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Abstract

Heavy traffic volumes in peak hours accompanied by closely located signalized
intersections and nearside bus stops on U.S. 1, result in congestion and traffic delays that
bus transit may be able to alleviate to some extent. The capital investment and operating
costs of other transit solutions such as “Bus Rapid Transit” and “Heavy Rail Transit”
projects were found to be cost prohibitive compared to bus transit signal priority (TSP)
options. Successful implementation of a limited TSP pilot project led local authorities to
conclude that TSP should be extended to the full length of the Fairfax Connector bus

routes on U.S. 1.

This research focused on testing the impacts of a ten second green extension priority
strategy for all the northbound transit buses in the morning peak period at twenty-six
signalized intersections along U.S. 1. A micro simulation model VISSIM 3.7 was used to

analyze the impacts of TSP.

The simulation analysis indicates that the Fairfax Connector buses might benefit from the
green extension strategy. Overall, improvements of up to 4% for transit travel time
savings and 5-13% reduction in control delay for transit vehicles were observed.
Considering all side street traffic, the total increase in maximum queue length might be

up to 1.23%.

Future research possibilities proposed include the evaluation of different priority
strategies such as an early green, red truncation and queue jumps. Impacts of using a
dedicated lane for transit buses along with TSP can also be evaluated. Conditional transit

signal priority may also include bus occupancy levels and bus latenesses.
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CHAPTER 1: INTRODUCTION

In major urban areas with increasing population and advances in automobile
technologies, the traffic congestion problem has spread from the central business district
(CBD) to suburban streets. Extending the road network cannot solve transportation
problems. Since 1991, when Congress invoked ITS initiatives, very helpful ITS
technologies have been used in different traffic control systems. ITS technologies such
as TSP are found to be low cost and effective means for enhancing public transit systems.
This fact was also observed in other parts of world like, Brazil and Japan (Garcia and

Yamamoto, 1998)

If public transit becomes reliable and efficient more commuters and passengers may be
encouraged to ride the public transit and there may be less congestion on urban streets.
Public transit operations are affected adversely by many factors such as nearside bus
stops, closely located intersections, and other factors. Past research shows that the
stopped delay at intersections comprises about 20 percent of overall transit delay (Zhang,
2001). TSP is one of the promising technologies that may help reduce intersection delay
and in turn total transit travel time. This was evidenced by the implementation of bus
priority in SELKENT bus district of South East London and Kent in which 56 traffic
signals and 1000 London buses had been equipped for active bus priority (Hounsell,
1988).

U.S. 1, a major 6 lane arterial highway with intersections spaced at an average of 500 ft
apart, suffers heavy traffic congestion during morning and evening peak hours. During
the morning peak period (6:00-9:00 AM), the major transit traffic destination is
northbound towards the intramodal facility, i.e. Huntington Metro Station and during
evening peak period (4:00-7:00 PM) the major transit traffic is southbound from
Huntington Metro Station to the residential areas. Fairfax Connector bus routes currently

serving the section of U.S. 1 south of Huntington Metro are Route: 105, 106 and 107.



1.1 Problem Definition

Heavy traffic volumes in peak hours accompanied by closely located signalized
intersections and nearside bus stops on U.S. 1, result in congestion and traffic delays that
bus transit may be able to alleviate to some extent. The capital investment and operating
costs of other transit solutions such as “Bus Rapid Transit” and “Heavy Rail Transit”
projects were found to be cost prohibitive compared to bus transit signal priority (TSP)
options. Successful implementation of a limited TSP pilot project (Deshpande, Collura,
Teodorovic, and Tignor, 2004) led local authorities to conclude that TSP should be
extended to the full length of the Fairfax Connector bus routes on U.S. 1.

This research paper addresses the issue of assessing the impacts of bus priority.
Reduction in bus control delay and bus travel time along with the increase in side street
queue lengths will be the measures of effectiveness under focus for this research.

VISSIM 3.7 the micro simulation software will be used for this research work.

1.2 Existing Conditions

The simulation outcomes as well as the field results of ten second green extension - TSP
implementation on U.S. 1 pilot project for the six intersections from North Kings
Highway to Popkins Lane, indicate a reduction in transit travel time with negligible
impacts to side street traffic (Deshpande, Collura, Teodorovic, and Tignor, 2004).
Government officials assume 10% increase in transit ridership as a result of TSP
implementation on U.S. 1 corridor as stated on commuter pages website

(http://www.commuterpage.com/cnews/column.cfm?ID=4333). The increase in the

transit demand may result in revenue generated for Fairfax Connector.

According to the information provided by Virginia Department of Transportation
(VDOT), TSP needs to be extended on U.S. 1 corridor from North Kings Highway in the

north to Fairfax County Parkway in the south.



1.3 Research Objectives

The main goal of this research is to analyze the results of TSP, i.e. benefits to transit

traffic and probable adverse impact on non-transit traffic.

Considering stakeholders’ problems and expectations from TSP implementation, certain
performance measures were established during the U.S. 1 TSP pilot project. The
preliminary objective is to derive what benefits can be achieved in terms of these

performance measures, if TSP is extended for the whole U.S. 1 corridor.

The secondary objective is to illustrate the pros and cons of using new technologies in the

world of traffic simulation.

1.4 Scope of Research

The first step is to understand and discuss the transportation problems on the major
arterial U.S.1. The research then presents in depth literature review for:

a) Need of TSP as a solution to these problems

b) Various TSP strategies

c) Different technologies used to provide TSP

d) Previous experiences with TSP implementation.

e) Pilot project done on U.S.1 with respect to the TSP technology

The research work includes learning efforts required for the simulation software. Next

step was to authenticate the results of this effort with the results of the pilot project.

The research focuses on simulation study for TSP on the extended intersections on U.S.1.
The SYNCHRO files provided by VDOT were the source of information for U.S.1 road
geometry, volumes, traffic signal timing and phasing. VISSIM 3.7 imports traffic data
from SYNCHRO files in “Universal Traffic Data Format (UTDF)”. In this research, the
UTDEF feature is used to prepare the VISSIM network. The transit network was prepared

using Fairfax Connector schedules and field data. The field data was collected about bus



stops locations and turn out lengths information. TSP of ten second green extension was
emulated at the twenty-six signalized intersections of U.S. 1 corridor covering entire

Fairfax Connector bus route.

The simulation results were analyzed to reflect TSP effectiveness with respect to total
travel time on U.S. 1 corridor, reduction in intersection delays and adverse effect on side

street traffic.

1.5 Importance of Thesis

To alleviate the congestion problems and to make the mass transit service more usable, it
is being considered to provide preferential treatment to the buses on the U.S. 1 corridor in
Northern Virginia. It is very important to know the impacts of vast implementation of
this TSP project. This research gains high significance because for the first time, the
extensive U.S. 1 corridor with twenty intersections was simulated for TSP in VISSIM

3.7.

The research illustrates how useful Universal Traffic Data Format (UTDF) — the new
standard can be in preparing extensive urban network in VISSIM. Finally this thesis

gives analysis and probability of various impacts of the TSP implementation.

1.6 Thesis Organization

This thesis consists of seven chapters. The following Chapter 2 is about literature review
of the work done in the area of TSP systems. It gives basic idea of various TSP strategies,
different detection technologies, the impacts of priority on the transportation system and

signal priority experiences in the United States as well as in other parts of the world.

Chapter 3 discusses evaluation plan and research approach for assessing the TSP

deployment on U.S.1 in Northern Virginia.



Chapter 4 describes challenges and assumptions made for replicating work done
previously. It also describes use of VISSIM 3.7 capabilities such NEMA controller for
modeling signal controls and TSP for the U.S.1 Pilot project

Chapter 5 details location of U.S.1 corridor, the traffic and transit data, concept and

implementation of TSP used for this research.

Chapter 6 discusses VISSIM model data, calibration method and network modeling. It
also introduces use of UTDF for exchanging data across simulation packages. It also

discusses TSP logic used in NEMA controller PEEK LMD9200.

Chapter 7 reviews the results based on VISSIM simulations. This chapter also
summarizes the major conclusions of the research and identifies the areas for future

research.



CHAPTER 2: LITERATURE REVIEW

An in depth literature review of numerous research papers and articles gave the author a
broad perspective and firm foundation for undertaking this research work and writing this
thesis. It is important to understand the state-of-art transit signal priority by reviewing all

aspects of transit signal priority.

This chapter gives a clear idea about difference between transit priority and emergency
vehicle preemption, results of various field studies as well as simulation studies, U.S. 1

traffic congestion problems and U.S. 1 TSP pilot project study.
2.1 Overview of Traffic Signal Priority Systems

2.1.1 Need of TSP

The primary objective of TSP is to reduce the transit travel time by reducing delay at
signalized intersections. It is believed that with the amount of congestion along a major
arterial, a system like this can greatly increase the operational efficiency of the transit
vehicle and maintain a better schedule adherence. Another anticipated benefit of TSP is
to increase the overall vehicular flow along the corridor. If the transit vehicles are able to
move more smoothly, then their effectiveness will affect the flow of traffic behind them.
These facts are proven in the study done for “Superbus”, where it is indicated that the ITS
enhanced bus priority can substitute the need of segregation of guideway for improving

public transport operations (Jones, 1998).

A TSP system would be especially beneficial to the far-side bus stops rather than those
on the nearside. The buses that are able to clear an intersection and then make a pick-
up/drop-off at a far-side bus stop has to stop only once. However, if the bus has to make
a stop, before the intersection to pick-up passengers, there is a good chance the bus will

have to stop again at the red light.



Major requirements to meet one or more of these objectives must be defined. One
requirement is to be able to detect a bus before it reaches the intersection, and then
modify the signal timings in some prescribed manner (e.g. extending the green interval to
allow a local bus to clear the intersection.). Another requirement is to grant priority only
to those busses that are behind schedule or within a specified time frame. This could

prevent bus bunching and also maintain a better schedule adherence.

2.1.2 Difference between Preemption and Transit Signal Priority

At this point it is important to understand difference between the priority treatment given
to emergency vehicles and the transit vehicles. Priority and preemption are often used
synonymously, when in fact they are different systems (Chang, Collura, Dion, Rakha,

Tignor, and Triantis, 2002)

Both systems can use identical technologies that are implemented in the same manner.
But the objectives of preemption and priority are quite different (Chang, Collura, Dion,
Rakha, Tignor, and Triantis, 2002). TSP is meant for some priority service within the
coordinated operation of traffic signals that can reduce delay for the transit vehicles with

minimal impact to other traffic.

On the other hand emergency vehicles get preemption because high degree of priority is
necessary for safety and performance reasons. For example, at railroad crossings railways
get preemption and at signalized intersections emergency vehicles get preemption.
Preemption can disrupt the normal traffic operation. Only restrictions in providing the
preemption could be the “Pedestrian Phase” or when there is work zone located at

intersection.

2.1.3 Transit Signal Priority - Deployment Issues

TSP deployment issues discussed below are well presented in past work done (Gifford,
Pelletiere, and Collura, 2002). There can be many factors that affect implementation of

traffic signal priority systems (ITS America, 2002).



Factors affecting implementation of traffic signal priority systems can be categorized in

two major categories: traffic related factors and transit related factors.

Traffic related factors are:

Roadway Geometry « Directly dictates the capability of the system
and types of possible operations.

« Impacted by the surrounding land
development, which dictates the number and
location of the intersections and the transit
stops.

« Offers challenges such as plane of vision e.g.
for the detection technologies.

Traffic Volumes « Varies with time for any given intersection or
segment.
« High traffic volumes during peak hours for
general as well as transit vehicles impacts
traffic signal priority

Traffic Signal System « An operating factor, which governs the
extent to which the traffic signal priority
system can be achieved

« Capability of signal hardware and software to
deploy intended priority strategies and to
store and transfer the data in the required
format is important.

Pedestrians « Time required for a pedestrian to safely cross
the street at a signalized intersections limits
the time available for the signal priority.

Adjacent Intersection « Important for understanding the progression
Operations for the transit vehicles.
« Very crucial in case of closely spaced
intersection for maintaining coordination.
« Study corridor consists of 26 intersections
within 8.8 miles stretch, which make this
issue important.



Transit Related Issues are:

Type of transit systems

Transit stops

Could be heavy rail transit or light rail transit
or bus transit

Easy to implement TSP for rail-based transit
than for road-based transit as rail systems are
generally on exclusive (or semi exclusive)
right of ways and are more reliable for the
prediction of vehicle arrival times at the
intersections

Dwell time affects the arrival for bus transit
to the intersection and that is why express
bus services benefit more from transit
priority system than local buses.

Location of transit stops relative to signalized
intersection impacts transit signal priority
effectiveness.

Nearside bus stops make transit detection
challenging for providing transit priority and
it is challenging to provide detectors for
nearside bus stops such that given priority is
not wasted in passenger boarding and
alighting at bus stop

Farside stops are more compatible with
priority systems.

2.1.3 Transit Priority Strategies

The transit signal priority could be “Passive priority strategy” or “Active priority
strategy”. All of these strategies are described in depth in previous research done at
Virginia Tech (Deshpande, Collura, Teodorovic, and Tignor, 2004). TSP implementation
methods are available in UK since the 1970’s and different strategies are welknown there

but somehow most of the development work has been related to active priority systems

(Hounsell, McLeod, and Shrestha, 2004).

Passive Priority strategies can be listed as below:

« Adjustment of Cycle Length

« Area-wide Timing Plans

« Phase Splitting

« Metering Vehicles



Active priority strategies need bus detection in some form and three known different
detection categories are “Infrastructure Equipment only”, “On-bus and local
infrastructure”, and “On-bus and central infrastructure” (Hounsell, McLeod, and

Shrestha, 2004). The detection systems are discussed in the next chapter.

« Phase Extension (Green Extension)

« Early Green (Red Truncation)

« Actuated Transit Phase (Red Interruption)
« Phase Insertion

« Green Truncation

« Phase Rotation

In U.S. 1 TSP project green extension the active priority strategy is used. In addition to
above Adaptive or Real-time Strategies also are in use, which combines some of the
above listed strategies. Bus priority integrated with adaptive traffic signal control can
optimize the assignment of the traffic flow and reduce the time wasted on the way

(Shuyan, Zhiheng, and Deyun, 2003).

Conditional Bus Priority:

Conditional transit priority can be provided using advanced detection technologies such
as AVL. A simulation and field study undertaken for London Transport Buses by the
Transportation Research Group (TRG) at Southhampton University compared and
showed that more benefits occurs in terms of average delay savings for headway based
selective bus priority (Hounsell, McLeod, Gardner, Head, and Cook, 2000). The
different scenarios for comparison were use of SCOOT for traffic signal coordination and
signal timing optimization, use of SCOOT with bus priority, and use of SCOOT with

selective i.e. headway based bus priority. AVL was used for the headway information.

Recent study done on bus management with improved passenger situations (Lu and

Viegas, 2003) shows the way to provide better environment to the bus passengers on
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roadside, takes into account the estimation of their waiting time, and combines the time
into the weight coefficient of objective function on the detected and predicted bus
message through some kinds of AVL technologies and prediction models. The bus

priority signals then can be adjusted on this obtained function.

2.1.4 Detection Technologies

The detection technology is backbone of transit signal priority systems as it is the
communication link between approaching transit vehicle and signal controller. Primarily
it consists of a message conveyer. Detection technologies should serve the following
purposes:

1. The transit vehicle should be detected

2. The signal controller should receive this information in time.
There are different types of media to carry these messages to the signal controller namely
light, sound, radio frequencies and others (Deshpande, Collura, Teodorovic, and Tignor,
2004). There has been extensive research performed at Virginia Tech to study different
technologies, system requirements and past deployments (Collura, Chang, Willhaus, and

Gifford, 2001), which are provided in Appendix B.

Advanced detection technology like global positioning systems (GPS) is widely used for
bus priority and it has also made centrally integrated traffic control more sophisticated in
European countries (Purdie H, 2002). The bus data gathered for this purpose can also be

supplied to the traveling public to encourage the modal shift towards public transport.

2.1.5 Results from TSP implementations within USA and outside USA

The City of Portland performed a detailed operational analysis of the effect of transit
preferential strategies on five corridors. They found that on average, only 34% of the total
bus travel time was attributable to driving. The remaining 66% was distributed as: 22% at
traffic signals, 16% at bus stops, and 28% in traffic congestion (City of Portland-Final
report, 1997). Findings from Wilshire and Whittier Boulevards in Los Angeles showed
that traffic signal delay was 20% and bus stop delay was 25% (Los Angeles Metro Rapid
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Demonstration Program, 2001). These results suggest that the maximum transit travel
time reduction attainable by transit priority alone is in the order of 20%.

Table 1 in Appendix A, (Soo, Collura, Hobeika, and Teodorovic, 2004), gives good
comparison for results of various transit signal priority strategies implemented in

previous field and simulation studies.

Research papers (Deshpande, Collura, Teodorovic, and Tignor, 2004), (Soo, Collura,
Hobeika, and Teodorovic, 2004), (Ngan, Sayed, and Abdelfatah, 2004), (Hongchao,
Meng, and Skabardonis, 2004) show favorable outcomes of TSP implementation, which

are summarized in Table 1.

The simulation study done in VISSIM, for Granville Street in Vancouver British
Columbia (Ngan, Sayed, and Abdelfatah, 2004) gave in depth analysis of the effects of
various factors of network components on TSP results. The considered factors are bus
detector location, near side and far side bus stops, traffic density and others. This study
gives pretty good idea of VISSIM capabilities for modeling transit signal priority and

related minute field details.

A research paper discusses the behavioral responses of travelers following the
implementation of strong bus priority measures (where road capacity is deliberately
removed from general traffic and given to buses). The results of the different behavioral
responses based on two commercial transport modeling packages (CONTRAM and
TRIPS) suggest firstly that the effect of implementing such strong bus priority measures
is as dependent on the characteristics of the local travelers as on the scheme itself and
secondly that implementing too strong a scheme may not benefit public transport overall

(Waterson, Rajbhandari, and Hounsell, 2003).

The research study done using VISSIM for bus priority with highly interruptible traffic
signal control - simulation of San Juan's Avenida Ponce de Leon showed the results
indicating significant transit travel time savings without slowing general traffic compared

with the existing strategy of fixed time control with progression (Janos and Furth, 2002).
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Along with all these results, an implementation of conditional bus priority done in
Eindhoven, the Netherlands showed that conditional priority given to the buses with
lateness only gave better results than the absolute priority given to all buses (Furth and

Muller, 2000).

Efforts are made to provide TSP without causing the controller to drop from coordination
and disturbing the progression. In a research study (Balke, Dudek, and Urbanik, 2000),
implementation of the bus priority strategies was accomplished through normal traffic-
signal controller commands such as (Ring Force Offs and Phase Holds). Phase extension,

phase insertion, and early return strategies were used to provide priority.

Effective use of dedicated bus lanes along with the bus priority is important in making
transit operations more efficient. A study (Viegas and Lu, 2001) gives the concept of
Intermittent Bus Lane (IBL). As an enhancement of transit priority, pre-signals are used
on bus lanes in U.K., particularly in London and a research paper (Wu and Hounsell,
1998) describes decisive factors, characteristics, analytical approach for using pre-

signals, and the benefits of implementing that.

Transport Research Laboratory worked on the signal control method microprocessor
optimized vehicle actuation (MOVA), for providing the priority treatment to cater for
emergency and/or priority vehicles. Three sites were studied for this research, two in
South West London and one just outside Winchester. Research results indicated that in all
cases, buses had benefited from the introduction of bus priority with varying degrees

depending on site characteristics (Crabtree and Vincent, 1998).

Table 1-A. Recent Results of TSP Projects in U.S.

U.S. Experiences

Field Studies Measure Result

Fairfax, VA-U.S. 1 . o

VISSIM Travel time 4 — 10 % decrease

13




U.S. Experiences

Field Studies

Measure

Result

(Projected for entire
corridor)

Project Cost: Estimated Payback
Period

Decrease from 50.5to 11
years

El Camino Real, San
Francisco Bay area
PARAMICS

Travel Time (TT) (sec)

Decrease from 576 to the
range of 491 - 509

Speed (mph)

Increase from 21 to the
range of 25 -26 mph

Dwell Time (% of TT)

Increase from 21.7 to the
range of 24.5-25.5 %

Signal Delay

Decrease fro 131 to the
range of 46 to 63 sec

Decrease form 22.7 to 9.3
—-12.3%

Travel Savings

68 to 85 sec decrease

11.8 to 14.7 % decrease

Deviation of Bus Headway

Almost 50 % decrease

U.S. Experiences

Simulation Studies

Measure

Result

Hypothetical Isolated
Intersection

Delay for Bus

28.7 to 44.7 % decrease

Delay for Passenger Vehicles

0.09 to 1.4 % decrease

System wide Impacts (delay,
vehicle stops, fuel consumption)

1.3 to 4.3 % decrease
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Table 1-B. Recent Results of TSP Projects Outside U.S.

Experiences Outside the
U.S.

Field Studies

Measure

Result

Granville Street,
Vancouver British
Columbia
VISSIM

Far side bus-stop

100% for detector
location between 50-
200m

Green Decreases for detector-
Extension location >= 250m
(GE) 61% for detector location
Success | Nearside bus-stop between 50-150m
Rate Decreases for detector
(GESR) location >=200m
Main-line v/c ratio 100%
0-0.475
0.475 <v/c < 1.0 | Decrease by almost 25 %
Main line v/c ratio | Decrease from 14 to 13.4
Bus Travel | 0.6-0.9 beneficial minutes
time Bus headway 2-20 | 1y e byl.9 to 5.1 %
minute
Entire Corridor Decrease 2 %
Major Traffic Decrease 2 %
Cross Street 0%
Traffic
Northbound B- Decrease 6 %
Total Line Buses
Delay Northbound all Decrease 17 %
Traffic
Southbound B- 0%
Line Buses
Southbound all Increase 21 %
Traffic
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Table 1-B. Recent Results of TSP Projects Outside U.S.

Experiences Outside the
U.S.

Field Studies

Measure

Result

Granville Street,
Vancouver British
Columbia
VISSIM

Bus Delay

Main
line v/c
from 0.2
to 0.95

Far side
bus-stop

Increase from 4.4 to 9.2 sec

Nearside
bus-stop

Increase from 8.1 to 13.1
sec

%
Change

Decrease from 85% to 42%

Detector
location
50-
300m

Far side
bus stop

Marginal increase from
10.5 to almost 11.0 sec

Nearsid
e bus
stop

Decrease from 9.0 to 4.0
sec

Left
Turn
volume
0-200
veh/h

Opp. Th.

v/c
0.37

Increase 0 to 32.3
Permissive LT Phase,
shared LT-TH Lane

Increase 0 to 2.0
Permissive LT Phase,
Exclusive LT Lane

Increase 0 to 0.4 Protected
LT Phase, Exclusive LT
Lane

0.55

Increase 0 to 83.9
Permissive LT Phase,
shared LT-TH Lane

Increase 0 to 49.8
Permissive LT Phase,
Exclusive LT Lane

Decrease 0 to -0.1
Protected LT Phase,
Exclusive LT Lane

0.74

Increase 0 to 103.2
Permissive LT Phase,
shared LT-TH Lane

Increase 0 to 58.7
Permissive LT Phase,
Exclusive LT Lane

Increase 0 to 0.5 and at LT
volume =200, delay = 0.0
for Protected LT Phase,
Exclusive LT Lane
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2.2 Review of TSP Pilot Project on U.S. 1
2.2.1 Pilot Project Description

The transit signal priority pilot project has been in operation since 2002. Eight Fairfax
County Connector busses have been equipped with emitter devices. Eight bus stops in
each direction have been considered, spanning across six intersections all equipped with
signal detectors. The intersections start from North King’s Highway / Shields Avenue
from the north and run down to Popkins Lane to the south, covering a distance of about
1.3 miles as listed in Table 1 in Appendix B. All transit signal priority hardware such as
signal emitters and detectors are from 3M Opticom. The system has been programmed to

give a 10 second green extension to those buses equipped with emitters.

Analysis of the project was handled using the traffic simulation software VISSIM as
shown in Figure 1 in Appendix B. Virginia Department of Transportation’s (VDOT)
provided SYNCHRO files as shown in Table 2 in Appendix D. The systems uses a
Signal Control Junction based approach to model the six intersections. In VISSIM 3.6,
the concept of a “time based actuated coordinated signal control system” and transit
signal priority were modeled using “Vehicle Actuated Programming” (VAP). The speed
of the buses comes out to 13.4 mph. Based on the field observations; the range of 12.4 to
15.5 mph was chosen for buses this analysis. Results of the analysis are used to compare

to results collected in the field.

Favorable simulation results

Overall, improvements of 3.61% were found for bus service reliability and 2.64% for bus
efficiency, while negative impacts were found in the form of increases in queue lengths
on side streets by a maximum value of approximately one vehicle (Deshpande, Collura,

Teodorovic, and Tignor, 2004).

A report about a public hearing held in February 2004 reports that according to the metro
officials, the restructuring of metro buses for Route 1 will increase the transit ridership by
500 passengers per weekday (Commuter news,

http://www.commuterpage.com/cnews/column.cfm?ID=4333).
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2.2.2 Impacts of Extended Priority for the Pilot Project

The study of 20 and 30 sec green extension strategies through VISSIM 3.6 is described in
this paper. For bus service reliability, there is a significant rise in the reduction
percentage for the 20 second green extension as compared to the 10 second green
extension; the reduction in the standard deviation is almost 26% and 37% respectively for
the AM and PM peak period. Whereas for the 30 second green extension the reduction in
the standard deviation is 15 % and 9 % respectively for the AM and PM peak period,
comparing it with the travel time savings for 20 second green extension. Measure of bus
service efficiency i.e. travel time reduction shows the similar results. There is a
significant rise in the travel time savings for the 20 second green extension as compared
to the 10 second green extension; the rise in the travel time savings is almost 97% and
61% respectively for the AM and PM peak period. Whereas for the 30 second green
extension the rise in travel time savings is only 4% and 14% respectively for the AM and
PM peak period, comparing it with the travel time savings for 20 second green extension.

(Awar, Collura, Teodorovic, and Tignor, 2004)

2.2.3 Transit Operating Costs and Benefits

One studied and analyzed the economic impacts of transit signal priority on U.S. 1, at
Virginia Tech (Soo, Collura, Hobeika, and Teodorovic, 2004). Transit travel time
reduction of 3.61% (Deshpande, Collura, Teodorovic, and Tignor, 2004) was considered
as base and the results for transit operating costs were extrapolated for entire stretch of
U.S. 1. The study also gives plan for reduction in transit operating costs for different

percentage reduction in transit travel times.
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2.3 Objectives of Priority on extended stretch of U.S. 1 corridor

The principal objective of this traffic signal priority system is to improve the operation of
the public transit system by reducing the delay it incurs at the signalized intersections. In
the peak hours, whole U.S. 1 stretch suffers congestion and low serviceability for buses.
With favorable results from the pilot project, TSP will be extended to include nineteen
more traffic signals with detectors in 2004 (Virginia Department of Transportation,

http://www.mwcog.org/transportation/activities/clrp/descriptions/study-va-18.pdf). In the

U.S. 1 pilot project, the stakeholders including the Virginia Department of Transportation
(VDOT) and Fairfax County established the following objectives. The objectives remain

the same except for transit service reliability because of lack of sufficient data.

1. The system should improve the bus efficiency at which the Fairfax Connector
buses operate in the corridor

2. TSP implementation should reduce delay at intersections for the transit vehicles.

3. The system should have minimal impacts on the other facility users including
traffic on side streets; and,

4. The priority system should be a part of larger ITS system that includes
preemption system for emergency vehicles. Provision of a safer interaction
between buses and emergency vehicles is very important considering high
frequency bus service along the main line during rush hours and emergency

vehicle entering from the side street.

These objectives form the basis for the evaluation framework and selected measures

and that are presented in this research.
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2.4 Stake Holders

In this big project many stakeholders with different, conflicting interests are there. They

are listed as below:

1. | Virginia Department of | Traffic operational behavior i.e. traffic flows, signal
Transportation - (VDOT) | timings, etc., is taken care of by VDOT

2. | Fairfax County Fairfax County controls Fairfax Connector bus service.

3. | Metropolitan  Planning | Funding of transportation projects and necessary
Organization (MPO) planning is provided by MPO.

4. | Federal Agencies Federal agencies such as federal Transit Agency, give
guidance with respect to technical assistance, training
available and implementation of standards, and also
how to manage the limited transit funds.

5. | Traffic Engineers and | Traffic engineers and traffic signal operators are very

Traffic Signal Operators | important for proper implementation, operations and
maintenance of bus transit priority.

6. | Bus Drivers The implementation affects them with regards to travel
time, efficiency and reliability of transit bus service

7. | Public/Riders All of these efforts are aimed to make the transportation
infrastructure more useful such that to serve public in a
better way.

8. | Elected Officials Elected Officials want to satisfy needs of their voters

2.5 Challenges in simulating extensive transportation network

Producing an extensive network like U.S. 1 stretch from North Kings Highway to Fairfax

County Parkway manually can be time consuming and the minute details can become

very challenging.

Big challenge lies in use of innovative Universal Traffic Data Format (UTDF) feature

when majority of the network details were imported and many were missing in preparing

the network this way. Completion of such network required thorough traffic engineering

knowledge.
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2.6 Traffic simulation Software

For beforehand study and planning of large transportation projects, traffic simulation
software give in depth, faster idea to the transportation engineers. This software is faster
than traditional mathematical, analytical tools. Simulation technologies have replaced
traditional mathematical models and graphical user interface and animations in this field;
have helped transportation engineers and planners show transportation problems to
decision makers for understanding and foreseeing the dynamics of traffic movements and
control operations. Many such tools are available in market and transportation
professionals need to use good engineering judgment for adopting appropriate, efficient

simulation tool for particular type of project.

Here, we discuss the need of traffic simulation software, different available options and

widely used software, and the one, which is used in this research in depth.

2.6.1 Need of Traffic Simulation

Prior to simulation techniques, we had to use expensive, time-consuming resources in
field experiments for evaluating alternative strategies. For transportation projects,
different probabilities are associated with roadway geometries, traffic volumes,
intersection locations, and driver behavior. Simulation tools facilitate transportation
engineers analyze complex traffic situations, which cannot be provided by other
traditional methods. Simulation tools provide the most detailed objective operational
analysis technique available for evaluating design and traffic control features (Clark and

Daigle, 1997).

A project called MUSIC was done in London, UK, which was aimed to demonstrate that
by managing and optimizing the overall performance of the network using new, cost
effective, traffic control strategies it will be possible to: reduce congestion; improve the
efficiency of public transport; and influence mode choice. The described objectives could
be achieved by using the MUSIC software package, which calculates area-wide traffic

signal timings (Routledge and Smith, 1996).

21



2.6.2 Comparison of Some Traffic Simulation Softwares with VISSIM

The differences of various software packages are very well discussed in many of the

papers referred and some of these are compared here (Deshpande, Collura, Teodorovic,
and Tignor, 2004), (Soo, Collura, Hobeika, and Teodorovic, 2004), (Moen, Fitts, Carter,
and Ouyang, 2000), and (Fujimoto and Leonard, 2002).

NETSIM:

TRANSYT 7F:

CORSIM:

VISSIM:

NETSIM is a powerful microscopic simulation tool but in a study
(Chin, Cheu, and Chandrasekar, 2002) it seemed that there are few
attempts of its use in studying bus priority. In the study done in
Singapore, one of the possible reasons was experienced to be the
difficulty in modeling some of the unique characteristics of bus
operations.

Modeling of transit bus turning movements needs to be done by
turning bus counts into passenger car equivalents, which is not the
case in VISSIM.

Even though in CORSIM, modeling time is lesser than that in
VISSIM and CORSIM is less expensive than VISSIM; the studies
(Moen, Fitts, Carter, and Ouyang, 2000), have found VISSIM
more capable and accurate in modeling complex roadway
geometry, transit vehicles, minute field parameters like
pedestrians, bus stops, trees etc. In CORSIM to simulate transit
signal priority, additional C++ module needs to be developed. This
means extensive programming knowledge is needed to simulate
TSP in CORSIM.

VISSIM is stochastic microscopic simulation model. Network
editing in VISSIM is done completely through graphical user
interface, which gives exact idea of how your network will look
like in the end. This feature is found very useful for traffic
engineers (Moen, Fitts, Carter, and Ouyang, 2000). On comparison
of field results to simulation results for U.S. 1 project, it was

realized that VISSIM is a reliable tool for TSP simulation. VISSIM
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Why VISSIM 3.7?

Summary

is required in this study because it has good capabilities in
providing  detailed information regarding measures of
effectiveness. Simulation in VISSIM 3.6 also needed use of
Vehicle Actuated Programming (VAP) for modeling Transit Signal
Priority. Not all transportation engineers know programming.
VISSIM 3.7 has in built feature called NEMA controller, which
eliminates need for VAP for simulating TSP for specified time of
green extension. For providing advanced traffic simulation VAP
coding is needed. VAP comes as separate module with VISSIM
3.7 (PTV America Marketing website).

« After analyzing other available software in market, VISSIM was chosen for

simulating transit signal priority on U.S. 1 pilot project. This is an extension of

the previous research, so the same micro simulation software VISSIM but its new

version was used here

« As discussed above, it was found that the green extension of twenty second,

yields better results for transit traffic but in interest of all stake holders ten second

green extension is the implemented TSP strategy for initial six intersections on

US. 1
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CHAPTER 3: RESEARCH APPROACH AND EVALUATION
PLAN

In this chapter, the evaluation framework and research approach are discussed.

3.1 Evaluation Plan

The evaluation framework is needed to determine whether a project or a strategy meets
the intended purposes. In U.S. 1 pilot project, the evaluation framework prepared at
Virginia Tech (Chang, Collura, Dion, Rakha, Tignor, and Triantis, 2002), was used to
assess the impacts of transit signal priority deployment. This research study uses the same

evaluation plan.

The overall idea of this evaluation framework is explained in Figure 1.

/ Given / Fixed

i Stakeholders i Varying
i w/ differing  # +#*1 operational
: objectives ; : environments ’
‘llll..l.llll.....llll Hl.....lll..l.lllll....ll

EVALUATION
PLAN \
Strategies Performance
Test Alternatives Measure

Results

Figure 1. Evaluation Framework Concepts
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In U.S. 1 transit signal priority project, there are two major stakeholders: one is Fairfax
County which provides the local public transit system i.e. Fairfax Connector buses on
U.S. 1; and another stakeholder is Virginia Department of Transportation (VDOT) which
decides the operational environment i.e. the traffic flow pattern and traffic signal timing
plans. Other stakeholders and their roles in TSP implementation are described in Chapter

2.

All the stakeholders have differing objectives. It is challenging to decide what will be
achieved, how much of that will be achieved and what negative outcomes should be
expected from this deployment. All possible TSP related objectives and different
measures of effectiveness are shown in the Table 1 in Appendix C (Chang, Collura, Dion,

Rakha, Tignor, and Triantis, 2002).

In the extensive research carried out at Virginia Tech (Deshpande, Collura, Teodorovic,
and Tignor, 2004), focus was on
« The extent to which TSP could improve the schedule reliability of Fairfax
Connector buses on U.S. 1 corridor.
« The extent to which TSP could improve main line i.e. U.S. 1 traffic flow
« The extent to which the TSP implementation could adversely affect the side
street traffic for the U.S. 1 corridor; from Popkins Lane in the south to North

Kings Highway in the north.
Depending upon the objectives and operational environment, the quantitative and
qualitative measures of effectiveness were chosen in the evaluation plan. The objectives

were addressed in the following categories:

Measures of Effectiveness (MOE): Following is the discussion about MOE.

« Bus Service Reliability can be measured as standard deviation of elapsed time

between time points/endpoints.
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« Bus Efficiency can be measured as total travel time for a passenger for a single
trip measuring the travel time between end points.
« Bus control delay can be measured as average stopped delay for transit vehicles at
the intersection.
The performance measures are total travel time, delay at intersection, and side street

queue lengths.

Evaluation plan for the entire bus route of Fairfax Connector on U.S. 1 will be
implemented through simulation using VISSIM 3.7. Evaluation of the TSP ten second
green extension strategy implementation, with emitters on all Fairfax Connector buses
and detectors at all the U.S. 1 signalized intersections in northbound direction can be

done based on following hypothesis:

Hypothesis #1 Providing priority to the Fairfax Connector buses will increase
bus efficiency.

Hypothesis #2 Average control delay for transit vehicle with TSP in
northbound direction will be less than the average control delay
for transit vehicles without TSP.

Hypothesis #3 There will be very little increase in the side street queue lengths
by providing the priority to Fairfax Connector buses on main

line.
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3.2 Research Approach

To implement the above evaluation plan, following steps were taken:

1.

10.

Studied various solutions to U.S. 1 congestion problems, among which
improvements to existing mass-transit services were in focus.

Understood the importance of various ITS technologies in improving the mass
transit operations.

Transit Signal Priority - ITS technology and strategy was studied in depth for
its positive results in alleviating the congestion and transit operation problems.
Studied the importance of micro simulation tools, compared various existing
softwares for traffic engineering and selected VISSIM 3.7 for modeling the
U.S. 1 traffic flow characteristics.

Got acquainted to VISSIM 3.7 by working U.S. 1 pilot project.

Used SYNCHRO and TEAPAC/PRESYNCHRO interface for importing and
preparing the U.S. 1 network.

Configured missing NEMA signal control files, other network elements such
as missing links, connectors and routing decisions.

Prepared the transit network with TSP elements according to field study and
bus-schedules for Fairfax Connector routes 105, 106, 107 on whole U.S. 1
corridor.

Model was run for two basic scenarios i.e. without TSP and with TSP and also
different random number seed were used to reflect different traffic patterns on
the network.

The simulation results were compared with previously collected field data.
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CHAPTER 4: Modeling U.S. 1 Pilot Project in VISSIM 3.7

Before using new VISSIM 3.7 functionality-NEMA signal controllers for a large number

of intersections of U.S. 1, its’ operation needed to be checked. Therefore all the traffic

data of U.S. 1 pilot project network was kept the same for preparing and testing its’

functionality in VISSIM 3.7.The simulation results of VISSIM 3.7 were compared with

collected field data and the simulation results from VISSIM 3.6.

4.1 Assumptions for Traffic Network

In the absence of proper information and knowledge transfer, author struggled to find out

the basic model parameters. Assumptions made by author are given and discussed as

below.

1. The basic VISSIM network file: “AMwp20.inp”

The six “*.inp” files provided are AMwp20.inp, AMwp20hv.inp,
AMwp20lv.inp, pmwp20.inp, pmwp20hv.inp, pmwp20lv.inp. There was no
description provided regarding contents of these files.

Another confusion was regarding, appending ‘“20” in the file name. Did it
mean priority for 20 seconds? VAP files provide priority. There was no
significance seen of this “20”, so it was ignored.

“wp” could mean ‘with priority ‘or ‘without priority °

In VISSIM 3.6 transit priority is modeled through VAP files only, so the

a confusing situation.

network file name did not affect other traffic characteristics. Therefore it was
ignored.

The above-mentioned files were checked for the traffic volumes and there
were some differences in the traffic volumes for similar turning movement
counts that were provided by the SYNCHRO file. Only traffic data from
“AMwp20.inp” file matched with the SYNCHRO files data. Therefore
“AMwp20.inp” was chosen as basic VISSIM network file.
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2. Simulation parameters:

Simulation parameters were changing for all six VISSIM-network files
provided so the default values were used as found from the VISSIM Manual
The random number seed was taken as 42 and the simulation speed was taken

as 10 sim-second/sec

3. Signal Coordination:

Controller Type: Fully Actuated Coordinated. There was confusion about
controller type and it was believed to be semi-actuated coordinated type. As a
result of discussions with VDOT representatives it became clear that the
controllers were of type fully actuated coordinated.

For majority of the intersections from Popkins to Shields, the starting phase
was number “6”. Therefore for the simplicity, the network file was modified

to have the phase “6” as the coordinated phase throughout the network.

4. Signal Controllers: The signal controller files were created for the U.S. 1 intersections

from Shields to Popkins. For this,

VISSIM Manual was used, the examples were studied and VISSIM help was
used.

Certain phases and the detectors, which appeared in VISSIM 3.6 work, were
not considered in VISSIM 3.7 work, as they did not exist according to the
SYNCHRO file.

The phasing and traffic flow direction of given network files and that of
SYNCHRO did not match fully. Initially, this mismatch was kept the same.
Finally, when VISSIM nomenclature became available the mismatches were
fixed.

The pedestrian detectors and the details of the pedestrian phases were there in
the SYNCHRO files but they were not found in the given network files. Even
though this network did not replicate the field situation truly, to keep the data
similar; it was ignored at this time. All of the SYNCHRO data was modeled in
final VISSIM network.
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= The terms in NEMA controller were interpreted, after studying the manual,

examples and SYNCHRO files, for example:
1. Passage = minimum gap (values from SYNCHRO file)

ii. Maximum Green = Total Split (VAP files’ text was studied and as

the information sometimes changed from SYNCHRO values, the
SYNCHRO file values were used)

* The detailed timing, phasing sequence were modeled using ring and barrier

diagram in NEMA signal control files. The ring-barrier diagram is shown in

following NEMA file for North Kings Highway. Other NEMA files are

: B
File Edit Options About Nse Bus Priority x|
Signal Group Info. AddPhase || DelPhase || ¢ Del Overl.. 4 3
EE— — & i & | & | ] o o s |
Signal Group (Mema Phase) 1) 2 4 5 [ ] TSP Phase
Detector 1 2 4 5| B| ] TSP Check-in Detector E o
Amber 4] 4 4 4 4 & TSP Checkout Detactor |92 o
Red Clearance 1.5] 2 1.5 1.5 2_ 1 et |1 oo ‘D 0
Fed Signal Group L1} o a 0 o 1]
Ped Detectors o a 1] | 1} 1]
Walk 1] 1] i) il il n Mote: Use Phase '0'for TSP Phase to indicste no phase selected.
Ped Clearance a a a al a a
Frotected/Permitted ] ] | | = | Ok
5G 0 = = [ 0 [
SG 10 [ [ [ [ 0 O
GuBHaps SG 11 [} =g ] o | o | O
SG 12 ] [ ] ] 1 [
Plans [__adaplan [ DelPlan
Plan 1 | Rings
Split 350 T08.5] 5.0 T5.5] T18.6] 755 ” ”
Permissive Start 5.0 300 5.0 50| 30.0] 7.0 Ring 1| 5@ i
Fermissive End 15.00 400 15.0 15.0/ 40.0/ 17.0 ‘E”_ B
Force off 250 108.5 150 15.5) 185 155 Ring 2|‘1' ”
Min Green 5.0 200 5.0 5.0 30.0 7.0
Max Green 195 1m0 a5 100 1800 105
Max Green 2 0.0] 0.0} 0.0 0.0 0.g] oo
Red Revert 0.0 0.0/ 0.0 0.0 0.0 0.0]
Passage 2.5 2.0 3.0 2.5 3.0/ 25
MaxRecall [ | [ ] ] | [ | ]
wehRecall [ ] [vi [ ] ]
PedRecall = [ [ [ ] O [
RedLock O O E 0 O O [ TestiSet Sequence [ Reset Sequence |
“rellowlock 1 ] [ ] (] ]
Coordinated Phase [ [l (] = [v ]
PedPhase [} [} ] [} [} [} Nema Editor Help Panel
Double Entry [} [ [v] [ [ [} Detectors —wehicle detector number (1-8 signal group). Ranges = 0-988
CalltoNonActuated [ [ ] 1 [} | [}
Lead Phase [vi [ 1 [ [ [+
Cyele Length 180.0 Offset Seek Mods | Short way |
Offset [122.0 M Dwwell 1.0
PlanTime End [20 | Ped Permissive (90 |
Coordinated ] Maxinhibit ]
AutoCale Splits ] CycleReference |U'U Ok Cancel

st | & © 5 OB e B ||B o] o £ ool S| Ea] v | ] @nl[En [SSd8S@RADEBE aom
NEMA File: North Kings Highway / Shields Avenue

5. Transit Signal Priority Detector Location: 3M Opticom detectors are used on the
field. The normal detection length ranges between 200 feet to 1000 feet (VISSIM
Manual)

» The detector range for the detectors is 200 to 300 feet as per the information

provided by VDOT.
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= These transit detectors are provided in such a way that checkout detector is on
the intersection signal control head and the check-in detector is placed on
upstream side so that the travel time between the two will be the same as the
desired green extension time.

= For simulating this, the distance between the check-in and checkout detectors

was kept as 200 feet uniform throughout the network.

6. Configuration of the files:
Configuration files for vehicle records, travel time, delay, green time distribution,
signal controller i.e. information for phasing, and detectors were missing.

Therefore using the VISSIM Manual, these files were created.

7. Initial Simulation Run:
1. Simulation ran for 750 seconds out of 3600 seconds of total simulation time.
2. Many errors for accumulation of vehicles in network on some links were

found and solved as the project proceeded.

4.2 Assumptions for Transit Network

= For the project corridor, all of the routes are assumed to run for the same
length and serving the same bus stops.
= Other important assumption is that only "Inbound buses" will get priority

= Bus details are given as:

Route Number of Buses per One Hour Simulation Run
105 4
106 2
107 2

As discussed before and following the demo example "TSP_Chicago",
= Vehicle types and vehicle classes for 105, 106 and 107, for inbound buses
were created.

= For outbound buses separate vehicle type and vehicle class were created.
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= In field not all buses have emitters so to replicate that it was assumed that
route 106 and 107 buses had emitters.

= Route 106 and 107 were grouped in one vehicle class named "TSP_Buses" as
done in demo example.

= In VISSIM 3.6 network files, the travel time end points were there but the
section did not capture the bus data so it was modified according to transit line

in VISSIM 3.7 network file.

4.3 Transit Signal Priority Strategy

» The basic 3 M Opticom emitters and detection systems are shown in the
Figure 8 and 9.

= Depending upon the travel time between the check-in and checkout detectors,
the transit signal priority is given in NEMA controller logic. Travel Time was
set as ten seconds.

* To determine the travel time, the average transit speed was assumed as 13.4
mph (Deshpande, Collura, Teodorovic, and Tignor, 2004).

The “NEMA bus priority” input window for TSP parameters is shown the

previous NEMA file.
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4.4 Comparison of the Simulation Results

Tables 2 to 6, show comparison of field and simulation results for northbound traffic,
along U.S. 1 for A.M. Peak Period (6-00 to 9-00am). The traffic data was taken from year
2002 morning peak period SYNCHRO files. The field data represents data collected

during the same time period.

Table 2. Results for Northbound Buses Without TSP

Field Results VISSIM 3.7 | VISSIM 3:6
L Results Results:
Description
Range of Northbound Transit Travel Time (sec)| 236 to 525 531 to 610 553 to 725
Average Northbound Transit Travel Time (sec) 366 565.9 632

Table 3. Results for Northbound Buses With TSP

VISSIM 3.7
Field Results Results VISSIM 3.6 Results
Description 10 sec 10 sec 20 sec 30 sec
Range of Northbound
Transit Travel Time 227 to 444 446 to 541 464 to 519|425 to 518| 404 to 520
(sec)
Average Northbound
Transit Travel Time 351 509 492 481 480
(sec)

Table 4. Results for Non-transit Vehicles

. . Field Results VISSIM 3.7 Results
Description
Total Travel Time for Non-Transit Northbound
Vehicles (sec) 140 to 257 200.4
Total Travel Time for Non-Transit Southbound
Vehicles (sec) 112 to 250 184.33

Table 5. Results for Network Speed considering All Vehicles

Description

Field Results

VISSIM 3.7 Results

Network Speed for All Vehicles (mph)

17.12 10 27.915

27.374
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Table 6. % Difference of travel time between field data and simulation results

Field Data and VISSIM 3.6 w/o priority 37 %
Field Data and VISSIM 3.6 with priority 40 %
Field Data and VISSIM 3.7 w/o priority 54 %
Field Data and VISSIM 3.7 with priority 48 %
Comments:

1. If the travel time for the south bound buses is considered, the VISSIM 3.7
simulation results match with the bus travel times from field data as well as
VISSIM 3.6 simulation results

2. Considering the travel times for the northbound buses, there is significant
difference observed between the field data and the simulation results of
VISSIM 3.6 as well as VISSIM 3.7.

3. This difference could be reasoned by considering the dwell time of the buses,
which stop at almost all the bus stops in the northbound direction. In fact at
some of the bus stops, buses might not be stopping at all in the field.

4. The difference in the results from two simulation models can be reasoned
mainly by considering the following facts.

1. In VISSIM 3.6 simulation models for TSP with 10, 20, and 30 sec
green extension, all the northbound buses were given priority.

ii. In VISSIM 3.7, assumption was made that out of 8 northbound buses 4
buses are with emitters so in the simulation model 4 buses are assumed

to get TSP.

Other VISSIM 3.7 Results:
= The average speed of all non-transit vehicles in the network falls in the range
of the field results.
= The travel times of all non-transit vehicles in both the directions fall in the

range of the field results.
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CHAPTER 5: U.S. 1 Traffic and TSP Characteristics

5.1 Location

The study area is located on U.S. 1 from the Fairfax County Parkway in the south, to the
North Kings Highway in the north. This 8.8mile stretch covers the longest Fairfax

Connector bus route107. Geographic location of U.S. 1 is shown in Figure 2.
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Figure 2. U.S. 1 Study Corridor
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The study corridor consists of twenty-six signalized intersections listed in Table 7.

Table 7 U.S. 1 signalized Intersections

N“"(‘ﬁj:tﬁft:)“;e;ﬁfﬁ)"°“ Name Description
1 North King/Shields @ U.S. 1
2 South Kings Hwy @ U.S. 1
3 Southgate Dr @ U.S. 1
4 Beacon HillRd @ U.S. 1
5 Memorial St @ U.S. 1
6 Collard @ U.S. 1
7 Popkins @ U.S. 1
8 Lockheed Blvd/Dart Dr. @ U.S. 1
9 Arlington Dr. @ U.S. 1
10 Boswell/Fordson @ U.S. 1
11 Fordson Rd@ U.S. 1
12 Hybla Vally (Belford) @ U.S. 1
13 Sherwood Hall Lane @ U.S. 1
14 Ladson Lane @ U.S. 1
15 Buckman/Mt. Vernon @ U.S. 1
16 Russell/Reddick @ U.S. 1
17 Mohawk Lane @ U.S. 1
18 Buckman (South) @ U.S. 1
19 Frye Rd@ U.S. 1
20 Lukens Lane @ U.S. 1
21 Cooper St @ U.S. 1
22 Sacramento Dr. @ U.S. 1
23 Mt. Vernon Hwy/Old Mill @ U.S. 1
24 Woodlawn Rd @ U.S. 1
25 Belvoir Rd @ U.S. 1
26 Backlick Rd @ U.S. 1
27 Fairfax County Parkway @ U.S. 1
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5.1.1 SYNCHRO Model

The overall SYNCHRO traffic network model supplied by VDOT is shown in Figure 3.
The transportation network is broken and shown in separate SYNCHRO files for giving

clear idea to the U.S. 1 intersections under consideration.

[l synchro 6: C:\Documents and SettingsKillol J Kamdar\Desktop’1234.5y7
File Edit Transfer Options Optimize Help

%% psT

L ,B?3,425! 6.969.658

(G Bty 1204Pm

Hotant | O T OBEC &

Figure 3. U.S. 1 SYNCHRO model

Timing plans for all of the signals were adjusted to start at the beginning of the green of
the coordinated phases as required for the input of VISSIM NEMA control files. The

details are discussed in following chapter.
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5.2 Data Collection

This research uses previously collected field data by graduate students at Virginia Tech

and is used for basic comparison. Field data collected was for traffic operations during

the morning peak period from 6-00a.m. to 9-00a.m. and from Popkins Lane to North

Kings Highway/ Shields Avenue only. Table 8 gives some details of that study.

Table 8. Comparative Travel Characteristics-NB-AM Peak Period

Run 1 | Riun 2 Run 2 | Run 4 Fun &
Transit Mon-Transi] Transit |Mon-Transit] Transit [Mon-Trsnsit] Transit |Mon-Trans#] Transt JMon-Transit]
Paramster Wehicle Vehicle ‘ehicle ‘ehicle ehicle Wehicle ‘ehicle Vehicle ehicle Wehicle

Total Travel Time{sac) 02 210 3462 200 345 142 305 123 TR 120
Mumber of Stops T 2 T 2 [ 1 [ i El i
Control Delayisec) 3 87 40 fid 48 17 35 1 53 i

Total Dwell Timelsec) T7 A 01 NA 104 A 1 A [ A
Total Delay 108 87 131 ] 152 i7 ] i 118 0

Total Run Time 1804 123 261 136 193 131 260 123 160 120
Awg. Run Speedimph) 241237113 ] 38.04878 | 17.031034 | 34.411765 | 24.248705] 36.725191 | 1735777 | 38.0487605 20.25 30
Awo. route Cperating Soesdimphi] 15 4066887 ] 23 285714 | 11.038776 234 13665217 | 21621622 | 15 344262 | 38 048TR05] 156 834532 30

5.2.1 Transit Network

The transit network was prepared using Fairfax Connector schedules (Appendix G) and

other data shown in Table 9, 10 and 11. Table 9 shows the travel times for different bus

route, which is only the assumption and there is no field data to support it.

Table 9. U.S. 1 Bus Route Details

. Route . .
Fairfax North End| South End |Length Estlmateq Travel Time
Connector route . (Minutes)
(mile)

North Kings| Buckman /
105 / Shields | Mt. Vernon 3.0 18

North Kings
106 / Shields | Fordson Rd | 2.0 14

North Kings
107 / Shields | Backlick Rd | 8.8 44
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Table 10 gives statistics for total number of bus stops, number of farside and nearside bus

stops and also the number of bus stops with turnout lanes.

Table 10. Bus Stop Details

Description Northbound Southbound
Total Number of stops 31 31
Turnout Lanes 12 7
Far side Bus Stops 9 5
Nearside Bus Stops 7 8

For an hourly simulation period, the frequency of the U.S. 1 routes 105, 106 and 107 was

determined according to different route lengths as depicted in Table 11.

Table 11. Bus Start Times for the Hourly Simulation

Fairfax Model
Connector] Bys
Schedule | starting
Bus Routes Time
Route 105 NB| 6:11 660
Route 105 NB| 6:26 1560
Route 105 NB|  6:41 2460
Route 105 NB| 6:56 3360
Route 106 NB| 6:14 840
Route 106 NB| 6:44 2640
Route 107 NB| 6:00 00
Route 107 NB| 6:30 1800

The end times are given here, as they are not required in VISSIM transit coding. The total
travel times and so the end times depend upon the length of the bus route, number of bus

stops served, and other traffic conditions.

U.S. 1 bus stops were created using field data collected by graduate students at Virginia

Tech as depicted in Figure 4.
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Total Number of Stops 31 31
Turn Out Lanes 12 7
Metro Bus Only 2 2

Study Parameters:
- Length of Richmond Hwy. from
N. Kings St. to Fairfax County Pkwy
- Bus 105 terminating at Mt. Vernon St
- Bus 106 terminating at Boswell Ave
- Bus 107 terminating at Sacramento Dr.
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Figure 4. Field Details of U.S. 1 bus stops
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5.3 Conceptof U.S. 1 TSP

This section provides the perception of transit signal priority provided on U.S. 1 corridor.
The concept encompasses logical and physical architecture of TSP as discussed in the

following paragraphs.

5.3.1 Logical Architecture

For implementing any ITS technology, it is required to know the logical flow of
information transfer at the macro level, the graphical presentation of which is called the
logical architecture. Emergency vehicle preemption is often a part of this signal priority
process. Therefore, in the logical architecture for TSP in Figure 5 transit signal priority

and emergency vehicle preemption are shown.

Transit
Vehicle
Priority
\ Request
Signal Manage
Control 1 rattic

Preemption

/' Call

Emergency
Vehicle

LOGICAL ARCHITECTURE

Figure S. Logical Architecture
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5.3.2 Physical Architecture

The physical architecture gives broader sense about the main systems involved in transit
signal priority implementation. This can define roles and responsibilities for various
stakeholders involved in particular ITS implementation. Standard ITS system architecture
is comprised of four systems i.e. traveler, center, vehicle and roadside. These systems
consist of a number of one or more components that are connected by a series of wire line
and wireless communication systems (Chang, Collura, Dion, Rakha, Tignor, and Triantis,
2002). The primary sub-systems involved in transit signal priority technology are

highlighted in Figure 6.

The center sub-systems are traffic management, transit management. They are
responsible for deciding the priority strategies, the most appropriate detection technology,
particular signal controller software, and finally purchasing and implementing the

required equipments.

The vehicle subsystem is transit vehicle, and roadside subsystem is roadway (which
contain traffic signals). With probable addition of other ITS technologies such as
Automatic Vehicle Location (AVL) and Automatic Passenger Counter (APC) to this

project, fleet management sub-system is also involved in this system architecture.

A study was done for three European cities - London, Turin and Gothenburg to link the
transit priority at traffic signals within traffic responsive urban traffic control (UTC)
systems with AVL and also includes the assessment of the potential for integration of
TSP and UTC systems (Burton and Hounsell, 1993). A recent research paper (Hounsell,
McLeod, and Shrestha, 2004) discusses several different system architectures for bus

priority enhanced with AVL that are used in Europe.
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5.3.3 Final System Architecture

Considering all of above factors and existence of emergency vehicle request and transit
signal priority call, the system architecture shown in Figure 7 was considered for
implementing this project. This shows information flow of the 3M Opticom detection

technologies.
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Figure 7. System Architecture for 3M Opticom Emitter Detection
Systems
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5.4 Implementation of U.S. 1 TSP

U.S. 1 bus priority is based on local detection of transit vehicle at every intersection. The
detection is achieved through 3M Opticom emitter systems. The position of emitter on
vehicle is as shown in Figure 8 and position of detector on signal head is kept as depicted

in Figure 9.

Confirmation
Light

Detector

Figure 9. 3M Detectors and Confirmation Light
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CHAPTER 6: VISSIM Model For Extended Corridor

Based on previous studies it became clear that VISSIM, a stochastic microscopic
simulation model is appropriate to use to model traffic flow characteristics as required in
this study. Desired measures of effectiveness are provided as simulation results in

VISSIM.

VISSIM was developed in Germany in research originating at the University of
Karlsrhue, Karlsrhue, Germany. VISSIM is a German acronym for “traffic in towns —
simulation”. Two major components of the VISSIM model are the traffic simulator and

signal state generator.

The traffic simulator uses car following and lane changing logic, which are based upon a
psychophysical driver behavior model developed by Wiedemann (1974, ITC, 2000b).
Basically, this model uses perception thresholds for drivers approaching a moving vehicle
and the reaction of the driver once a reaction must be taken. This reaction is then an
iterative process of acceleration and deceleration of the vehicle until passing of the
vehicle takes place or the paths of the two vehicles diverge. The model can process

vehicle locations up to 10 time steps per second

The signal state generator operates by acquiring detector information and signal head
status from the traffic simulator, processes the data, and then returns a new value for a
signal head (i.e., green, yellow, or red). This process allows for greater flexibility when
creating simulation networks. The signal state generator uses a language called VAP, an
English acronym for Vehicle Actuated Program. This language is similar to BASIC in
using an IF THEN logic structure. The VAP polls information and returns signal status to

the traffic simulator once per second.

Currently efforts are being made to make simulation software more users friendly;
extending the usability of these simulation tools (Clark and Daigle, 1997). VISSIM 3.7

and more recent versions provide such facility i.e. NEMA signal controllers. These
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signal controllers are user friendly and eliminate the use of vehicle-actuated
programming (VAP) to some extent in designing traffic signal controls and provide TSP.
Of course, for emulating some other advance features, VAP is inevitable. This research
uses NEMA signal controller capabilities, for simulating TSP at all twenty-six signalized

intersections.

“A companion effort is underway to create a standard “Traffic Software Data Dictionary”
and a database to combine the disparate roadway definitions and terms into one cohesive
structure to allow the exchange of data between the models and also ease the burden of
generating the input data sets” (Clark and Daigle, 1997). Today, VISSIM 3.7 imports
traffic data from SYNCHRO files in “Universal Traffic Data Format (UTDF)”. In this
research, the UTDF feature is used to prepare VISSIM network from SYNCHRO files
provided by VDOT.

6.1 VISSIM Model Data

Table 12. Data resources

Data Elements Data Source
Roadway Geometry SYNCHRO file from VDOT
SYNCHRO file from VDOT and Previous Field
Traffic Characteristics Observations
Traffic Signal Control Information SYNCHRO file from VDOT
Fairfax Connector Bus Schedules and Field
Transit Network Observations

Data resources for preparing the model are given as in Table 12. The major data
requirements of the model are detailed below:
= Roadway Geometry: number of lanes, grades, reduced speed areas, pavement
markings, detector locations, yield areas, stop signs, and parking areas.
= Traffic characteristics speed distributions, volumes, turning percentages,
percentage of heavy vehicles, vehicle -classifications, and acceleration/
deceleration distributions.
= Signal control Information: green times, clearance intervals, maximum and

minimum green times, offsets, and permissive periods.
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= Transit network includes routes, schedule, ridership levels, transit vehicle

characteristics, and bus dwell times.

6.2 Network Modeling

Progression of the traffic on U.S. 1, at the signalized intersections in the morning peak
period is from the south to the north. The performance of the network is important as
more than 3000 non-transit vehicles and considerable amount of transit buses enter into

the network in northbound direction.

U.S. 1 stretch of 8.8 miles from Fairfax County Parkway in south to North Kings
Highway / Shields in north, is modeled for morning peak period. U.S. 1 transit network is

more detailed for northbound direction for the reasons described above. Overall VISSIM

Network is as shown in Figure 10.

Figure 10. VISSIM Model
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6.2.1 Universal Traffic Data Format

For this project Virginia Department of Transportation (VDOT) provided the traffic data
through SYNCHRO files. SYNCHRO file contains the basic transportation network such
as network geometry, traffic volumes, travel decisions, signal control timing and phasing

information.

Usually the basic VISSIM network is prepared by using “*.bmp” or other image files as
background. Then it is scaled and links and connectors are placed to create the
transportation network, which is time consuming. For this research with limited time and
considerably big network, new concept of importing the network through the UTDF was

used in hope of saving time and avoiding duplicate work.

6.2.2 Network Import

In SYNCHRO 6.0 we can create 5 types of UTDF “*.dat” files named “layout.dat”,
“lane.dat”, “volume.dat”, “timing.dat”, “phasing.dat”, which are included in Appendix H.
VISSIM 3.7 requires “movement.dat” file for intersections with diagonal legs and also
when the number of legs are more than four. In case of U.S. 1 almost all of the
intersections have legs that are diagonally placed and some of the intersections have legs
more than four. In import process VISSIM started to give all sort of errors and the
network was not getting imported. With the help of SYNCHRO and VISSIM technical
help, “movement.dat” file was created and the SYNCHRO file was also modified in a
way to overcome difficulties. The network geometries were modified such that the other
traffic data would not be affected. But in the resulting network, the original cycle lengths
and the phasing times of original SYNCHRO file were dissimilar. The other effects were
the links were broken and the related vehicle routing decisions were lost. Some of the

examples of these errors can be seen in Figure 11. All of these errors were fixed using the

VISSIM manual, technical help, and authors engineering skills.
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Figure 11. Examples of Errors in the Imported VISSIM Network

6.2.3 NEMA Signal Control Files and Signal Timing Plan

The signal controls, which exist in the field that regulate the signal timing and phasing

plan were simulated using NEMA signal controllers.

General Signal Timing Plan Facts and Remedies:

1. The cycle lengths in the imported VISSIM network were different than found
in the VDOT SYNCHRO file.

2. The zero point in SYNCHRO and VISSIM are different, so the offset values
are different even though the resulting timing remains same. VISSIM default
zero point is the start of green of the coordinated phase in the first ring of the

ring barrier diagram in signal timing plans. SYNCHRO zero point is at the
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start of green phases 1 and 6. As a result of this the imported network showed
difficulties in representing these details.

As a result of the modification of the road direction or the intersection
geometry there occurred change in the signal number, detector number, and
signal phase number. This changed the phase sequence, the coordinated phase

number and finally the transit signal priority phase.

The required NEMA signal control files were prepared accommodating all these facts and

then also reflecting the field conditions. Following modifications were made to do this:

The cycle lengths, the phase timing and the phase sequence for the VISSIM
network were modified manually, as per the original SYNCHRO timing plan
The SYNCHRO files modified to give the intersection offsets referenced to
“Beginning of Green” for the coordinated phase in the first ring. These values
were input manually in the NEMA files

For most of the intersections, phase number two remained coordinated and the
phase for transit signal priority in the northbound direction. For some of the
signals, where the intersection geometry changed, phase number four became

the coordinated and so it was made transit signal priority phase.

Most of the traffic signal controls were imported as NEMA files but some of the signal

control files had to be created from scratch.

In field and SYNCHRO file closely located intersection with different signal
control numbers share the timing and phasing plan. But in import process,
information for signal control with only the lower number gets imported.

Two pairs of such intersections are there: (SC #10, SC #229) and (SC #23, SC
#561). Signal control plans for SC #10 and SC #23 only, got imported.
NEMA files for SC #229 and SC #561 were created using SYNCHRO file
information and matching phases with imported signal control head, detector

information.
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Timing plans for all of the signals used in VISSIM NEMA control files, are shown in
Appendix I. The related SYNCHRO files are provided in Appendix J.

6.3 Transit Signal Priority Logic

Following the system architecture, ten second green extension priority strategy was
emulated by using the concept of Check-In and Check-Out detectors on network and as

discussed in section 4.2.1.

Initially basic TSP emulator in NEMA controller was available so it was used for
checking pilot project TSP results. But it had less functionality to limit the green
extension of ten seconds. Later in this research, license for advance features of transit
signal priority became available from PTV America. The signal controller logic was
emulated using PEEK LMD9200 firmware running on a NEMA signal controller for each
intersection. The PEEK LMD9200 was used to provide ten second green extensions if
the transit service call is requested. The transit request was only served after fulfilling the

emergency request call and pedestrian phase on signal control cycle.

There are some differences with regard to providing priority, between the field controller
and PEEK LMD 9200. However, it was not found to be the critical issue because PEEK
LMD 9200 was the controller with the least difference in providing priority compared to
other available controllers. Snap shot of NEMA Controller - PEEK LMD9200 is shown
in Figure 12.

In TSP implementation, the recovery time of signal control is very important to know. It
is the time that the signal controller takes to transition back to its normal timing plan,
after serving TSP call or preemption or time-of-day plan changes. PEEK uses the most
common and the most efficient transition recovery method - SHORT WAY OFFSET
SEEKING.
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Figure 12. NEMA Controller - PEEK LMD9200

The main components used here are Group Select Mode, Group Max 1, Transit Priority

Phase 1, Transit Checkin Detector, Transit Checkout Detector, Max Extend Delay,

Priority and Mem Lock. Because of bug in the program (VISSIM 3.7 Technical Help),

Smart Bus is checked here.
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6.4 Calibration of Model
6.4.1 Traffic Network

The vehicular speeds in the network are resembled to the actual ones in the field, which

was given through the SYNCHRO files.

Detection ranges of the 3M Opticom detectors that are employed in the field vary. So the
detection points were assumed according to the roadway geometry and the check-in

detectors were placed accordingly.

For near side bus stops, the check-in detectors needed to be placed after the bus stop is
passed. By doing this the erroneous green extension and also the time wastage in

passenger alighting was eliminated.

6.4.2 Transit Network

Network Transit Speed

Network transit speed was kept as 12.4 mph to 15.5 mph, similar to the field speed found
from previous work done (Deshpande, Collura, Teodorovic, and Tignor, 2004).

Transit Routes

The transit network is calibrated according to the information given in Table 9, 10 and
11.

Bus stops

Bus stops are coded only for the northbound direction. Figure 13 shows how the on-street

bus stops and bus stops on turn out bay are included on transit line in the VISSIM model.
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Figure 13. Bus stops on a Transit Line

Average bus occupancy from previous observations is 30 out of 50 total number of seats

i.e. 60 percent, which was also used for this model.

6.5 Simulation Scenarios

The simulation was run mainly for two conditions: (1) With transit signal priority and (2)

Without transit signal priority.

Different random number seeds were used to generate different traffic patterns for the

network.

Table 13 details the Simulation scenarios.
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Table 13. Simulation Scenarios

Distinguishing Characteristics of Simulation Runs

Distinguishing Characteristics | Possible Number of Possible Values
Values
Priority Capability Yes or No 2
3 Random
Number
Seeds -50,
Random Runs 100, 150 3
Total Runs = 6
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CHAPTER 7: RESULTS, CONCLUSIONS AND
RECOMMENDATIONS

The simulation results of this research are presented in this chapter. Statistical tests were
also run for the observation datasets and results of which are discussed here. Important

conclusions will also be presented along with recommendations for future research.

Results

Bus Efficiency / Reduced transit travel Time

Average travel times for the buses along three different bus routes were calculated from
three pairs of simulation runs. The travel time comparison between the buses without

TSP and with TSP is as shown in Figure 14.

Transit Travel Time Savings for Northbound Buses on
Different Bus-Routes
3500.00
g 3000.00 |
§ 2500.00
. 2000.00
[})
£ 1500.00 1
|_
% 1000.00 A
= 500.00 -
0.00
105 106 107
OW/O TSP 1226.03 946.65 3123.03
O With TSP 1216.37 938.90 2970.93
Fairfax Connector Route

Figure 14. Comparison of Transit Travel Time
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Comments:

Simulation results show that TSP implementation can save transit travel time
from 0.8% to 4%.
The amount of the travel time saved on different bus routes depends upon

1) Number of bus stops served

2) Dwell time at bus stops
Both were kept variable for different bus routes.
The Kolmogorov-Smirnov (K-S) test showed the maximum difference between
the cumulative distributions, absolute observed difference D, is 0.34. According
to the formula: Dmax = 1.36 * SQRT ((nl + n2) / (n1*n2)) at the 0.05
significance level, Dmax = 0.56. Here, D < Dmax. Therefore the engineer cannot
find a statistically significant difference (at the 0.05 significance level) when the
TSP is used and is not used.
The number of data points was 12 in comparing the without TSP results to with
TSP results for route 105 travel times. The datasets and the calculations are given

in Appendix K.

Reduced Bus Control Delay

VISSIM records the waiting time for transit excluding the dwell time at transit stops.

Author correlated the links on which the northbound buses stopped due to red light at the

intersection. Average of these waiting times gives average delay in seconds per stop at

intersection, for buses on the VISSIM network. The reduced intersection / control delay

for buses due to the TSP implementation is shown in Figure 15.
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Comparison of Transit Control delay
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24
24 1 23

23 1 = O Control Delay
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O Control Delay
with TSP
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Average Control delay
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N
N

50 100 150

Random Seed Number

Figure 15. Reduced Bus Control Delay

Comments:

= In all of the simulation runs average control delay for transit buses with priority
was found to be less than the average control delay for transit buses without
priority.

= Simulation results suggest that the time saved because of reduced control delay
varies between 5% to 16%

= The K-S test showed the maximum difference between the cumulative
distributions, absolute observed difference D, is 0.19. According to the formula:
Dmax at the 0.05 significance level, Dmax = 0.35. Here, D < Dmax. Therefore
the engineer cannot find a statistically significant difference (at the 0.05
significance level) when the TSP is used and is not used.

* The number of data points was 31 in comparing the simulation run results of

random seed 50. The datasets and the calculations are given in Appendix K.
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Other Traffic Related Impacts

Impacts on queue length on the side streets are shown in Figure 16 and the data values
are shown in Table 14. The number of observations was 44 instead of 26 x 2 = 52
because the U.S. 1 network contains many 3-legged intersections in which case one side

street needs to be observed instead of two.

Comments:

= As shown in Figure 16 on majority of the side streets the queue length was found
to be more in case TSP condition compared to without TSP condition. However,
on some of the links the queue lengths were found to be less in case TSP
condition compared to that of without TSP condition.

= Analysis of simulation results for queue length shows that there is no increase in
average queue length on the side streets over the entire U.S. 1 corridor.

= Analysis of simulation results for queue length shows that there is increase of one
foot in average maximum queue length on the side streets over the entire U.S. 1
corridor.

« Considering entire U.S. 1 corridor the adverse impact i.e. increase in total queue
length, for all side street traffic occurred around 1.23% for with TSP
implementation.

» The K-S test results are: the maximum difference between the cumulative
distributions, absolute observed difference D, is 0.09 with a corresponding Dmax
= (0.33. Here, D < Dmax. Therefore the engineer cannot find a statistically
significant difference (at the 0.05 significance level) when the TSP is used and is
not used.

= The number of data points used was 44. Average queue length results without
TSP and with TSP conditions was compared. The datasets and the calculations are

given in Appendix K.
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Table 14 Comparison of Queue Lengths (feet) On Side Street

Average Side Street Queue

Maximum Side Street

Queue Counter Name Length Queue Length
W/O TSP TSP W/O TSP TSP
1 North Kings Hwy WB 0 0.00 0.00
2 North Kings Hwy EB 0 40.89 43.19
3 South Kings Hwy WB 9 9 40.56 40.19
4 South Kings Hwy EB 126 110 359.83 343.94
6 South Gate Drive EB 12 7 99.22 66.69
7 Beacon Hill Rd WB 73 72 250.94 253.70
8 Beacon Hill Rd EB 14 20 80.11 95.65
9 Memorial St WB 18 21 77.28 81.09
10 Memorial St EB 0 0 13.33 14.56
11 Collard St WB 0 0.00 0.00
12 Collard St EB 10 11 60.17 59.56
13 Popkins Ln WB 3 4 44.78 67.65
15 Lockheed/Dart WB 1 1 7.00 8.22
16 Lockheed/Dart EB 248 249 330.11 333.48
17 Arlington Dr WB 311 289 817.28 805.98
18 Arlington Dr EB 0 0 6.06 3.85
19 Boswell Ave WB 22 22 110.67 119.78
20 Boswell Ave EB 10 8 43.94 45.48
21 Fordson Rd WB 14 29 101.61 152.81
22 Fordson Rd EB 0 0 0.00 0.00
24 Belford Dr EB 0 0 0.00 0.00
25 Sherwood Hall Ln WB 3 3 47.50 44.44
26 Sherwood Hall Ln EB 0 0 0.00 0.00
28 Lardson Ln EB 0 0 0.00 0.00
29 Mount Vermon St WB 81 74 204.56 210.96
30 Mount Vermon St EB 199 210 351.72 352.07
31 Russel/Redick Rd WB 3 2 33.22 27.41
32 Russel/Redick Rd EB 583 632 1056.50 1122.83
33 Buckman Rd WB 4 4 28.11 26.20
34 Buckman Rd EB 90 101 203.67 223.50
36 Frye Rd SB 40 67 301.89 361.30
37 Lukens Ln WB 32 38 134.28 148.59
38 Lukens Ln EB 2 2 28.56 21.52
39 Copper St WB 0 0 0.00 0.00
40 Copper St EB 5 7 68.89 87.19
41 Sacramento Dr WB 3 5 26.11 31.65
42 Sacramento Dr EB 3 1 46.00 26.28
43 Old Mill Rd/Mount Vermon Hwy WB 165 136 571.00 484.61
44 Old Mill Rd/Mount Vermon Hwy EB 103 116 261.50 321.72
46 \Woodlawn Rd EB 58 31 319.61 225.37
47 Belvoir Rd WB 2 1 26.61 22.98
49 Backlick/Pohick Rd NB 19 21 132.39 143.91
50 Backlick Rd SB 17 72.78 33.93
52 Fairfax County Pkwy SB 0 3.94 3.04
52 52 146 147
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Conclusions

An evaluation plan for TSP was developed (Chang, Collura, Dion, Rakha, Tignor, and
Triantis, 2002) and implemented in a pilot project including six intersections on U.S. 1
(Deshpande, Collura, Teodorovic, and Tignor, 2004). In the research reported in this
thesis the impacts of TSP on the entire U.S. 1 corridor including 26 intersections were
examined.

Based on the simulation analysis, the following conclusions can be drawn:

« TSP implementation may be able to save transit travel time varying from 0.8% to
4%, which may improve the bus efficiency.

« Reduction in intersection delay for the transit vehicles varies from 5% to 16%;
this suggests that with TSP implementation, there may be a reduction in transit
control delay that may lead to an overall reduction in transit travel time; this tends
to support the first two hypotheses.

« Total increase in maximum queue lengths, considering all side street traffic may
be in the order of 1.23% with TSP implementation.

« The above conclusions are consistent with the results and conclusions reported in
other TSP deployments studies (Soo, Collura, Hobeika, and Teodorovic, 2004).

« The travel time reduction can reduce the transit operating costs, which in turn can
reduce recovery period for transit investments (Soo, Collura, Hobeika, and
Teodorovic, 2004).

The above findings suggest that TSP is beneficial. In order to assess them statistical
Kolmogorov-Smirnov tests were run for each of the performance measures, transit travel
time, intersection delay, and side street queue lengths. For each of the performance
measures between TSP and Non TSP results were non-significant at the 0.05 significance
level. The author believes the main reason for this finding was the limited sample size of

the simulation runs.
It was also concluded that when using VISSIM traffic-engineering software one should

utilize a universal traffic data format to its optimum extent. This will make the simulation

process faster, more effective and easier for traffic engineers and transportation planners.
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Recommendations for Future Research

In this research, impacts of a ten second TSP green extension were evaluated along the
entire U.S. 1 corridor for the Fairfax Connector bus routes. Future research possibilities

arc as:

o The results of the three performance measures was encouraging, however, it is
recommended that more simulation runs be performed on the 10 second green
extension strategy in the future given the statistical tests found no significant
difference between the TSP and Non TSP system.

« Evaluating this network for different priority strategies such as early green, red
truncation and queue jumps.

« Analyzing the impacts of using a dedicated lane for transit buses along with TSP.

« Integrating other ITS technologies such as GPS based Automatic Vehicle
Location (AVL), Automatic Passenger Counters (APC), and some advanced
transportation software for bus scheduling along with TSP.

« Modeling these ITS features, conditional TSP can be provided to the buses with a

certain number of passengers or buses running late by some desired time.
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Appendix A: Transit Signal Priority Results

Table #1 Previous Transit Signal Priority Impacts

Strategy Deployment Simulation

Signal Optimization 2% - 5o = Mone

Green Extension Only  [0%: - 9.7 @EH 0% - B9 Wi=nsmiE
Hed Truncation Cnly Mone 1% - 10.6%: =
GE+RT 1.4% - 209 MREWEEmEE 1 59 - 14,29, Wi
GE + RT + Queue Jump |09 - 18%; tminz Mone
Combinations 1 .89 - 2oL i gageg o T - 7.6, (e
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Appendix B: Detection Technologies

Table 1: Detection Technologies used for Transit Signal Priority

Media Components Activation Strengths Limitations | Special
And Feature
Yendor. or
Motes
Light Infrared By a switch | Popular Dependent Cptional
{ Intrared strobe or automatic | technology, | on good conformati
light) emitters. mechanism. | Readily visthility on light,
M Infrared available, conditions, Vehicle
detectors. Separate Possibility identificat:
Phase high and of on numbers
selector card Lo interference | are coded
priorities for | with in the
CIMETZENCY neighboring | message for
and non- intersection | particular
EIMETZency 5, hmuted emitter.
vehicles. transfer
[ndividual capability
vehicle
logging
Light Infrared By switch Compatibilit | Performane | Optional
i Intrared strobe or automatic | v with ¢ hampered | Confirmat
light) emitters. mechamsm. | Opticom by visibility | on Light,
Optronmics/ To Infrared Vehicle 155ues, low Vehicle
mar detector. level data transfer | wdentibicat
Strobecom Interface control. potential. on numbers

device,

used for
difterent
vichicle

classes.

are coded
in the
message for
particular

emitter.
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Light

{ Intrared
light)
Movax Bus

System,

Infrared
fransceiver
NTM™)
Dietection
modules
(WM™

Recerver

By a switch
or automatic

mechamsm.

No wiring
required
froam the
detector to
controller.
[nfrared
technology

15 resistant

Feceiver

needs an BF

antenna.
Getting AC
power for
detector 15

difficult.

[=ses
“sidefire”
configurati-
-on with
curbside

detectors.

Lnit
(VILT). to BRI and
EMI
interference.
Sound. Directional | By sirens of | Does not Dioes nead Contormati
Sonem 2000 microphone | different depend on some on light,
array. types. visibility, audible operates on
Controller frequencies | No signal form | sirens in
card and penods. | additional the vehicle. | velp. wail,
cquipment Susceptible | or hi-lo
on transit to false frequencies
vehiele, alarms.
facihitates
interjurisdict
1onal
deplovment.
Sound. [gital Special Does not Mo data
EPS-11 sound wave | siren depend on ranster
recognition emitters or ling of s1ght | capability.
svstem. electronic or vistbility | Susceptible

Phase
selector

Linit,

SITENS.

1550es, Mo
moditication
5 needed for

CIMETZCNCy

to false

alarms.
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SVslems.

Loop- e [ow Pavement Dioes not Depends on

detector, frequency Loops. depend on the

IDC transponders line of sight | performanc

Loopcom, s Standard or vistbility eof
pavement 1ssues. Can | appropriatel
loops be used for | v placed
connected to high and loops.

1 :-u[‘J-.!L‘l'.l| o [rIOry.
amphiier,

Push-button. | & Push-button | By a button. | Mo Mo remote Can only
activation additional activation 1s | be used for
device. equipment possible. Emergency

on the Human vehicles,

vehicles. activation

Simple and | dependent.

ehable May he

hardware. untimely

Performs in | due to travel

all whether. | time to the
intersection.

Radio. « RF tag By radio Does not Mo phase

TOTE readers. Irequency depend on selector

e  Amiech tags. ling of s1ght | functionalit

AVIIES
read write

tags

or vistbility
1ssues. Can
be used tor

high and

low priority.

v. All tags

need
sultable
mounting
location,
powwer, and

commounicat

75




10ns

capability
Fadio Intersection- | Transmutter. | Individual Non-
Econolite mounted logging directional
EMTRAC antenna possible nature

Recerver.
Bus-
mounted
spread

specirum

Can be used
tor high and

lowy priority

requires
vehicle to
provide

approach
direction

Potential tor

transmitter.
maltunction
due to
COMpass
[atlures.
Fadio / GPS- Radio Rado Predetermun | Susceptible
AVL transmitters | transmitter. | ation of to accuracy

Priority One

placed on
vehicles.
Fadio
recelvers at
mtersection.

The GPS-

Intersections

15 possible.

1ssues, Mot
cood for
closely
spaced

Intersections.

AVL
component
Orbtrac 300 Complete Relays or Does not Central
bus Cn-bus depend on management

managemeant

svstem

Processors

ling of sight
or visibility

IS5LICS,

system 1s

neaded
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Appendix C: Evaluation Measures

Table 1 Evaluation Measures

Objective

Measure

Measurement

{.00 Bus Service
Reliability (transit
schedule adherence)

[/ On Time Performance

% of arrivals in on-time window
at timepoint(s)

[.2 Time Reliability

Standard deviation of elapsed
time between timepoints /
endpaints

[.3 Perceived OTP

Survey measure of rider opinion

{4 Spacing

Maximum headway measured at
timepoini(s)

1.5 Arrival Reliability

Standard deviation of delta
(actual time vs. scheduled) at
timepoint(s)

2.0 Bus Efficiency
(transit travel time
savings)

2.0 Run Time

Elapsed time(mean) between
start and end points

2.295%-ile RT

95%-ile ¢

apsed time between
start and end points

2.3 Trip Time

Weighted passenger time on
board / in-vehicle

2.4 Perceived Travel Time

Survey of change in riders’
opinions before & after

301 Other TrafTic-
Related Impacts

3.1 Overall Delay

Delay by [corridor/intersection].

[person/vehicle

3.2 # ol stops

7

Stops by [corridor/intersection].
[person/vehicle

3.3 Mainline Travel Time

Yo-ile /[ average operating speed

3.4 Cross Street Delay

Maximum / 953%-ile delay.
average delay

3.5 Fuel Consumption /
Emissions

Model output for corridor.
average per vehicle

3.6 Overall System
Efficiency

[hroughput achieved vehicles
per hour. persons per hour

3.7 Intersection Safety

Red light running / accident
frequency
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Appendix D: U.S. 1 Pilot Project Features

Table #1 List of Intersections for Pilot Project

Popkins Lane @ U.S. 1 and Collard Streets @ U.S. 1
Memorial Drive @ U.S. 1

Beacon Hill Road @ U.S. 1

Southgate Drive @ U.S. 1

South Kings Highway @ U.S. 1

North Kings Highway/ Shields Avenue @ U.S. 1.

NN | B |W[N|—

Note: Popkins Lane @ U.S. 1 and Collard Streets @ U.S. 1 are
very close and same signal control works for both, so we’ll
consider them as one intersection

Table #2 the data requirements for the model and its sources are provided below:

Data Requirements Data Sources
Geometric Characteristics Synchro file from VDOT
Traffic Characteristics Synchro file from VDOT & Field Observations
Traffic Signal Control Synchro file from VDOT
Transit Information Fairfax Connector Buses & Field Observations

WISSIM 361 - claissamiexnmplelr: 1 pm.inp
Fils  Sd1  fsteck Edior  Sondd Contrall Splione  Sndlai St Tedl

5
P o
o 5
n
¥

[=F>

I
(6512455, Define | muve links

Figure 1. VISSIM Model for U.S. 1 pilot Project
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Appendix E: NEMA Control Files for the Pilot Project
North Kings Highway / Shields Avenue

File Edit Options About Nse Bus x|
- AddPhase || DelPhase | | sooowver. || pelowen. |
Signal Group Info. 1 i i = i % i — i i =
Signal Group (Nema Phase) 1 2 4 a 3 (] TSP Phase
Detector 1 2 4 5 B 8 TSP Check-in Detector
Srohee 4 i i 4 4 % TSP Check-out Detector
Red Clearance 1.5 2 1.5 1.5 z 1 et
Fed Signal Group o o o 0 0 o
Ped Detectors o o o 0 a a
Walk 1] 1] i) a il n Mote: Use Phase '0'for TSP Phase to indicste no phase selected.
Fed Clearance a a a o a a
Protected/Fermitted = = = ot = — Ok
§G 9 = = _ L | _|
5G 10 L _| o L _| |
Overlaps SG 11 W & I n | O O B
5G 12 L1 _| | _| | LI _|
Plans Add Plan | pelPian
Plan 1 Rings
Split 350 T08.6 5.0 5.5 TTE.5 755 ” ”
Fermissive Start 5.0 20.0 5.0 5.0 30.0 70 Ring 1) 5 84
Permissive End 15.0 40.0 150 15.0 40.0 17.0 'iEM_ =3
Farce of 25.0 108.5 150 15.5 116.5 155 Ring 2| 18 |
Min Green 5.0 200 5.0 5.0 20.0 7.0
Max Green 19.5 1800 9.5 10.0 180.0 105
Max Green 2 0.0 0.0 0.0 0.0 0.0 0.0
Red Revert 0.0 0.0 0.0 0.0 0.0 0.0]
Passage 2.5 30 20 2:5 2.0 25
MaxRecall | ] | L o] L
vehRecall v | v Edl LI [
PedRecall = — | - I L
RedlLock ] ] ] | o ] | Test/'Set Sequence | Reset Sequence
Wellowlock — | | LI LI
Coordinated Phase v [
PedPhase | L | = - I Nema Editor Help Panel
Double Entry I L] L] [ la] I Detectors —wehicle detectar number {1-8 signal group). Ranges = 0-3993
CalltoMonActuated — = | L LI Ll
Lead Phaze Cd | v v
Cyele Length 180.0 Offset Seek Mods | Short way |
Offset 123.0 M Dwwell 1.0
Plan Time End (9.9 Ped Permissive (90 |
Coordinated [si Maxinhibit L
AutoCalc Splits ] CyeleReference |U'U Ok Cancel
Mstent|[| 1 B © 5O @ & || ] e ] & e me ] Ea] ] ] En[Es [SS T BS@RBHEHE soim
South Kings Highway
Using Nse Program: nemaZz_29.nse N - ll
File Edit Options &About Nse Bus x|
Al G m:u Pha‘se | DT F'Iiie_ll Anisil weTl.n lal Il‘li)ve{l..‘ |I . 2 .
6 - 0~ s |
Signal Group (Nema Phase) 1 2 4 [ 3 g TSP Phase B
Detector 1 2 4 5 5} a TSP Check-in Detector 91 o
Amber : ;1 ;‘ : : ;‘ TSP Check-out Detector |22 o
Red Clearance 100 0.0
Travel T !
Fed Signal Group 0 0 0 0 0 [i] fate BRI oo | bo |
Fed Detectors 0 o o a 0 1)
Walk il [i] [i] [i] 0 0 Mote: Llse Phase '0'for TSP Phase to indicate no phase selected
Ped Clearance a 1] i} 0 0 a
PratectediParmitted L ) ] L] ] ] Dk
5G9 L] L = = = L
SG 10 L | | | | L | Bi
Overlaps SG 11 O O ‘ O ‘ 0 O O
SG 12 L] ] | ] [ ] ] ]
Plans AddPlan || DelPlan
Plan 1 | Rings
Split 32.0 41.0 15.0 15.0 a8.0 220
Petrissive Start 0.0 0.0 0.0 0.0 0.0 0.0 Ring 1) 5 84
Perrmissive End 10.0 10.0 10.0 10.0 10.0 10.0 BT B
Force Off 0.0 0.0 0.0 0.0 0.0 0.0 Ring 2| 18
Min Green 10.0 15.0 10.0 10.0 15.0 4.0
Max Green 27.0 110.0 10.0 10.0 110.0 17.0
Max Graen 2 0.0 0.0 0.0 0.0 0.0 0.0
Red Revert 0.0 0.0 0.0 0.0 0.0 0.0
Passage 3.0 4.0 40 30 40 a0
MaxRecall | v _| | ] L
YehRecall v | | v L [v]
;eez'igg:” H 0 O 0 O | Test/Set Sequence [ Reset Sequence
Yellowlock [ [ [ Ll L
Coordinated Phase = = L L
PedPhase - _ - - Nema Editor Help Panel
Double Entry _| V| | Ll Click on a label to view help cantents
CalltohonActuated L L L [ [
Lead Phase Ld - v
Cyele Length (1100 Offset Seak Mods | Shortway |
Offset 0.0 My Dyvell 1.8
Plan Time End 0.0 Ped Permissive |90
Coordinated Maxnhibit [

AutaCale Splits

Hstet ||| A SO 52O @ e T

CycleReference

|| Bt uc| B & o Be| Pia] | | Snf[En. [FSEBFERDEB=

05 PM
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Southgate Drive

Nse Bus Priority

olo|o o= k)

Rings

133.0 1480 320 1.0 19|

5.0 200 200

10.0 180.0 180.0
0.0 0o oo

0.0 0o oo
3.0 4.0 4.0

10

IO=IOOOORE

T 0 el O ) T T e

O OOOCC OO

Nse Bus Priority

ololalo|=smin

0
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Memorial Street

=== EN RS

5.0 200 200

15.0 180.0 180.0

0.0 0.0 0.0
0.0 0.0 5 0.0
3.0 5.0 i 3 5.0

i o [
(T
0 o Y
) e o

1 o o

JO0O0O0OCO0O

Collard

Nema Editor Using Nse Program: nemab_31_actuation.nse

|_add Phase| || DelPhase |

—_—
125.0 1030 250

1

IOEO=COOR &

MOCOOoOoOr

IO=RDO=DO0ORE
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Popkins Lane

Nema Editor Using Nse Program: nema7_29.nse

| |
S T | S - [y W

| o

—_— |_Addpian | pelPlan |
1250 300 220 1030 250

o

1 o

O=IO=IOOOOE
N| =) O = O 0 | 0 )

S o 5
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Appendix F: Signal Timing Plans for U.S. 1 Pilot Project

Phasings
5: Richmond Hwy & Shields Ave 1/29/2003

S £ % N o X T
_*

Protected Phases

Rernited Phases ke L L I
Minimum Initial (s) 0 300 50 ‘100 70 m 70 50 50
Nifipum Spiits) 105 0 105 TEB0 120 120 1m0 BE 8L - T
Total Spiit (s) 250 1185 150 1085 310 310 310 155 155
Total-ilt (%) t% 8% o% O -G I 1B B oW
Maximum Green (s) 15 1125 95 1025 260 260 260 100 100
Yiplk o8 40 w0 EE - 40 WD 40 40 MO T80
All-Red Tims {s} -5 2.0 1.5 2.0 1.0 1.0 1.0 1.5 1.5

Loatag © Lead tag Laad:lag Lesd' Lead Lesd beg begc T
Lead-Lag Opmmzu? _ o
Vahicle:Extension (s) 25 S0 25080 26 25 ZE. 80 30 o oo
Minimum Gap (s) 5 30 25 30 256 25 2 E-__ 30 30
Time Bisfore Reduow {s) 0.0 G0 00 00““@g0 @O0, WG 00 00 .
Time To Reduce (s) 2.0 00 00 00 00 00 00 00 00
RecalfMode . Nche mw i h ; ] o e
Walk Time (s) .
Flash Dont-Wiilk (s)
Pedestrian Cails (#hr) AP . R

' Gmind® 410 wBS 7.5 0Bt 200 S6I0LReT TELTe M LoD

st ile. :

90th %ile Tem Code  Cap Coord Gap Coord Max Max Mex Gap Gap
7oth Kile'Green (s) 10 1380 S5 66 Ws. 105 05 Lﬁ Wﬁu‘ T
70th %ile Term Code Cap Coord Gap Coord Gap Gap Gap Gap

S0tk Ysile- Geaen- (8) 115 1480 00 W800 HZ B2 L E 6.3 *@3

50th %ile Term Code  Cap Coord Skip Coord Gap Gap ‘Gap Gap Gap .

304 Yile Geeen (5) 114 181.3 00 e 77 77 1T 00 ol

30th %ile Term Code Cap Coord Skip Coord Gap Gap Gap Skip Skip

10th %ile:Geeen (s) 18 1620 O0M76 - “¥Q 7O T 000700

10th %ile Term Code Cap Coord Skip Coord Min  Min Min Skip Skip

Cycle Length: 1&0 o i _
Offset: 123 [BB%} Rnfetw:ed to phasa 2 EBT and 6 WBT smn onaIIow
Control Typa: Actuated-Cor rdinated i .
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Phasings
B: Richmond Hwy & S Hings Hwy 112812003

A O " T T
R A s e 5 M M
Proteciad Phasaes & 2 1 1 a a 4 .

Peaarritiet Fhasas :
Minimum Initial {5} 10 150 100 150 S0 &0 100
Mnimmam Spiit () 16 200 S0e-BE0 WD WD 80
Total Spiit (%) 0 BBO 150 410 220 220 160
Tota Bk (%) T 5% AW SR TD% - 20% T8
Maximum Grean (5) 270 530 100 360 170 1T0 100
allow Tirmé{8) 40 40 40 &0 &0 4D &0
All-Red Tima (s) g 10 10 10 10 10 10
LsadfLag Lepd Lag Lssdi. Lag LsSd- Lead.  Lag
Lead-Lag Cptimize?
\Vghicle Exlsngion (8) e &0 30 4Dk 30 - 30 40 =
Minimum Gag (=) A0 40 30 40 ag 30 40

f8) 00 08 oOTg0 Do TRo
Time To Reduce (s) 00 00 00 00 oo 00 00
Racall Kode Hene Coord” Mone -Goord * Mones. Mone  Mong
Walk Time (s
Flash Dont Walk (5)

Padesirian Calls (8/hr)

S0th HerCirgen (5] 2'0 530 4D 380 RO 170 WD
0th %ile Tarm Code bax Coord Max Coord Max  Max  Max
Tath Hile Green (g) 2n0 &30 100 W80 470 0 100
Tith %ile Term Coda kax Coord Max Coord Max Max Max
50 HilerElngar (9] 2'0 530 e Mo YE TD 180
50th %ile Term Code kax Coord Max Coord Max Max Max
B0l Seile Grean (2) 250 M0 100 WD 170 1RO W00
30th %ile Tarm Code kax Coord Max Coord Max Max Max
108 Yilie Grean(s) 270 680 o MO0 R0 1TD 80
10th %ide Term Code b ax Coond Skip Coord Max  Max  Max

Cycle Langth: 110
Aotugtied Cycle Length 110

Offsat: 0 (0%). Referenced (o phase 2:NBT and 6:38T, Start of Yellow
Control Ty Actuated-Cox rdinated
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Phasings

7. Southgate Dr & Richriond Hwy

1/29/2003

Protected Phases 4
Minimum |nitial (s) 70
Wi zZ0
Total Split (s} 2o
TotlSpst (%) 8%
Medmurm Grased () 270
Yalioow Tin 4.0
All-Red i (8) 1.0
Lead-Lag Optimize?

(s} 0
Minimum Gap (s) 0
Tima Before Raduce () (.0
Time To Reduce (s) Lo
Fecal Mode Mo
Walk Tirme () ]

30th Yeile:Green (s) 141
30%h %lle Term Code Cap
10t Yille Grman ($) 1.8
10th %ile Term Coda  Cap

141
Gap
W0
Gap

200 200

148.0 1330

'H:!-.D 128.0

8

=

40 40
ot oo
00 00

ogee §z25388
B
=

58 14TH 9388
Gap Coord Coord
57T 1811 Tada
Gap Coord Goord
&7 1H3S 1400
Gap Coord Coord
58 1560 JaSa
Gap Coord Coord
o 1882 18
Skip Coord Coord

Cycla Length: 180
Lengith: 180

Achelrd Cycle
Oiffsat: 55 (31%), Referanc: d io phase 2:58T and G:NBTL, Start
Arhumted-Cor rdinated

Coritrel Type:
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Phasings

B: Beacon Hill Rd & Richmond Hwy 112812003
- s t M
I
Protected Pheses 3 4 4 1 [] 4 ] ]
Paemited Phasss vy 2] i 4R i
Minimum Inial {s) &0 &0 50 50 200 50 S0 200
Miniradi Sp {3 ) 30 00 0 100 S0 W0 80
Tatal Spit (3) pg 310 MO0 200 1080 30 200 1000
Thisl Spiir{t) e 17 TTR PR BTN 1% TP
Maximum Grean (s) 150 260 260 150 1040 260 150 1040
Yiliowe Time (8) 40 40 40 okl 48 40 &0 4.0
Al-Red Tima (s) 40 1o 410 10 10 10 10 10
Lead/Lag led Llag Lag Lesd Lag Lag Lesd lLag
Lead-Lag Optimize?
‘Vahice Extnpinn (£ | 33 30 40 Al - 30 &0 &0
Minimum Gap (s) =0 20 30 30 30 30 30 30
Twne Sifiore Radocs (s) (0 B0 66 OO0 0 0a “@0. kD
Tima To Reducs ($) o o0g 00 00 0O 00 00 00
Recal Wode Moe Mone Mona Nons Mone Nine Cobed
Walk Tima (s) 1.0
FinshvDont Walk |5} 2:.0
Pedasirian Calls (#hr) 0
B0th Wibe Green () 152 260 360 106 #0958 2B/O 15,0 0.2
Sth %e Tarm Code Gip Max Max Gap Coord Max Max Coord
Tiith Wila Grean (5] 5 247 WT ESTIOES MT 1560 TI4E -
70ih Yile Term Code Gwyp Gap Gap Cﬁ!}mﬂ Gap Max Coord
S0t Wlie Groen (5] nis e Mo el 240 RTH0e. e
E(th %M Term Code Gap Gap Gep Gap Coord Gap Gap Coord
0t Wile Green (3) W ATE W6 aD f3uE Te 425 98E3.
30th Sile Term Code GCap Gap Gap Skip Coord Gap Gap Coord
10th %ile Green (8) Td 45 433 00 13087 43E - BTNE3.
0th %de Term Code  Gup Gap Gap Skip Coord Gap Gap Goord
Cycias Langth: 180
Actuatmd Cycle : Y80 %
Offsst; 46 (26%), Referance d to phase 2.SBT and B:NBT, Start of Yallow
Contral Type: Actumted-Coc idinated
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Phasings
229: Collard 5t & Richriond Hwy 11282003

4= st

Protscted Phases 4 38 6 1 2 3
Parmitied Prases 4 38 Pose this o=
Minimurn Initial (s) (0 50 X0 70 00 50
inimasm Spiit (5) 1.0 00 250 129 280 W0
Total Split {s) 260 250 1550 1560 1250 220 1030 300
Total Spit (%) 4% 4% BEW CBEW BN W 9N T
Maximum Grean (s) 200 200 1200 170 880 250
Fallow Tirme (3] 40 40 : w0 a4t &0 o eD
Al-Red Tima (s) 1.0 10 10 10 10 140
' Lig Lag- tedd  Lag Lead
Lead-Lag Optimize? N

; B 30 B LI T S S : SR
Minimurm Gap (s) 10 Ao 30 30 30 30
Time Balore Reduce (s} (.0 00 - 08 0o 0 ol
Time Te Reduce (s) .0 00 00 00 00 00
FRecail Moda Noe None Comvd  Mone Costd Mome. .
Walk Tirne (8)
Figeth Domt Wik {5) B v _ T b
Pedestrian Calls (#/hr)
B0t Slle Green:(s) #.0 180 4240 70 VD 260
B0th %ie Term Code  Gip  Gap Coord  Min Coord  Max
Oy %ils Ciliar(x) i 180 NT0 To-wED 380
TOth %ie Term Code Gip Gap Coord  Min Coord  Max
S0 %ile Graen {s) 11 111 1322 7ToWmee T
50th %ile Tarm Code Gip Gap Coord Min Coord Gap
3t % ke Crear f8) B2 92 W01 701l 1§57
30th %ille Term Code Gip  Gap Coord Min Coord Gap
10h e Groan-(w) B4 Be 1499 00 f4eE B0
10fh %de Term Code G Gap Coord  Skip Coord  Gap

*
Cycle Length: 180
Achuated ngm 180

Offsel: 13 (%), Referenced to phase 2:-NBT and E:sﬂ’TL Start of Yellow
Control Type: Actsabed-Coo dnted
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Phasings

10: Popkins Ln & Richniond Hwy 1/29/2003
R S B S |
I
Profected Phages 3 134 2 14 48 1 4 -]
ParmBted Fhasas & T
Mindmum Initial (s) £0 200 70 B0 200
Rinemurm Spit (s) 1.0 5.0 ‘ 20 W0 250
Total Spiit (s) 3.0 770 1030 470 1500 220 250 1250
Total-Split {3) 173% 43% E™% 200 8IW 129 N EDM
Maximum Groen (s) 2E.0 88.0 17.0 200 1200
Yalowr T (4] 4.0 40 40 40 40
All-Red Tima (g) 10 1.0 1.0 1.0 1.0
L sd Lag Leed Lag
Lead-Lag Optimize?
ehicle Extengion (=) 20 3.0 30 30 80
Minimum Gap (s) 0 3.0 oD 30 30
Time Bafpre Reduce (8) .0 o0 g0 00 - 08
Time To Reduce (s} 0 0.0 00 00 00
Riscal) Mode Heve Cipgirg . Meme  More Coond
Walk Time (s)
Flash-Bont Walk ()
Pedestrian Calls {#hr)
Dot Yile Gren (s) %0 1120 70 80 130
90th %ile Term Code Max Coord Min Gap Coord
Toth %ike Green (g) =0 116.0 CUTTILTD 1aRTAEY0
Tith %ile Term Code Max Coord Min Gap Coord
50th %ile Grean (s) 2.7 1202 T8 w2
50th %lle Term Code Gap Coord Min  Gap Coord
30th Yibe Breen (s) 16.7 128.1 70 82 1401
30th %ile Tarm Code  Gap Coord Min  Gap Coord
10t %ils Green (s) £:0 1498 00 88 MEs
10th %ile Term Code  Gap Goord Skip Gap Coord

L B
Cycla Langth: 180
Actisted Cygls Langth; 180

Offsat: 13 (T9%). Referenced to phase 2NBT and 6.3BTL, Start of Yellow
Coniral Type: Acluated-Coo dineisd
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Appendix G: Fairfax Connector Bus Schedule

(All bus schedules are not included here)
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Northbound in AM Peak Period

Name of the stop Initial No. Stop time| Go time | On count] Off count| Schedule | Deviance |Occupancy)|
of passengers Time
Mt.Vernon hospital 3 8:08:15 0 1 8:05:00 | 0:03:15 3
1 8:13:55 8:14:00 1 0
2 8:14:48 8:15:00 5 0
3 8:15:10 8:15:40 5 0
4 8:15:50 8:15:50 4
Mt Vermon Sg .Apt 8:16:05 | 8:16:20 1 0 8:12:00 | 0:04:05 19
1 8:17:00 8:17:05 1 0
2 8:17:50 8:17:56 1 0
At Signal 8:19:10 | 8:19:20 1 0
3 8:20:25 | 8:20:35 8 2
4 8:21:13 | 8:21:20 1 0
5 8:23:00 | 8:23:15 1 1
Beacon Hill Road 8:24:10 | 8:24:26 4 0 8:18:00 | 0:08:10 31
1 8:25:25 | B8:25:47 0 2
2 8:27:56 | B8:28:05 0 1
3 8:28:35 | 8:28:46 1 0
Huntington Metro 8:38:25 8:29:00 | 0:09:25 29

Table 1: Occupancy Data for Rt.106 -NB-AM Peak Period
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Appendix H: Universal Transportation Data Format Files

Layout Data: “LAYOUT.DAT”
INTID TYPE X Y NID SID EID WID NEID NWID SEID SWID

1 1 11885435 6955219 18
2 1 11858184 6943030 28

4 1 11889542 6971761 5

5 0 11888492 6971181 54 855 4 107
6 0 11888050 6970727 107 7 355 533
7 0 11887438 6968058 6 8 704

8 0 11887364 6967427 7 9 131 168
9 0 11887224 6966466 8 151 84 133
10 0 11886638 6965059 229 11 91

11 0 11886700 6962550 10 12 233 46
12 0 11886816 6960931 11 13 217 567
13 0 11886961 6959122 12 14 93 224
14 0 11886977 6958704 13 15 537 536
15 0 11886685 6957174 14 16 &9
16 0 11886387 6956494 15 100 47 566
17 0 11885842 6955825 &0 100 18
18 0 11885347 6955325 83 1 17 163
19 0 11882107 6953088 87 88 163 20
20 0 11880150 6951721 85 160 19 21
21 0 11878872 6950829 90 20 164
22 0 11876554 6949314 565 92 171 185
23 0 11875207 6948445 563 94 179 561
24 0 11873046 6947012 96 159 73 166
25 0 11870719 6945858 317 166 152
26 0 11869929 6945089 152 153 539

27 0 11865489 6943908 221 508 153 28
28 0 11864221 6943645 414 27 2
44 1 11877492 6943716 98

45 1 11890868 6967308 131

46 1 11886271 6962609 11

47 1 11887573 6956910 16

54 1 11888271 6971448 5
73 2 11873474 6947323 180 24
80 1 11885025 6956527 17
83 1 11884994 6955733 18
84 1 11888539 6965907 9

85 1 11879988 6951983 20

86 1 11884608 6965505 229

87 1 11881091 6954594 19

88 1 11882477 6952440 19

89 1 11885906 6957486 15

90 1 11877825 6954641 21
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91
92
93
94
96
98
99
100
107
131
133
151
152
153
159
160
163
164
166
168
171
179
180
185
217
221
224
229
233
317
355
414
508
533
536
537
539
561
563
564
565
566
567
568
704
855

e \® H e e e

—t e et e e e ek ek O e e e e e e e e e O = = = DN NN = NN = NN N = NN DN

11888667
11877156
11888896
11875884
11872836
11876344
11886930
11886151
11888107
11889210
11885105
11886743
11870250
11869606
11873956
11880316
11884970
11877942
11872078
11886623
11876970
11875564
11874694
11876344
11888160
11865416
11886693
11886679
11887624
11869689
11888253
11864096
11865606
11887671
11886609
11887371
11871217
11875032
11874829
11874387
11876341
11885814
11886187
11875278
11885887
11889026

6964135
6947573
6959229
6947035
6949190
6943800
6965129
6956091
6970930
6966678
6966738
6965370
6945608
6944595
6945061
6951453
6955061
6950188
6946552
6967509
6949592
6948679
6948109
6949177
6961030
6945259
6959105
6965224
6962424
6948156
6970486
6945854
6942768
6971196
6958721
6958685
6944188
6948328
6949213
6949281
6949765
6956823
6960892
6947909
6968314
6970590

22

23

24

27

10

13

44 159
229

8

18

171 21
24 25

164 22
185 23
561 73
22 179

13

12

151 10 99 86

27

25

28

14

11

14

26

564 568 23 180

23

561

561

22

16
12

7

92

17

19



Turning Movement Count: “VOLUME.DAT”

60 Minute Counts

DATE TIME INTID NBL NBT NBR SBU SBL SBT SBR EBL EBT EBR
WBL WBT WBR

5/19/2004 1700 5 4 4 8 54 5497 1472728 10 8 764 36
5/19/2004 1700 6 4522570 29 601152 80 264 4 4 16 4 12
5/19/2004 1700 7 362768 1208 28 104 28

5/19/2004 1700 8 242729 487 92 1112 44 60 32 5 156 74 110
5/19/2004 1700 9 603138 22 121172 76 116 32 120 8 52 8
5/19/2004 1700 10 3120 36 44 1255 60 48
5/19/2004 1700 11 642762 5 41216 60 454 6 116 4 36
5/19/2004 1700 12 42488 56 1201276 5 8 4 172 468
5/19/2004 1700 13 362490 24 76 1266 16 40 48 60 26 21 109
5/19/2004 1700 14 104 2500 8 1361204 5 8 8 16 4 12 100

5/19/2004 1700 15 24 2521 1188 12 8 8
5/19/2004 1700 16 3624231016 1041096 5 16 20 12 248 20 28
5/19/2004 1700 17 116 68 563296 1350 44

5/19/2004 1700 18 56 32 396 612 32 10 82282 52 1921154 148
5/19/2004 1700 19 48 6 18 444 20 92 681794 27 2101020 54
5/19/2004 1700 20 4 4 4 60 16 60 441768 10 121084
5/19/2004 1700 21 436 64 761356 974 140
5/19/2004 1700 22 52 16 52 40 8 40 1001300 100 32 970 10
5/19/2004 1700 23 36 20 56 84 8 16 41278 24 72 972 32
5/19/2004 1700 24 440 28 52 60 88 24 321164 540 204 836 32

5/19/2004 1700 25 160 228 188 1500 1328 24
5/19/2004 1700 26 1560 208 360 1236 44 128
5/19/2004 1700 27 104 40 5 100 112 8 1721696 1160 44 1170 60
5/19/2004 1700 28 560 16 184 2504 706 624
5/19/2004 1700 229 203148 1299 5 48 5

5/19/2004 1700 561 24 12 4 124 16 60 481178 60 944 80
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Timing Plans: “TIMING.DAT”

PLANID INTID S1 S2 S3 S4 S5 S6 S7 S8 CL OFF LD REF CLR
DEFAULT 513.5116.5 3035.523.5106.5 1955 0 135 26

DEFAULT 6 15 107 41 21 57 64 184 0 135 26
DEFAULT 7 14 132 32 147 179 0 1 26
DEFAULT & 19 108 35 30 19 108 192 0 135 26
DEFAULT 9 14 126 37 19 121 36 177 0 15 26
DEFAULT 10 21 102 29 24 124 177 0 13 26
DEFAULT 11 23 95 33 44 12 106 195 0 135 26
DEFAULT 12 14 123 40 34 103 177 0 15 26
DEFAULT 13 20 108 19 30 20 108 177 0 135 26
DEFAULT 14 19 114 14 30 25 108 177 0 135 26
DEFAULT 15 27 121 30 149 179 0 1 26
DEFAULT 16 14 117 14 42 23 108 187 0 135 26
DEFAULT 17 19 126 33 146 179 0 1 26

DEFAULT 18 22 8817.5 47 14 96 1745 0 135 26
DEFAULT 19 24 93 59 14 103 59 176 0 15 26

DEFAULT 20 18 104 15 35 18 104 172 0 235 26
DEFAULT 21 24 97 55 122 177 0 1 26
DEFAULT 22 24 118 34 24 118 34 176 0 15 26
DEFAULT 23 23 96 26 31 23 96 176 0 135 26
DEFAULT 24 29 52 54 18 63 24 159 0 167 26
DEFAULT 25 135 43 29 105 178 0 5 26
DEFAULT  2649.5100.5 22.5 1525 175 0 1 26
DEFAULT 27 19 118 31 28 24 113 196 0 135 26
DEFAULT 28 29 121 46 151 197 0 1 26
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Phasing Data: “PHASING.DAT”

(This is a very long file so only the first few points are shown here.)

RECORDNAME

INTID D1 D2 D3 D4 D5 D6 D7 D8 D9 DIO D11 D12

D13 D14 D15 D16

BRP
421 422
MinGreen

MaxQGreen
VehExt

TimeBeforeReduce
TimeToReduce

MinGap
Yellow
AllRed
Recall
Walk
DontWalk
PedCalls
MinSplit
BRP

421 422
MinGreen
MaxGreen
VehExt

TimeBeforeReduce
TimeToReduce

MinGap
Yellow
AllRed
Recall
Walk
DontWalk
PedCalls
MinSplit
BRP

421 422
MinGreen
MaxGreen
VehExt

S 111 112 211 212 121 122 213 214 311 312 411 412 321 322

5 53 7 5 5 30
5 8110.5 25 30 18100.5
525 325 325 3
5000000
500000 0
5 325 325 3
4 4 4 4 4
15 2 11515 2
503000 0
5 7
5 23
5 0
510.5 36 12355105 36
6 111 112 211 212 121 122 213 214 311 312 411 412 321 322

6 10 15 5 10 10 15
6 10 102 36 16 52 359
6 3 4 3 4 3 4
6 0 000 0O
6 0 000 0O

6 3 4 3 4 3 4
6 4 4 4 4 4 4

6 1 1 1 1 1 1
6 0 300 0 3
6

6

6

6 15 20 10 15 15 20
7 111 112 211 212 121 122 221 222 311 312 411 412 321 322

7520 7 20
7 9127 27 142
73 4 4 4

TimeBeforeReduce 7 0 0 0 0

TimeToReduce

MinGap
Yellow
AllRed

700 0 0
73 4 4 4
7 4 4
71 1

—
—
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Lane Group Data: “LANES.DAT”

(This is a very long file so only the first few points are shown here.)

RECORDNAME INTID NBL NBT NBR SBU SBL SBT SBR EBL EBT EBR

WBL WBT WBR

Lanes 5011 0111230140

Shared 5 0 1 0 2 0 2 0 2

Width 512 12 12 12 12 12 12 12 12 12 12 12 12

Storage 5 175 400 140 310

StLanes 5 1 2 1 1

Grade 5 0 0 0 0

Speed 5 25 35 45 45

FirstDetect 5 50 35 35 35 35 35 35 0 35 0

LastDetect 5 0 -5 -5 S5 -5 550 -5 0

Phasel 5 4 4 3 3 5 2 1 6

PermPhasel 5 4 3

DetectPhasel 5 4 4 4 3 3 3 5 2 1 6

IdealFlow 51900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
1900

LostTime 53 3 3 4 3 3 3 333 3 33

SatFlow 5 018181583 01770 1513 1504 3433 5080 017706363 0
SatFlowPerm 5 018181583 017701513 1504 34335080 017706363 0
SatFlowRTOR 50 0 8 0 0158339 0 0 0 0 7 O
HeadwayFact 51.001.001.001.001.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Volume 5 4 4 8 0 54 5497 1472728 10 8 764 36

Peds 50000O0OO0UO0OO0OO0UO0OUO0OTGO0OTO

Bicycles 50 00O0O0O0O0OO0OO0OO0OO0OTGO0OTDO

PHF 51.001.001.000.921.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Growth 5 100 100 100 100 100 100 100 100 100 100 100 100 100
HeavyVehicles 5222 22222222722

BusStops 500 00O0O0OUO0OO0OO0OUO0OO0OO0OTUDO

Midblock 5 0 0 0 0

Distance 5 797 *300 *443 1200

TravelTime 5 21.7 5.8 6.7 18.2

Lanes 6 1. 3001 3 1 01 0 0 20

Shared 6 0 2 0 O 0 3 0 3

Width 6 12 12 12 12 12 12 12 12 12 12 12 12 12

Storage 6 480 140

StLanes 6 1 1

Grade 6 0 0 0 0

Speed 6 45 45 25 15

FirstDetect 6 35 0 35 0 35 50 50 50 73

LastDetect 6 -5 0 -5 0-5 00 0 0

Phasel 6 5 2 1 6 3 3 3 4 4

PermPhasel 6 3
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Appendix I: NEMA Signal Control Files for U.S. 1
Extended Corridor
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orth Kings Highway / Shields Avenue

x|
File Edit Options About
g Add Phase Del Phase Add Overl... Del Owverl...
Skl (G - 1 I| 1 | 5 ] B L\l I I| | Add Ring \ Del Ring Add Barriers | Del Barriers
Signal Group (Mema Phase) 1 2 3 4 a B T 8
Detector ! 2 3 4 ] L] L 8 |__start Phases Drag Signal Groups, Barriers to Rings
Amber 3 3.5 3.5 4 25 3 25 4
Red Clearance 2 2 2] 2 2 2 2 2
Ped Signal Group a 102 1] 0 1] [n] a a
Ped Detectors 0 102 a a a [u] a a
Wialk o 5 0 0 0 o 0 o
Ped Clearance 1} 25 a a o 1] o a
Protected/Fermitted = — = = = = =
5G 9 - | | | v ] _
SG 10 vl | L H | | L v
Overlaps sG 11 I ] ] | ] ] O 4
85G 12 [ _] Ll vl v _ I |
Plans [ Add Plan Del Plan
Plan 1 Rings
Split 31.0 5.5 140 8.5 5.5 31.0 250 5.5
Permissive Start 1105 1105 110.5 0.5 1105  110.5 1105 0.5 Ring 1] 38 12
Permissive End 128.5 160.5 179.0 0.5 165.5 285 189.0 0.5 BT B
Force Off 1415 176.5  190.0 0.5 1765 1415 45 0.5 Ring 2| T8 56
Min Green 7o 5.0 5.0 0.0 5.0 7.0 a0 0.0
Max Green 250 100 8.0 11048 100 250 18.0 100.5
Max Green 2 0.0 0.0 0.0 0.0 0.0 0.0 oo 0.0]
Red Revert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Passage 25 3.0 2.5 0.0 3.0 2.5 25 3.0
mMaxRecall = = L . L | L
WehRecall (] I (]
ot O OO [ TestiSet Sequence [ ResetSequence |
‘rellowlock ] ] L [ L
Coordinated Phase = - L | v
PedPhase vl L | L _| L Nema Editor Help Panel
Double Entry _ v L | v | v Click on a label to view help contents
CalltoMonActuated I £ I I |
Lead Phase —
Cycle Length (1800 Offset Seek Mode | Short way |
Offset 205 Mz Dwwell 1.0
Plan Time End |IJIJ Ped Permissive |0-0
Coordinated ¥ Maxnhibit =]
AutoCale Splits ] CyecleReference 0.0

dsten ||| A H© 2O @ e D e

South Kings Hishway

Nema Editor Using Nse Program: NEMA_6_tsp.NSE
File Edit Options Ahout

|J I..] .| o Pya. E0| Syc B | Eu | B gs.]] S @5@5%#&,]% SIEl 247 PM

x|

i Add Phase Del Phase Add Overl... Del Overl...
Higroel) T . 1 1l 4 | 5 I B I|I I || | Add Ring \ Del Ring Add Barriers | Del Barriers
Signal Group (Mema Phase) 1 2 2 4 L] B T El
Detector 1 2 3 4 5 8 r 8 |__start Phases Drag Signal Groups, Barriers to Rings
Amhber 3 3 3 3 3 3 3 3
Red Clearance 2 2 2] 2 2 2 2 2
Ped Signal Group a 0 a 1] a 0 1] 1]
Ped Detectars o 0 0 1] o 0 0 0
Walk a 0 a 1] a 0 a o
Ped Clearance ] 0 1] 0 ] 1] 0 ]
Pratected/Permitted = — = = = = = =
SG 10 _ L ] ] ] Cl
Overlaps SG 11 v v o W H o
SG 12 [ [ Il vl [ [l [
Plans _ | ndd Plan Del Plan
Plan 1 Rings
Split 15.0 108.0 15.0 42.0 58.0 B5.0 42.0 15.0 |‘ ”
Permissive Start 1020 1020 1020 1020 1020 1020 1020 1020 R‘"NN. jo
Permissive End 164.0 102.0 149.0 133.0 102.0 1020 1330 149.0 ‘EM ‘B
Force Off 178.0 102.0 164.0 143.0 3r.0 1020 143.0 164.0 Ring 2|‘5- |‘7 8
Min Green 10.0 15.0 4.0 5.0 10.0 15.0 4.0 5.0
Max Green 10.0 102.0 10.0 36.0 52.0 B0.0 36.0 0.0
Max Green 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Red Revert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Passage 30 0.0 4.0 3.0 20 0.0 20 4.0
MaxRecall Cd
YehRecall = I I [ Il I I
;zzisgs” B 1 B m 1 B 1 | Test/Set Sequence [ Reset Sequence
Yellowlock [ L [ L L [ L
Coordinated Phase ] L | I 4 | L
PedPhase = - | - L | L Nema Editor Help Panel
Daouble Entry [ ] [v] [ [v] [ v Click on a label to view help contents
CalltaMonActuated I | I I L
Lead Phase —
Cyele Length 180.0 Offsel Seek Mods | Shortway v |
Offget 47.0 M Dwell oo
Plan Time End 0.4 Fed Fermissive |99
Coorginated Maxnhibit ]
fil CycleRefarence na

AutaCale Splits

Hstart|| | 1 H O 5 O @ e Ee
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0ok Cancel
) @] s [[En. SEGB LT B aesm




Southgate Drive

Femo Edtor Uringtre Programs NEMA 7 toppse ]
File Edit Options About
- \Add Phase Del Phase Add Overl... Del Overl
Signal Group Info. |J 1 1l 5 1l B 1l I | Add Ring \ Del Ring Add Barriers | Del Barriers
Signal Group (Mema Phase) 2 4 a [ E]
Detectar 2 4 5 L 8 |__ Start Phases Drag Signal Groups, Barriers to Rings
Amber 3 3 3 3 3
Red Clearance 2 2 2 2 2
Ped Signal Group o 104 o o o
Fed Detectors o 104 a 1] 1]
Walk a <] o o o
Fed Clearance o 20 a 1] 1]
Protected/Permitted — — = = =
SG 9 _ v _ v ]
SG 10 v ] _] _] v
Overlaps SG 11 ] u v | W
SG 12 _ v v | |
Plans |__agdplan || DelPlan
Plan 1 Rings
Split 148.0 320 150 1330 32.0 ”
Permissive Start 142.0 142.0 142.0 142.0 142.0 Ring 1 I
Permissive End 142.0 159.0 178.0 1420 169.0 1 ‘B
Foree Off 142.0 174.0 9.0 142.0 174.0 Ring 2|\ e h g
Min Green 20.0 100 5.0 20.0 0.0
Max Green 142.0 2r.n 9.0 1280 270
Max Green 2 0.0 0.0 0.0 0.0 0.0
Red Revert 0.0 0.0 0.0 0.0 0.0
Passage 4.0 4.0 3.0 4.0 4.0
MaxRecall [ L Ll
vehRecall [Cd L Cil
PedRecall v L 1
e e O O N [ TestiSet Sequence [ ResetSequence |
Yellowlock | I [
Coordinated Phase | L [
PedPhase 4 | Nema Editor Help Panel
Drouble Entry ] L] Click on a label to view help contents
CalltoMonActuated L L [
Lead Phase -
Cycle Lengtn [180.0 Ciffset Seek Mode | Short way v |
Offs et [107.0 ha: Drwell 0.0
Plan Time End |DD Ped Permissive |00
Coordinated ¥ Mainhibit 5
AutoCale Splits lir] CycleReference 0.0 Ok Cancel

Hsart| | A GO G OB e D s

Beacon Hill Road

| ] B | B 3

@] Gyc | gt B @ g |[En [5G @ laF s acerm

Fems Coror U ree programemen_oteprse ]
File Edit Options Ahout
A Add Phase Del Phase Add Overl... Del Overl...
i) Enm i 1 | 4 | a I [ ||| I || | Add Ring \ Del Ring Add Barriers | Del Barriers
Signal Group (Nema Phase) 1 2 3 4 8 B v 2
Detector 1 2 3 4 3 8 T 8 | startPhases | Drag Signal Groups, Barriers to Rings
Amber 3 3 3 3 3 3 3 3
Red Clearance 2 2 2 2 2 2 2 2
Fed Signal Group 0 0 1] 104 1] o 1] a
Ped Detectors o 0 0 104 0 0 0 1]
Walk 0 ] 0 5 1] 0 1] a
Ped Clearance ] 0 1] 25 0 1] 0 1]
Protected/Permitted = = = = = = L _
seo [0 O OO0 [0 00
SG 10 ¥l | L ] ] ] | v
el $6 11 [ LI [ ¥ O O O O O
SG 12 ] ] L v v _ Ll |
Plans [___addPian Del Plan
Plan 1 Rings
Split 20.0 109.0 .0 20.0 20000 109.0 20.0 .0
Permizsive Start 103.0 1020 1030 1030 1030 1030 1030 1030 Ring 1) 148 43
Permissive End 177.0 103.0 158.0 123.0 177.0  103.0 128.0 158.0 BT - B
Force Off 187.0 103.0 168.0 138.0 187.0 103.0 138.0 168.0 ngQs- 78
Min Green 5.0 20.0 4.0 10.0 a.0 20.0 a.0 4.0
Max Green 14.0 103.0 250 15.0 140, 103.0 15.0 250
Max Green 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Red Revert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Passage 30 0.0 3.0 3.0 3.0 0.0 3.0 3.0
MaxRecall | v o _ _ w _| L
YehRecall | v L _ _ G _| L
E‘Z?,EEES ! 0 m O O = O ] W [ Testset Sequence [ Resetsequence |
vellowlock [ [ L [ [ L [ L
Coordinated Phase ] v L ] _ i _| L
PedPhase _ - - v - I _| I Nema Editor Help Panel
Dauble Entry | Ll V| | 4l | v Click on a label to view help contents
CalltahaonActuated L L | [ I I L
Lead Phase [
Gytle Lengtn [180.0 Offset Seek Mode | Short way  ~ |
Offset 122.0 M Dwell 0
Plan Time End 0.0 Ped Permissive |00 |
Coordinated i Maxnhibit =
lict CycleReference |EI 0

AutaCale Splits

st || AL © 5O @S Do

=

] L3
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Memorial Street

Nema Editor Using Nse Program: NEMA_9_Esp.NSE

| |
| [ [ S| | | = |
1

4
3
2

Rings

Ring 1“1.
'iEH
Ring 2|‘ 5.

LI O
O=OOCCOoE

) o e

= O=COCOR=

0 o Y Y
O0O0O00RE
0

1 e o
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Popkins Lane

[Nema Editor UsingNseProgram:NEMA l0.bspNsE |
File Edit Options About
. Add Phase Del Phase Add Overl.. | | Delover.. |
SianallGiouplluios 1 i T i 1 5 1 | |_AddRing || DelRing fdd Barriers || Del Barriers
Signal Graup {Mema Phase)| 1 2 4 [ g
Detector 1 2 4 B g |__start Phases Drag Signal Groups, Barriers to Rings
Arnher 3 3 3 3 3
Red Clearance 2 2 2 2 2
Ped Signal Group a a a 1] 1]
Ped Detectars 1] a a 0 1}
Walk a a a a a
Ped Clearance 1] a a 0 1}
Protected/Permitted = = = = =
SG 9 — = = = =
SG 10 ¥ | v _| v
Overlaps SG 11 m H H H H
SG 12 _] | | _| _|
Plans _ | addplan || DelPlan
Plan 1 Rings
Split 22.0 103.0 25.0 1240 30.0: U H
Permissive Start a7.0 97.0 97.0 870 870 R‘"Eﬂﬂ. ”8 4
Permissive End 135.0 87.0 121.0 97.0 121.0 BT
Force Off 147.0 g97.0 126.0 97.0 126.0 Ring 2|P ”
Min Green 7.0 200 0.0 5.0 0.0
Max Green 16.0 g97.0 24.0 118.0 24.0
Max Green 2 0.0 0.0 0.0 0.0 0.0
Red Revert 0.0 0.0 0.0 0.0 0.0
Passage 3.0 0.0 0.0 3.0 0.0
MaxRecall o v b S Lt
vehRecall - v G v
;Z?’ESE:” = = O ] ] [ Test/Set Sequence [ Reset Sequence
Yellowl ock = = = = -
Coordinated Phase L v
PedPhase = - Nema Editor Help Panel
Double Entry [ rd v Click on a label to view help contents
CalltahonActuated — L -
Lead Phase -
Cycle Length 180.0 Offset Seek Mode
Offset 95.0 Max Dwell
Plan Time End 0.0 Ped Permissive
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Sherwood Lane

Nema Editor Using Nse Program: NEMA_16_Esp.NSE
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Lukens Lane

Nema Editor Using Nse Program: NEMA_2Z2_ Oct.NSE
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Sacramento Drive

Nema Editor Using Nse Program: NEMA_561_tsp.NSE
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CalltahaonActuated | | I
Lead Phase =
Cycle Length  [180.0 Offset Seak Mods | Shortway v |
Offset 151.0 M Dwell 8.0
Plan Time End o Ped Permissive |00

Coordinated
AutaCale Splits

s HBICR OB

&l B[S

Maxnhibit
CycleReference

| 3 e ] o] ] iy ] o] ] s
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Woodlawn Road

2 4 ] 7 2
2 4 ] 7 a
3 3 3 3 3
2 2 2 2 2
a a 106 a 108
o o 108 o 108
a a a a a
a a a a 23
O O [ [ O
[ [ [ [ [
[ Il v Il Il
[ ] [} [} v
Rings
44.0 136.0 44.0 30.0 108.0
Ring 1 [
e e
Ring 2” 7- ”2
10.0 200 10.0: 7.0 10.0;
39.0 131.0 39.0 250 101.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 20 0.0 2.0 oo
¥ ¥ I ¥
1] I I I ¥
[ [ [v] [ [s]
O & 0 0 &
I I ] I [
[s] [v] [ [s]
—
180.0
119.0 0o
0.0 0o
0.0

Belvoir

Nema Editor Using Nse Program: NEMA_26_Oct.NSE

| |
I | S | S S| | S— T— — —]

3
I3

=IO
=IO

O =L

D=

o
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Backlick Road / Pohik Road

x|
File Edit Options About
; Add Phase Del Phase Add Overl.. | | Deloverl.. |
Stgeed) G [, 1 | || i | |_AdadRing || DelRing Add Barriers | Del Barriers
Signal Graup {Mema Phase)| 1 2 3 4 A B 7| g
Detector 1 2 3 L] ] B r g |__start Phases Drag Signal Groups, Barriers to Rings
Amber 3 3 3 3 3 3 3 3
Red Clearance 2 2 2 2 2 2 2 2
Ped Signal Group a 0 a 0 a 106 1] 108
Ped Detectors 1] 0 1] 0 1] 108 1] 108
Walk 0 ] 0 0 1] 5 1] El
Ped Clearance ] 0 1] ] 1] 18 0 25
Protected/Permitted = = L = = = = =
SG 9 = — = = = el ! —
SG 10 ] _ L _ | _| H v
Overlaps SG 11 O v v o H | O |
SG 12 L ] I v v _ L _
Plans _ [ addPian Del Plan
Plan 1 Rings
Split 320 28.0 20.0 118.0 28.0 32.0 24.0 1140 U H
Perrmissive Start 1130 1130 1130 1130 1130 1130 1130 1130 ng1ll3. ji2
Permissive End 128.0 162.0 181.0 113.0 162.0 129.0 186.0 113.0 ‘EH ‘B
Foree Off 1440 17200 181.0 1130 1720 1440 00 1130 Ring 2|\ i |‘5 6
Min Green 10.0 5.0 5.0 0.0 5.0 10.0 5.0 10.0
Max Green 27.0 24.0 15.0 114.0 24.0 27.0 20.0 109.0
Max Green 2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Red Revert 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Passage 4.0 4.0 4.0 0.0 4.0 4.0 4.0 0.0
MaxRecall = L L] L I - I Ld
vehRecall _ - L Edl - L _| 4
v
;Z?’ESE:” = = O = ] O ] B [ TestiSet Sequence [ Reset Sequence
Yellowl ock — = - | — I | I
Coordinated Phase v 4]
PedPhase = - | - L | v Nema Editor Help Panel
Double Entry [ [ [v] | v | v Click on a label to view help contents
CalltahonActuated — - | - L _ H
Lead Phase L1
Gycle Length  |200.0 | Offset Seek Mode | Shortway ¥ |

Offset 131.0 Max Dwell n.o
Plan Time End 0.0 Ped Permissive |00 |
Coorginated ¥ Maxnhibit ]
AutaCale Splits [ie] CycleReference @

Boe|| RO BT || =] mu| pre] m Gic] ] 2] =] @is{[En CEG @D B earm

Fairfax County Parkway

Nema Editor Using Nse Program: NEMA_28_0ct.NSE

File Edit Options Ahout

x|

i) Enm i Lhasel ;)el Ph;TSE [ Aﬂdl — | | — || | Add Ring \ Del Ring Add Barriers | Del Barriers
Signal Group (Nema Phase) 2 4 ] 7 g
Detector 2 4 ] 7 2 [ startPhases | Drag Signal Groups, Barriers to Rings
Amber 3 4 3 3 4
Red Clearance 2 2 2 2 2
Fed Signal Group o 1] 1] o o
Fed Detectors o a a i} 1)
Walk a a a a a
Ped Clearance 1] a a 0 1}
Protected/Permitted = = = = =

5G9 M u A oA L

SG 10 | v ] v
Overlaps SG 11 0 o O o

SG 12 ] v ] ] v
Plans [ _aAddPlan || DelPlan

Plan 1 Rings

Split 47.0 152.0 47.0 0.0 123.0
Permissive Start 145.0 1450 1450 1450 1450 Rina 1| 7@ [
Permissive End 186.0 1445.0 186.0 145.0 145.0 BT B
Force Off 182.0 145.0 182.0 24.0 1450 ngQ. 2
Min Green 8.0 25.0 8.0 4.0 25.0
Max Green 42.0 146.0 42.0 250 117.0
Max Graen 2 0.0 0.0 0.0 0.0 0.0
Red Revert 0.0 0.0 0.0 0.0 0.0
Passage 0.0 0.0 0.0 3.0 5.0
MaxRecall ¥ v vl _ _
WehRecall v v G _ _
;eez'igg:” O 0 N 0 O [ TestiSet Sequence [ Reset Sequence
Yellowl ock = = =
Coordinated Phase = - -
FPedFPhase — = - - Nema Editor Help Panel
Double Entry vl v L] Click on a label to view help contents
CalltahaonActuated L [ [
Lead Phase

Cycle Length
Offset

Plan Time End
Coordinated
AutaCale Splits

Ifzne Drwvel|

Maxnhibit

Ofset Geek Mode | Short way = |

Ped Permissive |00 |

CycleReference |M

o SO R OBO D@ || B #e] 0] ] 1] ac] ] 1] 0] W[ CETOPLD P enm



Appendix J: Synchro Files for U.S 1 Corridor

#5 North Kings Highway and Richmond Highway

lol 1 kKamdar'DesktopBeginning Green.syT - |ﬂ|5|
File Edit Transfer ©Options Optimize Help

“f-l ;gl Q_m IR [ 5 [Richmond Huy & Shields Ave
Options > | TIMING WINDOW . — iy — = S \ 45 -~ '\ ¢ L3 . =
Controller Type: i EBL EBT EBR | WBL WBT WBR | SEL SET SER | NWL NWT NWR| PED |HOLD
— r—— Lane_x and Sharing (#RL) % v|‘+Ty % His % I i & M — —
Traffic Volume [vph] 147 2728 10 8 764 36 54 5 497 4 4 8 = =
Cycle Length: [180.0 |[Turn Type Piot  — —| Prat  — —| Split — Perm| Spit — Pem| — —
Actuated C.L.: 180.0 [protected Phases 5 2 — 1 5 — 3 3 4 4
Natural C.L.: 125.0 [permined Phases — — E 4 — —
Max vic Ratio:  0.74 110 ctor Phases 5 2 | 1 6 | 3 3 3 & & 4 | -
":'r'“f)fgg; 9': Minimum Initial (s) 50 300 | 50 300 | 70 70 70 50 50 50 —| —
ICU: 77.6% |Minimum Split (s) 105 360 —| 105 360 —| 120 120 120 355 355 355 —| —
ICU LOS: D | Total Split [s] 25.0 1185 —| 15.0 108.5 — 3.0 3.0 3.0 155 155 155 — —
I Lock Timings Yellow Time [s] 40 40 —| 40 40 — 40 40 40 40 40 40 = =
Offset Settings All-Red Time [s] 15 20 — 15 20 — 10 10 10 15 15 15 — —
Dffset: Lead/lLag Lead Lag —| Lead Lag —| Lead Lead Lead Lag Lag Lag — —
Allow Lead/Lag Optimize? Fixed Fixed —| Fixed Fixed —| Fixed Fixed Fixed Fixed Fixed Fixed — —
7| ||Recall Mode Mone C-Max —| None C-Max —| None MNone MNone MNone None None = =
|2+B - EBT WBTj Actuated Effct. Green [s] 15.1 148.1 — 6.4 1349 —| 134 134 134 — 9.0 9.0 — —
™ Master Actuated g/C Ratio 0.08 082 —| 005 0758 — 007 007 007 0.05 0.05 = =
||¥olume to Capacity Ratio 0.51 0.65 —| 010 017 — 041 074 073 — 009 009 — —
[Single Bl |[control Delay (s) 97.7 25 | 830 75 | 798 139 128 822 399 | —
Queue Delay [s] 00 07 — 00 00 — 0.0 00 0.0 — 0.0 0.0 — —
Total Delay [s] 977 32 —| 830 7?5 —| 738 139 128 822 399 = =
Level of Service F A — F A — E B B — F D — —
Approach Delay [s] — 80 — — 8.2 — — 19.8 — — B1.1 — — —
Approach LOS - A — — A - — B - - E — - -
Queue Length 50th [it) 94 96 = 9 76 = 63 6 0 = 9 0 = =
Queue Length 95th (i) mllg 111 — 30 119 —| 103 107 100 — 30 21 — —
Stops [vph] 146 214 | 10 222 | s0 30 26 — 10 i | - o
&« ol
‘ v/c nk| Min Err
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#6 South Kings Highway and Richmond Highway

File Edit Transfer

Options

Optimize  Help

ing Green.sy7

=11 x|

:\3: &l @I__: re 6 [Richmond Hwy & S Kings Hwy
!

Hstart|| | A B © 2 D@ e B

Options > | TIMING WINDOW ] L oy -~ % i | @ -
———— NBEL NBT NBR| SBL SBT SBR | SEL SET SER | NWL NWT NWR| PED |HOLD
= T Lanes and Sharing (#RL) w - [ LRI 5 I — —
Traffic Volume (vph) 452 2570 23] 60 1152 80 264 4 4 18 4 12 =
Cycle Length: [180.0 |[Tum Type Prot — —|  Prot —  DOver Split — —| Split — — — —
Actuated C.L.- 180.0|protected Phases 5 2 — 1 6 3 3 3 — 4 4 —
Natural E'!": 100.0Tpemitted Phases — — — — —
(e I‘:"l‘:;‘;:;f o83 [Detector Phases 5 2z 1 € 3 3 3 4 &« | | =
o AOEs o [Minimum Initial (s) 100 150 | 10.0 150 50 50 50 | 10.0 100 — —
ICU- 90.4% |Minimum Split (s) 150 200 —| 150 200 100 100 100 —| 150 150 — — —
ICU LOS: E [Total Split (s) 58.0 1080 —| 150 650 420 420 420 —| 150 150 — — —
™ Lock Timings Yellow Time [5] 40 4.0 = 4.0 40 4.0 4.0 4.0 = 4.0 4.0 = = =
Offset Settings All-Red Time [s) 10 10 | 10 10 1o 10 10 | 10 10 — — —
e Lead/Lag lead lag —| Lead Lag lead Lead Lead —| Lag Lag — — —
Allow Lead/Lag Optimize? | Fixed Fixed —| Fixed Fixed Fixed Fixed Fixed —| Fixed Fixed  — — —
[FEETWETEEY =] [Recal Mode Mone CMax  —| Mone C-Max Mone Mone Mone | Mone Mone  —| | —
[2+6 - NBT SBT =] ||Actuated Effct. Green (5] 51.7 1137 | 125 744 328 — 328 — 121 — —
I Master Actuated g/C Ratio 0.29 063 | 007 041 018 — 018 — 007 = =
[¥olume to Capacity Ratin 089 08 —| 049 055 028 — 084 — — 014 — — —
|5i"9'9 | |[contral Detay 151 665 198 —[ 1090 412 B21 — @0 = — 568 = = =
Queue Delay (5] 1188 11 | 11 130 0o — 00 — 00— — —
Total Delay (s) 185.3 208 | 110.0 54.2 621 — 8.0 — 568 = =
Level of Service F c F D E F — E — —
Approach Delay [s] — 453 | — 573 — — 810 — — 568 — = =
Approach LOS - D - - E - - F - - E - - -
Queue Length 50th (t) 452 1024 | 73 396 88 33 — 12 = =
Queue Length 95th (1) #HE40 973 | 128 491 128 2 415 — 33 — —
Stops [vph] 3865 2222 | 58 878 67 — 259  — - 1 — = = -
ll al | T a2 lﬁf 3 |}\ o4
i5s [ Joes [ += [ Wiss 1
M s u of
Eh [ Nes= I
‘ vic Dkl Hins ok

|| = o) ) oyl o o e BB BB 8] €S @D 0@ s

#7 Southgate Drive and Richmond Highway

===
File Edit Transfer Options ©Optimize Help
:&s__:l gl D_j m ’_? |Suulhgale Dr % Richmond Hwy
Ly = | TIMING WINDOW * l < | @ =
X EBL EBR | NEL NBT | SBT SBR | PED (HOLD
I:Dnlmlle: 11::& Lanes and Sharing [#RL] % vI Fd ® 44 NI — —
Traffic Volume [vph] 104 28 36 2768 1208 28 = =
Cycle Length: ‘IBU_U [ Turn Type —  Prot| pmspt — — — — —
Actuated C.L.- 180.0|prgtected Phases 4 4 1 5 2 —
Natural C.L.:  80.0[perminted Phases 6 — — —
Mg ic Hatiof 0631 ctector Phases 4 4 1 ] 2 = = =
":'r"ff:;é'; 5': Minimum Initial (s) 70 70 S0 200 200 | —| —
ICU- 66.0% |Minimum Split (s]) 320 320 100 250 250 = = =
ICU LOS: C | Total Split [s] 32.0 320/ 150 148.0/ 133.0 — — —
™ Lock Timings Yellow Time [s] 40 40 40 4.0 4.0 = = =
Dffset Settings— | All-Red Time [s) 10 10 10 10 10 — — —
Offset- Lead/lLag — —| Lead — Lag — — —
Allow Lead/Lag Optimize? — —| Fixed —| Fixed — — —
~| |[Recall Mode None None| None CMax CMax | |
|2+E - SBT NHI[;I Actuated Effct. Green [s) 185 185 1555 1555/ 147.0 — — —
™ Master Actuated g/C Ratio 010 010 086 086 0.82 = = =
| Yolume to Capacity Ratio 0.57 015 010 063 0.24 — — —
|5i"9|9 =] [contrl Delay 1s) 798 212] 08 o049 78 —| =
Queue Delay (5] 0.0 0.0 oo 0.5 0.0 — — —
Total Delay [s] 798 212/ 08 15 78 = = =
Level of Service E C| A A A — — —
Approach Delay (s] 673 — — 1.5 78 — — —
Approach LOS E — — A A — — —
Queue Length 50th (i) 19 0 1 34| 347 = = =
Queue Length 95th (i) 184 34 ml 39 303 — — —
Stops (vph) 97 7 1] 96/ 858 = = = -
‘\ al | ¢ a2 { od
16s [ Wi3as [ e
ab
1485 L
‘ vic nk| Mins ok

o] | SO OBO D w

| B e e oyl o sy ey ) B BB ] B] H/$SE@id o8 omem
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#8 BeaconHIll Road and Rlchrnond Highway

1 1 Kamdar',Deskto

File Edit Transfer

Options

Optimize  Help

ing Green.sy7

=121 x|

;} gﬂl !!I 8 [Beacon Hill Rd & Richmand Hwy

Sstan||| 1 H © @

"\ o

D@el

(s > | TIMING WINDOW A Ty -~ A > 4’ « | &k [ ]
T EBL EBT EBR |WEL WBT WBR| NEL NBT MNBR | SBL SBT SER | PED |HOLD
- B Lanes and Sharing [#RL) =4t b T AR 3 % 1t — —
Traffic Volume [vph) 0 32 6 156 74 1100 24 2729 487 92 1112 a4 | —
Cycle Length: [180.0 |[Tum Type Split — —| split — —|  Prot — pms+ov| Prot — — — —

Actuated C.L.: 180.0 [protected Phases 3 3 — 4 4 — 1 6 4 5 2 —
Hatural C.L: 140.0 5, pined Phases — — 6 — 1 =
Max v/ Ratio:  0.82 o1 cior Phases 3 3 4 s 1 6 4 5 2 | - -

Int. Delay: 194 |- — -
. O g [Minimum Initial () 50 50 | 50 50 | 50 200 650 50 20 | | —
ICU. £6.0% |Minimum Split (s 350 350 —| 100 100 —| 100 250 100 100 250 —| —| —
ICU LOS: E [Total Split (s) 200 200 —| 310 310 —| 200 1080 310 200 1080 —| —| —
™ Lock Timings Yellow Time [s] 40 40 | a0 40 —| 40 40 40 40 40 | | —
Offset Settings All-Red Time [s] 10 10 —|[ 10 10 —[ 10 10 10 10 10 | | —
et Lead/Lag Lead Lead | Lag Lag | Lead Lag Lag| Lead Lag | |
Allow Lead/Lag Dptimize? | Fixed Fixed | Fixed Fixed | Fixed Fixed Fixed Fined Fixed | |
[Begin of Green Jid l| FywTT VISR Mone Mone | Mone Mone | Mone C-Max Mone| Mone C-Max | | —
[2+6 - SBT NBT =] ||Actuated Effct. Green (s] — 123 —| 229 228 —| 88 1175 1404) 153 1274 —| —| —
O Master Actuated g/C Ratio — 007 —| 013 013 —| 005 065 078 009 071 | | —
[volume to Capacity Ratio — 041 —| 069 075 —| 025 082 036 061 026 —| —| —
[Single =l |[Control Delay (s) — 807 | 823 698 [ 968 11.2 081164 66 —| —| —
Queue Delay (s) — 00 [ oo oo [ po 37 00 00 00 | | —
Total Delay (s) — 807 | 823 698 | 9.8 150 08 1164 66 | |
Level of Service — F F E F B Al F A | | =
Approach Delay (s] — 87 —| — 755 | — 134 —| — 147 | | =
Approach LOS — F - — E | - B | — B —| | -
Queue Length 50th (1) — 57 —| 179 174 —| 29 308 0 @ 5 —| - -
Queue Length 95th (1) — s | 255 259 —| m37 ®3a4 30 129 412 | | —
Stops [vph) — 89 | 147 142 | 24 1232 17 73 699 | |
Ex

w/c ok Min Err

|| = ) ) ol o ol A e B B BB B8] [ SSERedD @ e

#9 Memorial Street and Richmond Highway

msynchrn 6: C:\Documents and Settings'Killol 1 Kamdar\,Desktop'\Beginning Green.sy T

File Edit Transfer

Options

Optimize  Help

=la x|

BRI

|Memonal St & Richmond Hwy

st ||| ] & © 3

Options > | TIMING WINDOW A AR AN S * T » > l’ < | @
Controller Type: EBL EBT EBR |WEL WET WBR| NBL NBT HNBR| SBL SBT 5BR | PED (HOLD
Aromted oo Lanes and Sharing [#RL) % v| i & L %N A4 m -
Traffic Volume [vph] 116 32 120 8 52 8 60 3138 22| 12 1172 76| = =
Cycle Length: ‘130-0 ‘ Turn Type Perm — —| Perm — —| Prot — —|  Prot —  Perm — —
Actuated C.L.: 180.0 [protected Phases 4 — 8 — 5 2 - 1 6
Natural D'!": 130.0 [permitted Phases 4 — 8 — — B — —
Max vic Hatior 0. "8 IDetector Phases 4 4 | 8 8 | 5 2 | 1 & 8§ - -
Ir;l. Lﬂg; VA Minimum Initial [s] 70 70 —| 70 70 —| 50 200 —| 50 2000 200 — —
ICU: 20.9% |Minimum Split (s] 37.0 370 —| 12.0 120 —| 10,0 26.0 —| 100 26.0 26.0 = =
ICU LOS: D | Total Split [g) 37.0 370 —| 37.0 370 —| 20,0 128.0 —| 15.0 123.0 123.0 — —
I Lock Timings Yellow Time (5] 40 40 = 40 40 = 40 40 = 40 40 40 = =
Offset Settings All-Red Time [s) 10 10 —| 1.0 10 — 1.0 20 —| 1 20 20 — —
Dffset: Lead/Lag — — — — — —| Lead Lag —| Lead Lag Lag — —
Allow Lead/Lag Optimize? - — — — - —| ¥Yes Yes —| Yes Yes Yes - -
Z| ||Recall Mode MNone MNone —| Mone Mone —| None C-Max —| Mone C-Max C-Max = =
|2+B - MBT SBT j Actuated Effct. Green [s] 246 248 — — 2486 —| 133 1442 —| 89 1332 133.2 — —
™ Master Actuated g/C Ratio 014 0.14 = — 014 —| 007 080 —| 005 074 0.74 = =
| Yolume to Capacity Ratio 0.72 050 — — D29 —| D46 078 —| 0.14 0.31 0.05 — —
|5i"9'e :I‘ [Contral Delay Is) 81.7 35 —| — 661 —[ 981 a5 —[1138 21 02 -— =
Queue Delay (5] 00 00 — — 0o —| 07 05 —| 0o 00 00 — —
Total Delay [s] 81.7 305 — — BB —| 987 50 —(1138 21 02 — —
Level of Service F C — — E — F A — F A A — —
Approach Delay [s] — 827 — — BB — — 6.7 — — 30 — — —
Approach LOS — D — — E — — A — — A — — —
Queue Length 50th (it) 134 65 = = 70 = T4 28 = 15 32 0 = =
Queue Length 95th (i) 2001 138 — — 118 —| mi02 398 —| m38 53 3 — —
Stops [vph) 08 5 —| — 5 —| 53 542 —| 13 150 11 = =

-
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c@ede
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#229 Collard Street and Richmond Highway

g Green.sy 7

Edit  Transfer

Ciptians

Cptimize  Help

=181 =]

:\S‘ﬁzlﬁl EI_I | 229 [Collard St & Richmond Huy

Options > | TIMING WINDOW 4 vl | bd Em A > < i @ =
EBL EBT EBR |WBL WBT WBR| NEL NBT MNBR | SEL SBT SBR | PED |HOLD
Connsliedlype; Lanes and Sharing (#RL) W B & ath q1f 1 -
Traffic Volume (vph) 18 0 0 0 0 5 20 348 0 0 1299 5 =
Cycle Length: [180.0 |[Tum Type Perm — —| Perm — —| Perm — —| Perm — — — —

Actuated C.L.: 180.0 [protected Phases 4 4 36 — 6

Matural C.L.: 100.0 5o pigted Phases 4 — 1 —| 38 — 6 — 1 =
0-83 [ tector Phases 4 4 — 1 4 | 36 36 — 6 5 —| | -
?'i Minimum Initial (s) 50 50 | 50 50 — — —[ 200 200 — —
- 90 6% |Minimum Split (s] 10,0 10.0 —| 10,0 10.0 = = = —| 250 250 = = =
ICU LOS: E [Total Split (s) 250 250 —| 250 250 — 1550 1550 —|1250 1250 — — —
™ Lock Timings Yellow Time [s) 4.0 4.0 = 4.0 4.0 = = = = 4.0 4.0 = = =
Offset Settings All-Red Time (s] 10 10 —| 10 10 — — — —|[ 10 10 — — —
Dffset: Lead/Lag lag lag | lag Llam | — — | — — [ o =
Allow Lead/Lag Optimize? Fixed Fixed —| Fixed Fixed — — — — — — — — —
| |[Recall Mode None Mone  —| None Nome — —  —  —|CMaxCMax —| —| —
[2+6 - HBSB x| ||Actuated Effct. Green [s) 13.1 — — — 131 — — 160.8 — — 1369 — —
I Master Actuated g/C Ratio 0.07  — — — 007 — — 089  — — 076 — — —
[volume to Capacity Ratio 045 — — — 004 — — 077 — — 027 — — —
[single =] |[control Delay 151 27 — | — 32 | — &6 | — 10 | | —
Queue Delay (5] 0.0 — — — 0.0 — - 2.9 - - 0.0 - - -
Total Delay (s 827 — = — 362 — — 86 — — 10 — = =
Level of Service F — — D — A — A — —
Approach Delay (5] — 827 — —  36.2 — — 8.6 — — 1.0 — — —
Approach LOS — F — D — A — A — —
Queue Length 50th [ft) hh — — — (1] — — 117 — — 17 — — —

10z — — — 14 — — 127 — — 27 — — hd

Oueue | enath 95th (i1
H10 H10

Hsart| | A GO G OB e D s

‘ wic Dkl Hins ok

|Sesmp oM e e e 5 E|E|El B8] HSSE@ad 0@ wom

#10 Popkins Lane and Richmond Highway

ocuments and Settings' Killol 3 Kamdar',Desktop'Beginning Green.sy T

[lsynchro &:
File Edit Transfer

Cptions

Dptimize  Help

=181

:\s}':l &l L;Im m 10 [Papkinz Ln & Richmond Hwy

Options > | TIMING WINDOW L > ¢ | @ -
WEL WBR | NBT MNBR | SBL SBT | PED |HOLD
C.unlmlle: P::dm = Lanes and Sharing [#RL) " vI 7 4 LT — —
Traffic Yolume (vphl G0 48 3120 36 44 1256 |
Cycle Length: [180.0 |[Turn Type — ptroy] —  —pustom | |

Actuated C.L.: 180.0 [protected Phases 3 134 2 —| 14 48

Natural C.L- 100.0 [pg mined Phases — 6 — —
13'1‘? Detector Phases 3 3 2 | 14 ag | —
F Minimum Initial [5]) 50 —| 20.0 — — — — —
ICU- 73.6% |Minimum S plit (s) 1we | 2%0 —| — — - =
ICU LOS: D |Total Split [s]) 30,0 770 103.0 —| 47.0 150.0 — —
™ Lock Timings Yellow Time (5] 4.0 = 4.0 = = = = =
Dffset Settings: All-Red Time [s) 1.0 — 1.0 — — — — —
Offset: Lead/Lag Lead — Lag — — — — —
Allow Lead/Lag Optimize? Fixed —| Fized — — — — —
| |[Recall Mode Nome  —|[CMax | — | | —
|2+B - MBT SE“LI Actuated Effct. Green (s) 21.0 468 127.3 —| 153.0 153.0 — —
™ Master Actuated g/C Ratio 012 026 071 —| 0.85 085 — —
| Volume to Capacity Ratio 0.29 012 089 —| 0.1% 0.29 — —
[Single El |[Control Delay (s) 724 465 117 —[ 173 07 | —
Queue Delay (s) 0.0 oo 138 —| 07 01 — —
Total Delay (5] 72.4 465 1435 —| 18.0 0.8 = =
Level of Service E D F — B A — —
Approach Delay [s] 609 —| 14356 = = 1.4 = =
Approach LOS E — F — — A — —
Queue Length 50th (ft) 65 42| 1297  — 3 a =

114 FEmia17 — ag q — — =

Oueue | eoath 95t ()
H0 0

st ||| A & © 5 O @B e O

‘ wic Dkl Mins ok

|| o o e | o | o i = ) B E ] (€S ERda® 0@ oam
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#11 Lockheed Blvd and Richmond Highway

File Edit  Transfer

Options

Optimize  Help

ing Green.syT

==

:\le gl QV_ IR [ 11 [Lockheed Bivd & Richmond Huwy

Options > | TIMING WINDOW A - RAIL A A - T ~ > J’ < | 4k [ ]

EBL EBT EBR |WBL WBT WBR| NBL NBT HNBR| SEL SBT SBR | PED |HOLD

CD"""""Z Type: Lanes and Sharing (#RL) -4 7 Fj % b LI [ I

Coo Traffic Volume (vph) 454 6 11§ 1 0 36 64 2762 5 4 1216 60 — =

Cycle Length: [180.0 |[Turn Type Sphit — pm+ov| Split — Perm Prot - —| Prot - - — —
Actuated C.L.- 180.0|pigtected Phases 4 4 1 3 3 1 65— 5 2 —

Natural [:'!": 150.0[permitted Phases 4 3 — — — —

Lz I‘:"f;‘;‘a';f 10% [Detector Phases 4 4 1 3 3 3 1 & | s =2 - - =

It LOS- "¢ [Minimum Initial (s) 80 80 50 80 80 &0 50 200 —| 50 200 — — —

ICU- 95.6% |Minimum Split (s) 33.0 330 10.0f 33.0 33.0 330 100 250 —| 10.0 40.0 — — —

ICU LOS: F [Total Split (s) 450 450 240 150 150 150 240 1070 —| 13.0 9.0 — — —

™ Lock Timings Yellow Time [s]) 40 40 4.0 4.0 40 40 40 4.0 = 40 40 = = =

Offset Settings All-Red Time (s) 1.0 10 10 10 10 10 10 10 —| 10 10 — — —

Offset: Lead/Lag Lag Lag Lead Lead Lead Lead Lead Lag —| Lead Lag — — —

Allow Lead/Lag Optimize? Fixed Fixed Fixed| Fixed Fixed Fixed Fixed Fixed —| Fixed Fixed — — —

| |[Fecall Hode None None Mone| Mone Mone Mone| None C-Max  —| None C-Max  —| —| —

[2+6 - SBT NBT x| |[Actuated Effct. Green (s) — 463 633 — 102 103 140 1146 | 80 1000 — —

I Master Actuated g/C Ratio — 026 035 006 006 008 064 | 004 056 = =

| Volume to Capacity Ratio — 1.01 019 — D04 029 047 087 —| 0.05 045 — — —

[Single =] |[Control Delay (=1 — 1079 124 — 808 26001036 159 | 635 301 | |

Queue Delay [s) — 0.0 0.0 — 0.0 0.0 o1 0.0 — 0o 0.0 — — —

Total Delay (s) — 1079 124 — 808 2601037 159 | 635 301 = = =

Level of Service — F B F C F B E c — —

Approach Delay [s) — 887 — 35 — 179 — 302 = =

Approach LOS — F — — c - — B — — c - — —

Queue Length 50th [ft) — ~m94 22 5 o 73 314 — 5 32— = =

Queue Length 95th (1) — #845 N1 — 19 42 m% 658 —| ml7 402 — — —

Stops [vph) — 333 23 — 6 9 63 1738 — 6 666 — — —
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#12 Arlington Drive and Richmond Highway

File Edit Transfer

Cptions

Dptimize  Help

=181

e

_| gl L;IV_ % [ 12 [adington Dr & Richmond Huwy

HAstan ||| AT O 2 O @e D

Options > | TIMING WINDOW A "y — A > < [ ik| @
. EBL EBT EBR |WBL WBT WBR | NBL MBT HNBR | SBL SBT SBR | PED |HOLD
C.unlmlle: P:): Lanes and Sharing [#RL) vI & El Fd N b %N A4h — —
Traffic Yolume (vph) L] 1} 4 172 0 468 4 2488 56 120 1276 5 = =
Cycle Length: [180.0 |[Turn Type Perm — | Perm  — pmtov Pt — —|pmept — — — —
Actuated C.L.: 180.0 [protected Phases 4 — 4 5 1 6 — 5 2 —
Natural C.L- 300 (e mined Phases 4 — 1 4 - 2 - - =
Max v Ratio 0 57 [Detector Phases 4 4 | 4 & s 1 s | s 2 | 4 =
Ir;l. LD;; VB Minimum Initial [s) 50 50 — 5.0 50 50 50 200 — 50 200 — — —
ICU- 92 5% |Minimum S plit (s) 300 300 —| 300 300 100 100 250 —| 100 250 —| —| —
ICU LOS: F | Total Split [s] 41.0 410 —| 41.0 410 3%0 150 1040 —| 35.0 124.0 — — —
™ Lock Timings Yellow Time (5] 40 40 = 4.0 40 40 40 4.0 = 40 40 = = =
Dffset Settings: All-Red Time [s) 1.0 1.0 — 1.0 1.0 1.0 1.0 1.0 — 1.0 1.0 — — —
Offset: Lead/Lag — — — — — Lead Lead Lag —| Lead Lag — — —
Allow Lead/Lag Optimize? — — — — — Fixed Fixed Fixed —| Fized Fixed — — —
7| |[Recall Mode None MNone —| Hone MNone MNone MNone C-Max —| Mone C-Max = = =
|2+E - SBTL NB1LI Actuated Effct. Green (s) — 288 — — 288 615 81 1126 —| 145.3 1429 — — —
Actuated g/C Ratio — 016 — — 016 034 005 0.63 —| 081 073 — — —
™ Master
| Volume to Capacity Ratio — 0.04 — — D77 0.87 005 080 —| 0.36 0.32 — — —
[Single El |[Control Delay (s) — 453 | — 797 677 922 124 | 453 51 [ | —
Queue Delay (s) T — 0o 15 00 00 | DO 00 — — —
Total Delay [s] — 453 = — 797 693 922 124 —| 453 &1 = = =
Level of Service — D — — E E F B — D A — — —
Approach Delay [s] — 453 = — 21 = — 1286 = = 85 = = =
Approach LOS — D — — E — — B — — A — — —
Queue Length 50th [ft) = 8 = = 138 514 5 835 — 108 182 — — —
Queue Length 95th [it] — 28 — — 275 B12 m7 545 — 179 a5 — — —
Stops (vph) = 8 = — 161 427 6 1862 —| 162 337 = = =

‘\M

wic Dkl Mins ok

|| o o | o | o s = ) B B E 8] (€S ERda® 8 oem

115



#13 Boswell Road and Richmond Highway

File Edit  Transfer

Options

Optimize  Help

==

:\-3&-:| ;gl gm m ’T |Foldson Rd % Richmond Hwy

iR start |J o & ©

Options > | TIMING WINDOW A - RAIL A A - T ~ > J’ < | 4k [ ]

EBL EBT EBR |WBL WBT WBR| NEL NBT NBR | SBL SBT SBR | PED |HOLD

Controller Type: __ i o5 and Sharing (#AL) ws] * 7 b % Mb w MF M|

Coo Traffic Volume [vph) 400 48 60| 26 21 109 36 2430 24 76 1266 16 —| —

Cycle Length: [180.0 |[Turn Type Sphit —  Prot| Split — —|  Prot — —| Prot — pm+ov, — —
Actuated C.L.- 180.0|pigtected Phases 3 3 3 4 4+ — 1 65— 5 2 3

Natural [:'!": 115.01permitted Phases — — 2 — —

Lz I‘:"f;‘;‘a';f 059 [Detector Phases 3 3 3 a4 4+ - 1 & | s =2z 3 - —

o0 i "5, [Minimum Initial (s) 80 80 80 80 80 —| 80 200 —| 80 200 80 —| —

ICU- 82.0% |Minimum Split (s) 13.0 130 130 30.0 300 | 130 250 —| 130 250 130 —| —

ICU LOS: D [Total Split (s) 200 200 20.00 30.0 30.0 —| 21.0 109.0 —| 2.0 109.0 2000 —| —

™ Lock Timings Yellow Time [s]) 40 40 4.0 4.0 4.0 = 4.0 4.0 = 40 40 4.0 = =

Offset Settings All-Red Time (s) 10 10 10 10 10 —| 10 10 —| 1o 10 1o —| —

Offset: Lead/Lag Lead Lead Lead Lag Lag —| Lead Lag —| Lead Lag Lead — —

Allow Lead/Lag Optimize? Fixed Fixed Fixed| Fixed Fixed —| Fixed Fixed —| Fixed Fixed Fixed — —

| |[Fecall Hode None None Mone| None Mone  —| None C-Max  —| None C-Max Mone| —| —

[2+6 - SBT NBT x| |[Actuated Effct. Green (s) 125 125 125§ — 115 | 11.7 1291 | 150 1351 1506 |

I Master Actuated g/C Ratio 007 007 007 006 | 007 072 | 008 075 o084 |

[volume to Capacity Ratio 034 039 037 — 054 | 032 069 | 051 033 001 |

[Single | |[Control Delay (=1 829 838 198 281 (1036 23 [ 759 67 36 |

Queue Delay (s) oo oo oo — o0 | oo oo | o7 o0 o0 | —

Total Delay (s) 829 838 198 281 | 1036 23 | 766 67 358 |

Level of Service F F B c F A E A A | -

Approach Delay (s) ~ &8 | — 281 | — 38 | — 18 | | —

Approach LOS — E  —| - c | - A | - B —| | -

Queue Length 50th (1) 46 56 of — 28 | a4 28 —| 79 178 2 - =

Queue Length 95th (1) 90 103 51| — 69 —| mi0 & —| 149 228 wi0 | —

Stops (vph) 38 45 11| — 50 —| 35 203 —| 69 420 s | -
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#14 Fordson and Richmond Highway

File Edit Transfer

Cptions

Dptimize  Help

=181

fstart |J o & &

’&-lgl !Im [ 14 [sn Cnlr Entr & Richmond Hwy
Options > | TIMING WINDOW A "y — A > < [ ik| @ -
. EBL EBT EBR |WBL WBT WBR | NBL MBT HNBR | SBL SBT SBR | PED |HOLD
C.unlmlle: P:): Lanes and Sharing [#RL) vI & F N N b %N A4h — —
Traffic Yolume (vph) L] 8 16 4 12 100 104 250 8 136 1204 5 = =
Cycle Length: [180.0 |[Turn Type Sphit — pm+ov| Split — — | pmept — — | pm+pt — — — —
Actuated C.L.: 180.0 [protected Phases 3 3 1 4 4 - 1 6 — 5 2 —
Natural C.L- 100.0 [pg mined Phases 3 — 6 — z — — —
Max v Ratio- 065 [Detector Phases 3 3 1 & & | 1 s | s 2 | 4 =
Ir;l. LD;; VA Minimum Initial [s) 50 50 50 5.0 5.0 — 5.0 20.0 — 50 200 — — —
ICU- 76.5% |Minimum S plit (s) 10.0 100 100 300 300 — 100 250 —| 100 250 —| —| —
ICU LOS: D |Total Split [s]) 15.0 150 20.0; 30.0 30.0 —| 20.0 109.0 —| 26.0 115.0 — — —
™ Lock Timings Yellow Time (5] 40 40 4.0 4.0 4.0 = 4.0 4.0 = 40 40 = = =
Offset Settings— | All-Bed Time [s) 1.0 1.0 1.0 1.0 1.0 — 1.0 1.0 — 1.0 1.0 — — —
Offset: Lead/Lag Lead Lead Lead Lag Lag —| Lead Lag —| Lead Lag — — —
Allow Lead/Lag Optimize? Fixed Fixed Fixed| Fizxed Fixed —| Fizxed Fized —| Fized Fixed — — —
7| |[Recall Mode None MNone Nonel None MNone — | None C-Max —| Mone C-Max = = =
|2+E - SBTL NB1LI Actuated Effct. Green (s) — 9.3 139 — 105 —| 1441 136.4 —| 155.1 144.7 — — —
Actuated g/C Ratio — 0.05 008 — D06 —| 08D 076 —| 0.86 08D — — —
™ Master
| Volume to Capacity Ratio — 017 012 — D.B1 —| 0.30 0.65 —| 0.64 0.30 — — —
[Single El |[Control Delay (s) — 834 214 — 214 [ 14 13 | 735 27 [ | —
Queue Delay (s) — oo ool — o0 —| o0 00O —| 0O 02 @ — — —
Total Delay [s] — 834 214 — 21.4 = 1.4 1.3 —| 735 29 = = =
Level of Service — F C| — C — A A — E A — — —
Approach Delay [s] — 524 = — 214 = = 1.4 = — 10,0 = = =
Approach LOS — D — — C — — A — — B — — —
Queue Length 50th [ft) = 13 0 = 13 = 1 23 — 107 28 — — —
Queue Length 95th [it] — 47 23 — 89 — 3 35 — 193 1 — — —
Stops (vph) = 16 6) = 26 = 1 53 —| 225 86 = = = -
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#15 Belford Drive (Hybla) and Richmond Highway

==
File Edit Transfer Options Optimize Help
:\&jlgl !lm |15 |Betford Dr (Hybla) & Richmond Hwy
Lyt = | TIMING WINDOW AN s tf 4 7w @ =
EBL EBR | NBL NBT | SBU SBT SBR | PED |HOLD
CD"""""Z Type: Lanes and Sharing (#RL) w=| # % M a M [ —
Coo, Traffic Yolume (vph) 8 8 24 2mn 0 11ss 12 — —
Cycle Length: [180.0 |[Turn Type — pm+ov|pmipt  —| Perm  — - = —
Actuated C.L.- 180.0|pigtected Phases 4 1 1 6 2 —
Natueal [:'!": 70.0[permitted Phases 4 3 z — — —
bax I‘:lc I?:I:;f 0-152 Detector Phases 4 1 1 5 2 2 = = =
Ir-|l. LDS; -A Minimum Initial [s) 8.0 8.0 80 200 200 200 — — —
ICU- 62.0% |Minimum Split (s) 30.0 13.00 13.0 250 250 250 = = =
ICU LOS: B | Total Split [s) 30.0 28.0 280 150.0 122.0 1220 — — —
™ Lock Timings Yellow Time [s]) 40 40 40 4.0 40 40 = = =
Offset Settings All-Red Time [s] 1.0 1.0 1.0 1.0 1.0 1.0 — — —
Offset: Lead/Lag — Lead Lead — Lag Lag — — —
Allow Lead/Lag Optimize? — Fixed| Fixed —| Fixed Fixed — — —
| |[Recall Mode None Mone| None C-Max C-Max CMax  —|  —| —
|2+E -SBTU NB'LI Actuated Effct. Green [s] 101 12.7) 174.3 176.9 — 167.8 — — —
Actuated g/C Ratio 0.06 0.07 097 093 — 093 = = =
I Master
| Volume to Capacity Ratio 009 007 006 050 —  0.2% — — —
[Single | |[Control Delay (=1 s14 351 o1 04 — 27 [ |
Queue Delay [s) 0.0 0.0 0.0 0.3 — 0o — — —
Total Delay (z) 814 351 o1 07 — 27 — = =
Level of Service F D A A — A — — —
Approach Delay [s] 582 — o7 — 27 = = =
Approach LOS E - — A = A — — —
Queue Length 50th [ft) 3 0 0 2l — 13 — = =
Queue Length 95th (i) 30 19 m0 2 — 118 — — —
Stops [vph) 3 4 0 24 — 177 — — — -
%\ @l | i 02 ) 24
P85 [ iZs [
T ot
50 = I
‘ vic nkl Mins ok
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#16 Sherwood and Richmond Highway

|| e o] ] (S @ ldE S wnarem

=& |
File Edit Transfer Options Optimize Help
:&_l gl EIV_ % [ 15 [wall Mart & Richmond Hwy
Options > | TIMING WINDOW A "y — A > < | &k @ =
EBL EBT EBR |WBL WBT WBR| NBL NBT NBR| SBL SBT SBR | PED |HOLD
Controller Type: -
= o Lane_s and Sharing [#RL) N~ 4 il % & i N e i LK) M- —
Traffic Volume [vph) 16 20 12| 248 20 28 36 2423 1016 104 1096 5 = =
Cycle Length: [180.0 |[Turn Type Sphit —  Pem| Split — Perm Prot —  Perm| Prot —  Perm — —
Actuated C.L.: 180.01prgtected Phases 3 3 4 4 1 6 5 2
Natural C.L- 1200 [poiminted Phases 3 4 5 2 | —
Max v Ratio D B0 [Detector Phases 3 3 3 4 a4 4 1 s 8 85 2 2 | -
Ir;l. LD;; VE Minimum Initial [s) 7.0 7.0 7.0 7.0 7.0 7.0 50 200 20.0 50 200 20.0 — —
ICU- 84 5% |Minimum Split (s) 120 120 120 420 420 420 100 250 250 100 250 250 — —
ICU LOS: E [Total Spiit (g) 15.0 150 150 32.0 32.0 320 150 109.0 109.0] 24.0 118.0 118.0 — —
I Lock Timings Yellow Time (s) 40 40 40 40 40 40 40 40 40 40 40 40 — =
Offset Settings: All-Red Time [s] 10 10 10 10 10 10 10 10 10 10 10 10 — —
Offset: Lead/Lag Lead Lead Lead Lag Lag Lag Lead Lag Lag Lead Lag Lag — —
Allow Lead/Lag Optimize? Fixed Fixed Fixed| Fixed Fixed Fixed Fixed Fixed Fixed Fixed Fized Fixed — —
7| |[Recall Mode MNone MNone Mone| Mone None Mone MNone C-Max C-Max Mone C-Max C-Max — —
|2+B - 5BT NBT LI Actuated Effct. Green [s]) 9.9 9.9 99 216 216 216 105 1216 121.6 173 130.4 130.4 — —
I Master Actuated g/C Ratio 006 006 006 012 012 012 006 068 068 010 072 0.72 — —
|[volume to Capacity Ratio 016 019 012 065 0.67 013 0.35 071 080 061 030 0.00 — —
[single =] |[Control Delay (s) 83.2 838 346 808 B1.4 201 842 137 63 801 1.3 100 | —
Queue Delay [s) 00 00 00 00 00 OO0 00 61 03 00 00 00 — —
Total Delay (5] 83.2 838 346 808 814 201 842 197 6.6/ 801 11.3 10.0 = =
Level of Service F F C F F C F B A F B A — —
Approach Delay (s] — 713 — 754 — 166 — — 172 — —
Approach LOS — E — — E — — B — — B — — —
Queue Length 50th (1) 18 23 ol 157 166 o 42 337 91 123 138 0 — —
Queue Length 95th [ft) 47 55 24 232 242 33 mS9 576 102 200 244 8 — —
Stops (vph) 16 21 5 124 129 7 35 958 127 101 35 1 — — -
‘\ al | i a2 A a3
153 [ Witas [ 155 [
\’ ah | T o6
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‘ vic Dkl Min Err
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#17 Ladson Lane and Richmond Highway

File Edit  Transfer

Options  Optimize  Help

==

:\-3&-:| ;gl qm m ’T |Ladson Ln & Richmond Hwy

Lyt = | TIMING WINDOW Ay AKX @ =
SEL SER | NEL NET | SWT SWR | PED |HOLD
CD"""""Z Type: Lanes and Sharing (#RL) WM N Mt h [ —
Coo, Traffic Volume [vph) 116 68| 56 3296) 1350 44 — =
Cycle Length: [180.0 |[Turn Type —  Prot| pmspt — — — — —
Actuated C.L.- 180.0|pigtected Phases 4 4 1 6 2 —
Natueal [:'!": 100.0 [permitted Phases 3 — — —
bax I‘:lc I?:I:;f D-g?j Detector Phases 4 4 1 5 2 = = =
Ir-|l. LDS; -A Minimum Initial [s) 7.0 7.0 7.0 200 20.0 — — —
ICU: 76.2% |Minimum Split (s) 33.0 33.00 120 250 250 = = =
ICU LOS: D | Total Split [s) 33.0 33.00 20.0 147.0 127.0 — — —
™ Lock Timings Yellow Time [s]) 40 40 40 4.0 4.0 = = =
Offset Settings All-Red Time [s] 1.0 1.0 1.0 1.0 1.0 — — —
Offset: Lead/Lag — —| Lead — Lag — — —
Allow Lead/Lag Optimize? — —| Fixed —| Fixed — — —
~| [Recall Mode None Mone| None C-MaxCMax  —| —| —
|2+B - SWT NETLI Actuated Effct. Green [s] 15.2 15.2) 158.8 158.8 149.2 — — —
I Master Actuated g/C Ratio 0.08 0.08 088 088 083 = = =
| Volume to Capacity Ratio 039 049 018 075 033 — — —
[Single | |[Control Delay (=1 779 801 10 30 37 | |
Queue Delay [s) 0.0 0.0 0.0 51 [IN1] — — —
Total Delay (z) 779 801 10 81 37 — = =
Level of Service E F| A A A — — —
Approach Delay [s] 788 — 8O 37 — = =
Approach LOS E - — A A — — —
Queue Length 50th [ft) 68 78 1 81 190 — = =
Queue Length 95th (i) 102 133 mH  mI3 73 — — —
Stops (vph) 108 64 2 344 255 = = = -
j @l ‘l 82 }4 04
20 [ NiZis [
/‘ ot
147 s I

o] HBOLOBeD o

#18 Mt. Vernon / Buckman Road and Richmond Highway

vic nkl Mins ok

0 i e e - s O U A AT s N e T S ST T

=181
File Edit Transfer Options Optimize Help
:&_l gl EIV_ % | 18 [Buckman Rd & Richmond Hwy
Dptions > | TIMING WINDOW ~ % ) L * j " E » o LJ . =
. SEL SET SER | NWL NWT NWR| NEL MET HNER|S5WL SWT SwWH| PED |HOLD
C.unlmlle: P:): Lanes and Sharing [#RL) L] & El Fd W Yy v| i L) i — —
Traffic Volume [vph) 612 32 10 56 32 396 8 2282 52 192 1154 148 = =
Cycle Length: [180.0 |[Turn Type Sphit — —| Split —  Perm pme+pt —  Perm| pm+pt — pm+oy, — —
Actuated C.L.: 180.0 [protected Phases 4 4 — 3 3 5 2 1 6 4
Natural C.L- 30.0 [pemined Phases — R ElG 8 | -
Max v Ratio- 154 [Detector Phases 4 4 | 3 3 3 s 2 2 1 & 4 | -
Ir;l. LD;; VE Minimum Initial [s) 6.0 6.0 — 6.0 6.0 6.0 50 150 15.0 50 150 6.0 — —
ICU- 96.7% |Minimum S plit (s) 110 110 —| 110 110 110 100 215 215 100 215 110 —| —
ICU LOS: F | Total Split [s] 48.0 480 —| 18.58 185 185 15%0 905 905 230 985 480 — —
™ Lock Timings Yellow Time (5] 40 40 | 40 40 40 40 45 45 40 45 40 | —
Dffset Settings: All-Red Time [s) 1.0 1.0 — 1.0 1.0 1.0 1.0 2.0 2.0 1.0 20 1.0 — —
Offset: Lead/Lag Lag Lag —| Lead Lead Lead Lead Lag Lag Lead Lag Lag — —
Allow Lead/Lag Optimize? Fixed Fixed —| Fixed Fixed Fixed Fixed Fixed Fixed Fixed Fixed Fixzed| — —
7| |[Recall Mode None MNone —| Hone Mone MNone MNone C-Max C-Max| None C-Max None = =
|2+E - METL SWLI Actuated Effct. Green (s) 39.0 39.0 — — 155 155 100.8 936 93.6/ 1165 112.3 153.2 — —
™ Master Actuated g/C Ratio 0.22 022 — — 009 009 056 052 052 065 062 0.85 — —
||¥olume to Capacity Ratio 0.96 0.87 — — 057 1.64 003 083 006 082 05 011 — —
[Single El |[Control Delay (s) 783 788 | — 94.0 3376 9.0 237 9.4 836 171 08 [ —
Bueue Delay [s) 0.5 0.6 — — 0.0 0.0 0.0 0.0 0.0| 0.0 1.3 0.0 — —
Total Delay (5] 78.8 794 = — 940 3376 9.0 237 9.4/ 836 184 0.9 = =
Level of Service E E — — F F A C A F B A — —
Approach Delay [s] — 1 = — 2833 = — 234 = — 251 = = =
Approach LOS — E — — F — — C — — C — — —
Queue Length 50th [ft) 387 394 = = 102 ~546 2 851 10, 187 287 0 — —
Queue Length 95th [it] 506 516 — — 168 H774 m2 m853 mll| H31F 360 27| — —
Stops (vph) 07 313 = = 84 161 2 1841 16 215 519 7 = = -
n al | / a2 }‘ a3 \? ad
23s [ Wooss [ 185s [ 485
j ah |I ab
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‘ wic > 1| Mins ok
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#19 Reddick Avenue and Richmond Highway

=1
File Edit Transfer Options Optimize Help
55?3' ;:Ql El_j m |19 |Reddick Ave & Richmond Huy
Options > | TIMING WINDOW b J ) ¥ v AR . =
i MBL NBT HNBR | SBL SBT SBR | NEL MET MER [ 5WL SWT SwH | PED |HOLD
I:‘Dnlmlle: 11::& Lanes and Sharing [#RL] =y b 1 'i 44 v| L) Fd — —
Traffic Volume [vph] 48 b 18, 444 20 92 68 1794 27| 210 1020 54/ = =
Cycle Length: ‘130-[' ‘ Turn Type Perm — —| Perm — — | pm+pt —  Perm| pm+pt —  Perm — —
Actuated C.L.: 180.0 protected Phases 4 - 8 - 5 2 1 [
Natural C.L: 100.0 [permined Phases 4 - [] - 2 E 8 | -
Max v/c Ratio: 106 [ toctor Phases 4 4 | 8 & | s 2 2 1 & § | -
":'r"ff:;é'; 59‘2 Minimum Initial (s) 50 50 —| 50 50 —| 50 200 200 50 200 200 —| —
ICU- 102 5% | Minimum Split (s) 300 300 | 100 100 — 100 260 260 100 260 260 —| —
ICU LOS: G | Total Split [s]) 60.0 600 —| 60.0 600 —| 15.0 950 950 250 105.0 105.0 — —
™ Lock Timings Yellow Time [s] 40 40 = 40 4.0 = 4.0 40 40 40 40 4.0 = =
Offset Settings— | All-Red Time [s) 10 1.0 — 1.0 10 — 1.0 20 2.0| 10 20 2.0 — —
Offset- Lead/lLag — — — — — —| Lead Lag Lag Lead Lag Lag — —
Allow Lead/Lag Optimize? — — — — — —| Fixed Fixed Fixed Fixed Fixed Fixed — —
~| [Recall Mode None None | None None | None C-Maw C-Max None C-Max CMas| |
|2+E -METL Sw;l Actuated Effct. Green [s] — 5§71 —| B71 571 —| 101.3 933 933 117.0 106.0 106.0 — —
™ Master Actuated g/C Ratio — 032 —| 032 032 —| 056 052 052 065 059 059 = =
||¥olume to Capacity Ratio — 018 —| 1.06 D19 —| 023 098 003 085 049 0.06 — —
|5i"9|9 =] [contrl Delay 1s) — 392 —|1181 122 | 5B 416 16 531 424 128 — —
Queue Delay (5] — oo — 0.0 0.0 — oo 0.0 0.0/ 187.6 oo 0.0; — —
Total Delay (5] — 392 —| 1181 122 = 56 416 1.6( 2407 424 125 = =
Level of Service — D — F B — A D A F D B — —
Approach Delay (s] — 332 — — 968 — — 397 — — 7386 — — —
Approach LOS — D — F — — D — E — — —
Queue Length 50th [ft) = 53 —| ~h74 16 = 10 11486 7 197 617 20 = =
Queue Length 95th [ft) — a8 —| #807 67 — m7 #1274 mimi318 693 m51 — —
Stops [vph) = 45 —| 385 21 = 14 1631 4 188 916 n = = -
( al | /' a2 T od
g || S [ B0 s [
; a5 ab of
15 s [ 105 s [ Bl =
‘ wvic > 1| Hins ok
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#20 Buckman Road and Rlchmond nghwav

ng Green.sy 7 =1
File Edit Transfer Options Optimize Help
:&s_:l gl @I__: | | 20 [Buckman Rd & Richmand Hwy
Options > | TIMING WINDOW l T i’ b * A ) Pallid | ( AN =
e MEL MNET MBR | SBL SBT SBR | NEL MET MER | SWL SWT SWR| PED |HOLD
Too — [Lanes and Sharing (#RL) N EN W44 % 14 — —
Traffic Volume (vph) 4 4 4 60 16 60| 44 1768 10] 12 1084 o =
Cycle Length: ‘130-[' |[Turn Type S plit — —| Split — —|  Prot — Perm| Prot — — — —
Actuated C.L.: 180.01prgtected Phases 3 3 — 1 4 — 5 2 1 6 —
Natural C.L:  90.0 [pg pited Phases — — 2 — - =
Max v/c Ratio:  0.64 [y 1o ot Phases 3 3 | a4 & | s =2 2 1 8 | | =
":'r'“!)fgg; 12'30 Minimum Initial (s) 70 70 —| 70 70 —| 70 200 200 70 200 —| —| —
ICU- §7.1% |Minimum S plit (<) 130 130 —| 130 130 —| 130 260 260/ 130 260 — = =
ICU LOS: C [Total Split (s 17.0 170 | 37.0 37.0 | 20.0 106.0 106.0 20.0 106.0 — —
™ Lock Timings Yellow Time [s] 4.0 4.0 = 4.0 4.0 = 4.0 4.0 4.0 4.0 4.0 = = =
Offset Settings— | All-Fied Time (s) 20 20 —| 20 20 —| 20 20 20 20 20 — — —
Dffsat: Lead/Lag lead Lead | Lag Lag | Lead Lead Lead Lag Lag = =
Allow Lead/Lag Optimize? Fixed Fixed —| Fixed Fixed — | Fixed Fixed Fixed Fixed Fixed — — —
| |[Recall Mode None Mone  —| None None  — | Mone C-Max C-Max| None C-Max  —| —| —
[2+6 - NET SWT 7] |[Actuated Effct_Green (s) — 104 | — 205 | 130 1399 13399 128 1346 — —
I Master Actuated g/C Ratio — 0o | — om —| 007 078 o078 007 075 = =
||¥olume to Capacity Ratio — o0n — — D.64 —| 0.35 064 0.01| 010 041 — — —
[Single =l |[contrl Delay 151 — 627 —| — 680 —| 834 112 48 382 20 | | —
Queue Delay (5] — o0 | — o0 | 01 00 00 00 00 — —
Total Delay (5] — 627 —| — 80 —| 934 11.2 48 392 20 — — —
Level of Service — E —| — E — F B Al D A — — —
Approach Delay [s] — 827 | — &80 — 132 — 24 = =
Approach LOS - E - - E - - B - - A - - -
Queue Length 50th (i) = 9 | — 13 | 53 263 2 15 34— = =
Queue Length 95th (1) — 3 | — 208 | 93 1094 m4 m28 T4 — —
Stops (vph) — 9 —| — 1o  —| a0 900 3 13 0 — = = =
; az ( al ‘* 03 #’ o4
106 s I 20 s [ 17s I 375
a5 t ob
205 | 106 5 [
‘ wic Dkl Hins ok

gljStart |J O S

O@eds

| = o o ol o o ) | BB B 8] [ SSE@+ia 0@ oo
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#21 Frye Road and Richmond Highway

==
File Edit Transfer Options Optimize Help
:\-3&-:| ;gl qm m ’? |F|ye Rd & Richmond Hwy
Lyt = | TIMING WINDOW o JoAXK Vin @ =
SBL SBH | NEL MNET | SWT SWR | PED |HOLD
CD"""""Z Type: Lanes and Sharing (#RL) L7 IR [ —
Coo, Traffic Volume [vph) 436 B4 76 1356 974 1400 — =
Cycle Length: [180.0 |[Turn Type — — | pmapt — — — — —
Actuated C.L.- 180.0|pigtected Phases 4 — 1 6 2 —
Natueal [:'!": 65.0 [permitted Phases — 3 — — —
bax I‘:lc I?:I:;f 103315 Detector Phases 4 = 1 5 2 = = =
Ir-|l. LDS; -B Minimum Initial [s) 8.0 —| 7.0 20.00 20.0 — — —
ICU- 61.7% |Minimum Split (s) 25.0 —| 12.0 26.00 26.0 = = =
ICU LOS: B | Total Split [s) 56.0 —| 25.0 124.0 99.0 — — —
™ Lock Timings Yellow Time [s]) 4.0 = 4.0 4.0 4.0 = = =
Dffset Settings All-Red Time [s] 1.0 —| 1.0 20 20 — — —
Offset: Lead/Lag — —| Lead — Lag — — —
Allow Lead/Lag Optimize? — —| Fixed —| Fixed — — —
~| [Recall Mode None  —| None C-MasCMax  —| —| —
[2+6 - SWT NET 7] |[Actuated Effct. Green (s) 321 —[141.9 14191287 | [ —
I Master Actuated g/C Ratio 0.1g —| 0.79 079 072 = = =
| Volume to Capacity Ratio [I%:7] —| 025 049 0.45 — — —
[Single | |[Control Delay (=1 710 [ 24 20 24 | |
Queue Delay (5] 0.0 — 00 0.0 0.0 — — —
Total Delay [s] 1.0 = 24 2.0 2.4 = = =
Level of Service E — A A A — — —
Approach Delay [s] 10— — 21| 24 — = =
Approach LOS E - — A A — — —
Queue Length 50th [ft) 293 — 5 a8 38 — = =
Queue Length 95th (i) 343 — 10 65 43 — — —
Stops (vph) 463 = 6 126 93 = = = -
) @l |I a2 k' 24
s I I 56 s
/‘ ot
174 s I
‘ vic nkl Mins ok
#en||@BOG OO D || S2e e ol el =) = =T 25 B 5 HCETePLBHIB o

#221 ukens Lane and Richmond nghwav

File Edit Transfer

Ciptians

Cptimize  Help

ing Green.sy7

=181 =]

Z&‘&':l gl @I__: m 22 [Richmond Hwy & Lukens Ln
A

start[|| 1 & © @

O@eds

Options > | TIMING WINDOW — Ty - A > SN =
e EBL EBT EBR |WBL WBT WBR| NEL NBT MNBR | SBL SBT SBR | PED |HOLD
Too — [Lanes and Sharing (#RL) % - M4 F L) Fd N L] T —
Traffic Volume (vph) 100 1300 100 32 870 10] 52 16 52 40 8 40 |
Cycle Length: ‘13“.5' |[Turn Type pmpt —  Perm| pm+pt — Perm| Perm — —| Perm — — — —
Actuated C.L.: 180.0(prptected Phases 1 6 5 2 4 — 8 —
Natural C.L:  75.0[pg pitted Phases 3 3 2 E 4 — [ — - =
Max v/c Ratio:  0.68 [y i octor Phases i & €§ s 2 2 & a1 | 8 8 | | -
":'r'“!)fgg; S': Minimum Initial (s) 7.0 200 200 70 200 200 80 B0 —| 80 80 —| —| —
ICU. 56.2% |Minimum Split () 120 260 2600 120 260 260 330 330 —| 130 130 —| —| —
ICU LOS: B [Total Split [s) 25.0 120.0 120.0/ 25.0 120.0 120.00 350 350 | 350 350 | | —
I~ Lock Timings Yellow Time [s] 40 4.0 4.0 4.0 40 4.0 4.0 4.0 = 4.0 4.0 = = =
Offset Settings All-Red Time (s) 10 20 20 10 20 20 10 10 —| 1@ 10 —| —| —
ot Lead/Lag Llead Llag Llag lead Llag Llag — — | — — | | —
Allow Lead/Lag Optimize? Fixed Fixed Fixed Fixed Fixed Fixed — — — — — — — —
| |[Recall Mode None C-Max C-Max| None C-Max C-Max Mone None  —| None None  —| —| —
[2+6 - WBTL EB =] ||Actuated Effct_Green (s) | 1525 1452 1452 1516 1426 1426 193 | 183 183 | | —
I Master Actuated g/C Ratio 085 081 081 084 079 079 — o1l | o1 o1 | | —
[¥olume to Capacity Ratie 022 032 008 010 035 001 — 068 —| 034 023 —| | —
[Single =l |[contrl Delay 151 17 24 01 089 28 08 — 685 | 750 238 —| —| —
Queue Delay (5] 00 oo oo 00 oo oo — 00 | o0 00 | | —
Total Delay (s) 1.7 24 01 09 28 o8 — 685 | 750 238 | | —
Level of Service A A A A A A — E — E c | - =
Approach Delay (s) — 22 | — 27 | — es | — 41 | | -
Approach LOS - A - - A - - E - - D - - -
Queue Length 50th (i) 5 75 0 G 11 — 117 —| 45 s —| -] =
Queue Length 95th (1Y) 14 82 i wm2 95 w0 — 18 | 8 52 | | —
Stops [vph) 7 15 0 2 139 o0 — 95 —| 3w 13 —| | -— =
[— b
al 82 a4
s [ Wizos [ Es [
¥ o5 " o5 ¢ ol
25s [ 1205 35 |
‘ vic Dkl Mins ok

| = o o ol o o ) | BB B 8] [ SSE@dia 0@ wceem
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#23 Cooper Road and Richmond Highway

ng Green.sy 7 =1
File Edit Transfer ©Options Optimize Help
S:l gl El_n J%| | 23 [Richmond Hwy & Cooper Rd
(DS > | TIMING WINDOW A RAI A A > 4’ < ik @ =
T EBL EBT EBR |WBL WBT WBR| NBL NBET NBR | SBL SBT SBR | PED |HOLD
- S oaas] [Lanes and Sharing (RL) % = [4 N A A 1.) " Ok — —
Traffic Volume [vph) 4 1278 24| 72 972  32] 36 20 56 84 8 168 | —
Cycle Length: [180.0 |[Tum Type Prot — —| Prot — —| Perm — —| Perm — — — —
Actuated C.L.- 180.0 [protected Phases 13 36 — 5 F — 4 — 4 —
Hatural C.L-  80.0 [poiminted Phases = - 4 - 1 — = =
Max vic Ratio: 081 [Detector Phases 13 36 5 2 4 a4 4 &« | | =
. O g [Minimum Initial (=) — — | 50 200 | 50 50 | s0 s0 | | —
ICU: 50.7% |Minimum Split (s) — — | 100 20 | mo0 30 | 310 :mo | | —
IcU LOS: A |Total Split (s) 51.0 1250 | 240 980 —| 310 30 | A0 #H0 | | -
™ Lock Timings Yellow Time (5] — — —| ap0 a0 —| a0 4o —| 40 a0 — — —
Offset Settings All-Red Time [5) - — —[ 10 20 [ 10 10 [ 10 10 [ —| —
Lead/Lag — | Lead Lag | tag Lag | Lag Lag | | —
Allow Lead/Lag Optimize? — — | Fixed Fixed | Fixed Fixed | Fied Fixed | | —
~| |[Recall Mode — | MeneC-Max | Mone Mone | Mone Nome | |
[2+6 - wBT EBT =] ||Actuated Effct. Green (s] 344 1382 | 137 1166 —| 180 190 —| 130 180 —| | —
Actuated g/C Ratio 019 077 | 008 065 | 011 o011 | o1 o1 | [ —
™ Master
|| ¥olume to Capacity Ratio 001 033 —| 053 031 —| 025 0.34 —| 063 012 — — —
[Single =l |[Control Delay (s) 438 05 —[107 57 —| 730 256 | 851 37 —| | —
Queue Delay [s] 0.0 01 [ 00 00 | 00 00 [ o0 00 | [ —
Total Delay (s) 438 06 | 1107 57 | 730 256 | 851 357 | |
Level of Service D A F A E c - F o | | -
Approach Delay [s] — 07 | — 128 | — 408 | — 71 | | —
Approach LOS - A - = B - - b | - E | - =
Queue Length 50th [ft) 5 1 — [0 53 = 40 22 = 98 9 = = =
lOuene | enoth 95th Ji1 mli ri — 144 123 = rri Z4 = 157 Al — = = =
H23 #561 .
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#561 Sacramento Drive and Richmond Highway

File Edit Transfer

Options

Optimize  Help

=la x|

Hsart| | HG @O @D

§| ;gl Dm m ,ﬁ |Hichmond Hwy & Sacramento Dr
Options > | TIMING WINDOW A Y v v s ™ T » > l’ < i@ =
Controller Type: EBL EBT EBR |WEL WET WBR| NBL NBT HNBR| SBL SBT 5BR | PED (HOLD
Aromted oo Lanes and Sharing [#RL) % v|'+T-) b & (1' m - -
Traffic Volume [vph] 48 1178 [H1) 0 944 80 24 12 4 124 16 6O = =
Cycle Length: ‘130-0 ‘ Turn Type Prot — — — — —| Pemm — —| Perm Perm — —
Actuated C.L.: 180.0 [protected Phases 1 6 | — 24 - 3 - 3
Natural D'!": 80.0 [permitted Phases — — — 3 — 3 3 — —
Max vic Hatior 0.8 |Detector Phases i e | - 24 | 3 3 —| 3 3 3 | -
Ir;l. LI];; VB Minimum Initial [s] 50 200 — — — —| 50 50 —| 50 50 50 — —
ICU: 45.1% |Minimum 5plit (s} 100 26.0 = = = —| 10,0 10.0 —| 1000 100 10.0 = =
ICU LOS: A | Total Split [g) 240 3980 — — 129.0 —| 270 270 —| 270 27.0 270 — —
I Lock Timings Yellow Time (5] 40 40 = = = = 40 40 = 40 40 40 = =
Offset Settings All-Red Time [s) 10 20 — — — — 1.0 10 —| 1o 10 1.0 — —
Dffset: Lead/Lag Lead Lag — — — —| Lead Lead —| Lead Lead Lead — —
Allow Lead/Lag Optimize? Fixed Fixed — — - —| Fixed Fixed —| Fized Fixed Fixed - -
Z| ||Recall Mode MNone C-Max = = = —| None Mone —| Mone Mone None = =
|2+B -WBT EBTj Actuated Effct. Green [s] 11.3 1121 — — 136.2 — — 231 — — 231 231 — —
™ Master Actuated g/C Ratio 0.06 0.62 = — 076 = — 013 = — 013 013 = =
| Yolume to Capacity Ratio 0.432 039 — — 027 — — 026 — — 081 023 — —
|5i"9'e :I‘ [Contral Delay Is) 021 26 —| — 03 — — 691 = — 1031 163 — =
Queue Delay (5] 0.0 oo — — 0.1 — — 0.0 — — 0.0 0.1 — —
Total Delay [s] 1021 26 — — 05 — — 691 — — 1031 16.4 — —
Level of Service F A — — A — — E — — F B — —
Approach Delay [s] — 6.3 — — 0.5 — —  B9.1 — — Fi1 — — —
Approach LOS — A — — A — — E — — E — — —
Queue Length 50th (it) 60 23 = = 1] = = 40 = — 163 0 = =
th {1 mB?  m?7 = = 0 = = 24 = — {779 Af = = =
H23 H#561 #423 HAE1
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#24 Mt Vernon Hwy / Old Mill Road

==

File Edit Transfer Options Optimize Help

:\-3&-:| ;gl qm m ’j I‘Wuodlawn & Richmond Hwy
Options > | TIMING WINDOW A "y 0 s T T f' b i J < j ; Ve ( =
EBL? EBL EBR EBRZ|MBL2 MBL MBT MNBR | SBL SBT SBR SBRZ|MEL2 NEL NET HMER |SWL 5§
Controller Type: -
o Lanef: and Sharing [#RL) [ w-] 4 i & N i b
Traffic Volume (vph) 4 ] 4 o 440 4 28 52 60 88 24 0 0 32 1164 540/ 204
Cycle Length: [180.0 |[Turn Type Sphit — — —| Perm Split — Pemm| Split — - - —  Prot — Perm| Prot
Actuated C.L.- 180.0|pigtected Phases 4 4 — — 3 3 7 7 — — — 5 25 1
Natural C.L: 110.0 (e mined Phases - - 3 3 - - - 25
Max wfe ;‘;:;f A2 [Detector Phases 4 4 — | 3 3 3 3 7 1 — - = 5 25 =28 1
It LOS- "¢ [Minimum Initial (s) 50 50 — —| &S0 50 S50 50 50 50 — — — 50 — —| 50
ICU- 93.7% |Minimum Split (s) 10.0 100 — —| 10,0 100 10.0 10,0, 100 100 — — — 1.0 — —| 110
ICU LOS: F [Total Split (s) 15.0 150 — —| 550 S50 550 55.0 250 250 @ — — — 200 740 740 3.0 !
™ Lock Timings Yellow Time [s]) 40 40 = = 40 40 40 4.0 40 40 = = = 5.0 = = 5.0
Offset Settings All-Red Time (s) 1.0 1.0 — —| 10 10 10 10 10 10 — — — 10— —| 10
Offset: Lead/Lag — — — — Lag Lag Lag Lag| Lead Lead — — — Lag — —| Lead
Allow Lead/Lag Optimize? — — — —| Fixed Fived Fixed Fixed| Fixed Fixed — — —  Fixed — —| Fixed
| |[Fecall Hode None Mone —  —| None Mone None None| Nome Nome —  —| — MNome —  —| None
[2-NET =] [Actuated Efet. Green (=) — 85 — — — 505 50.5 — 211 — — — 169 57.0 57.00 34.3
I Master Actuated g/C Ratio — 005 = = — 028 028 — 012 = — 0.09 032 032 019 |
[volume to Capacity Ratio — 010 — — — 095 012 — 082 — — 019 104 068 061 |
[Single =] |[Control Delay (=1 — @80 | — — 84 482 1006 | — 531 759 165 879 .
Queue Delay [s) — 0.0 — — — — 0.0 0.0 — 0.0 — — — 0o 0.0 0.0 [IN1]
Total Delay (s) — 830 = = — 864 482 — 1006 = — 531 759 165 879 .
Level of Service — F — — — F D] — F — — D E B F
Approach Delay [s) — 830 = = — 826 — 1006 = = — 570 -
Approach LOS — F — — — — F — — F — — — — E — —
Queue Length 50th [ft) = 3 — - = — ®Ba5 4| — 20 - - — 35 ~gs6 352 233
Queue Length 95th (1) - 3 — — — — #763 88| — H3N — — — m73HI000 509 335 .
P
( @l ‘ /1 82 #’ a7 “T 03 |A 24
s [ 154s I Es D [ Wiss 1
‘/ ob |) o)
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#25 Richmond highway and Woodlawn Rd.

=181

File Edit Transfer Options Optimize Help

:&_l gl EIV_ % [ 25 [Richmond Hwy & Woodlawn Rd
Options > | TIMING WINDOW A= AN S @ -
. EBL EBT | WBT WBH| SBL SBR | PED |HOLD
C.unlmlle: P:): Lanes and Sharing (#RL) ® vI 44 4 i X Fd — —
Traffic Volume [vph) 188 15000 1328 24/ 160 228 = =
Cycle Length: [180.0 |[Turn Type pmipt | — Petm| — Perm| | —
Actuated C.L.: 180.0prptected Phases 5 2 6 4
Natural C.L- 80.0 [pg mined Phases z [ 4 — —
o I‘:Ic I;‘;:"f ?I]T:] Detector Phases 5 2 6 B 4 4 = =
Ir;l. LD;; VB Minimum Initial [s) 7.0 200 200 20.0 7.0 7.0 — —
ICL- §6.0% |Minimum Split () 120 250 330 330 330 330 | —
ICU LOS: C | Total Split [s]) 30.0 136.0) 106.0 106.0 440 440 — —
™ Lock Timings Yellow Time (5] 40 40 40 4.0 40 40 = =
Dffset Settings: All-Red Time [s) 1.0 1.0 1.0 1.0 1.0 1.0 — —
Offset: Lead/Lag Lead — Lag Lag — — — —
Allow Lead/Lag Optimize? Fixed —| Fizxed Fized| — — — —
| |[Recall Mode None CMax|C-Max C-Max| Nome None| |
|2+E - EBTL W’B'LI Actuated Effct. Green (s) 151.2 151.2| 134.6 1346/ 229 229 — —
Actuated g/C Ratio D84 084 D75 075 013 013 — —
™ Master
| Volume to Capacity Ratio 0.64 050 051 002 071 0.57 — —
[Single El |[Control Delay (s) 19.7 105 1.7 02 775 96 | —
Queue Delay (5] oo 07 o0 oo oo oo | —
Total Delay (5] 19.7 111 1.7 0.2 775 9.6 = =
Level of Service B B A A E A — —
Approach Delay [s] — 121 1.7 —| 3786 = = =
Approach LOS — B A — D — — —
Queue Length 50th [ft) 58 66D 23 0| 185 1] — —
Queue Length 95th [it] 102 462) 119 ml 261 24 — —
Stops (vph) 84 1008 115 0 151 23 = = -~
- . o4
136s [ 445
) ah “_ ab
305 [ s I
‘ wic Dkl Mins ok
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#26 Richmond Highway and Belvoir Road

ng Green.sy 7 =1
File Edit Transfer ©Options Optimize Help
i &l !Im |26 [Richmond Hwy & Belvoir Rd
Options > | TIMING WINDOW T L‘ l - \ i | @ -
e NBT NBR | SBL SBT | NWL NwR| PED |HOLD
= T Lanes and Sharing [#RL) +4 -] LS % — —
Traffic Volume (vph) 1560 208 360 1236) 44 128 |
Cycle Length: [180.0 |[Tum Type —  Perm|pm+pt  — — Pem| —| —
Actuated C.L.- 180.0|protected Phases 2 1 6 4
Natural C.L.: B0.0 [pe pitted Phases 2 6 4 — —
Max v/c Ratio: 0831 1o cior Phases z 2 1 8 4 4 |
";:I!)f_’::"’;; 15': Minimum Initial (s) 100 100 50 1000 50 50 |
ICU. 77.2% |Minimum Split (s 170 170/ 115 170 115 115 —| —
ICU LOS: D [Total Spiit (s) 1035 1035 520 1555 245 245 —| —
™ Lock Timings Yellow Time [5] 50 5.0 45 5.0 45 4.5 = =
Offset Settings AllRed Time (s) 20 20 20 =20 20 20 | —
' Lead/Lag Llag Llag| Lead —| — —| —| —
s | Allow Lead/Lag Optimize? | Fixed Fixed| Fixed —| —  —| —| —
[FEETWETEEY =] [Recal Mode C-Max C-Max None C-Max Mone Mone | —
[2+6 - NBT SBTLx] |[Actuated Effct. Green (s) | 121.0 121.0[ 160.7 160.7] 133 133 | —
M Actuated g/C Ratio 067 067 089 089 007 007 |
aster
[Volume to Capacity Ratia 066 018 083 039 034 054 —| —
|5i"9'9 | |[contral Detay 151 208 21 304 47 B0E 154 = =
Queue Delay (g]) 0.0 0.0 0.2 0.0 0.0 0.0 — —
Total Delay (s) 208 21| 30.6 47 806 154 |
Level of Service C A C A F B | -
Approach Delay (s] 186 —| — 1086 321 —| —| —
Approach LOS B - - B C - - -
Queue Length 50th (1) 533 0| 362 453 50 o |
Queue Length 95th (1) 798 38 369 158 96 71| |
Stops (vph] 913 10| 398 501 40 18 | — -
al T a2 ol
525 [ 10355 I 245
afi
16665 I
vic Dkl Mins ok
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#27 Pohik Rd / Backlick Rd and Richmond Highway

=18lx
File Edit Transfer Options Optimize Help
E.gf:l gl D,_ % [ 27 [Richmond Hwy & Pohick Rd
(L[ = | TIMING WINDOW A e AT Al k| ® =
Controller Type: EBL EBT EBR | WBL WBT WBR| NBL NBET NBR | SEL SBT SBR | PED |HOLD
— S ——T— Lanes and Sharing [#RL) LR EL % b % & % ¥ — —
Traffic Volume [vph] 172 1696 1160 44 1170 60 104 40 5 100 112 8 = =
Cycle Length: [200.0 |[Turn Type pmspt  — Perm|pmspt —| split  — —| split — Perm| — —
Actuated C.L.: 200.0potected Phases 5 2 1 6 — 4 1 — 3 3
Natural E'!": 105.0 [permitted Phases 2 2 5 — — 3 — —
Max vsc Ratio- 0 53 | Dotector Phases 5 2 20 1 & | & & | 3 3 3 - =
Ir;l. Lﬂg; Vl: Minimum Initial [s) 650 300 300 50 300 — 50 5.0 —| 100 100 100 — —
ICU- 94.32% |Minimum Split (s] 100 350 350 100 350 — 10.0 100 —| 280 280 280 | —
ICU LOS: F | Total Split [s) 25.0 119.0 1190, 200 1140 —| 29.0 290 —| 320 320 320 — —
™ Lock Timings Yellow Time (5] 40 40 4.0 4.0 4.0 = 4.0 4.0 = 40 40 4.0 = =
Dffset Settings: All-Red Time [s] 10 1.0 1.0 10 10 — 1.0 1.0 — 1.0 1.0 1.0 — —
Offset: Lead/Lag Lead Lag Lag Lead Lag — Lag Lag —| Lead Lead Lead — —
Allow Lead/Lag Optimize? Fixed Fizxed Fixed| Fized Fixed —| Fixed Fixed —| Fized Fixed Fixed — —
~| |[Recall Mode None CMax C-Max| None C-Max  — MNone None  —| None None Mone —| —
|2+E -EBTL WB';I Actuated Effet. Green [s) 1526 1422 1422/ 1464 1365 —| 17.0 170 —| 21.4 21.4 214 — —
I Master Actuated g/C Ratio 0.76 0.71 071 073 068 —| 009 0.09 —| 0311 011 011 = =
||¥olume to Capacity Ratio D61 067 D089 030 051 —| 051 052 —| 0.59 D063 0.05 — —
[Single Bl [Contral Delay 1s) 10.7 161 13.6) 10.4 1727 —| 90.9 898 —| 900 908 3400 | —
Queue Delay [s) 01 207 1.5 0.1 0.0 — 0o 0.0 — o1 03 0.0 — —
Total Delay (5] 10.8 368 151 105 177 —| 909 898 —| 901 91.1 34.0 = =
Level of Service B D B B B — F F — F F C — —
Approach Delay [s] — 270 — — 175 — — 90.3 — — 886 — — —
Approach LOS — C — — B — — F — — F — — —
Queue Length 50th [it) 47 610 162 13 390 = 98 101 —| 128 144 0 = =
Queue Length 95th (i) m62 817 #599 32 581 —| 162 165 —| 195 213 20! — —
Stops [vph) 42 912 178 11 594 = 68 71 = 95 106 4 = = -
¥ a |—“ o b’ o3 |'¢ o4
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|—
a5 ab
253 [ Wiids [
‘ vic nkl Mins ok

iR start |J G - WG |

A0 @S d-

|| ) e o o = e B B B8] S5 EReD o e

123



#28 Richmond Highway and Fairfax County Parkway

File Edit Transfer Options Optimize Help

=la x|

:&§E| ;gl D..:. m ,E |Hichmond Hwy & Fairfax Co Pkwy
A

st | & © 00O @e T

Options > | TIMING WINDOW - AN S| @
Controller Type: EBL EBT | WBT WBR| SBL SBR | PED (HOLD
A tootedCom Lanes and Sharing (#RL) i v| 4 M oo il — —
Traffic Volume [vph] 184 2504, 706 624 560 16 = =
Cycle Length: ‘200-0 ‘ Turn Type Prot — —  Freel —  Perm — —

Actuated C.L.: 2000 |pigtected Phases 1 [ 2 4

Natural D'!": 75.0 [permilted Phases Free 4 — —
(e I‘:lc DH:I:nf ggﬂg Detector Phases 1 6 2 Mone 4 4 = =
Ir;l. LI];; "~ | Minimum Initial [s] 50 250/ 250 —| 80 80 — —
ICU: 91.9% |Minimum 5 plit (s) 100 31.0, 31.0 —| 13.0 130 = =
ICU LOS: F | Total Split [s] 30.0 153.0 123.0 —| 47.0 470 — —
I Lock Timings Yellow Time (5] 40 40 40 = 40 40 = =
Offset Settings All-Red Time [s) 10 20 20 —| 10 1.0 — —
Lead/Lag Lead —| Lag — — — — —
Allow Lead/Lag Optimize? Fixed —| Fixed — - - — —
Z| ||Recall Mode MNone C-Max C-Max —| Mone Mone = =
|2+B -WBT EBTj Actuated Effct. Green [s] 17.8 154.5 133.7 20000 396 396 — —
™ Master Actuated g/C Ratio 009 077 067 1.000 D.20 0.20 = =
| Yolume to Capacity Ratio 060 092 030 0.39 082 0.05 — —
|5i"9'e :I‘ [Contral Delay Is) 8a8 252 96 10 831 224 | —
Queue Delay (5] 0.0 0.0 0.0 0.0 0.0 0.0 — —
Total Delay [s] 898 253 96 1.0/ 831 224 — —
Level of Service F C A A F C — —
Approach Delay [s] —  29.7 5.6 —| B1.4 — — —
Approach LOS — C A — F — — —
Queue Length 50th (it) 122 1262| 124 2| 368 0 = =
Queue Length 95th (i) 166 1506/ 135 2| 432 25 — —
Stops [vph) 175 18580 1700 10/ 528 4 - =

Jul
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Appendix K: Statistical Analysis and Examples of
VISSIM Output

Transit Travel Time Data:

Data set 1

1220 1215 1236 1215 1247 1222 1242 1225 1220 1265 1230 1221

Dataset 2

12251238 1219 1217 1211 1210 1218 1245 1306 1206 1215 1064

Kolmogorov — Smirnov Test:

Range of Transit travel Time (seconds)

< 12001200 - 122011220 - 12401240 - 12601260 - 12801280 - 1300> 1300
\With TSP
Number of
Observation 0 4 5 2 1 0 0
Cumulative
Number 0 4 9 11 12 12 12
Cumulative
Percentage 0 0.33 0.75] 0.92 1 1 1
\Without TSP
Number of
Observation 1 7 2 1 0 0 1
Cumulative
Number 1 8 10 11 11 11 12
Cumulative
Percentage 0.08 0.67 0.83 0.92 0.92 0.92 1
Absolute
observed
difference 0.08] 0.34 0.08 0 0.08 0.08 0

Significance Level: 0.05

Dmax = 1.36 * SQRT ((nl + n2) / (nl1*n2))
Dmax = 0.56

Significance Level: 0.10
Dmax = 1.22 * SQRT ((nl + n2) / (n1*n2))

Dmax= 0.

50

Here, absolute observed difference D < Dmax. Therefore the engineer cannot find a

statistically significant difference (at the 0.05 significance level) when the TSP is used

and is not used.
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Bus Control Delay Data:

Data set 1
1417266336302344342304582239516321437313729231672093
Dataset 2
18 1155333283846625547276444524244734281311224491447

Kolmogorov — Smirnov Test:

Range of Bus Control Delay (seconds)
0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70
With TSP Number
of Observation 10 6 6 6 2 0 1
Cumulative
Number 10 16 22 28 30 30 31F n1
Cumulative
Percentage 0.32 0.52 0.71 0.90 0.97 0.97 1
Without TSP
Number of]
Observation 11 4 4 3 5 3 1
Cumulative
Number] 11 15 19 22 27| 30 31F n2
Cumulative
Percentage 0.35 0.48 0.61 0.71 0.87 0.97 1
Absolute
observed
difference 0.03 0.03 0.10 0.19 0.10 0 0
Significance Level: 0.05 Significance Level: 0.10
Dmax = 1.36 * SQRT ((nl + n2) / (n1*n2)) Dmax = 1.22 * SQRT ((nl + n2) / (n1*n2))
Dmax = 0.35 Dmax = 0.31

Here, absolute observed difference D < Dmax. Therefore the engineer cannot find a
statistically significant difference (at the 0.05 significance level) when the TSP is used

and is not used.
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Side Street Queue Length Data:

Dataset 1
9 126 12 73 14 18 0 0 10 3 1
248 311 0 22 10 14 0 0 3 0 0
81 199 3 583 4 90 40 32 2 0 5
3 3 165 103 58 2 19 17
Dataset 2
9 110 7 72 20 21 0 0 11 4 1
249 289 0 22 8 29 0 0 3 0 0
74 210 2 632 4 101 67 38 2 0 7
5 1 136 116 31 1 21 6
Kolmogorov — Smirnov Test:
Range of Bus Side Street Queue Lengths (feet)
141 -
<20 21-80 | 81-140 200 (201-260] >261
With TSP
Number of]
Observation 19 5 4 2 1 2
Cumulative
Number 19 24 28 30 31 33 n1
Cumulative
Percentage| 0.58 0.73 0.85 0.91 0.94 1
Without TSP
Number of]
Observation 16 9 4 0 2 2
Cumulative
Number 16 25 29 29 31 33 n2
Cumulative
Percentage] 0.49 0.76 0.88 0.88 0.94 1
Absolute
observed
difference 0.09 0.03 0.03 0.03 0 0

Significance Level: 0.05

Dmax = 1.36 * SQRT ((nl + n2) / (n1*n2))

Dmax = 0.33

Significance Level: 0.10

Dmax = 1.22 * SQRT ((nl + n2) / (n1*n2))

Dmax =

0.30

Here, absolute observed difference D < Dmax. Therefore the engineer cannot find a

statistically significant difference (at the 0.05 significance level) when the TSP is used

and is not used.
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