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At most of the US signal, pedestrian walk timings run in concurrence with relevant

vehicular traffic signal phases which means that major-street coordinated operations can
be interrupted by a pedestrian call. Such interruption may increase delays and stops for
major traffic flows. An alternative to this design is to increase the cycle length and embed
pedestrian timings within the ring-barrier structure of the prevailing coordination plan.
Both approaches have advantages and disadvantages. This study attempts a novel approach
to address this situation by a comprehensive experimental evaluation of traffic performance
under

various

pedestrian

signal

timing

strategies.

Findings

show that

either

abovementioned approach works well for very low traffic demands. When the traffic
demand increases findings cannot be generalized as they differ for major coordinated
movements versus overall network performance. While coordinated movements prefer no
interruption of the coordinated operations, the overall network performance is better in the
other case.
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CHAPTER 1 INTRODUCTION
On an urban corridor, traffic signals are places where various transportation modes
converge. Because of this convergence, potential conflicts are created which affects the
safety and efficiency of various modes. Such an operational conflict, which degrades the
efficiency of major traffic streams on urban corridors, occurs when pedestrians interrupt
the coordination of through traffic (Tian et al., 2000). This type of interruption happens
when pedestrian place a call for a phase designated for pedestrian. Although such situatio ns
do not happen all of the time, they require a specific set of conditions. Strategies of
pedestrian timing implementation and intersection operations, especially on coordinated
signal systems are such conditions which have influences on these types of situations (Tian
et al., 2001).
Abovementioned conditions usually require long, pedestrian protected times (walk
+ flash do not walk), and specific geometry of the roadways (wide major street), traffic
demand (lower traffic demand on side-streets), etc. Pedestrian timings in such cases can be
treated by assuming the presence of pedestrians all the time. In such condition, relative ly
long pedestrian timings for crossing a major street dictate phase times for the concurrent
side-street vehicular phases, which leads to higher cycle lengths. As a result, such higher
cycle lengths may cause extra delay to all vehicles under the coordinated section of the
urban network.
Alternatively, there is another way to determine cycle length based on a phase
developed for vehicular demand for the side street, which is usually shorter than a phase
1

based on the pedestrian timings of the associated pedestrian phase. In such a case, cycle
length is shorter, but the controller falls out of coordinated operations whenever a
pedestrian call for a relevant phase is made. Interruption in coordinated operations require
a transition period or a series of non-synchronized cycle lengths which cause extra delays
and unnecessary stops for incoming vehicles on the major street.
Figure 1 shows how these two pedestrian timing operations affects cycle length as
well as signal coordination. X - axis represents the simulation time and Y - axis shows the
cycle length. In this case the cycle length without considering extra pedestrian timing is
120 seconds (green line). Embedding the extra pedestrian timing (15 seconds for this
particular case) in each cycle, the cycle length is increased to 135 seconds (red line). In
Figure 1 the green line shows that with extra pedestrian timing, no matter if there is
pedestrian call or not, the cycle length remains at 135 seconds all the time and mainta ins
the signal coordination. Red line in Figure 1 shows that when extra pedestrian timing is not
embedded inside the cycle length, if there is a pedestrian call, the cycle length increases to
accommodate extra pedestrian timing and thus interrupts the coordination. If there is no
pedestrian call, the signal tries to come back into coordination by subtracting from
concurrent vehicular phase (side-street) green time.

2

Cycle Length Not Including Pedestrian Timing

Cycle Length Including Pedestrian Timing

140
135
Adding time to concurrant vehicular
phase because of pedestrian call and
signal goes out of coordination

Cycle Length [sec]

130
125

Signal comes back into
coordination again

120
115
Subtracting from cycle length to
bring the signal back into
coordination

110
105
Pedestrian Call

Pedestrian Call

100
550

1050

1550

2050
2550
Simulation Time [sec]

3050

3550

Figure 1 Effect of Pedestrian Timing Treatment on Cycle Length
Hence, a natural question arises about how to determine a tradeoff point between
these two strategies. Or, when does it make sense to integrate pedestrian timings in the
cycle length, and when is better to keep the pedestrian timings outside of the cycle length?
There are many factors that can play a role to answer these questions which have been
described in multiple studies (Gholami et al., 2017, Sobie et al., 2016, Kothuri S. M., 2014,
Tian et al. 2016, and Mao, D., and Xu, H. 2015). Also, there are many studies which have
addressed similar questions from slightly different perspectives, but where the operational
environments were quite distinctive (Tian et al., 2000, Tian et al., 2001, Gholami et al.,
2017 and Mao, D., and Xu, H. 2015).

3

1.1 RESEARCH MOTIVATION
Managing pedestrian crossing at signalized operation is a conflicting objective as it need
to balance safety and efficiency of both vehicular and pedestrian traffic. Both pedestrian
treatment alternatives discussed in Figure 1, have advantages and disadvantages.
The motivation of this research is to examine the two treatments of pedestrian
timings, by analyzing both at the performance of coordinated through traffic on the major
corridor and also the overall network performance affected by such pedestrian treatments.
1.2 RESEARCH OBJECTIVES
The research objective is to address the abovementioned questions by examining the two
treatments of pedestrian timings (from Figure 1) for a small corridor of five intersectio ns
in Utah. The purpose of this study is to deal with this matter from multiple directions,
considering the impacts of various factors such as: traffic demand, level of pedestrian
activity, and transition method. The experiments have been done in a high-fide lity
microsimulation environment with the Software-In-the-Loop version of the field controller
(Econolite ASC/3).
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CHAPTER 2 LITERATURE REVIEW
The handling of pedestrian alternatives at signalized intersections often involves
conflicting objectives, and a signal timing plan needs to target both pedestrian and
vehicular service quality. As a result, pedestrian timings have always been an issue whe n
developing signal timing plans for coordinated signal systems. Researchers have
approached this issue from different perspective. A literature review has been made to
understand and describe how previous relevant research efforts treated this subject and
where they failed to provide enough technical details and clear methods to deal with
subjected issue. The literature review focuses two perspective includes pedestrian effects
of signalized intersection and signal transition algorithms.
2.1 PEDESTRIAN EFFECTS ON SIGNALIZED INTERSECTION
The relevant research efforts of the current practice on how pedestrian crossings are
handled in actual signal operations are described in this section.
Tian et al. investigated various effects of the two pedestrian treatment alternatives
(vehicle minimums and pedestrian minimums) through a case study 11 intersection arterial
with two ramp with high traffic volumes, Vancouver, Washington including one
intersection having relatively low side-street traffic demands (Tian et al., 2000). Various
timing strategies including the appropriate setting of offsets, the effective use of side-street
phasing, and the use of maximum recall were identified to minimize the negative effect
while timing based on pedestrian minimums. They found out that accommodating
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pedestrian timings within the cycle length for a corridor is generally a better strategy from
the standpoint of signal coordination, because the signal will remain in coordination even
with pedestrian calls. Based on that they recommended that timing based on pedestrian
minimum technique should be applied when longer cycle length is required for the system,
and medium to high level pedestrian crossing activities exist.
In his another study, Tian et al. discussed the effect of pedestrians on the capacity
of signalized intersections based on split-phase operations (Tian et al., 2001). They
presented various alternatives for providing pedestrian timings under split-phasing
operations as well as addressed the advantages and disadvantages, implementa tio n
strategies, and potential impact on intersection operations, especially on coordinated signal
systems, with regard to each alternative of timing. The advantages and disadvantages of
each split-phasing scheme were examined from the perspective of safety and operational
efficiency and efficiency of each phasing scheme was examined on the basis of coordinated
signal system operations. Finally, they found that a pedestrian crossing has a significa nt
impact on intersection capacity when a street is controlled by a split phase.
Gholami et al. developed guidelines to determine when it is preferable to choose
the cycle length which accommodates the pedestrian timings (when greater than timings
for vehicular traffic) over the cycle length, which does not accommodate the pedestrian
timings for a single intersection (Gholami et al., 2017). Several scenarios were simulated
for both accommodated and non-accommodated methods, based on volume, pedestrian
volume, required pedestrian time, cycle length, distance between intersections etc. And
they tested the guideline on one intersection in McCarran Boulevard/Greenbrae Drive in
Sparks, Nevada with actual real-world data. This guideline provided several charts based
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on simulation outputs, which could help others to determine the optimum method based on
the cycle length, vehicle and pedestrian volumes, and required pedestrian timings.
Ma et al. used a multi-objective approach for the best agreement between pedestrian
phase patterns (exclusive pedestrian phase and conventional two-way crossing) and control
of the signalized intersection consisting of different traffic modes (Ma et al., 2014). The
proposed multi-objective optimization model was based on two objectives: minimizing
pedestrian delays and minimizing vehicular delays are adopted as two objectives. To
develop an unbiased performance evaluation index for comparison of exclusive pedestrian
phase and the conventional two-way crossing, pedestrian delays under the control of
exclusive pedestrian phase and conventional two-way crossing are explicitly modeled and
the model was applied to at an intersection in Shanghai, China. The effectiveness of the
proposed model in comparison in terms of intersection pedestrian phase patterns and design
of signal timing plans. In order to provide operational guidelines for decision makers in
better selecting the pedestrian phase pattern for signalized intersections, the impacts of
vehicular demand, pedestrian demand, proportion of turning movements, and proportion
of diagonal crossing pedestrians were investigated.
Tian and Xu addressed the effect of pedestrian crossings and timings on signalized
intersection operations with the consideration of the stochastic pedestrian calls (Tian and
Xu, 2006). They introduced a model that takes into account the stochastic nature of
pedestrian crossings and their effects. The model consisted of calculations of the
probability of having a pedestrian call in a cycle, and the corresponding capacities and
delays for the traffic movements. The effects of pedestrians on intersection capacity and
delay were analyzed by using the proposed model. The analysis found that higher
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pedestrian volumes result in higher capacity and lower delay for the pedestrian-concur re nt
movements (when the pedestrian split is greater than the vehicular split) and that a higher
cycle length results in a lower capacity for the concurrent movements (when the vehicular
demand is low, but the pedestrian timings are high).
Similarly, Cheng et al. proposed an analytical model to deal with pedestrian
impact on capacity and delay, which is applicable for a semi-actuated signal control
scenario (Cheng et al., 2008). They introduced a model which takes into account the
stochastic nature of pedestrian crossings and their effects. It computed the probability of
having pedestrian calls in a cycle and the corresponding capacities and delays for traffic
movements. An implementation framework was developed to help practitioners conduct
capacity analyses using the model as well as to analyze the effects of pedestrians on
intersection capacity and delay.
Urbanik et al. discussed various issues related to pedestrian timing treatments with
split phasing operations (Urbanik et al., 2000). They investigated the advantages and
disadvantages of each form of split phasing from point of view of safety and operational
efficiency. Based on the result of analysis of phasing alternatives such as split phasing with
protected left-turns and split phasing with permitted left-turns, this study reached proposed
a protected/permitted left turn display for split phasing to maximize the efficiency while
maintaining safe traffic operations.
Kothuri developed a method to measure pedestrian delay using 2070 signal
controllers and Voyage which were adopted by the City of Portland to record actuation
trends and delays at various intersections (Kothuri, 2014). With the help of microsimulation software delays resulting from varying pedestrian and vehicle volumes on a
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network of three intersections in Portland, Oregon were analyzed. In the point of a
pedestrian perspective, free operation was found to be always beneficial due to lower
pedestrian delays. However, in terms of system wide perspective, free operation was found
to be beneficial only under low-medium traffic conditions from an overall delay reduction
viewpoint, while coordinated operation showed benefits under heavy traffic conditions,
irrespective of the volume of pedestrians. To determine the best mode of signal controller
operation, a control strategies were developed which produced the lowest overall average
delay per user. And the study found that pedestrians at recall intersections (where
pedestrian activity is high and served automatically without push buttons) experienced
lower delays than at actuated intersections.
Sobie et al. examined methods to reduce pedestrian delay through the development
of a pedestrian priority algorithm that selects an operational plan favorable to pedestrian
service, provided a user-defined volume threshold has been met for the major street (Sobie
et al., 2016). Vissim with the use of software-in-the- loop simulation were utilized to
determine the impact of algorithm and several operational scenarios on user delays.
Actuating a portion of the coordinated phase, or actuated–coordinated operation was
considered as one of the important operational scenario. Moreover, a sensitivity analysis
was performed on vehicle extension timers to explore the impact that this coordinated
movement parameter on user delay. The scenario analysis resulted that employing fully
actuated (also known as free) operation—either with the designed algorithm or without—
was an effective method of reducing pedestrian delay on the minor street while decreasing
average intersection vehicle delay for the volumes used in the simulation. And the vehicle
extension sensitivity analysis represented that shortening the extension timer of an
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actuated–coordinated phase can reduce pedestrian delay on the minor street without
increasing overall vehicle delay.
2.2 SIGNAL TRANSITION ALGORITHMS
When pedestrian volume is low, unaccommodated pedestrian timings is a common practice
at signalized intersections. This situation causes pedestrian calls that result in transitio na l
effects between cycles, which can be implemented through various transition algorithms,
such as Dwell, Max Dwell, Add, Subtract, and Shortway (Koonce et al., 2008). This section
focuses on various transition algorithms which can effect this situation.
According to Koonce et al., the Dwell transition algorithm causes the controller to
rest in the coordinated phases until the new coordination plan is reached by increasing the
cycle length. The Max Dwell transition is the modified version of Dwell transitio n
algorithm. It allots green time to coordinated phase for a specific amount of time every
cycle to make transition smoother than Dwell. The Add transition algorithm allows signal
controller to change the offset through lengthening the cycle by increasing all phases
proportionally to their splits unlike the Dwell and Max Dwell transition algorithm. The
amount of time added to the cycle length is typically constricted to a specified percentage
of the cycle length of the next signal timing plan. Contrarily, the Subtract transitio n
algorithm changes the offset by shortening all phases (subject to minimum green time
requirement) and a specified percentage of the cycle length of the new pattern. The
Shortway transition algorithm sometimes known as Smooth transition algorithm applies
either the Add or Subtract algorithm based on which can achieve the transition over a
shorter transition period. It is also introduced as Bestway, and Minimax by some
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manufacturers. Such transition algorithms were tested previously by researchers under
various situations.
Shelby et al., tested various transition method in Eagle, Econolite, NextPhase, and
Naztec controllers (Shelby et al., 2006). Their study dealt with different transition logics
through three CORSIM simulation experiments, comparing the vehicle delay performance
of several transition methods at an isolated intersection and on an arterial. They proposed
and evaluated a policy for dynamically choosing a most effective transition method.
Finally, their study revealed that the Shortway transition is the most effective method in
general; however, the Add transition performed as well or better under congested
conditions.
Hamilton et al. also evaluated three different transition algorithms (Shortway,
Shortway Add Only and Infinite Dwell) in Eagle EPAC300 controller with CORSIM
simulation (Hamilton et al., 2000). To determine the "best" transition method, signal timing
plans changed by an offset correction of 10, 30, 50, 70, and 90 percent of the cycle length
were tested. The traffic volume is based on constant volume at 85% capacity at the
coordinated phase. They found that the Shortway algorithm was the best under for all of
the offset corrections.
In another study, Lee et al. examined two scenarios with transitions into and out of
peak traffic demands (Lee et al., 2011). They analyzed the detailed operational mechanis ms
for signal plan transitions considering both cycle length and offset changes. The study
comparatively evaluated the performance of the transition algorithms

under two

operational situations, namely, transition into and out of peak traffic demand through
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simulation experiments. Similar to the previous study, they found that Shortway algorithm
performed the best again.
Mao, D. and Xu, H. also investigated transition algorithms using the HILS tool
(Naztec and Eagle Controller) in Vissim (Mao, D., and Xu, H., 2015). They performed
analyses on how pedestrian operations impact the coordination bandwidth and major-street
delay under three transition algorithms (lengthening, shortening, and shortway). They
concluded that the Subtract and Add transition methods perform most efficiently for undersaturated and over-saturated conditions, respectively.
Gholami A. and Tian Z. proposed a mathematical model to determine which
transition method is the best (Gholami A. and Tian Z., 2018). Inputs to this model were
cycle length, volumes, required pedestrian timings, and other signal parameters and the
model recommendations were based on the overall system delay or arterial delay. They
also suggested three new transition methods called as Add-Subtract, Side-Subtract, and
Best-Delay.
To summarize, there have been several studies which have investigated similar
subjects and many that investigated operations of various transition methods. While this
paper falls in the same group of studies, its originality lays in the specific set of traffic
demand and geometrical conditions, controller settings, and experimental design. Most
importantly, this study considers both performances for the overall network and
coordinated major-street through traffic unlike the mentioned studies which considered
performances for coordinated major-street only.
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CHAPTER 3 RESEARCH METHODOLOGY
The research methodology developed in this study is based on several experimenta l
scenarios. There are many scenarios which could be investigated when trying to evaluate
the impact of pedestrian activity on the coordination of urban corridors. Factors such as
level of traffic congestion, frequency of pedestrian calls, type of pedestrian phases, overall
traffic demand, ratio of major-street versus side-street traffic, etc., all affect how
pedestrians may impact coordination of the major street and the overall traffic performance.
While the opportunities for such an investigation are endless this study focused on the four
major criteria (shown in Figure 2), which are described in further text. The research
methodology is organized as follows. First, a brief overview of the study network. Then,
the explanation of flow and major components of experimental process and finally the
experimental setup in simulation environment.

Figure 2 Experimental Design
13

3.1 STUDY NETWORK
Before going into a description of how scenarios were developed and experiments were
executed, the author wants to familiarize readers with the study network which was used
for the experiments. A five signalized intersection segment along 3500 South, in West
Valley City, Utah, was chosen for this study. The study network with five signalized
intersection which comprises intersection 5200 W to intersection 4000 W is shown in
Figure 3. The intersections considered for pedestrian operations are marked by red circle
(Figure 3). This stretch of the corridor was chosen because of multiple reasons. A Vissim
simulation model of this network has been properly calibrated, validated, and used in
previous studies (Mulandi et al., 2010, Mulandi et al., 2011). The chosen network is small
enough to make the experiment manageable and make impacts of various inputs traceable.
At the same time, the network is large enough to provide a good case for investigation of
coordinated signal operations.
Intersection Considered for Pedestrian Actuation

5200 W and
3500S

4800 W and
3500S

4400 W and
3500S

4155 W and
3500S

4000 W and
3500S

Figure 3 Case-study Network
Vissim was chosen as a simulation tool in this study because of its ability to
interface with field-like controller Econolite’s ASC/3, whose Software-in-the- loop (SIL)
version was used to test various signal timings in this study.
Vissim is a detailed microscopic, time step oriented, and behavior-based simula tio n
tool for modeling urban and rural traffic as well as pedestrian flows that can models
14

vehicles at the 0.1-second resolution level. The traffic flow is simulated under various
constraints of lane distribution, vehicle composition, signal control, and the recording of
private and public vehicles (PTV Vision, 2018). Figure 4 shows the test network in Vissim
interface.
Intersection Considered for Pedestrian Actuation

5200 W and
3500S

4800 W and
3500S

4400 W and
3500S

4155 W and
3500S

4000 W and
3500S

Figure 4 Case-study Network in Vissim Interface
Similarly, Synchro, one of the most popular signal optimization tools, was chosen
to develop optimal signal timing plans for each of the relevant scenarios. Synchro is a
macroscopic analysis and optimization software application which supports the Highway
Capacity Manual (HCM) for signalized intersections, unsignalized intersections and
roundabouts. Signal optimization routine of Synchro allows the user to weight specific
phases, thus providing more options when developing signal timing plans. Synchro can
optimize cycle lengths, splits and offsets, eliminating the need to try multiple timing
plans to ensure the optimum. Figure 5 shows the test network in Synchro interface
(Trafficware, 2011). Spacing between consecutive intersections is also shown in Figure 5.
Intersection Considered for Pedestrian Actuation

806.59 m

5200 W and
3500S

804.78 m

4800 W and
3500S

494.14 m

4400 W and
3500S

Figure 5 Case-study Network in Synchro Interface
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309.96 m

4155 W and
3500S

4000 W and
3500S

It is important to note that the pedestrian operations were investigated only at the
intersections of 5200 West, 4155 West, and 4000 West, as those are only intersections with
significant pedestrian volumes in the field.
3.2 EXPERIMENTAL DESIGN
The research methodology was arranged through an organized flow of a step by step
experimental process. The first step to conduct pedestrian effect study was to investigate
impact of various transition modes offers by Econolite’s ASC/3 Software-in-the-loop (SIL)
controller to justify whether they perform different enough while treating coordinatio n
disruption caused by the pedestrian activities or not. Then different experimental scenario
based on traffic demand, pedestrian activity was developed. After that the basic signal
timing were optimized based on various treatments of pedestrian timings. Simula tio n
scenarios were configured based on four major criteria such as traffic demands, pedestrian
activities, signal timings and transitions methods. Finally, necessary analysis was
conducted with the simulation results from various simulation scenarios and to discuss the
findings. The experimental process for this study is described in Figure 6.
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Investigate Impact of Various
Transition Modes

Design Scenarios with Various Traffic
Demands and Pedestrian Activities

Optimize Signal Timings (with various
treatment of pedestrian timings)

Execute Scenarios in Vissim
Simulation

Retrieve Simulation Outputs and
Discuss Findings

Figure 6 Experimental Process
3.2.1 INVESTIGATE IMPACT OF VARIOUS TRANSITION METHODS
The first task, before deciding if various transition methods should be investigated in this
study, was to test how much each of the available transition methods in Econolite’s ASC/3
differ when treating coordination disruption caused by the pedestrian activities. To explain
the issue, when pedestrian signal timings (walk + flash do not walk), are longer than the
green time necessary for a concurrent vehicular phase signal, practitioners have two
choices:
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·

Use a cycle length which is long enough to encompass such pedestrian timings,
in which required pedestrian timings were added to the side street at all cycles,
regardless of pedestrian presence. This case is referred as Pedestrian Timings
Within Cycle (PTWC).

·

Use a shorter cycle length which is enough to serve the concurrent vehicular
phase but shorter than needed when pedestrian calls are made. This case is
referred as Pedestrian Timings Outside Cycle (PTOC).
In the latter case, whenever a pedestrian call is made, the controller steps out of

coordination (the coordinated phase is not synced with the other signals) and, depending
on the transition method, it takes a few cycles to get back in synchronized operations. This
is usually documented as a series of cycle lengths different from nominal cycle lengths.
Three transition methods are given below that exist in Econolite ASC/3 controllers,
along with basic description of their operations (Econolite Control Products, 2007):
·

Smooth - Change is made by adding a maximum of 20% or subtracting a
maximum of 17% of cycle length per cycle. This time is modified by the ECPI
feature of "DWELL /ADD TIME" when it is non-zero.

·

Add Only - Change is made by adding a maximum of 20% of cycle length per
cycle and moving into the next cycle if necessary. This time is modified by the
ECPI feature of "DWELL / ADD TIME" when it is non-zero.

·

Dwell - Change is made by holding in the coordinated phases for a specified
dwell period.

The author’ first task was to investigate if using these three methods on a simple case
scenario would create enough variations in simulated experiments to warrant further
18

investigation of these transition methods under various traffic and pedestrian demands. It
should be noted here that only default values were used for the parameters in Econolite
ASC/3 controller for these various transition methods. This essentially means that
"DWELL/ADD TIME" was kept at zero for all experiments. The fixed force off option
was chosen over the floating force off as a more common type of the force off setting.
Although this assumption may be arguable, the author wanted to test the base-case
scenarios for these transitions. Additionally, sensitivity analysis of the transition method
parameters would significantly increase the number of experiments (which was already
sizable) and was thus considered to be outside of the scope of this work.
To check operations of various methods, the author used a single controller with a
cycle length of 120 seconds and eight phases, four of which featured pedestrian operations.
Pedestrian timing for one of those phases was increased to 15 seconds over the phase green
time given to vehicles, thus emulating a signal with relatively long pedestrian protection
times. Pedestrian calls were placed three times during an hour of simulation time (with
approximately 12 cycles).

Figure 7 shows how the three various transition methods modify cycle lengths to get back
to the original cycle length (or synchronized operations). It is evident that the Smooth
transition is much shorter (~ 2 cycles) to get back to the original cycle length, whereas the
other two methods seem to behave similarly and take much longer time (~ 7 cycles) to get
back in sync.
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*Ped. Act. – Pedestrian Actuation
Figure 7 Impact of Pedestrian Calls on Cycle Lengths During Transition
To further investigate if the two transition methods with similar cycle-length
changes, behave differently, the author plotted cycle-by-cycle phase durations for all three
transition methods. Figure 8, Figure 9, and Figure 10 show such phase durations for the
cycles when the signal is out of coordination for Smooth, Add Only and Dwell transitio n
method respectively. Outputs from Figure 8, Figure 9 and Figure 10 show that, the phase
distribution during Smooth transition is different than the other two transition (Add Only
and Dwell). Although the cycle lengths for the transition methods Add-only and Dwell are
similar, distribution of cycles among phases are different (see Figure 9 and Figure 10). As
individual phases are quite different, it may impact intersection performance (e.g. delays
or stops). Thus, the verdict is that all three transition methods warrant further investiga tio n
under various traffic and pedestrian demand scenarios.
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3.2.2 TRAFFIC DEMAND SCENARIOS
In this study, three different traffic demand scenarios were considered – High, Moderate,
and Low Traffic (demand). These were developed to see how various traffic demand levels
(mainly along the major street) are impacted by various pedestrian activities. Table 1 below
summarizes how traffic demand scenarios impacted turning movement counts at various
intersections. The high, moderate, and low traffic scenario were developed so that some of
the intersections fall in the range of Levels of Service (LOSs): E to F, C to D, and A to B,
respectively. However, this was not a strict rule, as it was quite difficult to both achieve a
desired LOS grade and keep the ratio of volumes proportional with the original field
conditions. Table 1 also shows the resulting intersection LOSs for each scenario.
Throughout the process, side-street volumes, when possible, were kept the same as
in the original step in an attempt to keep the traffic demand unaltered for those (side-street)
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phases concurrent with the pedestrian phases. However, there were some exceptions where
variations of side-street traffic were necessary. It is important to note that the field traffic
conditions were most similar to the Low traffic demand scenarios and the other two cases
(Moderate and High) were obtained by increasing traffic on the major street.
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Table 1 Turning Movement Counts and Pedestrian Activity for Each Traffic Demand

Turning Movement Counts
Traffic
Pedestrian
LOS
Scenario EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Activity/Hr.
0

2145 175

105 1694

0

0

0

0

74

0

75

D

0

1945 175

105 1299

0

0

0

0

74

0

75

C

Low

0

754

85

89

735

0

0

0

0

74

0

75

C

High

75 1994

51

143 1597

94

66

187

141

69

489 136

E

75 1794

51

143 1247

94

66

187

141

69

489 136

D

Low

75

703

51

143

722

94

66

187

141

69

489 136

A

High

262 1869

73

123 1869

55

54

108

54

123 186

55

C

4400 W and 3500S Moderate 262 1669

73

123 1375

30

54

108

54

123 186

55

C

73

70

850

30

54

108

54

123 186

55

B

5200 W and 3500S Moderate

4800 W and 3500S Moderate

24

64

High

37 1759 NA

NA 1900

41

NA NA

NA

85 NA

50

B

37 1460 NA

NA 1600

41

NA NA

NA

85 NA

50

B

Low

37

NA 1100

41

NA NA

NA

85 NA

50

A

High

220 1564

60

462 1732 301 171 182

152 129 245

30

F

4000 W and 3500S Moderate 220 1265

60

462 1432 301 171 182

152 129 245

30

D

60

462

152 129 245

30

D

SBL SBT SBR -

South Bound Left
South Bound Through
South Bound Right

Low
EBL EBT EBR -

East Bound Left
East Bound Through
East Bound Right

966 NA

123 868
WBL WBT WBR -

West Bound Left
West Bound Through
West Bound Right

932

301 171 182
NBL NBT NBR -

North bound Left
North Bound Through
North Bound Right

High: 12
High: 12
Medium: 7 Medium: 7
Low: 3
Low: 3

Low
4155 W and 3500S Moderate

776

NA

High

High: 12
Medium: 7
Low: 3

Intersection

3.2.3 PEDESTRIAN ACTIVITY SCENARIOS
For the three levels of pedestrian activity (from Figure 2), the author has arbitrarily chosen
3, 7, and 12 pedestrian calls per hour for each pedestrian-active intersection. For better
understanding of when various pedestrian demand levels were applied, the last column of
Table 1 shows the three different level of pedestrian activity for the three selected
intersection. It can be seen that for the scenario with Low pedestrian activities, there were
in total nine pedestrian calls placed during an hour at the three participating intersectio ns.
The number of calls increased to 21 and 36 calls for the Moderate and High pedestrian
activities, respectively. It should be noted that to provide adequate protection for pedestria n
crossing times the used walking speed of 3.5 fps as a recommendation from the latest
Manual on Uniform Traffic Control Devices (MUTCD) (FHWA, 2009). Such low
pedestrian walking speeds usually required protected pedestrian timings, which were 1520 seconds longer than necessary vehicular phase times for the concurrent phases. These
timings lead, after relevant signal timing optimizations, to the PTWC cycle lengths, which
were at least 20 seconds longer than the PTOC cycle lengths.
3.2.4 OPTIMIZATION OF SIGNAL TIMING IN SYNCHRO
Signal timings were optimized in Synchro for two pedestrian timing scenarios (PTWC and
PTOC) and each traffic demand level. The field signal timings were used as basic which
were utilized to optimize for different scenarios. To explain the optimization process,
considering pedestrian timings the author dealt with:
·

PTWC: In this approach the signal timings were optimized considering the
pedestrian required time. Although corresponding vehicular phase need less
time than the pedestrian phase, pedestrian timings were included in every cycle
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so that particular phase will run every cycle when there will be pedestrian
actuation. In this setup the signal remains coordinated at all times with sidestreet green time even when that much green time is not needed.
·

PTOC: In the other approach the signal timings were optimized considering the
vehicular required time. As corresponding vehicular phase need less time than
the pedestrian phase, the pedestrian timings were not included in cycle length –
the cycles were optimize based on corresponding vehicular green time phase.
The side-street green time interval will be extended only when it is required
meaning when there is a pedestrian call to cross the major street, the signal will
go out of coordination and as a consequence one of the transition methods will
work to return signal clock into coordination with the clock of the other signal.
After defining the scenario based on pedestrian timings, the signals timing were

separately optimized for High, Moderate and Low traffic demand and for each demand
level the signal timings were optimized for PTWC and PTOC scenarios. The optimizatio ns
in Synchro took common and recommended directions where first each intersection was
optimized locally followed by the global optimizations of the entire network.
·

Local Optimization

At first each of all intersection were optimized based on following parameters:
- Intersection Split
- Intersection Cycle Length
- Intersection Offset
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·

Network Optimization

After finishing the local optimization in each intersection, network optimization was
performed throughout the whole network using those locally optimized model in following
two steps.
- Optimizing Network Cycle Length
All intersections were considered as part of the same system that was never allowed to run
uncoordinated operations. Cycle lengths were tested in two-second increments within the
range of 50 to 180 seconds. Phase sequence was optimized too, and the extensive offset
search was performed at the end. The automatic optimization was chosen for the
optimization process. Figure 11 shows the network cycle length optimization setup.

P
O

Figure 11 Network Cycle Length Optimization Setup in Synchro
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- Optimizing Network Offset
After optimizing the network cycle length the network was optimized based on offset. As
the offset optimization were done on the network cycle length optimized model, the splits
kept existing. Lead/lag phasing was optimized too, and the best timing plan was selected
as quicker. The network cycle length optimization setup is presented in Figure 12.

Figure 12 Network Offset Optimization Setup in Synchro
To ensure that the side-street phases do not get extra green times if significa ntly
higher cycle lengths are found to be best for the coordination purposes, the author kept
side-street splits locked during the optimization process. This step, arguably, skewed
results in the Synchro’s optimal solution (thus giving more green to the major-street
phases), but the author believe that something similar happens in the field, where Synchro’s
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timings are never implemented without further tweaking. The reason for locking side-street
splits was to keep a significant difference between side-street green times when pedestrian
timings for major road are versus are not integrated in the concurrent side-street phases.
This practice was supposed to ensure that the experiments were performed in a controllab le
environment which reflected the true intent of the planned investigation.
Table 2 Resulting Cycle Lengths for the Major Signal Optimization

Traffic Profile Signal Timing
High
Moderate
Low

PTWC
PTOC
PTWC
PTOC
PTWC
PTOC

Optimal Cycle Length
[sec]
174
148
150
120
112
90

3.2.5 EXECUTION OF SCENARIOS IN VISSIM SIMULATION
After developing all the possible scenarios based on different level of traffic demand,
pedestrian activities, pedestrian signal timing treatment and transition methods, the
experiments were designed to run in Vissim simulation environment. As the test network
geometry was already coded in Vissim, the next step was to populate the network with
three level of traffic volume as well as the turning movement count. Then the three chosen
intersections for pedestrian operation were coded with the three level of pedestrian activity.
In the next step each Econolite ASC/3 SIL controller was manually adjusted for the
relevant scenario. Finally, the basic simulation parameter were setup. The process of this
setup is discussed in following text.
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·

Turning Movement Count Setup

At the beginning the Vissim network was loaded with the Tuning Movement Counts and
volume inputs corresponding to the high traffic demand, moderate traffic demand and low
traffic demand for each individual intersection. Figure 13, Figure 14, and Figure 15 show
the layout of Turning Movement Counts for five intersections of the test network. The side
street traffic demand were kept the same in an attempt to keep traffic demand unaltered for
those (side-street) phases concurrent with the pedestrian phases.
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Figure 13 Turning Movement Counts Layout for High Traffic Demand Scenario
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Figure 14 Turning Movement Counts Layout for Moderate Traffic Demand Scenario

Figure 15 Turning Movement Counts Layout for Low Traffic Demand Scenario

32

·

Pedestrian Activity Setup

After coding the network with three level of traffic demand the next step was to load each
network with different traffic demand with corresponding pedestrian activity for the three
selected intersections (5200 W, 4155 W and 4000 W). Which means model with high
level traffic was populated with high, moderate and low pedestrian activity and the same
process followed with demand level moderate and low. So, after this step the total of nine
scenarios were developed. For better understanding these scenarios are presented in Figure
16, Figure 17 and Figure 18 respectively for high, moderate and low vehicular traffic
demand scenario. From Figure 16, Figure 17, and Figure 18, it can be seen that for high
pedestrian scenario the simulation was set so that the pedestrian could activate the phase
12 times in the entire simulation hour. For moderate and low pedestrian scenario the
actuation per hour were setup as 7 times and 3 times respectively during the simula tio n
hour. It is also notable that the same process were repeated for the all three selected
intersections with pedestrian activity.

High Pedestrian Activity
12 actuation/hour

High Traffic
Demand

Medium Pedestrian Activity
7 actuation/hour

Low Pedestrian Activity
3 actuation/hour
Figure 16 Pedestrian Activity Scenario for High Traffic Demand Scenario
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High Pedestrian Activity
12 actuation/hour

Moderate
Traffic Demand

Medium Pedestrian Activity
7 actuation/hour

Low Pedestrian Activity
3 actuation/hour
Figure 17 Pedestrian Activity Scenario for Moderate Traffic Demand Scenario

High Pedestrian Activity
12 actuation/hour

Low Traffic
Demand

Medium Pedestrian Activity
7 actuation/hour

Low Pedestrian Activity
3 actuation/hour
Figure 18 Pedestrian Activity Scenario for Low Traffic Demand Scenario
·

Signal Timing Setup

The next step was to prepare the scenarios with pedestrian consideration (PTWC and
PTOC). For each traffic demand scenario Synchro produced two sets of signal timing
scenario, one was for PTWC and another for PTOC with different cycle lengths and split
distribution. So, for high, moderate and low traffic demand total six different signal timings
were produced by through optimization. The signal timings were manually recorded in the
Econolite ASC/3 SIL controllers of the relevant Vissim scenarios. Table 3, Table 4 and
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Table 5 represents the cycle length and split distribution for high, moderate and low traffic
demand scenario respectively. The values of cycles and splits shows in tables are coded in
corresponding controllers for each individual scenario.
Table 3 Cycle Length and Split Distribution for High Traffic Demand Scenario
Signal
Intersection
Timing
5200 W
4800 W
4400 W
4155 W
4000 W

PTWC
PTOC
PTWC
PTOC
PTWC
PTOC
PTWC
PTOC
PTWC
PTOC

Optimal
Split Distribution Per Phase [sec]
Cycle Phase Phase Phase Phase Phase Phase Phase Phase
1
2
3
4
5
6
7
8
Length
150
NA
122
NA
28
NA
122
NA
28
120
NA
109
NA
11
NA
109
NA
11
150
10
105
NA
35
13
102
NA
35
120
10
75
NA
35
11
74
NA
35
150
NA
110
NA
40
NA
110
NA
40
120
NA
80
NA
40
NA
80
NA
40
150
NA
120
NA
30
NA
120
NA
30
120
NA
99
NA
21
NA
99
NA
21
150
11
93
14
32
42
62
15
31
120
11
68
10
31
30
49
13
28

Table 4 Cycle Length and Split Distribution for Moderate Traffic Demand Scenario
Signal
Intersection
Timing
5200 W
4800 W
4400 W
4155 W
4000 W

PTWC
PTOC
PTWC
PTOC
PTWC
PTOC
PTWC
PTOC
PTWC
PTOC

Optimal
Split Distribution Per Phase [sec]
Cycle Phase Phase Phase Phase Phase Phase Phase Phase
1
2
3
4
5
6
7
8
Length
150
NA
122
NA
28
NA
122
NA
28
120
NA
109
NA
11
NA
109
NA
11
150
10
105
NA
35
13
102
NA
35
120
10
75
NA
35
11
74
NA
35
150
NA
110
NA
40
NA
110
NA
40
120
NA
80
NA
40
NA
80
NA
40
150
NA
120
NA
30
NA
120
NA
30
120
NA
99
NA
21
NA
99
NA
21
150
11
93
14
32
42
62
15
31
120
11
68
10
31
30
49
13
28
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Table 5 Cycle Length and Split Distribution for Low Traffic Demand Scenario

Intersection

Signal
Timing
PTWC
PTOC
PTWC
PTOC
PTWC
PTOC
PTWC
PTOC
PTWC
PTOC

5200 W
4800 W
4400 W
4155 W
4000 W

·

Optimal
Split Distribution Per Phase [sec]
Cycle Phase Phase Phase Phase Phase Phase Phase Phase
1
2
3
4
5
6
7
8
Length
112
NA
84
NA
28
NA
84
NA
28
90
NA
74
NA
16
NA
74
NA
16
112
10
67
NA
35
18
59
NA
35
90
10
45
NA
35
15
40
NA
35
112
NA
72
NA
40
NA
72
NA
40
90
NA
50
NA
40
NA
50
NA
40
112
NA
82
NA
30
NA
82
NA
30
90
NA
70
NA
20
NA
70
NA
20
112
11
55
14
32
31
35
15
31
90
11
38
10
31
22
27
13
28

Transition Method Setup

The final step of the scenario generation was to prepare the scenarios with three differe nt
transition methods offered by the Econolite ASC/3 SIL controllers. For each of the above
mentioned scenario the three transition method such as Smooth, Add Only and Dwell were
utilized for the analysis. Figure 19, Figure 20, and Figure 21 show the controller setup for
Smooth, Add Only and Dwell transitions respectively. For each transition scenario each of
the five controllers were set with the same transition methods within the same scenario
which means that if the Smooth transition was used in one controller the remaining four
controllers were also set under the Smooth transition, the same practice applies for Add
Only and Dwell Transitions. In Figure 19, Figure 20, and Figure 21 it is also noticeable
that the author maintained the default values for the parameters in Econolite ASC/3
controller for these various transition methods. It can be seen that "DWELL/ADD TIME"
was kept at zero for all experiments. As a force off option, the fixed force off options was
used.
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Figure 19 Controller Setup for Smooth Transition Method

Figure 20 Controller Setup for Add Only Transition Method

Figure 21 Controller Setup for Dwell Transition Method
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·

Simulation Parameter Setup

Finally, for each of the signal timing and traffic/pedestrian combination, three subscenarios were created by modifying the transition modes in the Econolite ASC/3 SIL
controllers. In total, there were 54 Vissim simulation models (18 for each of the transitio n
modes). All of the simulation runs were executed with 10 Hz simulation resolution for 75
minutes, which includes one hour of evaluation time followed by 15 minutes of warm- up
time
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CHAPTER 4 RESULTS & ANALYSIS
To evaluate the results of various investigated scenarios, the author decided to investigate
the performance of three performance measures from two major perspectives:
1.

Coordinated operations of the through movements along the major road and

2.

Overall network performance
The results were analyzed based on three performance measures retrieved from the

Vissim simulation outputs for each simulated scenario. The considered performance
measures were:
•

Delays (overall, e.g. not just stopped delay)

•

Number of stops

•

Performance index (PI)
Pedestrian delays and similar concerns were not considered, as it was expected that

pedestrians do not incur significantly different delays in any of the scenarios, as they are
treated with a higher priority. The PI was calculated according to the well-known formula
used by Synchro and other similar tools and presented by the equation 1.
!"#$"%&'! !"#$% (&! ) =

'*+,- ./012345*6 78 9:7;<
>?00
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(1)

4.1 RESULTS FOR MAJOR-STREET COORDINATED TRAFFIC
Figure 22, Figure 23 and Figure 24 show the Smooth transition scenario delay, the number
of stops, and the performance index (PI) for the major-street through moveme nts
respectively. Top and bottom of each figure represents the evaluation parameters for EB
WB directions respectively.
Each bar representing a certain performance measure is accompanied with a
throughput (in the middle of the bar) or the number of vehicles that have passed in that
direction per hour of simulation time. The three traffic demand levels are presented on the
x-axis, whereas the three levels of pedestrian activities are presented as various patterns
(shown also in the legend). Finally, two cases of pedestrian-timing treatments are
represented by different levels of boldness in the bars (PTWC’s bars are bolded while
PTOC’s bars are not).
Figure 22, Figure 23 and Figure 24 show that in the EB direction, one sees no
benefits of keeping signals at lower cycle lengths. Good coordination is important for this
traffic direction, and regardless of the level of pedestrian activities, out-of-sync periods
seem to cause higher delays, more stops, and higher PI. The impact of the traffic demand
is significant, as one can observe that the performances of the PTWC and PTOC scenarios
are much more similar for the low traffic conditions. Moderate traffic conditions seem to
bring the highest differences between PTWC and PTOC scenarios for all other conditions
alike.
Interestingly, for the WB direction, which does experience somewhat lighter traffic
flows, the author observed a somewhat different situation. In this case, the PTOC scenario,
where pedestrian timings are not integrated in the cycle length, outperforms the PTWC

40

scenario for moderate traffic demand. Later detailed analysis were performed to check why
this situation is different (explained later in the text). For the other two traffic demands, the
author still see that PTWC is a better scenario than PTOC, but the differences (for various
pedestrian activities) are not so emphasized as in the EB direction. These results are quite
consistent across various performance measures.
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Figure 22 Delay of Major Through Movements – Smooth Transition
42

Figure 23 Number of Stops of Major Through Movements – Smooth Transition
43

Figure 24 Performance Index of Major Through Movements – Smooth Transition
44

The same type of outputs (delay, number of stops and performance index) for the
Add-only scenario shows in Figure 25, Figure 26 and Figure 27. Add-only transitio n
exhibits similar results as the Smooth transition. It is again the EB direction that shows
undoubted supremacy over the PTWC scenario for moderate and high traffic scenario.
Sometimes, as in the case with low pedestrian activity, PTOC is better than PWTC. These
results then affect the PI results, as delay is one of the components of PI.
Similar to the previous case, the WB direction reports a better performance of PTOC for
Moderate traffic demand. However, this time the PTOC for Moderate traffic conditions is
not much better than PTWC but has very similar values for all three performance measures.
Obviously, the type of transition method has some impacts on the performance of various
coordinated movements of the major street.

45

Figure 25 Delay of Major Through Movements – Add Only Transition
46

Figure 26 Number of Stops of Major Through Movements – Add Only Transition
47

Figure 27 Performance Index of Major Through Movements – Add Only Transition
48

Another set of results comes from the outputs of the Dwell transition method
(Figure 28, Figure 29 and Figure 30) which is more similar to the Add Only scenario than
to the Smooth transition scenario results.

The EB direction, PTWC shows better

performance measures over the PTWC scenario for moderate and high traffic scenario. For
Moderate traffic demand of the same direction, one can also observe a smaller differe nce
than for other transition methods (PTWC is still better), whereas for Low traffic demand,
the PTOC outperforms the PTWC for all the performance measures.
Interestingly, for the WB direction, one can see results consistent with the other
transition methods – PTOC is slightly better for Moderate traffic demand but worse for the
other two traffic levels.
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Figure 28 Delay of Major Through Movements – Dwell Transition
50

Figure 29 Number of Stops of Major Through Movements – Dwell Transition
51

Figure 30 Performance Index of Major Through Movements – Dwell Transition
52

As mentioned earlier, for Smooth transition performance measures in the WB
direction, the author observed a somewhat different situation where, the PTOC scenario,
where pedestrian timings are not integrated in the cycle length, outperforms the PTWC
scenario for moderate traffic demand.
To investigate this situation, the author analyzed two exemplary scenarios where
the difference is the highest and the chosen scenarios were when the pedestrian activity
was medium for both PTWC and PTOC scenario. To analyze such a situation, time-space
diagrams both for the EB and WB directions under the PWTC and PTOC scenarios were
portrayed to visualize the quality of the progression.
Figure 31 and Figure 32 show such time-space diagrams for the EB and WB
direction under the PWTC and PTOC scenario respectively. For EB direction one can
observe that the coordination is poorer in the PTOC scenario than in the PTWC scenario,
because in PTWC scenario the major street through traffic were benefited by the
coordination similar to all the above mentioned cases (Figure 31, Figure 32). Contrarily,
for WB direction PTOC exhibits better coordination than the PTWC scenario (Figure 31,
Figure 32), which means that coordination for this direction and this level of demand is
poor enough that this WB through movement benefits more from a shorter cycle length
than from poorly coordinated operations with a higher cycle which integrates the pedestrian
timings. Because of this anomaly in progression, PTOC outperforms the PTWC scenario
for moderate traffic demand.
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Intersection Position

Major Through Movement (East Bound Direction)

Intersection Position
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Major Through Movement (West Bound Direction)

Figure 31 Time-Space Diagram for Smooth Transition – PTWC

Intersection Position

Major Through Movement (East Bound Direction)

Intersection Position
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Major Through Movement (West Bound Direction)

Figure 32 Time-Space Diagram for Smooth Transition – PTOC

4.2 NETWORK PERFORMANCE RESULTS
After investigating the impact of various scenarios on the performance of major through
movements along the major corridor, the author was interested in observing how these
common traffic performance measures behave on the network level (which includes all
traffic movements at all intersections). The same performance measures (delay, number of
stops and PI) were evaluated on the network level.
4.2.1 PEDESTRIAN PERSPECTIVE
Figure 33, Figure 34 and Figure 35 show only delays for Smooth, Add only and Dwell
transition methods respectively. The traffic demand and pedestrian activity levels are, like
in Figure 22- Figure 30, differentiated by adequate legends and/or positions on the x-axis.
In general, the findings are quite different on the network level than those observed for
major coordinated movements. It seems that the increased cycle lengths, due to higher
demand, create so much delay for the entire traffic in the network that such delay
significantly surpasses extra delay due to pedestrian-caused of major street coordinatio n
disruption.
Also, one can observe that the differences in delay between PTWC and PTOC
scenarios are the most negligible for the Low traffic scenario. These differences are the
highest for Moderate traffic scenario, whereas still noticeable for High traffic scenario. It
seems that the benefits of PTOC are the highest for Moderate traffic because this scenario
experiences extra delay due to high cycle lengths. Coordinated traffic is likely not very
affected by the disrupted coordination. When the traffic demand increases, it seems that
the disruption

due to ‘out-of-sync’

issues

(associated

with

the PTOC) better

counterbalances delay caused by the increase in the cycle length (PTWC).
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Between various transition methods, one can observe (Figure 33 - Figure 35) that
the Smooth transition better handles cases when the corridor is out of coordination, thus
generating higher differences between the PTWC’s and PTOC’s delays. Generally, such
differences between the Smooth transition and the other two methods (which perform quite
similar) are more accentuated for the High traffic demand than in the other two scenarios.
350
High Ped. Activity (PTWC)
High Ped. Activity (PTOC)

300

Medium Ped. Activity (PTWC)
Medium Ped. Activity (PTOC)
Low Ped. Activity (PTWC)

250

Delay [hours]

Low Ped. Activity (PTOC)

200
150
100
50
0

High Traffic

Moderate Traffic

Low Traffic

Vehicular Traffic Profiles
Figure 33 Network Delay for Smooth Transition Method
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Figure 34 Network Delay for Add Only Transition Method
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Figure 35 Network Delay for Dwell Transition Method
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Figure 36, Figure 37, and Figure 38 represent the results for the total number of
stops for three transition methods. As expected, these results are somewhat different from
the delays in Figure 33 - Figure 35. Poor coordination affects more stops than delays, and
that is why it can be observed, in general, that the PTOC generates more stops than the
PTWC. Similar to delay, one can observe that the differences in number of stops between
PTWC and PTOC scenarios are the most negligible for the Low traffic scenario While this
is the case for most traffic demand and pedestrian activity levels, such results (for Smooth
transition) are more emphasized for the High traffic demand. The other two methods
perform consistently to the previous cases – it seems that their transition methods produce
more negative externalities. Thus, this leads to more stops for PTOC and the higher
differences between stops for PTOC and PTWC.
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Figure 36 Network Stops for Smooth Transition Method
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Figure 37 Network Stops for Smooth Transition Method
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Figure 38 Network Stops for Dwell Transition Method
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Finally, Figure 39, Figure 40, and Figure 41 portray just a linear combination of the
delays and stops, and its outputs are therefore a proportional picture of the outputs that
were discussed for Figure 33 - Figure 38 for three transition methods. In general, for all
three transition methods, one observes very little difference in the PI for the Low traffic
demand. The differences are much higher for Moderate and High traffic demands, in which
it can be seen that increased cycle lengths caused by PTWC treatment bring many more
negatives than the disrupted coordination associated with the PTOC scenario.
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Figure 39 Network Performance Index for Smooth Transition Method
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Figure 40 Network Performance Index for Add Only Transition Method
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Figure 41 Network Performance Index for Dwell Transition Method
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4.2.2 TRANSITION METHOD PERSPECTIVE
Considering that some differences and inconsistencies were observed among various
transition methods in Figure 33 - Figure 41, the author decided to have a closer look into
impact of various transition methods on the network performance measures.
Figure 42, Figure 43, and Figure 44 present delays for the three pedestrian activity
levels in terms of various combinations of traffic demands and transition methods. In the
figures delays are represented in each bar. The three traffic demand levels are presented on
the x-axis, whereas the three levels of transition methods are presented as various patterns
(shown also in the legend). And, two cases of pedestrian-timing treatments are represented
by different levels of boldness in the bars (PTWC’s bars are bolded while PTOC’s bars are
not).
It can be seen that three transition methods perform similarly when pedestrian
activities are low for all traffic demands (Figure 42 - Figure 44). However, for high and
moderate traffic demands, the Smooth transition is slightly better than the other two
methods in reducing the network delay.

63

350
Smooth Transition (PTWC)
Smooth Transition (PTOC)
Add-only Transition (PTWC)
Add-only Transition (PTOC)
Dwell Transition (PTWC)
Dwell Transition (PTOC)

300

Delay [hours]

250
200
150
100

50
0

High Traffic

Moderate Traffic

Low Traffic

Vehicular Traffic Profiles
Figure 42 Network Delay for High Pedestrian Activity
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Figure 43 Network Delay for Medium Pedestrian Activity
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Figure 44 Network Delay for Low Pedestrian Activity
Figure 45, Figure 46, and Figure 47 show the total number of stops in the network
for various combinations of traffic demands and transition methods. Similar to Figure 42 Figure 44, low traffic demand with the three transition methods performs similarly for
various levels of pedestrian activity. For the High and Moderate traffic demands, on the
other hand, the Smooth transition generates the lowest number of stops for all of the
pedestrian activities.
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Figure 45 Network Stops for High Pedestrian Activity
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Figure 46 Network Stops for Medium Pedestrian Activity
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Figure 47 Network Stops for Low Pedestrian Activity
Finally, Figure 48, Figure 49, and Figure 50 portray just a linear combination of the
delays and stops, and its outputs are therefore a proportional picture of the outputs from
Figure 42 - Figure 47 for three level pedestrian activity. For all pedestrian activity level,
very little difference is observed in the PI for the Low traffic demand unlike delays and
number of stops. However, in general, it can be concluded that the PI for each pedestrian
activity level probably more influenced by delays (Figure 42 - Figure 44).
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Figure 48 Network Performance Index for High Pedestrian Activity
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Figure 49 Network Performance Index for Medium Pedestrian Activity
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Figure 50 Network Performance Index for Low Pedestrian Activity
During analysis on effects of different transition methods on the network
performance measures it was noticed that the results for various performance measures for
the three transition methods are not the same even for the PTWC scenario. However, the
expectation was that when pedestrian timings are integrated within the cycle length, the
transition methods should not be different and/or should not have a significant impact on
the network performance measures. To investigate this phenomenon further, the author
decided to give a more detailed look into how the three transition methods operate when
the timings are under a PTWC scenario. Considering that there were five controllers in the
network, the focus was on a single (most representative) controller to visualize its
performance.
The results of these additional experiments are shown in Figure 51, Figure 52, and
Figure 53 for high, moderate and low traffic demand scenario respectively. The figures
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show how various transition methods change cycle length (for the three traffic demand
scenarios) when pedestrian timings were integrated within the cycle length. The ending
time of warm up time (15 minutes) is indicated by vertical dashed line.
The results in Figure 51 - Figure 53 show the values of cycle lengths from the
simulation initialization until the controller gets synchronized (achieve the designated
cycle length). It is obvious that various transition methods, regardless of what happens with
pedestrians, have different cycle initialization routines, where some of the methods take
several cycles before they bring the cycle length to the required level. It is still not clear
whether this is a consequence of a “warm” controller start or other factors. More
experiments need to be performed to figure out what the reasons are for these
inconsistencies of how the various transition methods initia lize a controller’s operations.
Figure 51 shows that while the Smooth transition method takes only one cycle to
sync, the Add-only and Dwell transition methods can take 6-8 cycles to reach the
designated cycle length (174 seconds). Figure 52 indicates that in case of moderate traffic
scenario although the Smooth transition method takes only one cycle to sync, the Add-only
and Dwell transition methods can take 6-7 cycles to reach the designated cycle length (150
seconds). In low traffic scenario all the transition can 3 cycles to reach the designated cycle
length which is 112 seconds (Figure 53).
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Figure 51 Impact of Ped. Calls on Cycle Lengths During Transition (High Traffic)

End of Warm
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Figure 52 Impact of Ped. Calls on Cycle Lengths During Transition (Mode. Traffic)
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End of Warm
Up Time

Figure 53 Impact of Ped. Calls on Cycle Lengths During Transition (Low Traffic)
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CHAPTER 5 CONCLUSIONS & FUTURE RESEARCH RECOMMENDATIONS
The objective of this research is to address which of the two pedestrian treatments (PTWC
or PTOC) is better to implement in the field when exposed to a range of factors related to
traffic demand, level of pedestrian activity, and transition method. The experiments have
been done in high-fidelity microsimulation environment with the Software-In-the-Loop
version of the field controller (Econolite ASC/3). The following conclusions have been
reached based on the results of this study:
·

In general, these results show that if traffic demand is low, it does not truly matter

how pedestrian timings are treated (PTWC or PTOC). In such cases, few vehicles are
being impacted by disrupted progression, and cycle lengths are not high enough, even
under PTWC, to cause great delays. This is the case across all pedestrian activity levels,
and the transition methods do not seem to have a significant impact either.
·

The findings for the higher traffic demand levels are different. Interestingly, it

seems that the highest differences between PTWC and PTOC, when measured at the
network level, occur for Moderate traffic demand. This can be explained by the fact
that relatively high cycle lengths associated with this demand affect all vehicles in the
network, whereas the disrupted coordination affects only those who travel along the
major corridor. At the High traffic demand, the traffic flows are disproportiona lly
added to the major coordinated traffic flows, and thus, this difference between PTWC
and PTOC performances is reduced at the network level.
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·

The findings for the major corridor through movements are much more difficult to

generalize, as they are more dependent on the type of performance measure (delay,
stops, PI, etc.), direction of (dominant) traffic flow, and the transition methods. One
can still probably generalize those findings by concluding that PTWC treatment favors
good performance measures of the major through traffic flows. This finding is
supported by the results of many other studies.
·

Regarding transitions, it seems that Smooth performs slightly better than the other

two methods across various other scenarios. However, these findings are the least
reliable, as the author did not test the performance of these methods under a range of
their operational parameters – only default values were used.
·

One of the most important conclusions is that evaluation of pedestrian treatments

cannot be accurately estimated without a proper microsimulation analysis. Thus, it is
recommended to fully utilize the power of microsimulation and SIL controller
platforms to test intended operational solutions for pedestrian timings before field
implementation.
Limitation of this study was to investigate the pedestrian treatments operations with
basic controller operational parameters. Future research efforts should consider the
following:
·

Replication of similar experiments under the range of operational parameters for
the various transition methods.

·

Refinement of the experimental design would help to develop relationships or
tradeoffs between pedestrian signal treatments and influencing factors.
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·

Investigate at what pedestrian and vehicular volume thresholds PTWC or PTOC
should be implemented.
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