
Module 4 (Solutions)
Impact of Detector and Timing Parameters on Arterial Street Operations at an Isolated Intersection 
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[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Toc254548749]Lesson #2: Minimum Green Setting for Advance Detection
[bookmark: _Toc254548750]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.
In case 1 (12 vehicles/lane), is the Minimum Green time long enough to serve the last vehicle in the standing queue? 
In case 2 (7 vehicles/lane), is the Minimum Green time just long enough to serve the standing queue?
What is the amount of unused green time (wasted green time) in each case?



1. In case 1 (12 vehicles/lane), is the Minimum Green time long enough to serve the last vehicle in the standing queue? 
In case 1, an initial queue of 12 vehicles is present at the start of green in each lane. The queue stretches from the stop bar to just downstream of the advance detector.  The Minimum Green time is set to 26 seconds, which is just enough time to serve the queue that is standing between the advance detector and stop bar. The green time ends approximately 4.6 seconds after the last vehicle in the queue leaves the intersection. These results are shown in Table 1.

2. In case 2 (7 vehicles/lane), is the Minimum Green time just long enough to serve the standing queue?
In case 2, an initial queue of 7 vehicles is present at the start of green in each lane. The green time needed to serve this queue is approximately 13 seconds (the time the last vehicle needs to clear the intersection). After the queue dissipates, the green indication will be active until the Minimum Green timer reaches zero.  The green time ends approximately 13.1 seconds after the last vehicle in the queue leaves the intersection. These results are shown in Table 2.

3. What is the amount of unused green time (wasted green time) in each case?
In case 1, the amount of unused green time is 4.6 seconds. On the other hand, for case 2, there is an excessive amount of unused green time (13.1 seconds), which results in an inefficient operation.
It can be concluded from this experiment that having a long Minimum Green time will be efficient only when the queue length is equal to the distance between the detector and the stop bar. 

There must be a different way to determine the Minimum Green time when using an advance detector.  This will be discussed in the next section. 

[bookmark: _Ref210885802]Table 1 Case 1 - Queue discharge characteristics
	




Lane
	

Vehicles in queue (start of green)
	
Start of green
(clock time, sec)
	Time last vehicle
passed stop bar
(clock time, sec)
	
End of green
(clock time, sec)
	

Unused green time (duration, sec)

	1
	12
	48.5
	69.4
	74.5
	5.1

	2
	12
	48.5
	69.9
	74.5
	4.6



[bookmark: _Ref211144008]Table 2 Case 2 - Queue discharge characteristics
	




Lane
	

Vehicles in queue (start of green)
	
Start of green
(clock time, sec)
	Time last vehicle
passed stop bar
(clock time, sec)
	
End of green
(clock time, sec)
	
Unused green time (duration, sec)

	1
	7
	50.5
	63.2
	76.5
	13.3

	2
	7
	50.5
	63.4
	76.5
	13.1





[bookmark: _Toc254548751]Lesson #4: Variable Initial Setting For Volume-Density Control
[bookmark: _Toc254548752]Question to Consider
As you begin this experiment, consider the following question.  You will come back to this question once you have completed the experiment.
Were the volume-density Variable Initial parameters effective in serving the initial queues at EB State Highway 8? 


1. Were the volume-density Variable Initial parameters effective in serving the initial queues at EB State Highway 8? 
As can be seen from the summary of the results, presented in Table 3 and Table 4, the amount of unused green time for both cases with varying queue length is 3 seconds in case 1, and 1 second in case 2. This indicates that the volume-density Variable Initial setting, when used with advance detection, can effectively serve the initial queue with a minimal amount of unused green, which results in an efficient operation. 




[bookmark: _Ref196804131]Table 3 Queue discharge characteristics for case 1 
	




Lane
	

Vehicles in queue (start of green)
	
Start of green
(clock time, sec)
	Time last vehicle 
passed stop bar
(clock time, sec)
	
End of green
(clock time, sec)
	

Unused green time (duration, sec)

	1
	12
	49.7
	70.8
	73.7
	2.9

	2
	12
	49.7
	71.2
	73.7
	2.5


Added Initial (in ASC/3 control panel) for case 1= 
24 vehicles x (1.0 second) – 7 seconds (min green) = 17 sec

[bookmark: _Ref211847358]Table 4 Queue discharge characteristics for case 2
	




Lane
	

Vehicles in queue (start of green)
	
Start of green
(clock time, sec)
	Time last vehicle 
passed stop bar
(clock time, sec)
	
End of green
(clock time, sec)
	

Unused green time (duration, sec)

	1
	7
	49.7
	62.6
	63.7
	1.1

	2
	7
	49.7
	62.5
	63.7
	1.2


Added Initial (in ASC/3 control panel) for case 2 = 
14 vehicles x (1.0 second) – 7 seconds (min green) = 7 sec



[bookmark: _Toc254548753]Lesson #5: Vehicle Extension Setting For Advance Detection
[bookmark: _Toc254548754]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.
Does a 3 second Vehicle Extension time provide a safe and efficient operation for the approach?
Does a 5 second Vehicle Extension time provide a safe and efficient operation for the approach?


As discussed in Section 3, any vehicle passing the detection zone on green needs at least 4.4 seconds to travel the distance (285 feet) between the detector and the intersection. This value was obtained assuming that the vehicle is traveling through the intersection approach with a speed equal to the speed limit (45 mph). A minimum Vehicle Extension time of 2.4 seconds gives the vehicle enough time to be at a distance of 2 seconds from the stop bar. This allows the vehicle to clear the intersection during the yellow interval. 

You have observed a total of 112.5 seconds of simulation time. This duration includes two cycles for case 1 and one cycle for case 2. One cycle only for case 1 is discussed here.

1. Does a 3 second Vehicle Extension time provide a safe and efficient operation for the approach?
The results shown in Table 5 are for one cycle for case 1. The green interval starts at t = 165.8 seconds and gaps out at t = 183.3 seconds, with 17.5 seconds for the green interval. Vehicles 19 through 25 enter the detection zone while the green indication is on.  Vehicles 19 and 20 were able to pass through the intersection during green. Vehicles 21 and 22 were able to pass during the yellow interval while vehicles 23, 24, and 25 stopped for the red light.
 
It is clear that a 3 second value of Vehicle Extension time, while appropriate for vehicles traveling at the speed limit, is not appropriate to serve vehicles delayed at the intersection due to the initial queue. A longer Vehicle Extension time should be used to serve the vehicles arriving during the early stages of the green interval slowed by the dissipating queue.



[bookmark: _Ref196804765]Table 5 Time events for Experiment #3 - case 1 (first cycle)
	



Vehicle 
Number
	Time vehicle enters detection zone
(sec)
	

Minimum Green
timer
(sec)
	

Added initial
timer
(sec)
	
Time vehicle exits stop bar
(sec)
	


Travel time 
(sec)

	19
	169.5
	3.2
	
	183.6
	13.4

	20
	170.3
	2.4
	
	184.0
	13.2

	21
	172.1
	0.6
	
	185.4
	12.3

	22
	172.6
	0.1
	
	186.3
	13.1

	23
	174.4
	
	9.3
	x
	-

	24
	176.2
	
	7.5
	x
	-

	25
	178.6
	
	5.1
	x
	-


X = vehicles stopped for red light



2. Does a 5 second Vehicle Extension time provide a safe and efficient operation for the approach?
You observed one cycle for case 2. The green interval starts at t = 209.8 seconds and the phase maxes out at t = 276.8 seconds, resulting in a green interval duration of 67 seconds. A total of 53 vehicles pass through during this green interval of 67 seconds. Vehicles number 1 through number 25 pass the intersection during the Variable Initial period. Vehicles 26 through 53 enter the detection zone during green, and all pass through the intersection during the extension period of green except for vehicle number 53, which passes during yellow.

Headways and unoccupancy times for vehicles 25 through 53 at the advance detector are shown in Figure 1.
Figure 2 shows an enlarged view for the simulation time from 220 to 240 seconds. For vehicles 26, 27, 28, and 29, the headways are 1.4, 2.9, 2.2, and 4.5 seconds.  The unoccupancy times for the same vehicles are 0.9, 2.6, 1.8, and 4.1 seconds respectively.  It should be our goal to terminate the phase when the headway exceeds the maximum allowable headway.  

In this case, a Vehicle Extension time of 5 seconds was long enough to allow all vehicles to clear the intersection. However, once the initial queue, and the vehicles that joined the queue after the start of green, cleared the intersection, and vehicles reached their free flow speed (45 mph), the longer Vehicle Extension time resulted in inefficient operations as the phase was extended to the Maximum Green.



[image: ]
[bookmark: _Ref214957062]Figure 1 Headways and unoccupancy times
[image: ]
[bookmark: _Ref214958040]Figure 2 Headways and unoccupancy times

It can be argued that it is better to accommodate vehicles that are a part of the standing queue as well as vehicles delayed by the departing queue by one value of Vehicle Extension time.  A second, and lower, value of Vehicle Extension time would be used after the queue has cleared.  This outcome can be achieved by using the volume-density gap reduction setting, to be discussed in the next section.


[bookmark: _Toc254548755]Lesson #7: How Gap Reduction Process Works 
[bookmark: _Toc254548756]Question to Consider
How does the gap reduction process work?

How does the gap reduction process work?
The Time Before Reduction and the Gap in Effect values that you observed in the ASC/3 display are shown in Figure 3 and Table 6.  

Figure 3 shows the Time Before Reduction period from the reception of the conflicting call at t = 58.4 to the end of this period 10 seconds later.  It then shows the Time to Reduce period as the Gap in Effect is reduced from 5 seconds to 3 seconds.  Each vehicle call is indicated by a diamond shape in the figure.

Table 6 shows the time each vehicle enters the detection zone and the value of the Gap in Effect at that point.  The phase gaps out at t = 103.8, when the unoccupancy time exceeds the Gap in Effect time.

[image: ]
[bookmark: _Ref213757160][bookmark: _Ref210893178]Figure 3 Gap Reduction process for Experiment #4


[bookmark: _Ref215639868]Table 6 Time events for Experiment #4
	Vehicle
number
	Time vehicle enters (seconds)
	Gap in effect
(seconds)

	24
	68.2
	5.0

	25
	72.8
	4.7

	26
	73.2
	4.7

	27
	75.5
	4.5

	28
	76.3
	4.5

	29
	77.4
	4.4

	30
	79.8
	4.2

	31
	79.8
	4.2

	32
	81.6
	4.1

	33
	82.8
	4.0

	34
	84.3
	3.9

	35
	85.8
	3.8

	36
	89.3
	3.6

	37
	91.4
	3.4

	38
	94.6
	3.2

	39
	96.4
	3.0

	40
	97.9
	3.0

	41
	100.4
	3.0





[bookmark: _Toc254548757]Lesson #8: Gap Reduction Process for Volume-Density Control
[bookmark: _Toc254548758]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.
For which case does the green time extend too long?
Which case operates more efficiently?
What is the advantage of using the gap reduction settings?
Would you suggest any changes to the volume-density gap reduction settings that may improve the efficiency of the operations for case 2?


[bookmark: _Ref196805052]In the movie file, you observed two cycles for case 1 and three cycles for case 2. Table 7 shows the results of six cycles for each case starting from cycle 2 and continuing to cycle 7. Table 7 includes the cycle number, the start and end of the green interval, and the duration of the green interval for each cycle for each case. Table 8 again lists the cycle number, the duration of the green interval for each case, and the percent of the Maximum Green time actually used. 

1. For which case does the green time extend too long?
In case 1 the green time extends too long.  In three of the six cases shown, the phase maxes out.  In two other instances, the green time reaches or exceeds 80 percent of the Maximum Green time.

2. Which case operates more efficiently?
Case 2 operates more efficiently than case 1. Why? Table 7 shows the green time duration for each cycle.  In nearly every instance the green duration for case 1 exceeds that of case 2.  Also, Table 8 shows that the ratio of green duration to the Maximum Green time is nearly always higher for case 2.



[bookmark: _Ref213044942]Table 7 Time events for phase operation for case 1 and case 2
	
Cycle number
	Case 1
	Case2

	
	Green begins
	Green ends
	Duration of green
	Green begins
	Green ends
	Duration of green

	2
	104.7
	171.7
	67.0
	104.7
	133.1
	28.4

	3
	209.7
	276.7
	67.0
	171.1
	236.6
	65.5

	4
	314.7
	381.7
	67.0
	274.6
	308.1
	33.5

	5
	419.7
	450.7
	31.0
	346.1
	387.5
	41.4

	6
	489.8
	543.3
	53.6
	425.5
	452.2
	26.7

	7
	581.3
	646.7
	64.3
	487.1
	553.8
	66.7



[bookmark: _Ref213044961]Table 8 Green time duration as a percentage of Maximum Green
	

Cycle number
	Case 1
	Case 2

	
	
Duration of green
	Percent of Maximum 
Green
	
Duration of green
	Percent of Maximum Green

	2
	67.0
	100
	28.4
	42

	3
	67.0
	100
	65.5
	98

	4
	67.0
	100
	33.5
	50

	5
	31.0
	46
	41.4
	62

	6
	53.6
	80
	26.7
	40

	7
	64.3
	96
	66.7
	100




3. What is the advantage of using the gap reduction settings?
In case 1, the Vehicle Extension time remained constant at 5 seconds. This value caused the green time to be extended inefficiently. In three of the six cycles, the phase actually maxed out (this may cause a significant safety hazard as some vehicles might be in the dilemma zone when the phase terminates). In case 2, the gap reduction setting reduced the initial Vehicle Extension time of 5 seconds linearly to a Minimum Gap of 3 seconds. This provided a more efficient operation as evidenced by the duration of the green time for each interval. 

4. Would you suggest any changes to the volume-density gap reduction settings that may improve the efficiency of the operations for case 2?
The operation seems acceptable. The phase gapped out in five cycles out of six. The ratio of the actual green time duration to the Maximum Green time ranged from 40 percent to 100 percent. It might be possible to improve the phase efficiency, by shortening the Time To Reduce parameter or by using a lower value of the Vehicle Extension time or the Minimum Gap. 



[bookmark: _Toc254548759]Lesson #9: Design Exercise-Setting Volume-Density Parameters
[bookmark: _Toc254548760]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.
For advance detection, what problems result when only the Minimum Green time and the Vehicle Extension time are used?
What effect do the Variable Initial period settings have on operations?
What effect do the gap reduction settings have on operations?


1. For advance detection, what problems result when only the Minimum Green time and the Vehicle Extension time are used?
Let’s review the operation with the given conditions: no volume-density timing parameters, only Minimum Green time and Vehicle Extension time.  Table 9 presents a summary of the observations for each of the five cycles for the EB approach.

Do your observations match those presented in the table?

[bookmark: _Ref216414619]
Table 9 Observations with given conditions
	Cycle
(Start of EB green)
	Observations

	1
(22.6)
	There is a short standing queue at the beginning of green, one vehicle in each lane.  The queue clears shortly after the start of green and the phase continues to time for another 20 seconds until it gaps out.

	2
(86.0)
	There is a standing queue of 11 vehicles in lane 1 and 10 vehicles in lane 2 at the start of green.  This standing queue is served.  The phase continues to time until the Maximum Green time expires (phase maxes out).  Since the Vehicle Extension time is set to 5 seconds, the continued timing of the phase can be considered to be inefficient.

	3
(172.2)
	There is a standing queue of 7 vehicles in lane 1 and 6 vehicles in lane 2.  One of these vehicles is not served as the unoccupancy time at the detector exceeds 5 seconds, even though the standing queue has not been fully served.

	4
(206.6)
	There is a standing queue of 8 vehicles in each lane.  Again, this standing queue is not served.

	5
(250.5)
	The initial standing queue is served (14-15 vehicles) but Vehicle Extension time of 5 seconds allows vehicles with large headways to be served.


[Note: The “Start of EB green” shown in the first column above is the simulation clock time, or the time in seconds after the start of the simulation.]

A fixed initial period (no volume-density parameters) results in one problem identified in Table 9: the inability to serve the initial standing queue.  

During cycles 3 and 4, the queue doesn’t clear before the green ends.  There is a need to consider the benefits of volume-density settings, where the initial period can be varied depending on the length of the queue that builds during the previous yellow and red intervals.

Figure 4 shows the standing queue at the start of green for cycle 4.  The box shows four vehicles at the end of this queue.

Figure 5 shows the end of green for cycle 4.  The same four vehicles are shown in the box and the signal indication has just turned to yellow.  A Variable Initial period may help to solve this problem.


[image: ]
[bookmark: _Ref216415888]Figure 4 Start of green, cycle 4
[image: ]
[bookmark: _Ref224967889]Figure 5 End of green for cycle 4

A fixed Vehicle Extension time results in another problem identified in Table 16: continued timing of the phase after the initial standing queue has been served.

For cycles 2 and 5, after the initial queue has been served, the phase continues to time even though the headways between vehicles are longer than you would observe in a departing queue.  The gap reduction process available in volume-density timing would also help this situation.

Figure 6 shows an example of the phase extending well beyond the end of the queue service time, when headways far exceed a normal maximum allowable headway.  While it may be argued that a Vehicle Extension time of 5 seconds may be justified for a high-speed approach when the initial queue is being served (and approximating the travel time from the detector to the stop bar), an inefficient operation does result when headways approach 5 seconds as shown in Figure 6.

Figure 7 shows the variation of headways during cycle 2 after the initial standing queue has cleared at both the stop bar (solid line) and at the detector (dashed line).  Several headways exceed 3 seconds, and in four cases, the headways exceed 4 seconds.  There is clearly a need to have a lower Vehicle Extension time during this period of the green interval.



[image: ]
[bookmark: _Ref216415520]Figure 6 Headways at end of green, cycle 2
[image: ]
[bookmark: _Ref216501602]Figure 7 Headways at the end of cycle 2

2. What effect do the Variable Initial period settings have on operations?
The Variable Initial period settings are Seconds per Actuation and Maximum Initial.

Figure 15 of the Participant Workbook (page 4-16) provides recommended values of Seconds per Actuation as a function of the distance to the advance detector and the number of lanes.  In this problem, the advance detector is located 344 feet from the stop bar and approach detection is used.  Using the figure, the Seconds per Actuation would be 1.2 seconds in the case of mixed traffic. In this case (passenger cars only) 1.0 second would provide adequate green time to serve the queue.

Similarly, Figure 14 (page 4-15) shows recommended values for the Maximum Initial, also as a function of the distance between the advance detector and the stop bar.  Using the figure, the Maximum Initial would be 39 seconds.  This value provides sufficient time for a queue just shorter than this distance to be served before the green would be terminated.

Figure 8 shows these parameters after they have been entered into the controller database.

[image: ]
[bookmark: _Ref216428004]Figure 8 Variable Initial period timing parameters

Figure 9 shows the queue beginning to move on the EB approach at the start of green for cycle 3, after the Sections per Actuation has been set to 1.0 seconds and the Maximum Initial has been set to 39 seconds, using the methodology described on the previous page.  

During the previous yellow and red intervals, 14 vehicles arrived on the EB approach, forming the queue that is visible in the figure.  The 14 vehicles registered 14 detector calls, which result in a Variable Initial period of 14.0 seconds (the product of 14 vehicles and 1.0 seconds per vehicle).

Figure 10 shows the queue moving just after the Minimum Green timer has expired and the Added Initial timer begins to time.  This occurs 7 seconds after the beginning of green at t = 179.2.  Four vehicles from the queue have entered the intersection.


[image: ]
[bookmark: _Ref216586648]Figure 9 Beginning of phase 2 green (cycle 3) with Variable Initial settings 
[image: ]
[bookmark: _Ref216587032]Figure 10 Queue at t = 179.2 when Added Initial begins to time

At t = 186.9, the standing queue has cleared, and the Added Initial timer has just expired.  This is shown in Figure 11.

So, our computed time for the Seconds per Actuation (1.0 seconds) achieves the goal of serving the initial queue.  Without volume-density timing we couldn’t successfully serve the standing queue when advance detection is used.  Using the Variable Initial timing parameters, the standing queue is served.

Another problem, though, persists.  While the initial standing queue is served, certainly an improvement over our first run, the phase continues to time even with headways exceeding 3 and 4 seconds!  In fact, 22 vehicles are served after the queue has cleared.  

In the next iteration of our design, we will introduce the gap reduction parameters and see what effect they have on the operation.



[image: ]
[bookmark: _Ref216588224]Figure 11 Queue clears at t = 186.2

3. What effect do the gap reduction settings have on operations?
To improve the efficiency of the operation, the following time parameters were set:
Time Before Reduction = 10 seconds
Time To Reduce = 20 seconds
Minimum Gap= 2 seconds

Let’s consider the results from cycle 2.  The green interval begins at t = 86.0 seconds after the start of the simulation.  There are 21 vehicles in the queue at the start of green, 11 in lane 1 and 10 in lane 2.  See Figure 12.

As before, the queue is served because of the Variable Initial parameters (Seconds per Actuation and Maximum Initial).  But the phase continues to time with a Vehicle Extension time of 5 seconds.



[image: ]
[bookmark: _Ref216772976]Figure 12 Queue at beginning of green, t = 86.0

The Variable Initial timing processes are shown in Figure 13.  The Minimum Green timer begins at the start of the green interval and expires seven seconds later.  The Added Initial timer also begins to time at the beginning of green.  However, in the ASC/3 status display, it does not appear until after the Minimum Green timer has expired.

The gap reduction process also begins at the beginning of the green (t = 83.9) when a call is received on a conflicting phase.  When this conflicting call is received, the Time Before Reduction process begins.  The Time Before Reduction timer expires 10 seconds after it begins, at t = 93.9.  

At this point (t = 93.9), the Gap in Effect is reduced, beginning at the Vehicle Extension time value of 5 seconds.  It will be reduced linearly over a period of 20 seconds (the Time to Reduce) until the Minimum Gap time of 2 seconds is reached.  This process is shown in Figure 14.  The reduced gap (displayed as Gap in Effect in the ASC/3 controller display) means that the phase terminates in a more efficient manner.


[image: ]
[bookmark: _Ref216773046]Figure 13 Variable Initial timing processes, cycle 2

[image: ]
[bookmark: _Ref216608862]Figure 14 Gap Reduction timing process, cycle 2
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