB green begins at 450.9 seconds, and there are 31 vehicles in the queue.
Don’t collect any data during this first observation.  Just watch and observe. Note especially the differences that you see between case 1 (the left window) and case 2 (the right window).  Make notes regarding your observations in the box at right.


[image: ]
[bookmark: _Ref200687802]Figure 5 Simulation time in animation windows

[image: ]
[bookmark: _Ref200706900]Figure 6 Case 1 and case 2 at t = 450.9
	Observations:










Step 4. Observe and record the queue lengths and start/end of green intervals.
Start the animation at the beginning.  The VISSIM simulation time clock should read t = 446.8.
Record the queue length at the beginning of green and the simulation times for the beginning and ending of green for case 1 (in Table 2) and case 2 (in Table 3). 
For example, for case 2, the green indication for the EB approach turns green at t = 450.9 seconds (see Figure 6).  If you pause the animation at this point you will see that there are 31 vehicles in the queue at the beginning of green. These two data points have been recorded for you in Table 3.
Continue recording the queue length and the start and end of green time for each phase for both cases until the final SB phase ends at t = 752.8 seconds.  You have space to record data for five cycles for case 1 and four cycles for case 2.
Compute the green duration by taking the difference between the Green end and the Green begin times.
Compute mean values for the green duration and queue length and record these values in the last row of each table.
[bookmark: _Ref181690009]
Table 2 Data collection table for queue and display status for case 1 (SB Vehicle Extension time of 2.0 seconds) (Left window)
	Cycle
	SB
	EB

	
	Green start, sec
	Green end, sec
	Vehicles in queue, start of green
	Green duration, sec
	Green start, sec
	Green end, sec
	Vehicles in queue, start of green
	Green duration, sec

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	Mean
	
	
	Mean
	
	



[bookmark: _Ref200690163]Table 3 Data collection table for queue and display status for case 2 (SB Vehicle Extension time of 5.0 seconds) (Right window)
	Cycle
	SB
	EB

	
	Green start, sec
	Green end, sec
	Vehicles in queue, start of green
	Green duration, sec
	Green start, sec
	Green end, sec
	Vehicles in queue, start of green
	Green duration, sec

	1
	
	
	
	
	450.9
	
	31
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	Mean
	
	
	Mean
	
	




Step 5. Summarize your data.  
Copy the “green start” data for the SB and EB approaches from Table 2 and Table 3, into the appropriate cells in Table 5 and Table 5.  Compute the length for each cycle, by taking the difference between the “green start” for each pair of consecutive cycles.  Then compute the mean cycle length for each case.
Based on the data that you recorded in Table 2, Table 3, Table 5 and Table 5, use Table 6 to summarize the average green duration, cycle length, and queue length for cases 1 and 2. 
Study the results shown in the tables and prepare a summary of your observations in the box on the right.



Table 4 Data summary, SB approach
	Cycle
	Case 1
	Case 2

	
	Green start
	Cycle length
	Green start
	Cycle length

	1
	
	
	
	

	
	
	
	
	

	2
	
	
	
	

	
	
	
	
	

	3
	
	
	
	

	
	
	
	
	

	4
	
	
	
	

	
	
	
	
	

	5
	
	
	
	

	
	
	
	
	

	
	Mean
	
	Mean
	



[bookmark: _Ref200692262][bookmark: _Ref200691111]
Table 5 Data summary, EB approach
	Cycle
	Case 1
	Case 2

	
	Green start
	Cycle length
	Green start
	Cycle length

	1
	
	
	
	

	
	
	
	
	

	2
	
	
	
	

	
	
	
	
	

	3
	
	
	
	

	
	
	
	
	

	4
	
	
	
	

	
	
	
	
	

	5
	
	
	
	

	
	
	
	
	

	
	Mean
	
	Mean
	



[bookmark: _Ref200692415]Table 6 Mean values for Cases 1 and 2
	
	SB
	EB

	
	Case 1
	Case 2
	Case 1
	Case 2

	Green duration, sec
	

	
	
	

	Cycle length, sec
	

	
	
	

	Queue length, vehicles
	

	
	
	



	Observations:



[bookmark: _Toc256416226]Considering the Questions
Let’s now consider each of the four questions that were presented at the beginning of this experiment.
How do the EB and SB approach queue lengths vary given the two Vehicle Extension time values used for the SB approach?
How does an increase in the SB approach Vehicle Extension affect the EB green interval duration?
How does the increase in the SB approach Vehicle Extension affect the cycle length?
What effect does the Vehicle Extension time have on the delay experienced for these two cases?

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:






































[bookmark: _Toc256416227]Lesson #2: Determining Pedestrian Timing Parameters 
[bookmark: _Toc256416228]Learning Outcome
Be able to determine the pedestrian clearance interval and understand its effect on intersection operations. 
[bookmark: _Toc256416229]Overview
Traffic control systems serve not only vehicles, but other users as well.  In Lesson #2 you will consider how to serve pedestrians at a signalized intersection.  You will learn the procedure for calculating the pedestrian clearance interval, observe the pedestrian timing process, and see the effect of the pedestrian timing parameters on the operation of the intersection.

There are two basic pedestrian timing parameters: the Walk interval and the pedestrian clearance interval. The Walk interval gives the pedestrian enough time to see and react to the Walk indication and start crossing the street. The Manual of Uniform Traffic Control Devices (MUTCD) [4] suggests several values for the duration of the walk interval depending on the pedestrian volume. 
· The duration of the Walk interval should be 4 seconds for negligible pedestrian volumes. 
· For typical pedestrian volume and shorter cycle lengths, the Walk interval should be 7 seconds long. 
· For typical pedestrian volumes and longer cycle lengths, the Walk interval should be between 7 and 10 seconds. 
· For high pedestrian volumes areas, such as schools, central business districts, and sports venues, the Walk interval should be between 10 and 15 seconds.  
  
Once the Walk interval times out, the pedestrian clearance interval begins. The purpose of the pedestrian clearance interval is to give a pedestrian leaving the curb at the end of the Walk interval enough time to reach at least the center of the farthest traveled lane or a median of sufficient width for the pedestrian to wait. 

The duration of the pedestrian clearance interval depends on the street width that the pedestrian must cross. It is calculated as the ratio of the crossing distance and walking speed. The MUTCD recommends a walking speed of 4 feet per second for this calculation.

Please see section 4E.10 of the MUTCD for specific details regarding pedestrian timing.
[bookmark: _Toc256416230]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 duration of the pedestrian clearance interval do you recommend for each approach?
What are the components of the pedestrian timing process and how do they relate to the concurrent vehicle timing process components?
What effect do the pedestrian timing parameters have on the duration of the green indication?
[bookmark: _Toc256416231]List of Steps 
You will follow these steps during this experiment:
Compute the pedestrian clearance interval.
Start the MOST software tool and open the input file.
Enter the pedestrian timing parameters.
Observe the pedestrian and vehicle timing processes for one green interval.
Observe the SB approach (phase 4) for two green intervals.


[bookmark: _Toc256416232]Running the Experiment
Step 1. Compute the pedestrian clearance interval.
We will assume a walk interval of 7 seconds and a walking speed of 4 ft/sec.  
Based on the dimensions shown in Figure 7, calculate the length of the pedestrian clearance interval for both intersection approaches.  
Record your results in Table 7.



[image: ]
[bookmark: _Ref201134083]Figure 7 Intersection widths
[bookmark: _Ref201134064]Table 7 Calculation of pedestrian clearance interval
	
	State Highway 8
	Line Street

	Approach width (ft)
	  

	

	Assumed walk speed, ft/sec
	

	

	Pedestrian clearance interval (sec)
	
	





Step 2. Start the MOST software tool and open the input file.
Start the MOST software tool and select “Open File.”
Locate the “MOST input files” folders.
Go to the “Lab3” folder, then the “Exp2” folder.  
Open the file: “lab3-exp2.inp.”

Step 3. Enter the pedestrian timing parameters.
Select “Open ASC/3 Database Editor.”
Select controller number 2021 to edit.
Select the “Controller” tab on the ASC/3 Database Editor.  (See Figure 8.)
Check that the correct settings have been entered for the pedestrian timing parameter values for phase 4.
Save and close the database editor.


[image: ]
[bookmark: _Ref201206563]Figure 8 ASC/3 Database Editor screen, "Controller" tab


Step 4. Observe the pedestrian and vehicle timing processes for one green interval.
Set “Pause At” to 14.3.
Start the simulation using the “Run Mode” button.
Select the status screen on the ASC/3 controller.
Restart the simulation using the “Run Mode” button when the simulation reaches t = 14.4.
Set “Simulation Speed” to 0.5.
Set “Pause At” to 76.2.
Observe the timing processes that are active for phase 4 beginning at t = 14.4, through the end of the green indication (t = 41.4).  Record the timing processes that you observe in the box at right.  You can pause the simulation at appropriate times during this interval to note the current status of the controller.  Or, you can “Single Step” the simulation to allow better observation of the timing processes.
· What pedestrian timing components are visible in the ASC/3 status screen while phase 4 is timing?
· What vehicle timing components are visible while phase 4 is timing?
· How are pedestrian calls for service shown in the ASC/3 status screen?




	Observations:






































Step 5. Observe the SB approach (phase 4) for two green intervals.
Make sure that the simulation time is 76.3, the start of the green indication of the SB approach (phase 4).  This time is recorded in Table 8.  [Note that the green time for the next interval, interval 3, has been recorded also in the table.]
Start the simulation using the “Run Mode” button.
Observe the vehicle and pedestrian flows for the SB approach; also observe the timing processes for both the vehicle and pedestrian timing components.
Record the following data:
· The number of vehicles in the queue at the start of green for both intervals.  
· The number of pedestrians crossing the street.
· The time that the last vehicle in the queue enters the intersection.
Calculate the following:
· The green duration (difference between the “yellow start” and the “green start”). 
· The unused green time, the time interval from the last vehicle entering the intersection and the “yellow start.” 






[bookmark: _Ref201139307]Table 8 Data collection table
	
	Phase 4

	
	Interval 2
	Interval 3

	Green start

	76.3
	141.6

	Vehicles in queue at start of green

	
	

	Number of pedestrians crossing during green
	
	

	Time last vehicle enters intersection
	
	

	Yellow start

	
	

	Green duration

	
	

	Interval from last vehicle entering intersection to yellow start
	
	




[bookmark: _Ref191829068]

[bookmark: _Toc256416233]Considering the Questions
Let’s now consider the questions that were presented at the beginning of this experiment.
· What duration of the pedestrian clearance interval do you recommend for each approach?
· What are the components of the pedestrian timing process and how do they relate to the concurrent vehicle timing process components?
· What effect do the pedestrian timing parameters have on the duration 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 this experiment.



	Answers to questions:







































[bookmark: _Toc256416234]Lesson #3: Determining The Effect Of Maximum Green Time On Intersection Operations
[bookmark: _Toc256416235]Learning Outcome
Describe the advantages and disadvantages of increasing Maximum Green time on intersection operations.
[bookmark: _Toc256416236]Overview
In the two previous lessons, you observed the effects of minor street timing parameters and the pedestrian timing parameters on the operation of the intersection.

In this lesson, you will observe two cases, each focusing on the westbound approach of the major street, State Highway 8.  In the first case, the Maximum Green time is set to 40 seconds.  The demand is relatively high (1700 vehicles per hour across two lanes) on the westbound approach and the green time displayed is not sufficient to serve the demand.  In the second case, the Maximum Green time is set at 60 seconds in an effort to serve more of the demand.  But this change also has implications that must be considered for the operation of the intersection.  
[bookmark: _Toc256416237]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:
Are all of the vehicles in the initial queue on the WB approach served before the end of each green interval?
What is the mechanism for termination of the phase serving the westbound approach?
What are the advantages and disadvantages of the 40 second maximum green time for the operation of case 1?
What are the advantages and disadvantages of the 60 second Maximum Green time for the operation of case 2?
Which Maximum Green time setting would you select and why?
[bookmark: _Toc256416238]
List of Steps
You will follow these steps during this experiment:
Open the movie files.
Observe the operation of case 1 and record your observations.
Observe the operation of case 2 and record your observations.
Identify the pros and cons of the two different maximum green time settings on the westbound approach and on the overall performance of the intersection.

[image: ]
Figure 9 Lesson #3 movie file

[bookmark: _Toc256416239]Running the Experiment
In this experiment, you will observe the operation of two cases, each with different Maximum Green times.  Each case includes four cycles, focusing on the westbound approach.  You will be asked to look at three things:
What is the length of the queue at the beginning of each of the four green intervals on the westbound approach?
How does the westbound phase terminate during each of the four cycles in each case?
Are there vehicles from the westbound queue still unserved at the end of the green interval?

Step 1. Open the movie file.
Locate the “MOST input files” folder.
Go to the “Lab3” folder, then the “Exp3” folder.
Open the file: “lab3-exp3-40sec.wmv.”

Step 2. Observe the operation of case 1 and record your observations.
Watch the entire video.  It is nearly 3.5 minutes in length.  Pay attention to the three questions listed at the top of this page.
Note your observations in the box provided on the right.

Step 3. Open the movie file.
Locate the “MOST input files” folder.
Go to the “Lab3” folder, then the “Exp3” folder.
Open the file: “lab3-exp3-60sec.wmv.”

Step 4. Observe the operation of case 2 and record your observations.
Watch the entire video.  It is nearly 4 minutes in length.  Pay attention to the three questions listed at the top of this page.
Note your observations in the box provided on the right.


	Case 1 (40 second Maximum Green time):


















	Case 2 (60 second Maximum Green time):





















Step 5. Identify the pros and cons of the two different Maximum Green time settings on the westbound approach and on the overall performance of the intersection.
Consider what you observed for both cases and recorded in the boxes on the previous page.  Summarize the pros and cons of each case in the box on the right.



	Pros and cons of each Maximum Green time setting:






































[bookmark: _Toc256416240]Considering the Questions
Let’s now consider the questions that were presented at the beginning of this lesson.
Are all of the vehicles in the initial queue on the WB approach served before the end of each green interval?
What is the mechanism for termination of the phase serving the westbound approach?
What are the advantages and disadvantages of the 40 second Maximum Green time for the operation of case 1?
What are the advantages and disadvantages of the 60 second Maximum Green time for the operation of case 2?
Which Maximum Green time setting would you select and why?

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:






































[bookmark: _Toc256416241]Lesson #4: Design Exercise- Setting Timing Parameters For Both Approaches Of An Intersection
[bookmark: _Toc256416242]Learning Outcome
Be able to set the primary timing parameters (Minimum Green time, Vehicle Extension time and Maximum Green time) for both approaches of an intersection, balancing the performance of both the minor street and major street. 
[bookmark: _Toc256416243]Overview
In previous lessons in this module, you learned:
How to assess the impact of the timing parameter settings of one phase on the performance of the other phases and on the overall intersection.  
That using a longer Vehicle Extension time for one phase increased the green interval duration for the same phase, and increased the delay on approaches served by other phases.
That increasing the Maximum Green time solves the phase failure problem for one approach causing higher delay on the other. 

Previously, in Module 2, you learned:
The effect that detection zone length had on the duration of the green indication. 
The effect that the Minimum Green time has in ensuring that a queue has sufficient time to begin to move at the beginning of the green indication. 
The importance of Vehicle Extension time in ensuring that the green indication extends long enough to serve a queue but not any longer.  

In this lesson, you will consider these timing parameters, the traffic flow on the intersection approaches, and the length of the detection zone.  You will set the Minimum Green time and the Vehicle Extension time for both approaches, balancing the performance of both minor street and major street approaches to achieve efficient intersection operations. You will also investigate the necessity of adjusting the Maximum Green time. 

The traffic conditions in the experiment are similar to those you might find in the real world, with a mix of passenger cars and heavy vehicles, and a range of driver behavior characteristics.  The detection zone length for the SB approach is 22 feet.  The detection zone length for the EB approach is 66 feet, a longer zone length than you have considered in previous experiments.

How do you fine tune the timing parameters for both approaches to reach “efficient” operations, balancing the performance of both minor street and major street approaches? Additionally, and for each approach, how do you set the timing parameters to balance the risks of early termination of green and inefficiently long green time?  Consider the criteria that you used in Module 2 for efficient phase operations:
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.

In addition to these three criteria, the following criteria could also be considered to achieve intersection operational efficiency:
The major street green time should be extended to serve vehicles arriving after the queue clears without causing excessive delay to the minor street traffic.
The Maximum Green time should be increased in case of phase failure when a phase terminates by maxing out.


[bookmark: _Toc256416244]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 indicators of inefficient intersection operations?  What are the indicators of efficient operations?
Based on your observations of the conditions for this experiment, what specific changes would you make to the given signal timing settings?
After implementing these changes, did you meet the criteria established in Section 6.2?
[bookmark: _Toc256416245]List of Steps
You will follow these steps during this experiment:
Start the MOST software tool and open the input file.
Observe the simulation of both intersection approaches using the given values of Minimum Green time, Vehicle Extension time and Maximum Green time.
Experiment with the Minimum Green time setting for phases 2 and 4.
Experiment with the Vehicle Extension time setting for phases 2 and 4.
Experiment with the Maximum Green time setting for phases 2 and 4.
Continue to experiment with the values of these three timing parameters until you reasonably meet the criteria listed above.
Prepare a justification of your recommended parameters.


[bookmark: _Toc256416246]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 “Lab3” folder, then the “Exp4” folder.
Open the file: “lab3-exp4.inp.”

Step 2. Observe the simulation of both intersection approaches using the given values of Minimum Green time, Vehicle Extension time, and Maximum Green time.
Verify that the vehicle timing parameters have been set correctly:
· For phase 2: the Minimum Green time is set to 10 seconds, the Vehicle Extension time is set to 2 seconds and the Maximum Green time is set to 40 seconds.
· For phase 4: the Minimum Green time is set to 10 seconds, the Vehicle Extension time is set to 5 seconds and the Maximum Green time is set to 40 seconds.
Observe the operation of the EB and SB approaches for four cycles beginning at t = 32.  Identify any problems with the operations of the intersection that you think can be solved with changes to the settings of the Minimum Green time, the Vehicle Extension time and the Maximum Green 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 2. Experiment with the Minimum Green time setting for phases 2 and 4.
Based on your initial observations of the traffic flow characteristics, modify the value of the Minimum Green time setting for phases 2 and 4.
Re-run the simulation.
Do these changes make any difference in the traffic flow?
Document the results of your experiment in the box on the right.



	Observations:





































Step 3. Experiment with the Vehicle Extension time setting for phases 2 and 4.
Based on your initial observations of the traffic flow characteristics, modify the value of the Vehicle Extension time setting for phases 2 and 4.
Re-run the simulation.
Do these changes make any difference in the traffic flow?
Document the results of your experiment in the box on the right.

Step 4. Experiment with the Maximum Green time setting for phases 2 and 4. 
Based on your initial observations of the traffic flow characteristics, modify the value of the Maximum Green time setting for phases 2 and 4.
Re-run the simulation.
Do these changes make any difference in the traffic flow?
Document the results of your experiment in the box on the right.


	Observations (Step 3):


















	Observations (Step 4):



















Step 5. Continue to experiment with the values of these three 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 and Maximum Green time so that you meet the five 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.
The major street green time is extended to serve vehicles arriving after the queue clears without causing excessive delay to the minor street traffic.
The Maximum Green time should be increased in case of phase failure when a phase terminates by maxing out.

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



	Observations:
















	Justification:





















[bookmark: _Toc256416247]Considering the Questions
Let’s now consider the questions that were presented at the beginning of this experiment. 
What are the indicators of inefficient intersection operations?  What are the indicators of efficient operations?
Based on your observations of the conditions for this experiment, what specific changes would you make to the given signal timing settings?
After implementing these changes, did you meet the criteria established in Section 6.2?

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:





































[bookmark: _Toc256416248]Closure: Summary Of Key Points Learned
In this module, you examined the factors that should be considered when setting the timing parameters for both approaches of an intersection.  

In Lesson #1, you observed the effect of long Vehicle Extension times: longer delay on both approaches, an inefficient result.

In Lesson #2, you learned how to set the pedestrian clearance interval, and observed its effect on the duration of the green (vehicle) interval.

In Lesson #3, you learned the pros and cons of increasing the Maximum Green time in order to solve the problem of phase failure. You observed that there are pros and cons with increasing the Maximum Green time, particularly as it affects the delay on the other approaches.

Finally, in Lesson #4, you observed the intersection operations with a range of settings for the Minimum Green time, the Vehicle Extension time, and the Maximum Green time.  You observed the trade-offs in the setting of the Vehicle Extension time, especially on the major street, in serving “following platoons,” vehicles that arrive with short headways soon after the initial queue has been served.  Again, you observed the importance in concurrently considering the detection zone length, the Minimum Green time, and Vehicle Extension time to produce an efficient operation.  The effect of the zone length on these timing parameter settings is clear: a longer zone length means shorter unoccupancy times and thus short values for both the Minimum Green time and the Vehicle Extension time.

In Module 4, you will learn how higher speeds on the major street approach sometimes require a different approach to detection and timing.







[bookmark: _Toc246058929][bookmark: _Toc256416249]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.]

	Pedestrian Clearance Interval
	The first clearance interval for the pedestrian signal following the pedestrian Walk indication.

	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 downstream departure of the rear end of one vehicle to the upstream arrival of the front end of the following vehicle in the detection zone.  [Note: This term is also referred to as Gap Time.]

	Walk Interval
	An indication providing right-of-way to pedestrians during a phase.
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