MOST – Hands On Signal Timing (Isolated Intersections)	Instructor Guide







Module 2:
Effect of Detector and Timing Parameters on the Operation of the Cross Street of an Isolated Intersection
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	Key Message:
	This module includes six lessons, each with an experiment designed to help the students better understand the interrelationships between the detection zone length and placement, the Minimum Green time, and the Vehicle Extension time.  The lessons will focus on the operation of one approach, the cross street of an isolated intersection

	Background Information:
	In module 2, the southbound approach (phase 4) is the subject approach.

	Interactivity:
	Tell: 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.

	Notes:
	This introduction is included on page 2-1 of the Participant Workbook.
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	Key Message:
	This module has specific goals and learning outcomes.

	Background Information:
	NA

	Interactivity:
	Tell: 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. 

	Notes:
	NA












Lesson 1:
How A Traffic Phase Times

20 Minutes



Lesson 1: How A Traffic Phase Times
	Lesson Number:
	1

	Lesson Title:
	How A Traffic Phase Times

	Performance-Based Learning Outcomes
	Be able to describe the two primary methods for the termination of a traffic phase at an isolated intersection.

	Instructional Method:

Lecture/
Presentation
	Instructor Presentation/Interactive Discussion (5 minutes)
The instructors will use a slide presentation to provide the introduction to the lesson and the experiment that is included in the lesson.  They will:
Describe the learning outcomes for the lesson.
Provide an overview.
List the questions that the students will consider once the experiment has been completed.
List the steps to be followed in the experiment.

Experiment (5 minutes)
The students will observe a movie file showing traffic flow at an intersection as well as the associated detection, timing, and display processes.

Discussion (10 minutes)
The instructor will lead the students through a discussion of the “questions to consider”, their observations from the experiment, and their answers to the questions.

	Instruction Day:
	Day 1: A.M.

	Time Allocation:
	Instructor Presentation/Interactive Discussion – 5 minutes
Experiment - 5 minutes
Discussion – 15 minutes

	Evaluation Plan:
	Participants learning will be evaluated based on their participation in the discussion of the results from the experiment.

	References:
	Participant Workbook, pages 2-2 through 2-5.
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	Key Message:
	Introduction to Lesson 1, How a Traffic Phase Times

	Background Information:
	The learning outcome for this lesson:
Be able to describe the two primary methods for the termination of a traffic phase at an isolated intersection.

	Interactivity:
	Tell: Turn to page 2-2 of your workbook.  This page lists the learning objective for this experiment, an overview of the experiment, the questions that you will answer once you’ve finished the experiment, and the list of steps that you will complete during the experiment.

Take about two minutes to read this page.

[Once they have completed reading the page]
Tell: Do you have any questions on this material?

Tell: Emphasize the learning outcome for this lesson.
Be able to describe the two primary methods for the termination of a traffic phase at an isolated intersection

	Notes:
	It is important that the students remember that the “questions to consider” should be kept in mind during the experiment and will serve as the basis for the discussion that will take place when their experiment is concluded.

In module 2, the southbound approach (phase 4) is the subject approach.
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	Key Message:
	The steps for running the experiment are described in detail in the Participant Workbook

	Background Information:
	NA

	Interactivity:
	Tell: Turn to page 2-3 of your book. Read through the instructions before beginning the lesson. When you have completed the steps for running the experiment, record your observations in the box provided on page 2-4. Don’t start quite yet!

	Notes:
	Encourage the student to read the instructions carefully before beginning the experiment.
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	Key Message:
	One of the most important aspects of the MOST course is to learn to observe traffic flow conditions, the status of the detectors and signal displays, and the status of the controller timing processes.  This slide shows this information and helps to focus the student on what is important.

	Background Information:
	NA

	Interactivity:
	Tell: Open the movie file, and then pause for a moment to look at the screen and see what you can observe.  Note that there are always four kinds of information presented:
The traffic flow conditions
The status of the detectors (active or off)
The status of the controller and the various timing processes
The status of the signal display (red, yellow, green)

Ask: What do you see in this slide?
Possible responses: (1) the phase that is timing, noted with a “T”, (2) the phases on which there are active vehicle calls, noted with a “C”, (3) the phases that are timing for each ring, and (4) the values of the currently active timing processes, here the minimum green timer and the maximum green timer.

Tell: You can now complete Lesson 1.  When you have completed step 3, write down your observations in the box on the right of page 2-4, as noted in step 4, and wait for further instructions.

	Notes:
	Give the students about 5 minutes to complete their observations and make notes.
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	Key Message:

	This slide lists the questions for the students to consider, which will be the basis for the discussion when the students have completed the experiment.

	Background Information:
	NA

	Interactivity:

	Tell: Turn to page 2-5 of your workbook.  You are presented again with the “questions to consider.”  Review these questions with your partner (if you are working with a partner) and write your answers in the box provided on the right of page 2-5. 

Tell: Be ready to discuss your answers with the class.

	Notes:
	Take about 5 minutes for this activity.
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	Key Message:
	Consider question 1 and encourage the students to think about it and to consider their answer.

	Background Information:
	For an isolated signalized intersection, phases can terminate in two ways.
A phase will gap out when the vehicle extension timer (VEXT) times down to zero, after the minimum green timer (MGRN) has timed down to zero.  The vehicle extension timer begins to time when the call on the phase is inactive (dropped).  The minimum green timer begins to time when the phase becomes active.
A phase will max out when the maximum green timer (MAX1) times down to zero.  The maximum green timer begins to time when a call on a conflicting phase is received.

	Interactivity:
	Ask: why does the phase terminate for each scenario?

Answer: In the first scenario, the phase terminated because the Vehicle Extension timer expired (“gapped out”).  In the second scenario, the phase terminated because the Maximum Green timer expired (“maxed out”).

	Notes:
	NA
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	Key Message:
	Consider question 2 and encourage the students to think about it and to consider their answer.

	Background Information:
	NA

	Interactivity:
	Ask: What is the process followed by the Minimum Green timer from the beginning of the green indication, until the timer expires?

	Notes:
	Give them a minute or so to consider their answer, and then ask for possible answers.  Answers are provided on the next page.
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	Key Message:
	They should begin to see (visually) the process for the followed by the Minimum Green timer.

	Background Information:
	NA

	Interactivity:
	Answer: As shown in Figure 3 of MOST book, The Minimum Green timer begins timing at the start of the green indication. Its initial value is equal to the Minimum Green time. It continues timing until it reaches zero. The duration of the green indication is at least equal to the length of the Minimum Green time.

	Notes:
	NA
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	Key Message:
	Consider question 3 and encourage the students to think about it and to consider their answer.

	Background Information:
	NA

	Interactivity:
	Ask: What is the process followed by the Vehicle Extension timer from the beginning of the green indication, until the timer expires?

	Notes:
	Give them a minute or so to consider their answer, and then ask for possible answers.  Answers are provided on the next page.
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	Key Message:
	They should begin to see (visually) the process for the followed by the Vehicle Extension timer.

	Background Information:
	NA

	Interactivity:
	Answer: The Vehicle Extension timer begins timing when the detection zone becomes unoccupied and there is no call on the active phase. If it reaches zero, the green indication may terminate. If it has not expired, the Vehicle Extension timer is reset when another call is received.

	Notes:
	NA
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	Key Message:
	Consider question 4 and encourage the students to think about it and discuss with their partner.

	Background Information:
	NA

	Interactivity:
	Ask: What is the process followed by the Maximum Green timer from the beginning of the green indication, until the timer expires?

	Notes:
	Give them a minute or so to consider their answer, and then ask for possible answers.  Answers are provided on the next page.
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	Key Message:
	They should begin to see (visually) the process for the followed by the Maximum Green timer.

	Background Information:
	NA

	Interactivity:
	Answer: The Maximum Green timer begins timing when there is a serviceable call on a conflicting phase. Once it begins to time, the timer continues until it reaches zero. When it reaches zero, the green indication is terminated.

	Notes:
	NA
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	Key Message:
	Consider question 5 and encourage the students to think about it and discuss answers with their partner.

	Background Information:
	NA

	Interactivity:
	Ask: What are the two conditions that separately cause the termination of the green indication?

	Notes:
	Give them a minute or so to consider their answer, and then ask for possible answers.  Answers are provided on the next page.
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	Key Message:
	This slide shows the phase termination processes as represented by the controller status screen for the two cases: gapping out and maxing out.

	Background Information:
	NA

	Interactivity:
	Answer: There are two conditions for termination of the green indication at an isolated actuated intersection: (1) the Minimum Green timer equals zero and the Vehicle Extension timer equals zero, or (2) the Maximum Green timer equals zero.

The picture on the left shows the ASC/3 controller status at t = 52.6, when phase 4 has just gapped out and the yellow interval has begun.  This is the case on the left that you just observed in the movie.

The picture on the right shows the ASC/3 controller status at t = 71.4, when phase 4 has just maxed out and the yellow interval has begun.  This is the case on the right side of the movie.

	Notes:
	NA
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	Key Message:
	The slide shows a graphical representation of the process of gap out for case 1.

	Background Information:
	NA

	Interactivity:
	Tell: This chart shows the process of “gapping out,” the first condition described on the previous slide.  The green indication begins at t = 45.7 seconds; the Minimum Green timer also begins at this point.  The Minimum Green timer expires after 5 seconds.  The Vehicle Extension timer begins timing down at t = 50.1, when the detection zone is first unoccupied.  When it reaches zero (at t = 52.6), the green indication ends (the phase “gaps out”) and the yellow interval begins.

	Notes:
	NA
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	Key Message:
	The slide shows a graphical representation of the process of max out for case 2.

	Background Information:
	NA

	Interactivity:
	Tell: This chart shows the process of “maxing out,” the second case.  The green indication begins at t = 51.4.  The Minimum Green timer begins at this point and continues to time down until it reaches zero at t = 56.4.

The Vehicle Extension timer remains at its initial value (2.5 seconds) as long as a vehicle is in the detection zone (and a call remains active on phase 4).  The timer begins to time down several times during this green indication but is reset to 2.5 when the next vehicle enters the detection zone.  You can observe this process of timing and resetting in the middle chart.

The Maximum Green timer also begins at the beginning of the green indication because there is an active call on phase 2 (a conflicting phase) at this point.  The Maximum Green timer times down and the green indication terminates, even though the Vehicle Extension timer is still active.

	Notes:
	NA











Lesson 2:
Effect of Detection Zone Length on Green Duration
30 Minutes



Lesson 2: Effect of Detection Zone Length on Green Duration
	Lesson Number:
	2

	Lesson Title:
	Effect of Detection Zone Length on Green Duration

	Performance-Based Learning Outcomes
	Be able to relate the length of the detection zone to the duration of the green indication.

	Instructional Method:

Lecture/Presentation
	Instructor Presentation/Interactive Discussion (5 minutes)
The instructors will use a slide presentation to provide the introduction to the lesson and the experiment that is included in the lesson.  They will:
Describe the learning outcomes for the lesson.
Provide an overview.
List the questions that the students will consider once the experiment has been completed.
List the steps to be followed in the experiment.

Experiment (15 minutes)
The students will use VISSIM to learn about the effect of detection zone length on green duration.

Discussion (10 minutes)
The instructor will lead the students through a discussion of the “questions to consider”, their observations from the experiment, and their answers to the questions.

	Instruction Day:
	Day 1: A.M.

	Time Allocation:
	Instructor Presentation/Interactive Discussion – 5 minutes
Experiment - 15 minutes
Discussion – 10 minutes

	Evaluation Plan:
	Participants learning will be evaluated based on their participation in the discussion of the results of their experiment.

	References:
	Participant Workbook, pages 2-6 through 2-12.
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	Key Message:
	Introduction to Lesson 2, the Effect of Detection Zone Length on Green Duration.

	Background Information:
	The learning outcome for this lesson:
· Be able to relate the length of the detection zone to the duration of the green indication.

	Interactivity:
	Tell: Turn to page 2-6 of your book.  Pages 2-6 and 2-7 list the learning outcome for this experiment, an overview of the experiment, the questions that you will answer once you’ve finished the experiment, and the list of steps that you will complete during the experiment.

Take about two minutes to read this page.

[Once they have completed reading the page]
Ask: Do you have any questions on this material?

Tell: Emphasize the learning outcome for this lesson.
Be able to relate the length of the detection zone to the duration of the green indication

	Notes:
	It is important that the students remember that the “questions to consider” should be kept in mind during the experiment and will serve as the basis for the discussion that will take place when their experiment is concluded.  In this lesson, two different detector lengths are used, 22 and 66 feet.
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	Key Message:
	The steps for running the experiment are described in detail in the Participant Workbook.

	Background Information:
	NA

	Interactivity:
	Tell: Turn to page 2-8 of your workbook. The instructions for running the experiment are given on pages 2-8 through 2-11. Don’t start quite yet.

	Notes:
	Encourage the student to read the instructions for each step carefully before writing their observations.







	Key Message:
	In step 1, they will start the MOST software and open the input file.

	Background Information:
	They learned to use the MOST software in Module 1, but several illustrations are provided here to remind them of the basic steps in using the software.

	Interactivity:
	Tell: This is the first time you will use the MOST software tool in an actual experiment.

Ask: What do you see in this slide?

Answer: The picture on the top (Figure 11) shows the MOST software tool, including the “open file” box. The picture on the bottom (Figure 12) shows the four different methods to control 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”).

	Notes:
	NA
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	Key Message:
	In step 2, the students should note information in the simulation windows.

	Background Information:
	NA

	Interactivity:
	Ask: What important information regarding the simulation environment do you see in this slide?

Answer: Figure 13 shows the simulation window including the southbound approach of interest and the current simulation time.  The simulation time is important as you will observe the traffic flow processes during three time intervals.

Tell: Complete steps 3 through 7.

	Notes:
	Give the students about 5 minutes to complete their observations and make notes regarding their observations.
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	Key Message:
	This slide lists the questions for the students to consider, which will be the basis for the discussion when the students have completed the experiment.

	Background Information:
	NA

	Interactivity:
	Tell:  Once you have completed step 7, turn to page 2-12 of your book.  You are presented again with the “questions to consider.”  Review these questions with you partner (if you are working with a partner) and write your answers in the box provided on the right of page 2-12.

Tell: Be ready to discuss your answers with the class.

	Notes:
	Give the students about 5 minutes to complete this activity.
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	Key Message:
	Consider question 1 and encourage the students to think about it and their answer.

	Background Information:
	NA

	Interactivity:
	Tell: Let’s now discuss the questions that were asked at the beginning of this lesson.

Ask: When is the detector active and when is it inactive?

	Notes:
	NA
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	Key Message:
	This slide highlights several parts of the control display screen that relate to the status of detector calls and the timing process.

	Background Information:
	“T” is for the phase that is timing.
“N” is for the next phase will be timing.
“C” means there is an active call.

	Interactivity:
	Answer: This chart shows the controller status window, with the detector status data highlighted with the red boxes for phases 2 and 4.  Here, phase 4 (the SB approach) has no active call (as indicated by the “.” in the controller status window).  This is confirmed by looking at the SB approach where no vehicles are in the detection zone.

While you can’t see the EB approach, you will note that there is an active call on phase 2 (as indicated by the “C” in the controller status window).

	Notes:
	NA
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	Key Message:
	Consider question 2 and encourage the students to think about it and their answer.

	Background Information:
	NA

	Interactivity:
	Ask: When does the phase terminate for the SB direction for each of the two scenarios?

	Notes:
	Relevant information is provided on the next slide.
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	Key Message:
	This slide highlights the data that were collected during the experiment.

	Background Information:
	NA

	Interactivity:
	Tell: Table 2 shows data that were collected for the period when each of the phases terminated.  Study these data for a moment.

Ask: When does the phase terminate for the SB direction for each of the two scenarios?
Answer: From the table, you can see that phase 4 terminates at t = 54.2 seconds for the 22 foot detection zone scenario and at t = 61.2 seconds for the 66 foot scenario.

Ask: what do the data in this table tell you about how the detection zone length affects the duration of green?
Answers: The 66 foot detection zone had a longer green duration.  The longer zone accommodated more than one vehicle at a time and thus kept the call active on phase 4 for a longer time than the shorter detection zone.  This enabled twice as many vehicles to be served during this green interval.

	Notes:
	NA
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	Key Message:
	Consider question 3 and encourage the students to think about it and consider their answer.

	Background Information:
	NA

	Interactivity:
	Ask: Why does the phase terminate for each of the two cases?

	Notes:
	Give them a minute or so to consider their answer and then ask for possible answers.  Answers are provided on the next page.
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	Key Message:
	It is important that the students consider these questions and their answers; this is what helps deepen their learning process.

	Background Information:
	Unoccupancy time is 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.  It is also referred to as “gap time.”

	Interactivity:
	Answer: For both cases, the phase terminates because the unoccupancy time exceeds the value set for the Vehicle Extension time. In this experiment, the Vehicle Extension time is set to zero, so the phase terminates immediately after the detection zone becomes empty.

This slide shows the status of the 66 foot detection zone case at t = 61.2.  The black vehicle has just exited from the detection zone and the blue vehicle has not yet entered the zone.  When the zone becomes empty, the call is dropped (note the “.” in the controller status window for phase 4), the green indication immediately terminates for the SB approach, and the yellow timer has begins timing.  Finally, the status for phase 4 shows “gap out,” indicating that the phase is terminating because the unoccupancy time (the time that the detection is unoccupied) exceeds the value set for the Vehicle Extension time. In this example, the blue vehicle enters the intersection on yellow and clears before the conflicting phase begins.

	Notes:
	NA
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	Key Message:
	It is important that the students consider these questions and their answers; this is what helps deepen their learning process.

	Background Information:
	NA

	Interactivity:
	Tell: You can graphically show the interaction of the vehicles arriving and leaving the detection zone with the status of the phase.  The two figures illustrate the 66 foot detection zone case.  The chart on the left (Figure 17) shows the times that each vehicle enters into (diamond) and departs from (square) the detection zone.

The chart on the right (Figure 18) contrasts the times that one vehicle leaves the zone and the following vehicle enters the zone, zooming in for the time period that the green indication is active. For example, vehicle 4 enters the zone before vehicle 3 exits the zone, so that the zone is continuously occupied and the unoccupancy time is zero.  The arrow emphasizes that the arrival of vehicle 4 into the zone occurs before the departure of vehicle 3 from the zone.

By contrast, vehicle 6 exits the detection zone at t = 61.0, 0.6 seconds before vehicle 7 enters the zone.  The unoccupancy time is thus 0.6 seconds, and since the Vehicle Extension time has been set to zero, the phase will terminate at this point. And, this is exactly what you observed in the animation. Here, the arrow notes that vehicle 6 departs from the zone before vehicle 7 arrives in the zone.

	Notes:
	NA



[image: ]

	Key Message:
	Consider question 4 and encourage students to think carefully about both the question and their answer.  The length of the detection zone does matter; it is one of the factors that affect green duration and efficiency.

	Background Information:
	NA

	Interactivity:
	Ask: Is the phase operating efficiently or not for the two scenarios?

Answer: The short detection zone does not reasonably serve all the vehicles in the queue. The longer detection zone provides more efficient service by clearing the last vehicle during the yellow.

	Notes:
	NA
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	Key Message:
	Encourage the students to consider this question and their answers to it.

	Background Information:
	NA

	Interactivity:
	Ask: Is quality of service good or bad?

Answer: Only the longer zone provides efficient operation, while the 22 foot zone scenario “gaps out” too early.  This is because there are still vehicles in the queue that should be served but were not.

	Notes:
	NA
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	Key Message:
	Encourage the students to consider this question and their answers to it.

	Background Information:
	NA

	Interactivity:
	Ask: If the phase terminates too early or extends too long, what solutions should be considered?

	Notes:
	The responses are provided on the next page.
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	Key Message:
	Encourage student discussion of this answer.

	Background Information:
	NA

	Interactivity:
	Answer: Our goal is to make sure that the queue that is present at the beginning of green is served and that the phase does not terminate too early (before the queue ends) or extend too long (after the queue has been served).  The detection zone itself cannot do this alone.  You also need to consider the Minimum Green time and the Vehicle Extension time, and the value that they bring to the operation of the intersection.

This point can be illustrated by graph in the slide which shows the headways as measured at the stop bar for each of the first seven vehicles in the queue, for the 66 foot detection zone case.  These headways vary about the ideal saturation headway value of 1.9 seconds, something that you would expect to see in the field as a result of the differences in driver behavior and reactions.  This point is illustrated by the seventh vehicle in the queue which has a longer headway (2.9 seconds) and faces a yellow indication because the unoccupancy time is greater than zero. In this case, the vehicle was too close to the intersection to stop and entered on yellow.  In the following Lessons, you will see how the Minimum Green time and the Vehicle Extension time can be used to maintain efficient operations and improve the quality of service to the motorist, in combination with the detection zone length.

	Notes:
	NA








Lesson 3:
Determining the Length of the Minimum Green Time
15 Minutes



Lesson 3: Determining the Length of the Minimum Green Time
	Lesson Number:
	3

	Lesson Title:
	Determining the Length of the Minimum Green Time

	Performance-Based Learning Outcomes
	Be able to relate the length of the Minimum Green time to the efficient operation of a phase

	Instructional Method:

Lecture/Presentation
	Instructor Presentation/Interactive Discussion (5 minutes)
The instructors will use a slide presentation to provide the introduction to the lesson and the experiment that is included in the lesson.  They will:
Describe the learning outcomes for the lesson.
Provide an overview.
List the questions that the students will consider once the experiment has been completed.
List the steps to be followed in the experiment.

Experiment (5 minutes)
The students will use a VISSIM simulation to help to determine the Minimum Green time.

Discussion (5 minutes)
The instructor will lead the students through a discussion of the “questions to consider”, their observations from the experiment, and their answers to the questions.

	Instruction Day:
	Day 1: P.M.

	Time Allocation:
	Instructor Presentation/Interactive Discussion – 5 minutes
Experiment - 5 minutes
Discussion – 5 minutes

	Evaluation Plan:
	Participants learning will be evaluated based on their participation in the discussion of the results of their experiment.

	References:
	Participant Workbook, pages 2-13 through 2-17.
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	Key Message:
	Introduction to Lesson 3, Determining the Length of the Minimum Green time.

	Background Information:
	The learning outcome for this lesson:
· Be able to relate the length of the Minimum Green time to the efficient operation of a phase

	Interactivity:
	Tell: Turn to page 2-13 of your book.  This page lists the learning outcome for this experiment, an overview of the experiment, the questions that you will answer once you’ve finished the experiment, and the list of steps that you will complete during the experiment.

Take about two minutes to read this page.

[Once they have completed reading the page]
Tell: Do you have any questions on this material?

Tell: Emphasize the learning outcome for this lesson.
Be able to relate the length of the Minimum Green time to the efficient operation of a phase.

	Notes:
	It is important that the students remember that the “questions to consider” should be kept in mind during the experiment and will serve as the basis for the discussion that will take place when their experiment is concluded.
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	Key Message:
	Steps 1 and 2 for running the experiment are listed on this slide.

	Background Information:
	To access to database editor, select “Open ASC/3 Database editor”, then select the controller number that you want to check.
The Vehicle Extension time should be set to 2.2 seconds for phase 4.
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.

	Interactivity:
	Tell: The controller screen for the ASC/3 database editor is your focus. 
Turn to page 2-14 of your book.  Follow the instructions for running the experiment for steps 1 and 2 on page 2-14.

Ask: What is the setting for the Minimum Green time and the Vehicle Extension time for phase 4?  

Answer: Minimum green time = 5 sec, and vehicle extension time = 2.2 sec.

	Notes:
	Give the student about 2 minutes for steps 1 and 2.
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	Key Message:
	Steps 3 through 5 for running the experiment are listed on this slide.

	Background Information:
	NA

	Interactivity:
	Tell: Turn to page 2-13 of your book.  Follow the instructions for running the experiment for steps 3 through 5 on pages 2-13, 2-14 and 2-15.

	Notes:
	Give the students 10-15 minutes for this activity.
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	Key Message:
	This slide lists the questions for the students to consider, which will be the focus when the students have completed the experiment.

	Background Information:
	NA

	Interactivity:
	Tell: Once you have completed step 5, turn to page 84 of your book.  You are presented again with the “questions to consider.”  Review these questions with you partner (if you are working with a partner) and write your answers in the box provided on the right of page 2-17.

Be ready to discuss your answers with the class.

	Notes:
	Take about 5 minutes for this activity.
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	Key Message:
	Consider question 1 and encourage the students to think about it and possible answers.

	Background Information:
	The Minimum green time settings for case 1 is 5 seconds and for case 2  it is 10 seconds.

	Interactivity:
	Ask: When is the minimum green time too long?

	Notes:
	Give them a minute or so to collect their thoughts on this question.  Then ask for answers.
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	Key Message:
	This slide shows data that are relevant to consider in answering this question.

	Background Information:
	NA

	Interactivity:
	Answer: The Minimum Green time is too long when the green indication is still on while there are no vehicles standing in queue.
Table 5 shows the results of the data collection from the first green indication for cases 1 and 2.  The green indication begins at t = 62.5 seconds and the back of the vehicle in queue leaves the detection zone at t = 64.8 seconds. But the green indication ends at different times, depending on the length of the Minimum Green time setting.  For case 1, the green indication ends at 5 seconds after the beginning of green, while the green indication ends at 10 seconds after the beginning of green for case 2.

	Notes:
	Encourage various points of view to be discussed here based on the data that were collected from this experiment (and displayed above).


[bookmark: _Toc223587841]
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	Key Message:
	This slide shows graphical relationships of several key points that relate to question 1 on Minimum Green time.

	Background Information:
	NA

	Interactivity:
	Tell: The chart shows a graphical representation of the data presented in previous table.  For case 1, with a Minimum Green time of 5 seconds, the end of green comes 2.7 seconds after the vehicle leaves the detection zone and enters the intersection (line “a” in the chart).  For case 2, with a higher Minimum Green time of 10 seconds, the end of green comes 7.7 seconds after the vehicle enters the intersection (line “b” in the chart).  In case 2, there is a significant amount of unused green time (7.7 seconds) that is wasted and could be used more efficiently in serving other phases. Clearly, for short queues (in this example, a queue of one vehicle) a shorter Minimum Green time provides a more efficient termination of the phase.

As you will see in Lesson #4, it is the function of the Vehicle Extension time to make sure that the phase continues to time as long as a queue is present and to terminate the phase when the queue has been served.  Asking the Minimum Green timer to take care of this function (with longer settings) only results in inefficient use of green time.

	Notes:
	NA





[image: ]

	Key Message:
	Consider question 2 and encourage the students to think about possible answers based on what they observed during the experiment.

	Background Information:
	NA

	Interactivity:
	Ask: How long should the Minimum Green time be in order to get vehicles moving during the early portion of green?

	Notes:
	NA
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	Key Message:
	Encourage the students to think about the data that they have collected and how this helps them to consider the role of the Minimum Green time.

	Background Information:
	NA

	Interactivity:
	Answer: The table shown in the slide shows data collected for the second green indication presented in the simulation for the SB approach, for case 1 (Minimum Green time is set at 5 seconds).  Minimum green time starts at t= 89.5 sec and ends at t = 94.5 sec, vehicles begin to move and enter the detection zone during the minimum green time.

	Notes:
	NA
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	Key Message:
	A graphical representation is useful to help to visualize key relationships.  Here students can “see” some of the events that occur at the beginning of green, when the queue begins to start up and travel through the intersection.

	Background Information:
	The Minimum Green time starts at t = 89.5 sec and ends at t = 94.5 sec.

	Interactivity:
	Tell: This chart shows a graphical representation of the data shown in previous table.  Vehicle 1 begins to move 0.9 seconds after the beginning of green.  Thus vehicle 1 “gets going” during the Minimum Green duration.  Vehicle 2 also begins to move and continues its movement into the detection zone during the Minimum Green period.  It is important to remember from Lesson#2 that the longer the detection zone, the less likely the phase will terminate prematurely because of slowly starting vehicles.  For example, a 66 foot detection zone would eliminate any start-up concerns regarding the first three vehicles in the queue.  All three vehicles would be present in the zone at the beginning of the green indication, so the call would remains active and the phase would continue to time as long as at least one of these vehicles remains in the zone (until, of course, the Maximum Green timer expires).

A Minimum Green time of 5 seconds, for the example presented here, provides a reasonable length of time for the queue to begin to move out of the 22 foot detection zone.  Other factors may also contribute to the Minimum Green time setting used in practice by a local or state jurisdiction.

For example, suppose that one vehicle waiting in queue makes a right turn on red after phase 4 has been selected as “Next.”  While the phase has called, the calling vehicle has left the zone.  A driver upstream of the intersection may observe the following indications:  red, either no green or a very short green, yellow, and red.  While this is an efficient operation, the upstream driver may report a problem due to the short or non-existent green.


	Notes:
	NA





[image: ]

	Key Message:
	There are other sources that provide information on signal timing parameters.

	Background Information:
	NA

	Interactivity:
	Tell: It is useful at this point to note guidance from the “Traffic Signal Timing Manual” [5]:

“The Minimum Green interval represents the least amount of time that a green signal indication will be displayed for a movement. Minimum Green is used to allow drivers to react to the change to green at the start of the phase and meet driver expectancy. Its duration may also be based on considerations of queue length. A Minimum Green that is too long may result in wasted time at the intersection; one that is too short may not allow the intersection to time efficiently. Minimum Green time may also be used to allow for pedestrian crossing in the case where pedestrian indications are not used.”

And: “The intent of the Minimum Green interval is to ensure that each green is displayed for a length that will satisfy driver expectancy.”  The manual also notes that agencies commonly set Minimum Green time as low as 2 seconds and as high as 15 seconds.  Is this practice reasonable based on your observations in Lesson #3?

	Notes:
	NA
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	Key Message:
	Consider question 3 and encourage students to consider their answers to this question.

	Background Information:
	NA

	Interactivity:
	Ask: What are the respective roles of Minimum Green time and Vehicle Extension time in producing efficient operations?

Answer: One of the primary purposes of the Minimum Green time is to provide sufficient time for the queue to begin to move before the phase begins to operate under the Vehicle Extension timer.  It needs to be long enough to prevent premature “gap out” due to sluggish queued vehicles just upstream of the detection zone.  The Vehicle Extension time then takes over and maintains the green as long as the headways between vehicles are not longer than the maximum allowable headway.

We suggest that the Minimum Green and Vehicle Extension time parameters must be determined in a systematic process, clearly understanding the interrelated roles and functions of each timing parameter.  These timing parameters are also closely related to the length of the detection zone.

When the signal display changes to green, drivers react and begin to move into the intersection.  The role of the Minimum Green parameter is to make sure that the queue has sufficient time to begin to move into the intersection.

Once the queue is moving, the role of the Vehicle Extension time parameter is to either continue the green as long as headways remain less than the maximum allowable headway (which means that the queue is still clearing) or to terminate the green when a headway exceeds the maximum allowable headway (which usually means that the queue has cleared).   

You will learn more about the Vehicle Extension parameter in Lesson #4.

	Notes:
	NA










Lesson 4:
Observing Vehicle Headways in the Departing Queue
20 Minutes



Lesson 4: Observing Vehicle Headways in the Departing Queue
	Lesson Number:
	4

	Lesson Title:
	Observing Vehicle Headways In The Departing Queue

	Performance-Based Learning Outcomes
	Understand the variation of vehicle headways in a departing queue.
Be able to establish a desired maximum allowable headway.

	Instructional Method:

Lecture/Presentation
	Instructor Presentation/Interactive Discussion (5 minutes)
The instructors will use a slide presentation to provide the introduction to the lesson and the experiment that is included in the lesson.  They will:
Describe the learning outcomes for the lesson.
Provide an overview.
List the questions that the students will consider once the experiment has been completed.
List the steps to be followed in the experiment.

Experiment (10 minutes)
The students will run a VISSIM simulation and observe traffic flow characteristics of a departing queue.

Discussion (5 minutes)
The instructor will lead the students through a discussion of the “questions to consider”, their observations from the experiment, and their answers to the questions.

	Instruction Day:
	Day 1: A.M.

	Time Allocation:
	Instructor Presentation/Interactive Discussion – 5 minutes
Experiment - 10 minutes
Discussion – 5 minutes

	Evaluation Plan:
	Participants learning will be evaluated based on their participation in the discussion of the results of their experiment.

	References:
	Participant Workbook, pages 2-18 through 2-20.
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	Key Message:
	Introduction to Lesson 4 – Observing Vehicle Headways In The Departing Queue.

	Background Information:
	The learning outcomes for this lesson:
· Understand the variation of vehicle headways in a departing queue.
· Be able to establish a desired maximum allowable headway.

	Interactivity:
	Tell: Turn to page 2-18 of your book.  This page lists the learning outcome for this experiment, an overview of the experiment, the questions that you will answer once you’ve finished the experiment, and the list of steps that you will complete during the experiment.

Take about two minutes to read this page.

[Once they have completed reading the page]
Tell: Do you have any questions on this material?

Tell: Emphasize the learning outcome for this lesson.
Understand the variation of vehicle headways in a departing queue
Be able to establish a desired maximum allowable headway

	Notes:
	It is important that the students remember that the “questions to consider” should be kept in mind during the experiment and will serve as the basis for the discussion that will take place when their experiment is concluded.






	Key Message:
	The steps for running the experiment are described in detail in the Participant Workbook.

	Background Information:
	NA

	Interactivity:
	Tell: Turn to page 2-19 of your book. Follow the instructions for running the experiment for steps 1 and 2.

	Notes:
	Encourage the students to read the instructions carefully before beginning the experiment.  They will collect data on specific events (when vehicles reach certain points) and will need to be careful that they know what to do before they begin to run the simulation.  Also, they can repeat the simulation run if they need to collect the data again or check their results.


[image: ]





[image: ]

	Key Message:
	This slide lists the questions for the students to consider, which will be the basis for the discussion when the students have completed the experiment.

	Background Information:
	NA

	Interactivity:
	Tell: Once you have completed step 2, turn to page 2-20 of your book.  You are presented again with the “questions to consider.”  Review these questions with you partner (if you are working with a partner) and write your answers in the box provided on the right of page 2-20.

Be ready to discuss your answers with the class.

	Notes:
	Take about 5 minutes for this activity.
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	Key Message:
	Consider question 1 and encourage the students to think about this question relates to the data that they have collected.

	Background Information:
	NA

	Interactivity:
	Ask: How much variation is there in the headways between vehicles in the departing queue?

[Student should consider the data that they collected during the experiment.]

	Notes:
	NA
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	Key Message:
	It is important to understand the traffic flow characteristics of a departing queue when you are setting signal timing parameters.

	Background Information:
	NA

	Interactivity:
	Answer: The headways for the first three vehicles vary from a low of 1.2 seconds to a high of 2.4 seconds, reflecting the start-up time at the beginning of green as the queue begins to move.  

After the queue is moving at normal speeds (vehicles 4 through 10), the headways vary from 1.4 to 1.9 seconds, with a mean headway of 1.7 seconds. This is the saturation headway. 

	Notes:
	NA
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	Key Message:
	Encourage the students to consider how the headway data relate to the maximum desired headway.

	Background Information:
	NA

	Interactivity:
	Ask: Based on the headways that you observed in the departing queue, what is your recommendation for the desired maximum allowable headway?

	Notes:
	NA
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	Key Message:
	This chart shows graphically the variation in headway over time.

	Background Information:
	NA

	Interactivity:
	Answer: Check the headways for vehicle 4 and all following vehicles, since the Minimum Green time should account for the start-up of the queue, covering the first three vehicles.  The chart shows the time-series plot of the headways for each vehicle in queue after the start of green.

For vehicles 4 through 10, the mean headway is 1.7 seconds, and the maximum headway is 1.9 seconds.  If our objective is to make sure that this standing queue is served before the green indication terminates, the Vehicle Extension time must be set to accommodate headways of at least 1.9 seconds.  Just to be conservative, you will set the desired maximum headway at 2.0 seconds.  It is extremely important to note that Vehicle Extension is set based on unoccupancy time, which is a function of vehicle headway, detector length, and vehicle length. This is discussed further below. And, we’ll learn how to set the Vehicle Extension time based on this headway in the next Lesson.

It should also be pointed out that these measurements are for a stream of passenger cars only, and you may need to select a higher value when heavy vehicles or slowly reacting passenger cars are in the traffic stream.

	Notes:
	NA
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	Key Message:
	This chart shows the relationship between unoccupancy time and Vehicle Extension using a short detection zone.

	Background Information:
	NA

	Interactivity:
	Tell: In the field, traffic control systems using presence detection don’t typically measure flow rates or headways but rather the unoccupancy time.  The unoccupancy time is the time that a detection zone is unoccupied (does not register a call), measured from the departure of the rear end of one vehicle to the arrival of the front end of the following vehicle in the detection zone.  When the unoccupancy time exceeds the Vehicle Extension time, the phase will terminate, assuming the Minimum Green timer has also expired and no other special features are active.

The unoccupancy time depends directly on the length of the detection zone, as well as the vehicle speed (which may vary over time) and vehicle length, as shown in the slide. The horizontal distance between points A and B (red arrow) represents the unoccupancy time, the time between when vehicle 4 leaves the detection zone and vehicle 5 arrives in the detection zone. After point A, the Vehicle Extension timer will begin to time down. The Vehicle Extension timer will be reset at point B, as long as the time interval between A and B is less than the Vehicle Extension time.

	Notes:
	NA
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	Key Message:
	This slide shows the relationship between unoccupancy time and Vehicle Extension using long detection zone.

	Background Information:
	NA

	Interactivity:
	Tell: The slide shows that, with a longer detection zone, the event represented by point B occurs before that represented by point A (vehicle 5 arrives in the detection zone before vehicle 4 leaves the zone), so the unoccupancy time is zero. In this case, the Vehicle Extension timer will not begin to time and the phase will continue (as long as the Maximum Green timer has not expired).

You will consider the relationship between the headway, the unoccupancy time, and the Vehicle Extension time in Lesson #5.

	Notes:
	NA











Lesson 5:
Relating Headway to Unoccupancy Time and Vehicle Extension Time
30 Minutes



Lesson 5: Relating Headway to Unoccupancy Time and Vehicle Extension Time
	Lesson Number:
	5

	Lesson Title:
	Relating Headway to Unoccupancy Time and Vehicle Extension Time

	Performance-Based 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.

	Instructional Method:

Lecture/Presentation
	Instructor Presentation/Interactive Discussion (5 minutes)
The instructors will use a slide presentation to provide the introduction to the lesson and the experiment that is included in the lesson.  They will:
Describe the learning outcomes for the lesson.
Provide an overview.
List the questions that the students will consider once the experiment has been completed.
List the steps to be followed in the experiment.

Experiment (15 minutes)
The students will use data generated from a VISSIM simulation to relate unoccupancy time to Vehicle Extension time.

Discussion (10 minutes)
The instructor will lead the students through a discussion of the “questions to consider”, their observations from the experiment, and their answers to the questions.

	Instruction Day:
	Day 1: P.M.

	Time Allocation:
	Instructor Presentation/Interactive Discussion – 5 minutes
Experiment - 15 minutes
Discussion – 10 minutes

	Evaluation Plan:
	Participants learning will be evaluated based on their participation in the discussion of the results of their experiment.

	References:
	Participant Workbook, pages 2-21 through 2-24.
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	Key Message:
	Introduction to Lesson 5, Relating Headway to Unoccupancy Time and Vehicle Extension Time.

	Background Information:
	The learning outcomes for this lesson:
· 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.

	Interactivity:
	Tell: Turn to page 2-21 of your book.  This page lists the learning outcomes for this experiment, an overview of the experiment, the questions that you will answer once you’ve finished the experiment, and the list of steps that you will complete during the experiment.

Take about two minutes to read this page.

[Once they have completed reading the page]
Tell: Do you have any questions on this material?

Tell: Emphasize the learning outcome for this lesson.
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

	Notes:
	It is important that the students remember that the “questions to consider” should be kept in mind during the experiment and will serve as the basis for the discussion that will take place when their experiment is concluded.






[image: ]

	Key Message:
	The steps for running the experiment are described in detail in the Participant Workbook.

	Background Information:
	NA

	Interactivity:
	Tell: Turn to page 2-22 of your book.  Follow the instructions for running the experiment for steps 1 and 2.

	Notes:
	Give the student 5 minutes for this activity.
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	Key Message:
	This slide lists the question for the students to consider, which will be the basis for the discussion when the students have completed this experiment.

	Background Information:
	NA

	Interactivity:
	Tell: Once you have completed step 5, turn to page 2-24 of your book.  You are presented again with the “questions to consider.”  Review these questions with you partner (if you are working with a partner) and write your answers in the box provided on the right of page 2-24.

Be ready to discuss your answers with the class.

	Notes:
	Take about 5 minutes for this activity.
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	Key Message:
	This table shows data that help the student understand the relationship between headway and unoccupancy time

	Background Information:
	NA

	Interactivity:
	Tell: This table shows the results from observing the simulation.  The green time begins at t = 67.5.  The headway data collected earlier are also included in this table.

The important point is the relationship between the headway and the unoccupancy time.  For vehicles served after the Minimum Green time expires (vehicles 4 through 10), the unoccupancy time is about one second less than the headway.  

Ask: Is this a consistent and stable value, and if so why?

	Notes:
	NA
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	Key Message:
	This slide shows a graphical representation of the relationship between headway and unoccupancy time

	Background Information:
	NA

	Interactivity:
	Tell: This chart shows the formal relationship between the headway and the unoccupancy time.  Suppose vehicles 1 and 2 are separated by the desired maximum headway, h.  This headway consists of two parts, the time that the detection zone is occupied (to) and the time that the detection zone is unoccupied, or the unoccupancy time (tu).



The occupancy time (to) is the sum of the time it takes for a vehicle to travel both its own length (Lv) and the length of the detection zone (LD), traveling at speed v.



In this case, for the data given, the occupancy time (to) is 1 second.

The unoccupancy time is then related to the desired maximum headway according to the following equation:



And, why is this relationship important?  This is a critical relationship that will help us to set the Vehicle Extension time, once we’ve agreed to a desired maximum headway.  The Vehicle Extension time should be set to the unoccupancy time that is equivalent to the desired maximum headway.  Based on this relationship, for a desired maximum headway of 2.0 seconds (for the headway characteristics measured in Lesson#4), the Vehicle Extension time should be set to 1 second:




	Notes:
	NA
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	Key Message:
	Consider question 1 and encourage the students to think about possible answers based on their observations from the experiment.

	Background Information:
	NA

	Interactivity:
	Ask: What is your recommendation for the Vehicle Extension time, based on your recommended desired maximum headway?

Answer: Assuming that the desired maximum headway is 2.0 seconds (based on Lesson #4), the Vehicle Extension time should be 1.0 seconds.  This is based on the relationship between unoccupancy time and headway that was described earlier:




	Notes:
	NA
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	Key Message:
	Encourage the students to consider question 2 and possible answers based on their observations during the experiment.

	Background Information:
	NA

	Interactivity:
	Ask: If the detection zone length was longer than 22 feet, would your recommended Vehicle Extension time value be higher or lower?

Answer: If the detection zone is increased above 22 feet, the Vehicle Extension time should be lowered.  Why?  A longer zone will increase the occupancy time, and as shown by the equation below, the unoccupancy time (and thus the Vehicle Extension time) is less.


The primary advantages of a longer detection zone are (1) a smaller chance of a premature phase termination due to the sometimes sluggish start-up of the first several vehicles over the detection zone and (2) a shorter loss time due to the Vehicle Extension timer extending the phase after the last queued vehicle leaves the detection area.

	Notes:
	NA











Lesson 6:
Design Exercise-Setting the Minimum Green Time and the Vehicle Extension Time
45 Minutes



Lesson 6: Design Exercise-Setting the Minimum Green Time and the Vehicle Extension Time
	Lesson Number:
	6

	Lesson Title:
	Design Exercise-Setting the Minimum Green Time and the Vehicle Extension Time

	Performance-Based Learning Outcomes
	Be able to set the Minimum Green time and the Vehicle Extension time, balancing risks of early termination and inefficient green extension

	Instructional Method:

Lecture/Presentation
	Instructor Presentation/Interactive Discussion (5 minutes)
The instructors will use a slide presentation to provide the introduction to the lesson and the experiment that is included in the lesson.  They will:
Describe the learning outcomes for the lesson.
Provide an overview.
List the questions that the students will consider once the experiment has been completed.
List the steps to be followed in the experiment.

Experiment (30 minutes)
The students will use data generated from a VISSIM simulation to set the Minimum Green time and the Vehicle Extension time.

Discussion (10 minutes)
The instructor will lead the students through a discussion of the “questions to consider”, their observations from the experiment, and their answers to the questions.

	Instruction Day:
	Day 1: A.M.

	Time Allocation:
	Instructor Presentation/Interactive Discussion – 5 minutes
Experiment - 30 minutes
Discussion – 10 minutes

	Evaluation Plan:
	Participants learning will be evaluated based on their participation in the discussion of the results of their experiment.

	References:
	Participant Workbook, pages 2-25 through 2-30.
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	Key Message:
	Introduction to Lesson 6 – Design Exercise – Setting the Minimum Green time and the Vehicle Extension time.

	Background Information:
	The learning outcome for this lesson:
· Be able to set the Minimum Green time and the Vehicle Extension time, balancing risks of early termination and inefficient green extension

	Interactivity:
	Tell: Turn to page 2-25 of your book.  This page lists the learning outcome for this experiment, an overview of the experiment, the questions that you will answer once you’ve finished the experiment, and the list of steps that you will complete during the experiment.

Take about two minutes to read this page.

[Once they have completed reading the page]
Tell: Do you have any questions on this material?

Tell: Emphasize the learning outcome for this lesson.
Be able to set the Minimum Green time and the Vehicle Extension time, balancing risks of early termination and inefficient green extension

	Notes:
	It is important that the students remember that the “questions to consider” should be kept in mind during the experiment and will serve as the basis for the discussion that will take place when their experiment is concluded.
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	Key Message:
	The steps for running the experiment are described in detail in the Participant Workbook. Encourage the students to seek an optimal solution, but do it one step at a time.  Don’t try to change a large number of parameters each time; rather see the effect of changing one parameter.

	Background Information:
	NA

	Interactivity:
	Tell: Turn to page 2-26 of your workbook.  Follow the instructions for running the experiment as given by steps 1 through 6.

Tell: Make sure that you verify the settings for the Minimum Green time and the Vehicle Extension time.

Tell:  The following are criteria that the students can use to refine their 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.

	Notes:
	Give the students x minutes for this activity.
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	Key Message:
	The steps for running the experiment are described in detail in the Participant Workbook. Encourage the students to seek an optimal solution, but do it one step at a time.  Don’t try to change a large number of parameters each time; rather see the effect of changing one parameter.

	Background Information:
	NA

	Interactivity:
	Tell: These are the other three steps.

	Notes:
	Give the students x minutes for this activity.
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	Key Message:
	This slide lists the questions for the students to consider, which will be the basis for the discussion when the students have completed the experiment.

	Background Information:
	NA

	Interactivity:
	Tell: Once you have completed step 6, turn to page 2-30 of your book.  You are presented again with the “questions to consider.”  Review these questions with you partner (if you are working with a partner) and write your answers in the box provided on the right of page 2-30.

Be ready to discuss your answers with the class.

	Notes:
	Take about 5 minutes for this activity.
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	Key Message:
	Encourage the students to consider question 1 and their answers to this question.

	Background Information:
	NA

	Interactivity:
	Ask: 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?

Answer: Each of the four cycles that you observed had different traffic flow characteristics, as you would expect to see in the field.  
Cycle 1 (Vehicle Extension time too long resulting in wasted green time): 
The six vehicles in the queue at the beginning of green were served during the green.  
Five of these six vehicles discharged while the Minimum Green timer was timing.  
The phase extended for several seconds after the last vehicle entered the intersection and then gapped out. 

Cycle 2 (Minimum Green time too long resulting in wasted green): 
One vehicle was in the queue at the beginning of green.  
After this vehicle discharged, the phase continued to time for over 7 seconds, as the Minimum Green timer continued to time.  
For a short queue as you observed here, the Minimum Green time is too long.
Cycle 3 (Vehicle Extension time too long resulting in wasted green): 
Six vehicles were in the queue, including two heavy vehicles.  
The first two vehicles, including one of the heavy vehicles, discharged during the Minimum Green time.  
The fourth vehicle, also a heavy vehicle, was slow in reaching the detection zone; the Vehicle Extension timer timed for over 2.5 seconds before the fourth vehicle entered the detection zone.  
The phase continued to time for a significant period after the last vehicle exited the detection zone indicating that the Vehicle Extension time is too long.

Cycle 4 (Vehicle Extension time too long resulting in wasted green time): 
There are ten vehicles in the queue.  
The Minimum Green timer expires after the fourth vehicle has discharged.  
The phase should terminate after the tenth vehicle has entered the intersection but continues timing to serve three additional vehicles.  
Again, this shows that the Vehicle Extension time is too long.

We can make two general conclusions about the initial settings.
The Minimum Green time is too long, especially when the initial queue is short (here, one vehicle).
The Vehicle Extension time is too long, extending the phase too long after the last vehicle in the queue is served, and continuing service to additional vehicles that are not part of the initial queue.

	Notes:
	NA
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	Key Message:
	Encourage the students to consider question 2 and possible answers to this question.

	Background Information:
	NA

	Interactivity:
	Ask: What changes did you make to the given settings?  What was the result?

	Notes:
	NA
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	Key Message:
	This table shows some of the conclusions that you can make after running two trials in the design process.

	Background Information:
	NA

	Interactivity:
	Answer: The discussion here is based on a set of timings that may be different than those that you tried.  However, it may be helpful to you to follow these example trials, what the results were, and how that led to the next trial.

One of the major issues in trial #1 was the length of the Minimum Green time.  It was too long, especially for very short queues, a common occurrence on the cross street approach.  In trial #2, the Minimum Green time was reduced to 5 seconds to address this problem, while the Vehicle Extension time was maintained at 5 seconds. The table shows the results of trial #2, as compared to trial #1.  The reduction of the Minimum Green time to 5 seconds solved the problem of the excessive (wasted) green time during cycle 2, when there was a queue of one vehicle.

	Notes:
	NA
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	Key Message:
	This table shows some of the conclusions that you can make after running another trial in the design process.

	Background Information:
	NA

	Interactivity:
	Answer: In trial #3, the Vehicle Extension time was reduced to 1 second, a value that was used in one of the earlier lessons.

This setting reduced some of the excessive green time at the end of each cycle, not caused by the Minimum Green time, but by the length of time required for the Vehicle Extension timer to expire with a setting of 5 seconds.

However, another problem resulted.  During cycle 3, with two slow moving vehicles (the heavy vehicles in positions 2 and 4 in the queue), there was an especially long headway between vehicles 3 and 4, and the 1 second Vehicle Extension time resulted in the green terminating with three vehicles from the original queue still to be served.  Thus, while 5 seconds was too long, 1 second was too short for the Vehicle Extension time for this case of a slow moving vehicle.  The table shows a summary of these results.

	Notes:
	NA
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	Key Message:
	This table shows some of the conclusions that you can make after running another trial in the design process.

	Background Information:
	NA

	Interactivity:
	Answer: In trial #4, the Vehicle Extension time was changed to 3 seconds, a compromise between the initial setting of 5 seconds, and the 1 second value from trial #3.

This setting provided sufficient time for the queue to be served during cycle 3, while making sure that most of the vehicles arriving during cycle 4 after the queue cleared were not served.  This table shows a summary of these results.

	Notes:
	NA
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	Key Message:
	Encourage the students to consider this question and possible answers based on their analysis.

	Background Information:
	NA

	Interactivity:
	Ask:  What are some of the trade-offs that you considered in setting the values for these two timing parameters?

Answer: For the Minimum Green time setting, the reduction from 10 seconds to 5 seconds eliminated the excessive green time at the end of cycle 2.  This change was positive and required no consideration of trade-offs.  It may be possible to reduce the Minimum Green time even further, but this will require an additional trial to be run.

For the Vehicle Extension time setting, the trade-off was between providing enough time to serve slow moving (heavy) vehicles and extending the green too long so that one of the vehicles not in the initial queue was served.  In this case, it is better to serve the heavy vehicle and not stop it. This will prevent its slow acceleration and speed characteristics from being felt during two cycles, and not just one.

It should be emphasized that a 3 second Vehicle Extension time is longer than is commonly used in practice.  However, if there is a high number of trucks or other heavy vehicles, as was illustrated in this example, a longer extension time is sometimes used.  The point to be made here is that the extension time should be sensitive to the traffic conditions that the traffic engineer must address.

	Notes:
	NA
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	Key Message:
	Encourage the student to consider this question and their answer to it.

	Background Information:
	Remember that they are using the following criteria:

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.

	Interactivity:
	Ask: Have you met the criteria established above?

Answer: Yes.  The shorter Minimum Green time (5 seconds, compared to the initial value of 10 seconds) ensures that the phase is not extended inefficiently for a very short queue.  The Vehicle Extension time of 3 seconds ensures that the phase extends long enough to clear the standing queue but doesn’t extend beyond the time that it takes for the queue to clear.

	Notes:
	NA
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	Key Message:
	This slide encourages the students to consider the key points covered during Module 2.

	Background Information:
	NA

	Interactivity:
	Ask: What did you learn in Module 2?

Tell: 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 of the other approaches and the intersection overall.

	Notes:
	NA
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