EVALUATION REPORT

for the

REGIONAL TRANSIT SIGNAL PRIORITY
IMPLEMENTATION PROGRAM (RTSPIP)

Version 2.0

December 2019

“ Chicago Metropolitan
Agency for Planning

L/




EVALUATION REPORT

FOR THE

REGIONAL TRANSIT SIGNAL PRIORITY
IMPLEMENTATION PROGRAM (RTSPIP)

A=COM

DEVELOPED FOR:

N Regional
Transportation
Authority

REGIONAL TRANSPORTATION AUTHORITY
175W. JACKSON BLVD, SUITE 1650
CHICAGO, IL 60604

VERSION 2.0

DeceMBER 2019



Table of Contents

1.1. 222103 (o {011 4 Lo PP PR RUPRR 1
1.2. CTo o =T e (o IO o] [=Td 1AY=L ST PP TPRT 1
1.2.1.  Establish Regional TSP Standards and Implementation GUIEliNES............c.coeieirriiennine i 2
1.2.2.  Utilize On-Board Vehicle EQUIPIMENT ..ottt ettt 2
1.2.3.  Create Standards-based COmmUNICALIONS PrOTOCOIS ...........ccvuiiiiiiiiiiiiiiiiieiieereere e 3
1.2.4.  Utilize Off-the-Shelf Communications TECANOIOGY........cc.oiureiriireieree e 3
1.25. Leverage Communications Infrastructure for Other Transit ITS AppliCations ..........ccccoririennnneiennseeneas 3
1.2.6.  Improve Various Performance IMEESUIES ...........cceoirurueririeieteeisirieeteneseetes s sesee e sesbebe et ss st e e e bebe e snenas 4
1.3. ol Lo R =T [0 T U PP PP PO PUPRPPTPI 4
14. e o] [=Tol i Moo= 11 0] TP PR OPRR 5
15. 2= oJo O o=V v= L o] o FE PRSPPI 7
2.1 TSP TECHNOIOGY OVEIVIBW ......eieiieiiie ittt ettt eh ettt b e ettt eb e e st e s e e e eb e e e be e e ebbe e et e e embe e e nbee e e 8
2.1.1. CTATSP TECNNOIOGY -..eeueiitiieeeiet ettt ettt bbbt eh bbb et b b st b e et ee et e b st 8
2.1.2. PACE TSP TECNNOIOGY ... ettt etk b etk et ee bbbttt et e ettt ees 11
2.2. TSP Testing, Implementation and Validation.............ccio it 12
2.2, BENCH TESTING ... ettt etttk e bbb £ b€ et b bRt b b et e bbb e et 12
2.2.2. FIBIA TOSTING. .. ettt etttk st s bt bbbkt E e b e bbb £ e b b ent bt ee bt eaes 17
2.2.3. IMPIEMENTALION. ......cuiiiieeie ettt bbb b bbb et b b st b ket ee ket e bttt et e bt ene s 20
2.2.4.  VEIITICATION ...ttt bbbt bbb b e bbb bbb bbb bbb b e r b n b 21
2.2.5.  VAIHALION. ..ottt e b e bbb e R e b e bR bR e bR bR bbb 21
3. TSP PERFORMANCE MEASURES ... ittt ettt et s sne e snte e snte e s neaeenneeeenneee e 22
3.1 Performance MeasUre DESCHIPTIONS. .......i.ui ettt ettt e st e e et e e sre e e b be e e beeenbe e neee 22
311, AVETrage BUS TIAVEI TIMIE ..ottt bbb bbbt et b ettt ettt 22
3.1.2.  Bus Travel TImMe Variability ..ottt ettt 22
3.1.3.  TraffiC SIGNAIDEIAY ....cveieeeeeeieee ettt bbbt bbbt ettt et 22
3.1.4.  Number Of StOPS At REA SIGNAIS.......c.cueiieiei ettt ettt 22
3.1.5.  General VEhiCle TraVel TIME ... 22
3.2. Performance Measure MetnOTOIOgY ..........couie ittt et ee e b eeee 23
3.2.1. AVETage BUS TFAVEI TIMIE ..ottt etttk b bbbttt eb ettt ee bt eaes 23
3.2.2. Bus Travel TImMe Variability ........ ..ottt bbbt 24
3.2.3. TraffiC SIGNAIDEIAY ....ceeieeeeieieee ettt e bbbt b bbb ettt et 24
3.2.4.  Number Of StOPS At REA SIGNAIS.......c.cuiiieieie ettt ettt 24
3.2.5.  General VEhiCle TraVel TIME ... 24

VERSION 2.0



4.1. CTA RESUITS .. ..ttt ettt b bbb b bbb eb e eb e eb e enb e anbeenees
411, Average BUS TraVel TIME .......coiiiie ettt ettt
4.1.2.  Bus Travel Time Variability ...
4.1.3. Traffic Signal Delay (IBI EVAIUALION)...........coiriiiieiriieeieicsiie et
4.1.4. Number of Stops at Red Signals (IBI EValUALION) ..........cccoiriinirsiinrieec e
4.15.  General Vehicle Travel TIME ...c.oocviiiiieeee s

4.2. PACE RESUITS......vee ettt sttt b e r et b bbb e ar e sr e an e sn e e aneennee s
421, Average BUS TraVel TIME .......coiiiie ettt ettt
4.2.2.  BusTravel TIMe Variability ..o
4.2.3.  Traffic SIGNAI DEIAY .......ceieieeieieeee ettt et
4.2.4.  Number of Stops at Red SigNalS........ccvuieiniiriii e
4.25.  General Vehicle Travel TIME ..o

5. PROGRAM NEXT STEPS / RECOMMENDATIONS ..ottt

5.1. PACE / CTA NBXE STEPS .ttt ettt ettt sttt ettt ettt eb e et e e be e e sbae e sae e e snbe e e beeans
5.1.1. Pace Near-Term Corridor Plans for TSP Deployment ............cccceenrneinnsieinesieeeee e
5.1.2.  Pace Development / Testing of INnternal PRS ...
5.1.3. Pace/ CTA Collection of Second-by-Second AVL Data ...........coceieirerireininneneieeseieneeseiee s
5.1.4. CTAPIans for Future TSP DePIOYMENT ........ccoiiiiiiiiiire ettt
5.1.5. Collection of HERE Data along Pace / CTA COrTidOrS .......cccoreirinnieieinesieieee e

5.2. Program ReCOMMENATIONS ..........uiiitieiieie ittt ettt et ee et sttt sabe et e e e be e sbbe e snbeesnbe e
521, USAQE OF TSP PIMAT ...ttt ettt ettt bbbttt
5.2.2.  Follow-up Report on the Impact of TSP on Performance Measures...........cccoerrerenreenieennne
5.2.3.  Continued Quarterly Meetings With AGENCIES. ... s

Appendices

Appendix A — Pace Central Software Acceptance Test - Jim Curry Notes

Appendix B — Pace TSP Integrated Systems Bench Test Plan

Appendix C —Pace TSP Integrated Systems Bench Test Data 11-30-18

Appendix D — Interoperability Testing and RTSPIP Technical System Requirements Traceability
Appendix E — TSP Performance Measures Analytics Tool Details

Appendix F —CTA / Pace Corridor Fact Sheets

Appendix G — Summary of HERE Data on CTA / Pace Corridors

Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Appendix | — CTA AVL Data Summary Tables (Performance Measures 1-A and 1-B)

VERSION 2.0



1. INTRODUCTION

This Evaluation Report has been developed to present an evaluation of the Regional Transit Signal
Priority Implementation Program (RTSPIP). The Regional Transportation Authority (RTA) of
Chicago is leading the RTSPIP, which provides a framework for the implementation of a regionally
coordinated and integrated Transit Signal Priority (TSP) system. The program will involve up to
100 miles of roadway and up to 500 signalized intersections across multiple jurisdictions.

The evaluation focuses on a set of performance measures that have been gathered to assess the
impacts of TSP operations on transit and general vehicle travel times along multiple corridors in
the region.

1.1. Background

The RTA, Chicago Transit Authority (CTA), Pace Suburban Bus, lllinois Department of
Transportation (IDOT), Chicago Department of Transportation (CDOT), and other transportation
agencies are working together to implement a regionally interoperable TSP system on 13 transit
corridors in the Chicago region.

The RTA has facilitated a TSP Working Group with these agencies to define a Concept of
Operations for a regionally interoperable TSP System, in addition to defining Technical System
Requirements for TSP system components. The group has also developed a set of Regional TSP
Standards and Implementation Guidelines that help to guide the implementation of a regionally
interoperable TSP System by both CTA and Pace. Please refer to those separate Project
Documents for more information on the program.

The RTSPIP is funded by a $36 million federal Congestion Mitigation and Air Quality Improvement
Program (CMAQ) grant and $4 million from the RTA. These funds are being combined with other
federal grants to the CTA and Pace for specific corridors.

1.2. Goals and Objectives

The overall goal of the program is to develop a regionally interoperable TSP system for Pace and
CTA buses traveling through multiple jurisdictions that will improve transit performance in the
region.

More specific goals and objectives that address the basic needs of Pace and CTA bus operations
were outlined within the RTSPIP Concept of Operations and are included in Table 1 below. Each
objective is discussed further in the following subsections.

Table 1 - RTSPIP Goals and Objectives of Interoperable TSP System
Goals Objectives Attainment
Develop and Establish Regional TSP Standards and Implementation Eull
Implement a Guidelines for TSP System
Regionally Utilize, to the extent possible, existing on-board
Interoperable TSP Automatic Vehicle Locator (AVL) systems and vehicle Full
system for Pace and technology to generate TSP requests
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Table 1 - RTSPIP Goals and Objectives of Interoperable TSP System

Goals Objectives Attainment

CTA Buses across Create standards-based communication protocols

RN . . Partial
multiple jurisdictions | between buses and intersections

Utilize readily available off-the-shelf communication
technology (e.g., DSRC, Wi-Fi, cellular) for vehicle to Full
intersection communications

Leverage TSP communications infrastructure for other

transit ITS applications along a TSP corridor 1D

Reduce variability in transit travel times and running

times, and reduce transit signal delay. 18D

Improve schedule /
headway reliability,
travel times and fuel

Reduce transit and general vehicle travel times along
the corridor and minimize negative impacts of TSP to TBD
private vehicles on arterials and cross streets

efficienc . . -
y Reduce transit and general vehicle fuel consumption Data

along TSP corridors. Unavailable

1.2.1. Establish Regional TSP Standards and Implementation Guidelines

The RTA worked with consultants and stakeholders at the beginning of the program to follow a
Systems Engineering process in the development of key program documents to guide the
procurement and deployment of a regional interoperable TSP system for Pace and CTA buses
across multiple jurisdictions.

These documents include the RTSPIP Concept of Operations (ConOps) that defined the overall
goals and objectives of the program, as well as the design concepts for vehicle to intersection
communications of TSP requests in the region. Operational scenarios described the regional
interoperability of TSP operations across multiple jurisdictions. Following the ConOps, the
Technical System Requirements were then developed with program stakeholders to define the
functionality of vehicle and intersection based hardware components, as well as central
software components for overall system monitoring and control.

Based on the definitions provided by these program documents, the Regional TSP Standards and
Implementation Guidelines document was developed and published. The Regional TSP
Standards included the Regional TSP Message Set to be used by Pace and CTA in communicating
TSP requests between buses and intersections, as well as communications equipment standards
for both buses and intersections. Implementation guidelines were provided to assist agencies
with steps to follow during the implementation phases of the program, such as how to install
communications equipment to maximize the efficiency of vehicle-to-intersection
communications.

This objective has been fully attained through the development of these program documents.

1.2.2. Utilize On-Board Vehicle Equipment
During the development of the ConOps document, program stakeholders expressed a desire to
utilize existing on-board Automatic Vehicle Locator (AVL) hardware and vehicle-based
communications equipment to communicate TSP requests to signalized intersections along TSP
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corridors. The use of this equipment would reduce the amount of vehicle-based equipment that
agencies would need to maintain over the course of the program.

This objective has been fully attained through inclusion of Technical System Requirements that
specify the use of on-board vehicle equipment for TSP requests. Furthermore, Pace and CTA have
worked with their existing respective AVL vendors to implement TSP functionality on the existing
on-board AVL equipment from 2017 through 2019.

1.2.3. Create Standards-based Communications Protocols

As part of the Regional TSP Standards defined for the program, the IEEE 802.11n communications
protocol was recognized as a Regional TSP Standard that could enable regional TSP
interoperability between Pace / CTA buses and multiple intersections throughout the Chicago
region. The communications protocol was chosen given its maturity and use in several types of
readily available off-the-shelf communications equipment, including the existing vehicle-based
communications equipment used by both Pace and CTA.

Included within the Regional TSP Standards, a Regional TSP Message Set was designed for Pace
and CTA to utilize in communicating TSP requests to signalized intersections throughout the
region. Furthermore, a set of testing simulators were developed to facilitate the programming of
the Regional TSP Message Set into both vehicle and intersection based equipment. The simulator
guided the design and bench testing processes of implementing the Regional TSP Message Set
prior to field implementation.

This objective has been partially attained, pending conversion to the Regional TSP Message Set
and standard Wi-Fi using a Wireless Local Area Network (WLAN) or Virtual Local Area Network
(VLAN) by CTA.

1.2.4. Utilize Off-the-Shelf Communications Technology

Related to the objectives of using existing on-board vehicle equipment and standards-based
communications protocols, program stakeholders also expressed a desire to utilize readily
available off-the-shelf communication technology (e.qg., cellular, Wi-Fi, DSRC) for vehicle-to-
intersection communications. This was desired by agencies to reduce the amount of hardware
design and testing required prior to equipment deployment.

Given these objectives, Pace and CTA have utilized off-the-shelf communications equipment
from common radio vendors such as Cisco and Motorola to facilitate vehicle-to-intersection
communications in the region.

This objective has been fully attained by Pace and CTA through their use of off-the-shelf
communications equipment as noted.

1.2.5. Leverage Communications Infrastructure for Other Transit ITS Applications

The design and implementation of vehicle-to-intersection communications infrastructure by
Pace and CTA has been primarily for the purpose of regional TSP interoperability. Additional
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transit ITS applications along TSP corridors utilizing the TSP communications infrastructure have
yet to be designed by Pace and CTA.

Attainment of this objective to leverage communications infrastructure for other transit ITS
applications is yet to be determined.

1.2.6.

Improve Various Performance Measures

In order to evaluate the effectiveness of TSP implementation, the following performance
measures were chosen as the factors for consideration:

1-A: Average Bus Travel Time (corridor-level)

1-B: Bus Travel Time Variability (standard deviation)

1-C:  Traffic Signal Delay
1-D:  Number of Stops at Red Signals
2: General Vehicle Travel Times

These performance measures will be quantified in order to determine if the second set of goals
for this TSP implementation program have been reached. Vehicle fuel consumption was also
considered early in the program as a performance measure, but data on this measure was not
available due to the difficulty of collecting appropriate fuel consumption data for specific TSP
corridors.

Attainment of this objective to improve performance measures is yet to be determined, pending
additional data collection and evaluation to be completed in 2020 and published by the RTA
under separate cover.

1.3.

Program Team

In order to gain perspective from all stakeholders, the program team for this work had to reflect
all of the appropriate agencies. The following list details the parties involved in this program:

Regional Transportation Authority (RTA)
Chicago Transportation Authority (CTA)
Pace
City of Chicago DOT (CDOT)
[llinois DOT (IDOT)
Lake County DOT
Cook County DOT
DuPage County DOT
Kane County DOT
McHenry County DOT
Federal Transit Administration (FTA)
Chicago Metropolitan Agency for Planning (CMAP)
Consultant Support

AECOM

TranSystems

Jacobs
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1.4. Project Locations

The Regional TSP Implementation Program will cover a scope of nearly 100 miles of roadway and

about 500 intersections.
Chicago region.

Figure 1 displays the locations of these corridors throughout the
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To date, TSP has been implemented on portions of South Ashland Avenue, Western Avenue and
Milwuakee Avenue, as described below. Further details are provided in Table 4 in Section 2.2.3.

The 2 CTA Corridors for TSP Implementation are as follows:

Ashland Avenue: The Ashland Avenue TSP corridor extends from Irving Park Road to 95t Street.
The corridor is split in half at Cermak Road / 22" St. to allow for phased TSP implementation.
The bus routes impacted by TSP are CTA routes 9 and X9. TSP was implemented on South
Ashland Avenue by the CTA and CDOT in 2016 between Cermak Road and 95" Street.

Western Avenue: The Western Avenue TSP corridor extends from Howard Street to 79" Street.
The bus routes impacted by TSP are CTA routes 49, 49B, and X49. TSP was implemented on
Western Avenue by the CTA and CDOT in 2018.

The 11 Pace corridors for TSP implementation are as follows:

Cermak Road: The Cermak Road / 22nd Street TSP corridor extends along Cermak Road / 22nd
Street from IL Route 56 (Butterfield Road) and Lambert Road to Cicero Avenue. The bus route
impacted by TSP is Pace Route 322.

Cicero Avenue: The Cicero Avenue TSP corridor extends along IL Route 50 (Cicero Avenue) from
59 Street to 167" Street. The bus routes impacted by TSP are Pace routes 379, 382, 383, 384
and 385 and CTA route 54B.

Dempster Street: The Dempster Street TSP corridor extends along IL Route 58 (Dempster Street)
from Sheridan Road to EImhurst Road. The bus routes impacted by TSP are Pace routes 250 and
230.

Grand Avenue: The Grand Avenue TSP corridor extends along Grand Avenue from US 45 to
Sheridan Road. The bus route impacted by TSP is Pace route 565.

Halsted Street: The Halsted Street TSP corridor extends along Halsted Street from 95t Street to
the Chicago Heights Terminal. The bus routes impacted by TSP are Pace routes 352, 359, 348
and 890.

Milwaukee Avenue: The Milwaukee Avenue TSP corridor extends along Milwaukee Avenue (IL
Route 21) from Golf Road to the Jefferson Park CTA Station. The bus routes impacted by TSP are
Pace routes 270, 410 and 411. TSP was implemented on Milwaukee Avenue by Pace and CDOT
in 2019. Proof-of-Concept testing is currently underway.

Roosevelt Road: The Roosevelt Road TSP corridor extends along IL Route 38 (Roosevelt Road)
from Carlton Avenue to Laramie Avenue. The bus routes impacted by TSP are Pace routes 305
and 301.

95th Street: The 95th Street TSP corridor extends along 95th Street from 88" Avenue to Stony
Island Avenue. The bus routes impacted by TSP are Pace routes 381 and 395.

147th Street: The 147th Street/Sibley Boulevard TSP corridor extends along IL Route 83 (147th
Street/Sibley Boulevard) from Cicero Avenue to State Line Road. The bus routes impacted by TSP
are Pace routes 350 and 354.

159th Street: The 159th Street TSP corridor extends along US Route 6 (159th Street) from 94t
Avenue to IL Route 83 (Torrence Avenue). The bus route impacted by TSP is Pace route 364.
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[-90 Transit Corridor Access: The I-90 Transit Access TSP corridor extends along the 1-90 Tollway
from Randall Road to the Rosemont CTA station. The bus routes impacted by TSP are Pace
routes 600, 603, 605, 606, 607, 610 and 616.

1.5. Report Organization
The following sections of this report present the different facets of this TSP program.

e Section 2 presents the steps of implementing TSP in the Chicago region by describing
the technology and the various bench and field testing that coincided with the
implementation process.

e Section 3 describes the methodology for developing the selected performance
measures.

e Section 4 describes the evaluation and analysis of the performance measures.

e Section 5 presents the findings from this program and recommends some next steps for
TSP in the Chicago region.
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2. TSP IMPLEMENTATION

This section of the report presents an overview of the implementation of TSP technology by
Pace and CTA throughout the program.

2.1.TSP Technology Overview

The overall TSP System developed and deployed by Pace and CTA includes a number of
hardware and software subsystems and components. These subsystems were guided by
program planning documents created early in the program, such as the Concept of Operations
(ConOps) and Technical System Requirements documents. Those documents defined the
functionality of vehicle and intersection based hardware components, as well as central
software components for overall system monitoring and control. Table 2 presents the terms
from those documents that were used to define these subsystems.

Table 2 - TSP Subsystem and Technology Descriptions
Subsystem Description
Describes how the TSP request shall be initiated from the transit

gg?lzgtifcgssg) vehicle through the existing AVL system. The PRG consist solely of the
AVL system on Pace and CTA buses.
. Describes how the TSP request shall be processed at the signal cabinet.
Priority Request . . .
The PRS may consist solely of the signal controller, or could include
Server (PRS)

additional intersection based TSP equipment.

Describes what information is transmitted between the vehicles and
intersections during TSP events. This includes the Regional TSP
Message Set developed for the program utilized by both Pace and CTA.
Describes how communications equipment on the vehicle and near the
intersection shall function to transmit information between the
vehicles, intersections, and central offices.

TSP Central Describes how software at a central office shall function to monitor TSP
Software (SOFT) | operations in the field.

TSP Protocols
(PRO)

Communications
(COM)

2.1.1. CTATSP Technology
This section identifies the subsystems designed and deployed by CTA for the program.

2.1.1.1 PRG Subsystem
CTA’s PRG is contained within their Clever Devices AVL system on their buses. This PRG is
responsible for generating the priority request based on schedule lateness.

Under a previous TSP demonstration project, the CTA developed a version of the PRG on the
Clever Devices AVL system, which was tested along the Jeffery Jump corridor. Pre-existing
communications equipment on buses and at traffic signals was utilized to send TSP requests to a
traffic signal controller equipped with a previously developed version of a PRS.

The previously tested version of the PRG has remained in operation on CTA buses and is planned
to be replaced with the PRG designed under the RTSPIP upon completion of bench and field
testing by Clever Devices. A breakdown of the RTSPIP version of PRG bench, field and
acceptance testing can be found in Section 2.2.
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2.1.1.2 PRS Subsystem

For CTA, the PRS deployed along their TSP corridors consists of the Peek Advanced Traffic
Controller (ATC) with PRS logic built into the traffic signal controller. This PRS is responsible for
receiving TSP requests from the PRG.

As noted above, a previous version of a PRS was designed for the Peek ATC model signal
controller under a prior demonstration project. The Peek ATC model controller and the
previously developed PRS were deployed on Ashland Avenue and Western Avenue while CTA
proceeded to develop the version of the PRS designed under the RTSPIP.

The previously tested version of the PRS was then replaced with the PRS designed under the
RTSPIP upon completion of bench and field testing by Peek and Clever Devices. A breakdown of
the PRS bench, field and acceptance testing can be found in Section 2.2.

2.1.1.3 Communications System

The CTA is implementing vehicle-based wireless router hardware from Sierra Wireless. These
model MP70 communications routers are a replacement for a previous model of communications
router — Rocket routers — that were provided to the CTA from the vendor Utility. The Sierra MP70
routers (compliant with IEEE 802.11 standards) are capable of wireless transmission to, and
receipt of data from, intersection-based wireless hardware (Raspberry Pi devices, also compliant
with [EEE 802.11 standards) for the purpose of requesting TSP from traffic signals.

The Sierra MP70 routers on CTA buses have been customized to allow a CTA-developed software
to be installed on them and run in conjunction with the standard Sierra Wireless application layer
software. This custom software, referred to as Blazeon, was developed by CTA staff for the
purpose of maintaining the same manner of vehicle-to-intersection communications of TSP
requests that was previously designed by Utility and known as UANET firmware.

The CTA is currently reviewing updates to be made to the Sierra MP70 routers to enable them to
communicate TSP requests through a WLAN or VLAN that connects the intersection-based
communications equipment. The presence of WLAN along CTA TSP corridors will enable Pace
buses to also communicate TSP requests to the same intersection-based communications
equipment.

Communications equipment has also been installed at signalized intersections to receive TSP
requests from Sierra MP70 routers. The equipment includes a Raspberry Pi device that acts to
receive the TSP request and relay the call to the CTA PRS in the signal cabinet. An image of this
communications equipment is shown in Figure 4 that illustrates CTA bench testing activity. The
communications equipment is maintained in the field by the City of Chicago Division of Electrical
Operations (DEO).

2.1.1.4 Central Software

The CTA has developed and implemented a web-based central software interface that allows for
gathering data on TSP requests logged by the CTA PRS. This software can be used to review the
frequency of TSP requests made by CTA bus routes and the PRG, and can be used to review the
effectiveness of TSP operations for buses by the time of day and day of the week. Figure 2 depicts
a selection of map and summary views that can be accessed by the CTA.
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Figure 2 — Sample Views of CTA TSP Reporting Software
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2.1.2. Pace TSP Technology
This section identifies the subsystems designed and deployed by Pace for the program.

2.1.2.1 PRG Subsystem

Pace’s PRG is contained within the Trapeze AVL system on their buses. This PRG initiates the TSP
request based on schedule lateness. A breakdown of the PRG bench, field and acceptance testing
can be found in Section 2.2.

2.1.2.2 PRS Subsystem

Pace has deployed a Regional PRS device developed by Novax that exists alongside the traffic
signal controller in the signal cabinet. Figure 3 shows this Regional PRS installed within a signal
cabinet at Milwaukee Avenue and Maryland St. The PRS processes the TSP request at the signal
cabinet. A breakdown of the PRS bench, field and acceptance testing can be found in Section 2.2.

Figure 3 —Regional PRS Device at Milwaukee Ave. and Maryland St.

Pace is planning to deploy a second type of Regional PRS that will be internal to an Econolite
Cobalt ATC controller, similar to how the Peek ATC model controller has been designed to operate
as a regional PRS at CDOT intersections for the CTA. This would require the Econolite Cobalt ATC
to operate on a new type of operating system / firmware for IDOT known as eOS. In addition,
Pace will plan to deploy a Siemens M60 ATC model controller on future Pace TSP corridors that
will operate in a similar manner as the Peek ATC model controller with an internal PRS.

As of October 2019, IDOT is in the process of bench testing and field testing the Cobalt ATC
controller with eOS firmware to verify that it will be safe for traffic signal operations. Following
successful completion of this testing, Pace plans to field test operation of the Regional PRS
software on an Econolite Cobalt ATC model controller at an intersection along the Grand Avenue
corridor in Lake County, prior to implementing the Econolite Regional PRS at additional
intersections.

2.1.2.3 Communications System
Pace has designed a Wireless Local Area Network (WLAN) around its TSP corridors for the
purposes of establishing connections between vehicle-based and intersection-based
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communications devices to allow for the wireless transmission and receipt of data in the form of
TSP requests.

Pace utilizes Cradlepoint wireless communications hardware devices on their buses to
communicate TSP requests to Cisco wireless communications Access Point hardware installed at
intersections to receive TSP requests and pass them along to the respective traffic signal
controllers.

2.1.2.4 Central Software

Pace has developed and implemented a central software interface that allows for gathering data
on TSP requests logged by the Pace PRS devices. Similar to the CTA, this software can be used to
review the frequency of TSP requests made by Pace buses, and can be used to review the
effectiveness of TSP operations for buses by the time of day and day of the week.

2.2. TSP Testing, Implementation and Validation

This section includes an overview of the bench and field testing performed by Pace and CTA as
part of the overall TSP system implementation. Guidance documentation on the recommended
sequence of TSP system component testing was provided early in the program through the
development of the TSP System Verification Plan. In addition, an Interoperability Testing Plan
was developed to guide the interoperability testing of Pace and CTA TSP System components.

Testing was also guided through the use of Virtual Testing Tools for both the PRG and PRS
developed by Pace and CTA. These tools simulated the communication of TSP requests with
either the PRG or PRS as they were under development by Pace and CTA. The use of the
simulation tools also assisted in subsequent bench testing activities for the program.

Bench and field testing activities have been discussed using an interoperability testing timeline
with TSP Working Group members. This was done throughout the course of the program to
identify the necessary testing between PRG, PRS, and COM subsystem components.

2.2.1. Bench Testing
Bench testing of TSP System components by Pace and CTA is described in the sections below.

2.2.1.1 CTA PRS and Communications Equipment Bench Testing
The CTA conducted bench testing in October 2017 and February 2018 to observe the operation of
the PRS implemented within the Peek ATC signal controller. Bench testing also included the use of
Raspberry Pi and Sierra MP70 wireless communications equipment along with virtual testing tools
to guide the simulation of TSP requests to the PRS. The PRS successfully received and acknowledged
TSP requests using the noted vehicle and intersection based communications equipment.

2.2.1.2 CTA PRG Bench Testing

The CTA conducted bench testing in October 2019 of the PRG contained within their Clever
Devices AVL system communicating the Regional TSP Message Set. Bench testing included the
use of a Clever Devices AVL system, Raspberry Pi communications equipment, and a Peek ATC-
1000 traffic signal controller. Figure 4 below presents the bench testing environment that was set
up at the CDOT Division of Electrical Operations (DEO) Traffic Signal Shop.
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Figure 4 — CTA PRG Bench Testing Pictures
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Clever Devices AVL System as PRG Peek ATC Controller as PRS with Raspberry Pi
Communications Equipment

The purpose of bench testing was to verify communication of the Regional TSP Message Set from
the Clever Devices AVL system to the Peek ATC-1000 controller as the Regional PRS. Three Peek
ATC controllers were set up for bench testing as Ashland & 44", 45t and 46" Streets.

2.2.1.3 Pace PRS and TSP Central Software Bench Test at Parsons (08/01/2018)

A bench test was conducted for Pace at the Parsons office to demonstrate that the requirements
are fulfilled in relation to the Novax PRS and TSP Central Software. Parsons provided a test plan
that details the requirements, the traceability matrix of the requirements and how these
requirements were demonstrated.
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The test plan detailed the following parameters as the items to observe in testing:

e Receiving, logging, and acting upon priority request messages formatted in accordance with
the RTA Technical Specification for the Regional Interoperable Message Set.

e Properly responding back to the PRG in accordance with the RTA Technical Specification for
the Regional Interoperable Message Set.

e Properly requesting priority in response to priority request messages and, under certain
conditions, denying priority in response to priority request messages.

e Properly logging data for each priority request in a TSP Event Log File and/or sending the
logged events to the Central Software in “real time”

e Properly requesting priority in response to two transit vehicles approaching an intersection
at the same time.

e Properly initiating priority request in response to priority request messages at intersections
with near side bus stops.

Appendix A to this document details the notes from this testing. The notes break down the specific
tests and whether these individual tests were successful or not. These notes were prepared by
Jacobs/Iteris and distributed to involved parties.

Images of the elements used in the Bench Test setup at Parsons are shown in Figure 5 in order to
clearly depict what was utilized during the testing.
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Figure 5 —Novax PRS and TSP Central Software Bench Test Pictures

Cobalt (with EQS) System Connections

2.2.1.4 Pace TSP Integrated Systems Bench Test at Meade (11/16/2018)
A bench test was conducted for Pace at the Meade Electric office to demonstrate TSP systems
readiness for deployment on the Milwaukee Avenue Corridor.
e Appendix B contains the test plan, provided by Jacobs, that details the requirements for this
bench testing.
e Appendix C details the specific tests and whether these individual tests were successful or
not. The report was prepared by Jacobs/Iteris and distributed to involved parties.

Images of the elements used in this Bench Test setup at Meade are shown in Figure 6 in order to
clearly depict what was utilized during the testing. Overall, this bench test successfully confirmed
the capabilities of Pace’s TSP system for different scenarios along Milwaukee Avenue at 5 different
intersections.
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Figure 6 — Pace TSP Integrated Systems Bench Test Pictures

Siemens M50 & M60 ATC
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2.2.2. Field Testing
Field testing of TSP System components designed and deployed by Pace and CTA under the
program are described in the sections below.

2.2.2.1 CTATSP System Field Testing

In early 2018, the CTA and CDOT observed field testing of TSP system operations utilizing the
previously developed PRG and COM equipment on buses with the Peek PRS and intersection-
based communications equipment developed under the program. This included Raspberry Pi
radios deployed at intersections along the South Ashland corridor between Cermak Road and
95t Street. Testing and logs of requests were observed through use of central monitoring
software.

In late 2018, additional field testing of the Peek PRS event logging capabilities was performed
after updates were made to the signal controller’s logging capabilities.

In September and October 2019, the CTA conducted field testing of the CTA PRG and its
communication of the Regional TSP Message Set to Peek PRS devices installed along Western
Avenue. The field testing indicated that additional bench testing would need to be performed
prior to implementing the PRG on all CTA buses with the Clever Devices AVL system.

2.2.2.2 Pace TSP Integrated Systems Field Test on Milwaukee Avenue (April 2019)

Afield test / proof-of-concept test was conducted on the Milwaukee Avenue Corridor in April 2019
to demonstrate TSP system operations and readiness for deployment. This demonstration included
the following intersections and types of intersection equipment listed in Table 3.

Table 3 — Milwaukee Avenue Intersections and PRS Equipment

IDOT Jurisdiction Signal Controller Type Additional PRS Equipment

Maryland St/ Church St | Cobalt ATC Novax Regional PRS
Ballard Rd | Econolite ASC/3 Novax Regional PRS

Dempster St | Econolite ASC/3 Novax Regional PRS

Main St | Eagle EPAC M52 Novax Regional PRS

Oak Mill Mall Entrance | Eagle EPAC M52 Novax Regional PRS

Waukegan Rd

Econolite ASC/3

Novax Regional PRS

Touhy Ave

Econolite ASC/3

Novax Regional PRS

Harts Rd

Econolite ASC/3

Novax Regional PRS

CDOT Jurisdiction

Elston/Melvina Ave

Peek ATC-1000 *

Austin Ave/Ardmore Ave

Peek ATC-1000 *

Bryn Mawr Ave

Peek ATC-1000 *

Gale St

Peek ATC-1000 *

*Note: Regional PRS internal to signal controller.
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In addition to the PRS equipment installed at intersections, Pace installed wireless access points
on signal mast arms and along the corridor to receive TSP requests from Pace buses traveling
along the corridor. This equipment utilizes a 5 GHz frequency and is configured to receive
communications from Pace buses equipped with corresponding communications equipment.

Additional communications equipment was installed within signal cabinets for the purpose of
sending TSP data from the Regional PRS to the Pace central software interface for review. At
IDOT intersections, this included Cisco network switches that connected with the Regional PRS
devices to allow for communication with the Pace central software interface. IDOT fiber-optic
cable previously installed on Milwaukee Avenue for traffic signal interconnects was spliced into
the Cisco switch to connect IDOT intersections with Regional PRS equipment. A cellular modem
was then installed within the signal cabinet at Maryland St. for the purpose of communicating all
IDOT intersection-based TSP data to the Pace central software interface.

For the other intersections under CDOT jurisdiction, a Cisco switch and cellular modem was
installed within the Gale St. signal cabinet to communicate TSP data from this intersection to the
Pace central software interface.

Images of the communications equipment and the Regional PRS devices installed along
Milwaukee Avenue are presented in Figure 7.
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Figure 7 — Pace TSP Communications on Milwaukee Avenue

Access Point

5GHz Access Point

5GHz Access Point
at Maryland St. (IDOT Signal)
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Peek ATC
Controller (as
Regional PRS)

Cellular Modem (top) and Cisco Switch

Cisco Switch (middle) and Cell Modem
(middle) at Maryland St. (IDOT Signal)

at Gale St. (CDOT Signal)

Additional field testing by IDOT and Lake County DOT (LCDOT) has been requested on the
Econolite Regional PRS due to its use of an operating system (eOS) that is new to both traffic
departments. TSP field testing will occur on the Grand Avenue Corridor upon completion of
IDOT bench and field testing of the eOS firmware for traffic signal operations.
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2.2.3. Implementation
The implementation status of TSP system components under the program is summarized in

Table 4.
Table 4 — Implementation Status of RTSPIP Components by CTA / Pace

Agency | Subsystem | Implementation Status Locations
Regional TSP Message Set under

PRG development by Clever Devices. All CTA buses with Clever Devices
Bench and field testing underway in AVL system equipment
October / November 20109.
1. Approx. 40 traffic signals along
. South Ashland Avenue from
Impleme_nted._ Regional TS_P Message Cermak Rd. / 227 St to 95 St.
PRS Set functionality has been installed on o
2. Approx. 100 traffic signals
Peek ATC model controllers.
along Western Avenue from
CTA Howard St. to 79t St.
Implemented. Updates to equipment 1. Approx. 40 traffic signals along
South Ashland Avenue from
to enable a WLAN along CTA TSP q h
) Cermak Rd. / 22"¢ St. to 95" St.
COM corridors are needed to enable o
) L 2. Approx. 100 traffic signals
interoperability with Pace PRG and
COM equipment along Western Avenue from
auip ' Howard St. to 79t St.
Implemented. Software available to Available to CTA transit planners
SOFT CTA staff for review of TSP logs on at CTA offices with access to
Peek controllers and CTA AVL System. | software
Completed bench testing in November
2018. Field testing of F.)RG ar_ld PRS All Pace buses with Trapeze AVL
PRG components occurred in April 2019. svstem equibment
Implementation of PRG on Pace buses y auip '
to follow in Nov. / Dec. 2019.
Completed bench testing in November . .

Pace PRS 2018. Field testing of PRG and PRS Ik?ebl\ellillr\rl]v zljg 2?52 f(lirosrr?ézrr]g
components occurred in April 2019. ' '
Completed bench testing in November . .

COM | 2018. Field testing of PRG and PRs | 1 P€ implemented first along
. . the Milwaukee Ave. Corridor.
components occurred in April 2019.
Bench tested in August 2018. Available to Pace transit planners
SOFT Software to be utilized as part of field | at Pace offices with access to
testing in Nov. / Dec. 2019. software
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2.2.4. Verification

Verification activities include the review of field testing and implementation by Pace and CTA to
verify that Technical System Requirements defined earlier in the program are being met for the
TSP System subsystem components. Guidance documentation on the recommended sequence
of bench and field testing was provided through the development of a TSP System Verification
Plan. In addition, an Interoperability Testing Plan was developed to guide the interoperability
testing of Pace and CTA TSP System components.

A requirements traceability matrix has been developed to log the dates of testing and
implementation activities by Pace and CTA, so that related Technical System Requirements can
be traced to those activities to verify when the requirements were tested and implemented.
The most recent version of the traceability matrix is included within Appendix D to this
document.

2.2.5. Validation

Validation activities include the collection and analysis of performance measures that are
described in Section 3 of this report. Performance measures can be used to validate whether
specific goals and objectives for the project have been achieved through implementation of the
TSP System.

Additional details on the data collected and evaluated for the program are presented in the
following sections of this document.
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3. TSP PERFORMANCE MEASURES

This section of the report presents an overview of the performance measures used to evaluate
the TSP systems deployed by Pace and CTA against the following goal and its related objectives:

Program Goal: Improve schedule / headway reliability, and travel times

Objective #1: Reduce variability in transit travel times and running times, and reduce
transit signal delay

Objective #2: Reduce transit and general vehicle travel times along the corridor and
minimize negative impacts of TSP to private vehicles on arterials and cross streets

3.1. Performance Measure Descriptions

The following performance measures have been identified to guide the quantitative evaluation
of Objectives #1 and #2 as noted above.

3.1.1. Average Bus Travel Time

The average travel time of buses along the defined TSP corridor is a measure that can support
the evaluation of both Objectives #1 and #2. This measure can be presented for review in
minutes by route and by direction of travel.

3.1.2. Bus Travel Time Variability

The standard deviation of the bus travel times along the defined TSP corridor is a measure that
can be calculated based on a review of the transit travel times collected. This measure can be
presented for review in minutes by route and by direction of travel.

3.1.3. Traffic Signal Delay

Traffic signal delay is defined as the average amount of time that buses spend at red traffic
signals along the defined TSP corridor. This measure can be presented for review by route and
by direction of travel.

3.1.4. Number of Stops at Red Signals

This measure is defined as the average number of stops made by buses at red traffic signals
along the defined TSP corridor. This measure can be presented for review by route and by
direction of travel.

3.1.5. General Vehicle Travel Time

This measure is defined as the average general vehicle travel time observed along the defined
TSP corridor. This measure can be presented for review in minutes by direction of travel on the
corridor.
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3.2. Performance Measure Methodology

The following sub-sections provide detail on the methodology followed to collect quantitative
data related to each of the performance measures identified in Section 3.1.

3.2.1. Average Bus Travel Time

Data for this performance measure was collected by utilizing AVL system data collected from
both Pace and CTA during the program.

CTA’s Average Bus Travel Time data collection for the South Ashland Avenue TSP corridor was
broken down into four phases: Phase 1, 2, 3A, and 3B.
e Phase 1: The data collected for this phase was second-by-second CTA AVL baseline data
that was collected on Oct. 29", Nov. 10™", and Nov. 12%, 2015.
e Phase 2: The data collected for this phase reflects optimized traffic signals (without TSP)
and was collected on March 16, March 17", and March 23, 2016.
o Phase 3A: TSP was implemented on the Ashland Avenue corridor on April 17t 2016.
Given this date, the data collected for this phase reflects optimized traffic signals with TSP
and was collected between April 26" and April 28t™", 2016.
e Phase 3B: The data collected for this phase reflects optimized traffic signals with TSP and
Far-Side Stop Transition and was collected between May 315t and June 2", 2016.

CTA’s Average Bus Travel Time data collection for the Western Avenue TSP corridor was broken
down into two phases:

e Phase 1: The data collected for this phase was timepoint level CTA AVL baseline data that
was collected within the Fall of 2018.

e Phase 2: The data collected for this phase was timepoint level CTA AVL data that was
collected within the Fall of 2019. This phase of data reflects bus travel times after both
the signal optimization and TSP deployment steps. These two deployments were
implemented simultaneously at each intersection, along with controller replacements.
The CTA will need to temporarily disable TSP in the future in order to capture travel times
that reflect only the traffic signal timing optimization efforts without the influence of TSP
on bus travel times.

Additional AVL data from the CTA AVL system at other periods of time in the program has been
gathered and evaluated. This summary of CTA AVL data is contained with Appendix | to this
Evaluation Report.

Pace’s Average Bus Travel Time data collection for all TSP corridors was broken down into three
phases: Phase 1, Phase 2, and Phase 3.

e Phase 1: The data collected for this phase was AVL timestamp data from posted
timepoints for baseline conditions in 2012 / 2013. This data reflected transit travel times
prior to traffic signal optimization on the corridors.

e Phase 2: The data collected for this phase was AVL timestamp data from posted
timepoints after-signal optimization in 2014 / 2015.

e Phase 3: The data collected for this phase will be AVL timestamp data from posted
timepoints after TSP Implementation.
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3.2.2. Bus Travel Time Variability

The standard deviation of the average bus travel times, as noted in the prior section, was
calculated to derive this performance measure for both Pace and CTA during the program.

Use of a Microsoft Excel spreadsheet and standard deviation formulas was utilized to calculate
the standard deviation for this performance measure.

3.2.3. Traffic Signal Delay

For this performance measure, second-by-second data from the CTA AVL system was collected
and then analyzed using a TSP Performance Measures Analytics Tool (PMAT) developed by IBI
Group for the RTSPIP. This algorithm was used to capture the stop time of the appropriate bus
per direction. The total stop time consists of both dwell time (the time that it takes for
passengers to board and alight the bus) and traffic signal delay. Dwell time data was collected
from the CTA APC and total stop time was collected from the CTA AVL data. Traffic signal delay
was calculated by subtracting dwell time from total stop time. This data was collected for each
of the four phases outlined in 3.2.1. Further detail on the algorithm is provided in Appendix E to
this report.

For Pace buses, traffic signal delay could not be calculated in a similar manner given that the
Pace AVL system does not yet record second-by-second data for analysis. Pace is planning to
upgrade the functionality of their AVL system to gather second-by-second data for future
analyses on the effect of TSP on this performance measure.

In future years, the Pace AVL data will be input by RTA and/or Pace staff into the data algorithm
that has been defined within Appendix E in a similar manner as the CTA AVL Data.

3.2.4. Number of Stops at Red Signals

Similar to the Traffic Signal Delay performance measure, second-by-second data recorded by the
CTA AVL system was collected and then analyzed using the TSP PMAT developed for the RTSPIP
to calculate the number of stops due to red traffic signals. This data was collected for each of
the four phases outlined in 3.2.1. Further detail on the TSP PMAT is provided in Appendix E to
this report.

For Pace buses, the number of stops at red signals could not be calculated in a similar manner
given that the Pace AVL system does not yet record second-by-second data for analysis. Pace is
planning to upgrade the functionality of their AVL system to gather second-by-second data for
future analyses on the effect of TSP on this performance measure.

In future years, the Pace AVL data will be input by RTA / Pace staff into the TSP PMAT that has
been defined within Appendix E in a similar manner as the CTA AVL Data.

3.2.5. General Vehicle Travel Time

The CTA data collection for this performance measure was initially done using field travel time
runs as the method of measurement. For the South Ashland Avenue corridor, the data before
traffic signal optimization was collected on Oct. 28%, 2015 and November 11", 2015 and the data
after traffic signal optimization but without TSP implementation was collected on March 16,
March 17, and March 23", 2016. Field travel time runs after traffic signal optimization with TSP
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implementation were initially scheduled to be performed, but were placed on hold to allow for
CTA / CDOT to make some corrections to TSP operations at intersections along the corridor.

Pace data for this parameter was taken from previous signal timing optimization efforts
conducted from 2012 through 2015 along Pace TSP corridors by an IDOT District One approved
Signal Coordination and Timing (SCAT) consultant. The final reports from the signal optimization
efforts provided the data that is cited within this report.

Given that these processes of collecting vehicle travel time data can be time and labor intensive,
the TSP Working Group began looking into the collection of probe data from various third party
companies to support the current and future evaluation along Pace and CTA TSP Corridors.

Through discussions with project stakeholders in 2019, the following sources of third-party data
were identified for data collection along the following corridors:

1. CDOT HERE Data — CDOT began working in 2018 to access third-party data from HERE to
evaluate travel times and vehicle speeds on various corridors within the City of Chicago.
This was identified as a data source for travel times along the following corridors:

a. CTA: Western Avenue (Howard to 79t
b. CTA: Ashland Avenue (Cermak to 95t
c. Pace: Multiple corridors that travel within City of Chicago limits as noted below:
i.  Milwaukee Ave. from Jefferson Park to the northern city limit
ii.  95% St. from western City limit to Stony Island Ave.
iii.  Cicero Avenue from Midway Airport (59t St.) to 87 St. (city limit)
iv.  Halsted St. from 95 St. to the southern city limit

2. HERE Data in ritis.org — IDOT and CMAP began subscribing to a web-based database in
2019 through http://www.ritis.org that can provide access to the same level of HERE
data along regional corridors. This type of data can be accessed through the ritis.org
database by agencies with a database subscription. The Chicago Metropolitan Agency
for Planning (CMAP) was identified as an agency with access to the database that could
gather the probe data indicating general vehicle travel times along the Pace TSP and CTA
corridors within the region.

It should be noted that the time period for the HERE data gathered along Pace and CTA TSP
corridors vary based on the state of TSP deployment on those corridors. Travel time data from
HERE has been gathered for the month of September 2019 along Pace TSP Corridors to maintain
consistency in comparing before and after time periods. Data has also been gathered for
Tuesdays, Wednesdays, and Thursdays given the relatively consistent travel patterns observed
during these days of the week.

Along CTA TSP corridors, HERE Data was gathered at the earliest point in time of available data
(April 2016) for the Ashland Avenue corridor. Signal timing optimization had been performed,
but this time was also before TSP deployment. Along Western Avenue, HERE data was collected
in September 2018 before signal timing optimization and TSP deployment, and compared
against HERE data from September 2019 signal timing optimization and TSP deployment.

The time periods established for the collection of HERE data on CTA and on Pace TSP Corridors
are listed in Table 5. Along Pace TSP corridors, data gathered for September 2019 establishes a
baseline, or “before-TSP”, set of travel time data. Additional data could be gathered in a similar
manner in 2020 and future years by CMAP after Pace has completed deployment of TSP
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equipment along those corridors. A comparison can then be performed on the impacts of TSP
operations on general vehicle travel times along those corridors.
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Table 5 — CTA / Pace TSP Corridor Limits and HERE Data Collection Points

CTA TSP Corridors

Baseline

Optimized

Optimized With

Without TSP

TSP

Ashland Avenue
(Cermak to 95th)

April 2016

September 2019

Ashland Avenue
(Irving Park Rd. to Cermak)

September 2019

TBD

TBD

Western Avenue
(Howard to 79th)

September 2018

September 2019

Pace TSP Corridors (Full Corridor Limits)

Milwaukee Avenue
(Golf Mill to Jefferson Park CTA Station)

159" Street
(94" Avenue to Torrance Avenue)

Sibley Boulevard / 147" St.
(State Line Road to Cicero Ave.)

Roosevelt Road
(Laramie Avenue to Carlton Avenue)

Cicero Avenue
(59" Street to 167" Street)

95' Street
(88" Avenue to Stony Island Avenue)

Grand Avenue (Lake County)
(Sheridan Road to U.S. 45)

Dempster Street
(Ridge Avenue to Elmhurst Road)

Cermak Road
(Cicero Ave. to Butterfield Road / Lambert
Road)

Halsted Street
(95" Street to Chicago Heights Terminal)

September
2019

TBD

*Note: A separate set of “near-term corridor limits” has also been identified within the full corridor limits noted in
this table. These near-term limits are further defined in Section 4.2.5 of this report.
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4. EVALUATION RESULTS

This section of the report presents the evaluation of the performance measure data collected
for Pace and CTA TSP Corridors as described in the previous section to evaluate the following
goal and its related objectives:

Program Goal: Improve schedule / headway reliability, and travel times

Objective #1: Reduce variability in transit travel times and running times, and reduce
transit signal delay

Objective #2: Reduce transit and general vehicle travel times along the corridor and
minimize negative impacts of TSP to private vehicles on arterials and cross streets

4.1. CTA Results

The results from TSP implementation along particular CTA corridors are included below in
Tables 6 and 7 for Routes 9 and X9, respectively, on South Ashland Avenue. Tables 8 through 10
contain performance measures collected for Routes 49, X49, and 49B, respectively, on Western
Avenue. Appendix F describes each corridor in further detail for reference.

Below is a summary of the CTA data collection periods for the baseline conditions (before signal
optimization), the optimized without TSP, and the optimized with TSP operations.

Data Collection CTARoute | CTARoute | CTARoute CTA Route CTA Route
Periods 9 X9 49 X49 49B
Baseline Nov. 2015 - Fall 2018 Fall 2018 Fall 2018
Optimized w/out TSP | Mar 2016 Mar 2016 - - -
Optimized with TSP | Jun 2016 Jun 2016 Fall 2019 Fall 2019 Fall 2019

4.1.1. Average Bus Travel Time

Implementation of TSP along the South Ashland Avenue TSP corridor had mixed results
regarding Average Bus Travel Time. The time periods that benefited from TSP Implementation
were the northbound PM peak and both directions during the midday time period.

Along the Western Avenue corridor, transit travel times were reduced in both the AM and PM
Peak periods in both directions for the Route X49, ranging between a 3.4 and 9 percent
reduction.

The CTA Route 49 experienced a small increase in transit travel times in all periods of the day,
while the Route 49B on the northern segment of Western Avenue saw a reduction in transit
travel times in the northbound direction in both the AM and PM Peak periods.

4.1.2. Bus Travel Time Variability

Along the Ashland Avenue corridor, travel time variability was reduced in all periods of the day
in both directions for the Route 9, ranging between a 12 and 77 percent reduction in this
measure. Along the Western Avenue corridor, travel time variability was reduced in both the
AM and PM Peak periods in both directions for the Route X49, ranging between a 14 and 50
percent reduction in this measure.
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The CTA Route 49 experienced a small increase in travel time variability in all periods of the day,
while the Route 49B on the northern segment of Western Avenue saw a reduction in travel time
variability in the northbound direction in both the AM and PM Peak periods ranging between 6
and 7 percent.

4.1.3. Traffic Signal Delay (IBI Evaluation)

Similar to Average Bus Travel Time, this performance measure benefited from TSP on South
Ashland Avenue during the northbound PM peak and in both directions during the midday time
period.

Along Western Avenue, traffic signal delay was measured in the Fall of 2016 before signal timing
optimization, but not at other periods of time after signal timing optimization or TSP
deployment in 2019 due to difficulty in gathering and evaluating second-by-second data from
the CTA along Western Avenue in 2019.

4.1.4. Number of Stops at Red Signals (IBI Evaluation)

The number of stops at red signals benefited from TSP implementation on South Ashland
Avenue during the midday time period in both directions, as well as southbound during the AM
peak and northbound during the PM peak time periods.

Along Western Avenue, the number of stops at red signals was measured in the Fall of 2016
before signal timing optimization, but not at other periods of time after signal timing
optimization or TSP deployment in 2019 due to difficulty in gathering and evaluating second-by-
second data from the CTA along Western Avenue in 20109.

4.1.5. General Vehicle Travel Time

Based on the general vehicle travel times collected in 2015 and 2016, this performance measure
demonstrated the most consistent improvement after traffic signal optimization on South Ashland
Avenue, with all time periods and directions showing benefit from TSP. Field travel time runs after
traffic signal optimization with TSP implementation were initially scheduled to be performed, but
were placed on hold to allow for CTA / CDOT to make some corrections to TSP operations at
intersections along the corridor.

HERE data collected from the months of April 2016 and July 2016 to complete the comparison of
general vehicle travel times after signal optimization and with TSP implementation. In addition,
this data was compared to HERE data collected 2019, which illustrates an increase in general
vehicle travel times since 2016 in most periods of the day.

Along Western Avenue, HERE data has been collected in the months of September 2018 as a
baseline condition and is compared to Optimized with TSP in the month of September 2019. A
significant reduction in general vehicle travel time was observed in the AM peak in the southbound
direction between Berwyn Avenue and 79t St. along the Route 49 and X49. Slight reductions in
general vehicle travel times were observed in both directions in the PM Peak period between
Berwyn Avenue and 79t St. For the Western Avenue segment between Howard Street and Leland
Avenue that includes Route 49B, a mixed set of results were observed during all periods of the day
in both directions.
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Table 6 — CTA South Ashland Avenue Route 9 Performance Measures Summary

South Ashland Avenue for CTA Route 9 (Cermak Rd. to 95t St.)

Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction | North- | South- | North- | South- | North- | South-
bound | bound bound bound bound bound
Baseline Nov. 2015 55.90 52.65 56.50 54.25 59.12 65.52
Optimized w/out TSP | March 2016 | 59.48 48.10 52.73 53.20 53.03 51.92
1-A Average Optimized with TSP | June2016 | 66.82 | 4853 | 5553 | 54.43 52.18 59.70
Bus T ravel AVL System % Change —
_ Time Baseline vs. Optimized w/o TSP 6% 9% 1% -2% 1% -26%
(in minutes)
Optimized w/o TSP vs. with TSP 11% 0.89% 5% 2% -1.63% 13%
Baseline vs. Optimized with TSP 16% -8% -2% 0% 13% -10%
Baseline Nov. 2015 4.15 4.04 4.48 5.43 5.14 7.00
Optimized w/out TSP | March 2016 3.12 3.60 3.78 4.75 291 5.37
1-B Bus Travel Optimized with TSP | June 2016 | 3.98 3.90 6.17 5.76 3.61 8.17
.T|r.n.e . AVL System % Change —
Variability (in . - -33% | -12% -18% -14% T7% -30%
minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP 22% 8% 39% 18% 19% 34%
Baseline vs. Optimized with TSP -4% -4% 27% 6% -42% 14%
Baseline* Nov. 2015 10.40 9.78 10.12 10.92 11.73 14.18
Optimized w/out TSP | March 2016 | 15.48 12.62 13.85 15.87 14.88 17.17
1-C Traffic Second-by- Optimized with TSP |  June 2016 16.32 14.00 14.67 18.65 14.43 21.40
Signal Dela Second AVL 0 -
(if? minutes>), Data Baseline vs. Optimizﬁdc\t]v(’;ggTeSP 33% 22% 21% 31% 21% 17%
Optimized w/o TSP vs. with TSP 5% 10% 6% 15% -3% 20%
Baseline vs. Optimized with TSP 36% 30% 31% 41% 19% 34%
Baseline* Nov. 2015 17 17 19 19 18 22
Optimized w/out TSP | March 2016 21 22 22 25 21 22
1-D Number of | Second-by- Optimized with TSP |  June 2016 22 21 19 22 19 24
Stops at Red Second AVL 0 -
SF;gnaIs Data Baseline vs. Optimizﬁdc\t]v(’;ggTeSP 19% 23% 14% 24% 14% 0%
Optimized w/o TSP vs. with TSP 5% -5% -16% -14% -11% 8%
Baseline vs. Optimized with TSP 23% 19% 0% 14% 5% 8%
Baseline | Nov. 2015 29.27 27.93 30.30 28.12 29.15 31.47
Optimized w/out TSP | March 2016 | 27.93 27.55 27.53 26.25 28.15 30.73
2: General Floating Car | Optimized w/out TSP** |  April 2016 25.14 25.01 24.71 26.63 24.66 28.20
Vehicle Travel | (2015-2016) Optimized with TSP July 2016 29.42 29.55 29.81 32.16 29.32 33.92
Times / HERE Data
(inminutes) | (2016-2019) Baseline vs. Optimiz%dc\t]v(’;ggTeS; % 1% -10% 1% 4% 2%
Optimized w/o TSP vs. with TSP 15% 15% 17% 17% 16% 17%
Baseline vs. Optimized with TSP

*Baseline values are from field data collected by EJM as opposed to the TSP PMAT that analyzed CTA second-by-
second AVL data in other phases. Percent changes are not calculated for data sets that were obtained with different

methodologies.

** HERE data collected in April 2016 and July 2016 as two points of comparison (before and after TSP deployment on

the corridor).
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Table 7 — CTA South Ashland Avenue Route X9 Performance Measures Summary

South Ashland Avenue for CTA Route X9 (Cermak Rd. to 95t St.)

Period AM Peak Midday PM Peak
Performance
Measure Data Source — North- | South- | North- | South- | North- | South-
Direction
bound | bound | bound | bound | bound | bound
Baseline
Optimized w/out TSP | March 2016 | 46.62 39.68 49.70 4788 | 4258 | 37.53
1-A Average Optimized with TSP | June 2016 50.40 | 39.30 | 43.23 | 40.73 | 41.40 | 47.23
Bus Travel AVL Svst
Time ystem . o % Change —
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP 8% -1% -15% -18% -3% 21%
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP | March 2016 3.64 3.38 NA NA 5.29 3.06
1-BBus Optimized with TSP | June 2016 4.74 4.37 2.58 503 | 4.63 5.07
Travel Time AVL Svstem .
Variability y . % Change -
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP 23% 22% -14% 40%
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP | March 2016 | 13.70 12.03 17.45 17.82 12.35 10.13
1-CTraffic | Second-by- Optimized with TSP | June2016 | 17.47 | 1127 | 1157 | 1223 | 1152 | 1655
Signal Delay Second AVL % Change —
(in minutes) Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP | 22% -7% -51% -46% -7% 39%
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP | March 2016 19 22 22 25 18 21
1-D Number | Second-by- Optimized with TSP | June 2016 21 19 16 20 17 21
of Stops at Second AVL % Change —
Red Signals Data Baseline vs. Optimized w/o TSP
Optimized w/0o TSP vs. with TSP | 10% -16% -38% -25% -6% 0%
Baseline vs. Optimized with TSP
Baseline | Nov. 2015 29.27 27.93 30.30 28.12 | 29.15 | 31.47
Optimized w/out TSP | March 2016 | 27.93 27.55 27.53 26.25 | 28.15 | 30.73
2 General Floating Car Optimized w/out TSP** |  April 2016 25.14 25.01 24.71 26.63 | 24.66 28.2
Vehicle (2015-2016) Optimized with TSP | Sept. 2019 29.42 29.55 29.81 32.16 29.32 33.92
Travel Times | /HERE Data % Change —
H H 50, -10 -100 -70, 40, =20,
(in minutes) | (2016-2019) Baseline vs. Optimized w/o TSP 5% 1% 10% % 4% 2%
Optimized w/o TSP vs. with TSP 15% 15% 17% 17% 16% 17%
Baseline vs. Optimized with TSP

** HERE data collected in April 2016 and July 2016 as two points of comparison (before and after TSP deployment on

the corridor).
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Table 8 — CTA Western Avenue (Route 49) Performance Measures Summary

Western Avenue for CTA Route 49 (Berwyn to 79t St.)

Performance Data Period AM Peak Midday PM Peak
Measure S N North- South- | North- | South- | North- | South-
ource Direction
bound bound bound bound bound bound
Baseline | Fall 2018 96.57 91.28 97.34 102.01 104.31 107.40
Optimized w/out TSP
1-A Average Optimized with TSP | Fall 2019 96.88 92.02 | 100.86 | 100.17 | 106.08 | 112.54
Bus Travel AVL Svst
Time ystem . o % Change —
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP 0% 1% 3% -2% 2% 5%
Baseline | Fall 2018 13.98 9.03 8.48 8.57 12.53 15.60
Optimized w/out TSP
1-BBus Optimized with TSP | Fall 2019 11.73 11.21 8.88 8.83 12.54 16.15
Travel Time AVL Svstem .
Variability (in y . % Change —
minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP -19% 19% 5% 3% 0% 3%
Baseline | Fall 2016 43.93 38.72 36.73 39.45 50.20 56.72
Baseline | Fall 2018
1-C Traffic | Second-by- Optimized with TSP |  Fall 2019
Signal Delay | Second AVL % Change —
(in minutes) Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline | Fall 2016 49 51 49 51 54 58
Baseline | Fall 2018
1-D Number Second_by- Optlmlzed with TSP Fall 2019
of Stopsat | Second AVL % Change —
Red Signals Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Western Avenue Route 49 (Berwyn to 79th)
Baseline | Sept. 2018 101.76 90.51 81.11 77.79 90.41 116.16
2: General Optimized with TSP | Sept.2019 | 102.12 66.82 7893 | 78.65 88.73 | 111.34
Vehicle HERE Data .
Travel Times | (2018-19) ) ~ %Change -
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP 0% -35% -3% 1% -2% -4%
32 VERSION 2.0




Table 9 — CTA Western Avenue (Route X49) Performance Measures Summary

Western Avenue for CTA Route X49 (Berwyn to 79th St.)

Period AM Peak Midday PM Peak
Performance
Measure Data Source — North- | South- | North- | South- | North- | South-
Direction
bound bound | bound | bound | bound bound
Baseline| Fall 2018 99.67 89.23 -- -- 101.79 112.59
Optimized w/out TSP - -
1-A Average Bus Optimized with TSP| Fall 2019 96.39 83.90 -- -- 96.55 103.35
Travel Time AVL System % Change —
(in minutes) Baseline vs. Optimized w/o TSP ’ ’
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP|  -3% -6% - - -5% -9%
Baseline| Fall 2018 10.02 8.75 - - 9.58 10.89
Optimized w/out TSP - -
1-B Bus Travel Optimized with TSP| Fall 2019 8.02 5.83 - - 8.38 7.64
Time Variability | AVL System % Change —
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP|  -25% -50% - - -14% -42%
Baseline| Fall 2016 38.70 48.88 - - 35.33 57.68
Baseline| Fall 2018 - -
1-C Traffic Slgnal SeCOﬂd'by- Optlmlzed with TSP| Fall 2019 - -
Delay Second AVL % Change —|
(in minutes) Data Baseline vs. Optimized w/o TSP i i
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP - -
Baseline| Fall 2016 42 47 - - 47 53
Baseline| Fall 2018 - -
1-D Number of Second-by- Optimized with TSP| Fall 2019 - -
Stops at Red Second AVL % Change —|
Signals Data Baseline vs. Optimized w/o TSP ’ ’
Optimized w/o TSP vs. with TSP -- --
Baseline vs. Optimized with TSP -- --
Western Avenue Route X49 (Berwyn to 79th)
Baseline| Sept. 2018 | 101.76 90.51 81.11 77.79 90.41 116.16
2: General Vehicle Optimized with TSP| Sept. 2019 | 102.12 66.82 78.93 | 78.65 88.73 111.34
. HERE Data
Travel Times % Change —
L (2018-19) . - - -
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP| 0% -35% -3% 1% -2% -4%
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Table 10 — CTA Western Avenue (Route 49B) Performance Measures Summary

Western Avenue for CTA Routes 49B (Howard to Brown Line Station)

Period AM Peak Midday PM Peak
Performance
Measure Data Source — North- | South- | North- | South- | North- | South-
Direction
bound | bound | bound | bound | bound | bound
Baseline| Fall2018 | 22.10 | 24.53 22.64 2319 | 2543 | 25.80
Optimized w/out TSP
1-A Average Bus Optimized with TSP| Fall 2019 | 21.55 | 26.88 22.49 25.84 | 24.70 | 27.58
Travel Time AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP|  -3% 9% -1% 10% -3% 6%
Baseline| Fall 2018 3.57 3.98 3.23 3.07 3.87 3.58
Optimized w/out TSP
1-B Bus Travel Optimized with TSP|  Fall 2019 3.37 4.62 343 3.77 3.63 4.10
Time Variability | AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP|  -6% 14% 6% 19% -7% 13%
Baseline| Fall 2016 8.43 9.67 6.77 8.13 10.42 11.62
Baseline| Fall 2018
1-C Traffic Signal | Second-by- Optimized with TSP| Fall 2019
Delay Second AVL % Change —|
(in minutes) Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline| Fall 2016 11 13 11 13 13 13
Baseline| Fall 2018
1-D Number of | Second-by- Optimized with TSP|  Fall 2019
Stops at Red Second AVL % Change —|
Signals Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Western Avenue Route 49B (Howard to Leland)
Baseline| Sept.2018 | 19.56 | 17.80 | 15.22 | 14.66 | 18.64 | 18.84
2: General Optimized with TSP| Sept.2019 | 21.11 | 17.76 | 17.42 | 14.41 | 20.00 | 18.48
Vehicle Travel HERE Data N
Times (in (2018-19) . % Change —
minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP| 7% 0% 13% -2% 7% -2%
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4.2. Pace Results

The results from traffic signal optimization along Pace TSP corridors are included in Tables 11
through 19 below. Baseline data is compared against optimized signal data “without TSP” because
TSP technology has not been fully deployed along these corridors to collect “with-TSP”
performance measure data. Once this information is available, the tables below will be revised to
include TSP data.

Below is a summary of the Pace AVL data collection periods for baseline conditions (before
signal optimization) and optimized without TSP operations along all of Pace’s TSP corridors.
Future AVL data will need to be gathered after TSP deployment to compare the effects of TSP
operations on the performance measures presented in this section.

Milwaukee | Dempster
Ave. St.
(Route 270) | (Route 250)

o5t Street | Cicero Ave. 159th St.

Data Collection Periods | p 10 381)| (Route 383) | (Route 364)

Baseline | May 2012 | Nov. 2012 Jan. 2013 Dec. 2010 Feb. 2012

Optimized w/out TSP| Oct. 2012 July 2013 April 2013 April 2011 May 2012

o Summer Summer Summer Summer Summer
Optimized w/out TSP| =5, 2019 2019 2019 2019

Optimized with TSP

147t Street| Roosevelt Rd. Grand Ave. Cermak Rd.

Data Collection Periods (Route 350)| (Route 301) (Route 565) (Route 322)

Baseline | Nov. 2015 April 2012 Dec. 2014 July-Sept. 2012
- Oct. 2012 —
Optimized w/out TSP | Dec. 2015 July 2012 Apr. 2015 Apr. 2013
Optimized w/out TSP Summer Summer 2019 | Summer 2019 | Summer 2019

2019

Optimized with TSP

4.2.1. Average Bus Travel Time

This performance measure showed benefit gained from signal optimization in both directions at
all times of the day for the 95t Street corridor (Route 381), the 159" Street Corridor (Route
364), and the Milwaukee Avenue corridor (Route 270). Other TSP corridors, such as the Cicero
Avenue corridor (Route 383) and the Roosevelt Road corridor (Route 301) showed either no
changes or very small increases in transit travel times before and after signal timing
optimization.

4.2.2. Bus Travel Time Variability

This performance measure showed benefit gained from signal optimization in both directions at
all times of the day for the 95t Street corridor (Route 381) and the Milwaukee Avenue corridor
(Route 270).

4.2.3. Traffic Signal Delay
Traffic signal delay could not be calculated from Pace buses given that their AVL system does not
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yet record second-by-second data for analysis. Pace is working to gather this data for future
analyses on the effect of TSP on traffic signal delay.

Once second-by-second location data becomes available from the Pace AVL system, the data can
be provided for use as an input into the TSP PMAT developed for the program. One of the data
outputs from this algorithm will provide an estimate the amount of traffic signal delay
experienced by Pace buses on specific TSP corridors.

4.2.4. Number of Stops at Red Signals

The number of stops at red signals could not be calculated from Pace buses given that their AVL
system does not yet record second-by-second data for analysis. Pace is working to gather this
data for future analyses on the effect of TSP on the number of stops at red signals.

Once second-by-second location data becomes available from the Pace AVL system, the data
can be provided for use as an input into the TSP PMAT developed for the program. One of the
data outputs from this algorithm will provide an estimate of the number of stops made by Pace
buses at red traffic signals on specific TSP corridors.

4.2 5. General Vehicle Travel Time

This performance measure showed benefit gained from signal optimization in both directions at
all times of the day for all corridors. Results presented in Tables 11 through 19 are drawn from
previous signal timing optimization efforts conducted from 2012 through 2015 along Pace TSP
corridors by an IDOT District One approved Signal Coordination and Timing (SCAT) consultant.

Additional performance measure data will be gathered by CMAP in subsequent years to assess
the before and after effect of TSP deployment on general vehicle travel times along those
corridors. Data from September 2019 has been gathered through a web-based database
(available at ritis.org) by CMAP along the noted Pace TSP corridors . A similar round of data
collection is planned to be performed by CMAP after Pace has completed TSP deployment along
these corridors for comparison with the September 2019 data. This comparison will help to
illustrate any potential impacts that TSP deployment may have on general vehicle travel times.

A template for presenting this performance measure is provided in Tables 20 and 21 below.
Table 20 illustrates the near-term limits of the Pace TSP corridors that are planned for
deployment in 2020. Upon completion of TSP deployment, data can be gathered and compared
against the September 2019 data to assess the difference in general vehicle travel times.

Table 21 presents the full length of the Pace TSP Corridors planned for the program, portions of
which will not receive a full deployment of TSP operations until after the initial deployment of
TSP operations is completed by Pace. Upon completion of deployment along the full corridor,
data could be gathered and compared against the September 2019 data to assess the difference
in general vehicle travel times. The September 2019 data gathered by CMAP has been provided
to RTA for reference and is provided in Appendix G for reference.

Appendix H to this Evalaution Report also contains a summary of performance measures that
have been evaluated along the full corridor limits that Pace has planned for TSP operations. The
layout of these tables is similar to what is presented in Tables 11 through 19 below.
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Table 11 — Pace Cermak Road Performance Measures Summary

Cermak Road for Pace Route 322 (IL Route 56 (Butterfield Rd.) to 54th Avenue)

Period AM Peak Midday PM Peak
Performance Data East West East West East West
M S irecti ; ; ; ; ; ;
easure ouree Direction bound | bound | bound | bound | bound bound
Baseline July-Sept. 2012 | 54.55 61.77 56.81 | 61.73 63.77 65.48
optimized w/out Tsp | Ot 2;)01123‘ APr. | 5782 | 6179 | 5873 | 6158 | 6395 | 63.95
L-AAverage | Optimized W/out TSP | Summer2019 | 5451 | 5758 | 60.24 | 60.33 | 66.49 | 60.81
Bus Travel Timepoint — -
. Optimized with TSP
Time Data % Change
i i 0 - 0 0 0 0 0 .20
(in minutes) Baseline vs. Optimized w/o TSP (2012-13)** 6% 0% 3% 0% 0% 2%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline July-Sept. 2012 3.09 3.76 4.01 2.90 6.76 4.57
- Oct. 2012 - Apr.
Optimized w/out TSP 2013 5.04 481 5.59 3.62 5.51 4.77
1-BBus o Optimized W/out TSP | Summer 2019 | 382 | 649 | 7.25 | 422 | 1018 | 553
Travel Time Timepoint — -
A Optimized with TSP
Variability Data % Change
i i 0 - 0 0 0 0 -920 0
(in minutes) Baseline vs. Optimized w/o TSP (2012-13)** 39% 22% 28% 20% 23% 4%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic | Second-by- Optimized with TSP
Signal Delay | Second AVL % Change —
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number | Second-by- Optimized with TSP
of Stopsat | Second AVL % Change —
Red Signals Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline July-Sept. 2012 | 26.04 27.54 27.33 | 27.49 35.55 27.21
speed/ | Optimized w/out Tsp= | O° 2;)01123‘ APr | 9205 | 200 | 2337 | 2416 | 2557 | 257
2: General Delay 5 imized wiout TSP** | Sept. 2019 | 36.52 | 4037 | 38.14 | 39.45 | 46.08 | 42.59
Vehicle Studies — -
. . Optimized with TSP
Travel Times | (2012-13); % Change
i i 0 - -129 -179 -149 -129 -280 -6
(in minutes) HE(gnggz;ta Baseline vs. Optimized w/o TSP (2012-13)** 12% 17% 14% 12% 28% o%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant along multiple signal systems of Cermak Road between July 2012
and April 2013 between IL Route 56 (Butterfield Rd.) to 54th Avenue.

*** HERE Data collected between IL Route 56 (Butterfield Rd.) to 54th Avenue.
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Table 12 — Pace Cicero Avenue Performance Measures Summary

Cicero Avenue for Pace Route 383 (87th Street to US Route 6 (159th Street))

; Period AM Peak Midday PM Peak
Pe'{/lg;r:ljirr;ce Data Source Direction North- | South- | North- | South- | North- | South-
bound | bound | bound | bound | bound | bound
Baseline Nov. 2012 11.82 10.29 10.76 10.43 11.18 11.03
Optimized w/out TSP July 2013 12.05 9.80 11.39 10.46 11.18 10.92
1-A Average Optimized w/out TSP Summer 2019 | 39.44 38.39 41.91 40.42 41.23 41.42
Bus Travel Timepoint Optimized with TSP
Time Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP (2012-1??)** 2% 5% 6% 0% 0% 1%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Nov. 2012 1.83 1.81 2.29 1.98 2.08 2.11
Optimized w/out TSP July 2013 2.01 1.61 2.22 1.93 2.43 1.85
1-B Bus Travel Optimized w/out TSP Summer 2019 3.07 4.20 3.87 5.13 4.06 3.84
Time Timepoint Optimized with TSP
Variability Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP (2012-1??)** 10% 11% 3% 3% 17% 12%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic Second-by- Optimized with TSP
Signal Delay | Second AVL % Change —
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number Second-by- Optimized with TSP
of Stops at Second AVL % Change —
Red Signals Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
. Nov. 2012 and
Baseline Mar. 2015 21.87 224 22.44 22.54 2521 28.49
speed/ | optimized wiout Tspex | UY2013and 1 g 6 1939 | 2003 | 2061 | 2085 | 237
. Delay June 2015
2: General Studies | Optimized w/out TSP*** |  Sept. 2019 2751 | 2529 | 2425 | 25.89 | 2756 | 29.06
Vehicle Travel . — -
. (2012-15); Optimized with TSP
Times HERE Data % Change — ) ) . . . )
(2019) Baseline vs. Optimized w/0 TSP (2012-15)** -10% | -13% -2% -9% -9% -17%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant between 87th Street to 115th Street in 2012 / 2013 and separately
between 115" and 159" Street in 2015.
*** HERE Data collected between 87th Street and US Route 6 (159th Street).
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Table 13 — Pace Dempster Street Performance Measures Summary

Dempster Street for Pace Route 250 (Mannheim Road to Dodge Avenue)
; Period AM Peak Midday PM Peak
Pe'{/lg;r:ljirr;ce 823:29 Direction East- West- East- West- East- West-
bound | bound bound bound | bound | bound
Baseline Feb. 2012 16.43 15.61 15.73 15.56 17.94 18.44
Optimized w/out TSP May 2012 16.36 15.77 18.17 16.27 20.22 20.21
1-A Average Optimized w/out TSP Summer 2019 | 51.92 | 52.34 53.52 54.07 57.93 57.67
Bus Travel Timepoint Optimized with TSP
Time Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP (2013)** 0% 1% 16% 5% 13% 10%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Feb. 2012 3.80 4.18 3.68 4.23 3.71 5.99
Optimized w/out TSP May 2012 3.84 4.79 3.56 4.65 3.68 6.55
1-B Bus Optimized w/out TSP Summer 2019 | 4.79 6.34 5.12 5.90 5.23 7.48
Travel Time | Timepoint Optimized with TSP
Variability Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP (2013)** 1% 15% 3% 10% 1% %%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic Second- Optimized with TSP
Signal Delay | by-Second % Change —
(in minutes) | AVL Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number Second- Optimized with TSP
of Stopsat | by-Second % Change —
Red Signals | AVL Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Feb. 2012 15.28 16.65 14.53 14.98 19.36 18.20
Speed / Optimized w/out TSP** May 2012 13.68 13.91 11.31 12.71 16.56 19.23
2 General Delay Optimized w/out TSP*** Sept. 2019 48.65 42.40 45.24 44.76 45.26 51.10
Vehicle Studies Optimized with TSP
Travel Times (2012); 0 -
(inminutes) | HERE Data Baseline vs. Optimized w/o/?rgg?;g;) 0% | -16% 2% -15% -14% 6%
(2019) Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant from Potter Road to Cumberland Avenue and from Harlem Avenue
to Skokie Boulevard.

*** HERE Data collected between Mannheim Road in city of Des Plaines and Dodge Avenue in city of Evanston.
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Table 14 — Pace Grand Avenue (Lake County) Performance Measures Summary

Grand Avenue (Lake County) for Pace Route 565 from Dilleys Road to Sheridan Road

Performance Data Period AM Peak Midday PM Peak
Measure Source Direction East- West- East- West- East- West-
bound | bound | bound | bound | bound | bound
Baseline Dec. 2014 19.31 19.14 | 24.96 21.25 22.61 28.40
Optimized w/out TSP Apr. 2015 18.74 21.48 | 21.50 21.11 30.33 24.62
1-A Average Optimized w/out TSP Summer 2019 | 18.25 2749 | 20.39 | 28.13 24.15 30.16
Bus Travel Timepoint Optimized with TSP
Time Data % Change —
(in minutes) Baseline vs. Optimized w/ogTSP -3% 1% | -16% 1% 25% -15%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Dec. 2014 7.21 1.18 491 1.20 1.45 4.69
Optimized w/out TSP Apr. 2015 1.12 1.78 3.30 1.35 NA 4.73
1-B Bus Optimized w/out TSP Summer 2019 2.55 2.58 3.02 4.45 3.18 4.55
Travel Time | Timepoint Optimized with TSP
Variability Data % Change —
(in minutes) Baseline vs. Optimized w/ogTSP 545% | 34% | -49% 11% - 1%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic Second- Optimized with TSP
Signal Delay | by-Second % Change —
(in minutes) | AVL Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number Second- Optimized with TSP
of Stops at by-Second % Change —
Red Signals | AVL Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Dec. 2014 2.23 2.23 2.61 2.17 2.3 2.31
Speed / Optimized w/out TSP** Apr. 2015 1.93 1.94 2.28 2.14 2.12 2.22
2: General Delay Optimized w/out TSP*** Sept. 2019 15.21 14.22 | 16.04 15.05 17.26 16.07
Vehicle Studies Optimized with TSP
Travel Times | (2014-15); % Change —
(inminutes) | HERE Data Baseline vs. Optimized w/ogTSP “13% 13% | -13% 1% 8% 4%
(2019) Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant from Jackson Street to Sheridan Road in Dec. 2014 / April 2015.

*** HERE Data collected between Dilleys Road and Sheridan Road.
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Table 15 - Pace Milwaukee Avenue Performance Measures Summary

Milwaukee Avenue for Pace Route 270 (Golf Mill Mall and Jefferson Park CTA Station)

Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction North- | South- | North- | South- | North- | South-
bound | bound | bound | bound | bound | bound
Baseline Dec. 2010 20.81 | 2252 | 2149 | 2362 | 2231 | 26.87
Optimized w/out TSP April 2011 2047 | 2191 | 21.93 | 2323 | 21.31 | 26.37
Optimized w/out TSP Summer 2019 | 25.89 | 26.19 | 26.67 | 27.06 | 26.29 | 31.38
Bt}s-ﬁé\\lliﬁgiﬁwe Tirrlsea[zgint Optimized with TSP —
(In mintes) Baseline vs. Optimized w/o TSP (20010??%6** -2% -3% 2% -2% 4% -2%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Dec. 2010 6.60 9.79 6.70 7.17 8.08 6.70
Optimized w/out TSP April 2011 6.22 7.56 6.31 6.78 9.11 6.56
Optimized w/out TSP Summer 2019 | 2.74 2.38 2.78 2.88 2.81 5.18
T?r-rllaea\l;;rgsﬁ'y Tirgeagzgint Optimized with TSP _
(In mintes) Baseline vs. Optimized w/o TSP (20010??%6** 6% -22% 6% % 13% 2%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic Second-by- Optimized with TSP
Signal Delay Second AVL % Change —
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number of | Second-by- Optimized with TSP
Stops at Red Second AVL % Change —
Signals Data* Baseline vs. Optimized w/o TSP i i i
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Dec. 2010 19.38 | 17.25 | 1858 | 17.63 | 20.65 | 23.86
Optimized w/out TSP** April 2011 16.6 15.62 | 15.65 | 15.46 | 17.59 | 20.17
2 General Spesetd /Delay | Optimized w/out TSP*** | Sept.2019 | 2341 | 21.14 | 20.36 | 21.05 | 21.08 | 30.86
Vehicle Travel udies Optimized with TSP
mes | e b % Change -
(in minutes) (2019{;1 * | Baseline vs. Optimized w/o TSP (2010-11)y | ~14% | 9% | -16% | -12% | -15% ) -15%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant between Golf Road and Gale Street.

*** HERE Data collected between Golf Mill Mall to Jefferson Park CTA Station.
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Table 16 — Pace Roosevelt Road Performance Measures Summary

Roosevelt Road for Pace Route 301 from Warrenville Rd. / West Street to IL Route 43 (Harlem Ave)

Performanc Data Period AM Peak Midday PM Peak
e Measure Source Direction East- | West- East- West- East- West-
bound | bound | bound | bound bound bound
Baseline April 2012 15.81 | 20.63 | 15.79 20.96 17.07 25.19
Optimized w/out TSP July 2012 16.45 | 19.94 | 17.75 22.73 16.66 24.84
1-A Average Optimized w/out TSP Summer 2019 | 69.86 | 70.81 | 7451 76.80 87.56 83.92
Bus Travel Timepoint Optimized with TSP
Time Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP (2812) 4% 3% 12% 8% 2% 1%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline April 2012
Optimized w/out TSP July 2012
1-B Bus Optimized w/out TSP Summer 2019 3.12 4.94 3.95 6.36 7.87 7.21
Travel Time | Timepoint Optimized with TSP
Variability Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic | Second-by- Optimized with TSP
Signal Delay | Second AVL % Change —
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number | Second-by- Optimized with TSP
of Stopsat | Second AVL % Change —
Red Signals Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline April2012and | 50 10 | 5776 | 268 | 2574 | 3602 | 30.16
Nov. 2014
Speed / . <+ | July2012and
2 General Delay Optimized w/out TSP Dec. 2015 18.28 | 16.68 | 17.49 16.07 20.85 17.38
Vehicle Studies Optimized w/out TSP*** Sept. 2019 44.07 | 32.77 | 36.33 30.11 47.45 37.97
Travel Times | (2012-15); Optimized with TSP
(inminutes) | HERE Data % Change —
(2019) Baseline vs. Optimized w/ogTSP -3%% | -40% | -35% -38% “42% “42%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant from Carleton to 1-355 in April 2012 / July 2012 and from Hamilton

Ave. / Harrison St. to IL 43 (Harlem Ave.) in Nov. 2014 / Dec. 2015.

*** HERE Data collected between Warrenville Rd. / West Street to IL Route 43 (Harlem Ave).
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Table 17 — Pace 95th Street Performance Measures Summary

95th Street for Pace Route 381 (Roberts Road to Western Avenue)

Period AM Peak Midday PM Peak
Pe'{/lfg;r:ljirr;ce 823:29 Direction East- West- East- West- East- West-
bound | bound | bound | bound bound bound
Baseline May 2012 21.42 22.35 23.42 22.53 26.13 23.70
Optimized w/out TSP Oct. 2012 21.28 21.08 22.67 21.03 25.19 22.67
1-A Average Optimized w/out TSP Summer 2019 | 26.50 28.08 31.39 29.49 33.31 29.24
Bus Travel Timepoint Optimized with TSP
Time Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP (2013)** 1% 1% 6% 3% 7% 4%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline May 2012 5.98 4.79 5.56 4.74 6.45 4.51
Optimized w/out TSP Oct. 2012 4.61 4.46 5.24 5.38 6.42 4.86
1-B Bus Optimized w/out TSP Summer 2019 2.72 2.99 4.18 3.19 4.85 3.78
Travel Time Timepoint Optimized with TSP
Variabilit Data % Change —
(in minuteﬁ) Baseline vs. Optimized w/o TSP (2013)** -23% 1% 6% 14% 1% 8%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic Second-by- Optimized with TSP
Signal Delay Second % Change —
(in minutes) AVL Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number | Second-by- Optimized with TSP
of Stops at Second % Change —
Red Signals AVL Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline an'\(;legcf.ozlozm 17.70 19.51 20.82 22.69 24.94 25.81
Speed/ | Optimized w/out TSP** OCDtéiozlngd 1439 | 1725 | 17.94 | 1856 | 1843 | 18.53
2: General Delay Optimized w/out TSP*** | Sept.20190 | 20.79 | 23.37 | 2211 | 23.94 | 2557 | 2547
Vehicle Studies Optimized with TSP
Travel Times | (2012-14);
(inminutes) | HERE Data ) o % Change —
(2019) Baseline vs. Optimized w/o TSP (ig)l*z* -19% -12% -14% -18% -26% -28%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant between Oak Park Avenue to Western Avenue and from Roberts Road

to 1-294.

*** HERE Data collected between Roberts Road in the city of Hickory Hills to Western Avenue in the village of Evergreen Park.
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Table 18 — Pace 147t Street Performance Measures Summary

147t Street / Sibley Boulevard for Pace Route 350 (IL Route 1 (Halsted St.) to IL Route 83 (Torrence Avenue))
; Period AM Peak Midday PM Peak
Pe'{/lg;r:ljirr;ce Data Source Direction East- | West- East- West- East- West-
bound | bound | bound | bound bound bound
Baseline Nov. 2015
Optimized w/out TSP Dec. 2015
1-A Average Optimized w/out TSP Summer 2019 | 12.06 | 13.90 | 14.17 14.93 15.80 14.02
Bus Travel Timepoint Optimized with TSP
Time Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Nov. 2015
Optimized w/out TSP Dec. 2015
1-B Bus Travel Optimized w/out TSP Summer 2019 | 1.43 1.31 2.59 2.31 2.43 1.85
Time Timepoint Optimized with TSP
Variability Data % Change —
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic Second-by- Optimized with TSP
Signal Delay | Second AVL % Change —
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number Second-by- Optimized with TSP
of Stops at Second AVL % Change —
Red Signals Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Nov. 2015 28.53 28.6 28.66 29.7 32.1 35.38
Speed / Opﬁimized w/out TSP** Dec. 2015 2153 | 23.21 | 22.47 23.72 25 28.18
2 General Delay Optimized w/out TSP*** Sept. 2019 11.69 | 1295 | 1141 13.15 12.99 15.09
Vehicle Travel Studies Optimized with TSP
Times (2015) ; 0 -
(inminutes) | HERE Data Baseline vs. Optimizﬁdc\t]v(’;ggTeSP 2%% ) 9% ) 22% ) -20% | -22% ) -20%
(2019) Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant from Homan Ave. to Michigan City Rd. and from Torrence Avenue to
Madison Avenue in Nov. 2015 and Dec. 2015.

*** HERE Data collected between Warrenville Rd. / West Street to IL Route 43 (Harlem Ave).
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Table 19 — Pace 159th Street Performance Measures Summary

159th Street for Pace Route 364 (Park Center Drive to IL 83 (Torrence Avenue))

Period AM Peak Midday PM Peak
Performance Data
Measure Source Direction East- | West- East- West- East- West-
bound | bound | bound | bound | bound | bound
Baseline Jan. 2013 17.34 16.66 16.47 17.78 17.21 17.28
Optimized w/out TSP April 2013 16.78 | 16.98 | 16.18 16.97 17.04 | 18.12
1-A Average Optimized w/out TSP Summer 2019 | 57.52 | 60.59 | 60.23 | 61.96 | 62.13 | 60.73
Bus Travel Timepoint Optimized with TSP
Time Data 0 -
(in minutes) Baseline vs. Optimized w/o TS/OP((:;((’;???;E** 3% 2% 2% % 1% 5%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Jan. 2013 2.88 2.70 4.13 3.09 3.40 3.93
Optimized w/out TSP April 2013 3.19 3.42 4.36 3.61 3.81 4.68
1-B Bus Travel Optimized w/out TSP Summer 2019 | 3.40 3.97 5.19 4.59 5.30 4.06
Time Timepoint Optimized with TSP
Variability (in Data 0 -
minute)é)( Baseline vs. Optimized w/o TS/OP((:;((’;???;S** 10% | 27% 6% 17% 12% 19%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic Second- Optimized with TSP
Signal Delay by-Second % Change —
(inminutes) | AVL Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number | Second- Optimized with TSP
of Stops at by-Second % Change —
Red Signals | AVL Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Jan. 2013 7.41 7.68 7.84 8.32 8.41 8.75
Speed / Optimized w/out TSP** April 2013 7.36 7.72 7.35 7.42 7.27 7.56
2: General Delay Optimized w/out TSP*** Sept. 2019 29.05 | 28.70 | 30.24 | 29.37 | 3293 | 3179
Vehicle Travel Studies Optimized with TSP
Times 2013); 0 -
(in minutes) Hl(ERE Dz"ta Baseline vs. Optimized w/o TS/OP((:;((’;???;S** 1% 1% 6% A% ) -14% ) -14%
(2019) Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant between Crawford Avenue and Park Avenue.
*** HERE Data collected between Park Center Drive to IL 83 (Torrence Avenue).
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Table 20 — General Vehicle Travel Times (in minutes) on Pace TSP Corridors (Near Term Segments)

Near Term Segments of

. . AM Peak : . PM Peak
Pace TSP Corridor TSP Deployment by Pace Data Collection Period Direction Period Midday Period Period
(Month / Year) (11am-1pm)
From To (7-9am) (4-6pm)
IL Route 56 Optimized w/out TSP WB 40.37 39.45 42.59
Cermak Road / (Butter_fn_ald Rd) 54th Avenue in the (Sept. 2019) EB 36.52 38.14 46.08
1 and Fairfield Ave .
22nd Street : town of Cicero WB
(village of - .
Optimized with TSP
Lombard) EB
Optimized w/out TSP NB 27.51 24.25 27.56
IL Route 50 87th _Street in us ROU'_[G 6 (lSch (Sept. 2019) SB 25.29 25.89 20.06
2 . the village of Street) in the city of
(Cicero Avenuie) | o) awn Oak Forest NB
Optimized with TSP
SB
Optimized w/out TSP WB 42.40 44.76 51.10
IL Route 58 _I\/Iarmhelm Road Dodge Avenue in city (Sept. 2019) EB 48.65 45.24 45.26
3 in city of Des
(Dempster St.) Plaines of Evanston WB
Optimized with TSP
EB
Optimized w/out TSP WB 14.22 15.05 16.07
Grand Avenue Dllleys Road in Sheridan Road in city (Sept. 2019) EB 15.21 16.04 17.26
4 the village of
(Lake County) Gurnee of Waukegan WB
Optimized with TSP
EB
Optimized w/out TSP NB 23.41 20.36 21.08
Sept. 2019
Milwaukee . Jefferson Park CTA (Sep ) SB 21.14 21.05 30.86
5 Golf Mill ;
Avenue Station NB
Optimized with TSP
SB
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Table 20 — General Vehicle Travel Times (in minutes) on Pace TSP Corridors (Near Term Segments)

Near Term Segments of

. . AM Peak : . PM Peak
Pace TSP Corridor TSP Deployment by Pace Data Collection Period Direction Period Midday Period Period
(Month / Year) (11am-1pm)
From To (7-9am) (4-6pm)
. Optimized w/out TSP WB 32.77 30.11 37.97
WarrenvilleRd. /| | o1 te 43 (Harlem (Sept. 2019)
IL Route 38 West Streetin o pt EB 44.07 36.33 47.45
. Ave) in village of
(RooseveltRd.) | the city of Forest Park WB
Wheaton Optimized with TSP
EB
Optimized w/out TSP WB 23.37 23.94 25.47
RobertsRoad in | Western Avenue in (Sept. 2019) EB 20.79 22 11 25 57
95 Street the city of the village of
i i WB
Hickory Hills Evergreen Park Optimized with TSP
EB
L Route 1 Optimized w/out TSP WB 12.95 13.15 15.09
IL Route 83 (Halsted St.) in IL Route 83 (Torrence (Sept. 2019) EB 11.69 11.41 12.99
(147th st./ the city of ' Avenue) in Calumet WE
Sibley Bivd.) Harvey City Optimized with TSP
EB
Optimized w/out TSP WB 28.70 29.37 31.79
Park Center IL Route 83 (Torrence (Sept. 2019)
US Route 6 Drive in the Avenue) in Calumet pt- EB 29.05 30.24 32.93
(159th Street) village of Orland Cit WB
Park y Optimized with TSP
EB
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Table 21 — General Vehicle Travel Times (in minutes) on Pace TSP Corridors (Full Corridor Limits)

Full Corridor Limits of

. . AM Peak : . PM Peak
Pace TSP Corridor TSP Deployment by Pace Data Collection Period Direction Period Midday Period Period
(Month / Year) (11am-1pm)
From To (7-9am) (4-6pm)
sutterfield Optimized w/out TSP WB 51.90 50.99 57.63
CermakRoad / | u-erie _ (Sept. 2019) EB 51.18 49.30 58.14
1 Road/Lambert Cicero Avenue

22nd Street Road WB
oa Optimized with TSP =

Optimized w/out TSP NB 43.89 38.23 42.63

5 IL _Route 50 50 Street 167th Street (Sept. 2019) SB 38.17 38.82 46.59
(Cicero Avenue) o ] NB
Optimized with TSP SB

Optimized w/out TSP WB 46.21 48.85 56.56

Sept. 2019 EB 53.72 49.50 50.28

3 IL Route 58 Elmhurst Road Ridge Avenue (Sep )

(Dempster St.) - ) WB
Optimized with TSP B

Optimized w/out TSP WB 21.43 23.30 23.34

4 Grand Avenue US. 45 Sheridan Road (Sept. 2019) EB 23.94 26.39 26.54
(Lake County) WB
Optimized with TSP EB

Halsted Street Optimized w/out TSP NB 35.44 35.89 35.71

g | andHarvey TSP | oo o Chicago Heights (Sept. 2019) SB 34.91 36.96 37.58
System Terminal . ) NB
Upgrade Optimized with TSP B

Optimized w/out TSP NB 2341 20.36 21.08

Milwaukee . Jefferson Park CTA (Sept. 2019) SB 21.14 21.05 30.86

6 Golf Mill ;

Avenue Station . . NB
Optimized with TSP B

Optimized w/out TSP WB 46.66 41.77 54.72

Sept. 2019 . . .

7 IL Route 38 Carlton Avenue Laramie Avenue (Sep ) EB 53.71 4358 56.68

(Roosevelt Rd.) - ) WB
Optimized with TSP
EB
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Table 21 — General Vehicle Travel Times (in minutes) on Pace TSP Corridors (Full Corridor Limits)

Full Corridor Limits of
. . AM Peak : . PM Peak
Pace TSP Corridor TSP Deployment by Pace Data Collection Period Direction Period Midday Period Period
(Month / Year) (11am-1pm)
From To (7-9am) (4-6pm)
Optimized w/out TSP WB 42.24 43.29 45.36
(Sept. 2019) EB 41.77 42.37 47.07
8 | 95" Street 88t Avenue Stony Island Avenue WE
Optimized with TSP
EB
Optimized w/out TSP WB 28.68 28.77 31.46
IL Route 83 (Sept. 2019) EB 28.59 28.65 31.40
9 | (147thst./ Cicero Avenue State Line Road - WE - - -
Sibley Blvd.) Optimized with TSP B
Optimized w/out TSP WB 31.59 33.26 35.27
10 | USRoute 6 94" Avente Torrance Avenue (Sept. 2019) EB 33.02 35.21 37.71
(159th Street) - ] WB
Optimized with TSP
EB
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5. PROGRAM NEXT STEPS / RECOMMENDATIONS

This section presents a summary of next steps for the Regional TSP Implementation Program
and offers recommendations for advancing the program in the coming years.

5.1. Pace / CTA Next Steps

5.1.1. Pace Near-Term Corridor Plans for TSP Deployment

In the coming years, Pace will work with an installation contractor to deploy TSP and
communications equipment along nine regional corridors as shown in Table 22 below. Traffic
signals at which TSP will be deployed will include a regional PRS device that will receive requests
for TSP from Pace buses and communicate the requests with existing signal controllers. At
some locations, new ATC model signal controllers manufactured from Econolite (Cobalt ATC)
and Siemens (M60 ATC) will be installed to enable TSP operations.

Table 22 — Pace Near-Term Corridor Plans for TSP Deployment

Corridor Total TO;?IS%L:QIEH Total Number of
TSP Corridor Lengths N_umber of Planned for TSP Controllers_ to be
(approx. Signals on . Replaced with ATC
miles) Corridor with an Model Controllers
External PRS
Cermak Road 15 68 55 43
Cicero Avenue 125 47 33 24
Dempster Street 17 82 55 23
Grand Avenue 6 10 10 2
Rand Road 4 11 9 5
Roosevelt Road 12 38 31 26
95th Street 7 29 23 18
147th Street 2\ Sét;]lsg 4 14 14 12
159th Street 12 43 38 29
Total 89.5 342 268 182

5.1.2. Pace Development / Testing of Internal PRS

New ATC model signal controllers that will be installed on Pace TSP corridors will have the
capability to host an internal PRS, which would remove the need to continue operating an
external PRS at the intersection. The installation of the internal PRS on these ATC model
controllers will require bench testing and field testing to be conducted by Pace and IDOT prior to
formal approval for operation in the field.

As of October 2019, IDOT is in the process of bench testing and field testing the Cobalt ATC
controller with eOS firmware to verify that it will be safe for traffic signal operations. Following
successful completion of this testing, Pace plans to field test the operation of the Regional PRS
on an Econolite Cobalt ATC model controller at an intersection along the Grand Avenue corridor
in Lake County, prior to implementing the Econolite Regional PRS at additional intersections.
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Further development of a regional on the Siemens M60 ATC model controller will be needed, as
well as bench testing and field testing by IDOT, prior to deployment on a Pace corridor.

5.1.3. Pace / CTA Collection of Second-by-Second AVL Data

Two of the performance measures to assess the effectiveness of TSP operations selected for the
program are traffic signal delay (1-C) and the number of stops at red signals (1-D). These
measures were evaluated for the CTA Ashland Avenue corridor using second-by-second AVL
data on vehicle location and other vehicle-based information from the CTA AVL system. Using
this data as a base, a TSP Performance Measures Analytics Tool (PMAT) has been developed for
the program that can be used in future years to review the AVL data and produce an output of
the two performance measures 1-C and 1-D for the program.

In future years, the CTA will continue to collect second-by-second AVL data from its AVL system
that could also be used within the TSP PMAT to produce the two performance measures of
traffic signal delay and stops at red signals.

As of October 2019, Pace is working with its AVL system provider to update the vehicle AVL
system to enable it to record the necessary second-by-second AVL data that could be used
within the data algorithm to produce the two performance measures of traffic signal delay and
stops at red signals.

5.1.4. CTA Plans for Future TSP Deployment

The CTA will continue to monitor TSP operations along Ashland and Western Avenues where it
has been deployed under the program. Future deployment of TSP along Ashland Avenue is
planned for the segment between Irving Park Road and Cermak Road, which will require
upgrades to signal controllers and communications infrastructure prior to TSP operations.

The CTA is also currently reviewing updates to be made to the Sierra MP70 routers to enable
them to communicate TSP requests through a WLAN or VLAN that connects the intersection-
based communications equipment. The presence of WLAN along CTA TSP corridors will enable
Pace buses to also communicate TSP requests to the same intersection-based communications
equipment and fully enable regional TSP interoperability on Pace and CTA corridors. The CTA
plans to observe how the Pace deployment of a WLAN along the Milwaukee Avenue corridor
enables TSP communications between buses and intersections, and will determine next steps
for upgrades to its communications equipment in the coming years.

5.1.5. Collection of HERE Data along Pace / CTA Corridors

The RTA will continue working with CMAP to collect probe traffic data from HERE through a
regional database available to CMAP as the Chicago Metropolitan Planning Organization (MPO).
This data has been collected for the month of September 2019 and can be used as a baseline to
compare the before and after impacts of TSP operations on general vehicle travel times as
performance measure number 2 for the program. This data can be used along both the Pace
and CTA TSP corridors described within this evaluation report.
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5.2. Program Recommendations

The RTA will continue to coordinate with Pace and CTA as they proceed with the next steps
outlined above.

5.2.1. Usage of TSP PMAT

The TSP Performance Measures and Analytics Tool (PMAT) developed for the program will allow
Pace and CTA to understand the effectiveness of TSP operations selected in terms of the impacts
of TSP on traffic signal delay and the number of stops at red signals.

A user guide has been developed for Pace and CTA to guide agency staff through the process of
entering detailed second-by-second AVL into the TSP PMAT that will provide performance
measures on Pace and CTA TSP corridors at various data collection periods.

5.2.2. Follow-up Report on the Impact of TSP on Performance Measures

To date, insufficient data is available to support any conclusions regarding the overall
effectiveness of TSP on bus and general vehicle performance. Pending additional data collection
and evaluation, to be completed in 2020 by the CTA and Pace, the RTA will publish a follow-up
report on the impact of TSP implementation on the selected performance measures that have
been detailed in this Evaluation Report.

5.2.3. Continued Quarterly Meetings with Agencies

Progress made by Pace and CTA in the coming years of the program can be discussed and
presented at quarterly meetings with RTA and other stakeholders that have participated in the
TSP Working Group since 2013.
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TSP Central Software Basic Functions

Test Location: Lab for bench testing
Verification Method: Demonstration

Objective:

The objective of this testing is to verify the basic functions of the TSP Central Software as dictated by the associated requirements listed below.

(‘5///"/”9 p.] TFC

Requirement ID [Requirement Description Verification Record Criteria

2.5.1. The PRS (central software) shall be designed |Demonstration of software. List of multiple Pass: Access is possible only by user authentication
to prevent unauthorized access and to system users and associated access levels.
facilitate only authorized access. N

25.2, System administrators shall be capable of Demonstration of software Pass: User configuration controls are enabled for
assigning and changing access privileges to the administrator account
PRS for the defined users and user groups.
oF-
2.5.3. A user login feature shall be provided in the  |Demonstration of software. List of multiple Pass: Access is possible only by user authentication
PRS central software. The PRS access system users and associated access levels. (same as 2.5.1.)
privileges shall include, but not be limited to: |(see 2.5.1.)
2.5.3.1. Monitoring and event logs reporting only Demonstration of software. List of multiple P3ss: User profile that corresgp‘fzi:ls to these privileges
system users and associated access levels. 2 0"
(see 2.5.1.) p 7
2.5.3.2. System configuration Demonstration of software. List of multiple Pass: User prufi_lgffﬁgﬁborresponds to these privileges
system users and associated access levels. \J{}"l 1;‘
(see 2.5.1.) ;
2.5.3.3. System administration Demonstration of software. List of multiple Pass: User profile that corresponds to these privileges
system users and associated access levels. lf Ok
(see 2.5.1.) rd
25.4. The user access history to the PRS through the [Log of user access history Pass: Log shows user access history / ov
PRS central software shall be logged. OK M
2.5.6. The PRS central software shall have a help Demonstration of software 1 e Pass: Help menu with sample user manual
feature with user manual information. poﬁoﬂ information (provided later prior to final software
delivery)
2.5.7. The PRS central software shall provide Error message 0 Pass: Manually-created data discrepancy results in
features to maintain data integrity, including Héé&f‘é error message
error checking. A<
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Requirement ID |Requirement Description Verification Record 5 Criteria

4.2.6. The Contractor shall provide a data backup Demonstration of software ‘ [J(.'L ' Pass: Backup data is retrieved
system for data archiving and recovery |

4.2.7. Tools to enable scheduling of data archiving  |Demonstration of software l Ok Pass: Backup scheduling controls
and batch processing shall be provided

Special Notes:

Witnessed by:  Signature: Signature:
Printed Name: Printed Name:
Date: Date:
Organization: Organization:
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Requirement ID |Requirement Description Verification Record Criteria
2.5.8. In the PRS central software, verification Warning message \4 Pass: Manually-removed data results in warning
features shall be provided to confirm that \bﬁp\?)f message. Manually-edited data results in warning
there have been no losses of data at any point ‘\\Ov \]6 message. .
in the system, and no unauthorized changes {0 Showng ACorm er e
to the data. écs?/
2.5.9. All system measurements shall be displayed in [Demonstration of software Pass: Measurements are in US units
US units. nk
2.5.10. The time clock of the PRS central software Demonstration of software b v Pass: Time reverts to being same for both after PRS
shall be sync with the Pace’s IT network time ok’d‘éé'g central software time is manually changed . Use lab
network time to represent Pace’s IT network.
2.5.11. The PRS central software date and time shall [Demonstration of software | Pass: Same date and time is maintained for both after

be adjusted automatically for daylight savings, - bJ a"/ network date and time traverses event threshold. Use
P

[
Central Standard Time and holidays. oF 47 lab network date and time to represent Pace’s IT
network.

2.5.12, The PRS central software shall ensure that all |Unique file IDs b bl . Pass: Unique ID for ten sample test files.
created files are uniquely identified, and that d;é’d/'i?l'_)
no files shall be lost or missed during data
transfer.

2.5.18. All map icons, row and column titles displayed |Demonstration of software . Pass: Map icons are selectable by user. Table
on the PRS central software shall be Aot~ uscr corylg quras/e headings are editable by user.
configurable. Tobe Discuss :37'

421, All software shall be written in a common and |Software documentation ¥ _C 5)'-6" r Pass: Documentation of software language
well-known, modern, high-level, highly rg,/ A mC & I
structured language . Z° o

422, All software shall be the current version in Verification letter Tg/z Pass: Verification statement in letter
production at the time of installation.

423, All software shall contain version control Software documenta.t\iqqid.r fj{o’f' 0’37 Pass: Software documentation showing version
numbers. pv' .

424, Adjustable and configurable parameters shall |Demonstration of software r p F Pass: Enterable fields in user interface
not be hard-coded onto the source-code. They ak/ oy [-' oC LT
shall be user-modifiable. - eV V¥ /,e/d’(

4.25. The Contractor shall prepare a comprehensive |Plan documentation ﬂﬁ Pass: Pace approval of data backup and recovery plan
data backup and recovery plan, which shall .M hT‘J documentation
adhere to Pace’s IT standards. »FJQ

00T L

Py
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TSP Central Software Application Functions

Test Location: Lab for bench testing
Verification Method: Demonstration

Objective:

A=

J /8 TFC /

The objective of this testing is to verify the application functions of the TSP Central Software as dictated by the associated requirements listed below.

Requirement ID

Requirement Description

Verification Record

Criteria

2.5.5.

in the PRS central software, a web-based
Graphical User Interface (GUI), both map and
tabular, shall be designed to view, configure
and modify functions, setting and parameters

Demonstration of software

Pass: Map GUI and tabular GUI. Viewing near real-
time bus location on map based on Trapeze AVL data
interface. Viewing near real-time TSP Transaction
Summary and Fault Message Set from the Regional

of Regional PRS. /‘rJ‘T'O PRS in table when user requests. Viewing and
modifications of Regional PRS configuration
parameters through GUI.
2.5.13a. PRS shall push Transaction Summary and Fault |Log of data transmissions e Pass: Transaction Summary and Fault Message Set are
Message Set data to the Central Software L - l/"o r |received from PRS (see below)
thereby enabling near real-time monitoring pf :Pf n r' 10
corresponding information. The Regional PRS /i al Gt {("_/_f
includes the following pushed information: | ;rj L
2.5.13.1. Transaction Summary, including date/time of [Log of data transmissions Pass: Transaction Summary is viewable in tabular
TSP request start, date/time of TSP request format.
end, TSP request duration, vehicle ID,
intersection ID, TSP phase required, response
to TSP request, and TSP request ID
2.5.13.2. Fault Message Set, including date/time stamp, |Log of data transmissions Pass: Fault Message Set is viewable
intersection ID, and fault event 1D 1
2.5.15. The PRS central software shall store event logs|Event log and visual inspection of software Pass: Regional PRS event logs, message logs, and fault

from the PRS and its database shall allow for
data query via standard SQL for report
generations.

ok

logs are stored and accessible through software. SQL
data query on database generates reports. SNMP
diagnostic logs are retrieved through separate
networking monitoring application.
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Requirement ID

Requirement Description

Verification Record

Criteria

2.5.16a.

The PRS central software shall allow the users
to export the event logs to Microsoft Excel
and Adobe Acrobat.

Exported files and visual inspection of

i
software 0 /,1-,0 d
AC

Pass: All TSP event logs in accordance with Novax
Regional PRS Design Plan (1.0i) are exported to each
file format.

2.5.17. The PRS central software shall archive event  |File archive and visual mspectlon of software Pass: Archive shows past Regional PRS event logs,
log files. The log file archive period in the PRS Arebive Fzr, yod Confrg message logs, fault logs, and bus logs for user-
central software shall be configurable. LIEFERR E:j selected period.
SOFT-1a. SOFT shall perform remote monitoring and Demonstration of software Pass: Remote monitoring and configuration functions
configuration of the Regional PRS: 1 can be performed (see below). Configuration changes
made in the field are reconciled by CENT SW.
o¥
SOFT-1.1a Version Demonstration of software Pass: Version is viewable and configurable
SOFT-1.2a Intersection ID Demonstration of software Pass: Intersection ID is viewable and configurable
SOFT-1.3a PRS ID Demonstration of software Pass: PRS ID is viewable and configurable
SOFT-1.4a IP Address Demonstration of software Pass: IP Address is viewable and configurable
SOFT-1.5a PRS Network Mask Demonstration of software Pass: PRS Network Mask is viewable and configurable
SOFT-1.6a PRS Gateway Demonstration of software Pass: PRS Gateway is viewable and configurable
SOFT-1.7a Central Server IP Address Demonstration of software Pass: Central Server IP Address is viewable and
configurable
SOFT-1.8a NTP Server 1P Address Demonstration of software Pass: NTP Server IP Address is viewable and
configurable
SOFT-1.9a PRG Communications Timeout Demonstration of software Pass: PRG Communications Timeout is viewable and
configurable
SOFT-1.10a PRS Signal Output Type Demonstration of software Pass: PRS Signal Output Type is viewable and
configurable
SOFT-1.11a Reservice Time Demonstration of software Pass: Reservice Time is viewable and configurable
SOFT-1.12a Phase/PRS Output Mapping Demonstration of software Pass: Phase/PRS Output Mapping is viewable and
configurable
SOFT-1.13a PRS/Pin Output Mapping Demonstration of software Pass: PRS/Pin Output Mapping is viewable and
configurable
SOFT-1.14a PRS Inputs Demonstration of software Pass: PRS Inputs is viewable and configurable
SOFT-1.15a Time of Day Table Demonstration of software Pass: Time of Day Table is viewable and configurable
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Requirement ID

Requirement Description

Verification Record

Criteria

SOFT-2a. SOFT shall perform near real-time remote Demonstration of software \Z@ Pass: Near real-time monitoring is operational
monitoring of pushed data from the Regional / 9
PRS, Econolite Cobalt (ASC/3) traffic signal R TA;
controller, Econolite Cobalt (EOS), and Peek ﬁd\'r‘;; X
ATC-1000 traffic signal controller. v
SOFT-3a. SOFT shall receive the TSP Transaction Log of data transmissions Pass: TSP Transaction Summary and Fault Message
Summary and Fault Message Set from the \.»f/ ) ( pe Set are pushed by the Regional PRS and received in
Regional PRS that are transmitted in near real- ‘ 207 l;f near real-time. TSP event logs and PRG/PRS
time, and shall pull the TSP event logs and rrar' f"g ) communication messages are pulled from the
PRG/PRS communication messages when J/J:)/)ﬁ/ Regional PRS. Diagnostic logs are pulled with separate
requested by user. networking monitoring application. Bus position data
is accepted in near real-time and bus log data is
retrievable daily.
SOFT-4. SOFT shall utilize a web-based interface for Demonstration of software B A glv { b |Pass: Corresponding interface and data file transfer is
retrieving TSP message sets and log data Ol‘ d; \m s, k shown
transmitted from the PRG e
SOFT-5a. SOFT shall utilize SNMP V1 for COM device Demonstration of software Pass: Receive the pushed PRS Fault Message Set code
health monitoring and configuration purposes ) bﬂ ‘37" 2, which indicate communications failure with vehicle
OK é&g PRG. Separate network monitoring application shows
communications health status of network devices. No
configuration.
SOFT-6a. SOFT shall utilize SNMP V1 for COM device Demonstration of software Pass: Receive the pushed PRS Fault Message Set code
health monitoring and configuration purposes , b \grv 2, which indicate communications failure with vehicle
OK & OQ PRG. Separate network monitoring application shows
communications health status of network devices. No
configuration.
il s, jesyorjurisdied
(SOFT-8 to SOFT shall allow users to retrieve TSP data Demonstration of software Pass: Output report showing user-selected items (see
SOFT-18) logs and view TSP data by selecting a below)
combination of any of the following
characteristics:
SOFT-8. a) Within a specified date range field Demonstration of software Pass: Output report showing user-selected items
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Requirement ID

Requirement Description

Verification Record

Criteria

SOFT-9.

b) time of day

Demonstration of software

Pass: Output report showing user-selected items

SOFT-10. ¢) Day of week Demonstration of software |,/ Pass: Output report showing user-selected items
SOFT-11. d) Agency ID field Demonstration of software Pass: Output report showing user-selected items
SOFT-12. e) One or multiple Route IDs Demonstration of software I Pass: Output report showing user-selected items
SOFT-13. f) One or multiple intersection IDs Demonstration of software A‘_’ZD \ |Pass: Output report showing user-selected items
SOFT-14. g) One or multiple vehicle IDs Demonstration of software QF& ¥ /J)|Pass: Output report showing user-selected items
SOFT-15. h) Direction of Travel Demonstration of software P -rj \ ¢v Pass: Output report showing user-selected items
SOFT-16. i) One or multiple request ID fields Demonstration of software U,' ';L ) Pass: Output report showing user-selected items
SOFT-17. j) Number TSP requests granted and denied by|Demonstration of software N Pass: Output report showing user-selected items
signal controller Y= Frle N/A
SOFT-18. k) Reason for TSP denial by signal controller  |Demonstration of software i Pass: Output report showing user-selected items
SOFT-19. SOFT shall present TSP data logs in a table Data log Pass: PRG/PRS communication message log and TSP
format with each data field in a separate 0]4 event log are shown
column identified with a header row
SOFT-20a. SOFT shall provide reporting functions of the |Exported files and visual inspection of Pass: Reports are converted to each file format
data that is readily exportable to Microsoft software OK
Excel and Adobe Acrobat
SOFT-21. SOFT shall query TSP system daily activity files |Demonstration of software Pass: Results shown from data query on bus position
OK data, bus log, Regional PRS event logs, message logs,
and fault logs for selected day
SOFT-22. SOFT shall archive TSP system daily activity Demonstration of software g Pass: Archive of bus position data, bus log, Regional
files Aﬂc H{;I,gp’ PRS event logs, message logs, and fault logs is shown
SOFT-23, SOFT shall aggregate intersection ID fields to |Demonstration of so%w re K Pass: Corresponding aggregated data from bus
present TSP sys log data by TSP corridor ggpoﬂ; " fﬁ, z 0 position data, bus log, Regional PRS event logs,
,(_P | ﬁhJ 5;9' ¢ ’rO message logs, and fault logs is shown for user-
ﬁ‘.{ f }) i selected 1Ds and TSP corridors. SNMP diagnostic logs
ﬁ ¢ to be retrieved by separate network monitoring
application.
SOFT-24. SOFT shall present vehicle travel times on TSP |Demonstration of software Pass: Travel time data is shown to be calculated from

corridors by route 1D for performance

pf P

measurement purposes \

Al

dw,{

and consistent with raw bus data for user-selected
intersection-to-intersection pairs along TSP corridors
by direction

[~

Nt ef  He
QH C)‘)Jr

.
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Requirement ID

Requirement Description

Verification Record

Criteria

SOFT-25a. SOFT shall report communication failures at  |Demonstration of software Pass: Receive the pushed PRS Fault Message Set code
message level as reported by the on-board - 2, which indicate communications failure with vehicle
bus systems and from event logs of field 20 r,,.,,'” A PRG.

. ! ! pr P e
devices, and discrepancies between bus and J 7
intersection data.
SOFT-26a. SOFT shall provide a graphical user interface  |Demonstration of software ’ Pass: Corresponding user controls are shown for near
. . . - 8 1100 .
to all functions, settings, and technical géanf’ real-time monitoring, reports, and separate network
parameters of PRS. monitoring application.

SOFT-27. SOFT shall permit individual system users or  |Demonstration of software Pass: Record of multiple users and corresponding
groups of system users to log on with controls
authorized user names and passwords, log off, ,L
print reports, view system status information, o
and configure TSP System operations

SOFT-28. SOFT shall allow a System Administrator to Demonstration of software Pass: User configuration controls are enabled for
assign multiple levels of system configuration Ok administrator account
access privileges to individual System Users h
and groups of System Users A}

SOFT-29. SOFT shall display PRG, PRS, and COM Demonstration of software J 39 e * |Pass: Static PRS location viewable at corresponding
components against a graphical C} [5“; ig?‘ intersection location on map. PRG equipment
representation of their respective geographic 01”*/.,, n location represented by corresponding near real-time
locations éo”‘ F)us location on map. COM equipment locations

3 implicitly represented by bus and intersection
o' locations.

SOFT-30. SOFT shall display PRG, PRS, and COM Demonstration of software | Pass: Icons with status indicators are viewable on
components with icons that are automatically 0(’9 ’ 2 _g' map and updated in near real-time for pushed data in
updated based on the current state of those Ld'ﬂpO ‘d(f ﬂ accordance with Novax Regional PRS Design Plan
components l/o P + (1.0i).

SOFT-31. SOFT shall include tools for System Users / Demonstration of software Pass: Corresponding software features are shown

Administrators to modify and add functioning
icons for new PRG, PRS and COM components

&
167 9%"

Special Notes:
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Requirement ID [Requirement Description l Verification Record |Criteria

Witnessed by:  Signature: Signature:
Printed Name: Printed Name:
Date: Date:

Organization: Organization:
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TSP Central Software Scenario Testing: One Transit Vehicle, One Intersection

Test Location: Lab for bench testing
Verification Method: Demonstration

Objective:

The objective of this testing is to verify the functions of the TSP Central Software in coordination with the Regional PRS requirements associated with this scenario.

Requirement ID

Requirement Description

Verification Record

Criteria

211

Bus approaching intersection at normal

Log of data transmissions

Pass: The “log only” request is viewable on screen in

2.1.2 operating speed, running on-time, and pushed Transaction Summary in near real-time and in
213 initiates “log only” request for priority pulled bus log, PRG/PRS communication message log,
message set. PRS logs the message and does and TSP event log.
not generate a priority request signal to the
traffic controller.
2.1.8 Bus approaching intersection at normal Log of data transmissions Pass: The request and controller response received by
2241 operating speed, running late, and requests PRS is viewable on screen in pushed Transaction
priority. The PRS generates a priority request Summary in near real-time and in pulled bus log,
which the traffic controller accepts. Controller PRG/PRS communication message log, and TSP event
may provide either Green Extension or Early log.
Green.
2.1.8 Bus approaching intersection at normal Log of data transmissions Pass: The request and controller response received by
2242 operating speed, running late, and requests PRS is viewable on screen in pushed Transaction
priority. Controller denies request. Reason not Summary in near real-time and in pulled bus log,
known. PRG/PRS communication message log, and TSP event
log.
Bus approaching intersection at normal Log of data transmissions Pass: The request denial and reason received by PRS
operating speed, running late, and requests are viewable on screen in pushed Transaction
priority. Intersection ID does not match PRS Summary in near real-time and in pulled bus log,
Intersection 1D (configuration). PRS denies PRG/PRS communication message log, and TSP event
priority request. log.
221 Bus approaching intersection at normal Log of data transmissions Pass: The request denial and reason received by PRS

operating speed, running late, and requests
priority. Request is during a disallowed period.
PRS denies request.

are viewable on screen in pushed Transaction
Summary in near real-time and in pulled bus log,
PRG/PRS communication message log, and TSP event

log.
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Requirement ID

Requirement Description

Verification Record

Criteria

221

Bus approaching intersection at normal
operating speed, running late, and requests
priority. Requested Phase is not defined by
configuration. PRS denies request.

Log of data transmissions

Pass: The request denial and reason received by PRS
are viewable on screen in pushed Transaction
Summary in near real-time and in pulled bus log,
PRG/PRS communication message log, and TSP event
log.

2.1.12 Bus approaching intersection at normal Log of data transmissions Pass: The request denial and reason received by PRS
2246 operating speed, running late, and requests are viewable on screen in pushed Transaction
priority. Intersection is in Flash . PRS denies Summary in near real-time and in pulled bus log,
request. PRG/PRS communication message log, and TSP event
log.
2.1.12 Bus approaching intersection at normal Log of data transmissions Pass: The request denial and reason received by PRS
2.2.45 operating speed, running late, and requests are viewable on screen in pushed Transaction
priority. Intersection is in Re-Service Mode. Summary in near real-time and in pulled bus log,
PRS denies request. PRG/PRS communication message log, and TSP event
log.
2.1.12 Bus approaching intersection at normal Log of data transmissions Pass: The request denial and reason received by PRS
22.4.4 operating speed, running late, and requests are viewable on screen in pushed Transaction
PRS-2 priority. Intersection is in Priority Mode. PRS Summary in near real-time and in pulled bus log,
denies request. PRG/PRS communication message log, and TSP event
log.
PRS-2 Bus approaching intersection at normal Log of data transmissions Pass: The request and controller response received by

operating speed, running late, and requests
priority. Priority is initiated by the controller
but interrupted by a preemption call before
the priority request is cancelled and cleared.

PRS are viewable on screen in pushed Transaction
Summary in near real-time and in pulled bus log,
PRG/PRS communication message log, and TSP event

log.

Bus approaching intersection at normal
operating speed, running late, and requests
priority. Bus slows and stops for a near side
bus stop, and opens doors to pick up
passengers . Bus closes doors after passengers
board, and requests priority again. Controller
may provide either Green Extension or Early
Green.

Log of data transmissions

Pass: The request and controller response received by
PRS are viewable on screen in pushed Transaction
Summary in near real-time and in pulled bus log,
PRG/PRS communication message log, and TSP event

log.
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Requirement ID

Reguirement Description

Verification Record

Criteria

Bus approaching intersection at normal
operating speed, running late, and requests
priority. Bus continues through the
intersection without slowing down. Cancel
and Clear messages are not received at
intersection and request for priority is cleared
automatically based on user-specified time to
live parameter.

Log of data transmissions

Pass: The request and granted response record, no
clear record, and time-out record received by PRS are
viewable on screen in pushed Transaction Summary
in near real-time and in pulled bus log, PRG/PRS
communication message log, and TSP event log.

Bus approaches intersection at normal
operating speed, running late, and requests
priority. Priority message is received but not
acknowledged . Bus repeats priority request
with same Request ID. Priority request is
received and acknowledged, and bus proceeds
through the intersection.

Log of data transmissions

Pass: The second request with acknowledgement
received by PRS is viewable on screen in pushed
Transaction Summary in near real-time and in pulled
bus log, PRG/PRS communication message log, and
TSP event log. Bus log shows initial and second
request.

Special Notes:

Witnessed by:

Signature:

Printed Name:

Date:

Organization:
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Organization:




TSP Central Software Scenario Testing: Two Transit Vehicles, One Intersection

Test Location: Lab for bench testing
Verification Method: Demonstration

Objective:

The objective of this testing is to verify the functions of the TSP Central Software in coordination with the Regional PRS requirements associated with this scenario.

Requirement ID

Requirement Description

Verification Record

Criteria

24.1

First Bus approaches the intersection at
normal operating speed, running late, and
requests priority. The First Bus continues
through the intersection without changing
speed with green extension or early green.
The Second Bus approaches the intersection
shortly after the First Bus has cleared the
intersection, without changing speed, but PRS
denies request due to re-service lockout time.
(Same phase requested — Re-Service on
Controller disabled.).

Log of data transmissions

Pass: The request and granted response for First Bus
ID and request denial with reason for Second Bus ID
are viewable on screen in pushed Transaction
Summary in near real-time and in pulled bus log,
PRG/PRS communication message log, and TSP event
log.

PRS-1

First Bus (Class 2; Level 1) approaches the
intersection at normal operating speed,
running late in the EB direction and requests
priority. The Second Bus (Class 1, Level 1), also
running late, approaches the intersection in
the NB direction shortly after the First Bus
requests priority and requests priority. Only
the Second Bus receives priority treatment
since it has a higher Class designation. Both
buses continue through the intersection.

Log of data transmissions

Pass: The two requests and granted response for
Second Bus ID and denial with reason for First Bus ID
are viewable on screen in pushed Transaction
Summary in near real-time and in pulled bus log,
PRG/PRS communication message log, and TSP event
log.
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Requirement ID

Requirement Description

Verification Record

Criteria

PRS-1

First Bus (Class 1; Level 1) approaches the
intersection at normal operating speed,
running late in the EB direction, and requests
priority. The Second Bus (Class 1; Level 2), also
running late, approaches the intersection in
the NB direction shortly after the First Bus
requests priority and requests priority. Only
the First Bus receives priority treatment since
it has a higher Level. Both buses continue
through the intersection.

Log of data transmissions

Pass: The two requests and granted response for First
Bus ID and denial with reason for Second Bus ID are
viewable on screen in pushed Transaction Summary
in near real-time and in pulled bus log, PRG/PRS
communication message log, and TSP event log.

PRS-13

First Bus (Class 1; Level 1; Lateness 45)
approaches the intersection at normal
operating speed, running late in the EB
direction, and requests priority. The Second
Bus (Class 1; Level 1; Lateness 25), also
running late, approaches the intersection in
the NB direction shortly after the First Bus
requests priority and requests priority. Only
the First Bus receives priority treatment since
it is running later than the 2nd bus. Both buses
continue through the intersection.

Log of data transmissions

Pass: The two requests and granted response for First
Bus ID and denial with reason for Second Bus ID are
viewable on screen in pushed Transaction Summary
in near real-time and in pulled bus log, PRG/PRS
communication message log, and TSP event log.

Special Notes:

Witnessed by:

Signature:

Printed Name:

Date:

Organization:
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Printed Name:

Date:

Organization:




TSP Central Software Scenario Testing: PRS Fault Testing

Test Location: Lab for bench testing
Verification Method: Demonstration

Objective:

/18 TFC £ 0

The objective of this testing is to verify the functions of the TSP Central Software in coordination with the Regional PRS requirements associated with faults.

Requirement ID

Requirement Description

Verification Record

Criteria

24.6

Test as outlined in 11-2A is performed.
Power is removed after Priority Request is
granted. Power is then re-applied after 30s to
ensure a complete power down. This checks
log file integrity and power fail detection
operation. Appropriate log event messages
should be generated.

Log file

ot 7o
d@

Pass: Fault Message Set and System Log show
corresponding content.

Test as outlined in 11-2A is performed but TSP
request signal to controller is not connected.
This should result in a log message showing
“I/O problem”. After reconnection of signal to
the controller an “I/O Fault cleared” message
should be seen in the log file.

Log file

Pass: PRS Output Log Entry and PRS Input Log Entry
show corresponding content.

2.4.7.2

During testing it is expected that the PRG
communications will not occur for periods
longer than the set “PRG Communications
Failure Timeout” period. Check log to verify
“PRG Communications Fault” and “PRG
Communications Fault Cleared” messages are
generated.

Log file

i

I

Pass: Fault Message Set shows corresponding
content.

Page 1 of 2
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Requirement ID

Requirement Description

Verification Record

Criteria

24.7.3

Input assigned to UPS backup power will be
activated for 10 seconds. Message log should
include messages for “On Backup Power” and
“Off Backup Power”.

Log file
1G4 te NI

Pass: Fault Message Set shows corresponding
content.

Special Notes:

Witnessed by:

Signature:

Printed Name:

Date:

Organization:

Page 2 of 2

Signature:

Printed Name:

Date:

Organization:
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1. Introduction

1.1 Background

Pace Suburban Bus (Pace) and the Chicago Transit Authority (CTA) are deploying Transit Signal Priority
(TSP) systems to provide additional green time at traffic signals to buses that are behind schedule. The
Regional TSP IP (RTSPIP) committee headed by RTA in partnership with Pace and CTA created a
standard message set, referred to as the Regional TSP Interoperable Message Set, for bus-to-
intersection communications. The Regional TSP Message Set defines the dialog between the on-bus
Priority Request Generator (PRG) software and intersection-based Priority Request Server (PRS)
software implemented on the intersection traffic controller or on a standalone Regional PRS device that
interfaces with the intersection traffic controller.

1.2 Purpose

The scope of this document is to define the bench test plan for the TSP systems to be deployed initially
on the Milwaukee Avenue corridor and, following the Milwaukee Avenue deployment, on other corridors in
the Pace service area. The tests will verify that the TSP systems including the on-bus systems, on-bus
and intersection communications equipment, traffic controller equipment, and Central Monitoring and
Reporting software are fully functional and ready to be deployed for bus operations in the Milwaukee
Avenue corridor.

1.3 Reference Documents

1. Pace Comprehensive TSP Communications System Design Document, Jacobs, Rev E (July 2016)
Technical System Requirements for the RTSPIP, version 2.4 (05/08/14)

Regional TSP Standards and Implementation Guidelines, version 1.5 (05/08/14)

Regional TSP Central Software Acceptance Test Plan, Parsons, Rev 1.3 (01/31/18)

PRS Acceptance Test Plan, Novax, Rev 1.0e (10/31/17)

Al

1.4 Acronyms

AP — Access Point

ATC — Advanced Traffic (Signal) Controller

BIAB — Bus-In-A-Box Test Equipment

CTA — Chicago Transit Authority

EB - Eastbound

I2] — Intersection to Intersection (Communications)

I2C — Intersection to Center (Communications)

IP — Internet Protocol

NB — Northbound

NEMA — National Electrical Manufactures Association

NTCIP — National Transportation Communications for ITS Protocol
Pace — Pace Suburban Bus

PRG — Priority Request Generator

PRS — Priority Request Server

RTA — Regional Transportation Authority

RTSPIP - Regional Transit Signal Priority Implementation Program
SB - Southbound
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SNMP — Simple Network Management Protocol
TSP — Transit Signal Priority

VLU - Vehicle Logic Unit

VTT — Virtual Testing Tool

WB - Westbound



TSP Integrated Systems

Bench Test Plan JACOBS iteris

2. Project Test Plan

Testing and acceptance of the Pace Transit Signal Priority Systems to be deployed on ten corridors in the
Pace service area will be determined through a series of 13 test events that are summarized in Table 1.
Table 1 describes each of the test events according to the following categories.

+  Reference (column header “Ref”): reference number starting at 1.

+ TSP Integrated Systems Bench Test (column header “INT”): test event is part of TSP Systems
Integrated Bench Test (tests described in this document).

+  Test Event: name of test event.

+  Test Event Prerequisites: development or test activities that must be successfully completed
before the test event can be done.

. Test Event Equipment: equipment required to conduct the test event.

»  Test Event Output: data to be used to evaluate if test has demonstrated required functionality
and has been successfully completed.

. Responsibility: Lead — responsible for conducting test event; Support — responsible to provide
technical support to lead for conducting test event; Witness — responsible for witnessing test and
contributing to evaluation of test results; Approval — responsible for final approval that tests have
been completed successfully.

Table 1 describing the test events is included on the following pages.

The test events in Table 1 have been shaded as follows to indicate the current status. Test events
labelled “INT” identify test events that are described in this report (TSP integrated systems bench tests).

Shading Status

Light Blue Completed
Light Orange | On-Going
White Not Started

21 Test Event Prerequisites

Table 1 lists the prerequisites for each of the test events, that is, development or test activities that must
be successfully completed before a test event can be done. This approach is required to avoid re-testing
when changes or modifications are made in equipment or software being used for the test event after the
test event has been completed.

Figure 1 shows the interdependence of the planned test events, illustrating how test events are
dependent on the completion of other test events and establishing the order in which test events must be
completed.

Test events shown in Figure 1 in “bold letters” identify test events that are described in this report (TSP
integrated systems bench tests).
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Table 1. Summary of Project Acceptance Test Events (Page 1 of 5)
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Table 1. Summary of Project Acceptance Test Events (Page 2 of 5)

Rel IHNT Test Event

Test Evart Prarequisites

Test Evant Equip

Test Ewant Dutpuis

T Mo Regonal PRE Devion
Desvmaprment Tesling

] Mt Risganal PRE Device
Lzboratory Acceplonce Tesl

Moy Regional PRE Devion Ready For Tesbing

v Regianal PRE Deviee Ready Far
Acceptarce Testing

Movax Regional PRE Development Testing
Camplated

Fietl PRE Sooeptance Tes! Plan

Moven Regional PRE Devios Ready For
Testirg

Ecoralte ASCS Cortraller with ASCA3
Irferaschon Cortrgl Soflwane

Econalte Cobal Cortroller with ASCRA
Intersection Confrgl Software

Eagie M Contiols Loaded sl TES.
Emacled Intersecton Corbol Softwars
Eage MO0 Conliols Loaded wih TSR
Enatled Intersecton Control Scltwane
RTA PRG Vinual Testing Tool Loaced on
Lapbop Compuler

Laptan Camputer Configured 1o Configura
Regional PRS Device and Retrieve TSP Log
Data

Mo Regianal PRE Devica(s) Ready For
Testing

Ecomlte ARCA Cordroller with ARG
Interaaction Cordral Software

Eoornlne Cobak Cordoller Loaced with ASCR
Internection Control Sofware

Eage MI0 Controler Loaded with TS5
Eratled Infertecthan Corlrol Softwane
Eage ME0 Controlid Loaded with T5=-
Eratded Infersechon Conlol Soltwang
RTA FRG Wilual Tesbng Tool Lomded an
Lapiog Sompuder

Lapbog Gomputer Conliguned 1o Gorfigure

Regional PRS Device and Lo Retrieve TSP Log
Chata

Tesd Chmereations

FRE TS* Dala Logs

RTA FRG Vitual Testing Tool Data Logs
RTA FRG Vimual Testing Tool Soreen Shots
Tes! Controder Front Panel Desplay Snots

Tt bt rrations Lishd Moo

FRE TSP CataLogs Witness: Pace. Jacobe/iters
RTA PRG Virtual Testing Tool Data Logs

RT.A FRG Vitusl Téating Todl Sdngen Sholta

Approval Pace

Teat Conbraliar Front Pansl Depisy Shobs

Tes! Resuls Final Repert

Document No. C9X24800-07|B
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Table 1. Summary of Project Acceptance Test Events (Page 3 of 5)

Rof

IMT TestE

Tost Event Prerequisiies

JACOBS iteris

1.0 PRE Scitwarg Verfization Test Econcits CobaR G B0 Dased FRS

(Trapee FRG Soltware with Schwase Accagtance Tast Cremplated

Eonncile Colfnl Controller FOS-

Sased RS Sotwars) TEP Renoring Saftwarn Cpeent onal For Relrieving
Controlier TS Doba Logs

Eoftwane

B 1A PR Wirtus ] Tedng [ool Loaded on
Lo r Carprs i

Ezonoite Cobelt Controlier Loaded with E05-
Eaped FRS Software

Bt To Inesection Sommuncatons Test
Equiprment

T5F Reporting Scftesre Cperationad fior
Relrining Controlier TSP Dt Logs

Contmolier TSP Data Logs

Trapeze BAR TS Data Logs

Trapese BAR Fiowd Parw| Cesplay Shaols
Tost Cartroliar Front Pansl Dapley Shots
Tosl Reuls Techrcal Memor ndum Reoort

-] TEP Rispoing Saftwan: TEP Repoing Saftwane Ready For Accepiarce TAP Repoite Softedit NEiaied o Lapiop Tt oty Liad Parsons
Acoptance Tost Tumding (G TSP Reporting Softwane Reports [Wiiress. Pace, Jecobitens
rowin: Fiagional FRS Dovics Accaptancs Tost FTA PRG Villusl Tesng Tool Losaed on Fegiona PRS and Cortrler TS Data hoprcval: Pace
Corm pleted Laptop Compotsr Lot '
Peek ATC PRE Sofftware Accestarce Tesd Movan Regonal PR Device(s) RTé PRI Vitusl Tesbrg Todl Data
Completed : : ;
Econpibe Cobal Cortioler Losded with ASC RTA PR Virtust Testing Tool Screen Shots
Econolte Cobal EOS-Oated FRES Software irtsrasclion Corthol Softwane
. Tesl Corlrcler Front Paned Degply Shots
AREInOR THat Comgied Econaide ASEA Corlioler Loaded wih ABCS | _
e ation Curtid Soflwem Test Results Finel Repod
Enie M50 Controlier Losded wih TSP,
k8D INbErRection Contnd | Giltwane
E.aghe M8 Controlle Lissted wilh TEP
Cnabied Intersection Control Software
Pead ATC Controber Loadsd win PRS
SIwaane
Coonoite Coba® Corfrolier Loaded with DOS-
Esad FRS Software
10 Eonrolie Coball Controlier B38| Tpese PRG Software Bench Re-Tesd Complicled  [Trapene Bas- e A-Bow Loaded wilh PRG Tieml Stmeralines Lead Bos

SLppon Jacoha Trapere, Masde, Pemons
viress. Eace
Aogroval Pace

Cale Street TSR Sywierns Trepeze FRC Software Bench Pe-Test Completed
Irtwrcparacity Vefication Test  loegy 47C Controler P75 Software Acceptarce
[Trapeas PROG Softvare wih PRk fry e
AT Controlidt FRS Sofenre)
TEP Reporing Software Operational For Relrieving
Controler 752 Data Loge

Trapeze Cus- nA-Dow Losded with PRG
Softwane

R TA PRO Wirtual Tesfog Tond | daded on
[Lapicp Computer

Feet ATC Controler Loaded with FRS
Sofwane

i To Inferspchon Communioation Test
Equipment (CTA)

Bus-To- Inbersection Communcations Test
Equipment [Pace)

TSP Ruportey Scitware Cperatioral for
Fptrieving Conlrolier TSP Data Logs

Test Cbeervslinrs

COntnolier T5F Data Logs

Tiapuze BAR TEP Dala Logs

Trapere AR Front Panel Displyy Shots
Tést Cartreler Frant Pans Daglly Shots
Tt Rty Tchwucnal Migrmoearcham Rsoort

Leed Rors

FPUDRON Je00De, Trapeld, Maedde, Fanions
Pviiress. CTA, Pace

Approwval Pace, STA

Document No. C9X24800-07|B
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Table 1. Summary of Project Acceptance Test Events (Page 4 of 5)

Ral INT Teswt

12 | X |DOT TSP Systems Verification
Te=dw
13 | ¥ |Regiomal FRS Device Verifcation

Tsts

TEP Reporting Softemre Acceptance Test
Comgieted

Mowax Rieponal FRS Devee AcCeplance Test
Completed

Ecorolite Coball Conlroler EDS-Baved PRE
Solveare Verleation Tes Compleied

Gale Sireet TSP Syatems neroperabilny Tesl
Complated

TSP Reporting Softedne Acceptance Tes!
Corngieded

Mo Riegional FRE Devos Acceplance Tesl
Completed

IDOT TEP Syshers Vinfcalon Testks Compliled

Tast Event Equlpmant

TSP Reporting Sofware Installed and
Liperatonna

RTA FRG Witual Tesling Tool Loaded o
Laphop Compuber

Mo Regoral PRE Ceaoi

Eeonoito ASCIE Controker aded with AL
Irfprppcton Conbrol Soflware

Econoito Comak Controlked Loaded wih ASCE
Imtersgotan Conbod Software

Econcite Cotal Controller Loaded wih ECS5-
Eased PRS Softwang

Engle M50 Contralier Loaded with TSP.
Ernbies Irtemsaton Connad Safteasns

Eaghs MGD Cantrallar Laased with TSP-
Erabied Irtersaotion Conirel Softsane

Bus-Tor Intersechon Commurcalos Tes!
Equipment (Face)

Fully Wired MEMA TS TraTo Calnmed(s]

TSP Repating Sofwars Installad snd

Liparatsna
Trapeze Bus-Ir-A-Box Loaded wilt PRIG
Fanai e

hiovan Regonal PRS Dewor

Econchte ASCSS Conralier loaced wih ASTTS
Inbersapctan Conbrol Software

Econolite Cotat Conroker Losded wiih ASLRS
Interspction Control Software

Eagle M50 Coniroier Loaded wilh TEP-
Enabied Irtersecton Contro! Softaane
Cagle ME) Condroller Loaded with TSP-
ENADRES IFDSrsECton Lontral Softwiant

Bus-TosItemsction Communic ato-s Test
Equizrend [Facn)

Fully Wiesd NEMA TS2 Trafie Cabinat(s)

Test Event O

Lenc IDOT

Suppot Jacobs/Ters, Trapeo,
MovanParsons, Conlioler Equpiment
Suppliers

Apgpioval (DOT

Test Chserations

ITEP Reporting Softvare Reporls

Regonal PRS and Controlier TSP Cata
Logw

RTA PRG vrtusl Testing Tool Data Logs
RTA PRG irtual Testing Tool Boresn Shaots
ITest Controler Fron Pane Dsplay Shots

Teat Cihasrrations Lead lhans

TEP Dh-wul:"gj Softwary Reporls 'Slg;ful Jacobs Tropeze, NovaeParsors
Reganl PRS and Controer TSP Data [-onooier Equipment Suppliers, Meade
Logs Wl Poce

Trapere BIAR TEP Dala Logs Approval Poog
I rapere DlAE Front Panel Ldplay Sholts
Tes: Contoler Front Panse! Dplsy Shobs

Test Resuls Technica Memotandum Repod

Table 1. Summary of Project Acceptance Test Events (Page 5 of 5)
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Tast Evant Prersquisites

v Equl persenit

INT Tewt Event
14 | % |EndToErd TSP Systerms
Werif el [eal
15 Midwankee Avanoe TSP Syslema
Fuid Cperational Test

Gale Serest TSF Sywiems interaperabity Tast
Compieted

TSP Repadting Softene Accaptancs Taa
Completed

Regional PRE Cevioe Verfication Test! Completed

Econol be Coball Cortrole: ECS 1.0 FRS Soitware
Vierfication Test

DT TEF Systems. Verdcalot Tesls

Enc-Tio-End TSP Systems Verficabon Test
Compicied

TSP Reporting Software irstalled and
Ciperabonal

Tragers Bus- | frf-Box | asded wth PRG
Eaftwane

Mvax Regional PRE Devioe(s)

Ecorokle ARCA Conbiad et aded with ASTO
Intrraection Cortrol Soffware

Ecciobbe Cobal Torkialer Loaded with ASCS
mersecton Cortrol Softwars

Eagle M3D Corlrolier Losded wilh T3P
Enabied |rlersicion Contrd Softwane
Eagke MED Cortrober Loaded with TSP
e Irflernamc B oty ol Softwane
Faak ATS Controler Laaded with FRS
Sollaaie

Bius-To-Intersechon Communcations. Test
Equipment (CTA]

Ba-To- Infgrepchion Communcations Tesl
Equipment {Pace)

Uiptated Cortraler Egu prie [ncludng Signai
Tirmieng instaliod at Mitwaukoe Avenue (DOT
and SOOT IReBecions

ius-Ta- Ingarsechan and inamseten- Ta-Cantral
Cormmuncalons sl afed and Cperatong

Bussi- To- Inbersecingn and interssston-To-Cenlral
Communications Insdaliod and Cperatongd
TEP Reporng Soltware Irsdalled and
Cpgratonal on TEF Data Serer

Tesl Pace Verclels) Equipped with Trapeze
R Softwars

Tas CTA Vehicka{s) Equpped with Clever

Do PRG Soteane

Taat Obsareatons

TEP ﬂ.ﬁr';rl-rr; Sofware Repots

Regoral PRS and Controllr TSP Cala
Logs

Trapeze BIAS TES Data Logs

Trapeze BIAS Fron Fanel Diplay Shots
Teat Controter Fron: Pans Deaplyy Shots
Test Resuts Technical Memamrdum Repon

Tl Otssral ors

TSP Reporting Sofware Reports

CTA TEP Reportirg Software Reports
Regiord' PRS and Contrglls TSP Cata
Logs

Test Vehicle(s) TSP Data Logs

Tt Hesulls Tochmoal Memormrdum Repon

Liaad Ihenm

Suppoet. Jacobs. Trapeze, Nova/Parsors,
Cantraliar Equipment Supplisn, Mesds

Winess. Pace, CTA, RTA, CDOT, IDOT
Approval Pace

Lead; e

[Support Weads, Trapeze, NovauFamors
Meade, Traflic Cortraller Equapment
Suppairs, On-bus Router Coupment
[Suppier

(Winess: Faco, CTA, RTA, COOT, IDOT
isppovel Face
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Figure 1. Project Acceptance Test Events
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3. Integrated Systems Bench Test Plan

Testing of the TSP integrated systems functionality will be determined through a series of bench tests
conducted at the Meade Electric facilities, 9550 West 55th Street in McCook, lllinois (about 26 miles from
the Pace headquarters building).

The TSP integrated systems bench tests will include five groups of tests as follows.

1.

Econolite Cobalt EOS 1.0 PRS Software Verification Test (Test Event 10)
Purpose: To verify the PRS functionality of the Cobalt EOS 1.0 PRS software with the Trapeze
PRG software.

Gale Street TSP Systems Interoperability Verification Tests (Test Event 11)

Purpose #1: To verify the PRS functionality of the Peek ATC 1000 GreenWave software (version
3.24.4055 or later) with the Trapeze PRG software.

Purpose #2: To verify the PRS functionality of the Peek ATC 1000 GreenWave software (version
3.24.4055 or later) in responding to request for priority messages initiated simultaneously by a CTA
TSP-equipped bus and a Pace TSP-equipped bus.

IDOT TSP Software Verification Tests (Test Event 12)

Tests to be conducted independently by IDOT.

Purpose: To verify the TSP functionality of the TSP software running on the following controller
types (combination of controller hardware and intersection control software):

a. Econolite ASC/3 Controller running ASC/3 32.66.10 software
b. Econolite Cobalt Controller running ASC/3 32.66.10 software
c. Econolite Cobalt Controller running EOS 1.0 software

c. Siemens Eagle M50 Controller running EPAC 3.57¢ software
d. Siemens Eagle M60 Controller running EPAC 3.57¢ software

Under the following conditions:

TSP for left turn phases

TSP with actuated pedestrian signals

TSP override for railroad preemption

TSP override for emergency vehicle preemption

cooop

Regional PRS Device Verification Tests (Test Event 13)

Purpose: To verify the PRS functionality of the Regional PRS Device in conjunction with the
following controller types (combination of controller hardware and intersection control software,
tested one controller type at a time):

a. Econolite ASC/3 Controller running ASC/3 32.10.66 software
b. Econolite Cobalt Controller running ASC/3 32.10.66 software
c. Siemens Eagle M50 Controller running EPAC 3.57¢ software
d. Siemens Eagle M60 Controller running EPAC 3.57¢ software

This series of tests will also verify the TSP Reporting Software, in particular its interfaces with the
Regional PRS device.

End-To-End TSP Systems Verification Test (Test Event 14)
Purpose: To verify the TSP functionality of different intersection controller types (combination of
controller hardware and intersection control software) to be deployed by under the Pace TSP
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program. The tests will be conducted by simulating Pace and CTA buses operating through five
“test intersections’, each equipped with a different controller type.

Econolite ASC/3 Controller running ASC/3 32.66.10 software (*)

Econolite Cobalt Controller running ASC/3 32.66.10 software (*)

Siemens Eagle M50 Controller running EPAC 3.57¢ software (*)

Siemens Eagle M60 Controller running EPAC 3.57¢ software

Peek ATC 1000 Controller running GreenWave 3.24.4055 software with PRS functionality (*)

(*) To be deployed at intersections on Milwaukee Avenue.

The End-To-End TSP Systems Verification Test will also verify the TSP Reporting Software
including its interfaces with the various intersection controller types.

Each of the five groups of tests are described in more detail in the following sections of this report.

3.1 Test Procedure Pass/Fail

Test procedures will be developed and applied for each of the TSP integrated systems tests. When a test
procedure is successfully completed, it will be assigned a “pass” designation. If the test criteria are not
fully met, it will be designated as a “fail” result. Where a test procedure is failed, modifications to the
equipment or software being tested may be required. In this case, previously tested functions will be
subject to regression testing when testing is re-done as agreed upon by the witnessing representatives.

It is expected that some test procedures will not be successfully completed on the first attempt and will
require re-testing. The test plan is intended to include one round of re-testing for selected functions where
equipment or software modifications are required. The test plan does not include complete re-testing for
updated versions of equipment or software released by the equipment or software suppliers.

Test results will be documented as shown in Table 1. Reports generated by the TSP Reporting Software

from TSP log data produced by the Trapeze PRG software and from controller TSP action taken log data

produced by the Regional PRS device and intersection controller PRS software will be used to document
test results. Additionally, test results will be documented by recording screen or front panel data displayed
during the test procedure by the BIAB, VTT laptop, and traffic controllers.

3.2 Communications Equipment Verification

The TSP integrated systems bench tests are intended to verify the functionality of the TSP systems
equipment and software, already developed and tested independently, as an overall working system prior
to these systems being deployed on Milwaukee Avenue and other corridors in the Pace service area.

The TSP integrated systems tests will utilize the same bus-to-intersection communications equipment that
will be deployed on the street. However, the tests should not be considered as verification of the bus-to-
intersection communications network design and proposed operation. The verification of the bus-to-
intersection communications network to support wireless communications between moving vehicles and
intersection traffic control equipment can only be determined with certainty when communications
equipment has been deployed on Milwaukee Avenue and operated for a period of time under varying field
conditions.

In the same way, the TSP integrated systems tests will utilize the TSP Reporting Software for the
collection of bus and traffic controller log data that will be reviewed to verify that the tests were
successfully completed with the desired results. However, the tests will not serve to verify the
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intersection-to-central communications design and proposed operation that will serve to transport log files
from both buses and intersections to a central data server for processing and analysis by the TSP
Reporting Software.

3.3 Econolite Cobalt EOS 1.0 PRS Software Verification Test (Test Event 10)

The Econolite Cobalt EOS 1.0 verification tests will be conducted using the test equipment setup depicted
in Figure 2. The Trapeze Bus-In-A-Box (BIAB) including the PRG software will be used to simulate the
operation of a single bus approaching the test intersection equipped with an Econolite Cobalt controller
loaded with the EOS 1.0 intersection control software including PRS functionality. Wireless bus-to-
intersection communications using a Cradlepoint IBR 1100 mobile router (on-bus equipment) and Cisco
1532E IEEE 802.11n-compliant access point (intersection equipment) will be used for the tests.

Intersection controller log data will be uploaded to the TSP Reporting Software for each of the tests for
review and reporting. The details of making the connection to the TSP Reporting Software remains to be
finalized, depending on where the TSP Reporting Software is implemented.

Figure 2. Econolite Cobalt EOS 1.0 PRS Verification Bench Test Equipment
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Two sets of verification tests for the Econolite Cobalt EOS 1.0 PRS Software will be conducted as follows.

e One Bus, One Intersection
e Two Buses, One Intersection

The verification tests will include the same tests already conducted for the acceptance of the Econolite
Cobalt Controller (EOS 1.0) PRS functionality using the RTA PRG VTT, except for certain tests that are not
feasible using the Trapeze PRG software running on the BIAB.

3.3.1 Econolite Cobalt EOS 1.0 PRS Software Verification Tests — One Bus, One Intersection

The Econolite Cobalt EOS 1.0 PRS Software verification bench tests with and one bus and one
intersection will consist of the tests described below in Table 2.
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Table 2. Econolite Cobalt EOS 1.0 PRS Software Verification Tests — One Bus, One Intersection

Ref

Test Description

EOS-11-1

Bus approaching intersection at normal operating speed, running on-time, and initiates “log
only” request for priority message set. Bus continues through the intersection without
changing speed on the green signal without adjustment.

EOS-11-2

Bus approaching intersection at normal operating speed; running late, and requests
priority. Bus continues through the intersection without changing speed on green signal
without adjustment.

EOS-11-3

Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus continues through the intersection without changing speed on green
extension.

EOS-11-4

Bus approaching intersection at normal operating speed, running on-time, and initiates “log
only” request for priority for left turn phase. Bus continues through the intersection on the
left turn phase with no action taken by the controller.

EOS-11-5

Bus approaching intersection at normal operating speed, running late, and requests priority
for left turn phase. Bus continues through the intersection on the left turn phase with a
green time extension.

EOS-11-6

Bus approaching intersection at normal operating speed, running late, and requests priority
for left turn phase. Bus continues through the intersection on the left turn phase green
signal without adjustment.

EOS-11-7

Bus approaching intersection at normal operating speed, running late, and requests priority
for left turn phase. Bus is stopped in the left turn lane for a red signal. Bus continues
through the intersection on the left turn phase with an early green on the left turn signal.

EOS-11-8

Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is denied due to time of day lockout and bus continues through intersection.

EOS-11-9

Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is denied due to EVP preemption lockout (already in progress).

EOS-11-10

Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is initiated by the controller but interrupted by a EVP preemption call before
the priority request is cancelled and cleared.

EOS-11-11

Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is denied due to railroad preemption lockout (already in progress).

EOS-11-12

Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is initiated by the controller but interrupted by a railroad preemption call
before the priority request is cancelled and cleared.

EOS-11-13

Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is not initiated since timing not set up for input (phase) number being
requested. Bus continues through intersection.
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EOS-11-14

Bus approaches intersection at normal operating speed, running late, and requests priority.
Priority message is received but intersection ID does not match controller ID. Priority is not
initiated and bus continues through intersection.

EOS-11-15

Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus is slowed as it approaches intersection but continues through intersection on
green extension.

EOS-11-16

Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus is slowed and stopped for a red signal, then continues through the intersection
on early green.

EOS-11-17

Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus slows and stops for a near side bus stop and opens doors to pick up
passengers. Bus closes doors after passenger boarding, requests priority, and then
proceeds through the intersection on green signal.

EOS-11-18

Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus continues through the intersection without slowing down. Cancel and Clear
messages are not received at intersection and request for priority is cleared automatically
based on user-specified time to live parameter.

EOS-11-19

Bus approaching intersection at normal operating speed, running late, and requests
priority. Pedestrian requests walk for crossing street. Bus is slowed and stopped for red
signal. Pedestrian receives full walk time for crossing street. Bus continues through the
intersection on early or normal green.

EOS-11-20

Bus approaching intersection at normal operating speed, running late, and requests
priority. Pedestrian requests walk for crossing street. Bus continues through the
intersection on normal green. Pedestrian receives full walk time for crossing street.

EOS-11-21

Bus approaching intersection at normal operating speed, running late, and requests
priority. Pedestrian requests walk for crossing street. Bus continues through the
intersection on green extension time. Pedestrian receives full walk time for crossing street.

3.3.2 Econolite Cobalt EOS 1.0 PRS Software Verification Tests — Two Buses, One Intersection

The Econolite Cobalt EOS 1.0 PRS Software verification bench tests with and two buses and one
intersection will consist of the tests described below in Table 3.

Table 3. Regional PRS Verification Tests — Two Buses, One Intersection

Ref Test Description

EOS-21-1 |First Bus approaches the intersection at normal operating speed, running late in the NB
direction, and requests priority. The First Bus continues through the intersection without
changing speed with green extension or early green. The Second Bus approaches the
intersection from the SB direction shortly after the First Bus has cleared the intersection,
running late, and requests priority. The controller takes no action for the Second Bus due to
re-service lockout time.
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EOS-21-2 |First Bus approaches the intersection at normal operating speed, running on-time in the SB
direction, and requests “log only” priority. The First Bus continues through the intersection.
The Second Bus approaches the intersection from the NB direction shortly after the First Bus
clears the intersection, running late, and requests priority. The controller provides a green
extension or early green signal for the Second Bus.

EOS-21-3 |First Bus approaches the intersection in the SB direction at normal operating speed, running
late, and requests priority. The Second Bus approaches the intersection in the NB direction
at normal operating speeds, running late, and requests priority with estimated arrival time
earlier than the First Bus. Both buses continue through the intersection.

EOS-21-4 |First Bus approaches the intersection at normal operating speed, running late in the NB
direction, and requests priority. The First Bus continues through the intersection without
changing speed with green extension or early green. The Second Bus approaches the
intersection from the EB direction shortly after the First Bus has cleared the intersection,
running late, and requests priority. The controller takes no action for the Second Bus due to
re-service lockout time.

EOS-21-5 |First Bus approaches the intersection at normal operating speed, running late in the NB
direction, and requests priority. The First Bus continues through the intersection without
changing speed with green extension or early green. The Second Bus approaches the
intersection from the SB direction shortly after the First Bus has cleared the intersection,
running late, and requests priority on the left turn phase. The controller takes no action for
the Second Bus due to re-service lockout time.

EOS-21-6 |First Bus approaches the intersection at normal operating speed, running late in the SB
direction, and requests priority on the left turn phase. The First Bus continues through the
intersection without changing speed with green extension or after stopping on an early
green. The Second Bus approaches the intersection from the NB direction shortly after the
First Bus has cleared the intersection, running late, and requests priority. The controller
takes no action for the Second Bus due to re-service lockout time.

EOS-21-7 |First Bus (Type =2; Level=1) approaches the intersection at slow operating speed, running
late in the SB direction, and requests priority. The Second Bus (Type 1; Level 1), also
running late, approaches the intersection in the NB direction shortly after the First Bus
requests priority and the Second Bus requests priority. Only the Second Bus receives priority
treatment since it has a higher Type designation. Both buses continue through the
intersection.

EOS-21-8 |First Bus (Type =1; Level=2) approaches the intersection at normal operating speed, running
late in the SB direction, and requests priority. The Second Bus (Type 1; Level 1), also
running late, approaches the intersection in the NB direction shortly after the First Bus
requests priority and the Second Bus requests priority. Only the First Bus receives priority
treatment since a higher Level does not override a lower Level. Both buses continue through
the intersection.

3.4 Gale Street TSP Systems Interoperability Verification Tests (Test Event 11)

The TSP systems interoperability verification tests will be conducted using the test equipment setup
depicted in Figure 3. The Trapeze BIAB including the PRG software will be used to simulate the
operation of a Pace bus approaching the Milwaukee Avenue/Gale Street intersection (test intersection).
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Both the RTA PRG VTT and the CTA Jeffery Jump Message Set Simulator will be used to simulate the
operation of a CTA bus equipped with Rocket Router communications equipment approaching the test
intersection. The test intersection equipped with a Peek ATC 1000 traffic controller will be configured to
support bus-to-intersection communications using the Cisco 1532E IEEE 802.11n-compliant access point
and the CTA UANET-based protocol implemented on the Rocket Router (bus) and Raspberry Pi
(intersection) communications equipment.

Intersection controller log data will be uploaded to the TSP Reporting Software for each of the tests for
review and reporting.

Figure 3. TSP Systems Interoperability Verification Bench Test Equipment

TSP Data Lag
Repoarting
Sofware

Coneection To TSR l l - l _CBOX
Gata Log Reporing Chwco 1932E | 1
e Access Pont | |
I

| : Metwark
i
i

Bwilch
l e — |
Peek ATC 1000 Cmoo 1E3000 I I
Rockat Router I I4AR0 SeAware Sedlch wailh Layer ﬂﬂdlﬂpﬁlﬂ 18R
] COOT Trng 3 Rouling 1100 Router
== | |

Laplop Rurning Trapeze BIAD

Joflary Jump ot 1 b Weh PRG

el RTAPRGVTT
Simulaior Sofvane

Two sets of TSP systems interoperability verification tests will be conducted as follows.

e One CDOT Intersection (Gale Street), One Pace Bus
e One CDOT Intersection (Gale Street), Two Buses (One Pace Bus, One CTA Bus)

3.4.1 TSP Systems Interoperability Verification Tests — One Pace Bus, One CDOT Intersection

The TSP systems interoperability verification tests with one Pace bus and one CDOT intersection will
consist of the following tests described below in Table 4.

Table 4. TSP Systems Interoperability Verification Tests — One Pace Bus, One CDOT Intersection

Ref Test Description

INT-11-1 |Pace Bus approaching intersection at normal operating speed, running on-time, and initiates
“log only” request for priority message set. Bus continues through the intersection without
changing speed on the green signal without adjustment.
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INT-11-2

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus continues through the intersection without changing speed on green signal
without adjustment.

INT-11-3

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus continues through the intersection without changing speed on green extension.

INT-11-4

Pace Bus approaching intersection at normal operating speed, running on-time, and initiates
“log only” request for priority for left turn phase. Bus continues through the intersection on
the left turn phase with no action being taken by the controller.

INT-11-5

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority for left turn phase. Bus continues through the intersection on the left turn phase with
a green time extension.

INT-11-6

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority for left turn phase. Bus continues through the intersection on the left turn phase green
signal without adjustment.

INT-11-7

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority for the turn phase. Bus is stopped in the left turn lane for a red signal. Bus continues
through the intersection on the left turn phase with an early green on the left turn signal.

INT-11-8

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is denied due to time of day lockout and bus continues through intersection.

INT-11-9

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is denied due to EVP preemption lockout (already in progress).

INT-11-10

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is initiated by the controller but interrupted by a EVP preemption call before
the priority request is cancelled and cleared.

INT-11-11

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is denied due to railroad preemption lockout (already in progress).

INT-11-12

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is initiated by the controller but interrupted by a railroad preemption call
before the priority request is cancelled and cleared.

INT-11-13

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Priority is not initiated since timing not set up for input (phase) number being
requested. Bus continues through intersection.

INT-11-14

Pace Bus approaches intersection at normal operating speed, running late, and requests
priority. Priority message is received but intersection ID does not match controller ID. Priority
is not initiated and bus continues through intersection.

INT-11-15

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus is slowed as it approaches intersection but continues through intersection on
green extension.
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INT-11-16

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus is slowed and stopped for a red signal, then continues through the intersection
on early green.

INT-11-17

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus slows and stops for a near side bus stop and opens doors to pick up
passengers. Bus closes doors after passenger boarding, requests priority, and then
proceeds through the intersection on green signal.

INT-11-18

Pace Bus approaching intersection at normal operating speed, running late, and requests
priority. Bus continues through the intersection without slowing down. Cancel and Clear
messages are not received at intersection and request for priority is cleared automatically
based on user-specified time to live parameter.

3.4.2 TSP Systems Interoperability Verification Tests — Two Buses, One CDOT Intersection

The TSP systems interoperability verification tests with two buses, one Pace bus and one CTA bus, and
one CDOT intersection will consist of the tests shown below in Table 5. Note that the CTA vehicle
operation will be simulated using the RTA PRG Virtual Testing Tool (VTT) or CTA Jeffery Jump Message
Set Simulator using a wired ethernet connection to the intersection control equipment for these tests. The
Pace vehicle operation will be simulated using the Trapeze BIAB with PRG functionality.

Table 5. TSP Systems Interoperability Verification Tests — Two Buses, One CDOT Intersection

Ref

Test Description

INT-21-1

CTA Bus equipped with CTA Rocket Router communications equipment approaching
Milwaukee Avenue/Gale Street test intersection, running late, requests priority using the RTA
PRG VTT. Bus proceeds though the intersection on green extension or early green.

INT-21-2

CTA Bus equipped with CTA Rocket Router communications equipment approaching
Milwaukee Avenue/Gale Street test intersection, running late, requests priority using the CTA
Jeffery Jump simulator. Bus proceeds though the intersection on green extension or early
green.

INT-21-4

CTA Bus (First Bus) approaches the intersection from SB direction at normal operating
speed, running late, and requests priority using the Regional Interoperable Message Set.
The CTA Bus (First Bus) continues through the intersection with green extension or early
green. Pace Bus (Second Bus) approaches the intersection in the NB direction shortly after
the CTA Bus (First Bus) has cleared the intersection, running late, and requests priority. The
controller takes no action for the Pace Bus (Second Bus) due to re-service lockout time.

INT-21-5

CTA Bus (First Bus) approaches the intersection from SB direction at normal operating
speed, running on-time, and requests priority using the Regional Interoperable Message Set.
No action is taken by the controller. Pace Bus (Second Bus) approaches the intersection in
the NB direction shortly after the CTA Bus (First Bus) has cleared the intersection, running
late, and requests priority. The Pace Bus (Second Bus) continues through the intersection
with green extension or early green. CTA Bus (Third Bus) approaches the intersection from
SB direction, running late, and requests priority using the Jeffery Jump Message Set. The
controller takes no action for the CTA bus (Third Bus) due to re-service lockout timer.
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INT-21-6 |CTA Bus (First Bus) approaches the intersection from SB direction at normal operating
speed, running on-time, and requests priority using the Regional Interoperable Message Set.
No action is taken by the controller. Pace Bus (Second Bus) approaches the intersection in
the NB direction while the CTA Bus (First Bus) is approaching the intersection, running late,
and requests priority. The Pace Bus (Second Bus) continues through the intersection with
green extension or early green. CTA Bus (Third Bus) approaches the intersection from SB
direction while the Pace Bus (Second Bus) is approaching the intersection, running late, and
requests priority using the Jeffery Jump Message Set. The controller takes no action for the
CTA bus (Third Bus) due to re-service lockout timer.

INT-21-6 |CTA Bus (First Bus) approaches the intersection in the NB direction at normal operating
speed, running late, and requests priority. The Pace Bus (Second Bus) approaches the
intersection in the SB direction at normal operating speed, running late, and requests priority
with estimated arrival time earlier than the CTA Bus (First Bus). Both buses continue through
the intersection.

INT-21-7 |Pace Bus (First Bus) (Type =2; Level=1) approaches the intersection at normal operating
speed, running late in the SB direction, and requests priority. The CTA Bus (Second Bus)
(Type 1; Level 1), also running late, approaches the intersection in the NB direction shortly
after the Pace Bus (First Bus) requests priority and requests priority using the Regional
Interoperable Message Set. Both buses continue through the intersection.

INT-21-8 |Pace Bus (First Bus) (Type =1; Level=2) approaches the intersection at normal operating
speed, running late in the SB direction, and requests priority. The CTA Bus (Second Bus)
(Type 1; Level 1), also running late, approaches the intersection in the NB direction shortly
after the Pace Bus (First Bus) requests priority and requests priority using the Regional
Interoperable Message Set. Both buses continue through the intersection.

3.5 IDOT TSP Software Verification Tests (Test Event 12)

This set of tests will be conducted independently by IDOT using test equipment at the Pace headquarters
facility. IDOT requires verification of the certain TSP functionality with the following controller types
(combination of controller hardware and intersection control software) being used for this project.

Econolite ASC/3 Controller running ASC/3 32.66.10 software
Econolite Cobalt Controller running ASC/3 32.66.10 software
Econolite Cobalt Controller running EOS 1.0 software

Siemens Eagle M50 Controller running EPAC 3.57¢ software
Siemens Eagle M60 Controller running EPAC 3.57¢ software

coooo

The TSP functionality to be tested by IDOT is as follows:

a. Railroad preemption with TSP (Cobalt controller running ASC.3 software only)
b. Emergency vehicle preemption with TSP

c. Pedestrian actuation with TSP

d. TSP calls on a left turn phase
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The test plans for the Econolite Cobalt EOS 1.0 PRS Software Verification Test (Test Event 10) and
Regional PRS Device Verification Tests (Test Event 13) include tests to verify the TSP functionality for
the four cases identified by IDOT.

It is expected that IDOT will be able to utilize the test equipment being assembled for the TSP integrated
systems bench test to conduct the desired independent tests.

3.6 Regional PRS Device Verification Tests (Test Event 13)

The Regional PRS Device Verification Tests will be conducted using the test equipment setup depicted in
Figure 4. Note that the Trapeze BIAB including the PRG software will be used to simulate the operation
of a single bus approaching a test intersection equipped with the Regional PRS device connected to one
of the four intersection controller types installed in a fully-wired NEMA TS2 cabinet. Wireless bus-to-
intersection communications using a Cradlepoint IBR 1100 mobile router (on-bus equipment) and IEEE
802.11n access point (intersection equipment) will be used.

For each of the four intersection controller types, two sets of verification tests will be conducted as
follows.

e One Bus, One Intersection
e Two Buses, One Intersection

For consistency, the verification tests include the same tests (except for certain tests that are not feasible
using the Trapeze PRG software running on the BIAB) to be conducted by the Novax team for the
Regional PRS Device as described in PRS Acceptance Test Plan (prepared by Novax, dated 10/31/17)
and for the TSP Reporting Software as described in the Regional TSP Central Software Acceptance Test
Plan (prepared by Parsons, dated 01/31/18) using the RTA PRG VTT to provide PRG functionality.

Figure 4. Regional PRS Device Verification Bench Test Equipment
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Regional PRS Device Verification Tests — One Bus, One Intersection

The Regional PRS Device verification bench tests with one transit vehicle and one intersection, to be
conducted separately for each controller type, will consist of the following tests described below in Table

6.
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Table 6. Regional PRS Device Verification Tests — One Bus, One Intersection

Ref

Test Description

PRS-11-1

Bus approaching intersection at normal operating speed, running on-time, and initiates “log
only” request for priority message set. Bus continues through the intersection without
changing speed on the green signal without adjustment.

PRS-11-2

Bus approaching intersection at normal operating speed, running late, and requests priority.
Bus continues through the intersection without changing speed on green signal without
adjustment.

PRS-11-3

Bus approaching intersection at normal operating speed, running late, and requests priority.
Bus continues through the intersection without changing speed on green extension.

PRS-11-4

Bus approaching intersection at normal operating speed, running on-time, and initiates “log
only” request for priority for left turn phase. Bus continues through the intersection on the left
turn phase with no action taken by the controller.

PRS-11-5

Bus approaching intersection at normal operating speed, running late, and requests priority
for left turn phase. Bus continues through the intersection on the left turn phase with a green
time extension.

PRS-11-6

Bus approaching intersection at normal operating speed, running late, and requests priority
for left turn phase. Bus continues through the intersection on the left turn phase green signal
without adjustment.

PRS-11-7

Bus approaching intersection at normal operating speed, running late, and requests priority
for left turn phase. Bus is stopped in the left turn lane for a red signal. Bus continues through
the intersection on the left turn phase with an early green on the left turn signal.

PRS-11-8

Bus approaching intersection at normal operating speed, running late, and requests priority.
Priority is denied due to time of day lockout and bus continues through intersection.

PRS-11-9

Bus approaching intersection at normal operating speed, running late, and requests priority.
Priority is denied due to EVP preemption lockout (already in progress).

PRS-11-10

Bus approaching intersection at normal operating speed, running late, and requests priority.
Priority is initiated by the controller but interrupted by a EVP preemption call before the
priority request is cancelled and cleared.

PRS-11-11

Bus approaching intersection at normal operating speed, running late, and requests priority.
Priority is denied due to railroad preemption lockout (already in progress).

PRS-11-12

Bus approaching intersection at normal operating speed, running late, and requests priority.
Priority is initiated by the controller but interrupted by a railroad preemption call before the
priority request is cancelled and cleared.

PRS-11-13

Bus approaching intersection at normal operating speed, running late, and requests priority.
Priority is not initiated since timing not set up for input (phase) number being requested. Bus
continues through intersection.
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PRS-11-14|Bus approaches intersection at normal operating speed, running late, and requests priority.
Priority message is received but intersection ID does not match controller ID. Priority is not
initiated and bus continues through intersection.

PRS-11-15|Bus approaching intersection at normal operating speed, running late, and requests priority.
Bus is slowed as it approaches intersection but continues through intersection on green
extension.

PRS-11-16|Bus approaching intersection at normal operating speed, running late, and requests priority.
Bus is slowed and stopped for a red signal, then continues through the intersection on early
green.

PRS-11-17|Bus approaching intersection at normal operating speed, running late, and requests priority.
Bus slows and stops for a near side bus stop and opens doors to pick up passengers. Bus
closes doors after passenger boarding, requests priority, and then proceeds through the
intersection on green signal.

PRS-11-18|Bus approaching intersection at normal operating speed, running late, and requests priority.
Bus continues through the intersection without slowing down. Cancel and Clear messages
are not received at intersection and request for priority is cleared automatically based on
user-specified time to live parameter.

PRS-11-19|Bus approaching intersection at normal operating speed, running late, and requests priority.
Pedestrian requests walk for crossing street. Bus is slowed and stopped for a red signal.
Pedestrian receives full walk time for crossing street. Bus continues through the intersection
on early or normal green.

PRS-11-20|Bus approaching intersection at normal operating speed, running late, and requests priority.
Pedestrian requests walk for crossing street. Bus continues through the intersection on
normal green. Pedestrian receives full walk time for crossing street.

PRS-11-21|Bus approaching intersection at normal operating speed, running late, and requests priority.
Pedestrian requests walk for crossing street. Bus continues through the intersection on
green extension time. Pedestrian receives full walk time for crossing street.

3.6.2 Regional PRS Device Verification Tests — Two Buses, One Intersection

The Regional PRS verification bench testing with two buses and one intersection will consist of the tests
shown below in Table 7. Note that the second vehicle operation will be simulated using the RTA PRG
Virtual Testing Tool (VTT) with a wired ethernet connection to the intersection control equipment for these
tests.
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Table 7. Regional PRS Device Verification Tests — Two Buses, One Intersection

Ref

Test Description

PRS-21-1

First Bus approaches the intersection at normal operating speed, running late in the NB
direction, and requests priority. The First Bus continues through the intersection without
changing speed with green extension or early green. The Second Bus approaches the
intersection from the SB direction shortly after the First Bus has cleared the intersection,
running late, and requests priority. The controller takes no action for the Second Bus due to
re-service lockout time.

PRS-21-2

First Bus approaches the intersection at normal operating speed, running on-time in the SB
direction, and requests “log only” priority. The First Bus continues through the intersection.
The Second Bus approaches the intersection from the NB direction shortly after the First Bus
clears the intersection, running late, and requests priority. The controller provides a green
extension or early green signal for the Second Bus.

PRS-21-3

First Bus approaches the intersection in the SB direction at normal operating speed, running
late, and requests priority. The Second Bus approaches the intersection in the NB direction
at normal operating speeds, running late, and requests priority with estimated arrival time
earlier than the First Bus. Both buses continue through the intersection.

PRS-21-4

First Bus approaches the intersection at normal operating speed, running late in the NB
direction, and requests priority. The First Bus continues through the intersection without
changing speed with green extension or early green. The Second Bus approaches the
intersection from the EB direction shortly after the First Bus has cleared the intersection,
running late, and requests priority. The controller takes no action for the Second Bus due to
re-service lockout time.

PRS-21-5

First Bus approaches the intersection at normal operating speed, running late in the NB
direction, and requests priority. The First Bus continues through the intersection without
changing speed with green extension or early green. The Second Bus approaches the
intersection from the SB direction shortly after the First Bus has cleared the intersection,
running late, and requests priority on the left turn phase. The controller takes no action for
the Second Bus due to re-service lockout time.

PRS-21-6

First Bus approaches the intersection at normal operating speed, running late in the SB
direction, and requests priority on the left turn phase. The First Bus continues through the
intersection without changing speed with green extension or after stopping on an early
green. The Second Bus approaches the intersection from the NB direction shortly after the
First Bus has cleared the intersection, running late, and requests priority. The controller
takes no action for the Second Bus due to re-service lockout time.

PRS-21-7

First Bus (Type =2; Level=1) approaches the intersection at slow operating speed, running
late in the SB direction, and requests priority. The Second Bus (Type 1; Level 1), also
running late, approaches the intersection in the NB direction shortly after the First Bus
requests priority and requests priority. Only the Second Bus receives priority treatment since
it has a higher Type designation. Both buses continue through the intersection.
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PRS-21-8 |First Bus (Type =1; Level=2) approaches the intersection at normal operating speed, running
late in the SB direction, and requests priority. The Second Bus (Type 1; Level 1), also
running late, approaches the intersection in the NB direction shortly after the First Bus
requests priority and requests priority. Only the First Bus receives priority treatment since a
higher Level does not override a lower Level. Both buses continue through the intersection.

3.7 End-To-End TSP Systems Verification Tests (Test Event 14)

The end-to-end TSP systems verification tests will be conducted using the test equipment setup depicted
in Figure 5. The Trapeze BIAB including the PRG software will be used to simulate a single Pace bus as
it operates over Route 270 along Milwaukee Avenue from the Milwaukee Avenue/Maryland Avenue/
Church Street intersection to the Milwaukee Avenue/Gale Street intersection through the following five
test intersections (from north to south), each equipped with a different controller type as follows.

¢ Milwaukee Avenue/Maryland Avenue/Church Street — Econolite Cobalt controller loaded with
ASC/3 32.66.10 intersection control software including TSP functionality and IDOT signal timing
for Maryland Avenue.

Note that NB Route 270 buses travel straight through the intersection on Milwaukee Avenue, and
SB Route 270 buses make a right turn from EB Maryland Avenue to SB Milwaukee Avenue
through the intersection.

e Milwaukee Avenue/Main Street — Siemens Eagle controller loaded with EPAC 3.57¢ intersection
control software including TSP functionality and IDOT signal timing for Main Street.

e Milwaukee Avenue/Oak Mill Mall Entrance — Siemens Eagle controller loaded with EPAC 3.57¢
intersection control software including TSP functionality and IDOT signal timing for Oak Mill Mall
Entrance.

e Milwaukee Avenue/Harts Road — Econolite ACS/3 controller loaded with ASC/3 32.66.10
intersection control software including TSP functionality and IDOT signal timing for Harts Road.

e Milwaukee Avenue/Gale Street — Peek ATC 1000 controller loaded with GreenWave 3.24.4055
(or later) intersection control software including PRS functionality and CDOT signal timing for
Gale Street.

Note that the test equipment setup includes only four access points, each corresponding with a physical
segment on Milwaukee Avenue. It will be necessary to connect and disconnect the access points by hand
as the BIAB vehicle travels on the test route to simulate the on-the-street performance of the access
points where buses will associate and then dis-associate with access points as they travel on the route. In
fact, the test could be done with only a single access point connected through a network router to each of
the five test intersections. It is not possible to fully verify the communications network by bench testing.

The end-to-end TSP systems verification tests will include TSP operations at both near side and far side
bus stops as indicated in Table 8.
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Table 8. Near and Far Side Bus Stops

Intersection Southbound Northbound
Milwaukee/Maryland Near Near
Milwaukee/Main Near Near
Milwaukee/Oak Mill Mall Entrance Far Near
Milwaukee/Harts Far Far
Milwaukee/Gale Near None

The end-to-end test will be repeated four times for each direction (NB and SB). Intersection log data will
be uploaded to the TSP Reporting Software for each of the test bus runs for review and reporting.

Figure 5. End-To-End TSP Systems Verification Bench Test Equipment
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The end-to-end TSP systems bench test will consist of the following tests described below in Table 9.

Table 9. End-To-End TSP Systems Verification Tests

Ref |[Test Description

EE-1 |Bus running from Milwaukee Avenue/Maryland Avenue to Milwaukee Avenue/Gale Street
through five (5)test intersections in SB direction. AP radios are disabled to simulate “out of
range” as bus passes from route segment to route segment. Stop for at least one near side bus

stop per trip.

Document No. C9X24800-07|B page 25 of 26
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EE-2 |Repeat EE-1 (SB direction). Stop for at least one trip at near side bus stop at Gale Street.
through

EE-4

EE-5 |Bus running from Milwaukee Avenue/Maryland Avenue to Milwaukee Avenue/Gale Street

through five (5) test intersections in NB direction. AP radios are disabled to simulate “out of

range” as bus passes from route segment to route segment. Stop for at least one near side bus
stop per trip.

EE-6

through

EE-8

Repeat EE-5 (SB direction).
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1. Introduction

1.1 Background

Pace Suburban Bus (Pace) and the Chicago Transit Authority (CTA) are deploying Transit Signal Priority
(TSP) systems to provide additional green time at traffic signals to buses that are behind schedule. The
Regional TSP IP (RTSPIP) committee headed by RTA in partnership with Pace and CTA created a
standard message set, referred to as the Regional TSP Interoperable Message Set, for bus-to-
intersection communications. The Regional TSP Message Set defines the dialog between the on-bus
Priority Request Generator (PRG) software and intersection-based Priority Request Server (PRS)
software implemented on the intersection traffic controller or on a standalone Regional PRS device that
interfaces with the intersection traffic controller.

1.2 Purpose

The scope of this document is to present the results of the TSP integrated systems bench tests
conducted at Meade Electric facilities, 9550 West 55th Street in McCook, Illinois (about 26 miles from the
Pace headquarters building) on 11/13/18 through 11/16/18. The tests were conducted to verify that the
TSP systems including the on-bus systems, on-bus and intersection communications equipment, traffic
controller equipment, and Central Monitoring and Reporting software are functional and ready to be
deployed for the Field Operational Test in the Milwaukee Avenue corridor.

The TSP integrated systems bench tests included the following sets of tests.
A. Gale Street TSP Systems Interoperability Verification Tests

Purpose: To verify the PRS functionality of the Peek ATC 1000 GreenWave software (version
3.24.4055) with the Trapeze PRG software.

B. Regional PRS Device Verification Tests: Econolite ASC/3 Controller Running ASC/3 32.10.66 Software
Purpose: To verify the PRS functionality of the Regional PRS Device in conjunction with the Econolite
ASC/3 Controller running ASC/3 32.10.66 Software.

C. Regional PRS Device Verification Tests: Econolite Cobalt Controller Running ASC/3 32.10.66 Software

Purpose: To verify the PRS functionality of the Regional PRS Device in conjunction with the Econolite
Cobalt Controller running ASC/3 32.10.66 Software.

D. Regional PRS Device Verification Tests: Siemens Eagle CM50 Controller Running EPAC 3.57c Software
Purpose: To verify the PRS functionality of the Regional PRS Device in conjunction with the Siemens
Eagle M50 Controller running EPAC 3.57¢ Software.

E. Regional PRS Device Verification Tests: Siemens Eagle CM60 Controller Running EPAC 3.57¢
Software
Purpose: To verify the PRS functionality of the Regional PRS Device in conjunction with the Siemens
Eagle M60 Controller running EPAC 3.57¢ Software.

F. End-To-End TSP Systems Verification Test
Purpose: To verify the TSP functionality of different intersection controller types (combination of
controller hardware and intersection control software) to be deployed under the Pace TSP program.
The End-To-End TSP Systems Verification Test was conducted by simulating a Pace bus operating
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through five “test intersections’ on Milwaukee Avenue, each equipped with a different controller type as
follows.

Econolite ASC/3 Controller running ASC/3 32.66.10 software (Harts Road)

Econolite Cobalt Controller running ASC/3 32.66.10 software (Maryland Street)

Siemens Eagle M50 Controller running EPAC 3.57c¢ software (Main Street)

Siemens Eagle M60 Controller running EPAC 3.57¢ software (Oak Mill Mall Entrance)

Peek ATC 1000 Controller running GreenWave 3.24.4055 software with PRS functionality (Gale
Street)

Test data and results for each of the six sets of tests are described in more detail in the following sections
of this report.

1.3 Test Data and Results

The test data and results foreach of the six sets of tests have been organized as follows.

e Test Summary
Test Equipment Summary
Test Data Collection
Test Results (Passed/Failed)
Test Results Anomalies
e Test Description Table
e Annotated Regional PRS Log Reports
e Annotated TSP Reporting Software Reports

The test data and results for the six sets of tests are presented in the following sections, labelled Section A
through Section F.

14 Reference Documents

Draft TSP Integrated Systems Bench Test Plan, Jacobs, Rev C (04/30/18)

Pace Comprehensive TSP Communications System Design Document, Jacobs, Rev E (July 2016)
Technical System Requirements for the RTSPIP, version 2.4 (05/08/14)

Regional TSP Standards and Implementation Guidelines, version 1.5 (05/08/14)

Regional TSP Central Software Acceptance Test Plan, Parsons, Rev 1.3 (01/31/18)

PRS Acceptance Test Plan, Novax, Rev 1.0e (10/31/17)

o0 h 0N~

1.5 Acronyms

AP — Access Point

ATC — Advanced Traffic (Signal) Controller

BIAB — Bus-In-A-Box Test Equipment

CTA — Chicago Transit Authority

EB - Eastbound

I2] — Intersection to Intersection (Communications)
I2C — Intersection to Center (Communications)

IP — Internet Protocol

NB — Northbound

NEMA — National Electrical Manufactures Association
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NTCIP — National Transportation Communications for ITS Protocol
Pace — Pace Suburban Bus

PRG — Priority Request Generator

PRS — Priority Request Server

RTA — Regional Transportation Authority

RTSPIP - Regional Transit Signal Priority Implementation Program
SB - Southbound

SNMP — Simple Network Management Protocol

TSP — Transit Signal Priority

VLU — Vehicle Logic Unit

VTT — Virtual Testing Tool

WB - Westbound
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A - Gale Street TSP Systems Interoperability Verification Test

Test Summary

For this set of tests, the Trapeze BIAB including the PRG software was used to simulate the operation of
a Pace bus approaching the Milwaukee Avenue/Gale Street intersection (test intersection) in the NB
direction. Current signal timing including TSP parameters were installed on the intersection traffic
controller (Peek ATC 1000 running GreenWave 3.24.4055). For three tests, the RTA PRG VTT was used
to simulate CTA buses approaching the test intersection at the same time as Pace buses. No Rocket
Router or Raspberry Pi communications equipment was available for the test so the PRG VTT was
directly connected to the intersection network router. The test intersection equipped with a Peek ATC
1000 traffic controller was configured to support bus-to-intersection communications between a
Cradlepoint IBR1100 router (bus end of communications) and Cisco 1532E IEEE 802.11n-compliant
access point (test intersection end of communications).

Observations of the controller front panel display were made and recorded during the testing. Additionally,
intersection controller TSP log data was uploaded to the TSP Reporting Software by cellular
communications for each of the tests for review and reporting. Note that the controller TSP log data report
was not available until the following day since TSP log data from the Peek PRS software can only be
uploaded once per day for reporting.

The TSP systems interoperability verification tests with the Milwaukee Avenue/Gale Street intersection
consisted of ten tests as summarized in the Test Description Table starting on the next page. The ten
tests were successfully completed (“Passed”). The ten tests verified bus-to-intersection communications
between the Trapeze PRG software and Peek ATC 1000 PRS software (GreenWave 3.24.4055).

Attached following the Test Description Table are the Test Data Sheets (two pages) marked up as the
tests were conducted and the Peek ATC TSP log data reported by the TSP Reporting Software (one
page). The Peek ATC TSP log data report has been annotated.

Four anomalies were observed during the testing and/or from the TSP log data reports.

1. Selected tests (INT 11-17, INT 21-3, INT 21-5, and INT 21-6) were expected to generate a re-service
override response for the second (or third) of back-to-back requests for priority but re-service
overrides were not observed or reported for any of the tests. For tests INT 21-3, INT 21-5, and INT
21-6, it is possible that the Peek controller logic was able to provide priority for the second (or third)
request for priority at the same time as taking action for the first (or second) request for priority. If so,
no re-service override action taken would be generated.

2. The TSP Reporting Software did not report correctly for tests INT 21-3; INT 21-5; and INT 21-6. Only
one TSP event is reported for each of the tests, each of which included two or three TSP events from
back-to-back requests for priority from more than one bus.

3. The TSP Reporting Software reported two TSP events with re-service override action taken that did
not match with observations or other test data. Both TSP events were reported with “blank” Route ID
and Run Number values.

4. The tests were done using the Peek GreenWave 3.24.4055 intersection control software. This
software has known bugs in the TSP log data reporting that have been corrected in a later version of
the software. The TSP Reporting Software does not support the corrected log file content.
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Ref |Test Description Date/Time | Pass/Fail |Observations
INT 11-1 |Pace Bus approaching intersection at normal operating speed, running | 11/13/18 Pass
on-time, and initiates “log only” request for priority message set. Bus 2:56PM
continues through the intersection without changing speed on the green
signal without adjustment.
INT 11-2 |Pace Bus approaching intersection at normal operating speed, running | 11/13/18 Pass |Green extension observed
late, and requests priority. Bus continues through the intersection 1:51PM
without changing speed on green signal without adjustment.
INT 11-3 |Pace Bus approaching intersection at normal operating speed, running | 11/13/18 Pass |No adjustment required observed
late, and requests priority. Bus continues through the intersection 1:54PM
without changing speed on green extension.
INT 11-9 |Pace Bus approaching intersection at normal operating speed, running N/A No EVP at CDOT signals. Test not supported
late, and requests priority. Priority is denied due to EVP preemption by Peek software.
lockout (already in progress).
INT 11-10 |Pace Bus approaching intersection at normal operating speed, running N/A No EVP at CDOT signals. Test not supported
late, and requests priority. Priority is initiated by the controller but by Peek software.
interrupted by a EVP preemption call before the priority request is
cancelled and cleared.
INT 11-15 |Pace Bus approaching intersection at normal operating speed, running | 11/13/18 Pass
late, and requests priority. Bus is slowed as it approaches intersection 2:01PM
but continues through intersection on green extension.
INT 11-16 |Pace Bus approaching intersection at normal operating speed, running | 11/13/18 Pass
late, and requests priority. Bus is slowed and stopped for a red signal, 2:14PM
then continues through the intersection on early green.
INT 11-17 |Pace Bus approaching intersection at normal operating speed, running | 11/13/18 Pass |No re-service override observed for second call
late, and requests priority. Bus slows and stops for a near side bus stop| 2:17PM

and opens doors to pick up passengers. Bus closes doors after
passenger boarding, requests priority, and then proceeds through the
intersection on green signal.
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Ref

Test Description

Date/Time

Pass/Fail

Observations

INT 11-18

Pace Bus approaching intersection at normal operating speed, running
late, and requests priority. Bus continues through the intersection
without slowing down. Cancel and Clear messages are not received at
intersection and request for priority is cleared automatically based on
user-specified time to live parameter.

11/13/18
2:20PM

Pass

INT 21-3

Pace Bus (First Bus) approaches the intersection from NB direction at
normal operating speed, running late, and requests priority using the
Regional Interoperable Message Set. The Pace Bus (First Bus)
continues through the intersection with green extension or early green
or no action required. CTA Bus (Second Bus) approaches the
intersection in the SB direction shortly after the Pace Bus (First Bus)
has cleared the intersection, running late, and requests priority using
the RTA PRG VTT. The controller takes no action for the CTA Bus
(Second Bus) due to re-service lockout time.

11/13/18
2:36PM

Pass

No re-service override observed for second call

INT 21-4

CTA Bus (First Bus) approaches the intersection from SB direction at
normal operating speed, running on-time, and requests priority using
the RTA PRG VTT. No action is taken by the controller. Pace Bus
(Second Bus) approaches the intersection in the NB direction shortly
after the CTA Bus (First Bus) has cleared the intersection, running late,
and requests priority using the Regional Interoperable Message Set.
The Pace Bus (Second Bus) continues through the intersection with
green extension, early green, or no action required. CTA Bus (Third
Bus) approaches the intersection from SB direction while the Pace Bus
(Second Bus) is approaching the intersection, running late, and
requests priority using the RTA PG VTT. The controller takes no action
for the CTA bus (Third Bus) due to re-service lockout timer.

11/13/18
2:41PM

Pass

No re-service override observed for third call

INT 21-6

Pace Bus (First Bus) approaches the intersection in the NB direction at
normal operating speed, running late, and requests priority using the
Regional Interoperable Message Set. The CTA Bus (Second Bus)
approaches the intersection in the SB direction at normal operating
speed, running late, and requests priority using the RTA PRG VTT with
estimated arrival time earlier than the Pace Bus (First Bus). Both buses
continue through the intersection.

11/13/18
2:52PM

Pass

Green extension observed for second bus
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running late, and requests priority using the Regional Interoperabl Set. The Status Messages — B (]
Pace Bus (Second Bus) continues through the intersection with green extension, early Action Taken. M 2 #‘3 Z f’é C:Czau 4 Q.
green,or no action required. CTA Bus (Third Bus) approaches the intersection from SB Re-Service No Action Jie. ’jf‘e ‘;‘LC,Q/ o
direction after the Pace Bus (Second Bus) has cleared the intersection, running late, Taken e ~] g f -
and requests priority using the Jeffery Jump Message Set. The controlier takes no action Wéﬂ [
for the CTA Bus (Third Bus) due to re-service lockout timer. Q
16 | INT 21-5 |CTA Bus {First Bus) approaches the intersection from t B direction at normal First Bus: 4 activeProcessing; 13 First Bus: O Log Only.
operating speed, running on-time, and requests pydrity using the RTA PRG VTT. No closedCompleted. Second Bus: 4| second Bus: 6 Reduction
action is taken by the controller. Pace Bus (S d Bus) approaches the intersection activeProcessing 13 Only OR 7 Extension Only
from the SB direction while the CTA Bus t Bus) is approaching the i ion, closedCi leted. Third Bus: No OR 3 Normai Green No N
running late, and requests priority usifg the Regional (nteroperable Message Set. The Status Messages - . [
Pace Bus (Second Bus) continu rough the intersection with green extension, early Action Taken. Third Bus: 2 N
green,or no action require 'A Bus (Third Bus) approaches the intersection from NB Re-Service No Action
direction while the Page”Bus (Second Bus) is approaching the intersection, running late, Taken
and requests priogj#f using the leffery Jump Message Set. The controlier takes no action:
for the CTA BusAThird Bus) due to re-service lockout timer.
17 | INT 21-6 |Pace Bus {First Bus) approaches the intersection in the N8 direction at normal First Bus: 4 activeProcessing; 3 | First Bus: 6 Reduction Only

operating speed, running late, and requests priority using the Regional Interoperable
Message Set. CTA Bus (Second Bus) approaches the intersection in the SB direction at
normal operating speed, running late, and requests priority using the RTA PRG VIT with
estimated arrival time earlier than the First Bus (Pace Bus). Both buses continue
through the intersection.

readyOverridden; 13
closedCompleted. Second Bus: 4
activeProcessing; 13
closedCompleted

OR 7 Extension Only OR_
Normal Green No Action
Taken. Second Bus: 6
Reduction Only OR 7
Extension Only OR 3 Normal
Green No Action Taken

T
l

#71 ok
1 epfehase?




TEL LEFCORTING SOEIWARE GALE STREET  11//3//8

mms  Check-im Phasesin  Time to MaxAc Vehicke Route ID Ron Action Cycles  Extension Redection CheckOut  Wehicke Forced Rur
Activate [ 1u] Conflg Taken ;rm Ooupancy Number

ong 2018-11-13 13:48:03 2.5 1] ] PRE 150 2 NORMAL O o 5] 2018-11-13 1,6 faise 14
I 134806
gng P018-11-13 14:27:34 4 1] ] PRS 150 3 NORMAML O o o 2018-11-13 2,5 faise 14
] 14:37:57
cng 2018-11-13 14:34:20 26 (1] o PRS 150 z MORMAL D o 1] ﬂi:;i;ﬂ 4 faise 14
gng 2018-11-13 14:37:25 4 [/ o PRS 150 2 MORMAL O [¥] [1] 2018-11-13 2,5 false 14
i 14:37:55
ong 2018-11-13 14:42:13 26 0 1] PRS 150 2 MORMAL O o] 1] ﬂ1f5111:13 26 faise 14
] - B
gneg 2018-11-13 14:45:27 26 0 ¥] PRS 150 2 MORMAL O (1} 0 ﬂik;:in 25 faize 14
] - .
gmg 2018-11-13 13:51:45 2,6 o =} w8 BLY 6563 . BTEND 0 84 0 1f-2 zglgrt;g-n:,ﬁ false 345
r k3251
ging 2008-11-13 13:55:28 2,6 o L1} VB EIA 6541 2 RORMAL © 0 0 14-3 21;::;1;3-13 25 false 350
[ 13550
ong 2008-11-13 14:00:11 26 o ] VB BIA 6541 2 EXTEND 1 200 o g HiE-11-13 4 true 150
I ,ir;I" _;I"j 14:02:11

2005-10-13 14:02:13 o [a] vaal gy 3 RESREWC 1] 1] 0 2008-11-13 4 falkse { :l
-:-:m @ ':' 14:02:15
ging 2008-11-13 14:14:04 2,6 o ] VB BLY 6521 2 REDENT 1 200 B0 ”-_Ff{; ﬁ!ﬁl:;l.lz_.s true 361
ong 2018-11-13 14:15:15 25 ] Q VB BLA C:I 2 RESRWC 0 0 0 ) zilfr;lfs:um false C:ﬁ,
(] - 142130

20018-11-13 14:18:22 2,6 o 0 vBEBIA 6521 2 NORMAL O o 1] s 2018-11-13 2.6 falsa £
inu ! .F .Ill ,-'—'Ir B4:16:34
ong 2018-11-13 141850 2.6 =] 0 VB8 BlA 6521 2 NORMML O o ] 2018-11-13 & false 51
i = 14:19:07
cing 2018-11-13 14:21:08 26 a o VBEBIA 6521 2 REDEXT 1 00 WM =0 -18 M18-11-13 4 e 3451
’ 2 11-f 14:22:08
dng 1018-11-13 14:26:48 2.5 1] o VBEIA 6521 2 NORMAL @ V] h L'r-:l e 2018-11-13 2,6 falce 361
] \% t, E o 14:27:0%
dng 2018-11-13 14:33:54 2.5 ] ] VBEIL 6450 z NORMAL 0 o ﬁg (1] E 2018-11-13 2,6 false 356
[] - 1434000
Gng 2018-11-13 14:36:51 2,6 0 0 VBBIA G450 2 NORMAL O o #h'i 0 @ 201;7;1&;13 26 faise 356
] 1837
ing 2018-11-13 14:43:46 32, a o VBEIA 5450 2 MORMAL O o u\ LT 2018-11-13 2,6 faise 356
';.w " 0 ﬂ C'Jfr "5 1A:44: 00

-11- 252217 o V8 ElA BEE3 2 EXTEMD 1 zm? a 2018-11-13 4 falze 349
I:ln-g 2018-11-13 14:52:17 26 o i E.-"r"'g e
ang 2018-11-13 14:55:27 26 o o VEBIA E547 1] LOGOMLY © 1] o f ;."e }' 331.:;121_._-13 2.5 faise 348
] 14: 2T
Fee P e P e F .
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TSP Integrated Systems

Bench Test Data JACOBS iteriS

B - Regional PRS Device Verification Test: ASC/3 Controller
Running ASC/3 Software

Test Summary

The Trapeze BIAB including the PRG software was used to simulate the operation of a Pace bus
approaching the Milwaukee Avenue/Harts Road intersection equipped with the Regional PRS device
connected to an Econolite ASC/3 controller running the ASC/3 32.10.66 intersection control software.
Current signal timing for the Harts Road intersection was installed on the intersection traffic controller. A
blue TSP datakey required to enable TSP functionality was inserted in the ASC/3 controller datakey port
for the tests. Wireless bus-to-intersection communications using a Cradlepoint IBR 1100 mobile router
(on-bus equipment) and IEEE 802.11n access point (intersection equipment) was used.

Observations of the controller front panel display were made and recorded during the testing. Additionally,
the Regional PRS log files were downloaded after the completion of the tests for reporting and review.
The Regional PRS log files for each of the tests were also uploaded in near real time by a cellular VPN
link to the TSP Data Server at the Parsons offices but were not available for reporting and review in the
preparation of this report.

The Regional PRS Device verification tests for the Milwaukee Avenue/Harts Road intersection consisted
of six tests as summarized in the Test Description Table starting on the next page. Three planned tests
were not completed due to time constraints. The three planned tests were not done since the planned
tests duplicated tests run for the ASC/3 software running on the Econolite Cobalt traffic controller. The six
tests were successfully completed (“Passed”). The six tests verified bus-to-intersection communications
between the Trapeze PRG software and Regional PRS Device connected with an ASC/3 traffic controller
running ASC/3 32.10.66 intersection control software.

Attached following the Test Description Table are the Test Data Sheets (two pages) marked up as the
tests were conducted and the Regional PRS log data in an Excel spreadsheet format (nine pages). The
Regional PRS log data report has been annotated.

One anomaly was observed during the testing and recorded in the Regional PRS data log reports.

1. A second pair of CANCEL and CLEAR messages was reported in the Regional PRS log file reports
for tests 11-9 and 11-18.



TSP Integrated Systems
Bench Test Data

JACOBS iteris

Regional PRS Device Verification Tests: ASC/3 Controller Running ASC/3 Software

without slowing down. Cancel and Clear messages are not received at
intersection and request for priority is cleared automatically based on
user-specified time to live parameter.

Ref Test Description Date/Time | Pass/Fail |Observations

PRS 11-1 |Pace Bus approaching intersection at normal operating speed, running N/A Not done.
on-time, and initiates “log only” request for priority message set. Bus
continues through the intersection without changing speed on the
green signal without adjustment.

PRS 11-2 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass |Test repeated. Observed unexpected second
late, and requests priority. Bus continues through the intersection 3:02PM TSP call after completion of first call
without changing speed on green signal without adjustment.

PRS 11-3 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass |Test repeated. Observed unexpected second
late, and requests priority. Bus continues through the intersection 3:22PM TSP call after completion of first call
without changing speed on green extension.

PRS 11-9 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Priority is denied due to EVP preemption 3:29PM
lockout (already in progress).

PRS 11-10|Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Priority is initiated by the controller but 3:32PM
interrupted by an EVP preemption call before the priority request is
cancelled and cleared.

PRS 11-17 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass |Locked out first call for re-service override
late, and requests priority. Bus slows and stops for a near side bus 3:34PM
stop and opens doors to pick up passengers. Bus closes doors after
passenger boarding, requests priority, and then proceeds through the
intersection on green signal.

PRS 11-18|Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Bus continues through the intersection 3:40PM
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Bench Test Data JACOBS iteris

Ref Test Description Date/Time | Pass/Fail |Observations

PRS 21-1 |First Bus approaches the intersection from NB direction at normal N/A Not done
operating speed, running late, and requests priority using the Regional
Interoperable Message Set. The First Bus continues through the
intersection with green extension or early green or no action required.
The Second Bus approaches the intersection in the SB direction shortly
after the First Bus has cleared the intersection, running late, and
requests priority using the RTA PRG VTT. The controller takes no
action for the CTA Bus (Second Bus) due to re-service override.

PRS 21-2 |First Bus approaches the intersection in the SB direction at normal N/A Not done
operating speed, running on-time, and requests priority using the RTA
PRG VTT. The Second Bus approaches the intersection in the NB
direction shortly after the first bus has cleared the intersection at
normal operating speed, running late, and requests priority using the
Regional Interoperable Message Set. The controller provides a green
extension, early green, or no adjustment required for the Second Bus.
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REGIONAL PRS LOGS ECONOLITE ASC/3 CONTROLLER WITH ASC/3 SOFTWARE (HARTS ROAD)
11/14/2018

01,02,111418141730,495445524953,02,04,06,014d,01bc,01,0000029a,00000309,4d494c48415254,31353020202020,313420202020202020,012¢,0a

111418141730, 01,01,1 V1T 2:17:30 PRE-TEST
02,02,111418141739,495445524953,02,04,06,014d,01bc,01,0000029a,00000309,012c

03,02,111418141740,495445524953,02,04,06,04 STATUS ActiveProcessing
03,02,111418141742,495445524953,02,04,06,04

05,02,111418141745,495445524953,02,04,06 CANCEL

111418141745, 01,01,0

03,02,111418141746,495445524953,02,04,06,08 STATUS ClosedCancelled
06,02,111418141749,495445524953,02,04,06 CLEAR
07,111418141730,111418141749,0013,495445524953,4d494c48415254,01,00,02 DURATION 19 SECS; PHASE 1;TSP ENABLED; REQUEST 2

03,02,111418141750,495445524953,02,04,06,01
01,0a,111418141906,563820424941,02,01,03,0014,0014,02,6b340a19,a9deaacb,4d494c48415254,36363633202020,333439202020202020,063f, ft
111418141906, 02,02,1 BIAB 2:19:06 PRE-TEST
03,0a,111418141906,563820424941,02,01,03,04
02,03,111418141911,563820424941,02,01,03,0010,0010,02,8e2a0a19,4fe8aacb,0640
03,0a,111418141911,563820424941,02,01,03,04
02,03,111418141916,563820424941,02,01,03,000a,000a,02,b31e0a19,e6f3aacb,063f
03,0a,111418141916,563820424941,02,01,03,04 STATUS ActiveProcessing
02,03,111418141921,563820424941,02,01,03,0006,0006,02,d5140a19,8bfdaacb,0640
03,0a,111418141921,563820424941,02,01,03,04
02,03,111418141926,563820424941,02,01,03,0001,0001,02,0e0b0a19,1b07abcb,0641
03,0a,111418141927,563820424941,02,01,03,04
02,0a,111418141932,563820424941,02,01,03,0001,0001,02,31010a19,c010abcb,0642
03,0a,111418141932,563820424941,02,01,03,04
02,0a,111418141937,563820424941,02,01,03,0001,0001,02,69f70919,501aabcb,0643
03,0a,111418141937,563820424941,02,01,03,04

05,0a,111418141940,563820424941,02,01,03 CANCEL

111418141940, 02,02,0

06,0a,111418141940,563820424941,02,01,03 CLEAR
07,111418141906,111418141940,0022,563820424941,4d494c48415254,02,00,0a DURATION 34 SECS; PHASE 2; TSP ENABLED; REQUEST 10
01,0b,111418141951,563820424941,02,01,03,0012,0012,02,03df0919,d133abcb,4d494c48415254,36363633202020,333439202020202020,0645,
111418141951, 02,02,1 BIAB 2:19:51 PRE-TEST

03,0b,111418141951,563820424941,02,01,03,04
02,0b,111418141956,563820424941,02,01,03,0011,0011,02,40e30919,f637abcb,0648



03,0b,111418141956,563820424941,02,01,03,04 STATUS ActiveProcessing
02,0b,111418142002,563820424941,02,01,03,0011,0011,02,40e30919,f637abcb,064e
03,0b,111418142002,563820424941,02,01,03,04
02,0b,111418142007,563820424941,02,01,03,0011,0011,02,d6020a19,d856abcb,0645
03,0b,111418142007,563820424941,02,01,03,04

05,0b,111418142010,563820424941,02,01,03 CANCEL

111418142010, 02,02,0

06,0b,111418142010,563820424941,02,01,03 CLEAR
07,111418141951,111418142010,0013,563820424941,4d494c48415254,02,00,0b DURATION 19 SECS; PHASE 2; TSP ENABLED; REQUEST 11
01,01,111418142446,464941542020,01,04,06,014d,01bc,02,0000029a,00000309,4d494c48415254,31353020202020,313420202020202020,012¢,0a
111418142446, 02,02,1 V1T 2:24:46 PRE-TEST

03,01,111418142454,464941542020,01,04,06,04
02,01,111418142458,464941542020,01,04,06,014d,01bc,02,0000029a,00000309,012c
03,01,111418142503,464941542020,01,04,06,04

05,01,111418142507,464941542020,01,04,06 CANCEL

111418142507, 02,02,0

06,01,111418142509,464941542020,01,04,06 CLEAR
07,111418142446,111418142509,0017,464941542020,4d494c48415254,02,00,01 DURATION 23 SECS; PHASE 2; TSP ENABLED; REQUEST 1

111418142921, SYS, Novax PRS Program Started!

111418143010, 01,01

07,111418143010,111418143010,0000,313131342020,4d494c4d415259,02,01,01
01,01,111418143010,313131342020,02,04,06,001e,0032,02,000001bd,00000315,4d494c4d415259,31353020202020,313420202020202020,0028,0a
111418143050, 01,01 2:30:10 PRE-TEST

111418143059, 01,01

111418143522, SYS, Novax PRS Program Started!
01,01,111418143705,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,4d494c48415254,31353020202020,313420202020202020,012c¢,0a

111418143705, 02,01,1 V1T 2:37:05 PRE-TEST
02,01,111418143714,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c

03,01,111418143716,495445524953,02,04,06,04 STATUS ActiveProcessing
05,01,111418143720,495445524953,02,04,06 CANCEL

111418143720, 02,01,0

06,01,111418143724,495445524953,02,04,06 CLEAR
07,111418143705,111418143724,0013,495445524953,4d494c48415254,02,00,01 DURATION 19 SECS; PHASE 2; TSP ENABLED; REQUEST 1
01,0e,111418143833,563820424941,02,01,03,0014,0014,02,06350a19,12deaacb,4d494c48415254,36353431202020,333530202020202020,0168,ft
111418143833, 02,01,1 2:38:33 PRS 11-2 #1

03,0e,111418143833,563820424941,02,01,03,04
02,0e,111418143838,563820424941,02,01,03,0010,0010,02,8b2c0a19,5ce6aacb,016a
03,0e,111418143838,563820424941,02,01,03,04



02,0e,111418143843,563820424941,02,01,03,000d,000d,02,10240a19,a7eeaacb,016b
03,0e,111418143843,563820424941,02,01,03,04
02,0e,111418143848,563820424941,02,01,03,0009,0009,02,ac1b0al9,dcf6aach,016c
03,0e,111418143848,563820424941,02,01,03,04
02,0e,111418143854,563820424941,02,01,03,0005,0005,02,5d130a19,fcfeaach,0175
03,0e,111418143854,563820424941,02,01,03,04
02,0e,111418143859,563820424941,02,01,03,0001,0001,02,0e0b0a19,1b07abcb,0176
03,0e,111418143859,563820424941,02,01,03,04
02,0e,111418143904,563820424941,02,01,03,0001,0001,02,a9020a19,500fabcb,0178
03,0e,111418143904,563820424941,02,01,03,04
02,0e,111418143909,563820424941,02,01,03,0001,0001,02,89f80919,3619abcb,0179
03,0e,111418143909,563820424941,02,01,03,04
05,0e,111418143913,563820424941,02,01,03

111418143913, 02,01,0

06,0e,111418143913,563820424941,02,01,03
07,111418143833,111418143913,0028,563820424941,4d494c48415254,02,00,0e

STATUS ActiveProcessing

CANCEL

CLEAR
DURATION 40 SECS; PHASE 2; TSP ENABLED; REQUEST 14

01,0f,111418143924,563820424941,02,01,03,0011,0011,02,54e50919,fe39abcb,4d494c48415254,36353431202020,333530202020202020,0177, ff

111418143924, 02,01,1

03,0f,111418143924,563820424941,02,01,03,04
02,0f,111418143929,563820424941,02,01,03,0011,0011,02,531b0a19,cabeabcb,0165
03,0f,111418143929,563820424941,02,01,03,04
05,0f,111418143931,563820424941,02,01,03

111418143931, 02,01,0

06,0f,111418143931,563820424941,02,01,03
07,111418143924,111418143931,0007,563820424941,4d494c48415254,02,00,0f

2:39:24 PRS 11-2#2

STATUS ActiveProcessing
CANCEL

CLEAR
DURATION 7 SECS; PHASE 2; TSP ENABLED; REQUEST 15

01,11,111418144350,563820424941,02,01,03,0014,0014,02,c4340a19,53deaacb,4d494c48415254,36353431202020,333530202020202020,02ab, ft

111418144350, 02,01,1

03,11,111418144350,563820424941,02,01,03,04
02,11,111418144355,563820424941,02,01,03,0012,0012,02,a92f0a19,51e3aacb,02af
03,11,111418144355,563820424941,02,01,03,04
02,11,111418144400,563820424941,02,01,03,0012,0012,02,a92f0a19,51e3aacb,02b4
03,11,111418144400,563820424941,02,01,03,04
02,11,111418144405,563820424941,02,01,03,0012,0012,02,a92f0a19,51e3aacb,02b9
03,11,111418144405,563820424941,02,01,03,04
02,11,111418144410,563820424941,02,01,03,0012,0012,02,a92f0a19,51e3aacb,02be
03,11,111418144410,563820424941,02,01,03,04
02,11,111418144416,563820424941,02,01,03,0012,0012,02,a92f0a19,51e3aacb,02c3
03,11,111418144416,563820424941,02,01,03,04

2:43:50 PRS 11-2 #3

STATUS ActiveProcessing



02,11,111418144421,563820424941,02,01,03,0012,0012,02,a92f0a19,51e3aacb,02c8
03,11,111418144421,563820424941,02,01,03,04
02,11,111418144426,563820424941,02,01,03,0012,0012,02,a92f0a19,51e3aacb,02ce
03,11,111418144426,563820424941,02,01,03,04
02,11,111418144431,563820424941,02,01,03,0012,0012,02,a92f0a19,51e3aacb,02d3
03,11,111418144431,563820424941,02,01,03,04
02,11,111418144436,563820424941,02,01,03,000e,000e,02,df270a19,eeeaaach,02d5
03,11,111418144436,563820424941,02,01,03,04
02,11,111418144441,563820424941,02,01,03,0009,0009,02,731c0a19,19f6aacb,02d4
03,11,111418144442,563820424941,02,01,03,04
02,11,111418144447,563820424941,02,01,03,0005,0005,02,d8120a19,7dffaacb,02d5
03,11,111418144447,563820424941,02,01,03,04
02,11,111418144452,563820424941,02,01,03,0001,0001,02,53090a19,cc08abcb,02d7
03,11,111418144452,563820424941,02,01,03,04
02,11,111418144457,563820424941,02,01,03,0001,0001,02,dbfe0919,0913abcb,02d7
03,11,111418144457,563820424941,02,01,03,04
02,11,111418144502,563820424941,02,01,03,0001,0001,02,22f20919,791fabcb,02d7
03,11,111418144502,563820424941,02,01,03,04

05,11,111418144503,563820424941,02,01,03 CANCEL

111418144503, 02,01,0 PRIORITY OFF
06,11,111418144503,563820424941,02,01,03 CLEAR
07,111418144350,111418144503,0049,563820424941,4d494c48415254,02,00,11 DURATION 73 SECS; PHASE 2; TSP ENABLED; REQUEST 17
01,12,111418144511,563820424941,02,01,03,0011,0011,02,9edf0919,6834abcb,4d494c48415254,36353431202020,333530202020202020,02d4, ft
111418144511, 02,01,1 2:45:11 PRS 11-3

03,12,111418144511,563820424941,02,01,03,04
02,12,111418144516,563820424941,02,01,03,0011,0011,02,09fd0919,2d51abcb,02cd

03,12,111418144516,563820424941,02,01,03,04 STATUS ActiveProcessing
05,12,111418144519,563820424941,02,01,03 CANCEL

111418144519, 02,01,0

06,12,111418144519,563820424941,02,01,03 CLEAR
07,111418144511,111418144519,0008,563820424941,4d494c48415254,02,00,12 DURATION 8 SECS; PHASE 2: TSP ENABLED; REQUEST 18
111418144621, PREEMPT,1 PREEMPT ON

111418144621, PIN: 1

111418144624, PREEMPT,0 PREEMPT OFF
01,02,111418145045,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,4d494c48415254,31353020202020,313420202020202020,012c,0a
111418145045, 02,01,1 VTT 2:50:45

02,02,111418145054,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
02,02,111418145058,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c



02,02,111418145101,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
02,02,111418145103,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
03,02,111418145105,495445524953,02,04,06,04
02,02,111418145107,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
03,02,111418145116,495445524953,02,04,06,04
02,02,111418145118,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
02,02,111418145121,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
02,02,111418145124,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
02,02,111418145128,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
03,02,111418145137,495445524953,02,04,06,04
02,02,111418145143,495445524953,02,04,06,014d,01bc,02,0000029a,00000309,012c
05,02,111418145152,495445524953,02,04,06

111418145152, 02,01,0

03,02,111418145156,495445524953,02,04,06,08
06,02,111418145158,495445524953,02,04,06
07,111418145045,111418145158,0049,495445524953,4d494c48415254,02,00,02
03,02,111418145159,495445524953,02,04,06,01

STATUS ActiveProcessing

CANCEL

STATUS ClosedCancelled

CLEAR

DURATION 73 SECS; PHASE 2; TSP ENABLED;REQUEST 2
STATUS IdleNotValid

01,15,111418145807,563820424941,02,01,03,0014,0014,02,6b340a19,a9deaacb,4d494c48415254,36353431202020,333530202020202020,0605, ft

111418145807, 02,01,1 BIAB
03,15,111418145807,563820424941,02,01,03,04
02,15,111418145812,563820424941,02,01,03,0010,0010,02,062c0a19,deebaacb,0606
03,15,111418145812,563820424941,02,01,03,04
02,15,111418145817,563820424941,02,01,03,000d,000d,02,3d240a19,7ceeaacb,0608
03,15,111418145817,563820424941,02,01,03,04
02,15,111418145823,563820424941,02,01,03,0009,0009,02,731c0a19,19f6aach,0609
03,15,111418145823,563820424941,02,01,03,04
02,15,111418145828,563820424941,02,01,03,0006,0006,02,a9140a19,b7fdaacb,060b
03,15,111418145828,563820424941,02,01,03,04
02,15,111418145833,563820424941,02,01,03,0002,0002,02,c90c0a19,6a05abcb,060d
03,15,111418145833,563820424941,02,01,03,04
02,15,111418145838,563820424941,02,01,03,0000,0000,02,16050a19,f10cabcb,060f
03,15,111418145838,563820424941,02,01,03,04
02,15,111418145843,563820424941,02,01,03,0004,0004,02,36fd0919,a414abcb,0611
03,15,111418145843,563820424941,02,01,03,04
02,15,111418145848,563820424941,02,01,03,0004,0004,02,6cf50919,421cabcb,0612
03,15,111418145849,563820424941,02,01,03,04
05,15,111418145850,563820424941,02,01,03

111418145850, 02,01,0

STATUS ActiveProcessing

CANCEL



06,15,111418145850,563820424941,02,01,03
07,111418145807,111418145850,002b,563820424941,4d494c48415254,02,00,15

CLOSE
DURATION 43 SECS;PHASE 2; TSP ENABLED; REQUEST 21

01,16,111418145904,563820424941,02,01,03,0012,0012,02,f8dd0919,2f33abcb,4d494c48415254,36353431202020,333530202020202020,0617, ft

111418145904, 02,01,1

03,16,111418145904,563820424941,02,01,03,04
02,16,111418145909,563820424941,02,01,03,0011,0011,02,47e60919,ec3aabcb,0618
03,16,111418145909,563820424941,02,01,03,04
02,16,111418145914,563820424941,02,01,03,0011,0011,02,11ee0919,8a42abcb,061a
03,16,111418145914,563820424941,02,01,03,04
02,16,111418145919,563820424941,02,01,03,0011,0011,02,dbf50919,274aabcb,061b
03,16,111418145919,563820424941,02,01,03,04
02,16,111418145924,563820424941,02,01,03,0011,0011,02,a4fd0919,c551abcb,061d
03,16,111418145924,563820424941,02,01,03,04
02,16,111418145930,563820424941,02,01,03,0011,0011,02,84050a19,7859abcb,061e
03,16,111418145930,563820424941,02,01,03,04
02,16,111418145935,563820424941,02,01,03,0011,0011,02,380d0a19,ff60abcb,0620
03,16,111418145935,563820424941,02,01,03,04
02,16,111418145940,563820424941,02,01,03,0011,0011,02,18150a19,b368abcb,0622
03,16,111418145940,563820424941,02,01,03,04
02,16,111418145945,563820424941,02,01,03,0011,0011,02,e11c0a19,5070abcb,0624
03,16,111418145945,563820424941,02,01,03,04
05,16,111418145950,563820424941,02,01,03

111418145950, 02,01,0

06,16,111418145950,563820424941,02,01,03
07,111418145904,111418145950,002e,563820424941,4d494c48415254,02,00,16
111418150514, PREEMPT,1

111418150514, PIN: 1

111418150522, 19,03
07,111418150522,111418150522,0000,563820424941,4d494c48415254,02,03,19

2:59:04

STATUS ActiveProcessing

CANCEL

INPUT OFF

CLEAR

DURATION 46 SECS; PHASE 2; TSP ENABLED; REQUEST 22
PREEMPT ON

01,19,111418150522,563820424941,02,01,03,0014,0014,02,ae340a19,68deaacb,4d494c48415254,36363530202020,333536202020202020,0430, ff

03,19,111418150522,563820424941,02,01,03,03
05,19,111418150522,563820424941,02,01,03
06,19,111418150523,563820424941,02,01,03
111418150543, 19,03
03,1a,111418150543,563820424941,02,01,03,01
05,1a3,111418150543,563820424941,02,01,03
06,1a,111418150543,563820424941,02,01,03

3:05:22 PRS11-9 PREEMPT ON
STATUS ReadyOverridden
CANCEL
CLEAR

STATUS ReadyOverridden
CANCEL
CLEAR



111418150612, PREEMPT,0 PREEMPT OFF
01,1d,111418150743,563820424941,02,01,03,0015,0015,02,3c360a19,e2dcaacb,4d494c48415254,36363530202020,333536202020202020,04c2, ft

111418150743, 02,01,1 3:07:43 PRS 11-10 PREEMPT INTERRUPT
03,1d,111418150743,563820424941,02,01,03,04
111418150748, PREEMPT,1 Preempt On

111418150748, PIN: 1
111418150748, 02,01,0
111418150748, 1d,03

07,111418150743,111418150748,0005,563820424941,4d494c48415254,02,03,1d DURATION 5 SECS;PHASE 2; Preempt Override; REQUEST 13
111418150749, 1d,03

03,1d,111418150749,563820424941,02,01,03,06 STATUS ActiveOverride
05,1d,111418150749,563820424941,02,01,03 CANCEL

06,1d,111418150749,563820424941,02,01,03 CLEAR

111418150759, PREEMPT,0 PREEMPT OFF
01,1e,111418150814,563820424941,02,01,03,0011,0011,02,aae70919,473cabcb,4d494c48415254,36363530202020,333536202020202020,04b4, ff
111418150814, 02,01,1 BIAB 3:08:14 PRE-TEST

03,1¢,111418150814,563820424941,02,01,03,04 STATUS Active Processing

02,1e,111418150819,563820424941,02,01,03,0011,0011,02,a91d0a19,1371abcb,04al
03,1¢,111418150819,563820424941,02,01,03,04

05,1¢,111418150821,563820424941,02,01,03 CLEAR

111418150821, 02,01,0

06,1¢,111418150821,563820424941,02,01,03 CANCEL
07,111418150814,111418150821,0007,563820424941,4d494c48415254,02,00,1e DURATION 7 SECS; PHASE 2; TSP ENABLED; REQUEST 30
01,21,111418151006,563820424941,02,01,03,0014,0014,02,06350a19,12deaach,4d494c48415254,36363530202020,333536202020202020,0550, ft
111418151006, 02,01,1 3:10:06 PRS 11-17 NEAR SIDE STOP #1

03,21,111418151006,563820424941,02,01,03,04
02,21,111418151012,563820424941,02,01,03,0010,0010,02,1d2c0a19,c9ebaacb,0551
03,21,111418151012,563820424941,02,01,03,04 STATUS ActiveProcessing
02,21,111418151017,563820424941,02,01,03,000c,000c,02,49230a19,6aefaacb,0554
03,21,111418151017,563820424941,02,01,03,04
02,21,111418151022,563820424941,02,01,03,0009,0009,02,731c0a19,19f6aach,0555
03,21,111418151022,563820424941,02,01,03,04

05,21,111418151023,563820424941,02,01,03 CANCEL

111418151023, 02,01,0 PRIORITY OFF
06,21,111418151023,563820424941,02,01,03 CLEAR
07,111418151006,111418151023,0011,563820424941,4d494c48415254,02,00,21 DURATION 17 SECS; PHASE 2; TSP ENABLED; REQUEST 33

01,21,111418151042,563820424941,02,01,03,0009,0009,02,731c0a19,19f6aacb,4d494c48415254,36363530202020,333536202020202020,0568, ft
111418151042, 02,01,1 3:10:42 PRS 11-17 NEAR SIDE BUS STOP #2



03,21,111418151042,563820424941,02,01,03,04
02,21,111418151047,563820424941,02,01,03,0007,0007,02,bd160a19,affbaacb,056¢
03,21,111418151047,563820424941,02,01,03,04 STATUS ActiveProcessing
02,21,111418151052,563820424941,02,01,03,0003,0003,02,e90d0a19,5004abcb,056d
03,21,111418151052,563820424941,02,01,03,04
02,21,111418151057,563820424941,02,01,03,0000,0000,02,00050a19,070dabcb,056e
03,21,111418151057,563820424941,02,01,03,04
02,21,111418151103,563820424941,02,01,03,0005,0005,02,45fa0919,8517abcb,056e
03,21,111418151103,563820424941,02,01,03,04

05,21,111418151107,563820424941,02,01,03 CANCEL

111418151107, 02,01,0

06,21,111418151108,563820424941,02,01,03 CLEAR
07,111418151042,111418151108,001a,563820424941,4d494c48415254,02,00,21 DURATION 26 SECS; PHASE 2; TSP ENABLED; REQUEST 33
01,22,111418151121,563820424941,02,01,03,0012,0012,02,94de0919,6433abcb,4d494c48415254,36363530202020,333536202020202020,0574, ft
111418151121, 02,01,1 3:11:21 PRE-TEST

03,22,111418151121,563820424941,02,01,03,04
02,22,111418151126,563820424941,02,01,03,0011,0011,02,39e90919,cd3dabcb,0574
03,22,111418151126,563820424941,02,01,03,04
02,22,111418151131,563820424941,02,01,03,0011,0011,02,0cf20919,6e46abcb,0575
03,22,111418151131,563820424941,02,01,03,04 STATUS ActiveProcessing
02,22,111418151136,563820424941,02,01,03,0011,0011,02,acf70919,eed4babcb,0578
03,22,111418151136,563820424941,02,01,03,04
02,22,111418151142,563820424941,02,01,03,0011,0011,02,acf70919,ee4babcb,057d
03,22,111418151142,563820424941,02,01,03,04
02,22,111418151147,563820424941,02,01,03,0011,0011,02,3c240a19,8177abcb,056e
03,22,111418151147,563820424941,02,01,03,04

05,22,111418151147,563820424941,02,01,03 CANCEL

111418151147, 02,01,0

06,22,111418151147,563820424941,02,01,03 CLEAR
07,111418151121,111418151147,001a,563820424941,4d494c48415254,02,00,22 DURATION 26 SECS; PHASE 2; TSP ENABLED; REQUEST 34
01,25,111418151556,563820424941,02,01,03,0015,0015,02,3c360a19,e2dcaacb,4d494c48415254,36363530202020,333536202020202020,06af, ft
111418151556, 02,01,1 BIAB 3:15:56 PRS 11-18 COMM DROPPED
03,25,111418151556,563820424941,02,01,03,04 No Comm for 41 Secs
03,26,111418151637,563820424941,02,01,03,04 STATUS ActiveProcessing
05,25,111418151639,563820424941,02,01,03 CANCEL

111418151639, 02,01,0

06,25,111418151639,563820424941,02,01,03 CLEAR

07,111418151556,111418151639,002b,563820424941,4d494c48415254,02,00,25 DURATION 43 SECS; PHASE 2; TSP ENABLED; REQUEST 37



03,26,111418151642,563820424941,02,01,03,01 STATUS IdleNotValid
05,26,111418151642,563820424941,02,01,03 CANCEL Second Cancel and Clear
06,26,111418151642,563820424941,02,01,03 CLEAR



TSP Integrated Systems
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C - Regional PRS Device Verification Test: Cobalt Controller
Running ASC/3 Software

Test Summary

The Trapeze BIAB including the PRG software was used to simulate the operation of a Pace bus
approaching the Milwaukee Avenue/Maryland Avenue intersection equipped with the Regional PRS
device connected to an Econolite Cobalt controller running the ASC/3 32.10.66 intersection control
software. Current signal timing for the Maryland Avenue intersection was installed on the intersection
traffic controller. Wireless bus-to-intersection communications using a Cradlepoint IBR 1100 mobile router
(on-bus equipment) and IEEE 802.11n access point (intersection equipment) was used.

Observations of the controller front panel display were made and recorded during the testing. Additionally,
the Regional PRS log files were downloaded after the completion of the tests for reporting and review.
The Regional PRS log files for each of the tests were also uploaded in near real time by a cellular VPN
link to the TSP Data Server at the Parsons offices but were not available for reporting and review in the
preparation of this report.

The Regional PRS Device verification tests for the Milwaukee Avenue/Maryland Avenue intersection
consisted of eight tests as summarized in the Test Description Table starting on the next page. The eight
tests were successfully completed (“Passed”). The eight tests verified bus-to-intersection communications
between the Trapeze PRG software and Regional PRS Device connected with a Siemens Eagle M50
traffic controller running ASC/3 32.10.66 intersection control software.

Attached following the Test Description Table is the Test Data Sheet (one page) marked up as the tests
were conducted and the Regional PRS log data in an Excel spreadsheet format (five pages). The
Regional PRS log data report has been annotated.

One anomaly was observed during the testing and confirmed in the Regional PRS log file reports.
1. Test PRS 21-1 was expected to generate a re-service override response to the second of back-to-

back requests for priority. No re-service override was observed or reported for the test. It is not known
if the re-service override timer was set to greater than zero cycles or seconds for the test.
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Regional PRS Device Verification Tests: Cobalt Controller Running ASC/3 Software

without slowing down. Cancel and Clear messages are not received at
intersection and request for priority is cleared automatically based on
user-specified time to live parameter.

Ref Test Description Date/Time |Pass/Fail |[Observations

PRS 11-1 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass |[No TSP call initiated at controller
on-time, and initiates “log only” request for priority message set. Bus 1:17PM
continues through the intersection without changing speed on the
green signal without adjustment.

PRS 11-2 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Bus continues through the intersection 12:47PM
without changing speed on green signal without adjustment.

PRS 11-3 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Bus continues through the intersection 12:49PM
without changing speed on green extension.

PRS 11-9 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Priority is denied due to EVP preemption 1:15PM
lockout (already in progress).

PRS 11-10|Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Priority is initiated by the controller but 1:36PM
interrupted by EVP preemption call before the priority request is
cancelled and cleared.

PRS 11-17 |Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Bus slows and stops for a near side bus 1:37PM
stop and opens doors to pick up passengers. Bus closes doors after
passenger boarding, requests priority, and then proceeds through the
intersection on green signal.

PRS 11-18|Pace Bus approaching intersection at normal operating speed, running | 11/14/18 Pass
late, and requests priority. Bus continues through the intersection 1:40PM
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Ref Test Description Date/Time | Pass/Fail |Observations

PRS 21-1 |First Bus approaches the intersection from NB direction at normal 11/14/18 Pass [No re-service lockout observed
operating speed, running late, and requests priority using the Regional 1:41PM
Interoperable Message Set. The First Bus continues through the
intersection with green extension, early green, or no action required.
The Second Bus approaches the intersection in the SB direction shortly
after the First Bus has cleared the intersection, running late, and
requests priority using the RTA PRG VTT. The controller takes no
action for the Second Bus due to re-service lockout.
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REGIONAL PRS DEVICE VERIFICATION TESTS - COBALT CONTROLLER WITH ASC/3 FIRMWARE
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PRS 21-2

First Bus approaches the intersection from the EB direction at normal operating speed,
running on-time, and requests "log only" priority using the RTA PRG VTT. The contraller
takes no action for the First Bus. The First Bus continues through the intersection. The
Second Bus approaches the intersection from the NB direction shortly after the First Bus
has cleared the intersection, running late, and requests priority using the Regional
Interoperable Message Set. The controller provides a green extension, early green, or no
action required for the Second Bus.

First Bus: No Status Messages.
Second Bus: 4 activeProcessing;
13 closedCompleted.

First Bus: 11 Log Only
Request. Second Bus: 0
Priority Action Taken




REGIONAL PRS LOGS COBALT CONTROLLER WITH ASC/3 SOFTWARE (MARYLAND STREET)
11/14/2018

01,01,111418123057,313131342020,02,04,06,001e,0032,02,000001bd,00000315,4d494c4d415259,31353020202020,313420202020202020,0028,0a

VTT 12:30:57 PRE-TEST
03,01,111418123230,313131342020,02,04,06,01 STATUS IdleNotValid
111418123955, 01,01
07,111418123955,111418123955,0000,563820424941,4d494c4d415259,02,01,01 DURATION 0 SECS; PHASE 2; INVALID ID; REQUEST 1
01,01,111418123955,563820424941,02,01,03,001c,001c,02,c2d60f19,82efa5cb,4d494c4d415259,36343434202020,333535202020202020,036¢, ft
BIAB 12:39:55 PRE-TEST
03,01,111418123955,563820424941,02,01,03,01 STATUS IdleNotValid
05,01,111418123955,563820424941,02,01,03 CANCEL
06,01,111418123956,563820424941,02,01,03 CLEAR
111418124342, SYS, Novax PRS Program Started! RE-STARTED
01,02,111418124440,313131342020,02,04,06,001e,0032,02,000001bd,00000315,4d494c4d415259,31353020202020,313420202020202020,0028,0a
111418124440, 02,01,1 VTT PRE-TEST
01,02,111418124442,563820424941,02,01,03,0011,0011,02,03eb0f19,788ea5cb,4d494c4d415259,36343434202020,333535202020202020,0314,ft
03,02,111418124442,563820424941,02,01,03,04 BIAB 12:44:42 PRE-TEST
02,02,111418124447,563820424941,02,01,03,0011,0011,02,52b70f19,40a8a5cb,0303
03,02,111418124447,563820424941,02,01,03,04 STATUS ActiveProcessing
05,02,111418124447,563820424941,02,01,03 CANCEL
06,02,111418124448,563820424941,02,01,03 CLEAR
07,111418124442,111418124448,0006,563820424941,4d494c4d415259,02,00,02 DURATION 6 SECS; PHASE 2; TSP ENABLED; REQUEST 2
VTT 12:44:51
02,02,111418124451,313131342020,02,04,06,001e,0032,02,000001bd,00000315,0028
03,02,111418124452,313131342020,02,04,06,04 STATUS ActiveProcessing
03,02,111418124456,313131342020,02,04,06,04
05,02,111418124508,313131342020,02,04,06 CANCEL
111418124508, 02,01,0
06,02,111418124510,313131342020,02,04,06 CLEAR
07,111418124440,111418124510,001e,313131342020,4d494c4d415259,02,00,02 DURATION 30 SECS; PHASE2; TSP ENABLED; REQUEST 2
01,03,111418124618,563820424941,02,01,03,001¢,001c,02,aad60f19,94efa5¢ch,4d494c4d415259,36343434202020,333535202020202020,04¢ed, ff
111418124618, 02,01,1 BIAB 12:46:18 PRS 11-2 NORMAL OPERATION

03,03,111418124618,563820424941,02,01,03,04
02,03,111418124623,563820424941,02,01,03,0010,0010,02,46ec0f19,72dfa5cb,04e7
03,03,111418124623,563820424941,02,01,03,04 STATUS ActiveProcessing
02,03,111418124628,563820424941,02,01,03,0004,0004,02,b2011019,74cfa5cb,04e0



03,03,111418124628,563820424941,02,01,03,04
02,03,111418124633,563820424941,02,01,03,0004,0004,02,d0171019,aec0a5cb,04d9
03,03,111418124633,563820424941,02,01,03,04

05,03,111418124635,563820424941,02,01,03 CANCEL

111418124635, 02,01,0

06,03,111418124635,563820424941,02,01,03 CLEAR
07,111418124618,111418124635,0011,563820424941,4d494c4d415259,02,00,03 DURATION 17 SECS; PHASE 2; TSP ENABLED; REQUEST 3
01,04,111418124736,563820424941,02,01,03,0010,0010,02,1ceb0f19,1a96a5cb,4d494c4d415259,36343434202020,333535202020202020,03c0, ff
111418124736, 02,01,1 BIAB 12:47:36 PRS 11-2 NORMAL OPERATION
03,04,111418124736,563820424941,02,01,03,04 STATUS ActiveProcessing

02,04,111418124741,563820424941,02,01,03,0010,0010,02,76b20f19,95aba5cb,03af
03,04,111418124741,563820424941,02,01,03,04

05,04,111418124743,563820424941,02,01,03 CANCEL

111418124743, 02,01,0

06,04,111418124743,563820424941,02,01,03 CLEAR
07,111418124736,111418124743,0007,563820424941,4d494c4d415259,02,00,04 DURATION 7 SECS; PHASE 2; TSP ENABLED; REQUEST 4
01,05,111418124903,563820424941,02,01,03,001b,001b,02,11d80f19,88eea5ch,4d494c4d415259,36343434202020,333535202020202020,0592, ft
111418124903, 02,01,1 BIAB 12:49:03 PRS 11-3 NORMAL OPERATION BUS SLOWING

03,05,111418124903,563820424941,02,01,03,04
02,05,111418124909,563820424941,02,01,03,0012,0012,02,17€90f19,d2ela5cb,058e
03,05,111418124909,563820424941,02,01,03,04
02,05,111418124914,563820424941,02,01,03,0008,0008,02,eef90f19,40d5a5cb,0589
03,05,111418124914,563820424941,02,01,03,04 STATUS ActiveProcessing
02,05,111418124920,563820424941,02,01,03,0000,0000,02,8e0b1019,d4c9a5cb,0585
03,05,111418124920,563820424941,02,01,03,04
02,05,111418124925,563820424941,02,01,03,000a,000a,02,ad1c1019,0cbda5cb,0581
03,05,111418124925,563820424941,02,01,03,04

05,05,111418124925,563820424941,02,01,03 CANCEL

111418124925, 02,01,0

06,05,111418124926,563820424941,02,01,03 CLEAR
07,111418124903,111418124926,0017,563820424941,4d494c4d415259,02,00,05 DURATION 23 SECS; PHASE 2; TSP ENABLED; REQUEST 5
01,06,111418125055,563820424941,02,01,03,0012,0012,02,f8ea0f19,4d8ba5cb,4d494c4d415259,36343434202020,333535202020202020,0488, ft
111418125055, 02,01,1 12:50:55 PRS 11-9 PREEMPT OVERRIDE

03,06,111418125055,563820424941,02,01,03,04
02,06,111418125100,563820424941,02,01,03,0010,0010,02,c7e10f19,5cala5ch,0486
03,06,111418125100,563820424941,02,01,03,04 STATUS ActiveProcessing
111418125134, PREEMPT,1 PREEMPT ON
111418125134, PIN: 1



111418125134, 02,01,0 PRIORITY OFF

111418125134, 06,03

07,111418125055,111418125134,0027,563820424941,4d494c4d415259,02,03,06 DURATION 39 SECS; PHASE 2; Preempt Override; REQUEST 6
111418125135, PREEMPT,0

111418125135, PREEMPT,1

111418125135, PIN: 1

111418125141, PREEMPT,0

111418125303, SYS, PRG Communications Failure Timeout

111418125303, 06,0a

ff,0b0e120c3503,4d494c4d415259,02,563820424941

111418131112, PREEMPT,1

111418131112, PIN: 1

111418131230, PREEMPT,0
01,0f,111418133531,563820424941,02,01,03,001b,001b,02,e1d70f19,aceea5ch,4d494c4d415259,36343437202020,333438202020202020,0266, ff

111418133531, 02,01,1 BIAB 1:35:31 PRS 11-10 PREEMPT INTERRUPT
03,0f,111418133531,563820424941,02,01,03,04 STATUS ActiveProcessing
111418133535, PREEMPT,1 PREEMPT ON

111418133535, PIN: 1
111418133535, 02,01,0
111418133535, 0f,03

07,111418133531,111418133535,0004,563820424941,4d494c4d415259,02,03,0f DURATION 4 SECS; PHASE 2; PREEMPT OVERRIDE;REQUEST 15
111418133536, PREEMPT,0 PREEMPT OFF
111418133536, PREEMPT,1 PREEMPT ON

111418133536, PIN: 1
111418133536, 0f,03

03,0f,111418133536,563820424941,02,01,03,06 STATUS ActiveOverride
05,0f,111418133537,563820424941,02,01,03 CANCEL
06,0f,111418133537,563820424941,02,01,03 CLEAR

111418133558, PREEMPT,0 PREEMPT OFF
01,10,111418133642,563820424941,02,01,03,0011,0011,02,05eb0f19,308fa5cb,4d494c4d415259,36343437202020,333438202020202020,0133,
111418133642, 02,01,1 1:36:42 PRE-TEST
03,10,111418133642,563820424941,02,01,03,04 STATUS ActiveProcessing

02,10,111418133647,563820424941,02,01,03,0011,0011,02,21b70f19,61a8a5cb,0122
03,10,111418133647,563820424941,02,01,03,04

05,10,111418133650,563820424941,02,01,03 CANCEL
111418133650, 02,01,0
06,10,111418133650,563820424941,02,01,03 CLEAR

07,111418133642,111418133650,0008,563820424941,4d494c4d415259,02,00,10 DURATION 8 SECS; PHASE 2; TSP ENABLED; REQUEST 16



01,11,111418133837,563820424941,02,01,03,001c,001c,02,69d70f19,05efa5cb,4d494c4d415259,36343437202020,333438202020202020,03 1, ff
111418133837, 02,01,1 BIAB 1:39:01 PRS 11-17 NEAR SIDE BUS STOP #1
03,11,111418133837,563820424941,02,01,03,04

02,11,111418133842,563820424941,02,01,03,0015,0015,02,7be30f19,03e6a5cb,031e

03,11,111418133842,563820424941,02,01,03,04 STATUS ActiveProcessing
02,11,111418133847,563820424941,02,01,03,000e,000e,02,74ef0f19,13dda5cb,031c

03,11,111418133847,563820424941,02,01,03,04

02,11,111418133852,563820424941,02,01,03,000¢,000¢,02,eaf20f19,7ddaa5cb,031f

03,11,111418133852,563820424941,02,01,03,04

05,11,111418133852,563820424941,02,01,03 CANCEL

111418133852, 02,01,0

06,11,111418133852,563820424941,02,01,03 CLEAR
07,111418133837,111418133852,000f,563820424941,4d494c4d415259,02,00,11 DURATION 15 SECS; PHASE 2; TSP ENABLED; REQUEST 17
01,11,111418133901,563820424941,02,01,03,000c,000c,02,eaf20f19,7ddaa5cb,4d494c4d415259,36343437202020,333438202020202020,0328, ff
111418133901, 02,01,1 BIAB 1:39:01 PRS 11-17 NEAR SIDE BUS STOP #2

03,11,111418133901,563820424941,02,01,03,04
02,11,111418133906,563820424941,02,01,03,000c,000c,02,eaf20f19,7ddaa5ch,032d
03,11,111418133906,563820424941,02,01,03,04
02,11,111418133911,563820424941,02,01,03,0006,0006,02,0cfe0f19,2ed2a5cb,032c
03,11,111418133911,563820424941,02,01,03,04
02,11,111418133916,563820424941,02,01,03,0000,0000,02,9f0a1019,86caa5cb,032a
03,11,111418133917,563820424941,02,01,03,04
02,11,111418133922,563820424941,02,01,03,0008,0008,02,07191019,c5bfa5cb,0327

03,11,111418133922,563820424941,02,01,03,04 STATUS ActiveProcessing
05,11,111418133926,563820424941,02,01,03 CANCEL

111418133926, 02,01,0

06,11,111418133926,563820424941,02,01,03 CLEAR
07,111418133901,111418133926,0019,563820424941,4d494c4d415259,02,00,11 DURATION 25 SECS; PHASE 2: TSP ENABLED; REQUEST 17
01,12,111418134013,563820424941,02,01,03,0011,0011,02,02eb0f19,538ea5cb,4d494c4d415259,36343437202020,333438202020202020,0206, fi
111418134013, 02,01,1 1:40:13 PRS 11-18 NO COMM

03,12,111418134014,563820424941,02,01,03,04
02,12,111418134019,563820424941,02,01,03,0011,0011,02,e5b70f19,dba7a5cb,01f6

03,12,111418134019,563820424941,02,01,03,04 STATUS ActiveProcessing
05,12,111418134021,563820424941,02,01,03 CANCEL

111418134021, 02,01,0

06,12,111418134021,563820424941,02,01,03 CLEAR
07,111418134013,111418134021,0008,563820424941,4d494c4d415259,02,00,12 DURATION 8 SECS; PHASE 2; TSP ENABLED; REQUEST 18

111418134223, SYS, PRG Communications Fault Cleared COMM RE-ESTABLISHED



01,13,111418134223,563820424941,02,01,03,001c,001c,02,aad60f19,94efa5ch,4d494c4d415259,36343437202020,333438202020202020,0402, ff
111418134223, 02,01,1 BIAB 1:42:23 PRS 21-1 TWO BUSES BUS #1
03,13,111418134223,563820424941,02,01,03,04
02,13,111418134228,563820424941,02,01,03,0018,0018,02,b5de0f19,93e9a5cb,0402
03,13,111418134229,563820424941,02,01,03,04 STATUS ActiveProcessing
02,13,111418134234,563820424941,02,01,03,0013,0013,02,c1e60f19,91e3a5cb,0403
03,13,111418134234,563820424941,02,01,03,04
02,13,111418134239,563820424941,02,01,03,000f,000f,02,ccee0f19,90dda5cb,0404
03,13,111418134239,563820424941,02,01,03,04
02,13,111418134244,563820424941,02,01,03,000a,000a,02,a8f60f19,b2d7a5cb,0405
03,13,111418134244,563820424941,02,01,03,04
02,13,111418134249,563820424941,02,01,03,0006,0006,02,cbfe0f19,9fd1a5cb,0406
03,13,111418134249,563820424941,02,01,03,04
02,13,111418134254,563820424941,02,01,03,0001,0001,02,ef061019,8bcba5cb,0406
03,13,111418134255,563820424941,02,01,03,04
02,13,111418134300,563820424941,02,01,03,0001,0001,02,2b111019,a3c5a5cb,0406
03,13,111418134300,563820424941,02,01,03,04
02,13,111418134305,563820424941,02,01,03,0001,0001,02,1f191019,b3bfa5cb,0407
03,13,111418134305,563820424941,02,01,03,04

05,13,111418134308,563820424941,02,01,03 CANCEL

111418134308, 02,01,0

06,13,111418134308,563820424941,02,01,03 CLEAR
07,111418134223,111418134308,002d,563820424941,4d494c4d415259,02,00,13 DURATION 45 SECS; PHASE 2; TSP ENABLED; REQUEST 19
01,01,111418134316,495445524953,02,04,06,001e,0032,02,000001bd,00000315,4d494c4d415259,31353020202020,313420202020202020,0028,0a
111418134316, 02,01,1 V1T 1:43:16 PRS 21-1 TWO BUSES BUS #2
02,01,111418134322,495445524953,02,04,06,001e,0032,02,000001bd,00000315,0028

03,01,111418134324,495445524953,02,04,06,04 STATUS ActiveProcessing

03,01,111418134326,495445524953,02,04,06,04
03,01,111418134328,495445524953,02,04,06,04

05,01,111418134334,495445524953,02,04,06 CANCEL

111418134334, 02,01,0

06,01,111418134338,495445524953,02,04,06 CLEAR
07,111418134316,111418134338,0016,495445524953,4d494c4d415259,02,00,01 DURATION 22 SECS; PHASE 2; TSP ENABLED; REQUEST 1

NO RE-SERVICE ERROR OUTPUT FROM CONTROLLER



TSP Integrated Systems

Bench Test Data JACOBS iteris

D - Regional PRS Device Verification Test: Eagle M50
Controller Running EPAC Software

Test Summary

The Trapeze BIAB including the PRG software was used to simulate the operation of a Pace bus
approaching the Milwaukee Avenue/Main Street intersection equipped with the Regional PRS device
connected to a Siemens Eagle M50 controller running the EPAC 3.57c¢ intersection control software.
Current signal timing for the Main Street intersection was installed on the intersection traffic controller.
Wireless bus-to-intersection communications using a Cradlepoint IBR 1100 mobile router (on-bus
equipment) and IEEE 802.11n access point (intersection equipment) was used.

Observations of the controller front panel inputs display were made and recorded during the testing.
Additionally, the Regional PRS log files were downloaded after the completion of the tests for reporting
and review. The Regional PRS log files for each of the tests were also uploaded in near real time by a
cellular VPN link to the TSP Data Server at the Parsons offices but were not available for reporting and
review in the preparation of this report.

The Regional PRS Device verification tests for the Milwaukee Avenue/Main Street intersection consisted
of eight tests as summarized in the Test Description Table starting on the next page. The eight tests were
successfully completed (“Passed”). The eight tests verified bus-to-intersection communications between
the Trapeze PRG software and Regional PRS Device connected with a Siemens Eagle M60 controller
running EPAC 3.57c intersection control software.

Attached following the Test Description Table is the Test Data Sheet (one page) marked up as the tests
were conducted and the Regional PRS log data in an Excel spreadsheet format (nine pages). The
Regional PRS log data report has been annotated.

Five anomalies were observed during the testing and confirmed from the Regional PRS log file reports.

1. Test PRS 21-1 was expected to generate a re-service override response to the second of back-to-
back requests for priority. No re-service override was observed or reported for the test. It is not known
if the re-service override timer was set to greater than zero cycles or seconds for the test.

2. The Eagle M50 appeared to be locked in flash or preemption mode. Attempts were made to re-boot
the traffic controller without any success. As a result, the response of the traffic controller to the TSP
calls received could not be determined. The inputs to the traffic controller from the Regional PRS
Device were monitored and were determined to be fully operational.

3. Tests PRS 11-9 and PRS 11-10 were expected to generate preemption overrides to the requests for
priority from the Pace buses. No preemption overrides were observed or reported for the tests.

4. An unexpected request for priority was initiated five seconds after the completion of test 11-10. The
request for priority message set was recorded in the Regional PRS log file report.

5. No “request for priority” message (record type 01) was recorded in the Regional PRS log file report
for test 11-1. Otherwise, the test was completed as expected.



TSP Integrated Systems
Bench Test Data

JACOBS iteris

Regional PRS Device Verification Tests: Eagle M50 Controller Running EPAC Software

without slowing down. Cancel and Clear messages are not received at
intersection and request for priority is cleared automatically based on
user-specified time to live parameter.

Ref Test Description Date/Time |Pass/Fail Comments
PRS 11-1 |Pace Bus approaching intersection at normal operating speed, running | 11/15/18 Pass
on-time, and initiates “log only” request for priority message set. Bus 11:51AM
continues through the intersection without changing speed on the
green signal without adjustment.
PRS 11-2 |Pace Bus approaching intersection at normal operating speed, running | 11/15/18 Pass
late, and requests priority. Bus continues through the intersection 11:24AM
without changing speed on green signal without adjustment.
PRS 11-3 |Pace Bus approaching intersection at normal operating speed, running | 11/15/18 Pass
late, and requests priority. Bus continues through the intersection 11:25AM
without changing speed on green extension.
PRS 11-9 |Pace Bus approaching intersection at normal operating speed, running | 11/15/18 Pass
late, and requests priority. Priority is denied due to EVP preemption 11:28AM
lockout (already in progress).
PRS 11-10|Pace Bus approaching intersection at normal operating speed, running | 11/15/18 Pass
late, and requests priority. Priority is initiated by the controller but 11:31AM
interrupted by EVP preemption call before the priority request is
cancelled and cleared.
PRS 11-17 |Pace Bus approaching intersection at normal operating speed, running | 11/15/18 Pass
late, and requests priority. Bus slows and stops for a near side bus 11:32AM
stop and opens doors to pick up passengers. Bus closes doors after
passenger boarding, requests priority, and then proceeds through the
intersection on green signal.
PRS 11-18|Pace Bus approaching intersection at normal operating speed, running | 11/15/18 Pass |TSP call held at PRS after communications
late, and requests priority. Bus continues through the intersection 11:37AM disconnected




TSP Integrated Systems

Bench Test Data JACOBS iteris

Ref Test Description Date/Time | Pass/Fail |Observations

PRS 21-1 |First Bus approaches the intersection from NB direction at normal 11/15/18 Pass [No re-service lockout observed.
operating speed, running late, and requests priority using the Regional | 11:40AM
Interoperable Message Set. The First Bus continues through the
intersection with green extension, early green, or no action required.
The Second Bus approaches the intersection in the SB direction shortly
after the First Bus has cleared the intersection, running late, and
requests priority using the RTA PRG VTT. The controller takes no
action for the Second Bus due to re-service lockout.
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REGIONAL PRS DEVICE VERIFICATION TESTS - EAGLE M50 CONTROLLER WITH EPAC FIRMWARE
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PRS 21-2

First Bus approaches the intersection from the SB direction at normal operating speed,
running on-time, and requests "log only" priority using the RTA PRG VTT. The controller
takes no action for the First Bus. The First Bus continues through the intersection. The
Second Bus approaches the intersection from the NB direction shortly after the First Bus
has cleared the intersection, running late, and requests priority using the Regional
Interoperable Message Set. The controller provides a green extension, early green, or no
action required for the Second Bus.

First Bus: No Status Messages.
Second Bus: 4 activeProcessing;
13 closedCompleted.

First Bus: 11 Log Only
Request. Second Bus: 0
Priority Action Taken




REGIONAL PRS LOG FOR EAGLE M50 CONTROLLER WITH EPAC SOFTWARE (MAIN STREET)

01,05,111518110531,563820424941,02,01,03,000€,000e,02,5b910d19,ecd5a7ch,4d494c4d41494e,36343532202020,333537202020202020,00fe, ff
111518110532, 02,01,1 BIAB 11:05:31 PRE-TEST
03,05,111518110532,563820424941,02,01,03,04

02,05,111518110537,563820424941,02,01,03,000e,000e,02,5b910d19,ecd5a7cb,0103

03,05,111518110537,563820424941,02,01,03,04

02,05,111518110542,563820424941,02,01,03,000e,000¢,02,5b910d19,ecd5a7cb,0108

03,05,111518110542,563820424941,02,01,03,04

02,05,111518110547,563820424941,02,01,03,000e,000¢,02,5b910d19,ecd5a7cb,010d

03,05,111518110547,563820424941,02,01,03,04

02,05,111518110552,563820424941,02,01,03,0003,0003,02,22b70d19,0eb4a7cb,0107

03,05,111518110552,563820424941,02,01,03,04

05,05,111518110557,563820424941,02,01,03

111518110557, 02,01,0

06,05,111518110557,563820424941,02,01,03

07,111518110531,111518110557,001a,563820424941,4d494c4d41494e,02,00,05 DURATION 26 SECS; PHASE 2; TSP ENABLED; REQUEST 5
111518110735, SYS, PRG Communications Fault Cleared
01,01,111518112337,563820424941,02,01,03,0014,0014,02,19f20d19,6185a7cb,4d494c4d41494e,36353231202020,333631202020202020,0379,f
111518112337, 02,01,1 BIAB 11:23:37 PRS 11-2 NORMAL OPERATION
03,01,111518112337,563820424941,02,01,03,04

02,01,111518112342,563820424941,02,01,03,000f,000f,02,cee50d19,2090a7cb,0379

03,01,111518112342,563820424941,02,01,03,04

02,01,111518112347,563820424941,02,01,03,000a,000a,02,6dd90d19,f29aa7cb,0378

03,01,111518112347,563820424941,02,01,03,04

02,01,111518112352,563820424941,02,01,03,0004,0004,02,6bcc0d19,51a6a7cb,0377

03,01,111518112353,563820424941,02,01,03,04 STATUS Active Processing
02,01,111518112358,563820424941,02,01,03,0002,0002,02,e2bd0d19,05b3a7cb,0376

03,01,111518112358,563820424941,02,01,03,04

05,01,111518112401,563820424941,02,01,03 CANCEL

111518112401, 02,01,0

06,01,111518112402,563820424941,02,01,03 CLEAR
07,111518112337,111518112402,0019,563820424941,4d494c4d41494e,02,00,01 DURATION 25 SECS; PHASE 2; TSP ENABLED; REQUEST 1
01,02,111518112404,563820424941,02,01,03,0013,0013,02,70970d19,aed6a7ch,4d494c4d41494¢e,36353231202020,333631202020202020,036b, ff
111518112404, 02,01,1 BIAB 11:24:04 PRS 11-2 NORMAL OPERATION

03,02,111518112404,563820424941,02,01,03,04



02,02,111518112409,563820424941,02,01,03,0013,0013,02,78a70d19,e521a8cb,0358
03,02,111518112409,563820424941,02,01,03,04
05,02,111518112411,563820424941,02,01,03

111518112411, 02,01,0

06,02,111518112411,563820424941,02,01,03
07,111518112404,111518112411,0007,563820424941,4d494c4d41494e,02,00,02

STATUS Active Processing
CANCEL

CLEAR
DURATION 7 SECS; PHASE 2; TSP ENABLED; REQUEST 2

01,03,111518112534,563820424941,02,01,03,0013,0013,02,c3ef0d19,6b87a7cb,4d494c4d41494e,36353231202020,333631202020202020,03ed, ff

111518112534, 02,01,1
03,03,111518112534,563820424941,02,01,03,04
02,03,111518112539,563820424941,02,01,03,0009,0009,02,46d70d19,d49ca7cb,03e7
03,03,111518112539,563820424941,02,01,03,04
02,03,111518112544,563820424941,02,01,03,0009,0009,02,46d70d19,d49ca7cb,03ec
03,03,111518112544,563820424941,02,01,03,04
02,03,111518112550,563820424941,02,01,03,0004,0004,02,3acd0d19,9ca5a7cb,03ed
03,03,111518112550,563820424941,02,01,03,04
02,03,111518112555,563820424941,02,01,03,0004,0004,02,3dcc0d19,79a6a7cb,03f2
03,03,111518112555,563820424941,02,01,03,04
02,03,111518112600,563820424941,02,01,03,0002,0002,02,f2c60d19,1aaba7ch,03f5
03,03,111518112600,563820424941,02,01,03,04
02,03,111518112605,563820424941,02,01,03,0002,0002,02,04bb0d19,88b5a7ch,03f5
03,03,111518112605,563820424941,02,01,03,04
05,03,111518112610,563820424941,02,01,03

111518112610, 02,01,0

06,03,111518112610,563820424941,02,01,03
07,111518112534,111518112610,0024,563820424941,4d494c4d41494e,02,00,03

BIAB

11:25:34 PRS 11-3 NORMAL OPERATION BUS SLOWING

STATUS ActiveProcessing

CANCEL

CLEAR
DURATION 36 SECS; PHASE 2; TSP ENABLED; REQUEST 3

01,04,111518112623,563820424941,02,01,03,0013,0013,02,c2980d19,20d9a7cb,4d494c4d41494e,36353231202020,333631202020202020,03f5, ff

111518112623, 02,01,1 BIAB
03,04,111518112623,563820424941,02,01,03,04
02,04,111518112628,563820424941,02,01,03,0013,0013,02,65a90d19,da21a8cb,03e2
03,04,111518112628,563820424941,02,01,03,04
05,04,111518112630,563820424941,02,01,03

111518112630, 02,01,0

06,04,111518112630,563820424941,02,01,03

07,111518112623,111518112630,0007,563820424941,4d494c4d41494e,02,00,04

11:26:23

STATUS Active Processing
CANCEL

CLEAR
DURATION 7 SECS; PHASE 2; TSP ENABLED; REQUEST 4

01,05,111518112819,563820424941,02,01,03,0014,0014,02,ebf10d19,8985a7cb,4d494c4d41494e,36353231202020,333631202020202020,0493, ff

111518112819, 02,01,1 BIAB

11:28:19



03,05,111518112819,563820424941,02,01,03,04
02,05,111518112824,563820424941,02,01,03,0003,0003,02,d9b90d19,8db6a7cb,047f

03,05,111518112824,563820424941,02,01,03,04 STATUS ActiveProcessing
05,05,111518112826,563820424941,02,01,03 CANCEL

111518112826, 02,01,0

06,05,111518112826,563820424941,02,01,03 CLEAR
07,111518112819,111518112826,0007,563820424941,4d494c4d41494e,02,00,05 DURATION 7 SECS; PHASE 2; TSP ENABLED; REQUEST 5
01,06,111518112828,563820424941,02,01,03,0013,0013,02,279c0d19,6bdfa7cb,4d494c4d41494e,36353231202020,333631202020202020,0470, ff
111518112828, 02,01,1 BIAB 11:28:28 PRS 11-09 PREEMPT #1

No Preempt Reported
03,06,111518112828,563820424941,02,01,03,04
02,06,111518112833,563820424941,02,01,03,0013,0013,02,08a00d19,de03a8¢cb,046a
03,06,111518112833,563820424941,02,01,03,04
02,06,111518112838,563820424941,02,01,03,0013,0013,02,63a00d19,8a11a8cb,046¢
03,06,111518112838,563820424941,02,01,03,04
02,06,111518112844,563820424941,02,01,03,0013,0013,02,42a40d19,f921a8cb,046b
03,06,111518112844,563820424941,02,01,03,04
02,06,111518112849,563820424941,02,01,03,0013,0013,02,fbb30d19,9a21a8cb,046b

03,06,111518112849,563820424941,02,01,03,04 STATUS Active Processing
05,06,111518112853,563820424941,02,01,03 CANCEL

111518112853, 02,01,0

06,06,111518112853,563820424941,02,01,03 CLEAR
07,111518112828,111518112853,0019,563820424941,4d494c4d41494e,02,00,06 DURATION 25 SECS; PHASE 2; TSP ENABLED; REQUEST 6
01,07,111518113019,563820424941,02,01,03,0015,0015,02,71f30d19,3484a7cb,4d494c4d41494e,36353231202020,333631202020202020,050b, ff
111518113019, 02,01,1 BIAB 11:30:19 PRS 11-10 PREEMPT #2

No Preempt Reported
03,07,111518113019,563820424941,02,01,03,04
02,07,111518113024,563820424941,02,01,03,0013,0013,02,daef0d19,5787a7cb,050f
03,07,111518113024,563820424941,02,01,03,04
02,07,111518113029,563820424941,02,01,03,0013,0013,02,daef0d19,5787a7cb,0514
03,07,111518113029,563820424941,02,01,03,04
02,07,111518113034,563820424941,02,01,03,0013,0013,02,daef0d19,5787a7cb,0519
03,07,111518113034,563820424941,02,01,03,04 STATUS Active Processing
02,07,111518113040,563820424941,02,01,03,0013,0013,02,daef0d19,5787a7cb,051e
03,07,111518113040,563820424941,02,01,03,04
02,07,111518113045,563820424941,02,01,03,000f,000f,02,2de50d19,ac90a7cb,051f



03,07,111518113045,563820424941,02,01,03,04
02,07,111518113050,563820424941,02,01,03,0008,0008,02,60d60d19,9d9da7ch,051e
03,07,111518113050,563820424941,02,01,03,04
02,07,111518113055,563820424941,02,01,03,0001,0001,02,b4c40d19,10ada7cb,051b
03,07,111518113055,563820424941,02,01,03,04
02,07,111518113100,563820424941,02,01,03,0001,0001,02,5dae0d19,96c0a7cb,0516
03,07,111518113100,563820424941,02,01,03,04

05,07,111518113100,563820424941,02,01,03 CANCEL

111518113100, 02,01,0

06,07,111518113101,563820424941,02,01,03 CLEAR
07,111518113019,111518113101,002a,563820424941,4d494c4d41494e,02,00,07 DURATION 42 SECS; PHASE 2; TSP ENABLED; REQUEST 7
01,08,111518113106,563820424941,02,01,03,0013,0013,02,cf960d19,84d5a7cb,4d494c4d41494e,36353231202020,333631202020202020,0510, ff
111518113106, 02,01,1 BIAB 11:31:06 Five Seconds After CLEAR
03,08,111518113106,563820424941,02,01,03,04 STATUS Active Processing
02,08,111518113111,563820424941,02,01,03,0013,0013,02,42a00d19,a50ca8cb,0506  UPDATE 5 SECS AFTER CALL
03,08,111518113111,563820424941,02,01,03,04 STATUS Active Processing
05,08,111518113114,563820424941,02,01,03 CANCEL

111518113114, 02,01,0 PRIORITY OFF
06,08,111518113114,563820424941,02,01,03 CLEAR
07,111518113106,111518113114,0008,563820424941,4d494c4d41494e,02,00,08 DURATION 8 SECS; PHASE 2; TSP ENABLED; REQUEST 8
01,09,111518113254,563820424941,02,01,03,0015,0015,02,a2f20d19,e984a7cb,4d494c4d41494e,36353231202020,333631202020202020,05a6, ff
111518113254, 02,01,1 BIAB 11:32:54 PRS 11-17 NEAR SIDE BUS STOP #1

03,09,111518113254,563820424941,02,01,03,04
02,09,111518113259,563820424941,02,01,03,000€,000e,02,aae20d19,de92a7cb,05a4
03,09,111518113300,563820424941,02,01,03,04
02,09,111518113305,563820424941,02,01,03,0006,0006,02,2cd10d19,29a2a7cb,05a2
03,09,111518113305,563820424941,02,01,03,04
02,09,111518113310,563820424941,02,01,03,0003,0003,02,29cb0d19,6aa7a7cb,05a5
03,09,111518113310,563820424941,02,01,03,04 STATUS Active Processing
02,09,111518113315,563820424941,02,01,03,0003,0003,02,29cb0d19,6aa7a7ch,05aa
03,09,111518113315,563820424941,02,01,03,04
02,09,111518113320,563820424941,02,01,03,0003,0003,02,29cb0d19,6aa7a7cb,05af
03,09,111518113320,563820424941,02,01,03,04

05,09,111518113321,563820424941,02,01,03 CANCEL
111518113321, 02,01,0

06,09,111518113321,563820424941,02,01,03 CLEAR



07,111518113254,111518113321,001b,563820424941,4d494c4d41494e,02,00,09 DURATION 27 SECS; PHASE 2; TSP ENABLED; REQUEST 9
01,09,111518113328,563820424941,02,01,03,0003,0003,02,29¢cb0d19,6aa7a7cb,4d494c4d41494e,36353231202020,333631202020202020,05b7,ff
111518113328, 02,01,1 BIAB 11:33:28 PRS 11-17 NEAR SIDE BUS STOP #2
03,09,111518113328,563820424941,02,01,03,04

02,09,111518113333,563820424941,02,01,03,0002,0002,02,06c80d19,29aaa7cb,05bb

03,09,111518113333,563820424941,02,01,03,04 STATUS ActiveProcessing
02,09,111518113338,563820424941,02,01,03,0002,0002,02,c5b80d19,7eb7a7cb,05b9

03,09,111518113338,563820424941,02,01,03,04

05,09,111518113340,563820424941,02,01,03 CANCEL

111518113340, 02,01,0

06,09,111518113340,563820424941,02,01,03 CLEAR
07,111518113328,111518113340,000c,563820424941,4d494c4d41494e,02,00,09 DURATION 12 SECS; PHASE 2; TSP ENABLED; REQUEST 9
01,03,111518113343,563820424941,02,01,03,0013,0013,02,c69b0d19,b8dea7cb,4d494c4d41494e,36353231202020,333631202020202020,05ab, ff
111518113343, 02,01,1 BIAB 11:33:43

03,05,111518113343,563820424941,02,01,03,04 STATUS Active Processing
02,03,111518113348,563820424941,02,01,03,0013,0013,02,49bd0d19,6221a8cb,0592 UPDATE

03,05,111518113348,563820424941,02,01,03,04 STATUS Active Processing
05,03,111518113350,563820424941,02,01,03 CANCEL

111518113350, 02,01,0 PRIORITY OFF
06,03,111518113350,563820424941,02,01,03 CLEAR
07,111518113343,111518113350,0007,563820424941,4d494c4d41494e,02,00,0a DURATION 7 SECS;PHASE 2; TSP ENABLED; REQUEST 10
01,0b,111518113616,563820424941,02,01,03,000d,000d,02,ada40d19,0ec9a7cb,4d494c4d41494e,36343434202020,333535202020202020,01b9,ff
111518113616, 02,01,1 BIAB 11:36:16

03,0b,111518113616,563820424941,02,01,03,04

03,0c¢,111518113618,563820424941,02,01,03,04 STATUS Active Processing

02,0b,111518113621,563820424941,02,01,03,000d,000d,02,69200d19,6712a8cb,01a7
03,0b,111518113621,563820424941,02,01,03,04

05,0b,111518113622,563820424941,02,01,03 CANCEL

111518113622, 02,01,0

06,0b,111518113622,563820424941,02,01,03 CLEAR
07,111518113616,111518113622,0006,563820424941,4d494c4d41494e,02,00,0b DURATION 6 SECS; PHASE 2; TSP ENABLED; REQUEST 11
03,0c¢,111518113623,563820424941,02,01,03,01 STATUS IdleNotValid
05,0c¢,111518113623,563820424941,02,01,03 CANCEL One Second Later; Possible No SNMP ACK
06,0c¢,111518113623,563820424941,02,01,03 CLEAR One Second Later

Second Cancel and Clear
01,0d,111518113804,563820424941,02,01,03,0015,0015,02,5af30d19,4884a7cb,4d494c4d41494e,36343434202020,333535202020202020,022c,ff



111518113804, 02,01,1 BIAB 11:38:04 PRS 11-18 NO COMM

03,0d,111518113805,563820424941,02,01,03,04 STATUS ActiveProcessing 11:38:05
02,0d,111518113810,563820424941,02,01,03,0011,0011,02,02eb0d19,938ba7cb,022e

03,0d,111518113810,563820424941,02,01,03,04 STATUS Active Processing 11:38:10
05,0d,111518113932,563820424941,02,01,03 CANCEL 11:39:32 L2471218M224:M2451
111518113932, 02,01,0

06,0d,111518113932,563820424941,02,01,03 CLEAR
07,111518113804,111518113932,0058,563820424941,4d494c4d41494e,02,00,0d DURATION 88 SECS; PHASE 2; TSP ENABLED; REQUEST 14
01,0f,111518114112,563820424941,02,01,03,0015,0015,02,cdf30d19,e483a7cb,4d494c4d41494e,36343434202020,333535202020202020,02€9, ff
111518114112, 02,01,1 BIAB 11:41:12

03,0f,111518114113,563820424941,02,01,03,04
02,0f,111518114118,563820424941,02,01,03,0012,0012,02,a0ec0d19,2a8aa7cb,02eb
03,0f,111518114118,563820424941,02,01,03,04
02,0f,111518114123,563820424941,02,01,03,000e,000e,02,06e30d19,8e92a7cb,02ec
03,0f,111518114123,563820424941,02,01,03,04 STATUS Active Processing
02,0f,111518114128,563820424941,02,01,03,0009,0009,02,59d80d19,e39ba7cb,02ed
03,0f,111518114128,563820424941,02,01,03,04
02,0f,111518114133,563820424941,02,01,03,0004,0004,02,b3cb0d19,f2aba7cb,02ec
03,0f,111518114133,563820424941,02,01,03,04
02,0f,111518114138,563820424941,02,01,03,0000,0000,02,06c10d19,47b0a7cb,02ec
03,0f,111518114138,563820424941,02,01,03,04
02,0f,111518114144,563820424941,02,01,03,0005,0005,02,70b60d19,88b9a7cb,02ed
03,0f,111518114144,563820424941,02,01,03,04

05,0f,111518114147,563820424941,02,01,03 CANCEL

111518114147, 02,01,0

06,0f,111518114147,563820424941,02,01,03 CLEAR
07,111518114112,111518114147,0023,563820424941,4d494c4d41494e,02,00,0f DURATION 35 SECS; PHASE 2; TSP ENABLED; REQUEST 16
01,02,111518114154,495445524953,02,04,06,00c8,00c8,02,000001bd,00000315,4d494c4d41494e,31353020202020,313420202020202020,00c8,0a
111518114154, 02,01,1 VTT 11:41:54 PRS 21-1 TWO BUSES AT SAME TIME #1
01,10,111518114157,563820424941,02,01,03,0013,0013,02,9€960d19,2ad5a7cb,4d494c4d41494e,36343434202020,333535202020202020,02ec, ff
03,10,111518114157,563820424941,02,01,03,04 BIAB 11:41:57 PRS 21-1 TWO BUSES AT SAME TIME #2
02,10,111518114202,563820424941,02,01,03,0013,0013,02,4f9f0d19,f2e7a7cb,02eb

03,10,111518114203,563820424941,02,01,03,04 STATUS BIAB ActiveProcessing
05,01,111518114207,495445524953,02,04,06 CANCEL VTT

02,10,111518114208,563820424941,02,01,03,0013,0013,02,e39f0d19,41fea7cb,02ea UPDATE BIAB
03,10,111518114208,563820424941,02,01,03,04 STATUS BIAB ActiveProcessing



02,10,111518114213,563820424941,02,01,03,0013,0013,02,93a00d19,bc18a8cb,02e8
03,10,111518114213,563820424941,02,01,03,04

06,01,111518114215,495445524953,02,04,06 CLEARVTT
07,111518114154,111518114215,0015,495445524953,4d494c4d41494e,02,00,01 VTT DURATION 21 SECS; PHASE 2; TSP ENABLED; REQUEST 1
02,10,111518114218,563820424941,02,01,03,0013,0013,02,09aa0d19,d621a8cb,02e7 UPDATE

03,10,111518114218,563820424941,02,01,03,04 Status ActiveProcessing
05,10,111518114221,563820424941,02,01,03 CANCEL BIAB

111518114221, 02,01,0 PRIORITY OFF

06,10,111518114221,563820424941,02,01,03 CLEAR BIAB
07,111518114157,111518114221,0018,563820424941,4d494c4d41494e,02,00,10 BIAB DURATION 24 SECS; PHASE 2; TSP ENABLED; REQUEST 16

STARTS AT 01 RECORD; ENDS AT 11:42:21 CANCEL

PRS 11-1 LOG ONLY
111518115146, 12,0b SNMP Log Record Log Only
07,111518115146,111518115146,0000,563820424941,4d494c4d41494¢,00,0b,12 DURATION 0 SECS; PHASE 0; LOG ONLY; REQUEST 18

STARTS AT 11:51:46

NO INITIAL REQUEST RECORD FOR LOG IN ONLY
01,12,111518115146,563820424941,02,01,03,0015,0015,00,e7f20d19,ac84a7cb,4d494c4d41494e,36343530202020,333536202020202020,0000, ff

03,12,111518115146,563820424941,02,01,03,01 BIAB 11:51:46
05,12,111518115147,563820424941,02,01,03 CANCEL
06,12,111518115147,563820424941,02,01,03 CLEAR
111518115214, 12,0b
03,13,111518115214,563820424941,02,01,03,01 STATUS IdleNotValid 30 Seconds After Clear
05,13,111518115214,563820424941,02,01,03 CANCEL
06,13,111518115214,563820424941,02,01,03 CLEAR
SECOND SET OF CANCEL AND CLEAR MESSAGES
NO 7 RECORD
01,01,111518115857,495445524953,02,04,06,00¢8,00¢8,02,000001bd,00000315,4d494c4d41494e,31353020202020,313420202020202020,00c8,0a
111518115857, 02,01,1 VTT 11:58:57
05,01,111518115932,495445524953,02,04,06 CANCEL 35 SECS AFTER CALL
111518115932, 02,01,0 PRIORITY OFF
111518120105, SYS, PRG Communications Failure Timeout 93 SECS AFTER CANCEL
111518120105, 01,0a
07,111518115857,111518120105,0080,495445524953,4d494c4d41494e,02,0a,01 DURATION 128 SEC; PHASE 2: TIME TO LIVE EXCEEDED; REQUEST 1

ff,0b0f120c0105,4d494c4d41494e,02,495445524953
01,03,111518125657,495445524953,02,04,06,00c8,00c8,02,000001bd,00000315,4d494c4d41494e,31353020202020,313420202020202020,00c8,0a
111518125657, 02,01,1 VTT 12:56:57 END TO END PRE-TEST



05,03,111518125731,495445524953,02,04,06

111518125731, 02,01,0

06,03,111518125736,495445524953,02,04,06

07,111518125657,111518125736,0027,495445524953,4d494c4d41494e,02,00,03 DURATION 39 SECS; PHASE 2; TSP ENABLED; REQUEST 3
111518125905, SYS, PRG Communications Fault Cleared
01,04,111518130532,495445524953,02,04,06,00¢8,00¢8,02,000001bd,00000315,4d494c4d41494e,31353020202020,313420202020202020,00c8,0a
111518130532, 02,01,1 VTT 1:05:32

111518130735, SYS, PRG Communications Failure Timeout

111518130735, 04,0a

07,111518130532,111518130735,007b,495445524953,4d494c4d41494e,02,0a,04 DURATION 123 SECS; PHASE 2; TIME TO LIVE EXCEEDED; REQUEST ¢
ff,0b0f120d0723,4d494c4d41494e,02,495445524953

111518130735, 02,01,0
01,01,111518140437,495445524953,02,04,06,00¢8,00¢8,02,000001bd,00000315,4d494c4d41494e,31353020202020,313420202020202020,00c8,0a
111518140437, 02,01,1 VTT 2:04:37

05,01,111518140537,495445524953,02,04,06

111518140537, 02,01,0

111518140646, 01,0a

07,111518140437,111518140646,0081,495445524953,4d494c4d41494e,02,0a,01 DURATION 131 SECS; PHASE 2; TIME TO LIVE EXCEEDED; REQUEST
ff,0b0f120e062e,4d494c4d41494e,02,495445524953
01,01,111518140936,495445524953,02,04,06,00¢8,00¢c8,02,000001bd,00000315,4d494c4d41494e,31353020202020,313420202020202020,00c8,0a

111518140936, 02,01,1 VTT 2:09:36
03,01,111518141015,495445524953,02,04,06,04 STATUS Active Processing
05,01,111518141018,495445524953,02,04,06 CANCEL

111518141018, 02,01,0

111518141146, 01,0a

07,111518140936,111518141146,0082,495445524953,4d494c4d41494e,02,0a,01 DURATION 140 SECS; PHASE 2; TIME TO LIVE EXCEEDED; REQUEST :
ff,0b0f120e0b2e,4d494c4d41494e,02,495445524953
01,05,111518142412,563820424941,02,01,03,000€,000e,02,89910d19,c5d5a7cb,4d494c4d41494¢e,36353231202020,333631202020202020,00b0, ff
111518142412, 02,01,1 BIAB 2:24:12

03,05,111518142413,563820424941,02,01,03,04

02,05,111518142418,563820424941,02,01,03,000b,000b,02,179c0d19,9ecca7cb,00b2

03,05,111518142418,563820424941,02,01,03,04

02,05,111518142423,563820424941,02,01,03,0008,0008,02,60a60d19,46c3a7cb,00b4

03,05,111518142423,563820424941,02,01,03,04

02,05,111518142428,563820424941,02,01,03,0004,0004,02,25b30d19,aeb7a7cb,00b6

03,05,111518142428,563820424941,02,01,03,04



02,05,111518142433,563820424941,02,01,03,0000,0000,02,c3be0d19,21ada7ch,00b7
03,05,111518142433,563820424941,02,01,03,04
02,05,111518142438,563820424941,02,01,03,0004,0004,02,26cf0d19,a7a0a7cb,00b7
03,05,111518142438,563820424941,02,01,03,04

05,05,111518142441,563820424941,02,01,03

111518142441, 02,01,0

06,05,111518142441,563820424941,02,01,03
07,111518142412,111518142441,001d,563820424941,4d494c4d41494e,02,00,05 DURATION 29 SECS; PHASE 2; TSP ENABLED; REQUEST 5
111518142616, SYS, PRG Communications Fault Cleared
01,05,111518150416,563820424941,02,01,03,000e,000e,02,fe900d19,3ad6a7cb,4d494c4d41494e,36363633202020,333439202020202020,00b3, ff
111518150416, 02,01,1 BIAB 3:04:16
03,05,111518150416,563820424941,02,01,03,04
02,05,111518150421,563820424941,02,01,03,000b,000b,02,bc9b0d19,f0cca7cb,00b5
03,05,111518150421,563820424941,02,01,03,04 STATUS Active Processing
02,05,111518150426,563820424941,02,01,03,0008,0008,02,49a60d19,5bc3a7ch,00b7
03,05,111518150426,563820424941,02,01,03,04
02,05,111518150431,563820424941,02,01,03,0005,0005,02,d7b00d19,c6b9a7cb,00b9
03,05,111518150432,563820424941,02,01,03,04
02,05,111518150437,563820424941,02,01,03,0001,0001,02,6ebd0d19,56aea7ch,00bb
03,05,111518150437,563820424941,02,01,03,04
02,05,111518150442,563820424941,02,01,03,0001,0001,02,a3c80d19,eba5a7cb,00bc
03,05,111518150442,563820424941,02,01,03,04
02,05,111518150447,563820424941,02,01,03,0001,0001,02,8dd30d19,179da7cb,00be
03,05,111518150447,563820424941,02,01,03,04

05,05,111518150448,563820424941,02,01,03 CANCEL
111518150448, 02,01,0
06,05,111518150448,563820424941,02,01,03 CLEAR

07,111518150416,111518150448,0020,563820424941,4d494c4d41494e,02,00,05 DURATION 32 SECS; PHASE 2; TSP ENABLED; REQUEST 5
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E - Regional PRS Device Verification Test: Eagle M60
Controller Running EPAC Software

Test Summary

The Trapeze BIAB including the PRG software was used to simulate the operation of a Pace bus
approaching the Milwaukee Avenue/Oak Mill Mall intersection equipped with the Regional PRS device
connected to a Siemens Eagle M60 controller running the EPAC 3.57¢ intersection control software.
Current signal timing for the Oak Mill Mall intersection was installed on the intersection traffic controller.
Wireless bus-to-intersection communications using a Cradlepoint IBR 1100 mobile router (on-bus
equipment) and IEEE 802.11n access point (intersection equipment) was used.

Observations of the controller front panel inputs display were made and recorded during the testing.
Additionally, the Regional PRS log files were downloaded after the completion of the tests for reporting
and review. The Regional PRS log files for each of the tests were also uploaded in near real time by a
cellular VPN link to the TSP Data Server at the Parsons offices but were not available for reporting and
review in the preparation of this report.

The Regional PRS Device verification tests for the Milwaukee Avenue/Oak Mill Mall intersection consisted
of eight tests as summarized in the Test Description Table starting on the next page. The eight tests were
successfully completed (“Passed”). The eight tests verified bus-to-intersection communications between
the Trapeze PRG software and Regional PRS Device connected with a Siemens Eagle M60 controller
running EPAC 3.57c intersection control software.

Attached following Test Description Table is the Test Data Sheet (one page) marked up as the tests were
conducted and the Regional PRS log data in an Excel spreadsheet format (four pages). The Regional
PRS log data report has been annotated. Also attached is a TSP log data report (two pages) generated
by the TSP Reporting Software from the PRS log data files.

Three anomalies were observed during the testing or noted from the Regional PRS log file reports.

1. Test PRS 21-1 was expected to generate a re-service override response to the second of back-to-
back requests for priority. No re-service override was observed or reported for the test. It is not known
if the re-service override timer was set to greater than zero cycles or seconds for the test.

2. A second pair of CLEAR and CANCEL messages were reported in Regional PRS Device log files
immediately after completion of the initial request for priority for tests PRS 11-1.

3. Tests PRS 11-9 and PRS 11-10 were expected to generate preemption overrides to the requests for
priority from the Pace buses. No preemption overrides were observed or reported for the tests. It is
not known if preemption timing was properly configured or operational for the tests.
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Regional PRS Device Verification Tests: Eagle M60 Controller Running EPAC Software

without slowing down. Cancel and Clear messages are not received at
intersection and request for priority is cleared automatically based on
user-specified time to live parameter.

Ref Test Description Date/Time | Pass/Fail |Observations
PRS 11-1 |Pace Bus approaching intersection at normal operating speed, running | 11/16/18 Pass
on-time, and initiates “log only” request for priority message set. Bus 7:34AM
continues through the intersection without changing speed on the
green signal without adjustment.
PRS 11-2 |Pace Bus approaching intersection at normal operating speed, running | 11/16/18 Pass
late, and requests priority. Bus continues through the intersection 7:13AM
without changing speed on green signal without adjustment.
PRS 11-3 |Pace Bus approaching intersection at normal operating speed, running | 11/16/18 Pass
late, and requests priority. Bus continues through the intersection 7:14AM
without changing speed on green extension.
PRS 11-9 |Pace Bus approaching intersection at normal operating speed, running | 11/16/18 Pass
late, and requests priority. Priority is denied due to EVP preemption 7:16AM
lockout (already in progress).
PRS 11-10|Pace Bus approaching intersection at normal operating speed, running | 11/16/18 Pass
late, and requests priority. Priority is initiated by the controller but 7:18AM
interrupted by EVP preemption call before the priority request is
cancelled and cleared.
PRS 11-17 |Pace Bus approaching intersection at normal operating speed, running | 11/16/18 Pass
late, and requests priority. Bus slows and stops for a near side bus 7:20AM
stop and opens doors to pick up passengers. Bus closes doors after
passenger boarding, requests priority, and then proceeds through the
intersection on green signal.
PRS 11-18|Pace Bus approaching intersection at normal operating speed, running | 11/16/18 Pass |TSP call held at PRS after communications
late, and requests priority. Bus continues through the intersection 7:22AM disconnected
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Ref Test Description Date/Time | Pass/Fail |Observations

PRS 21-1 |First Bus approaches the intersection from SB direction at normal 11/16/18 Pass [No re-service lockout observed.
operating speed, running late, and requests priority using the Regional |7:24AM
Interoperable Message Set. The First Bus continues through the
intersection with green extension, early green, or no action required.
The Second Bus approaches the intersection in the NB direction
shortly after the First Bus has cleared the intersection, running late,
and requests priority using the RTA PRG VTT. The controller takes no
action for the Second Bus due to re-service lockout.
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REGIONAL PRS LOGS EAGLE M60 RUNNING EPAC SOFTWARE (OAK MILL MALL ENTRANCE)
11/16/2018

01,01,111618071257,563820424941,02,01,03,0010,0010,02,869e0c19,a8b2a8cb,4d494c4f414b4d,36363633202020,333539202020202020,0195, 1
111618071257, 02,01,1 M60 PRS 11-2
03,01,111618071257,563820424941,02,01,03,04

02,01,111618071303,563820424941,02,01,03,0007,0007,02,e08d0c19,59c2a8cb,0191

03,01,111618071303,563820424941,02,01,03,04

02,01,111618071308,563820424941,02,01,03,0001,0001,02,ab7d0c19,a0d1a8cb,018d

03,01,111618071308,563820424941,02,01,03,04

02,01,111618071313,563820424941,02,01,03,0001,0001,02,0a6a0c19,20e4a8cb,0188

03,01,111618071313,563820424941,02,01,03,04 STATUS ActiveProcessing
05,01,111618071314,563820424941,02,01,03 CANCEL

111618071314, 02,01,0

06,01,111618071314,563820424941,02,01,03 CLEAR
07,111618071257,111618071314,0011,563820424941,4d494c4f414b4d,02,00,01 17 SECS DURATION; PHASE 2; TSP ENABLED

111618071412, SYS, PRG Communications Failure Timeout

111618071412, 01,0a

07,111618071207,111618071412,007d,495445524953,4d494c4f414b4d,02,0a,01
ff,001012070e0c,4d494c4f414b4d,02,495445524953

111618071502, SYS, PRG Communications Fault Cleared
01,02,111618071505,563820424941,02,01,03,0010,0010,02,a69d0c19,7cb3a8cb,4d494c4f414b4d,36363633202020,333539202020202020,0214, ft
111618071505, 02,01,1 M60 PRS 11-3
03,02,111618071505,563820424941,02,01,03,04
02,02,111618071510,563820424941,02,01,03,000c,000¢,02,1d960c19,96baa8¢cb,0215
03,02,111618071510,563820424941,02,01,03,04
02,02,111618071515,563820424941,02,01,03,000b,000b,02,b6940c19,e8bba8¢cb,021a
03,02,111618071516,563820424941,02,01,03,04
02,02,111618071521,563820424941,02,01,03,0009,0009,02,db900c19,8abfa8¢cb,021d
03,02,111618071521,563820424941,02,01,03,04
02,02,111618071526,563820424941,02,01,03,0005,0005,02,e2880c19,0ec7a8¢ch,021d
03,02,111618071526,563820424941,02,01,03,04
02,02,111618071531,563820424941,02,01,03,0005,0005,02,39710c19,5adda8¢cb,0217
03,02,111618071531,563820424941,02,01,03,04 STATUS ActiveProcessing
05,02,111618071532,563820424941,02,01,03 CANCEL
111618071532, 02,01,0

06,02,111618071532,563820424941,02,01,03 CLEAR



07,111618071505,111618071532,001b,563820424941,4d494c4f414b4d,02,00,02 27 SECS DURATION; PHASE 2; TSP ENABLED; REQUEST 2
01,03,111618071650,563820424941,02,01,03,000f,000f,02,cf9b0c19,38b5a8cb,4d494c4f414b4d,36363633202020,333539202020202020,027c, ft
111618071650, 02,01,1 M60 PRS 11-9 Preemption Already In Progress
03,03,111618071650,563820424941,02,01,03,04 STATUS ActiveProcessing
02,03,111618071655,563820424941,02,01,03,000d,000d,02,46660c19,ade7a8cb,0265

03,03,111618071655,563820424941,02,01,03,04

05,03,111618071656,563820424941,02,01,03 CANCEL

111618071656, 02,01,0

06,03,111618071656,563820424941,02,01,03 CLEAR
07,111618071650,111618071656,0006,563820424941,4d494c4f414b4d,02,00,03 DURATION 6 SECS; PHASE 2; TSP ENABLED; REQUEST 3
01,04,111618071812,563820424941,02,01,03,000f,000f,02,b89b0c19,4db5a8cb,4d494c4f414b4d,36363633202020,333539202020202020,02ce, ft
111618071812, 02,01,1 M60 PRS 11-10 Preemption After TSP Call

03,04,111618071812,563820424941,02,01,03,04
02,04,111618071817,563820424941,02,01,03,0007,0007,02,708d0c19,c3c2a8cb,02cc
03,04,111618071817,563820424941,02,01,03,04 STATUS ActiveProcessing
02,04,111618071822,563820424941,02,01,03,0007,0007,02,708d0c19,c3c2a8cb,02d1
03,04,111618071822,563820424941,02,01,03,04
02,04,111618071827,563820424941,02,01,03,0007,0007,02,708d0c19,c3c2a8cb,02d6
03,04,111618071827,563820424941,02,01,03,04
02,04,111618071833,563820424941,02,01,03,0007,0007,02,708d0c19,c3c2a8cb,02db
03,04,111618071833,563820424941,02,01,03,04
02,04,111618071838,563820424941,02,01,03,0007,0007,02,dc6e0c19,95dfa8cb,02cf
03,04,111618071838,563820424941,02,01,03,04

05,04,111618071839,563820424941,02,01,03 CANCEL

111618071839, 02,01,0

06,04,111618071839,563820424941,02,01,03 CLEAR
07,111618071812,111618071839,001b,563820424941,4d494c4f414b4d,02,00,04 DURATION 27 SECS; PHASE 2; TSP ENABLED; REQUEST 4
01,05,111618072003,563820424941,02,01,03,000f,000f,02,4c9d0c19,d0b3a8cb,4d494c4f414b4d,36363633202020,333539202020202020,033d,
111618072003, 02,01,1 M60 PRS 11-17 NEAR SIDE STOP
03,05,111618072003,563820424941,02,01,03,04 STATUS ActiveProcessing

02,05,111618072008,563820424941,02,01,03,0006,0006,02,dc8b0c19,3fc4a8cb,0339
03,05,111618072008,563820424941,02,01,03,04
02,05,111618072013,563820424941,02,01,03,0003,0003,02,77850c19,47caa8cb,033a
03,05,111618072013,563820424941,02,01,03,04

05,05,111618072014,563820424941,02,01,03 CANCEL
111618072014, 02,01,0
06,05,111618072014,563820424941,02,01,03 CLEAR

07,111618072003,111618072014,000b,563820424941,4d494c4f414b4d,02,00,05 DURATION 11 SECS; PHASE 2; TSP ENABLED; REQUEST 5



01,05,111618072020,563820424941,02,01,03,0003,0003,02,77850c19,47caa8cb,4d494c4f414b4d,36363633202020,333539202020202020,0342, f1
111618072020, 02,01,1 M60 PRS 11-17 NEAR SIDE STOP
03,05,111618072020,563820424941,02,01,03,04

02,05,111618072025,563820424941,02,01,03,0003,0003,02,77850c19,47caa8cb,0347

03,05,111618072025,563820424941,02,01,03,04

02,05,111618072031,563820424941,02,01,03,0003,0003,02,9b750c19,39d9a8¢cb,0344

03,05,111618072031,563820424941,02,01,03,04

05,05,111618072034,563820424941,02,01,03 CANCEL

111618072034, 02,01,0

06,05,111618072034,563820424941,02,01,03 CLEAR
07,111618072020,111618072034,000e,563820424941,4d494c4f414b4d,02,00,05 DURATION 14 SECS; PHASE 2; TSP ENABLED; REQUEST 5
01,06,111618072151,563820424941,02,01,03,0010,0010,02,599e0c19,d3b2a8cb,4d494c4f414b4d,36363633202020,333539202020202020,03aa, ft
111618072151, 02,01,1 PRS 11-18 NO CLEAR AND CANCEL

03,06,111618072151,563820424941,02,01,03,04
02,06,111618072156,563820424941,02,01,03,000c,000c¢,02,1d960c19,96baa8cb,03ac
03,06,111618072156,563820424941,02,01,03,04

02,06,111618072201,563820424941,02,01,03,000c,000c,02,1d960c19,96baa8cb,03b1 NO COMM
03,06,111618072202,563820424941,02,01,03,04

05,06,111618072249,563820424941,02,01,03 CANCEL

111618072249, 02,01,0

05,06,111618072251,563820424941,02,01,03 CANCEL AT 60 SECS
06,06,111618072251,563820424941,02,01,03 CLEAR
07,111618072151,111618072251,003¢,563820424941,4d494c4f414b4d,02,00,06 DURATION 60 SECS; PHASE 2; TSP ENABLED; REQUEST 6
01,07,111618072354,563820424941,02,01,03,000e,000e,02,d89a0c19,20b6a8cb,4d494c4f414b4d,36363633202020,333539202020202020,042d, f
111618072354, 02,01,1 PRS 21-1 BUS #1

03,07,111618072354,563820424941,02,01,03,04
02,07,111618072359,563820424941,02,01,03,0007,0007,02,638c0c19,c1c3a8cb,042a
03,07,111618072359,563820424941,02,01,03,04
02,07,111618072404,563820424941,02,01,03,0001,0001,02,c9810c19,bfcda8cb,0429
03,07,111618072404,563820424941,02,01,03,04
02,07,111618072409,563820424941,02,01,03,0001,0001,02,a0720c19,08dca8cb,041d

03,07,111618072409,563820424941,02,01,03,04 STATUS ActiveProcessing
05,07,111618072414,563820424941,02,01,03 CANCEL

111618072414, 02,01,0

06,07,111618072414,563820424941,02,01,03 CLEAR
07,111618072354,111618072414,0014,563820424941,4d494c4f414b4d,02,00,07 DURATION 20 SECS; PHASE 2; TSP ENABLED; REQUEST 7

01,01,111618072420,495445524953,02,04,06,00c8,00c8,02,000001bd,00000315,4d494c4f414b4d,31353020202020,313420202020202020,00c8,0a
111618072420, 02,01,1 PRS 21-1 BUS #2



05,01,111618072435,495445524953,02,04,06 CANCEL
111618072435, 02,01,0
111618072602, 07,0b

03,08,111618072602,563820424941,02,01,03,01 STATUS IdleNotValid
05,08,111618072602,563820424941,02,01,03 CANCEL

06,08,111618072602,563820424941,02,01,03 CLEAR

111618072622, SYS, PRG Communications Failure Timeout TIMED OUT AFTER 122 SECS

111618072622, 01,0a

07,111618072420,111618072622,007a,495445524953,4d494c4f414b4d,02,0a,01 DURATION 122 SECS; PHASE 2; TIME TO LIVE EXCEEDED; REQUEST

f,001012071a16,4d494c4f414b4d,02,495445524953

111618072823, 09,0b

07,111618072823,111618072823,0000,563820424941,4d494c4f414b4d,00,0b,09 DURATION 0 SECS; PHASE 0; LOG ONLY REQUEST;REQUEST 9
01,09,111618072823,563820424941,02,01,03,000f,000f,00,629d0c19,bbb3a8chb,4d494c4f414b4d,36363330202020,333534202020202020,0000, ff
03,09,111618072823,563820424941,02,01,03,01

05,09,111618072823,563820424941,02,01,03

06,09,111618072823,563820424941,02,01,03

111618073032, SYS, PRG Communications Fault Cleared

111618073357, 01,0b

07,111618073357,111618073357,0000,563820424941,4d494c4f414b4d,00,0b,01
01,01,111618073357,563820424941,02,01,03,0010,0010,00,799d0c19,a6b3a8ch,4d494c4f414b4d,36363330202020,333534202020202020,0000, ff

03,01,111618073357,563820424941,02,01,03,01 PRS 11-1 LOG ONLY
05,01,111618073358,563820424941,02,01,03 CANCEL
06,01,111618073358,563820424941,02,01,03 CLEAR

01,04,111618080014,563820424941,02,01,03,001e,001e,02,a24f0c19,66f8a8cb,4d494c4f414b4d,36363633202020,333539202020202020,02d5,



Device id Day Timestamp TestID Command Request id Vehicle id Time of service Estimate time of Intersection Phase Route id Run number Scheduled lateness

departure

PRS 11-2 NORMAL OPERATION
36 Friday 11/16/2018 7:12:57 AM 901 0 1 V8BIA 16 16 MILOAKM 2 6663 359 405
36 Friday 11/16/2018 7:13:03 AM 901 1 1 V8BIA 7 7 2 401
36 Friday 11/16/2018 7:13:08 AM 901 1 1 V8BIA 1 1 2 397
36 Friday 11/16/2018 7:13:13 AM 901 1 1 V8BIA 1 1 2 392
36 Friday 11/16/2018 7:13:14 AM 901 4 1 V8BIA

PRS 11-3 NORMAL OPERATION SLOWING DOWN
36 Friday 11/16/2018 7:15:05 AM 902 0 2 V8BIA 16 16 MILOAKM 2 6663 359 532
36 Friday 11/16/2018 7:15:10 AM 902 1 2 V8BIA 12 12 2 533
36 Friday 11/16/2018 7:15:15 AM 902 1 2 V8BIA 1 1 2 538
36 Friday 11/16/2018 7:15:21 AM 902 1 2 V8BIA 9 9 2 541
36 Friday 11/16/2018 7:15:26 AM 902 1 2 V8BIA 5 5 2 541
36 Friday 11/16/2018 7:15:31 AM 902 1 2 V8BIA 5 5 2 535
36 Friday 11/16/2018 7:15:32 AM 902 4 2 V8BIA

PRS 11-09 PREEMPT
36 Friday 11/16/2018 7:16:50 AM 903 0 3 V8BIA 15 15 MILOAKM 2 6663 359 636
36 Friday 11/16/2018 7:16:55 AM 903 1 3 V8BIA 13 13 2 613
36 Friday 11/16/2018 7:16:56 AM 903 4 3 VBBIA

PRS 11-10 PREEMPT INTERRUPT
36 Friday 11/16/2018 7:18:12 AM 904 0 4 V8BIA 15 15 MILOAKM 2 6663 359 718
36 Friday 11/16/2018 7:18:17 AM 904 1 4 V8BIA 7 7 2 716
36 Friday 11/16/2018 7:18:22 AM 904 1 4 V8BIA 7 7 2 721
36 Friday 11/16/2018 7:18:27 AM 904 1 4 V8BIA 7 7 2 726
36 Friday 11/16/2018 7:18:33 AM 904 1 4 V8BIA 7 7 2 731
36 Friday 11/16/2018 7:18:38 AM 904 1 4 V8BIA 7 7 2 719
36 Friday 11/16/2018 7:18:39 AM 904 4 4 V8BIA

PRS 11-17 NEAR SIDE BUS STOP
36 Friday 11/16/2018 7:20:03 AM 905 0 5 V8BIA 15 15 MILOAKM 2 6663 359 829
36 Friday 11/16/2018 7:20:08 AM 905 1 5 V8BIA 6 6 2 825
36 Friday 11/16/2018 7:20:13 AM 905 1 5 V8BIA 3 3 2 826
36 Friday 11/16/2018 7:20:14 AM 905 4 5 V8BIA
36 Friday 11/16/2018 7:20:20 AM 906 0 5 V8BIA 3 3 MILOAKM 2 6663 359 834
36 Friday 11/16/2018 7:20:25 AM 906 1 5 V8BIA 3 3 2 839
36 Friday 11/16/2018 7:20:31 AM 906 1 5 V8BIA 3 3 2 836
36 Friday 11/16/2018 7:20:34 AM 906 4 5 V8BIA

PRS 11-18 NO COMM
36 Friday 11/16/2018 7:21:51 AM 907 0 6 V8BIA 16 16 MILOAKM 2 6663 359 938
36 Friday 11/16/2018 7:21:56 AM 907 1 6 V8BIA 12 12 2 940
36 Friday 11/16/2018 7:22:01 AM 907 1 6 V8BIA 12 12 2 945
36 Friday 11/16/2018 7:22:49 AM 907 4 6 V8BIA NO COMM FOR 48 SECS
36 Friday 11/16/2018 7:22:51 AM 907 4 6 V8BIA

PRS 21-1 TWO BUSES AT SAME TIME
36 Friday 11/16/2018 7:23:54 AM 908 0 7 V8BIA 14 14 MILOAKM 2 6663 359 1069
36 Friday 11/16/2018 7:23:59 AM 908 1 7 V8BIA 7 7 2 1066
36 Friday 11/16/2018 7:24:04 AM 908 1 7 V8BIA 1 1 2 1065
36 Friday 11/16/2018 7:24:09 AM 908 1 7 V8BIA 1 1 2 1053
36 Friday 11/16/2018 7:24:14 AM 908 4 7 V8BIA
36 Friday 11/16/2018 7:24:20 AM 909 0 1 ITERIS 200 200 MILOAKM 2 150 14 200
36 Friday 11/16/2018 7:24:35 AM 909 4 1 ITERIS NO INDICATION OF RE-SERVICE ERROR ON THIS REPORT
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F - End-To-End TSP Systems Verification Test

Test Summary

The end-to-end TSP systems verification tests were conducted using the Trapeze BIAB including the PRG
software to simulate a Pace bus operating on Route 270 along Milwaukee Avenue in the NB direction from the
Milwaukee Avenue/Gale Street intersection to the Milwaukee Avenue/Maryland Avenue intersection. The Pace
bus operated through five test intersections (from south to north), each equipped with a different controller type
as follows.

o Milwaukee Avenue/Gale Street — Peek ATC 1000 controller loaded with GreenWave 3.24.4055
intersection control software including PRS functionality and proposed CDOT signal timing for Gale
Street.

¢ Milwaukee Avenue/Harts Road — Econolite ACS/3 controller loaded with ASC/3 32.66.10 intersection
control software including TSP functionality and current IDOT signal timing for Harts Road.

¢ Milwaukee Avenue/Oak Mill Mall Entrance — Siemens Eagle M60 controller loaded with EPAC 3.57¢
intersection control software including TSP functionality and current IDOT signal timing for Oak Mill Mall
Entrance.

e Milwaukee Avenue/Main Street — Siemens Eagle M50 controller loaded with EPAC 3.57c intersection
control software including TSP functionality and current IDOT signal timing for Main Street. The Pace
bus simulated stopping at a near side bus stop to serve passengers at the Milwaukee Avenue/Main
Street intersection.

¢ Milwaukee Avenue/Maryland Avenue — Econolite Cobalt controller loaded with ASC/3 32.66.10
intersection control software including TSP functionality and current IDOT signal timing for Maryland
Avenue. The Pace bus simulated stopping at a near side bus stop to serve passengers at the
Milwaukee Avenue/Maryland Avenue intersection.

Wireless bus-to-intersection communications was implemented for the test between a Cradlepoint IBR 1100
mobile router (on-bus equipment) and one IEEE 802.11n-compliant access point (intersection equipment). Note
that only one access point connected to a network router to each of the five test intersections was used for the
test. As noted previously, it is not possible to fully verify the bus-to-intersection communications network by
bench testing.

The end-to-end TSP systems test was repeated four times for NB direction, three times as pre-test runs on
11/15/18 and 11/16/18 and one time when observed by a large number of project stakeholders on 11/16/18.
One of the pre-tests was video recorded showing the test intersection control equipment responding to requests
for priority initiated by the simulated Pace bus. Additionally, the TSP log files for the four test intersections
equipped with Regional PRS devices were uploaded as the tests were conducted for near real time display
during the tests and for reporting and review. The TSP log files created by the Peek ATC traffic controller at
Gale Street were also uploaded to the TSP Data Server at the Parsons offices for reporting and review.

The end-to-end TSP Systems tests were successfully completed and documented. Attached are the Regional
PRS log data reports for each of the test intersections equipped with Regional PRS devices (10 pages). Also
attached is the report generated by TSP Reporting Software for four intersections equipped with Regional PRS
devices (three pages). No data was available from the TSP Reporting Software for the Gale Street intersection.
The TSP log data reports have been annotated.



TSP Integrated Systems

Bench Test Data JACOBS iteris

One anomaly was observed for the end-to-end TSP Systems pre-tests and demonstration.

1. The TSP Reporting Software did not report the action taken by the intersection PRS device and traffic
controller for the four intersections equipped with Regional PRS devices. The action taken data is included
in the TSP log files uploaded to the TSP Data Server.



REGIONAL PRS LOGS ECONOLITE ASC/3 CONTROLLER WITH ASC/3 SOFTWARE (HARTS ROAD)
END-TO-END DEMO 11/16/18

01,02,111618073417,563820424941,02,01,03,0012,0012,02,a6d90919,6c34abcb,4d494c48415254,36363633202020,333539202020202020,03€0, ff
111618073417, 02,01,1 TEST
03,02,111618073417,563820424941,02,01,03,04
02,02,111618073422,563820424941,02,01,03,0007,0007,02,05f40919,921babcb,03da
03,02,111618073422,563820424941,02,01,03,04
02,02,111618073427,563820424941,02,01,03,0006,0006,02,79f60919,4219abcb,03de
03,02,111618073427,563820424941,02,01,03,04 STATUS ActiveProcessing
02,02,111618073433,563820424941,02,01,03,0006,0006,02,79f60919,4219abcb,03e3
03,02,111618073433,563820424941,02,01,03,04
02,02,111618073438,563820424941,02,01,03,0006,0006,02,79f60919,4219abcb,03e9
03,02,111618073438,563820424941,02,01,03,04
02,02,111618073443,563820424941,02,01,03,0003,0003,02,c8fc0919,5013abcb,03eb
03,02,111618073443,563820424941,02,01,03,04
02,02,111618073448,563820424941,02,01,03,0003,0003,02,6a130a19,16feaacb,03e7
03,02,111618073448,563820424941,02,01,03,04

05,02,111618073452,563820424941,02,01,03 CANCEL

111618073452, 02,01,0

06,02,111618073452,563820424941,02,01,03 CLEAR
07,111618073417,111618073452,0023,563820424941,4d494c48415254,02,00,02 DURATION 35 SECS; PHASE 2; TSP ENABLED
01,02,111618083840,563820424941,02,01,03,0013,0013,02,a2d70919,5236abcb,4d494c48415254,36343237202020,333839202020202020,03bb, ft
111618083840, 02,01,1 END-TO-END TEST RUN

03,02,111618083840,563820424941,02,01,03,04
02,02,111618083845,563820424941,02,01,03,000f,000f,02,d5e00919,a72dabcb,03bc
03,02,111618083845,563820424941,02,01,03,04 STATUS ActiveProcessing
02,02,111618083850,563820424941,02,01,03,000b,000b,02,8fea0919,7c24abcb,03bd
03,02,111618083850,563820424941,02,01,03,04
02,02,111618083855,563820424941,02,01,03,0006,0006,02,59f70919,6e18abcb,03be
03,02,111618083855,563820424941,02,01,03,04
02,02,111618083901,563820424941,02,01,03,0001,0001,02,0a020a19,5c0eabcb,03be
03,02,111618083901,563820424941,02,01,03,04
02,02,111618083906,563820424941,02,01,03,0001,0001,02,820e0a19,b602abcb,03be
03,02,111618083906,563820424941,02,01,03,04



05,02,111618083910,563820424941,02,01,03 CANCEL
111618083910, 02,01,0

06,02,111618083910,563820424941,02,01,03 CLEAR
07,111618083840,111618083910,001e,563820424941,4d494c48415254,02,00,02 DURATION 30 SECS; PHASE 2; TSP ENABLED
01,02,111618092149,563820424941,02,01,03,0013,0013,02,eed60919,fb36abcb,4d494c48415254,36343532202020,333537202020202020,0311,ff
111618092149, 02,01,1 END-TO-END DEMO
03,02,111618092149,563820424941,02,01,03,04 STATUS ActiveProcessing

02,02,111618092154,563820424941,02,01,03,000f,000f,02,9fe10919,e82cabcb,0312
03,02,111618092154,563820424941,02,01,03,04
02,02,111618092159,563820424941,02,01,03,000a,000a,02,0cec0919,1523abcb,0312
03,02,111618092159,563820424941,02,01,03,04
02,02,111618092204,563820424941,02,01,03,0005,0005,02,50f80919,8617abcb,0312
03,02,111618092204,563820424941,02,01,03,04
02,02,111618092209,563820424941,02,01,03,0001,0001,02,90020a19,dd0dabcb,0314
03,02,111618092210,563820424941,02,01,03,04
02,02,111618092215,563820424941,02,01,03,0001,0001,02,ee0c0a19,3204abcb,0315
03,02,111618092215,563820424941,02,01,03,04
02,02,111618092220,563820424941,02,01,03,0001,0001,02,2f170a19,89faaacb,0316
03,02,111618092220,563820424941,02,01,03,04

05,02,111618092221,563820424941,02,01,03 CANCEL
111618092221, 02,01,0
06,02,111618092221,563820424941,02,01,03 CLEAR

07,111618092149,111618092221,0020,563820424941,4d494c48415254,02,00,02 DURATION 32 SECS; PHASE 2: TSP ENABLED



REGIONAL PRS LOGS EAGLE M60 RUNNING EPAC SOFTWARE (OAK MILL MALL ENTRANCE)

END-TO-END DEMO 11/16/2018

111618080014, 02,01,1

03,04,111618080014,563820424941,02,01,03,04
02,04,111618080019,563820424941,02,01,03,0014,0014,02,875e0c19,dfeaa8cb,02d2
03,04,111618080019,563820424941,02,01,03,04
02,04,111618080025,563820424941,02,01,03,000¢,000¢,02,b36c0c19,11e3a8cb,02cf
03,04,111618080025,563820424941,02,01,03,04
02,04,111618080030,563820424941,02,01,03,0004,0004,02,d7790c19,aed6a8cb,02cb
03,04,111618080030,563820424941,02,01,03,04
02,04,111618080035,563820424941,02,01,03,0004,0004,02,00890c19,64c8a8cb,02c6
03,04,111618080035,563820424941,02,01,03,04
05,04,111618080038,563820424941,02,01,03

111618080038, 02,01,0

06,04,111618080038,563820424941,02,01,03
07,111618080014,111618080038,0018,563820424941,4d494c4f414b4d,02,00,04

END-TO-END TEST RUN WITH NEAR SIDE BUS STOP

DURATION 24 SECS; PHASE2; TSP ENABLED; REQUEST 4

01,04,111618090437,563820424941,02,01,03,001f,001f,02,6a4d0c19,69faa8cb,4d494c4f414b4d,36343237202020,333839202020202020,02b1,ft

111618090437, 02,01,1

03,04,111618090437,563820424941,02,01,03,04
02,04,111618090442,563820424941,02,01,03,0019,0019,02,ba560c19,f5f1a8cb,02b1
03,04,111618090442,563820424941,02,01,03,04
02,04,111618090447,563820424941,02,01,03,0013,0013,02,c2600c19,40eaa8cb,02b0
03,04,111618090447,563820424941,02,01,03,04
02,04,111618090453,563820424941,02,01,03,000b,000b,02,546f0c19,97e0a8cb,02ac
03,04,111618090453,563820424941,02,01,03,04
02,04,111618090458,563820424941,02,01,03,0002,0002,02,da800c19,12d0a8cb,02a5
03,04,111618090458,563820424941,02,01,03,04
02,04,111618090503,563820424941,02,01,03,0002,0002,02,928f0c19,32c2a8cb,02al
03,04,111618090503,563820424941,02,01,03,04
05,04,111618090505,563820424941,02,01,03

111618090505, 02,01,0

06,04,111618090505,563820424941,02,01,03
07,111618090437,111618090505,001c,563820424941,4d494c4f414b4d,02,00,04

DURATION 28 SECS; PHASE 2; TSP ENABLED; REQUEST 4

01,04,111618094852,563820424941,02,01,03,001e,001e,02,304f0c19,cdf8a8cb,4d494c4f414b4d,36343532202020,333537202020202020,02438, f1

111618094852, 02,01,1
03,04,111618094852,563820424941,02,01,03,04

END-TO-END DEMO



02,04,111618094857,563820424941,02,01,03,0016,0016,02,de5b0c19,49eda8cb,0245
03,04,111618094857,563820424941,02,01,03,04 STATUS ActiveProcessing
02,04,111618094902,563820424941,02,01,03,000e,000e,02,cf690c19,cbe5a8cb,0242
03,04,111618094903,563820424941,02,01,03,04
02,04,111618094908,563820424941,02,01,03,0007,0007,02,3c740c19,f7dba8cb,0241
03,04,111618094908,563820424941,02,01,03,04
02,04,111618094913,563820424941,02,01,03,0002,0002,02,467f0c19,8fd1a8cb,023e
03,04,111618094913,563820424941,02,01,03,04
02,04,111618094918,563820424941,02,01,03,0002,0002,02,618d0c19,43c4a8cb,023a
03,04,111618094918,563820424941,02,01,03,04

05,04,111618094920,563820424941,02,01,03 CANCEL
111618094920, 02,01,0
06,04,111618094921,563820424941,02,01,03 CLEAR

07,111618094852,111618094921,001d,563820424941,4d494c4f414b4d,02,00,04 DURATION 29 SECS; PHASE 2; TSP ENABLED



REGIONAL PRS LOG EAGLE M50 WITH EPAC SOFTWARE (MAIN STREET)
END-TO-END DEMO 11/16/18

01,05,111618080119,563820424941,02,01,03,000f,000f,02,cf900d19,61d6a7cb,4d494c4d41494e,36363633202020,333539202020202020,0296, ff
111618080119, 02,01,1 BIAB 8:01:46 END-TO-END PRE-TEST NEAR SIDE BUS STOP #1
03,05,111618080119,563820424941,02,01,03,04 STATUS Active Processing
02,05,111618080124,563820424941,02,01,03,0007,0007,02,9ea70d19,26c2a7cb,0295

03,05,111618080124,563820424941,02,01,03,04

02,05,111618080129,563820424941,02,01,03,0005,0005,02,92b00d19,04baa7cb,0298

03,05,111618080129,563820424941,02,01,03,04

02,05,111618080134,563820424941,02,01,03,0004,0004,02,6fb20d19,53b8a7cb,029¢

03,05,111618080135,563820424941,02,01,03,04

05,05,111618080135,563820424941,02,01,03 CANCEL

111618080135, 02,01,0

06,05,111618080135,563820424941,02,01,03 CLEAR AT 08:01:35
07,111618080119,111618080135,0010,563820424941,4d494c4d41494e,02,00,05 DURATION 15 SECS; PHASE 2; TSP ENABLED; REQUEST 5
01,05,111618080146,563820424941,02,01,03,0004,0004,02,6fb20d19,53b8a7cb,4d494c4d41494e,36363633202020,333539202020202020,02a7, 1
111618080146, 02,01,1 BIAB 8:01:46 END-TO-END PRE-TEST NEAR SIDE BUS STOP #2
03,05,111618080146,563820424941,02,01,03,04 STATUS Active Processing

02,05,111618080151,563820424941,02,01,03,0004,0004,02,6fb20d19,53b8a7ch,02ac
03,05,111618080151,563820424941,02,01,03,04
02,05,111618080156,563820424941,02,01,03,0002,0002,02,e8b80d19,72b2a7cb,02af
03,05,111618080156,563820424941,02,01,03,04
02,05,111618080201,563820424941,02,01,03,0000,0000,02,50c20d19,09aba7cb,02b2
03,05,111618080201,563820424941,02,01,03,04
02,05,111618080206,563820424941,02,01,03,0003,0003,02,08cc0d19,2ca3a7cb,02b4
03,05,111618080206,563820424941,02,01,03,04

05,05,111618080210,563820424941,02,01,03 CANCEL

111618080210, 02,01,0

06,05,111618080210,563820424941,02,01,03 CLEAR
07,111618080146,111618080210,0018,563820424941,4d494c4d41494e,02,00,05 DURATION 24 SECS; PHASE 2: TSP ENABLED; REQUEST 5

111618080350, SYS, PRG Communications Fault Cleared
01,01,111618085118,495445524953,02,04,06,00c8,00c8,02,000001bd,00000315,4d494c4d41494e,31353020202020,313420202020202020,00c8,0a
111618085118, 02,01,1 VTT 8:51:18 PRE-TEST

05,01,111618085139,495445524953,02,04,06 CANCEL



111618085139, 02,01,0

111618085320, SYS, PRG Communications Failure Timeout

111618085320, 01,0a

07,111618085118,111618085320,007a,495445524953,4d494c4d41494e,02,0a,01 DURATION 122 SECS; PHASE 2; TIMEOUT; REQUEST 1
ff,001012083514,4d494c4d41494e,02,495445524953
01,01,111618085554,495445524953,02,04,06,00c8,00c8,02,000001bd,00000315,4d494c4d41494e,31353020202020,313420202020202020,00c8,0a

111618085554, 02,01,1 VTT 8:55:54 PRE-TEST
05,01,111618085609,495445524953,02,04,06 CANCEL

111618085609, 02,01,0

06,01,111618085612,495445524953,02,04,06 CLEAR
07,111618085554,111618085612,0012,495445524953,4d494c4d41494e,02,00,01 DURATION 18 SECS; PHASE 2; TSP ENABLED; REQUEST 1

111618085800, SYS, PRG Communications Fault Cleared
01,05,111618090551,563820424941,02,01,03,000€,000e,02,2c920d19,3cd5a7cb,4d494c4d41494e,36343237202020,333839202020202020,027a, ff
111618090551, 02,01,1 BIAB 9:05:51 END-TO-END PRE-TEST NEAR SIDE BUS STOP
03,05,111618090551,563820424941,02,01,03,04 STATUS ActiveProcessing
02,05,111618090556,563820424941,02,01,03,000a,000a,02,42a00d19,d5c8a7cb,027b
03,05,111618090557,563820424941,02,01,03,04
02,05,111618090602,563820424941,02,01,03,0004,0004,02,04b10d19,9db9a7cb,027a
03,05,111618090602,563820424941,02,01,03,04
02,05,111618090607,563820424941,02,01,03,0003,0003,02,f5b60d19,37b4a7cb,027e
03,05,111618090607,563820424941,02,01,03,04
02,05,111618090612,563820424941,02,01,03,0003,0003,02,f5b60d19,37b4a7cb,0283
03,05,111618090612,563820424941,02,01,03,04

05,05,111618090615,563820424941,02,01,03 CANCEL

111618090615, 02,01,0

06,05,111618090616,563820424941,02,01,03 CLEAR
07,111618090551,111618090616,0019,563820424941,4d494c4d41494e,02,00,05 DURATION 25 SECS; PHASE 2; TSP ENABLED; REQUEST 5
01,05,111618090627,563820424941,02,01,03,0003,0003,02,f5b60d19,37b4a7cb,4d494c4d41494e,36343237202020,333839202020202020,0292, ff
111618090627, 02,01,1 BIAB 9:06:16 END-TO-END PRE-TEST NEAR SIDE BUS STOP
03,05,111618090627,563820424941,02,01,03,04 STATUS ActiveProcessing

02,05,111618090632,563820424941,02,01,03,0003,0003,02,f5b60d19,37b4a7cb,0297
03,05,111618090632,563820424941,02,01,03,04
02,05,111618090637,563820424941,02,01,03,0002,0002,02,e8c70d19,83a6a7cb,0297
03,05,111618090637,563820424941,02,01,03,04

05,05,111618090642,563820424941,02,01,03 CANCEL
111618090642, 02,01,0



06,05,111618090642,563820424941,02,01,03 CLEAR
07,111618090627,111618090642,000f,563820424941,4d494c4d41494e,02,00,05 DURATION 15 SECS; PHASE 2; TSP ENABLED; REQUEST 5
01,05,111618095011,563820424941,02,01,03,000e,000e,02,e7900d19,4dd6a7cb,4d494c4d41494e,36343532202020,333537202020202020,0216, 1
111618095011, 02,01,1 BIAB 9:50:11 END-TO END DEMO NEAR SIDE BUS STOP #2
03,05,111618095011,563820424941,02,01,03,04 STATUS Active Processing
02,05,111618095016,563820424941,02,01,03,000b,000b,02,cc9c0d19,f9cba7cb,0219

03,05,111618095016,563820424941,02,01,03,04

02,05,111618095022,563820424941,02,01,03,0006,0006,02,68ac0d19,cdbda7cb,0219

03,05,111618095022,563820424941,02,01,03,04

02,05,111618095027,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,021b

03,05,111618095027,563820424941,02,01,03,04

02,05,111618095032,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,0220

03,05,111618095032,563820424941,02,01,03,04

02,05,111618095037,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,0225

03,05,111618095037,563820424941,02,01,03,04

02,05,111618095042,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,022a

03,05,111618095042,563820424941,02,01,03,04

05,05,111618095044,563820424941,02,01,03 CANCEL

111618095044, 02,01,0

06,05,111618095044,563820424941,02,01,03 CLEAR AT 09:50:44
07,111618095011,111618095044,0021,563820424941,4d494c4d41494e,02,00,05 DURATION 33 SECS; PHASE 2; TSP ENABLED; REQUEST 5
01,05,111618095123,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,4d494c4d41494e,36343532202020,333537202020202020,0253,ff
111618095123, 02,01,1 BIAB 9:51:23 END-TO END DEMO NEAR SIDE BUS STOP #2
03,05,111618095123,563820424941,02,01,03,04 STATUS ActiveProcessing
02,05,111618095128,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,0258 UPDATE

03,05,111618095128,563820424941,02,01,03,04 STATUS ActiveProcessing

02,05,111618095133,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,025d
03,05,111618095133,563820424941,02,01,03,04
02,05,111618095138,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,0262
03,05,111618095138,563820424941,02,01,03,04
02,05,111618095143,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,0267
03,05,111618095143,563820424941,02,01,03,04
02,05,111618095148,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,026d
03,05,111618095148,563820424941,02,01,03,04
02,05,111618095154,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,0272
03,05,111618095154,563820424941,02,01,03,04



02,05,111618095159,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,0277
03,05,111618095159,563820424941,02,01,03,04
02,05,111618095204,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,027c
03,05,111618095204,563820424941,02,01,03,04
02,05,111618095209,563820424941,02,01,03,0003,0003,02,6db60d19,b3b4a7cb,0281
03,05,111618095209,563820424941,02,01,03,04
02,05,111618095214,563820424941,02,01,03,0002,0002,02,b5b90d19,b8b1a7cb,0286
03,05,111618095214,563820424941,02,01,03,04
05,05,111618095219,563820424941,02,01,03

111618095219, 02,01,0

06,05,111618095219,563820424941,02,01,03
07,111618095123,111618095219,0038,563820424941,4d494c4d41494e,02,00,05

CANCEL

CLEAR
DURATION 56 SECS; PHASE 2; TSP ENABLED; REQUEST 5



REGIONAL PRS LOGS COBALT CONTROLLER RUNNING ASC/3 SOFTWARE (MARYLAND STREET)
END-TO-END DEMO 11/16/18

01,06,111618080315,563820424941,02,01,03,001b,001b,02,10d80f19,cdeea5ch,4d494c4d415259,36363633202020,333539202020202020,0218, ft
111618080315, 02,01,1 8:03:15 PRE-TEST NEAR SIDE BUS STOP
03,06,111618080315,563820424941,02,01,03,04
02,06,111618080320,563820424941,02,01,03,0016,0016,02,41e20f19,ele6a5ch,0217
03,06,111618080320,563820424941,02,01,03,04 STATUS Active Processing
02,06,111618080325,563820424941,02,01,03,000e,000e,02,09ef0f19,f1dca5¢cb,0216
03,06,111618080325,563820424941,02,01,03,04
02,06,111618080330,563820424941,02,01,03,0009,0009,02,22f90f19,17d5a5cb,0216
03,06,111618080331,563820424941,02,01,03,04
02,06,111618080336,563820424941,02,01,03,0009,0009,02,22f90f19,17d5a5cb,021b
03,06,111618080336,563820424941,02,01,03,04

05,06,111618080338,563820424941,02,01,03 CANCEL

111618080338, 02,01,0

06,06,111618080338,563820424941,02,01,03 CLEAR
07,111618080315,111618080338,0017,563820424941,4d494c4d415259,02,00,06 DURATION 23 SECS; PHASE 2; TSP ENABLED; REQUEST 6
01,06,111618080348,563820424941,02,01,03,0009,0009,02,22f90f19,17d5a5cb,4d494c4d415259,36363633202020,333539202020202020,0227,
111618080348, 02,01,1 8:03:48 PRE-TEST NEAR SIDE BUS STOP

03,06,111618080348,563820424941,02,01,03,04
02,06,111618080353,563820424941,02,01,03,0005,0005,02,57ff0f19,44d0a5cb,0228
03,06,111618080353,563820424941,02,01,03,04 STATUS Active Processing
02,06,111618080358,563820424941,02,01,03,0002,0002,02,58061019,e4c5a5cb,0226
03,06,111618080358,563820424941,02,01,03,04
02,06,111618080403,563820424941,02,01,03,0002,0002,02,e9fe0f19,8db4a5cb,0225
03,06,111618080403,563820424941,02,01,03,04

05,06,111618080406,563820424941,02,01,03 CANCEL

111618080406, 02,01,0

06,06,111618080406,563820424941,02,01,03 CLEAR
07,111618080348,111618080406,0012,563820424941,4d494c4d415259,02,00,06 DURATION 18 SECS; PHASE 2; TSP ENABLED; REQUEST 6
01,06,111618090744,563820424941,02,01,03,001b,001b,02,6fd80f19,84eea5cb,4d494c4d415259,36343237202020,333839202020202020,01f8, ff
111618090744, 02,01,1 9:07:44 PRE-TEST NEAR SIDE BUS STOP

03,06,111618090744,563820424941,02,01,03,04
02,06,111618090749,563820424941,02,01,03,0013,0013,02,b8e70f19,ale2a5ch,01f5



03,06,111618090749,563820424941,02,01,03,04 STATUS Active Processing
02,06,111618090754,563820424941,02,01,03,000b,000b,02,80f40f19,b1d8a5cb,01f3
03,06,111618090754,563820424941,02,01,03,04
02,06,111618090759,563820424941,02,01,03,0005,0005,02,57ff0f19,44d0a5cb,01f2
03,06,111618090800,563820424941,02,01,03,04
02,06,111618090805,563820424941,02,01,03,0005,0005,02,57ff0f19,44d0a5cb,01f7
03,06,111618090805,563820424941,02,01,03,04

05,06,111618090805,563820424941,02,01,03 CANCEL

111618090805, 02,01,0

06,06,111618090805,563820424941,02,01,03 CLEAR
07,111618090744,111618090805,0015,563820424941,4d494c4d415259,02,00,06 DURATION 21 SECS; PHASE 2; TSP ENABLED; REQUEST 6
01,06,111618090814,563820424941,02,01,03,0005,0005,02,57{f0f19,44d0a5cb,4d494c4d415259,36343237202020,333839202020202020,0201,
111618090814, 02,01,1 9:08:14 PRE-TEST NEAR SIDE BUS STOP

03,06,111618090814,563820424941,02,01,03,04
02,06,111618090820,563820424941,02,01,03,0005,0005,02,57ff0f19,44d0a5cb,0206
03,06,111618090820,563820424941,02,01,03,04 STATUS Active Processing
02,06,111618090825,563820424941,02,01,03,0002,0002,02,73061019,23c6a5cb,0204
03,06,111618090825,563820424941,02,01,03,04
02,06,111618090830,563820424941,02,01,03,0002,0002,02,12ff0f19,edb4a5cb,0202
03,06,111618090830,563820424941,02,01,03,04

05,06,111618090833,563820424941,02,01,03 CANCEL

111618090833, 02,01,0

06,06,111618090833,563820424941,02,01,03 CLEAR
07,111618090814,111618090833,0013,563820424941,4d494c4d415259,02,00,06 DURATION 19 SECS; PHASE 2;TSP ENABLED; REQUEST 6
01,06,111618095315,563820424941,02,01,03,001b,001b,02,2dd90f19,f0eda5cb,4d494c4d415259,36343532202020,333537202020202020,01dc, i
111618095315, 02,01,1 9:53:15 END-TO-END DEMO NEAR SIDE BUS STOP

03,06,111618095315,563820424941,02,01,03,04
02,06,111618095320,563820424941,02,01,03,000f,000f,02,63ee0f19,72dda5cb,01d5
03,06,111618095320,563820424941,02,01,03,04 STATUS ActiveProcessing
02,06,111618095325,563820424941,02,01,03,0005,0005,02,9eff0f19,0dd0a5cb,01d0
03,06,111618095325,563820424941,02,01,03,04

05,06,111618095330,563820424941,02,01,03 CANCEL

111618095330, 02,01,0

06,06,111618095330,563820424941,02,01,03 CLEAR
07,111618095315,111618095330,000f,563820424941,4d494c4d415259,02,00,06 DURATION 15 SECS; PHASE 2; TSP ENABLED; REQUEST 6

01,06,111618095338,563820424941,02,01,03,0005,0005,02,44001019,8ccfa5cb,4d494c4d415259,36343532202020,333537202020202020,01dc, ft



111618095338, 02,01,1 9:53:38 END-TO_END DEMO NEAR SIDE BUS STOP
03,06,111618095338,563820424941,02,01,03,04
02,06,111618095343,563820424941,02,01,03,0005,0005,02,44001019,8ccfa5cb,01e2
03,06,111618095343,563820424941,02,01,03,04 STATUS Active Processing
02,06,111618095348,563820424941,02,01,03,0001,0001,02,d8061019,6ecaa5cb,01e3
03,06,111618095348,563820424941,02,01,03,04
02,06,111618095353,563820424941,02,01,03,0001,0001,02,de021019,c8bda5cb,01el
03,06,111618095353,563820424941,02,01,03,04
02,06,111618095358,563820424941,02,01,03,0001,0001,02,57fc0f19,90aea5cb,01el
03,06,111618095359,563820424941,02,01,03,04

05,06,111618095359,563820424941,02,01,03 CANCEL
111618095359, 02,01,0
06,06,111618095400,563820424941,02,01,03 CLOSE

07,111618095338,111618095400,0016,563820424941,4d494c4d415259,02,00,06 DURATION 22 SECS; PHASE 2: TSP ENABLED; REQUEST 6



Device id Day Timestamp

35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
36 Friday
36 Friday
36 Friday
36 Friday
36 Friday
36 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday

35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
36 Friday
36 Friday
36 Friday

11/16/2018 7:34:17 AM
11/16/2018 7:34:22 AM
11/16/2018 7:34:27 AM
11/16/2018 7:34:33 AM
11/16/2018 7:34:38 AM
11/16/2018 7:34:43 AM
11/16/2018 7:34:48 AM
11/16/2018 7:34:52 AM
11/16/2018 8:00:14 AM
11/16/2018 8:00:19 AM
11/16/2018 8:00:25 AM
11/16/2018 8:00:30 AM
11/16/2018 8:00:35 AM
11/16/2018 8:00:38 AM
11/16/2018 8:01:19 AM
11/16/2018 8:01:24 AM
11/16/2018 8:01:29 AM
11/16/2018 8:01:34 AM
11/16/2018 8:01:35 AM
11/16/2018 8:01:46 AM
11/16/2018 8:01:51 AM
11/16/2018 8:01:56 AM
11/16/2018 8:02:01 AM
11/16/2018 8:02:06 AM
11/16/2018 8:02:10 AM
11/16/2018 8:03:15 AM
11/16/2018 8:03:20 AM
11/16/2018 8:03:25 AM
11/16/2018 8:03:30 AM
11/16/2018 8:03:36 AM
11/16/2018 8:03:38 AM
11/16/2018 8:03:48 AM
11/16/2018 8:03:53 AM
11/16/2018 8:03:58 AM
11/16/2018 8:04:03 AM
11/16/2018 8:04:06 AM

11/16/2018 8:38:40 AM
11/16/2018 8:38:45 AM
11/16/2018 8:38:50 AM
11/16/2018 8:38:55 AM
11/16/2018 8:39:01 AM
11/16/2018 8:39:06 AM
11/16/2018 8:39:10 AM
11/16/2018 9:04:37 AM
11/16/2018 9:04:42 AM
11/16/2018 9:04:47 AM

TestID Command

START OF END-TO-END PRE-TEST #1

11
11
11
11
11
11
11
11

END OF END-TO-END PRE-TEST #1
START OF END-TO-END PRE-TEST #2

21
21
21
21
21
21
21
22
22
22

Ao a 2O~ A a0l a2 a0 aAaA a0l A a0l A aa a0

A a2 OB~ A aaao

Request id Vehicle id

2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
6 VBBIA
6 V8BIA
6 VBBIA
6 V8BIA
6 VBBIA
6 V8BIA
6 VBBIA
6 V8BIA
6 V8BIA
6 V8BIA
6 V8BIA

2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA

Time of service

W w o oo N

IS

w o N B~ BN

27
22

©

NN OO

15
11

31
25

Estimate time of Intersection

departure

18 MILHART
7

ww o oo

30 MILOAKM
20
12

4

4

15 MILMAIN
7
5
4

4 MILMAIN
4

2
0
3

27 MILMARY
22
14

9

9

9 MILMARY
5
2
2

19 MILHART
15
11
6
1
1

31 MILOAKM
25
19

Phase Route id

2 6663

NN NN

2 6663

NN

2 6663

2 6663

NN

2 6663

NN

2 6663

2 6427

NN NN

2 6427

Run number

359

359

359

359

359

359

389

389

Scheduled lateness

992
986
990
995
1001
1003
999

725
722
719
715
710

662
661
664
668

679
684
687
690
692

536
535
534
534
539

551
552
550
549

955
956
957
958
958
958

689
689
688



36 Friday
36 Friday
36 Friday
36 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday

35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
35 Friday
36 Friday
36 Friday
36 Friday
36 Friday
36 Friday
36 Friday
36 Friday
36 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday

11/16/2018 9:04:53 AM
11/16/2018 9:04:58 AM
11/16/2018 9:05:03 AM
11/16/2018 9:05:05 AM
11/16/2018 9:05:51 AM
11/16/2018 9:05:56 AM
11/16/2018 9:06:02 AM
11/16/2018 9:06:07 AM
11/16/2018 9:06:12 AM
11/16/2018 9:06:15 AM
11/16/2018 9:06:16 AM
11/16/2018 9:06:27 AM
11/16/2018 9:06:32 AM
11/16/2018 9:06:37 AM
11/16/2018 9:06:42 AM
11/16/2018 9:07:44 AM
11/16/2018 9:07:49 AM
11/16/2018 9:07:54 AM
11/16/2018 9:07:59 AM
11/16/2018 9:08:05 AM
11/16/2018 9:08:14 AM
11/16/2018 9:08:20 AM
11/16/2018 9:08:25 AM
11/16/2018 9:08:30 AM
11/16/2018 9:08:33 AM

11/16/2018 9:21:49 AM
11/16/2018 9:21:54 AM
11/16/2018 9:21:59 AM
11/16/2018 9:22:04 AM
11/16/2018 9:22:09 AM
11/16/2018 9:22:15 AM
11/16/2018 9:22:20 AM
11/16/2018 9:22:21 AM
11/16/2018 9:48:52 AM
11/16/2018 9:48:57 AM
11/16/2018 9:49:02 AM
11/16/2018 9:49:08 AM
11/16/2018 9:49:13 AM
11/16/2018 9:49:18 AM
11/16/2018 9:49:20 AM
11/16/2018 9:49:21 AM
11/16/2018 9:50:11 AM
11/16/2018 9:50:16 AM
11/16/2018 9:50:22 AM
11/16/2018 9:50:27 AM
11/16/2018 9:50:32 AM
11/16/2018 9:50:37 AM
11/16/2018 9:50:42 AM
11/16/2018 9:50:44 AM
11/16/2018 9:51:23 AM
11/16/2018 9:51:28 AM

22
22
22
22
23
23
23
23
23
23
23
24
24
24
24
25
25
25
25
25
26
26
26
26
26

END OF END-TO-END PRE-TEST #2
START OF END-TO-END DEMO

31
31
31
31
31
31
31
31
32
32
32
32
32
32
32
32
33
33
33
33
33
33
33
33
34
34

Ao a0 aAaaaohdaao0ondaaaao s a o aa

2 O~ 2 a2 a0 aAaaa a0 A aa a0

4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
6 V8BIA
6 VBBIA
6 V8BIA
6 V8BIA
6 V8BIA
6 V8BIA
6 V8BIA
6 V8BIA
6 V8BIA
6 V8BIA

2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
2 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
4 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA

NN O g

19
15
10

A a o

30
22

~

14
1

w W w

w w

14 MILMAIN
10
4
3
3

3 MILMAIN
3
2

27 MILMARY
19
11
5
5
5 MILMARY
5
2
2

19 MILHART
15
10
5

Ao A

w

0 MILOAKM
22

~

14 MILMAIN
11

W W w

3 MILMAIN
3

N

2 6427

NN

2 6452

NN NN

2 6452

NN NN

2 6452

NN NN NN

2 6452

389

389

389

389

357

357

357

357

684
677
673

634

634
638
643

663
663

504
501
499
498
503
513
518
516
514

785
786
786
786
788
789
790

584
581
578
577
574
570

534
537
537
539
544
549
554

595
600



34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
34 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday
33 Friday

11/16/2018 9:51:33 AM
11/16/2018 9:51:38 AM
11/16/2018 9:51:43 AM
11/16/2018 9:51:48 AM
11/16/2018 9:51:54 AM
11/16/2018 9:51:59 AM
11/16/2018 9:52:04 AM
11/16/2018 9:52:09 AM
11/16/2018 9:52:14 AM
11/16/2018 9:52:19 AM
11/16/2018 9:53:15 AM
11/16/2018 9:53:20 AM
11/16/2018 9:53:25 AM
11/16/2018 9:53:30 AM
11/16/2018 9:53:38 AM
11/16/2018 9:53:43 AM
11/16/2018 9:53:48 AM
11/16/2018 9:53:53 AM
11/16/2018 9:53:58 AM
11/16/2018 9:53:59 AM
11/16/2018 9:54:00 AM

END OF END-TO-END DEMO

34
34
34
34
34
34
34
34
34
34
35
35
35
35
36
36
36
36
36
36
36

[ 1 RSN N iy S NN NP Y N NN N N IR

5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
5 V8BIA
6 V8BIA
6 V8BIA
6 V8BIA
6 V8BIA
6 VBBIA
6 V8BIA
6 VBBIA
6 V8BIA
6 VBBIA
6 V8BIA
6 VBBIA

N Wwwwowwwow

=N
o o N

A aa oo

N WwWwwwowwwow

27 MILMARY
15
5

5 MILMARY
5

Ao

NN NDNDDNDDNDNDNDDND

2 6452 357

2 6452 357

NN

605
610
615
621
626
631
636
641
646

476
469
464

476
482
483
481
481
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Appendix D -- Interoperability Testing and RTSPIP Technical System Requirements Traceability

Interoperability Testing Plan

Program System Requirements

Verification / Testing Dates and Notes

ITC ITC Test Name Sys. Req. Requirement Importance Pace Testing |CTA Testing Pace Notes Pace Results Documentation |[CTA Notes CTA Results Documentation

Numbers 1D Date Date

ITC_01, 02, |Virtual and Bench PRO-1 The TSP request shall be a secure priority request that utilizes NTCIP 1211 v

03 Testing protocols for signal priority

ITC 01,02, [Virtual and Bench The message shall include, at a minimum, the following critical items in the M

03 Testing stated formats:

ITC 01,02, [Virtual and Bench . .

03 Testing PRO -2 a) Vehicle ID (alphanumeric value) M

ITC_01, 02, V|rtt_1al and Bench PRO -3 b) Intersection ID (numeric value) M

03 Testing

ITC_01, 02, V|rtt_1al and Bench PRO -4 c) Direction of TSP Required (numeric value) M

03 Testing

ITC_01, 02, V|rtt_1al and Bench PRO -5 d) Unique ID for PRS (numeric value) M

03 Testing

ITC_01, 02, V|rtt_1al and Bench The message shall include the following additional items in the stated formats: M

03 Testing

ITC 01,02, [Virtual and Bench .

03 Testing PRO -6 e) Route ID (alphanumeric value) M

ITC 01,02, [Virtual and Bench .

03 Testing PRO -7 f)  Run number (numeric value) M

ITC 01,02, [Virtual and Bench .

03 Testing PRO -8 g) Request ID (numeric value) M iy o .

ITC 01,02, [Virtual and Bench . eference test results from
- - PRO -9 h)  Agency ID (numeric value) M Bench testing with Novax Reference test results from Bench testing with Peek Regional |Section A of Jacobs Bench Test

03 Testing X Sections B, C, D, and E of . .

ITC 0102 Virtual and Bench 11/13/18, & 11/13/18, & Regional PRS occurred at Jacobs Bench Test Data Report PRS occurred at Meade Electric |Data Report containing TSP
-0 - PRO -10 i) TSP Request: initiate TSP request (numeric value) M 11/16/18 11/16/18 Meade Electric during week of - P during week of Nov. 12th; log  [Software Reporting logs of

03 Testing containing TSP Message Set L -

TC 0102 IVirtual and Berch Nov. 12th. logs on Regional PRS Device data has been requested communication with Peek
—h De, | Virtualand benc PRO -11 j) TSP Clear: clear TSP request (numeric valug) M Controller

03 Testing

ITC_01, 02, V|rtt_1al and Bench PRO -12 k) TSP Cancel: cancel TSP request (numeric value) M

03 Testing

ITC 01,02, [Virtual and Bench .

03 Testing PRO -13 I)  Route type (numeric value) M

ITC 01,02, [Virtual and Bench . .

03 Testing PRO -14 m) Vehicle Approach (alphabetic value) M

ITC_01, 02, V|rtt_1al and Bench PRO -15 n) GPS Timestamp of TSP call (numeric value) M

03 Testing

ITC_01, 02, V|rtt_1al and Bench PRO -16 0) Time to hold call prior to TSP Clear (numeric value) M

03 Testing

ITC_01, 02, V|rtt_1al and Bench PRO -17 p) Schedule lateness at time of request (numeric value) M

03 Testing

ITC 01,02, [Virtual and Bench . .

03 Testing PRO -18 g) Bus occupancy at time of request (numeric value) (0]

ITC_01, 02, V|rtt_1al and Bench PRO -19 r)  Vehicle Location in Longitude, Latitude (numeric values) M

03 Testing

ITC_01, 02, V|rtt_1al and Bench PRO -20 s)  Time of Service Desired (numeric value) M

03 Testing

ITC_01, 02, V|rtt_1al and Bench PRO -21 t)  Estimated Departure Time (numeric value) M

03 Testing

TSP requests while behind

ITC 04 PRG Interoperability PRG-1 The PRG shall generate priority requests based on schedule adherence M 11/13/18, & schedule were simulated with

- Corridor Test conditions measured by the AVL System 11/16/18 bus-in-a-box in bench testing

during week of Nov. 12th




Appendix D -- Interoperability Testing and RTSPIP Technical System Requirements Traceability

ITC ITC Test Name Sys. Req. Requirement Importance Pace Testing  |CTA Testing Pace Notes Pace Results Documentation |CTA Notes CTA Results Documentation
Numbers 1D Date Date
TSP requests were simulated
ITC 04 PRG Interoperability PRG -2 The PRG shall generate priority requests based on vehicle location (need to M 11/13/18, & with bus-in-a-box in bench
- Corridor Test reference a level of accuracy within space and time) 11/16/18 testing during week of Nov.
12th
Pace AVL System was
PRG Interoperability . . . 11/13/18, & simulated with bus-in-a-box in
ITC_04 Corridor Test PRG -3 The vehicle location shall be provided by the AVL system \% 11/16/18 bench testing during week of
Nov. 12th
ITC 04 PRG Interoperability The PRG shall generate priority requests based on conditions in addition to o
- Corridor Test schedule adherence measured by the AVL System, including:
PRG Interoperability
ITC_04 Corridor Test PRG -4 a) Passenger occupancy O
PRG Interoperability .
ITC_04 Corridor Test PRG -5 b) Time-of-day \%
PRG Interoperability
ITC_04 Corridor Test PRG -6 c) Type of route (BRT, express, local, etc...) \%
ITC_04 PRG. Interoperability PRG -7 d) Presence of exclusive transit phase \%
Corridor Test
TSP requests were simulated
ITC 04 PRG Interoperability PRG -11 The PRG shall require no action from the bus driver to initiate operations of the M 11/13/18, & with bus-in-a-box in bench
- Corridor Test TSP System, and thus cause no interference to the bus driver 11/16/18 testing during week of Nov.
12th
The PRG shall log priority requests made through messages sent to the PRS: a) Receint of loas from bench
ITC 04 PRG Interoperability PRG -12 Each bus should log each time it traverses a TSP intersection regardless of M 11/13/18, & testin pduringweek of Nov
- Corridor Test whether it is requesting TSP ; b) Each log should include whether or not the 11/16/18 g g '

bus met the schedule adherence (lateness) threshold

12th pending




Appendix D -- Interoperability Testing and RTSPIP Technical System Requirements Traceability

ITC ITC Test Name Sys. Req. Requirement Importance Pace Testing  |CTA Testing Pace Notes Pace Results Documentation |CTA Notes CTA Results Documentation
Numbers 1D Date Date
PRG Interoperability PRG equipment that is not part of the AVL System shall be compatible with Not applicable since PRG is Not applicable since PRG is part
ITC_01, 04 Corridor TeZt PRG -20 |installed communication systems of existing Priority Request Servers in the \% N/A N/A part of the Trapeze AVL of the Clever Devices AVL
region System System
PRG equipment not part of the AVL System shall interface (via the AVL) with
PRG Interoperability bus door open / close sensors to allow the ability to disable requests for TSP Not applicable since PRG is Not applicable since PRG is part
ITC 04 . P PRG -21  |when bus doors are opened. This should be configurable by intersection, route, (¢} N/A N/A part of the Trapeze AVL of the Clever Devices AVL
Corridor Test - . .
etc. This has to be addressed at the PRS, communication system, logs (i.e. System System
incorporated into the message set).
PRG equipment not part of the AVL System shall interface (via the AVL) with
PRG Interoperability next stop pull cords to allow the ability to disable requests for TSP when pull Not applicable since PRG is Not applicable since PRG is part
ITC_04 Corridor TeZt PRG -22  |cords are activated to request a stop at a near-side bus stop. This should be o] N/A N/A part of the Trapeze AVL of the Clever Devices AVL
configurable by intersection, route, etc. This has to be addressed at the PRS, System System
communication system, logs. (i.e. incorporated into the message set).
PRG Interoperability Eﬂzﬁaeimzrr:e;:or:g;cﬁa(r;;fh:; C;;;yztig ZTjrltlirL: tllsltz.;"fsell{)nopulte' ’:)e:'jvt\e/\(/)irckes not Not applicable since PRG is Not applicable since PRG is part
ITC_04 nterop PRG -24 g o gs - &) GevICes v o NA N/A part of the Trapeze AVL of the Clever Devices AVL
Corridor Test receiving communications from AVL Systems, b) devices not communicating
- . . System System
to signal controllers, c) devices not reporting to central software.
ITC 05 PRS Interoperability PRS-1 The PRS shall process priority requests from eligible buses according to the Vv
- Corridor Test VehicleClassType and VehicleClassLevel
PRS Interoperability The PRS shgll differentiate between a_preempgop and a pn_on_ty request such
ITC_05 . PRS -2 that preemption requests are granted higher priority over priority requests from \%
Corridor Test
buses
ITC 05 PRS Interoperability PRS -13 The PRS shall process priority requests from eligible buses based on the 0
- Corridor Test schedule lateness of the vehicle requesting TSP
PRS Interoperability The PRS shall inhibit TSP requests made to the signal controller by the
ITC_05 . . \%
- Corridor Test following:
PRS Interoperability .
ITC_05 Corridor Test PRS -14 a) Time-of-day \%
PRS Interoperability
ITC_05 Corridor Test PRS -15 b) Day-of-week \%
ITC_05 PRS.Interoperablllty PRS -16 c) Direction of TSP request (i.e. north or south, east or west) \Y
Corridor Test
- . . - . Not applicable since PRS is part
ITC_02, 05 PRS_Interoperablllty PRS -18 PRS eq_mpme_nt tha_t |§ not part of the eX|st|r)g traffic _S|gnal controller shall be Vv N/A of the Peek ATC-1000
Corridor Test compatible with existing PRG components in the region
Controllers
The PRG shall generate a TSP corridor check-in message at the first TSP Receint of loas from bench
PRG Interoperability intersection encountered on the corridor, regardless of schedule adherence or 11/13/18, & eIpt of log
ITC_06 PRG -8 L . \Y testing during week of Nov.
Log Test other conditions measured by the AVL system, for the purposes of travel time 11/16/18 -
. . 12th pending
analysis and TSP performance reporting
The PRG shall generate a TSP corridor check-out message at the last TSP Receint of loas from bench
PRG Interoperability intersection encountered on the corridor, regardless of schedule adherence or 11/13/18, & eIpt of log
ITC_06 PRG -9 L . \Y testing during week of Nov.
Log Test other conditions measured by the AVL system, for the purposes of travel time 11/16/18 -
. . 12th pending
analysis and TSP performance reporting
ITC 06 PRG Interoperability The PRS shall send the following information to the PRG regarding TSP
- Log Test events:
. L . . Receipt of Trapeze logs from
ITC_06 PRG Interoperability PRS -10 a) Indication of whether or not TSP was granted or denied by the signal Vv 11/13/18, & bench testing during week of
Log Test controller 11/16/18 .
Nov. 12th pending
- Receipt of Trapeze logs from
PRG Interoperability . . 11/13/18, & . -
ITC_06 Log Test PRS -11 b) Reason for TSP denial by signal controller \% 11/16/18 bench testing during week of

Nov. 12th pending




Appendix D -- Interoperability Testing and RTSPIP Technical System Requirements Traceability

ITC ITC Test Name Sys. Req. Requirement Importance Pace Testing  |CTA Testing Pace Notes Pace Results Documentation |CTA Notes CTA Results Documentation
Numbers 1D Date Date
PRG Interonerabili COM equipment on the buses shall transmit log data from the PRG on the
ITC_06 P Yy COM -12 |buses to a SQL database for processing by TSP Central Software, which shall M
Log Test . . . A )
include the following data elements previously defined in this document:
ITC_06 PRG Interoperability |5\, 4 a) PRO-2 through PRO-21 M
Log Test
ITC_06 PRG Interoperability |y, 1 b) PRS-10 and PRS-11 M
Log Test
ITC_07 PRS Interoperability COM -18 !3ackhau_| of COM equmept data shall utll_lze wired connections between v
Log Test intersections and central offices where possible.
ITC_07 ii:_ll_r;iroperablllty The PRS shall log the following information regarding TSP events: M
- Receipt of logs from Novax Receipt of logs from Peek
ITC 07 PRS Interoperability PRS -3 a) Date and time that TSP request begins M 11/13/18, & 11/13/18, & PRS in bench testing during Regional PRS during week of
Log Test 11/16/18 11/16/18 - . .
week of Nov. 12th pending Nov. 12th is pending
- Receipt of logs from Novax Receipt of logs from Peek
ITC_07 PRS Interoperability PRS -4 b) Date and time that TSP request ends \% 11713118, & 11/13118, & PRS in bench testing during Regional PRS during week of
Log Test 11/16/18 11/16/18 - . .
week of Nov. 12th pending Nov. 12th is pending
- Receipt of logs from Novax Receipt of logs from Peek
ITC 07 PRS Interoperability PRS -5 c) Duration of the TSP request \Y/ 11/13/18, & 11/13/18, & PRS in bench testing during Regional PRS during week of
Log Test 11/16/18 11/16/18 - . .
week of Nov. 12th pending Nov. 12th is pending
- L . . Receipt of logs from Novax Receipt of logs from Peek
ITC_07 ESS_II_r;t;roperablllty PRS -6 g())ntrérllilrcatlon of whether or not TSP was granted or denied by the signal Vv ﬁﬁgﬁg & ﬂﬁgﬁg & PRS in bench testing during Regional PRS during week of
9 week of Nov. 12th pending Nov. 12th is pending
- Receipt of logs from Novax Receipt of logs from Peek
ITC_07 PRS Interoperability PRS -7 e) Directional heading of the vehicle \Y 11713118, & 11/1318, & PRS in bench testing during Regional PRS during week of
Log Test 11/16/18 11/16/18 - . .
week of Nov. 12th pending Nov. 12th is pending
- Receipt of logs from Novax Receipt of logs from Peek
ITC_07 ESS_II_r;t;roperablllty PRS -8 f)  Vehicle ID number M ﬁﬁgﬁg & ﬂﬁgﬁg & PRS in bench testing during Regional PRS during week of
9 week of Nov. 12th pending Nov. 12th is pending
- Receipt of logs from Novax Receipt of logs from Peek
ITC_07 PRS Interoperability PRS -9 g) Intersection ID number M 11713118, & 11/13118, & PRS in bench testing during Regional PRS during week of
Log Test 11/16/18 11/16/18 - . .
week of Nov. 12th pending Nov. 12th is pending
ITC 03 Bench Testin The PRS shall log all information transmitted from the vehicle to the 11/13/18, & 11/13/18, &
- g intersection as reflected in the following requirements 11/16/18 11/16/18
Reference test results from Reference test results from
) Bench testing with Novax . Bench testing with Peek Regional |Section A of Jacobs Bench Test
8/1/18; 11/13/18, & Regional PRS occurred at Sections B, C, D, and E of PRS occurred at Meade Electric |Data Report containing TSP
ITC_03 Bench Testing PRS -12 a) PRO-2 through PRO-21 M |11/13/18, & ’ g > oceu Jacobs Bench Test Data Report |, - : P raining
11/16/18 Meade Electric during week of . during week of Nov. 12th; log  |Software Reporting logs of
11/16/18 containing TSP Message Set

Nov. 12th.

logs on Regional PRS Device

data has been requested

communication with Peek
Controller
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ACRONYM DEFINITION

APC Automatic Passenger Count

AVL Automatic Vehicle Location

CTA Chicago Transit Authority

POI Point of Interest

RT Runtime

RTA Regional Transportation Authority

RTSPIP Regional Transit Signal Priority Implementation Program
TSP Transit Signal Priority

UTM Universal Transverse Mercator
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1 Overview

A regionally interoperable Transit Signal Priority (TSP) system for both the Chicago Transit
Authority (CTA) and the Pace Suburban Bus Company (Pace) is to be implemented under the
Regional Transit Signal Priority Implementation Program (RTSPIP) by the Regional
Transportation Authority (RTA). This document outlines the TSP performance measures
analytics tool used in the RTSPIP to determine four (4) bus performance measurements which
are instrumental in the study’s performance analysis. These performance measures are:

. Performance Measure 1A: Average Bus Travel Time (Corridor Level);

. Performance Measure 1B: Bus Travel Time Variability (Standard Deviation);
. Performance Measure 1C: Traffic Signal Delay; and

o Performance Measure 1D: Number of Stops at Red Signals.

1.1 Purpose

A data processing tool was developed using Microsoft Access, based on GPS data provided by
CTA in 2016. The tool's outputs can be used to evaluate the effectiveness of the TSP system.
An overview of the tool is as follows:

3 Inputs: Includes Automatic Vehicle Location (AVL) data, Automatic Passenger
Count (APC) data, and timepoint-based files. The layout of these tables are based
on the transit data files developed by CTA. Further details are presented in Section
2

. Process: Includes running several modules in Access which process the data
using tables. Troubleshooting details are also outlined. Further details are
presented in Section 3; and

. Outputs: Excel files which include performance measurements including as
average travel time, standard deviation of travel time, average signal delay, and
number of stops at each red signal. Further details are presented in Section 4.

This document will provide direction on how to obtain these performance measurements given
the appropriate inputs.

1.2  Software Requirements
The following software are required to set-up and run the performance measures analytics tool:
o Microsoft Access;

. Microsoft Excel; and

. Google Earth.
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2 Inputs

This section summarizes the inputs required for the data processing tool, as well as the steps to
set up these inputs correctly. Users are required to set up the Access database tables
prescribed by this section, including column name, data format, and data type.

2.1 Input Files
Three (3) transit data files are required for this process. These include:

. A second-to-second Automatic Vehicle Location (AVL) table containing all runs of a
corridor for a given day;

. An Automatic Passenger Count (APC) table with recorded dwell time (See CTA’s
AVAS file); and

. A timepoint-to-timepoint table including arrival and departure times from each
timepoint as well as route pattern IDs (See CTA’s Runtime file).

Details of which data to include from each of these tables are outlined in Section 2.2. This
section will also highlight the details for the Points of Interest (POI) table to be generated, which
includes geographic information for all signalized intersections and bus stops along the corridor.

2.2 Surveys

Surveys are the basis for identifying potential trip matches between tables in the database,
reducing the processing time significantly. A survey denotes a trip’s date, bus ID, and route
number. As Section 2.3 will describe, many of the tables require the set-up of a survey. The
format of a survey is:

YYMMDD_RouteName_SurveyType BuslID_Route#

If a trip spans two dates, the start date of the trip is used. The “RouteName” must match the
“Route” column of the TPtoTP table (see Exhibit 2-6 in Section 2.3.3) and that of CTA’s
Runtime file. “Route#” includes any branches along the route and must be at least two digits (if a
route is single-digit, add a leading 0). “SurveyType” is a three-letter code which refers to the
type of bus route studied. Exhibit 2-1 shows the possible survey types. Please ensure the
three-letter code matches that in Exhibit 2-1.

Exhibit 2-1: Survey Types and their Descriptions

SURVEY TYPE = SURVEY TYPE

DESCRIPTION
art Arterials
exp Expressways
hwy Highways
loc Local Roads
mix Mixed

An example of a Survey for bus 8038 serving Route X9 S Ashland Ave on December 8t, 2015
would be “151208_S Ashland Ave_art_8038_X9".

December 12, 2019 2
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2.3 Database Tables

This section will detail what data to include in each input table along with screenshots of how
each table appears. It is very important that the columns are named as they appear in this
section. Note that screenshots of some tables may show an “ID” field on the far left side. This is
a column automatically generated by Access when inputting tables, and therefore does not need
to be included at this stage. More detail about these columns are found in Section 3.2.1.

General Note:

Please ensure all values in a column are the same format. For example, if a “Route ID” column
has a mix of “9” and “X9” values, please ensure the “9” values are stored as text and not as a
number.

2.3.1 AVL GPS Data Files

AVL GPS data should include coordinates, timestamps, dates, and bus IDs. The input data
should contain all trips of all branches from all buses for a given route and specified period of
time (typically one day).

o For CTA, this data originates from the AVL BWLOG files.

. If the data collected is on a millisecond-to-millisecond basis, please filter it to a
second-to-second basis before beginning the data processing.

This stage will require the conversion of Latitudes and Longitudes to Universal Transverse
Mercator (UTM) coordinates (Northing and Easting). This is required as the tool is configured to
calculate distances based on UTM. Refer to the “UTMConversions” Excel spreadsheet included
(Dutch, 2005) for batch conversions.

Notes:

. It is recommended that the conversion formulas from the “UTMConversions” Excel
file be copied into the AVL BWLOG files, and the conversions take place in the AVL
BWLOG files.

o Chicago IL is in UTM Zone 16.

This data will be inputted in the RawData table in the Access database. Exhibit 2-2 describes
the columns required to set up the table and Exhibit 2-3 shows a sample image of the table in
Access.

Exhibit 2-2: Description of the Columns in the RawData Table

COLUMN DESCRIPTION DATA TYPE

NAME

ID Index of the record. Number (Integer)

Note: This does not need to be included in the input
as Access is able to index tables upon importing. See
Section 3.2.1 for more details.
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COLUMN

NAME

DESCRIPTION

DATA TYPE

Survey Name of the survey. This must be manually created Text
(See Section 2.2 for details).

Note that routes may serving different branches trip-
to-trip may not be reflected in the AVL data. This tool
corrects for the branch in the AVL data by matching
AVL trips to recorded trips from the timepoint and
APC files. Because of this, when creating a survey for
this table, only the primary route number is needed
(e.g. “09” can be used for all 09 and X9 trips).

DATETIME Date and time of the GPS point. Note, from the CTA’s | Date/Time (yyyy-
AVL data, this the sum of the separate Date and Time | mm-dd hh:mm:ss)
columns.

DIR1_RUN This column must be populated by zeroes, which Number (Integer)
will be replaced by the tool. It denotes the trip number | — populate column
of a built run in direction 1. with 0

DIR1_MATCH This column must be populated by zeroes, which Number (Integer)
will be replaced by the tool. It denotes a match — populate column
between the GPS point and a POl in direction 1. with O

DIR2_RUN This column must be populated by zeroes, which Number (Integer)
will be replaced by the tool. It denotes the trip number | — populate column
of a built run in direction 2. with 0

DIR2_MATCH This column must be populated by zeroes, which Number (Integer)
will be replaced by the tool. It denotes a match — populate column
between the GPS point and a POI in direction 2. with O

NORTHING Includes UTM-converted latitudes. Number (Decimal)

EASTING Includes UTM-converted longitudes. Number (Decimal)

SPEED_MPH Includes the speed (in miles per hour) between each Number (Decimal)
GPS point and subsequent point.

Note: The Pythagorean difference between two sets
of UTM coordinates equals the distance in metres. To
convert metres to miles, divide by 1609. Refer to the
equation below for converting to miles per hour (the
time difference between timestamps t1 and t2 must be
in seconds).

_ 3600 * J/(Northing, — Northing,)* + (Easting, — Easting;)?

v= 1609 * (¢, — t,)

Delay Blank column which will be populated by the tool. Itis | Blank
the signal delay at GPS points matched to points of
interest.

Dwell_Time Blank column which will be populated by the tool. Itis | Blank

the dwell time at GPS points matched to points of
interest.
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Notes:

Please ensure that the table is sorted by:
. “Survey”; then by

. “DATETIME".

December 12, 2019
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Exhibit 2-3: Sample Screenshot of the RawData Table
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DATETIME - Survey
2015-12-08 1:05:52 151208_S Ashland Ave_art_8033_09
2015-12-08 1:05:53 151208_S Ashland Ave_art_8033_09
2015-12-08 1:05:54 151208_S Ashland Ave_art_8033_09
2015-12-08 1:05:55 151208 _S Ashland Ave_art_8033_09
2015-12-08 1:05:56 151208_S Ashland Ave_art_8033_09
2015-12-08 1:05:57 151208_S Ashland Ave_art_8033_09
2015-12-08 1:05:58 151208_S Ashland Ave_art_8033_09
2015-12-08 1:05:59 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:00 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:01 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:02 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:03 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:04 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:05 151208 S Ashland Ave_art_8033_09
2015-12-08 1:06:06 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:08 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:09 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:10 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:11 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:12 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:13 151208 S Ashland Ave_art_8033_09
2015-12-08 1:06:14 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:15 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:16 151208 _S Ashland Ave_art_8033_09
2015-12-08 1:06:17 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:18 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:19 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:21 151208 S Ashland Ave_art_8033_09
2015-12-08 1:06:23 151208_S Ashland Ave_art_8033_09
2015-12-08 1:06:24 151208_S Ashland Ave_art_8033_09

DIR1_RUN

- |DIRL_MATCE ~

(=T =T = N =T = =T =S = =N = I =T =T = == =N = I =T = =T =T =T = T =T =T =T = I =R = I =]

(=T =T = =T == == == I =T =T =R === = I =T = I =T =R =T =T = =T =T = I == =]

DIR2_RUN

- |DIR2_MATCE ~

(=T =T = =T == == == I =T =T =R === = I =T = I =T =R =T =T = =T =T = I == =]

o
0
o
0
o
0
o
0
o
0
o
0
o
0
o
0
o
0
o
0
o
0
o
1}
o
0
o
0
o
0

NORTHING ~
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.314350
4623182.31450
4623182.314350
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.314350
4623182.31450
4623182.31450
4623182.31450
4623182.31450
4623182.314350
4623187.27902
4623193.90310
4623193.90310
4623196.44249
4623201.19657
4623206.06555
4623208.2796

EASTING -~ |SPEED_MPH -
444499.204122
444459.204122
444459204122
444459,204122
444459.204122
444459.204122
444459204122
444499.204122
444459.204122
444459204122
444499.204122
444439.204122
444459204122
444459204122
444499.204122
444499.204122
444459204122
444499.204122
444439.204122
444459.204122
444459204122
444459.204122
444499.204122 14.3348684371
444503.316294 18.2867276874
444508.189557 o
444508.189557 6.98470713498
444510.038242 6.03218957181
444512.652329 5.90275403829
444514.768491 5.27255852169
444515.617022 5.10460909025

(=== =T =T =T == = N =T =T =T === =T =T =T = R = = =]

Delay

- Dwell_Time -
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2.3.2

Dwell Time and APC Data

Each entry of the DwellTimeData table is an event, such as timepoints, unserviced stops,
serviced stops, and unknown stops. This table includes APC data, or the number of passengers
boarding or alighting at the front and rear doors. This table also includes recorded dwell time

data at each event.

e For CTA, this data originates from the AVAS file (e.g.
TSP_AVAS_ROUTE9_2016_03.txt).

Exhibit 2-4 describes the columns required to set up the DwellTimeData table in the Access
database and Exhibit 2-5 shows a sample image of the table in Access.

Exhibit 2-4: Description of the Columns in the DwellTimeData Table

COLUMN NAME
ID

DESCRIPTION
Index of the record.

Note: This does not need to be included in the
input as Access is able to index tables upon
importing. See Section 3.2.1 for more details.

DATA TYPE

Number (Integer)

Event Type of event captured by the survey. Text
Please ensure this column labels timepoint events
as “Timepoint”.
Route_ID Number of the route including route branch (e.g. Text
49B, X9 etc.).
Stop_ID Number of the stop. If the event is a timepoint, Number (Integer)
this entry should be blank.
DateTime Date and time of the event. Date/Time (yyyy-
mm-dd hh:mm:ss)
DwellTime Recorded dwell time at each event. Number (Integer)

ValidatedDwell

Blank column which will be populated by the tool.

Represents the validated dwell time.

Blank

DepartureTime

Departure time from the event.

Date/Time (yyyy-
mm-dd hh:mm:ss)

manually created (See Section 2.2 for details).
Unlike for RawData, please ensure the proper
route branch is used for these surveys.

FrontOFF Number of passengers offloading at the front of Number (Integer)
the bus.

FrontON Number of passengers loading at the front of the Number (Integer)
bus.

RearOFF Number of passengers offloading at the back of Number (Integer)
the bus.

Wheelchair Number of wheelchair users boarding the bus. Number (Integer)

Survey Name of the survey record. This must be Text
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Exhibit 2-5: Sample Screenshot of the DwellTimeData Table

- Event -
1 Timepaoint

2 UnServiced Stc
3 UnServiced Stc
4 UnServiced Stc
5 UnServiced Stc
6 UnServiced Stc
7 Timepoint

8 UnServiced Stc
9 UnServiced Stc
10 Serviced Stop
11 UnServiced Stc
12 Serviced Stop
13 UnServiced Stc
14 UnServiced Stc
15 UnServiced Stc
16 UnServiced Stc
17 UnServiced Stc
18 UnServiced Stc
19 UnServiced Stc
20 UnServiced Stc
21 UnServiced Stc
22 UnServiced Stc
23 UnServiced Stc
24 Timepoint
25 Serviced Stop
26 Serviced Stop
27 UnServiced Stc
28 UnServiced Stc
29 UnServiced Stc
30 UnServiced Stc
31 UnServiced Stc
32 UnServiced Stc
33 UnServiced Stc
34 UnServiced Stc

December 12, 2019

Route_ID

-

W W oW W W W W Ww DWW W W W0 W WD W W W0 W WD WD W W WD W WD W WD W W W WD WD

Stop_ID -

6109
15913
6111
6112
6113

6114
6115
6116
6117
6118
6119
6120
6121
15249
6123
6124
6125
6126
6127
6128
6123

15211
3457
3498

15027
3500
3501
3502
3503
3504

15026

DateTime -~
2015-12-10 3:24
2015-12-10 3:24
2015-12-10 3:25
2015-12-10 3:25
2015-12-10 3:25
2015-12-10 3:25
2015-12-10 3:26
2015-12-10 3:26
2015-12-10 3:26
2015-12-10 3:27
2015-12-10 3:27
2015-12-10 3:28
2015-12-10 3:29
2015-12-10 3:29
2015-12-10 3:30
2015-12-10 3:31
2015-12-10 3:31
2015-12-10 3:31
2015-12-10 3:31
2015-12-10 3:32
2015-12-10 3:32
2015-12-10 3:32
2015-12-10 3:32
2015-12-10 3:33
2015-12-10 3:33
2015-12-10 3:33
2015-12-10 3:33
2015-12-10 3:34
2015-12-10 3:34
2015-12-10 3:35
2015-12-10 3:35
2015-12-10 3:36
2015-12-10 3:36
2015-12-10 3:37

DwellTime - ValidatedDwell -

CJCJOCJOQOQOQOQO:OWQQOQOQOQQ

[y
=

[=RE=10=100 =R === =]

DepartureTime -
2015-12-10 3:25:03 AM
2015-12-10 3:24:52 AM
2015-12-10 3:25:11 AM
2015-12-10 3:25:23 AM
2015-12-10 3:25:38 AM
2015-12-10 3:25:51 AM
2015-12-10 3:26:50 AM
2015-12-10 3:26:21 AM
2015-12-10 3:26:54 AM
2015-12-10 3:27:20 AM
2015-12-10 3:27:56 AM
2015-12-10 3:28:37 AM
2015-12-10 3:29:21 AM
2015-12-10 3:29:50 AM
2015-12-10 3:30:21 AM
2015-12-10 3:31:00 AM
2015-12-10 3:31:13 AM
2015-12-10 3:31:30 AM
2015-12-10 3:31:50 AM
2015-12-10 3:32:05 AM
2015-12-10 3:32:13 AM
2015-12-10 3:32:33 AM
2015-12-10 3:32:47 AM
2015-12-10 3:33:21 AM
2015-12-10 3:33:15 AM
2015-12-10 3:33:43 AM
2015-12-10 3:33:53 AM
2015-12-10 3:34:40 AM
2015-12-10 3:34:51 AM
2015-12-10 3:35:05 AM
2015-12-10 3:35:29 AM
2015-12-10 3:36:08 AM
2015-12-10 3:36:23 AM
2015-12-10 3:37:08 AM

FrontOFF

-

Q000 000 0RO Qoo oL oL oo oo oo oooo oo oD

FrontON

-

oo o o o oo o oo o000 o000 ooEoReRoooo0ooooo

RearOFF

-

(=10 =T == I =T == =T = I =R =T = I = N =T =T =T =S = =T = J =S =T =T = N = = I =R = =N =T = = =T =]

Wheelchair -

Survey -
0 151210 S Ashland Ave_art_8031 09
0151210 S Ashland Ave_art 8031 09
0 151210_5 Ashland Ave_art_8031_09
0 151210 5 Ashland Ave_art_8031_09
0 151210 S Ashland Ave_art 8031 09
0 151210 _S Ashland Ave_art_8031_09
0 151210 S Ashland Ave_art_8031_09
0151210 S Ashland Ave_art 8031 09
0 151210 S Ashland Ave_art_8031 09
0151210 S Ashland Ave_art 8031 09
0 151210_5 Ashland Ave_art_8031_09
0 151210 5 Ashland Ave_art_8031_09
0 151210 S Ashland Ave_art 8031 09
0 151210 _S Ashland Ave_art_8031_09
0 151210 S Ashland Ave_art_8031_09
0151210 S Ashland Ave_art 8031 09
0 151210 _S Ashland Ave_art_8031 09
0151210 S Ashland Ave_art 8031 09
0 151210_5S Ashland Ave_art_8031_09
0 151210 5 Ashland Ave_art_8031_09
0 151210 S Ashland Ave_art 8031 09
0 151210 _S Ashland Ave_art_8031 09
0 151210 S Ashland Ave_art_8031_09
0151210 S Ashland Ave_art 8031 09
0 151210 _S Ashland Ave_art_8031 09
0151210 S Ashland Ave_art 8031 09
0 151210_5S Ashland Ave_art_8031_09
0 151210 5 Ashland Ave_art_8031_09
0 151210 S Ashland Ave_art 8031 09
0 151210 _S Ashland Ave_art_8031 09
0 151210 S Ashland Ave_art_8031_09
0151210 S Ashland Ave_art 8031 09
0 151210 _S Ashland Ave_art_8031 09
0151210 S Ashland Ave_art 8031 09
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2.3.3

Timepoint to Timepoint Data

The AVL data will be processed on a timepoint-to-timepoint basis and used to create trips. To
accomplish this, the TPtoTP table in the Access database is used.

e For CTA, this data originates from the Runtime (RT) file (e.g.
TSP_RUNTIME_ROUTES9.txt).

Exhibit 2-6 describes the columns required to set up the table and Exhibit 2-7 shows a sample
image of the table in Access.

Exhibit 2-6: Description of the Columns in the TPtoTP Table

COLUMN NAME
ID

DESCRIPTION
Index of the record.

Note: This does not need to be included in
the input as Access is able to index tables
upon importing. See Section 3.2.1 for more
details.

DATA TYPE

Number (Integer)

tool.

Survey Blank column which will be populated by the | Blank
tool.
Route Name of the route. Text
Note: Please ensure there is no underscore
“ ”in the name.
Route_ID Number of the route. Text
Bus_ID ID of the bus. Number (Integer)
Run_ID ID of the run. Text
Note: Please ensure in the input file this
column is stored as a text, not as a number.
Operator_ID ID of the operator. Number (Integer)
From_TP Starting timepoint of the entry, formatted as | Text
two three-character IDs, as appearing in the
CTA Runtime files.
To TP Ending timepoint of the entry, formatted as Text
two three-character IDs, as appearing in the
CTA Runtime files.
Segment Blank column which will be populated by the | Blank

TripStart_DateString

Date of the trip.

Date (yyyy-mm-dd)

TripStart_TimeString

Starting time of the trip.

Time (hh:mm:ss)

From_Arrival_DateTime

Date and time of arrival at the starting
timepoint.

Date/Time (yyyy-
mm-dd hh:mm:ss)

From_Depart_DateTime

Date and time of departure from the starting
timepoint.

Date/Time (yyyy-
mm-dd hh:mm:ss)
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COLUMN NAME

To_Arrival_DateTime

DESCRIPTION

Date and time of arrival at the ending
timepoint.

DATA TYPE

Date/Time (yyyy-
mm-dd hh:mm:ss)

To_Depart_DateTime

Date and time of departure from the ending
timepoint.

Date/Time (yyyy-
mm-dd hh:mm:ss)

Trip_ID ID of the trip. Number (Long)
Block_ID ID of the block. Number (Long)
Pattern_ID ID of the pattern. Number (Integer)
Direction Direction of the run. “1” represents Number (Integer)

northbound/eastbound and “2” represents
southbound/westbound.

10
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Exhibit 2-7: Sample Screenshot of the TPtoTP Table

D - Survey

W0 s O L1 g R e

NN e A R ==
HOWWHU\G&WNI—'O

(]
]

December 12, 2019

Route =
S Ashland Ave
S Ashland Ave
5 Ashland Ave
S Ashland Ave
§ Ashland Ave
S Ashland Ave
S Ashland Ave
S Ashland Ave
S Ashland Ave
S Ashland Ave
S Ashland Ave
S Ashland Ave
§ Ashland Ave
S Ashland Ave
S Ashland Ave
S Ashland Ave
§ Ashland Ave
S Ashland Ave
S Ashland Ave
S Ashland Ave
5 Ashland Ave
S Ashland Ave

(- RN - RN T . T Y. V- RV - Y. L. R T. RV V. RV RV BT RV R T. Y.

Route_ID

Bus ID -

T TPtoTR ",

Run_ID - |Operator_ID ~| From_TP ~ To_TP ~ | Segment

8038 6002 20305 74 Ash 79 Ash 2015-12-08
8038 6002 20305 79 Ash 95 Ash 2015-12-08
3038 6002 20305 35 Ash 95 Red 2015-12-08
8038 6002 20305 95 Red 95 Ash 2015-12-08
8038 6002 20305 63 Ash 47 Ash 2015-12-08
8038 6002 20305 47 Ash AshOrg 2015-12-08
8033 6005 24375 95 Red 95 Ash 2015-12-08
8038 6002 20305 AshOrg CerAsh 2015-12-08
8033 6005 24375 95 Ash 79 Ash 2015-12-08
8038 6002 20305 CerAsh MadAsh 2015-12-08
8033 6005 24375 79 Ash 74 Ash 2015-12-08
8033 6005 24375 74 Ash 63 Ash 2015-12-08
8033 6005 24375 63 Ash 47 Ash 2015-12-08
8033 6005 24375 47 Ash AshOrg 2015-12-08
8038 6002 20305 DvnAsh CorAsh 2015-12-08
8038 6002 20305 MadAsh DvnAsh 2015-12-08
8038 6002 20305 CorAsh BelAsh 2015-12-08
8033 6005 24375 AshOrg CerAsh 2015-12-08
8033 6005 24375 Cerfsh MadAsh 2015-12-08
8038 6002 20305 BelAsh BplClk 2015-12-08
3038 6002 20305 BplClk BelAsh 2015-12-08
8033 6005 24375 MadAsh DvnAsh 2015-12-08
To_Arrival_DateTime - To_Depart_DateTime -  Trip_ID - Block ID - | Pattern_ID - | Direction -
2015-12-08 3:26:00 AM  2015-12-08 3:26:40 AM 93216988 248006726 1748 2
2015-12-08 3:32:48 AM  2015-12-08 3:33:05 AM 93216988 248006726 1748 2
2015-12-08 3:43:25 AM  2015-12-08 3:45:40 AM 93216988 248006726 1748 2
2015-12-08 3:51:20 AM  2015-12-08 3:51:27 AM 93217220 248006726 7500 1
2015-12-08 4:13:10 AM~ 2015-12-08 4:13:51 AM 93217220 248006726 7500 1
2015-12-08 4:23:23 AM  2015-12-08 4:27:32 AM 93217220 248006726 7500 1
2015-12-08 4:23:53 AM 2015-12-08 4:24:52 AM 93217222 248006730 7500 1
2015-12-08 4:29:56 AM  2015-12-08 4:30:45 AM 93217220 248006726 7500 1
2015-12-08 4:32:45 AM 2015-12-08 4:33:21 AM 93217222 248006730 7500 1
2015-12-08 4:48:27 AM  2015-12-08 4:48:27 AM 93217220 248006726 7500 1
2015-12-08 4:35:21 AM 2015-12-08 4:35:51 AM 93217222 248006730 7500 1
2015-12-08 4:40:49 AM  2015-12-08 4:42:13 AM 93217222 248006730 7500 1
2015-12-08 4:48:24 AM  2015-12-08 4:49:03 AM 93217222 248006730 7500 1
2015-12-08 4:58:18 AM  2015-12-08 5:00:33 AM 93217222 248006730 7500 1
2015-12-08 4:53:19 AM  2015-12-08 4:53:22 AM 93217220 248006726 7500 1
2015-12-08 4:48:27 AM 2015-12-08 4:48:56 AM 93217220 248006726 7500 1
2015-12-08 5:03:02 AM  2015-12-08 5:03:11 AM 93217220 248006726 7500 1
2015-12-08 5:02:17 AM  2015-12-08 5:04:32 AM 93217222 248006730 7500 1
2015-12-08 5:16:20 AM 2015-12-08 5:16:58 AM 93217222 248006730 7500 1
2015-12-08 5:08:32 AM  2015-12-08 5:13:30 AM 93217220 248006726 7500 1
2015-12-08 5:29:52 AM 2015-12-08 5:30:13 AM 93217244 248006726 7495 2
2015-12-08 5:24:09 AM  2015-12-08 5:25:00 AM 93217222 248006730 7500 1

~ | TripStart_DateString -~ | TripStart_TimeString -

3:22:11 AM
3:22:11 AM
3:122:11 AM
3:45:40 AM
3:45:40 AM
3:45:40 AM
4:15:48 AM
3:45:40 AM
4:15:48 AM
3:45:40 AM
4:15:48 AM
4:15:48 AM
4:15:48 AM
4:15:48 AM
3:45:40 AM
3:45:40 AM
3:45:40 AM
4:15:48 AM
4:15:48 AM
3:45:40 AM
5:13:30 AM
4:15:48 AM

2015-12-08 3:24:25 AM
2015-12-08 3:26:00 AM
2015-12-08 3:32:48 AM
2015-12-08 3:45:40 AM
2015-12-08 4:07:03 AM
2015-12-08 4:13:10 AM
2015-12-08 4:15:48 AM
2015-12-08 4:23:23 AM
2015-12-08 4:23:53 AM
2015-12-08 4:29:56 AM
2015-12-08 4:32:45 AM
2015-12-08 4:35:21 AM
2015-12-08 4:40:49 AM
2015-12-08 4:48:24 AM
2015-12-08 4:48:27 AM
2015-12-08 4:48:27 AM
2015-12-08 4:53:19 AM
2015-12-08 4:58:18 AM
2015-12-08 5:02:17 AM
2015-12-08 5:03:02 AM
2015-12-08 5:13:30 AM
2015-12-08 5:16:20 AM

From_Arrival_DateTime - | From_Depart_DateTime -

2015-12-08 3:24:57 AM
2015-12-08 3:26:40 AM
2015-12-08 3:33:05 AM
2015-12-08 3:45:52 AM
2015-12-08 4:07:28 AM
2015-12-08 4:13:51 AM
2015-12-08 4:16:10 AM
2015-12-08 4:27:32 AM
2015-12-08 4:24:52 AM
2015-12-08 4:30:45 AM
2015-12-08 4:33:21 AM
2015-12-08 4:35:51 AM
2015-12-08 £:42:13 AM
2015-12-08 4:45:03 AM
2015-12-08 4:48:56 AM
2015-12-08 £:43:27 AM
2015-12-08 4:53:22 AM
2015-12-08 5:00:33 AM
2015-12-08 5:04:32 AM
2015-12-08 5:03:11 AM
2015-12-08 5:22:32 AM
2015-12-08 5:16:58 AM
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Patterns and Timepoints

To number the segments in the TPtoTP table, the PatternsAndTimepoints table is matched to
the TPtoTP table using unique pattern IDs. This table is derived from the input file used for
Timepoint to Timepoint data (Runtime file for CTA — e.g. TSP_RUNTIME_ROUTED9.txt) by
tabulating all unique segments for every pattern. In other words, every unique Segment-

Pattern_ID combination should be included exactly once.

Exhibit 2-8 describes the columns required to set up the PatternsAndTimepoints table in the

Access database and Exhibit 2-9 shows a sample image of the table in Access.

Exhibit 2-8: Description of the Columns in the PatternsAndTimepoints Table

COLUMN NAME

DESCRIPTION

DATA TYPE

Segment Number of the segment along the pattern. Number (Integer)
Route ID ID of the route. Text
From_TP Starting timepoint of the entry, formatted as two Text
three-character IDs, as appearing in the Runtime
files.
To TP Ending timepoint of the entry, formatted as two Text
three-character IDs, as appearing in the Runtime
files.
Pattern_ID ID for each pattern. A unique pattern ID exists for Number (Integer)
each pattern of stops.
Note: Please do not include any pattern ID values
that are not found in the TPtoTP table.
Direction Direction of the run. “1” represents Number (Integer)

northbound/eastbound and “2” represents
southbound/westbound.

Exhibit 2-9: Sample Screenshot of the PatternsAndTimepoints Table

1D

j PatternsAndTimepoints

- | Segment ~-| Route ID ~| From_TP ~ To_TP - | Pattern_ID -~
1 1 9 74 Ash 79 Ash 1748
2 2 9 79 Ash 95 Ash 1748
3 3 9 95 Ash 95 Red 1748
4 1 9 74 Ash 79 Ash 3634
5 2 9 79 Ash 95 Bev 3634
6 1 9 95 Bev 79 Ash 3637
7 2 9 79 Ash 74 Ash 3637
8 1 9 BplClk Belash 7492
9 2 9 BelAsh CorAsh 7492
10 3 9 CorAsh DvnAsh 7492
11 4 9 DvnaAsh Madash 7492
12 5 9 MadAsh CerAsh 7492
13 6 9 CerAsh AshOrg 7492
14 7 9 AshOrg 47 Ash 7492
15 8 9 47 Ash 63 Ash 7492
16 9 9 63 Ash 74 Ash 7492
17 1 9 BplClk BelAsh 7494
13 2 9 BelAsh CorAsh 7494

Direction -~

MR R R RN KNRMRKNRRKNRERFRRKRRHRNRKNRM
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2.3.5

Points of interest (POIls) such as signalized intersections and bus stops (denoted as nearside,

Points of Interest KML File

mid-block or farside) are used to create runs from the GPS data. In Google Earth, place pins at
the centre of each intersection and at stops.

First, click the “add pin” icon at the top of the window.

QR+ J+|u5=+|#+|®+|

Place the pin at the POI. When placed, the pin can be named.

g - -

Goagle Tath - New Placamark

B Name: WAMRSE L4

J Lodhude:  41%440.04%

lorghde: ST O.08W

Descrotion  Stfe, Color  Vew  Ataude

%
i Ashiand Ave and W 870 <Y

Use a standardized naming convention for the pins and save them under a single
folder.

| = Cancel -
e «n

. T L G pe—— S

v [¢]= Ashland &ve Signals.kml
v ¥/ £3 Ashland Signal
- ¥ & W Cermak Rd / S Blue Island Ave
& 24515, Ashland Ave
Chicageo Sun Times
W Marketplace Access Rd
W 31st PI MB Exit
W 31st Pl Entrance
W 31st PI 5B Exit
S Archer fve
S Robinson 5t
W 33rd St
W 35th St

-, e, e, e, o, e, R,

g g iy “tlay g "Wy "Wy "Wy "y

13
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. Click on the folder, then click File > Save = Save Place As, and change the file
type to .kml.

. Opening the .kml file in Excel will trigger the following prompt:

Open XML ? >

Please select how you would like to open this file:

ID As a read-only workbook
D Use the XML Source task pane

. Select “As an XML table”.
. Open a table in Excel which includes the latitude and longitude of each pin.

o Convert these coordinates from latitude and longitude to UTM (Northing and
Easting), the same as was done for the AVL Data table in Section 2.3.1.

Please ensure every POI on a route is accounted for terminus-to-terminus. The POI data will be
inputted in the POIData table in the Access database. Exhibit 2-10 describes the columns
required to set up the table and Exhibit 2-11 shows a sample image of the table in Access.

Exhibit 2-10: Description of the Columns in the POIData Table

COLUMN NAME DESCRIPTION DATA TYPE

ID Index of the record. Number (Integer)

Note: This does not need to be included in the input
as Access is able to index tables upon importing.
See Section 3.2.1 for more details.

Route_ID ID of the route. Text

Route Name of the route in the format “Route Name Text
Route#” (e.g. “S Ashland Ave 97, “S Ashland Ave
X9” etc.). Note for single-digit routes do not include
the leading “0”.

Direction Direction of the run. Input “Northbound”, Text
“Southbound”, “Eastbound”, or “Westbound”.

Ref_Index Represents the order of the POls for each route Number (Integer)
branch in each direction. Begins at 1 and counts
upwards until the final POI. Resets to 1 for the next
branch or direction.

Dir_Index Direction of the run. 1 represents Number (Integer)
northbound/eastbound and 2 represents
southbound/westbound.

Name Name of the POI. Note that this will be the name Text
that appears when referencing a POI in the output
files.

Northing Includes converted longitudes. Number (Decimal)

14
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COLUMN NAME

DESCRIPTION

DATA TYPE

Easting Includes converted latitudes. Number (Decimal)
Signal Type of POI. Input: Text

° “Signal” for signalized intersection;

° “Farside” for far-side stop;

. “Nearside” for near-side stop; and

. “Stop” for mid-block stop.
Speed_Limit Speed limit in mph. Number (Integer)

Distance_Limit

Minimum of half of the distance to the nearest POI
(in feet) or 98 ft.

Number (Integer)

TimingPoint

A TRUE/FALSE Boolean field. A TRUE value if the
mid-block or farside POl is a timing point, a FALSE
value if not. For nearside timing points, do not select
TRUE for this. Instead, select TRUE for the
associated traffic signal POI. For all regular (non-
timing point) stops, select FALSE.

Boolean (Yes/No)

15
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Exhibit 2-11: Sample Screenshot of the POIData Table

ID - | Route_ID
B
29
39
49
59
69
79
89
99
10 9
119
129
13 9
149
159
16 9
17 9
18 9
19 9
209
219
229
239
249
259
26 9
279
28 9

December 12, 2019

-

Route -
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9
S Ashland Ave 9

Direction
MNorthbound
MNorthbound
MNorthbound
MNorthbound
Northbound
Northbound
Northbound
Northbound
Northbound
Northbound
Northbound
MNorthbound
MNorthbound
MNorthbound
MNorthbound
MNorthbound
MNorthbound
MNorthbound
Northbound
Northbound
Northbound
Northbound
Northbound
Northbound
Northbound
MNorthbound
MNorthbound
MNorthbound

-

Ref_Index

-

e I = IR I - IR I I

[SRE RN R R R R R R = b
BN R ELEREREEGEGRIEGREGRES

Dir_Index

- Name
16131

1 W 95th St
1 6147

1 6148

1 6149

1 W9lstSt
114781

1 6153

1 6155

1 'W 87th 5t
1 W 85th 5t
1 15455

1 6159

1 W 83rd St
1 6160

1 W Blst St
1 15456

1 6162

1 6163

1 W 79th 5t
1 6165

1 6166

1 W 76th 5t
1 6168

1 'W 74th 5t
1 6169
16171

1 W 71st 5t

-

MNorthing -
4618945.687
4619037.126
4619085.752
4619232.461
4619434.212
4619844.176
4619833.609
4620227.984
4620640.142
4620655.603
4621060.408
4521094.5812
4621453.011
4621464.028
4621658.079
4621869.049
4621921.199
4622062.655

4622261.68

4622273.09
4622668.287
4622868.715
4622879289
4623273.415
4623283.159
4623476.507
4623878.452
4623838.541

Easting - Signal
A44882.4935 Stop
444877.5511 Signal
444839.2575 Farside
444888.6391 Stop
444884.6522 Stop
A444869.4077 Signal
444880.1558 Farside
444876.7082 Stop
444870.0809 Nearside
444858.5148 Signal
444853.9423 Signal
444863.2617 Farside
444361.3956 Nearside
444849.076 Signal
A44857.8358 Stop
444844.5299 Signal
444854.5977 Farside
444852.6643 Stop
444851.7732 Nearside
444839.8667 Signal
444845,8159 Stop
4448439855 Nearside
444833.2557 Signal
444841.3597 Nearside
444830.1564 Signal
444838.7837 Stop
444335.4885 Nearside
444823.117 Signal

-

Speed_Limit - Distance Limit - | TimingPoint -

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

28
82
82
93

93
65
65
93
93
93
65
43
98
98
28
82
82
93
93
93
93
93
93
93
93
938

98
98

True
False
False
False
False
False
False
False
False
False
False
False
False
False
False
False
False
False
False

True
False
False
False
False

True
False
False
False
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2.3.6

The MasterRoutes and Routes tables are used to track the different branches and directions
along each corridor. The MasterRoutes table lists all branch-direction combinations on the
corridor and the Routes table lists all routes. These tables come included with the database and
can be manually edited, or imported from Excel as long as they are set up as described by
Exhibit 2-12 and Exhibit 2-14.

Routes and Master Routes

Exhibit 2-12 and Exhibit 2-14 describe the columns required to set up the MasterRoutes and
Routes tables, respectively. Exhibit 2-13 and Exhibit 2-15 show sample images of the
MasterRoutes and Routes tables, respectively, in Access.

Exhibit 2-12: Description of the Columns in the MasterRoutes Table

COLUMN NAME

MasterRouteOrder

DESCRIPTION

Direction order of the route. 1 represents
northbound/eastbound and 2 represents
southbound/westbound.

DATA TYPE

Number (Integer)

MasterRoute Name and direction of the route. Number (Integer)

Name of the route in the format “Route Name Text
Route#” (e.g. “S Ashland Ave 97, “S Ashland Ave
X9” etc.). It is important this format be used as this
field will be matched to other tables. Note for

single-digit routes do not include the leading “0”.

Route

Direction Direction of the route. Input “Northbound”, Text

“Southbound”, “Eastbound”, or “Westbound”.

RouteOrder Used to track split runs. Default value 1. Refer to

the bulleted list below on splitting runs.

Number (Integer)

Exhibit 2-13: Sample Screenshot of the MasterRoutes Table

=] MasterRoutes ",

MasterRouteOrder - MasterRoute - Route ~ | Direction - | RouteOrder -

December 12, 2019

1 5 Ashland Ave 9 NB S Ashland Ave 9 MNorthbound 1
2 S Ashland Ave 9 SB S Ashland Ave 9 Southbound 1
1 S Ashland Ave X9 NB S Ashland Ave X9 MNorthbound 1
2 S Ashland Ave X9 SB S Ashland Ave X9 Southbound 1
Exhibit 2-14: Description of the Columns in the Routes Table
COLUMN NAME ‘ DESCRIPTION DATA TYPE
Route Name of the route. Must be the same as the Route | Text
column in the MasterRoutes table.
Beginning Name of the first POI on the route. Text
End Name of the last POI on the route. Text
Directions Number of directions along the route (typically 2 — Number (Integer)
either northbound and southbound or eastbound
and westbound).
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Exhibit 2-15: Sample Screenshot of the Routes Table

= Routes
Route ~ | Beginning - End ~ | Directions -
S Ashland Ave 9 W 95th St W Cermak Rd 2
S Ashland Ave X9 W 95th St W Cermak Rd 2
Notes:
o If the input data does not include all branches of a route, or only includes one route

direction, please do not include a row of the branch(es)/direction(s) not found in the
input dataset in the MasterRoutes table.

. For runs which must be split in two (2) (e.g. the driver takes an extended break at a
stop), refer to the following steps to preserve the data:

. Input the route twice and update the “RouteOrder” column of the
MasterRoutes table with ascending numbers corresponding to the order in
which the route is driven.

. Input the “Route” column with the route name and route order.

. If Route X is split into two (2) runs, name the first segment driven “Route X-1”
with route order 1 and the second segment “Route X-2” with route order 2.

. Update the “Route” column of the Routes table with the same route names
as in the MasterRoutes table. The “MasterRoute” column in the
MasterRoutes table does not have to be split up by route order.

. If there are no split runs, then the “RouteOrder” column should be 1.

2.3.7 Time Periods

The TimePeriods table specifies the time periods in which surveys are conducted (i.e. AM
Peak, Midday, and PM Peak) depending on the survey type. These can be modified as desired
per the official time period ranges. This table can be found already uploaded in the database and
can be manually edited, or otherwise re-imported from Excel. Exhibit 2-16 describes the
columns of the TimePeriods table and Exhibit 2-17 shows a sample image of the table in
Access.

Exhibit 2-16: Description of the Columns in the TimePeriods Table

COLUMN DESCRIPTION DATA TYPE

NAME

SurveyType Type of survey being conducted. Records can be added | Text
for additional surveys.

SurveyCode Three-letter code used to denote survey type (see Text
Exhibit 2-1 for details).
Period Name of the time period. Text
Start_Time Start time of the time period. Can be modified if desired. | Time (h:mm:ss
XM)

December 12, 2019 18
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COLUMN

NAME
End_Time

DESCRIPTION

DATA TYPE

End time of the time period. Can be modified if desired. | Time (h:mm:ss

XM)

Exhibit 2-17: Sample Screenshot of the TimePeriods Table

E TimePeriods

SurveyType - |5unrev€ode v| Period

Arterials
Arterials
Arterials

| | Expressways
| |Expressways
| | Expressways
| |Highways
| |Highways

Highways

: Local Roads

Local Roads

| |Local Roads
L Mixed

Mixed

: Mixed

art
art
art
exp
exp
exp

AM Peak
Midday
PM Peak
AM Peak
Midday
PM Peak
AM Peak
Midday
PM Peak
AM Peak
Midday
PM Peak
AM Peak
Midday
PM Peak

- Start_Time - End Time -~

7:00:00 AM
10:00:00 AM
3:30:00 PM
6:00:00 AM
12:00:00 PM
3:30:00 PM
6:30:00 AM
12:00:00 PM
3:30:00 PM
7:00:00 AM
10:00:00 AM
3:30:00 PM
7:00:00 AM
10:00:00 AM
3:30:00 PM

9:40:00 AM
3:10:00 PM
6:40:00 PM
9:30:00 AM
2:00:00 PM
6:30:00 PM
9:30:00 AM
2:00:00 PM
6:30:00 PM
59:40:00 AM
3:10:00 PM
6:40:00 PM
59:40:00 AM
3:10:00 PM
6:40:00 PM

A summary of the tables requiring external input data is shown in Exhibit 2-18.

Inputs

Database
Tables

Exhibit 2-18: Summary of Input Data and Database Tables
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3 Process

This section will describe the inputting and running process of the Access database and its
modules.

If a shared drive is being used to store the data and database, it is recommended to copy
everything to a local folder, which allows for shorter running times.

o Please ensure that the directory in which the database will be run has a subfolder
called “Output” for the output files.

If prompted, it is also recommended to let the database compact when opening and closing the
file. This prevents file corruption and preserves the data.

Please note that Microsoft Access have file size limits of 2GB.

3.1 Database Navigation

Upon opening the Access file, a screen similar to Exhibit 3-1 will appear.

Exhibit 3-1: Opening Screen of Access Database

x o
. g
7 Deléts

All Access Objects
Tablo
" coeEmmelista
= Tables — See Section 3.1.1
Moctule,

Database navigation is done through the All Access Objects toolbar on the left side of the
screen. Tables and modules can be opened from this toolbar by double-clicking on the desired
object.
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311 Tables

Tables are found in the top section of the All Access Objects toolbar.

»

Double-click a desired table to open it in the main window. Tables

The table will open as a tab labelled by its name. B DwelllimeDats
, =] -
e In an open table, columns can be filtered or sorted by FnroEne
. . B MasterRoutes
values by clicking on the arrow in the column header.
j PatternsAndTimepoints
e Multiple tables can be opened and the displayed table B roiDats
can be switched by selecting the table’s tab. B Processedpata
e To close a table, right-click the tab and select “Close”. E rawbata
To close all tables, right-click a table’s tab and select B Routes
“Close All”. B3 surveyRecord
It is important to note that adjusting a table’s formatting E Timeperiods
B rtore

(e.g. column widths) or applying sorts or filters to the data
will prompt a “save changes” dialogue box when closing the
table. However, modifying or deleting data in a table is permanent and will not prompt a “save
changes” dialogue box. Be aware of this when working with a table.

3.1.2 Modules

Modules =25 Modules
Modules are found in the bottom &% 00-Public Vars and Subs 2% 00 - Public Vars and Subs
section of the toolbar on the left &% 01A- Create Survey Records -4 014 - Create Survey Records
side (as shown here on the left). &% 01B-TP Patter -4 018 - TP Pattern
. . & 01C - Trip Runtimes ‘ﬁg 01C - Trip Runtimes
Doubl_e-cllckmg ona module will & 01D Separating Routes 2% 01D - Separating Routes
open its code. While in the code & 02-Matching ¥ty 02 - Matching
window, different modules can be ﬁ; s B Rune ~-wef 03A - Build Runs
opened by double-clicking a ﬁ; 55 - Dl Time Vatistion oy 03B -~ Dwell Time Validation
module from the window on the & 03 - Signal Detay :gi gic éif;iﬁ:?y
I(_eft side (as shown here on the &8 04- Check Runs & 05 - Output Setup
right). 4805 - Output Setup 458 06 - Create Quick Run Count File
Module windows are separate 44 06 - Create Quick Run Count File i 07 - Create Ful Stat Output
% 07 - Create Full Stat Cutput

from the primary Access window,
so modules and tables can be viewed simultaneously.

Please do not modify any of the code in any module, with the exception of the Public Constants
in Module 00 — Public Vars and Subs which will be discussed in Section 3.2.2. Modifications to
code may result in errors and unsuccessful runs.

3.2 Database Set-Up

This section highlights the steps and checks that must be completed prior to running the
modules. These steps should also be followed when rerunning the code on new data.

3.21 Importing Tables

Five (5) tables of transit data must be inputted into the Access database. Refer to Sections
2.3.1 - 2.3.5 for setting up the columns and formatting of each input, and which input becomes
which table in the Access database. These five tables are listed in Exhibit 3-2 along with a
sample filename of a CTA file which is used as the basis for the database table.
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Exhibit 3-2: Database Tables to be Imported

DATABASE TABLE CTA INPUT FILE EXAMPLE

RawData 1060_160316.txt (CTA BWLOG)

DwellTimeData TSP_AVAS_ROUTE9 2016_03.txt

TPtoTP TSP_RUNTIME_ROUTE9.txt

PatternsAndTimepoints | TSP_RUNTIME_ROUTED9.ixt

POIData Google Earth KML File (See
Section 2.3.5)

If importing from files, it is =l Import Spreadsheet Wizard
recommended the files be in
Xxlsx format. Please ensure
the column headers (properly
named as per the tables in O Chanss iy o prmary by, | -
Section 2) are included in ONo primary key.

the Excel files.

Microsoft Access recommends that you define a primary key for your new table. A primary key is used to
uniquely identify each record in your table. It allows you to retrieve data more quickly.

(@)lLet Access add primary key.

. . Route Direction |Ref Index |[Dir Index |Dir Order Name Noxt]]

When importing, allow E Bsnland ve & Northbound U L s F151 e1s

. |5 Ashland Awve 9 Northbound £ (L fsc W 95th St j2els

Access to index each of the 5 hshland Ave 8 Northbound f3 il Bsc 6147 lels

. « [ Rsnland Ave ¢ Northbound [¢ il Rsc E148 le1le

tables by ensurlng Let 5 Ashland Ave 9 Northbound 5 (L Bac €149 ELA)

ACCGSS add primary key” iS [5 Ashland Ave $ Northbound [6 18 Bsc W 9lst St |2619

. . 5 Ashland Awe 9 Northbound [7 (L fsc 14781 fgels

selected when this window E &shland Ave § Norchbound B i bsc 6153 lezo

. 5 Ashland Ave S Northbound [@ (L Bsc €155 1e20

(shown here on the right) 5 Ashland Ave 9 Northbound [LO i bsc W &Tth st j2620

H H H 5 Bshland Awe 9 Morthbound [11 (L Rsc W 85th 5t [3621

appears in the Importlng |5 hsnland Ave 9 Northbound [12 il Rsc L5455 lze21
. . : Met e © . . 5

Stage. This will give the “ID |5 hshland Ave 9 Northbound [13 il Bsc 6159 lrez1

5 Ashland Ave S Northbound (14 [ Bsc W 83rd St pe2l

fields listed in the tables in

>

Section 2.3. = = =

It is recommended to check if
there are any Import Errors after importing the tables. Typically Import Errors occur when there
is a data type mismatch in a column (e.g. the some of the column is comprised of numbers and
some is comprised of text). Columns in Access must be

comprised of a single data type (e.g. all Run_ID values in EH NewTable

the TPtoTP import table must be stored as a text). An

Import Error table will automatically be generated and j MNewTable5_ImportErrors
named with “$_ImportErrors” in its name, as seen on the right.

If there are any Import Errors, ensure the input files are formatted correctly and re-import.
Notes:

. Check the first few rows of each imported table to ensure they are in the same
order as the input file. Access occasionally changes the row order when importing
and indexing. This is particularly important for the RawData table, as the generated
“ID” column is used in the data analysis process. This table should be sorted first by
“Survey” then by “DATETIME”. If the table rows are not imported in the proper
order, delete the table and re-import.

. Ensure all date-time fields are inputted correctly. Some importing methods, such as
importing from CSV files, may remove the seconds of a date-time column.
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3.2.2 Defining Public Constants

When running a new route, Public Constants must be defined in Module 00 — Public Vars and
Subs. These include:

. The file path of the Access database and outputs. Please ensure there is a
backslash “\’ at the end of the file path;

. The maximum number of POls found in the POIData table over all route branches
and directions (i.e. the maximum “Ref_Index” value found in the table);

. The route directions (strDir1 = Northbound/Eastbound, strDir2 =

Southbound/Westbound);
J The route number;
. The route survey type (see Section 2.2 for a list of survey types); and
. The maximum number of anticipated runs built per route branch and direction

(Note: the default value is set to 200 and should be more than sufficient for very
large datasets. If more than 200 runs are built, this value should be increased.)

Double-click to open the module. At the very top of the window, the seven (7) Public Constants
are listed. Change each constant as required.

Public Const RootPath As String = "C:\Users\User\Desktop\TransitData\" 'Set to base path (with trailing slash) (where database is located)

econd-highest index in POIData)

Public Const strDirl As String = "Morthbound" 'Set as di B I )
Public Const strDir2 As String = "Southbound" 'Set as direction n MasterRo Southbound" or "Westkound")
Public Const RouteNumber As String = "08" 'Primary Io r
Public Const RouteSurveyIype As String = "art" 'Su
Public Const MaxRuns As Integer = 200 'Maximum numker o

Route "09")

Only the Public Constants are to be changed. Once these are updated, save and close the
module. This module is now fully set up and does not need to be “run” in the same way that all
others do.

3.2.3 Clearing Data

Restarting from the beginning for the same dataset requires resetting many columns and tables.
If the user is restarting, tables which were imported must be re-imported (Section 3.2.3.1), and
tables and columns which were generated by the code must be cleared (Sections 3.2.3.2 and
3.2.3.3). If restarting from the beginning, ensure that each of the following is done:

3.2.3.1 Re-importing Tables

Tables to be re-imported must first be deleted. To delete a table, ensure the table is closed in
the main window. Right-click the table in the All Access Objects toolbar and click “Delete”. Refer
to the steps outlined in Section 3.2.1 to import tables. The RawData table must be re-imported
when restarting the process with the same dataset. If beginning the process with new data, refer
to Section 3.2.1 for the tables to be imported.
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3.2.3.2 Clearing Tables

Tables that are created during the process will have to be cleared with the column headers

maintained. Follow these
steps to clear a table:

¢ Highlight the top row by
clicking the grey box to its
left;

e Scroll to the bottom of the
table, hold the SHIFT
key, and highlight the
bottom row. This will
select all rows; and

e Press the DELETE key

The following tables must be
cleared to rerun the process
from the beginning:

e SurveyRecord;
e EndToEnd; and

e ProcessedData.

3.2.3.3 Resetting Columns

j SurveyRecord

Survey
160315_S Ashland Ave_art_1156_09
160315 S Ashland Ave_art 1163 09
160315_5 Ashland Ave_art_1268_09
160315_S Ashland Ave_art_1302_09
160315_S Ashland Ave_art_1303_09
160315_S Ashland Ave_art_1340 03

160323_5 Ashland Ave_art_8092_09
160323 _S Ashland Ave_art 8092 X9
160323_5 Ashland Ave_art_8093_09
160323_5S Ashland Ave_art_8093_X9
160323_S Ashland Ave_art_8097_09
160323_5 Ashland Ave_art_8097_X9

Throughout the process, some columns are created
on originally inputted tables. These columns should be
cleared if the process is being rerun. The following
steps show how to clear columns:

. Highlight the column by clicking on the column

header

. Right click and click “Delete Field”. Click “Yes”

on the prompt.

. Right click on the column header to the right of
where the column is to be reinserted and click
“Insert Field”

o Right click the column header of the new

column (which will be titled “Field1”) and click
“Rename Field”. Make sure to rename it exactly

how it was before

The following columns must be reset to rerun the code
from the beginning with the same dataset:
o From the TPtoTP table:
. “Segment”; and
o “Survey”.
o From the DwellTimeData table:

. “ValidatedDwell”

-t Date
2016-03-15 Tuesday
2016-03-15 Tuesday
2016-03-15 Tuesday
2016-03-15 Tuesday
2016-03-15 Tuesday
2016-03-15 Tuesday

2016-03-23 Wednesday
2016-03-23 Wednesday
2016-03-23 Wednesday
2016-03-23 Wednesday
2016-03-23 Wednesday
2016-03-23 Wednesday

- | DAYOFWEEEK ~

Route - | SurveyType - Bus ID -
S Ashland Ave 9 Arterials 1156
S Ashland Ave 9  Arterials 1163
S Ashland Ave 3 Arterials 1268
SAshland Ave 9 Arterials 1302
SAshland Ave 9 Arterials 1303
S Ashland Ave 9  Arterials 1340
SAshland Ave 9 Arterials 8092
S Ashland Ave X9 Arterials 8092
S Ashland Ave 9 Arterials 8093
S Ashland Ave X3 Arterials 8093
S Ashland Ave 9 Arterials 8097
S Ashland Ave X3 Arterials 8097

- Segment
" .
4
B
L]
]
4T & B
SFT A ]
Al gl 8, Wl g
L& 1 Ash 4
'
] M E
0 %
1
B
y .
5 =
]
ATOLLE < U - El Sort Smallest to Largest S
74 Ash 63 Ash 7 50 AM
El Sort Largest to Smallest
74 Ash 63 Ash 53 AM
47 Ash AshOrg Bz Copy 50 AM
47 Ash AshOrg 53 AM
MadAsh DvnAsh [ Field Width 34 AM
47 Ash AshOrg Hide Fields 40 AM
A7 Ash AshOrg ) 45 AM
MadAsh DvnAsh Unhide Fields 32AM
MadAsh DvnAsh [ Freeze Fields 01AM
74 Ash 63 Ash Unfreeze All Fields 39 PM
74 Ash 63 Ash Find 19 PM
47 Ash AshOrg - = 21 PM
[T ST
47 Ash AshOrg o rEEEEE aapm
A7 Ash AshOrg 00 PM
47 Ash AshOrg =] Rename Field 40 PM
63 Ash 47 Ash LXJ Delete Field 26 PM
63 Ash 47 Ash ©.330 zurv-us-row. 355 PM
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Notes:

. Exhibit 3-4 will show the required steps to restart from a specific module if desired
instead of from the beginning.

3.3  Running the Code

Modules must be run individually and sequentially, with the exception of Module 00 — Public
Vars and Subs (i.e. the first module to run is Module 01A — Create Survey Record). Each
module performs a function, as described in Exhibit 3-4. Please ensure the correct module
window is open before running a module.

3.3.1  Running Modules

This message will be found in every module to run near the top of the code window.

As the message says, place the cursor on the message and press the F5 key to run the module.
If the cursor is placed in the section above this box, an error may arise. While the module is
running, “[running]” will appear at the very top of the code window between the Access filename
and the Module name.

E Microsoft Visual Basic for Applications - Cleaned [running] - [01B - TP Pattern (Code]]

Note that depending on the computer used, “(Not Responding)” may also appear. This is not an
issue and processing will continue. When the module has finished running, the “[running]” at the
top will disappear.

To stop the running module, click the Stop button at the top of the window.

I

If an error is encountered and disrupts the code, a window will pop up with the options of “End”

and “Debug”. “Debug” will map the location of the error in the code. “End” will reset the code to
allow for rerunning.

3.3.2 General Troubleshooting

The following subsection describes general errors which may be encountered. Module-specific
errors and troubleshooting will be discussed in Section 3.3.3.

3.3.2.1 Type Mismatch Error

Encountering a Type Mismatch Error occurs when an expression is attempting to operate values
of two different types. For example, the source of an error may be attempting to add a number to
a text value. Type mismatch errors typically occur if a table column is not the proper data type,
and likely originates from incorrectly formatting the input tables. Click “Debug” on the error
window and locate the source of the type mismatch error.

. Hovering over variables in the expression will show the value of the variable. If a
value has quotations marks “’ surrounding it, it is stored as a text.

25



IBl GROUP FINAL REPORT
TRANSIT SIGNAL PRIORITY (TSP) PERFORMANCE MEASURES ANALYTICS TOOL
Submitted to AECOM

N

Refer to the tables in Section 2.2 for data types of each column. DateTime ~  Date/Time -
To change a column’s data type: (SIS ZLAME | short Tet
. 2015-12-10 3:24:52 AM Long Text
. Open the table and highlight the column; 12015-12-103:25:11AM | Number
. 2015-12-10 3:25:23 AM Date/Time
J Open the Fields tab at the top of the window 12015-12-103:25:38 AM | | Currency
. 2015-12-10 3:25:51 AM Ves/No
. In the Formatting box, select the desired data type from 12015-12-103:26:05AM  OLE Object
the Data Type menu . 2015-12-103:26:21 AM Hyperlink
. 2015-12-10 3:26:54 AM
NOteS: . 2015-12-10 3:27:15 AM
. The computer’s date format must also match those of the database. To check the
computer’s date settings:
. Open the computer’s calendar by clicking on the date and time on the
toolbar;
. Click “Date and time settings”;
. At the bottom of the window, click “Change date and time formats”;

. Ensure “Short date” is set to “yyyy-MM-dd”
For additional resources, refer to the following documentation:

https://docs.microsoft.com/en-us/office/vbal/language/reference/user-interface-help/type-
mismatch-error-13

3.3.2.2 Out of Memory

Microsoft Access requires processing large amounts of data, and as a result will use large
quantities of RAM. Often, restarting the computer will solve this error. If the error persists, refer
to the following link for more information:

https://docs.microsoft.com/en-us/office/vba/language/reference/user-interface-help/out-of-
memory-error-7

3.3.2.3 Max Locks per File
Modules may yield the following error:

“File sharing lock count exceeded. Increase MaxLocksPerFile registry entry.”

When performing operations, databases lock elements such as rows or columns to preserve
their integrity and ensure data does not get erroneously modified. Microsoft Access databases
have a pre-set parameter, MaxLocksPerFile, which sets the maximum number of locks allowed
in a database. There are two (2) methods to circumvent this error.

Method 1:

1) In the module VBA window, open an Immediate Window. This can be found in View ->
Immediate Window, or by typing Ctrl+G.

2) In the window, type the following and press Enter:
DAO.DBEnNgine.SetOption dbmaxlocksperfile,15000
Note: If the error persists, repeat this step with a value greater than 15000
Method 2:

This solution requires reconfiguring a setting on the computer for which the user may not
have permission. Refer to the following Microsoft Office Support page and follow the steps
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3.3.3

corresponding to the appropriate Microsoft Access version and Windows operating
system.

https://support.microsoft.com/en-ca/help/815281/file-sharing-lock-count-exceeded-error-
message-during-large-transactio

Module Descriptions and Outputs

Modules must be run sequentially starting with Module 01A — Create Survey Record. Refer to
Exhibit 3-4 to determine whether every module must be run for a given case. Each module
serves a purpose and modules build upon one another. Other than setting the Public Constants
in Module 00 as described in Section 3.2.2, no code in any module requires editing. Exhibit 3-3
shows visually the overall process, displaying the input tables and outputs of each module.
Exhibit 3-4 provides a detailed summary for every individual module, including:

Whether the module is mandatory;

The approximate running time of the module (Note: run times are based on
processing a 250MB Raw Data table, with three (3) complete days of Route 09 and
X9 data, using a laptop computer with 16GB RAM and a Core i5 processor.
Running times may vary significantly depending on dataset size and machine
used);

Which database tables are used in the module;
What is created or updated by the module;
A brief summary of what the module does and how;

If the module must be rerun, what steps must be taken. If an error occurs and is
resolved, this part notes the steps to take, rather than rerunning the lengthy process
from the very beginning. (If rerunning from the beginning is desired, follow the steps
outlined in Section 3.2);

Common errors which may arise and how to address them (Note: if an error occurs,
a dialog box will appear. Once the error has been resolved, ensure “End” has been
selected on the dialog box); and

Additional notes to consider when running the module.

Modules 01A — 05 are used for data processing, and Modules 06 — 07 are used to generate
output files.
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Exhibit 3-4: Module Inputs, Descriptions, and Outputs

Module 00 — Public Vars and Subs

Mandatory? Yes
Approx. Running N/A
Time
Tables Used N/A
e Sets up the following Public Constants:
. RootPath;
° intLastIntersectionNum;
Output(s)
. strDir1 and strDir2;
° RouteNumber; and
° MaxRuns.

This module exists to set constants, variables, and sub-functions that
will be found throughout this code. The Public Constants must be
Summary changed when running a new route. Everything else must be kept the
same. Note that this module does not need to be “run”, just saved.
Refer to Section 3.2.2 for more details.

If Rerun N/A
Common Errors N/A
Additional Notes This module does not need to be “run”.
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Module 01A — Create Survey Records

Mandatory? Yes
Approx. Running 3 minutes
Time
e TPtoTP; and
Tables Used
e SurveyRecord.
e “Survey” column in TPtoTP table
Output(s)
e SurveyRecord table
This module creates a list of unique survey records found in the data
Summary and summarizes them in the SurveyRecord table. Survey records are

the key to matching runs from raw AVL and APC data and are
comprised of a route, date, and bus ID.

e Delete and recreate the “Survey” column in the TPtoTP

If Rerun table

e Delete all rows of the SurveyRecord table

The date format in the “TripStart_DateString” column of the TPtoTP

Common Errors table is important. It must be formatted as “YYYY-MM-DD” to properly
create survey records.

If only a single route branch is being analyzed in a run (e.g. only Route
N 09, not Routes 09 and X9, or only Route 49, not Routes 49 and 49B),
Additional Notes proceed to Module 02 — Matching.

If branches exist, run Modules 01B — 01D.
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Module 01B — TP Pattern

Only if different branches of the route are being analyzed at the same
Mandatory? :
time (e.g. 09 and X9, 49 and 49B)
Approx. Running 5 seconds
Time
o PatternsAndTimepoints; and
Tables Used
o TPtoTP.
Output(s) o “Segment’ column in the TPtoTP table
This module adds the segment ID (unique ID denoting segment
Summar between two timing points for a given pattern ID) to the TPtoTP table
y from the PatternsAndTimepoints table by matching the “Pattern ID”
and “From TP” fields.
o Delete and recreate the “Segment” column in the TPtoTP
If Rerun
table
Common Errors N/A
Additional Notes N/A
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Module 01C — Trip Runtimes

Only if different branches of the route are being analyzed at the same
Mandatory? .
time (e.g. 09 and X9, 49 and 49B)
Approx. Running 15 seconds
Time
e TPtoTP; and
Tables Used
e EndToEnd.
Output(s) e EndToEnd table
This module generates the EndToEnd table from the TPtoTP table,
Summary which will in turn be used to correct survey records in the RawData
table.
If Rerun e Delete all rows in the EndToEnd table
Common Errors N/A
Additional Notes N/A
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Module 01D — Separating Routes

Only if different branches of the route are being analyzed at the same

Mandatory? time (e.g. 09 and X9, 49 and 49B)
?ipr)]i);ox. Running 5 minutes
e SurveyRecord;
Tables Used ¢ RawData; and
e EndToEnd.
Output(s) e Updated the “Survey” column in the RawData table

Surveys in the RawData table may not differentiate between different
branches of the same route (e.g. 09 and X9, 49 and 49B etc.) as
Summary buses may switch branches on the fly. Using the SurveyRecord and
EndToEnd tables created from Modules 01B and 01C respectively,
this module updates the “Survey” column in the RawData table.

If Rerun e Re-import the RawData table

This module commonly experiences the “Max Locks per File” error
(see Section 3.3.2.2 for details).

Additional Notes N/A

Common Errors

December 12, 2019 33



IBIl GROUP FINAL REPORT
TRANSIT SIGNAL PRIORITY (TSP) PERFORMANCE MEASURES ANALYTICS TOOL
Submitted to AECOM

Module 02 — Matching

Mandatory? Yes
Approx. Running 45 minutes
Time
e SurveyRecord;
¢ Routes;
Tables Used
o RawData; and
e POIlData.
o Updated the “DIR1_MATCH” and “DIR2_MATCH?” columns
in the RawData table
Output(s)

¢ Updated the “MATCHED?” column in the SurveyRecord
table

This module matches POls from the POIData table with their closest
individual AVL points from the RawData table for each survey record.
This is done using the POl matching algorithm. POls have a unique
Summary assigned index value for a given route branch and direction, listed in
the “Ref_Index” column of the POIData table. Once a point has been
matched to a POI, the “Ref_Index” value of the POI will be listed in the
“DIR1/2_MATCH?” columns of the RawData table.

¢ Re-import the RawData table
e Rerun Module 01D (if route branches exist)

¢ Delete and recreate the “MATCHED” column in the
SurveyRecord table. Ensure the Data Type is set to “Yes/No”
(checkbox). All boxes should be unchecked.

After running this module, check the “DIR1_MATCH” and
“DIR2_MATCH?” columns to ensure that some points were matched. If
no points were matched in the entirety of the RawData table, this is
likely an issue with the coordinates of the POIData table. Ensure the
Common Errors POI coordinates are accurate. If not, re-create the POIData table and
rerun this module.

If Rerun

This module commonly experiences the “Out of Memory” error (see
Section 3.3.2.2 for details).

It should be noted that the vast majority of “DIR1/2_MATCH” values
will still be 0 due to the sheer number of GPS points in the RawData

Additional Notes table. Additionally, if a survey returns with matched POls, the
“‘“MATCHED” box in the SurveyRecord table for that survey will be
checked.
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Module 03A — Build Runs

Mandatory? Yes
Approx. Running 5 minutes
Time
e SurveyRecord;
¢ Routes;
Tables Used
¢ POIData; and
e RawData.
e Updated the “DIR1_RUN” and “DIR2_RUN” columns in the
Output(s)

RawData table

Using the POI-matched data points from Module 02, this module builds
terminus-to-terminus bus runs. A complete run consists of a data point
matched to every POl in a given route branch and direction, as listed
in the POIData table. Runs are numbered sequentially if more than
Summary one run is built for a given survey, and the run numbers will appear in
the “DIR1/2_RUN” columns in the RawData table.

Note that not every row with a “DIR1/2_MATCH?” value will have a
corresponding run value, but every “DIR1/2_RUN” value will have a
corresponding match value.

¢ Re-import the RawData table
If Rerun
e Rerun Module 01D (if route branches exist) and 02.

After running this module, check the “DIR1_RUN” and “DIR2_RUN”
columns to ensure that runs were built. Another way to check this is to
check if any boxes are checked in the “RUNS_BUILT” column of
Common Errors SurveyRecord. If no runs were built for any survey, it is likely one of
the POI coordinates is incorrect. If one set of coordinates is incorrect,
no runs can be built. Re-create the POIData table and rerun beginning
from Module 02.

It should be noted that the vast majority of “DIR1/2_RUN” values will
Additional Notes still be 0, and not every non-zero “DIR1/2_MATCH” row will have a
corresponding non-zero “DIR1/2_RUN” value.
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Module 03B — Dwell Time Validation

Mandatory? Yes
Approx. Running 10 hours
Time
e SurveyRecord;
o RawData;
Tables Used
o DwellTimeData; and
¢ POlData.
o “ValidatedDwell” column in the DwellTimeData table
Output(s)
¢ “Dwell_Time” column in the RawData table
First, this module determines and validates the dwell time at every
stop in the DwellTimeData table using the validated dwell time
algorithm. Once this column is populated, dwell times are matched to
Summary the POI-matched AVL points of built runs (found in Module 03A) in the

RawData table. Matching is done by connecting the stop IDs
(“Stop_ID” column in the DwellTimeData table) to POI index values
(“DIR1/2_MATCH? columns in the RawData table) using the POIData
table.

e Delete and recreate the “ValidatedDwell” column in the
DwellTimeData table

e Delete and recreate the “Dwell_Time” column in the
If Rerun RawData table

¢ Delete and recreate the “VALIDATED” column in the
SurveyRecord table. Ensure the Data Type is set to
“Yes/No” (checkbox). All boxes should be unchecked.

Common Errors N/A

It should be noted that even for fully successful runs, the vast majority
of cells in the “Dwell_Time” column will still be blank. Only GPS points
of built runs matched to POls will consist of dwell times.

It should be noted that to comply with the TSP Performance Measures
Algorithm, which will be used in Module 03C, this module matches
dwell times of near-side stops with the associated signal and not the
stop itself. Additionally, if a survey is found in the DwellTimeData
table, the “VALIDATED” box in the SurveyRecord table for that survey
will be checked.

Additional Notes

If possible, run this module overnight due to its long processing time.
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Module 03C — Signal Delay

Mandatory? Yes

Approx. Running 30 seconds

Time
e RawData;

Tables Used e SurveyRecord; and
¢ POIData.

Output(s) e ‘“Delay” column in the RawData table
This module applies the signal delay algorithm to the RawData table

Summary ; ) . .
and determines the signal delay at every signal for built runs.

e Delete and recreate the “Delay” column in the RawData
If Rerun
table
After running this module, browse the newly populated “Delay” column
and check for negative values. Negative values imply some error in the
‘DATETIME” column of the RawData table.

Common Errors Note that date-time columns may lose seconds data, particularly when
converting a file from Excel to CSV. Ensure seconds data is present. If
not, re-upload the RawData table and rerun beginning from Module
01D.

It should be noted that even for fully successful runs, the vast majority

Additional Notes of cells in the “Delay” column will still be blank. Only GPS points of
built runs matched to signal POls will consist of dwell times.
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Module 04 — Check Runs

Mandatory? Yes
Approx. Running 10 minutes
Time
e SurveyRecord;
¢ Routes;
e TimePeriods;
Tables Used
¢ POIlData;
o RawData; and
o ProcessedData.
Output(s) e ProcessedData table

This module moves the points of all built trips in the RawData table
(found from Module 03A) into a new table, ProcessedData. Each row
of the new ProcessedData table represents a POI for a given built
trip. Columns include dwell time (found from Module 03B) for stops
and signal delay (found from Module 03C) for signals. For surveys with
Summary multiple complete runs, a run index is assigned in the “Run” column.
This module also calculates the travel time and distance travelled from
the previous POI for that trip.

Note that the ProcessedData table does not include near-side stops.
Similar to Module 03B, dwell times found for near-side stops have
instead been assigned to the associated signal.

If Rerun e Delete all rows in the ProcessedData table
Common Errors N/A
Additional Notes N/A
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Module 05 — Output Setup

Mandatory? Yes
Approx. Running 30 seconds
Time
e ProcessedData; and
Tables Used
e POIData.
e “Speed’ column in the ProcessedData table
Output(s)

e “POI_Index” column in the ProcessedData table

This module prepares the ProcessedData table for generating outputs
by generating two columns, “Speed” and “POI_Index”. “Speed” refers
Summary to the average speed in miles per hour between two POls, and
“POI_Index” is an updated “Ref_Index”, incrementally indexing POls
while excluding near-side stops.

e Delete and recreate the “Speed” column in the
ProcessedData table

. Note: ensure this is a “Short Text” data type and

NOT a “Number” data type. Data type can be set by
If Rerun selecting the column, clicking the Fields ribbon, and
selecting “Short Text” from the Data Type menu in
the Formatting panel

e Delete and recreate the “POIl_Index” column in the
ProcessedData table

Common Errors N/A

Make sure to check the “Speed” column to ensure it is stored as a text
Additional Notes with decimals. Storing the “Speed” column as a number changes the
values to integers and data is lost, even if decimals are added.
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Module 06 — Create Quick Run Count File

Mandatory? Yes

Approx. Running 3 minutes (highly dependent on number of runs created and route

Time branches)

e ProcessedData; and

Tables Used
¢ POIData.

Output(s) e Trip-by-Trip Outputs for different times of day (Excel

output #1)
Summar This module creates the Trip-by-Trip output Excel files for each time
y period (AM Peak, midday, PM Peak) from the ProcessedData table

If Rerun o Delete output Excel files

Common Errors N/A
These files will be sent to the Output folder in the setup directory (as
noted at the beginning of Section 3). Ensure this folder exists in the
directory.

Additional Notes After generating the outputs from this module, check the outputs to
see if any route is missing built runs for a direction over all time
periods (e.g. Southbound Route X9 has no runs built for any of AM
Peak, Midday, or PM Peak). If this is the case, delete that
route/direction record from the MasterRoutes table.
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Module 07 — Create Full Stat Output

Mandatory? Yes
Approx. Running 1.5 minutes (highly dependent on number of runs created and route
Time branches)

e ProcessedData;
¢ MasterRoutes;
Tables Used ¢ POIlData;

e TPtoTP; and

¢ RawData.

Output(s) o Full Stat Output (Excel output #2)

This module creates the Full Stat Output Excel file. This file contains
Summary tabs for each time period (AM Peak, midday, PM Peak) and a
summary tab for the entire route corridor.

If Rerun e Delete output Excel files

Some formatting errors may occur in the period sheets of the Full Stat
Output if a route + direction has no runs built for any time period. If so,
follow the steps listed in the Additional Notes of Module 06 and rerun
the module.

Common Errors

This file will be sent to the Output folder in the setup directory (as
Additional Notes noted at the beginning of Section 3). Ensure this folder exists in the
directory.
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4 Outputs

This section summarizes the outputs created by the TSP performance measures analytics tool.

4.1 Full Stat Output

An Excel file is created which summarizes several performance measurements for each
corridor. Each time period has a tab which exhibits this information for each segment along each
route. This file is found in the “Output” folder and has the filename “FullStat.xIsx”. Exhibit 4-1
describes each column in each time period of the run (likely AM Peak, Midday, and PM Peak),
represented as tabs of the Full Output file. A run’s time period is based on the period in which
the run began. Each row of this output represents a segment, or stretch of route between two
POls. Dwell times and signal delays represent those found at the end POI of each segment.

Please note that near-side stop POls are incorporated with their associated signal POI (i.e. a
signal POI with a near-side stop will have data for dwell time and signal delay). Near-side POI
segments are not listed in isolation.

Exhibit 4-1: Summary of the Time Period Tabs in the Full Output Excel file

COLUMN NAME DESCRIPTION

Route Name of the route, including branch and
direction.

Begins at The starting POI of the segment.

Ends at The ending POI of the segment.

Segment Length (miles) Length of the segment in miles.

Runs Number of built runs along the segment for

that branch, direction, and time period.

Average Travel Time (hh:mm:ss)
[Measure 1-A]

Average travel time of all runs along the
segment.

Variance of Travel Time Variance of travel time of all runs along the

segment.

Standard Deviation of Travel Time
[Measure 1-B]

Standard deviation of travel time of all runs
along the segment.

Speed Limit (mph)

Speed limit along the segment in miles per
hour.

Nearside 1if POl is a signal with a near-side stop. 0
otherwise.

Mid-Block 1 if POl is a mid-block stop. 0 otherwise.

Farside 1if POl is a farside stop. 0 otherwise.

Red Signal Stop Rate

Number of stops at a red light divided by the
number of runs built along the segment.

Number of Stops on Red [Measure 1-D]

Number of stops at a red light

Average Dwell Time (hh:mm:ss)

Average dwell time at the stop.
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COLUMN NAME DESCRIPTION

Max Signal Delay Maximum signal delay of all runs along the
segment.

Min Signal Delay Minimum signal delay of all runs along the
segment.

Average Signal Delay [Measure 1-C] Average signal delay of all runs along the
segment.

Variance of Signal Delay Variance of signal delay of all runs along the
segment.

Standard Deviation of Signal Delay Standard deviation of signal delay of all runs
along the segment.

The “Corridor” tab consists of a summary for each corridor during each time period. Corridor
results are sorted into individual route branches and directions. Exhibit 4-2 describes each
column in the “Corridor” tab of the Full Output file. The data represents the average values per
run on the corridor in a given direction and peak period.

Exhibit 4-2: Summary of the Corridor tab in the Full Output Excel file

COLUMN NAME DESCRIPTION

Corridor Name of the corridor. Includes route name,
branch, and direction.

Travel Time Average travel time per run along the corridor.

Std Dev Travel Time Standard deviation of travel time for all runs
along the corridor.

Signal Delay Average signal delay per run along the
corridor.

Dwell Time Average dwell time per run along the corridor.

Stops Average number of stops per run along the
corridor.

Timepoint Delay Average timing point delay per run along the
corridor.

4.2 Individual Runs

An “Individual Runs” Excel file will be outputted for each time period (i.e. AM Peak, Midday, and
PM Peak) depending when the trip begins. These files summarize the date, time, and travel time
of each segment (i.e. POl to POI) for each run.

. Runs for the first direction (Northbound/Eastbound) will be found in the top of the
Excel sheet, and runs of the second direction (Southbound/Westbound) will be
found below those of the first direction.
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. Different route branches along the corridor (e.g. 09 and

X9) can be found on a different tab in the Excel file. 7] Arterials_Individual Runs AM Peak

3] Arterials_Individual_Runs_Midday

. These outputs are found in the “Output” folder with the _ B
EZ Arterials_Individual_Runs_PM Peak

filename “[survey_type]_Individual_Runs_[period].xIsx”.

J:\34031_RTATSPProjec\5.0 Design (Work) Phase\GPS Data Analysis\RTA Final Deliverable\Manual\TTW_HowToManual_2019-12-12.docx\2019-12-12\AW
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TrRANSIT CHARACTERISTICS ON THE CORRIDOR THAT VWARRANT TSP IMPLEMENTATION

Ashland Avenue is a CTA corridor that exhibits heavy ridership (over 8 million annual riders) through the 9 miles that routes
9 and X9 cover.The X9 route on this corridor is unique because of the limited stops it makes during weekdays A.M.and PM.
rush hours.This level of ridership, combined with this long stretch of roadway, results in schedule and headway maintenance
difficulties.

KEeY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

Overall, TSP implementation provided the most benefit during the midday time period, in both directions. Average bus travel
time was also reduced during the northbound PM peak period, and the number of stops at red signals were reduced in the
northbound PM peak period and the southbound AM peak period.
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South Ashland Avenue for CTA Route 9 (Cermak Rd. to 95t St.)

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE DATA CORRIDOR CONDITIONS
MEASURE SOURCE DIRECTION ne | s [~ | s | nB [ sB
BASELINE NOV.2015 55.90 | 52.65 | 56.50 | 54.25 | 59.12 | 65.52
OPTIMIZED W/OUT TSP MARCH 2016 5948 | 48.10 | 52.73 [ 5320 | 53.03 | 51.92
I-A: AVERAGE OPTIMIZED WITH TSP JUNE 2016 66.82 | 48.53 | 55.53 | 54.53 | 52.18 | 59.70
BUSTRAVELTIME | AVL SYSTEM
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | 6% | 9% | 7% | 2% | -11% | -26%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP e | 1% | 5% [ 2% | 2% | 13%
% CHANGE BASELINEVS. OPTIMIZED WITH TSP le% | -8% | -2% | 0% [ -13% [ -10%
BASELINE
OPTIMIZED W/OUT TSP
-B: BUS TRAVEL
OPTIMIZED WITH TSP
TIMEVARIABILITY | AVE SYSTEM -
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE NOV.2015 1040 [ 978 [ 1012 [ 1092 11.73 | 1418
OPTIMIZED W/OUT TSP MARCH 2016 1548 | 1262 | 1385 | 1587 | 1488 | 17.17
I-C: TRAFFIC | SECOND-BY:
AL SIS, | SECOND AVL | OPTIMIZED WITH TSP JUNE 2016 1632 | 1400 | 1467 [ 1865 | 1443 | 2140
(MINUTES) DATA % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | 33% | 22% | 27% | 31% | 21% | 17%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP 5% | 10% | 6% | 15% | -3% | 20%
% CHANGE BASELINEVS. OPTIMIZED WITH TSP 36% | 30% | 31% | 41% | 19% | 34%
BASELINE NOV.2015 17 17 19 | 19 8 22
o v | sEcoNDBY OPTIMIZED W/OUT TSP MARCH 2016 21 22 2 | 25 | 2 22
SR | SECOND AVL | OPTIMIZED WITHTSP JUNE 2016 22 21 19 | 22 19 24
RED SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | 19% | 23% | 14% | 24% [ 14% | 0%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP 5% | 5% | -16% | -14% | -11% | 8%
% CHANGE BASELINEVS. OPTIMIZED WITH TSP 23% | 19% | 0% | 14% | 5% | 8%
BASELINE NOV.2015 2927 | 27.93 | 3030 [28.12] 29.15 | 3147
OPTIMIZED W/OUT TSP MARCH 2016 27.93 | 27.55 | 2753 | 2625 | 28.15 | 30.73
FLOATING
2: GENERAL OPTIMIZED W/OUT TSP APRIL 2016 27.25 | 27.33 | 2721 [ 29.17 | 27.12 | 3083
VEHICLETRAVEL | CAR (2016)
TIMES HERE DATA | OPTIMIZED WITH TSP SEPT.2016 3835 | 3141 | 27.87 | 3289 [ 27.32 | 37.86
(MINUTES) (2016 - 2019) | 9, CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | -5% | -1% | -10% | -7% | -4% | 2%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP 29% | 13% | 2% | 1% | 1% | 19%
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
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TaBLE 2: CTA AsHLAND AVENUE (ROUTE X9) PERFORMANCE MEASURES

——— Regional

=
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'ifi==’ Auth::tf

South Ashland Avenue for CTA Route X9 (Cermak Rd. to 95t St.)

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE DATA CORRIDOR CONDITIONS
MEASURE SOURCE DIRECTION Ne | se [ NB [ sB [ nB | sB
BASELINE
OPTIMIZED W/OUT TSP MARCH 2016 46.62 | 39.68 | 49.70 | 47.88 | 4258 | 37.53
I-A: AVERAGE OPTIMIZED WITH TSP JUNE 2016 50.40 | 39.30 | 43.23 | 40.73 | 41.40 [ 47.23
BUSTRAVELTIME | AVL SYSTEM
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP 8% | -1% | -15% | -18% | 3% | 21%
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
OPTIMIZED W/OUT TSP
-B: BUS TRAVEL
OPTIMIZED WITH TSP
TIMEVARIABILITY | AVE SYSTEM -
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
OPTIMIZED W/OUT TSP MARCH 2016 1548 | 12.62 | 13.85 | 1587 | 1488 | 17.17
I-C: TRAFFIC | SECOND-BY:
AL SIS, | SECOND AVL | OPTIMIZED WITH TSP JUNE 2016 1632 | 14.00 | 1467 [ 1865 [ 1443 [ 21.40
(MINUTES) DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP 2% | 7% | 51% | -46% | -7% | 39%
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o v | sEcoNDBY OPTIMIZED W/OUT TSP MARCH 2016 o | 2| 2| 25| 18] 21
SR | SECOND AVL | OPTIMIZED WITHTSP JUNE 2016 21 9 | 16 [ 20| 17| 2
RED SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP 10% | -16% | -38% | -25% [ -6% | 0%
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE NOV. 2015 29.27 | 27.93 | 30.30 | 28.12 | 29.15 | 31.47
OPTIMIZED W/OUT TSP MARCH 2016 27.93 | 2755 | 27.53 | 2625 | 28.15 | 30.73
FLOATING
2: GENERAL OPTIMIZED W/OUT TSP APRIL 2016 27.25 [ 27.33 | 27.21 [ 29.17 | 27.12 | 30.83
VEHICLETRAVEL | CAR (2016)
TIMES HERE DATA | OPTIMIZED WITH TSP SEPT.2016 3835 | 31.41 | 27.87 | 32.89 | 27.32 | 37.86
(MINUTES) (2016 - 2019) [ 9 CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | -5% | -1% | -10% | 7% | -4% | 2%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP 29% | 13% | 2% | 1% | 1% | 19%
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
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Weein Ave Commoor
* Boundaries: Howard Street to 79 Street 49 L\‘ |9 L\‘ X49 L\‘

Western Express
North Western . P
Effective December 17, 2017 Effective September 3, 2019

* Near Term TSP Segment(s): Howard Street
to 79t Street

* Routes on corridor: CTA 49, 49B, and X49
* Average weekday ridership (2018): 15,724
(Route 49), 5,176 (Route 49B), and 6,41 |
(Route X49) e R

Western

Effective September 1, 2019
Additional service may be provided

on school days, September through June Berwyn S300N

Foster 5200N

Lawrence 4800N

Leland 4700N

Montrose 4400N

Irving Park 4000N
Addison 3600N

Belmont 3200N@Clybourn
Diversey 2800N@Elston

Evanston

Berwyn 5300N
Foster 5200N

Lawrence 4800N

HIHH &, Western station

Lane Tech Brown Line
High School ™

Western
&.Brown Line
station

Touhy 7200N Addison 3600N

* Total number of signals on corridor: 103

Lunt 7000N

* Total number of controllers replaced: N/A

* Total number of signals with TSP: 83

Devon 6400N

®

Belmont 3200N@Clybourn
A
Armitage 2000N@Milwaukee

Division 1200N

Western station
O’Hare Blue Line

[ Clemente
High School

Fullerton 2400N
Milwaukee-Cortland 1900N
North 1600N

Division 1200N

Chicago 800N

Grand 530N

Madison ON/S

(5' Western Blue Line
station (O’Hare)

Limited Stops
See back cover

MOOYZ uiaIsam

Madison ON/S Jackson 3008

ﬂ Van Buren 400S
N Harrison 600S
Roosevelt 12008

16th

Western Blue Line
station (Forest Park)

®

Peterson 6000N n Western station

Harrison 5005+ Forest Park Blue Line

MOO0YZ useIsam

&Weslern Pink
H 'D""’& Western station Line station

Cermak 2200S Pink Line Cermak 2200S

26th
35th
Archer@3700S
43rd
47th

Key DEesTINATIONS AND/OR TRANSFER
LocaTions ALONG CORRIDOR

Bryn Mawr 5600N

Archer@3700S

Moove
uisisam

Foster 5200N

Western
[Pl & Orange Line
station

2]
Parking available
at this station

49th HHHH{E] &, Wester station

Orange Line

El
Parking available
at this station
79%th @

N49 Night Owl Service
Berwyn to 79th

The Western Avenue Corridor provides access

51st
55th-Garfield
59th

63rd

Marquette (67th)
69th

71st

79th

Lawrence 4800N Western station
Leland 4700N @{Ht & Brown Line

59th

to different schools along its path such as Lane
Tech High School and Clemente High School.
Metra stations accessible on this corridor
include the Western Avenue/ | 8" (BNSF) ‘v‘
Station and the Western Avenue/Grand (Milw-W/N, NCS) Station.

Additionally on this corridor, there are multiple CTA Western train stations for the Orange Line, Pink Line, Brown Line, and

Blue Line (two separate branches — one leading to Forest Park and the other to O’Hare).

TrANSIT CHARACTERISTICS ON THE CORRIDOR THAT VWARRANT TSP IMPLEMENTATION

The weekday ridership for the Western Avenue corridor is heavy with an average of 27,311 riders throughout the approximately
19 miles that Routes 49, 49B, and X49 cover. Route 49 provides daily transit services roughly every 5 to 12 minutes between its
79 Street stop and Berwyn 5300N stop.The 49B route operates daily roughly every 9 to || minutes between its Leland 4700N

stop and Howard 7600N stop. Route X49 mimics the same 49 route stretch, but it is a weekday-limited service.

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

Along the Western Avenue corridor, transit travel times and travel time variability were reduced in both the AM and PM Peak
periods in both directions for the Route X49. After TSP deployment, travel time reductions ranged between a 3.4 and 9 percent,

and travel time variability reductions ranged from [4 to 50 percent.

The CTA Route 49 experienced a small increase in transit travel times and travel time variability in all periods of the day after
TSP deployment, while the Route 49B on the northern segment of VWestern Avenue saw a reduction in transit travel times and
travel time variability in the northbound direction in both the AM and PM Peak periods after TSP deployment.
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TaBLE |: CTA WESTERN AVENUE (ROUTE 49) PERFORMANCE MEASURES
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=
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Western Avenue CTA Route 49 Berwyn to 79t Street

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE DATA CORRIDOR CONDITIONS
MEASURE SOURCE DIRECTION NB SB NB SB NB SB
BASELINE FALL 2018 9657 | 9128 | 97.34 | 102.01 | 10431 | 107.40
OPTIMIZED W/OUT TSP
I-A: AVERAGE OPTIMIZED WITH TSP FALL 2019 9688 | 9202 | 100.86 | 100.17 | 106.08 | 112.54
BUSTRAVELTIME | AVL SYSTEM [—
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP 0% 1% 3% 2% 2% 5%
BASELINE FALL 2018 13.98 9.03 8.48 857 | 1253 | 15.60
OPTIMIZED W/OUT TSP
|-B: BUS TRAVEL
OPTIMIZED WITH TSP FALL 2019 11.73 11.21 8.88 8.83 1254 | 16.15
TIMEVARIABILITY | AVL SYSTEM -
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP -19% 20% 5% 3% 0% 3%
BASELINE FALL 2016 43.93 3872 | 3673 | 3945 | 5020 | 56.72
o Trarrc | SECONDBY OPTIMIZED W/OUT TSP FALL 2018
- SECOND AVL | OPTIMIZED WITH TSP FALL 2019
SIGNAL DELAY DATA -
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE FALL 2016 49 5] 49 5 54 58
o NUmag | SECOND-BY: OPTIMIZED W/OUT TSP FALL 2018
C-)F'STOPS o1 | SECOND AVL OPTIMIZED WITH TSP FALL 2019
RED SIGNALS DATA % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
WESTERN AVENUE ROUTE 49 (BERWYN TO 79™ STREET)
OPTIMIZED W/OUT TSP SEPT.2018 101.76 | 9051 | 81.11 | 7779 | 9041 | 116.16
2: GENERAL HERE DATA
VEHICLE TRAVEL (2018 -2019) OPTIMIZED WITH TSP SEPT. 2019 102.12 | 6682 | 7893 | 7865 | 8873 | 11134
TIMES % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
(MINUTES) % CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINE VS. OPTIMIZED WITH TSP 0% -35% -3% 1% 2% -4%
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Western Avenue CTA Route X49 Berwyn to 79t Street

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE DATA CORRIDOR CONDITIONS
MEASURE SOURCE DIRECTION NB SB NB SB NB SB
BASELINE FALL 2018 99.67 | 89.23 101.79 | 112,59
OPTIMIZED W/OUT TSP
I-A: AVERAGE OPTIMIZED WITH TSP FALL 2019 9639 | 83.90 96.55 | 103.35
BUSTRAVELTIME | AVL SYSTEM |—
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINE VS. OPTIMIZED WITH TSP 3% 6% 5% 9%
BASELINE FALL 2018 10.02 8.75 8.38 7.64
OPTIMIZED W/OUT TSP
|-B: BUS TRAVEL
OPTIMIZED WITH TSP FALL 2019 8.02 5.83 8.38 7.64
TIMEVARIABILITY | AVL SYSTEM ~
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINE VS. OPTIMIZED WITH TSP -25% -50% -14% -42%
BASELINE FALL 2016 3870 | 48.88 3533 | 57.68
e Trarrc | SECOND-BY: OPTIMIZED W/OUT TSP FALL 2018
- SECOND AVL | OPTIMIZED WITH TSP FALL 2019
SIGNAL DELAY DATA -
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE FALL 2016 42 47 47 53
o NUmag | SECOND-BY: OPTIMIZED W/OUT TSP FALL 2018
C-)F'STOPS A7 | SECOND AVL OPTIMIZED WITH TSP FALL 2019
RED SIGNALS DATA % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
WESTERN AVENUE ROUTE X49 (BERWYN TO 79™ STREET)
OPTIMIZED W/OUT TSP SEPT.2018 101.76 | 9051 | 8111 | 7779 | 9041 | 116.16
2: GENERAL HERE DATA
VEHICLE TRAVEL (2018 - 2019) OPTIMIZED WITH TSP SEPT.2019 102.12 | 66.82 7893 | 78.65 88.73 111.34
TIMES % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
(MINUTES) % CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP 0% -35% -3% 1% 2% 4%
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TaBLE 3: CTA WESTERN AVENUE (RoUTE 49B) PERFORMANCE MEASURES
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Western Avenue CTA Route 49B Howard Street to CTA Brown Line Station

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE DATA CORRIDOR CONDITIONS
MEASURE SOURCE DIRECTION NB SB NB SB NB SB
BASELINE FALL 2018 22.10 | 2453 | 2264 | 23.19 | 2543 | 25.80
OPTIMIZED W/OUT TSP
I-A: AVERAGE OPTIMIZED WITH TSP FALL 2019 2155 | 2688 | 2249 | 2584 | 2470 | 2758
BUSTRAVELTIME | AVL SYSTEM
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINE VS. OPTIMIZED WITH TSP 3% 9% -1% 10% 3% 6%
BASELINE FALL 2016 3.57 3.98 3.23 3.07 3.87 3.58
OPTIMIZED W/OUT TSP
|-B: BUS TRAVEL
OPTIMIZED WITH TSP FALL 2019 3.37 462 343 3.77 3.63 4.10
TIMEVARIABILITY | AVL SYSTEM
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINE VS. OPTIMIZED WITH TSP -6% 14% 6% 19% 7% 13%
BASELINE FALL 2016 8:26 9:40 6:46 808 | 1025 | 11:37
e Trarrc | SECOND-BY: OPTIMIZED W/OUT TSP FALL 2018
- SECOND AVL | OPTIMIZED WITH TSP FALL 2019
SIGNAL DELAY
(MINUTES) DATA % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE FALL 2016 I 13 I 13 13 13
o NUmag | SECOND-BY: OPTIMIZED W/OUT TSP FALL 2018
C-)F'STOPS 7| SECOND AVL OPTIMIZED WITH TSP FALL 2019
RED SIGNALS DATA % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
WESTERN AVENUE ROUTE 49B (HOWARD STREET TO LELAND)
OPTIMIZED W/OUT TSP SEPT.2018 19.56 | 17.80 | 1522 | 1466 | 1864 | 18.84
2: GENERAL HERE DATA
VEHICLE TRAVEL (2015 - 2019) OPTIMIZED WITH TSP SEPT.2019 2011 | 1776 | 1742 | 1441 | 2000 | 1848
TIMES i % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
(MINUTES) % CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP 7% -0% 13% 2% 7% 2%
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CermMaAK RoaAD CORRIDOR

* Boundaries: IL Route 56 (Butterfield e 7 : .
Road) & Lambert Road to Cicero Avenue . : o
PP - g o
* Near Term TSP Segment(s): IL Route 56 L g gow
- / ¥ § @™
(Butterfield Road) to 54 Avenue : I T =] 30
i L ] | ﬁ ™
* Routes on corridor: Pace 322 e st B w
trsssims 1 i ] gu [ ooﬂ BN e BEE CERS W“;“#‘&G w:_”:
* Average weekday ridership (2018): cH [C Ty . a g : - e & X
o S 5 - .' i £
2,209 (Route 322) & 1 ! : S L SR
" H ) ¥ g3 B
* Total number of signals on corridor: 68 ; ; s o
* Total number of controllers replaced: 43
* Total number of signals with TSP: 55
| 877 yaea T R g
KEey DESTINATIONS AND/ [ Floh Sohm0! Broacwiew vilege  Canmak Station n
Fﬁ;&mk Gmn;-rm 3 i . Sgquare Shopping Cenreé Plaza M CTAPink Ling  Chicago

OR TRANSFER LOCATIONS
ALoNG CORRIDOR

« —~Ff & |= ¥
; Ao ik T ] |

1
- Pk
e
Ridgeland| @
= -

|8
ﬂ. Cermak| i = 5 21, N0, 302
gesmmni % @ @. mi s - i g E;
arp) 4 - & £ {1
The Cermak Road/22" Street cen’:er g North ' ] Moron West i 3
Park Mall High Schoal

Transter at Yorktown Center 1
toffrom Routes 313, 715, 722, 834, 877 and ssp, |VVE : RDLItE 322 T T
Transborde an Yorktown Center alde Autas 313, Augusi 11, 2019

715, 722, 834, 877 y 888

corridor is used to access

popular shopping centers -
namely, the North Riverside
Park Mall, Broadview Village Square Shopping Center, Oakbrook Shopping Center (transfers to Pace routes 301,332,877, &
888 are accessible here), and Yorktown Shopping Center (transfers to Pace routes 313,715, 722,834,877, & 888 are accessible
here).This route can also be taken to travel to and from the neighborhood schools — Morton West High School and St. Joseph
High School. Additionally, along this corridor there is accessibility to the CTA Pink Line 54%/Cermak station which heads

toward Chicago.

TrANSIT CHARACTERISTICS ON THE CORRIDOR THAT VWARRANT TSP IMPLEMENTATION

The Cermak Road/22nd Street corridor’s average weekday ridership is about 2,300 weekday riders over the approximate 7
miles it covers.The Pacw 322 route is a route that provides daily service connecting areas between Lombard, IL and Berwyn, IL.
Transit between the several favored shopping establishments, high schools, and transfers/connecting services indicates that TSP

implementation would support decreased travel time and increased efficiency.

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

General vehicle travel times were reduced in all periods of the day after signal timing optimization.
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Cermak Road for Pace Route 322 from IL Route 56 (Butterfield Rd.) to 54" Avenue

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE DATA CORRIDOR CONDITIONS
MEASURE SOURCE DIRECTION e [ we | e [ we | eB | ws
BASELINE JULY - SEPT. 2012
OPTIMIZED W/OUT TSP OCT.2012 - APRIL 2013
OPTIMIZED W/OUT TSP SUMMER 2019 5451 | 57.58 | 60.24 | 60.33 | 66.49 | 60.81
I-A: AVERAGE
TIMEPOINT [ OPTIMIZED WITH TSP
BUS TRAVEL DATA
TIME (MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
(2012 - 2013)**
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE JULY - SEPT. 2012
OPTIMIZED W/OUT TSP OCT.2012 - APRIL 2013
: OPTIMIZED W/OUT TSP SUMMER 2019 382 | 649 | 725 | 422 | 10.18 | 553
B BUS TIMEPOINT
TRAVEL TIME OPTIMIZED WITH TSP
VARIABILITY DATA
% CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
(MINUTES) (2012 - 2013y
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
. Trarric | SECONDBY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY DATAX ~
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o NuaeR | SECOND-BY: OPTIMIZED W/OUT TSP
-D: NU ECOND AVL | OPTIMIZED WITH TSP
oF sTopsAT | SEC©
* 9
RED SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS. WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE JULY - SEPT. 2012 26.04 | 27.54 | 27.33 | 27.49 | 3555 | 27.21
OPTIMIZED W/OUT TSP ** | OCT.2012 - APRIL 2013 | 22.95 | 22.9 | 23.37 [ 24.16 | 2527 | 257
: SPEED/DELAY [ OPTIMIZED W/OUT TSP *** | SEPT.2019 36.52 | 4037 | 38.14 | 39.45 | 46.08 | 42.59
2 GENERAL | sTUDIES (2012
VEHICLE ( OPTIMIZED WITH TSP
TRAVELTIMES | “20!3); HERE
DATA (2019) | % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP . . . . . .
(MINUTES) (2019) (2012 2013 2% | -17% | -14% | -12% | 28% | -6%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant along multiple signal systems of Cermak Road between July 2012 and
April 2013 between IL Route 56 (Butterfield Road) to 54 Avenue.
*** HERE Data collected between IL Route 56 (Butterfield Road) to 54* Avenue.
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Cicero AVENUE CORRIDOR

Edfnctive Date

[ Septemier !‘ M7
R ﬁ o £ i Muway é@ Transter at M.Iduays
* Boundaries: 59 Street to 167 Street e |° g -] rport sonlglway |Giom: >
= = 5w 348 T e
* Near Term TSP Segment(s): 89* Street to ﬁ|_ B iR - 1 | camomessn
h RO o0 ooog U o000 0000 00 165 2 55N, 55, 62H, Nez, €
US Route 6 (159" Street) T franaite 117 W rord Gity Mo
76th
* Routes on corridor: Pace 379, 382, 383, !u: @ |
—_ Sy PR 379, 384 . E
384, 385, and CTA route 54B 3 ¥ Igi £03" & g %ﬁgcmmr
11 El 19 Econolite 53 ¢ i ol
* Average weekday ridership (2018): 1,738 e :f- ! % o _| Ciseo
o i
(Route 379),209 (Route 382), 1,249 |§ e T o | oo s
I R Lawn g o 3a1
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(Route 385),and 2,866 (CTA route 54B) H = i 5
. . ; 2 104th i
* Total number of signals on corridor: 47 g Sl g x@‘)’ 111m Erﬂﬁap%mice
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* Total number of controllers replaced: 24 g i 3
* Total number of signals with TSP: 33 o .'EEQ_E UL & @é‘. Z
v & )= g
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T [+
The Cicero Avenue corridor can be utilized =+ ®| B
[
to access Midway International Airport as o ) wouTe 81 ™5t
well as the CTA Orange Line. A few miles . ' 7=

south there is access to shopping centers
such as Ford City Mall. Two Metra Stations
(Oak Lawn & Oak Forest) are accessible

using this corridor. Also, there are two

Froanste 14%

ol
[ |

L .
usRouTE 6 (152 5T) (2 &

Oak Forest
£ Health Center

Joliet. Buliding H Immediate Care Center
Building F sum E
Out Patient

Pharmacy

medical institutions along Cicero Avenue,Advocate Christ Medical Center & Oak Forest Health Center.

TrANSIT CHARACTERISTICS ON THE CORRIDOR THAT WARRANT TSP

IMPLEMENTATION

The Cicero Avenue corridor exhibits average weekday ridership of around _ef :E

x|

I L T LrIIlLWU

=
7,400 riders, through several CTA and Pace bus routes. Traveling to rg‘tf %I'I: Ble | 115%1' =
| = b
Midway International Airport could warrant TSP implementation to reduce I:nn! "+ & High gﬁgﬁ '?'E 123
travel times from nearby towns along Cicero Avenue (Burbank, Oak Lawn, Manhattan Worth Station 1 S
a

S

Crestwood, Etc.), and make trips more convenient.

Route 385 rum

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

Transit travel time variability was reduced between 10 and |2 percent in the southbound direction during the AM and PM peak

periods after signal timing optimization. General vehicle travel times were reduced in all periods of the day after signal timing
optimization.
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TaBLE |: PAace Cicero AVENUE PERFORMANCE MEASURES SUMMARY

""».

Regional
Trarlsportatlon

Authority

Q

PQCeE

Cicero Avenue for Pace Route 383 87" Street to US Route 6 (159th St.)
PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | bATA SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION NB | Ne | sB | NB [ sB
BASELINE NOV. 2012 1182 | 1029 | 1076 | 1043 | 11.18 | 11.03
OPTIMIZED W/OUT TSP JULY 2013 1205 | 9.80 | 11.39 | 1046 | 11.18 | 10.92
OPTIMIZED W/OUT TSP SUMMER 2019 39.44 | 3839 | 41.91 | 4042 | 41.23 | 41.92
I-A: AVERAGE TIMEPOINT | OPTIMIZED WITH TSP
BUS TRAVEL TIME DATA
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUTTSP | 5% 6% 0% o | 1%
(2012 - 2013)** ? ° ° ° ° :
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE NOVEMBER 2012 183 | 1.81 | 229 | 198 | 208 | 2.1l
OPTIMIZED W/OUT TSP JULY 2013 2001 | 161l [ 222 [ 193 [ 243 | 185
I-B: BUS TRAVEL TMEPOINT OPTIMIZED W/OUT TSP SUMMER 2019 307 | 420 | 387 | 513 | 406 | 3.84
TIME VARIABILITY DATA OPTIMIZED WITH TSP
(STD.DEV.IN % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | . . R R R .
MINUTES) (2012 - 2013y 10% | -11% -3% -3% 17% | -12%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
. TRAREIC SECOND.BY. | OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY DATAH ~
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o NUMBER OF | SECONDBY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED N
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE '2\'0?_,\," 2012 & MAR. 2187 | 224 | 2244 | 2254 | 2521 | 2849
sk
OPTIMIZED W/OUTTSP JULY 2013 & JUNE 19.65 | 19.39 | 22.03 | 20.61 | 22.85 | 23.7
SPEED/DELAY 2015
2: GENERAL
STUDIES (2012 [ OPTIMIZED W/OUT TSP *# [ SEPT.2019 2751 | 2529 | 24.25 | 25.89 | 27.56 | 29.06
VEHICLE TRAVEL 2015): HERE
TIMES -2015); OPTIMIZED WITH TSP
MINUTES DATA (2019)
( ) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | oo | 3o | o | 00 | 0% | 17
(2012 - 201 5y%* ) ) ) ) ) )
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant between 87 Street to | | 5% Street in 2012/2013 and separately between

[ 15% and 159* Street in 2015
*** HERE Data collected between 87 Street and US Route 6 (159 Street)
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DempsTeR STREET CORRIDOR -

* Boundaries: Sheridan Road to ElImhurst Road %, ;

* Near Term TSP Segment(s): Mannheim Road % N i o8] o

0000,

to Dodge Avenue 1 tcneins :
. = B _ Eoeals rm_ﬂ.._.__ul-:s toanabin 14 Eage - buimmtas
* Routes on corridor: Pace 230 and 250 ...« é‘& e oETEWS ‘$e D EESEOE & L 58 G s
= E &

« Average weekday ridership (2018): 350 v - T o s
(Route 230), and 2,682 (Route 350) i e ® B :

* Total number of signals on corridor: 82

1
I
i
T
I

* Total number of controllers replaced: 23

* Total number of signals with TSP: 55

o@ oOma c

Key DEesTINATIONS AND/OR TRANSFER
LocaTions ALONG CORRIDOR

The Dempster Street corridor provides
transportation to considerable locations such s

as downtown Evanston, the Lutheran General |

Hospital, the Rivers Casino, and the O’Hare

International Airport (Kiss-N-Fly). Academic i o

etavsiomine §  F [ Tanm 5 TR Dampa sk St v
!91/ ey B0 mndd 24

Mmira Wt

establishments accessible through this route frse
include Maine West High School, Maine East
High School, and Notre Dame High School.
This corridor also provides access to three CTA stations (Blue Line Rosemont Station, Purple Line Davis Street Station, and the

Yellow Line Dempster-Skokie Station) and two Metra Stations (Metra UP-Northwest Line Des Plaines Station and Metra UP-

Route 250 .o

North Line Davis Street Station).

TrRANSIT CHARACTERISTICS ON THE CORRIDOR THAT VWARRANT TSP IMPLEMENTATION

The Dempster Street corridor supports an average weekday ridership (under 3,000 weekday riders) through the approximate
30 miles that Routes 230 & 250 encompass. Route 230 provides weekday services with rush hour extensions/trips, and the 250
route provides daily services along its posted stops only. Transportation to and from the O’Hare Airport and popular locations

along this route may call for TSP implementation to make traveling more convenient and time efficient.

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

General vehicle travel times were reduced in all periods of the day after signal timing optimization. Small increase in transit travel

times variability were also observed in both directions.
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Transportation &l p
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TABLE |: PACE DEMPSTER STREET PERFORMANCE MEASURES SUMMARY
Dempster Street for Pace Route 250 from Mannheim Road to Dodge Avenue
PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | HATA SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION EB WB EB | WB EB | wB
BASELINE FEB.2012 1643 | 1561 | 1573 | 1556 | 17.94 | 18.44
OPTIMIZED W/OUT TSP MAY 2012 1636 | 1577 | 18.17 | 1627 | 20.22 | 20.21
OPTIMIZED W/OUT TSP SUMMER 2019 51.92 | 52.34 | 53.52 | 54.07 | 57.93 | 57.67
I-A: AVERAGE TIMEPOINT | OPTIMIZED WITH TSP
BUS TRAVEL TIME DATA
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUTTSP | o 1% 6% | s 3% | 0%
(20'2)** ‘o (] -] (] -] ‘o
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE FEB.2012 380 | 418 | 368 | 423 | 371 | 599
OPTIMIZED W/OUT TSP MAY 2012 384 | 479 | 356 | 465 | 368 | 655
OPTIMIZED W/OUT TSP SUMMER 2019 479 | 634 | 512 | 590 | 523 | 7.48
I-B: BUS TRAVEL TIMEPOINT
TIME VARIABILITY DATA OPTIMIZED WITH TSP
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | s | s | oo | s | 9w
(20'2)** -] -] ‘o -] ‘o (]
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
. TRAREIC SECOND.BY. | OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY N
(MINUTES) DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o NUMBER OF | SECONDBY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED N
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE FEB.2012 1528 | 16.65 | 1453 | 1498 | 1936 | 18.20
sk
OPTIMIZED W/OUT TSP MAY 2012 13.68 | 1391 | 11.31 | 1271 | 16.56 | 19.23
5. GENERAL SPEED/DELAY
; STUDIES (2012); [ OPTIMIZED W/OUT TSP **¢ [ SEPT.2019 4865 | 424 | 4524 | 4476 | 4526 | 51.1
VEHICLE TRAVEL HERE DATA
TIMES OPTIMIZED WITH TSP
MINUTES (2019)
( ) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | oo | o | oo | s | 1ae | 6
(20'2) ‘o ‘o ‘o ‘o ‘o (]
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant from Potter Road to Cumberland Avenue and from Harlem Avenue to

Skokie Boulevard.

*#* HERE Data collected between Mannheim Road in city of Des Plaines and Dodge Avenue in city of Evanston.
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GRAND AVENUE CORRIDOR

* Boundaries: Sheridan Road to US Route 45

* Near Term TSP Segment(s): Dilleys Road to
Sheridan Road

* Routes on corridor: Pace 565

* Average weekday ridership (2018): 971
(Route 565)

. Total number Of Signals on Corridor: I 0 wge of Lake County nfrom Roules 570, 572, 574 | u:m— o Fiouriess 5?1. mr.sss. Séi.ﬂslanu BT by |I-\1III||I'\-QIFumI| 565..“
n

Route 565 5%

H.un-csnu

2

:
Grand i
3
¥

Wk

a2 573
Washingtan Station

@nﬁi‘f
@ Lewis

@ : Eierican _.'
SN L

‘-H_H"‘i-'—h-

Arma Coll-n-Ride. Call 4T-847-5188 lor detsil
rrice boundaries, Snrvice Rours Bnd 1o scheduls

* Total number of controllers replaced: 2 i ot el omfoeh

0

M.:m;o

* Total number of signals with TSP: |0

Key DEesTINATIONS AND/OR TRANSFER
LocaTions ALONG CORRIDOR

LEGEND

s

The Grand Avenue corridor provides :

B TRARIC SIGNAL = TSP
accessibility to the downtown area of T —
Waukegan, IL and popular attractions located Seais

in Gurnee, IL - such as the Six Flags Great

America Amusement Park (ease of access

iy
for visitors and employees) and the Gurnee %{”““w‘m . )

Mills (a shopping/outlet center).Also, this : % !
corridor is a connecting service to the Union & __;‘ o " ;
Pacific/North Line Metra Station and supplies \gﬁu A
transportation for the College of Lake County. {35”

TrANSIT CHARACTERISTICS ON THE CORRIDOR THAT VWARRANT TSP IMPLEMENTATION

The Grand Avenue corridor serves a ridership of approximately 1,000 for an average weekday.The 565 route covers
approximately 16 miles and provides an intra-community daily service within its endpoints at the Waukegan Metra Station and
the College of Lake County.The 565 route also provides additional seasonal services for amusement park employees with a

detour that grants them access to other entrance points within Six Flags.

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

General vehicle travel times were reduced in all periods of the day after signal timing optimization.
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TaBLE |: GRAND AVENUE PERFORMANCE MEASURES SUMMARY

Regional

Trarlsportatlon

Authority

() pace

Grand Avenue (Lake County) for Pace Route 565 from Dilleys Road to Sheridan Road
PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | HATA SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION EB WB EB | WB | EB | WB
BASELINE DEC.2014
OPTIMIZED W/OUT TSP APRIL 2015
OPTIMIZED W/OUT TSP SUMMER 2019 1825 | 27.49 | 2039 | 28.13 | 24.15 | 30.16
I-A: AVERAGE TIMEPOINT | OPTIMIZED WITH TSP
BUS TRAVEL TIME DATA
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
(2014 - 201 5)%*
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE DEC.2014
OPTIMIZED W/OUT TSP APRIL 2015
OPTIMIZED W/OUT TSP SUMMER 2019 255 | 258 | 3.02 | 445 [ 3.8 [ 455
I-B: BUS TRAVEL TIMEPOINT
TIME VARIABILITY DATA OPTIMIZED WITH TSP
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
(2014 - 201 5)%*
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
. TRAREIC SECOND.BY. | OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY DATAH ~
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o NUMBER OF | SECONDBY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED N
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE DEC.2014 223 | 223 | 261 | 207 | 23 | 231
OPTIMIZED W/OUT TSP #* | APRIL 2015 193 | 194 | 228 | 214 | 212 | 222
SPEED/DELAY
2: GENERAL OPTIMIZED W/OUT TSP *#¢ | SEPT.2019 1521 | 1422 | 16.04 | 1505 | 17.26 | 16.07
VEHICLETRAVEL | STUDIES (2014
TIMES -2015); HERE | OPTIMIZED WITH TSP
(MINUTES) DATA (2019) 9, CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | -13% | -13% [ -13% | -1% | 8% [ -4%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant from Jackson Street to Sheridan Road in Dec. 2014 / April 2015.
##* HERE Data collected between Dilleys Road and Sheridan Road.
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HALSTED STREET CORRIDOR Route 352

i

Night Owl Service between
95th/Red Line and
Harvey Transportation Center

Boundaries: 95% Street to Chicago Heights Terminal

Routes on corridor: Pace 352, 359, 348 and 890

Average weekday ridership (2018): 4,999 (Route 352), 1,217 (Route
359),252 (Route 348), and 220 (Route 890)

Total number of signals on corridor: N/A

Total number of controllers replaced: N/A

Total number of signals with TSP: N/A

KEeY DEesTINATIONS AND/OR TRANSFER LOCATIONS ALONG CORRIDOR

The Halsted Street corridor provides transportation to two Metra
stations (West Pullman & Harvey Station). Additionally, this corridor
allows access to the Pace Harvey transportation center, Pace Homewood
Park-N-Ride, and the Pace Chicago Heights Terminal. These Terminals/
Transportation centers work as a hub for riders to transfer to the
available bus routes.This route also gives access to educational and
government buildings such as Prairie State College and the lllinois
Department of Human services. On the northern part of the Halsted
Street corridor, there is access to the 95th/Dan Ryan CTA Red Line

Station, which provides transportation service to Downtown Chicago.

TRrRANSIT CHARACTERISTICS ON THE CORRIDOR THAT WARRANT TSP

Route 359
IMPLEMENTATION

%)

The Halsted Street corridor operates with a weekday average ridership

of about 6,700 on over |5 miles of roadway for route 352.This route

provides daily transit services with about 20 - 30 minutes in between buses.
Because of the several terminals/transportations centers located in this

corridor, TSP Implementation could be warranted for this corridor.

Route 348

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

1o Chicago

to ot
Blue Island-
Vermont St.
Station

PaceBus.com

—— Regional
Transportation
Authority

Effective Date
May 19, 2019

N
i

95th

liinois Dey

partment

SRR, i)

to o Eigetric ® Puman
Blue island =

to 2
University 3
Pak g

Effective Date
May 19, 2019

PQCeE

to Chicago ,

@ Posted Stops Only

-ttt
TA Red Li

5
() 95th/Dan Ryan
) station

Transfer at 95th/Dan Ryan Station to/from:
- Pace Routes 353, 359, 381 and 395.

i |+ CTA Routes N, N9, 29, 34, 95, 100, 103,
106, 108, 111, 112, 115 and 119,

167th

Transfer at Pace
Homewood Park-n-Ride
Routes 353, 888

toffrom
d 890.

Pace
W Homewood

Park-n-Ride
Ridge

® o

‘Transfer at 95th/Dan Ryan Station toffrom:
+ Pace Routes 352, 353, 381 and 395.
N5, N9, 29, 34, 95, 100, 103,

- . No,
106,108, 111, 112, 1

15 and 115,

§—llinois Department
‘of Human Services

n
2 omm
Calumet Park

Effective Date
March 4, 2019

Transfer at the Pace Riverdale
m Route 353.

d toffror

Pace
Riverdale
Turnaround

%,

Riverdale
Station
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TaBLE |: PAcE HALSTED STREET PERFORMANCE MEASURES SUMMARY

Pace Halsted Street from 95* Street to Chicago Heights Terminal

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | 1 1A SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION NB SB NB SB NB SB
BASELINE
OPTIMIZED W/OUT TSP
OPTIMIZED W/OUT TSP
I-A: AVERAGE TIMEPOINT | OPTIMIZED WITH TSP
BUS TRAVEL TIME DATA
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
(2012)%

% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE

OPTIMIZED W/OUT TSP

OPTIMIZED W/OUT TSP
I-B: BUS TRAVEL TIMEPOINT

TIMEVARIABILITY DATA OPTIMIZED WITH TSP
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP

(2012)**
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
A SECOND.BY. | OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY
(MINUTES) DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o NUMBER OF | SECONDBY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP

% CHANGE BASELINEVS. OPTIMIZED WITH TSP

BASELINE
OPTIMIZED W/OUT TSP SEPT.2019 35.44 | 3491 | 35.89 | 36.96 | 35.71 [ 37.58
SPEED/DELAY
2: GENERAL .| OPTIMIZED W/OUT TSP
VEHICLETRAVEL | STUDIES (2012);
IMES HERE DATA | OPTIMIZED WITH TSP
(MINUTES) (2019) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP

(2012)
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
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MitwaUKEE AVENUE CORRIDOR

* Boundaries: Golf Road (Route 21) to Jefferson Park CTA Station

* Near Term TSP Segment(s): Golf Road (Route 21) to Jefferson Park
CTA Station

* Routes on corridor: Pace 270,410,and 41 |

* Average weekday ridership (2018):2,853 (Route 270),
263 (Route 410),and 257 (Route 411)

* Total number of signals on corridor: 23

* Total number of controllers replaced: 12

* Total number of signals with TSP: 12

Key DEesTINATIONS AND/OR TRANSFER LOCATIONS ALONG .

The Milwaukee Avenue corridor is used to access shopping centers
like Golf Mill and Oak Mill Mall. North of Golf Mill, there is access to
Glenbrook Hospital in Glenview. Selected trips on Pace route 270

service Notre Dame High School. At the far south end of the corridor,

HARLERM S1L

there is access to the Jefferson Park transfer center. This transfer center”

gives access to CTA/Pace bus routes, Metra Station to Harvard/Chicago, %

11
®

POOMUBRID)

rison

and the CTA Blue Line - which takes you to O’Hare International
Airport.

208

208, 240 @

At Golf Mill Shopping Center:

‘entral + Transfer at the Pulse Milwaukee Line Golf Mill
Station to/from Pulse Milwaukee Line and Routes 208,
240,241 and 272.

+ Transfer at Golf Mill (JCPenney East Entrance) to/from
Routes 410, 411 and 412.

En el Centro Comercial Golf Mill:
Golf * Cambio de autobis en la Estacin Pulse Milwaukee Line Golf

Mill a/de Pulse Milwaukee Line y las Rutas 208, 240, 241y 272.
* Cambio de autobiis en la entrada Este de JCPenney de Golf Mill
WX\ Four Fiaggs alde las Rutas 410, 411 y 412.

Golf Mill
Shopping
Center

TrRANSIT CHARACTERISTICS ON THE CORRIDOR THAT WARRANT TSP
IMPLEMENTATION 5| pempster

250

®
250

=l Notre

= Dame

=Q High

=2  School
=

The Milwaukee Avenue corridor exhibits an average weekday ridership

of just under 3,400 riders. The majority of this ridership comes from

route 270, which travels along the Milwaukee Avenue corridor passing
through Chicago, Niles, and Glenview. Route 270 travels along the same
corridor as the Pace Pulse Milwaukee line, which is a bus route with ﬂ

limited stops. TSP implementations could have positive outcomes by

-

reducing travel times for individuals using this corridor to ultimately get

, . .
to O’Hare International Airport. Transter at Jefferson Park Transit Genter tofrom:
* Pulse Milwaukee Line

+ Pace Routes 225 and 226.

« CTA Routes 56, 68, 81, 81W, 85, 85A, 88, 91 and 92.

KEeY INFORMATION ATTAINED FROM TSP |MPLEMENTATION i
. Rbtas 56, év& 81, 81W, 85, 85A, 88, 91 y 92 de CTA.

General vehicle travel times were reduced in all periods of the day

after signal timing optimization.Transit travel times were reduced in all periods
of the day ranging between 2 and 4 percent after signal timing optimization.
Southbound transit travel time variability was reduced by 22 percent in the AM

peak period after signal timing optimization.

@O Pulse Milwaukee Line and Stations

wuus Certain trips only. See schedule.
Solamente algunos viajes. Consulte el horario.

Jefferson Park
Transit Center

922 ‘See [BNUaD

Chicago

Route 270 .ot e
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Milwaukee Avenue for Pace Route 270 Golf Mill Mall and Jefferson Park CTA Station

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | hATA SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION NB B NB SB NB B
BASELINE DEC.2010 2081 | 2252 | 21.49 | 23.62 | 22.31 | 26.87
OPTIMIZED W/OUT TSP APRIL 201 | 2047 | 2191 | 21.93 | 23.23 | 21.31 | 2637
OPTIMIZED W/OUT TSP SUMMER 2019 259 | 262 | 267 | 271 | 263 | 314
I-A: AVERAGE
BUS TRAVEL TIME T|MIDE£%NT OPTIMIZED WITH TSP
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP . . . . . .
2% | 3% | 2% | 2% | 4% | 2%
(2010 - 201 1y**
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE DEC.2010 6.6 9.8 6.7 72 | 81 6.7
OPTIMIZED W/OUT TSP APRIL 201 | 6.2 7.6 6.3 68 | 9.l 6.6
OPTIMIZED W/OUT TSP SUMMER 2019 2.7 2.4 28 | 29 | 28 | 52
I-B: BUSTRAVEL | TIMEPOINT
TIME VARIABILITY DATA OPTIMIZED VITH TSP
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | o | 00 | gor | s | 13% | 2%
(2010 - 201 1y**
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
. TRAREIC SECOND.BY. | OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY DATAH ~
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o NUMBER OF | SECONDBY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED N
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE DEC.2010 19.38 | 17.25 | 1858 | 17.63 | 20.65 | 23.86
OPTIMIZED W/OUT TSP *#* [ APRIL 2011 1660 | 1562 | 1565 | 1546 | 17.59 | 20.17
. SPEED/DELAY | OPTIMIZED W/OUT TSP ##* | SEPT.2019 234 | 210 | 204 | 210 | 210 | 309
2 GENERAL STUDIES (2010
VEHICLE TRAVEL 2011y, HERE OPTIMIZED WITH TSP
TIMES . ’
DATA (2019) | % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP . . o o o o
(MINUTES) (2019) G010 201 1y#* 4% | 9% | -1esw | -12% | -15% | -15%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period
** Speed / Delay Studies conducted by signal consultant between Golf Road and Gale Street
*** HERE Data collected between Golf Mill Mall to Jefferson Park CTA Station




Regional

REGIONAL TRANSIT SIGNAL PRIORITY
IMPLEMENTATION PROGRAM (RTSPIP) W“h o PQCC

Roosevelr Roab CORRIDOR )
* Boundaries: Carlton Avenue to ’ .
Laramie Avenue ' : : Bumrminn® TR g
- =) . { AT arls - 3 e
* Near Term TSP Segment(s): IL Route 56 N i a0 s e i [ s we _scoo
90 moG o 0oEe = 2 P eph wwee r

(Butterfield Road) to 54* Avenue P : 151 : i o .
* Routes on corridor: Pace 301 and 305 1§ . : : i 3 .
* Average weekday ridership (2018): 1,721 | ;
(Route 301),and 536 (Route 305)
* Total number of signals on corridor: 82
* Total number of controllers replaced: 26
* Total number of signals with TSP: 31

Pace Park-n-A
1111 Carinin ps iy, Plamss sae sohatile. ‘ o

210
e T —
Hasrison ¥ = s Math and Seiance  THIVEr
Provias Woat d & 3 Acatemy =
L

High Sshosd & (_[H}
Fanurn RAoosevel @
. 3 Z | Madden %
& L [ |
i & @ — Farest |
Fist mﬂqu uheﬂ Jasl muns -crw-u-‘ L Mumnuou&ma m:llhr =4 Hines ing
x, pleas soe he Whasion Winli - Hospital Layola Hoapitat

irise hours wnd o schadu

w1 Pk Trasan Cene
et side of B irain

Route 301 Siecteone

antranes)

KEY DEsTINATIONS AND/OR TRANSFER LoCATIONS ALONG CORRIDOR

The Roosevelt Road corridor provides access to numerous health institutions such as the Hines Hospital, Elmhurst Memorial
Hospital — Main Campus, Riveredge Hospital, Madden Mental Health Center, and Loyola Hospital. Major locations within this
corridor include the DuPage County Judicial Center (Building 505), Oakbrook Center Mall, and the Forest Park Mall. This
corridor also provides access to the Metra UP-West Line Wheaton Station, CTA Blue Line Forest Park Transit Center, and the
CTA Blue Line Cicero Station. Academic facilities within this route are the Proviso West High School and the Proviso Math and

Science Academy.

TraANSIT CHARACTERISTICS ON THE CORRIDOR THAT WARRANT TSP IMPLEMENTATION

The Roosevelt Road corridor’s average weekday ridership is approximately 2,300 weekday riders over the approximately 20
miles it covers. Route 301 provides weekday services with specific rush hour trips serving only the posted stops along its route,
and route 305 is a short daily service that connects the CTA Blue Line Forest Park transit center and CTA Blue Line Cicero
station. Transportation to/from the many health establishments, popular sites, and other serviced transit routes indicate that TSP

implementation would be beneficial for decreasing travel time for this corridor.

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

General vehicle travel times were reduced in all periods of the day after signal timing optimization.
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Roosevelt Road for Pace Route 301 from Warrenville Rd./ West Street to IL Route 43 (Harlem Ave.)
PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | DATA SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION e [ we | e8B [ wa]| eB [ wa
BASELINE APRIL 2012 1581 | 20.63 | 15.79 | 20.96 | 17.07 | 25.19
OPTIMIZED W/OUT TSP JULY 2012 1645 | 19.94 | 17.75 | 22.73 | 16.66 | 24.84
OPTIMIZED W/OUT TSP SUMMER 2019 69.86 | 70.81 | 7451 | 76.8 | 87.56 | 83.92
I-A: AVERAGE TIMEPOINT | OPTIMIZED WITH TSP
BUS TRAVEL TIME DATA
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | o | 30 | 129 | 8% | 2% | -1%
(20'2) ‘o ‘o -] (] ‘o ]
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE APRIL 2012
OPTIMIZED W/OUT TSP JULY 2012
I.B: BUSTRAVEL | TiMEPOINT | OPTIMIZED W/OUT TSP SUMMER 2019 3.02 | 494 | 395 | 636 | 787 | 721
TIME VARIABILITY DATA OPTIMIZED WITH TSP
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
e TRARIC SECOND.BY. | OFTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY DATA* -
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
5. NUMBER O | SECOND-BY OPTIMIZED W/OUT TSP
0 SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED .
SIGNALS DATA % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE ';';E:L 2012&NOV. | 3518 | 2776 | 268 | 25.74 | 3602 | 30.16
kek
SPEED/DELAY OPTIMIZED W/OUTTSP JULY 2012 & DEC. 1858 | 16.68 | 1749 | 16.07 | 20.85 | 17.38
2: GENERAL 2015
STUDIES (2012
VEHICLE TRAVEL 2015); HERE | OPTIMIZED W/OUT TSP *# | SEPT. 2019 441 | 328 | 363 | 30.1 | 474 | 380
TIMES ’
(MINUTES) DATA (2019) | OPTIMIZED WITH TSP
% CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | -39 | -40% | -35% | -38% | -42% | -42%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant from Carleton to 1-355 in April 2012 / July 2012 and from Hamilton

Avenue / Harrison Street to IL 43 (Harlem Avenue) in Nov. 2014 / Dec.2015.
##* HERE Data collected between Warrenville Road./ West Street to IL Route 43 (Harlem Avenue).
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951H STREET CORRIDOR

« Boundaries: 88™ Avenue to Stony Island Avenue ®

* Near Term TSP Segment(s): Roberts Road to

Western Avenue

]

o 000 O & @

* Routes on corridor: Pace 381 and 395 on o
* Average weekday ridership (2018):2,604 : 3 _
(Route 381),and 360 (Route 395) ' g

* Total number of signals on corridor: 28

5 e i

* Total number of controllers replaced:18
* Total number of signals with TSP: 22

“Travels via
1-294 Tri-State

non-stop

Key DesTINATIONS AND/OR TRANSFER
LocaTions ALoNG CORRIDOR

The 95 Street corridor is used to access the
Moraine Valley Community College (MVCC),
Chicago Ridge Mall, and the 5% Municipal

Harlem

386
Dak Park

District Courthouse. Health institutions

accessible via this route include the Advocate | m

388
=
%.
]

4

Christ Medical Center and the Little Company prei it | by

of Mary Hospital.Also, along this stretch there  (Chicago Hidge
is access to the CTA Red Line 95"/Dan Ryan
Station and three Metra Stations (Oak Law >

Metra Station, Beverly Hills 95* St. Station, and Longwood Station).

TrRANSIT CHARACTERISTICS ON THE
CORRIDOR THAT WARRANT TSP

The 95" Street corridor operates with an

ToEe

Route 395 ..ot

Regional
£

Nopeoditn 170

sy @

2 Little
Christ
Hospital & Company of
Madical
Center

to

gl §
&l EegChli::zag‘::

o

n

Kedzie 624

B2

381
oo

Mary Hospital  Beverly Hills

95th Streat

Station

| Oak Lawn
Station

95th

Evergreen
Plaza

53A
L.

-

" Metra Rock Island

average weekday ridership (under 3,000
weekday riders) over the approximately 24 miles

that routes 381 and 395 cover. The 381 route

provides daily services and selected trips in peak
weekday periods - it also operates via 95% Street
and 88™ Avenue in Hickory Hills on Saturdays/
Sundays. The 395 route provides weekday
limited-stop service between CTA Red Line 95%/

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

Route 381

Effective Dale
June 30, 2019

Transit travel times were reduced in all periods of the day before and after traffic signal timing
optimization in both directions. General vehicle travel times were reduced in all periods of the day

after signal timing optimization.



REGIONAL TRANSIT SIGNAL PRIORITY

""».

Regional

Transportation il p
IMPLEMENTATION PROGRAM (RTSPIP) W" OE
TaBLE |: PACE 95TH STREET PERFORMANCE MEASURES SUMMARY
95t Street for Pace Route 381 Roberts Road to Western Avenue
PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | 17 SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION EB WB EB WB EB | wB
BASELINE MAY 2012 2142 | 22.35 | 2342 | 2253 | 26.13 | 23.70
OPTIMIZED W/OUT TSP OCT.2012 2138 | 21.08 | 22.67 | 21.03 | 25.19 | 22.67
OPTIMIZED W/OUT TSP SUMMER 2019 265 | 28.08 | 31.39 | 2949 | 33.31 | 29.24
I-A: AVERAGE TIMEPOINT | OPTIMIZED WITH TSP
BUS TRAVEL TIME DATA
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | _ e
(20'2)** ‘0 ‘0 ‘o ‘o ‘o ‘0
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE MAY 2012 598 | 479 | 556 | 474 | 645 | 451
OPTIMIZED W/OUT TSP OCT.2012 461 | 446 | 524 | 538 | 642 | 486
OPTIMIZED W/OUT TSP SUMMER 2019 272 | 299 | 418 | 3.19 | 485 | 3.78
[-B: BUS TRAVEL TIMEPOINT
TIME VARIABILITY DATA OPTIMIZED WITHTSP
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | oo | o [ o | 1ao | 1o 8%
(20'2)** ‘0 ‘0 ‘o ‘o ‘o (<]
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
. TRAREIC SECOND.BY. | OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY N
(MINUTES) DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o NUMBER OF | SECONDBY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED N
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE ;1OA|\120I2&OC'I'. 177 | 1951 | 20.82 | 22.69 | 24.94 | 2581
sk
OPTIMIZED W/OUT TSP OCT.2012 & DEC. 1439 | 17.25 | 17.94 | 1856 | 18.43 | 18.53
SPEED/DELAY 2014
2: GENERAL
STUDIES (2012 | OPTIMIZED W/OUT TSP *# | SEPT.2019 20.79 | 2337 | 22.11 | 23.94 | 25.57 | 25.47
VEHICLE TRAVEL 2014): HERE
TIMES -2014); OPTIMIZED WITH TSP
MINUTES DATA (2019)
( ) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | o0 | oo | _jass | -18% | 26% | -28%
(2012 - 201 4y** ) ) ) ) ) )
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period

** Speed/Delay Studies conducted by signal consultant between Oak Park Avenue to Western Avenue and from Roberts Road to 1-294

**HERE Data collected between Roberts Road in the city of Hickory Hills to Western Avenue in the village of Evergreen Park
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|471H STREET/SIBLEY .

BouLevarRD CORRIDOR i

* Boundaries: Cicero Avenue to
State Line Road

Faga 1} ] Bamedi 7]

- ) pace

-

* Near Term TSP Segment(s): IL Route | 3 : _ ® © ® © 6 o080 08§ 6 o8 -

(Halsted Street) to IL Route 83 ' T
(Torrence Avenue) -
* Routes on corridor: Pace 350 and 354
* Average weekday ridership (2018):
1,541 (Route 350),and 409 (Route 354)

* Total number of signals on corridor: 14 (D Posted Stops Only —

* Total number of controllers replaced: 12 L:*?Eﬁ%% .f'g .

» Total number of signals with TSP: 14 —— e | . i g
| () i

Key DesTiNATIONS AND/OR TRANSFER "

LocaTions ALONG CORRIDOR __ e -

ey i oeyorie ~ I )

The 147® Street corridor provides access to mnms| 1 g .

Thornridge High School and to the Harvey [ ¢

transportation center. This center works as s . i i

a transfer hub to the Metra Harvey station i ¢

as well as to several Pace bus route that take :'_'-:{—--h ROUtE 350

you to nearby towns such as South Holland,
Dolton, Calumet City, Harvey, Blue Island,
Chicago Heights, Etc. The corridor also provides access to the lllinois - Indiana state line near Hammond.

TRrANSIT CHARACTERISTICS ON THE CORRIDOR THAT WARRANT TSP IMPLEMENTATION

L Ll -avnad ik
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S,
s {frrilé‘l'

Tt o8 Mk s Willion Cainarl
i

P Ronsie L
OPTC Mowiss A1 gnl BE

Eftective Dale
May 19, 2019

The 147" Street corridor operates with an average weekday ridership of about 2,000 between both route 350 and 354. Route

350 provides a daily transit service with roughly 15-20 minutes in between buses while route 354 has a longer headway in

between buses, roughly an hour. Because of the access to the Harvey transportation center, TSP implementation would benefit

this corridor by improving connections between buses.

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

General vehicle travel times were reduced in all periods of the day after signal timing optimization.
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147t Street / Sibley Boulevard for Pace Route 350 from IL Route | (Halsted St.) to IL Route 83 (Torrence Ave.)

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | 1 \7A SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION e [ we | e [ wa]| eB [ wa
BASELINE NOV. 2015
OPTIMIZED W/OUT TSP DEC.2015
OPTIMIZED W/OUT TSP SUMMER 2019 1206 | 139 | 1417 | 1493 | 158 | 14.02
|-A: AVERAGE
BUS TRAVEL TIME TIM;K%NT OPTIMIZED WITH TSP
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
(2015)%*
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE NOV. 2015
OPTIMIZED W/OUT TSP DEC.2015
OPTIMIZED W/OUT TSP SUMMER 2019 143 | 131 | 259 | 231 | 243 | 1.85
[-B: BUS TRAVEL TIMEPOINT
TIMEVARIABILITY DATA OPTIMIZED WITHTSP
(MINUTES) % CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
(2015)#*
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
e TRARFIC SECOND.py. | OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY SATA* -
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
b NUMBER OF | SECOND-EY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED N
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE NOV. 2015 2853 | 286 | 2866 | 297 | 321 | 3538
OPTIMIZED W/OUT TSP #* | DEC.2015 2153 | 2321 | 2247 | 2372 | 25 | 28.18
SPEED/DELAY
2: GENERAL .| OPTIMIZED W/OUT TSP *** | SEPT.2019 11.69 | 1295 | 11.41 | 13.15 | 1299 | 15.09
VEHICLETRAVEL | STUDIES (2015);
TIMES HERE DATA | OPTIMIZED WITH TSP
(2019) % i
(MINUTES) (/2 é:llg)/::lGE BASELINEVS. OPTIMIZEDW/ OUTTSP | co | 100r | 209 | 0% | 225 | -20%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant from Homan Avenue to Michigan City Road and

from Torrence Avenue to Madison Avenue in Nov. 2015 and Dec. 2015.
*** HERE Data collected between Warrenville Road / West Street to IL Route 43 (Harlem Avenue).
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| 59TH STREET CORRIDOR
* Boundaries: 94* Avenue to IL Route 83 i .
(Torrence Avenue) f; o ' A : ' i ' g
* Near Term TSP Segment(s): Park Center 4 lo S : : B g
Drive to IL Roujce 83 (Torrence Avenue) ,:o; - = ;e " AR it ;” _ . essesE ® Isf.
* Routes on corridor: Pace 364 - g ] i 1 : : ° : f :
« Average weekday ridership (2018): 1,978 e Bt o le
(Route 364) g o L —t—— voo

* Total number of signals on corridor: 46
* Total number of controllers replaced: 29

* Total number of signals with TSP: 38

KEey DEesTINATIONS AND/OR TRANSFER :':‘:*:',:'_Er:;s.ﬁ::.',:‘"
LocaTions ALONG CORRIDOR

The 159 Street corridor provides access to

River Oaks Shopping Center. There is access

to two Metra stations (Oak Forest station &

Harvey station) along this corridor. Municipal

and institutional buildings, such as South

[Tramater ot veemon worrwrmmier | | ! —
Suburban College (East of Park Ave.), Ingalls P o z

Memorial Hospital, and the Cook County Sixth F{oute 364 Etective Dte
Municipal District Courthouse in Markham, are i b

located on the 159* Street corridor.

TrRaANSIT CHARACTERISTICS ON THE CORRIDOR THAT VWARRANT TSP IMPLEMENTATION

The 159 Street corridor operates with a weekday average ridership of about 2,000 on over 20 miles of roadway for route 364.
This route provides daily transit service with roughly 20 to 30 minutes in between buses. TSP implementation could benefit the

individuals traveling to the Cook County Courthouse in Markham and South Suburban college in South Holland.

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION

Transit travel times were reduced in the midday periods after traffic signal timing optimization in both directions. General

vehicle travel times were reduced in all periods of the day after signal timing optimization.
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159t Street Corridor for Pace Route 364 Park Center Drive to IL 83 (Torrence Ave.)

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | HATA SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION e [ we | e [ wa]| eB [ wa
BASELINE JAN.2013 173 | 167 | 165 | 178 | 172 | 173
OPTIMIZED W/OUT TSP APRIL 2013 168 | 170 | 162 | 170 | 170 | 18.
OPTIMIZED W/OUT TSP SUMMER 2019 575 | 606 | 602 | 620 | 621 | 60.7
I-A: AVERAGE
BUS TRAVEL TIME TIM;K%NT OPTIMIZED WITH TSP
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZEDW/ OUTTSP | e | 2% | s | o | 5w
(2013)**
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE JAN.213 288 | 270 | 413 | 3.09 | 340 | 393
OPTIMIZED W/OUT TSP APRIL 2013 319 | 342 | 436 | 361 | 381 | 468
OPTIMIZED W/OUT TSP SUMMER 2019 3.4 4.0 52 46 53 4.
I-B: BUS TRAVEL TIMEPOINT
TIME VARIABILITY DATA OPTIMIZED WITH TSP
(MINUTES) (/EOCII;)QL\IGE-BASELINEVS.OPTIMIZEDW/OUTTSP 0% | 279 | e 7% | 1% | 19
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
SECOND.BY. | OPTIMIZED W/OUT TSP
I-C: TRAFFIC SECOND AVL | OPTIMIZED WITHTSP
SIGNAL DELAY DATA* % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
o NUMBER OF | SECONDBY OPTIMIZED W/OUT TSP
e SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED N
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE JAN.2013 741 | 768 | 784 | 832 | 841 | 875
OPTIMIZED W/OUT TSP ** [ APRIL 2013 736 | 772 | 735 | 742 | 727 | 756
) SPEED/DELAY [ OPTIMIZED W/OUT TSP **¢ [ SEPT.2019 290 | 287 | 302 | 294 | 329 | 318
2 GENERAL STUDIES (2013);
VEHICLE TRAVEL (2013); S pTIMIZED WITH TSP
TIMES HERE DATA
% CHANGE - BASELINE VS. OPTIMIZED W/ OUT TSP
(MINUTES) (2019) iy A% | 1w | o-e% | <11 | <14 | -14%
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant between Crawford Avenue and Park Avenue.
*##* HERE Data collected between Park Center Drive to IL 83 (Torrence Avenue).
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[-90 ToLiway CORRIDOR

* Boundaries: Randall Rd. to Rosemont CTA Station
* Routes on corridor: Pace 600, 603, 605,

606, 607,610,and 616
* Average weekday ridership (2018): 860

(Route 600),221 (Route 603),292

(Route 605), 1,670 (Route 606), 4|

(Route 607),279 (Route 610),and 151 (Route 616)

* Total number of signals on corridor: N/A

* Total number of controllers replaced: N/A
* Total number of signals with TSP: N/A

Key DEesTINATIONS AND/OR TRANSFER LOCATIONS
ALONG CORRIDOR

The 1-90 Tollway Corridor provides access to several
terminals/stations on its nearly 25 mile stretch.This
corridor has a connection to the Pace |-90/Barrington
Rd. Station, I-90/IL-25 Station, and the 1-90/Randall Rd.
Station. These stations are access points for the nearby
towns/suburbs along the 1-90 corridor such as Elgin,
Hoffman Estates, Rosemont, and the Schaumburg -
Woodfield Mall Area. On the most eastern part of this
corridor, there is access to the Rosemont CTA Station.

This station provides access to several Pace Bus routes

Todos los autobuses de Pace en esta ®
ruta estan equipados con portabicicietas.

El servicio de Pace es accessible &

para sillas de ruedas. S

Meacham

R oute 60 5 Effective Dato <} Pace | i Rd. Station [
August 12, 2019

550

Transportation
Authority

——— Regional
- B

PQCeE

Pace 1-90/IL 25 Station

@ * Pogestran

Bndge

Barrington Rd.

Transborde en la estacion de Pace I-90/
IL 25 aldesde las Rutas 603 y 607.

Barrington Rd.

Transfer to 543 by alighting Route 605
at the Pace I-90/IL 25 Station and
walking to Dundee/I-90 Ramp.
Cambio de Ruta 543 bajando del
autobus Ruta 605 en a estacion de Pace

1-90/IL 25 y caminando al Dundee/I-90 ® Bus stop
Ramp. parada de autobis

Jane Addams Memorial Tollway |_______
,,,,,, - 90,
Transfer at the Pace I-90/IL 25 Station
to/from Routes 603 and 607.

Travels via 1-90
non-stoj

he in-li ion on
Los autobuses sirven la estacion en la
autopista I-90.

Transfer at the Pace I-90/Barrington Rd. Station
to/from Routes 603, 607, 610, 612 and Pace
Hoffman Estates On Demand. Call
224-323-2998 for details about On Demand
service boundaries, service hours and to
schedule a ride — or book online at
PaceBus.com/ondemand.

Ia estacion de Pace
Rd. aldesde las Rutas 603, 607, 610, 612 y servicio
Pace Hoffman Estates On Demand. Liame al
224-323-2998 para detalles sobre el servicio On
Demand incluyendo limites del érea de servicio, el
horario, y para programar su viaje — o reserve su
viaje en PaceBus.com/ondemand,

Passengers can access the Park-n-Ride on
the North side of the Tollway.
Los pasajeros pueden llegar al Park-n-Ride por el

Rosemont
w0  Station
O'Hare

'

)
CTA Blue Line Chlcago

@

Route 600 .ot BPshesshat
August 12, 2019 Buses on this route will stop to pick up and drop

N
v
!

Golf
Woodfield
Mall gg

Woodfield

Mall

£
JE Pace

Center

Higging

. 'S Northwest
Kimberly| = Transportation

signs with the Pace logo and route number. Please wait for the bus at a bus stop sign.

Transfer at the Rosemont CTA Station to/from
Routes 221, 223, 230, 303, 330, 332, 600, 603, 606,
610, 616, 895 and the Rosemont Entertainment
Posted Stops Only Transborde ena stacion de CTA en t afdesd
ransborde en la estacion de CTA en Rosemont a/desde
Buses on this route will stop to pick up and drop off passengers only at bus stop s Fraoe 527, 235, 330, 308, 930, 335, 600, 603, 606,

610, 616, 895, y el Rosemont Entertainment Circulator.

Solamente Paradas Asignadas
Los Autobuses en esta uta pararan a recoger y bajar a pasajeros solamente donde haya

a de autobls sefialadias con el logo de Pace y el nimero de la uta. Por favor espere al
autobus donde estén estas seriles.

off passengers only at bus stop signs with the

bus at a bus stop sign.

Todos los autobuses de Pace en esta .
ruta estan equipados con portabicicetas. Solamente Paradas Asignadas
Los Autobuses en esta ruta pararan a recoger y bajar a
Eseniclo do Pace e accessils (g pasaeros solaments donde haya paraca de autobis
par S Coneladas con o g0 g Pace y & numero e st

Por favor espere al autobis donde estén estas
seriales.

Pace logo and route number. Please wait for the

Transfer at the Pace Northwest Transportation Center
to/from Routes 208, 554, 604, 606, 607, 608, 611,696,
757, 895, Dial-a-Ride and

Woodfield Trolley.

Transborde en el Centro de Transportacion del Noroeste

de Pace a/de Rutas 208, 554, 604, 606, 607, 608, 611, 696,
757, 895, Schaumburg Dial-a-Ride y El Autobiis Trolley de
Woodfield en Schaumburg.

Transfer at me Rosemonl stauon to/from
ace Routes 221, 223, 2 2,
603, 605, 606, 610 616, 895 and Rosemom

Entertainment Circulator.

Transborde en la estacion de CTA el
Rosemont a/desde las Rutas 221, 555, 20,

3, 330, 3, 605, 606, 610, 616, 895,
y o Fostmont Entertinment Greuior.

Rosemont
Station

. OR
O'Hare CTA Blue Line cn:coago

as well as access to the CTA Blue Line which takes you to Downtown Chicago & O’Hare International Airport.

TrRANSIT CHARACTERISTICS ON THE CORRIDOR THAT VWARRANT TSP IMPLEMENTATION

The 1-90 Tollway Corridor exhibits a weekday average ridership of about 3,500 riders. Pace 605 is the main route that utilizes all

25 miles of the I-90 corridor.This route provides daily transit service with about a 20-30 minute headway for AM/PM periods.

TSP implementation can reduce those commute times from nearby towns/suburbs along the 1-90 corridor (Elgin, Rosemont,

Schaumburg, Etc.)

KEY INFORMATION ATTAINED FROM TSP IMPLEMENTATION




REGIONAL TRANSIT SIGNAL PRIORITY
IMPLEMENTATION PROGRAM (RTSPIP) w'ﬂ,

"‘».

TaBLE |: PAce 190 ToLiwaY PERFORMANCE MEASURES SUMMARY

Regional

() pace

Pace 190 Tollway corridor Randall Rd. to Rosemont CTA Blue Line Station

PERIOD AM PEAK MIDDAY PM PEAK
PERFORMANCE | 1 1A SOURCE | CORRIDOR CONDITIONS
MEASURE DIRECTION EB WB EB WB EB | wB
BASELINE
OPTIMIZED W/OUT TSP
IA: AVERAGE MEPOINT OPTIMIZED W/OUT TSP
BUS TRAVEL TIME DATA OPTIMIZED WITH TSP
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP

% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP

% CHANGE BASELINEVS. OPTIMIZED WITH TSP

BASELINE
OPTIMIZED W/OUT TSP
TIISE EXJFS{;?JEI} TIMEPOINT | OPTIMIZED W/OUT TSP
(STD. DEV.IN DATA OPTIMIZED WITH TSP
MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
. TRARRC SECOND.BY. | OPTIMIZED W/OUT TSP
g SECOND AVL | OPTIMIZED WITH TSP
SIGNAL DELAY DATAH ~
(MINUTES) % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
b NuMBER O | SECOND-BY OPTIMIZED W/OUT TSP
- SECOND AVL | OPTIMIZED WITH TSP
STOPS AT RED N
SIGNALS DATA % CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP
% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP
% CHANGE BASELINEVS. OPTIMIZED WITH TSP
BASELINE
OPTIMIZED W/OUT TSP **
2. GENERAL SPEED/DELAY
STUDIES (2012
VEHICLETRAVEL |~ 5915), HERe | OPTIMIZED W/OUT TSP
TIMES '
(MINUTES) DATA (2019) | OPTIMIZED WITH TSP

% CHANGE - BASELINEVS. OPTIMIZED W/ OUT TSP

% CHANGE OPTIMIZED W/ O TSPVS.WITH TSP

% CHANGE BASELINEVS. OPTIMIZED WITH TSP
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Appendix G — Summary of HERE Data on CTA / Pace Corridors

General Vehicle Travel Times (in minutes)

Notes

CTA TSP Corridor Limits

Data Collection Period

AM Peak Period

Midday Period

PM Peak Period

CTATSP Corridor Direction
From To (Month / Year) (7-9am) (11am-1pm) (4-6pm)
Optimized without TSP NB 25.14 24.71 24.66
(April 2016) SB 25.01 26.63 28.20
Ashiand A p— Optimized with TSP NB 29.42 29.81 29.32
snian venue
July 2016
1 Cermak Road 95th St. (uly ) SB 29.55 32.16 33.92
Route 9/X9 Optimized with TSP NB 36.10 26.58 28.75
(Sept. 2018) SB 28.71 29.63 34.42
Optimized with TSP NB 38.35 27.87 27.32
(Sept. 2019) SB 31.41 32.89 37.86
Baseline NB 26.67 25.61 29.90
(April 2016) SB 26.58 25.40 29.43
Baseline NB 36.12 38.66 43.10
Ashland Avenue (CTA) (July 2016) SB 35.68 36.57 42.64
2 Irving Park Rd. Cermak Road
Route 9/ X9 Baseline NB 38.26 33.82 44.08
(Sept. 2018) SB 4483 31.75 39.55
Baseline NB 39.51 34.27 43.63
(Sept. 2019) SB 42.02 33.94 45.72
Baseline NB 74.67 63.34 7172
(Sept. 2016%) SB 66.82 62.03 85.31
Western Avenue
i NB 101.76 81.11 90.41
3 (CTA) Berwyn 79th St. Baseline
(Sept. 2018) SB 90.51 77.79 116.16
Route 49 / X49
Optimized with TSP NB 102.12 78.93 88.73
(Sept. 2019) SB 66.82 78.65 111.34
Baseline NB 15.00 11.85 14.30
(Sept. 2016%) SB 13.11 11.24 13.47
Western Avenue
i NB 19.56 15.22 18.64
4 (CTA) Howard Leland Baseline
(Sept. 2018) SB 17.80 14.66 18.84
Route 49B
Optimized with TSP NB 21.11 17.42 20.00
(Sept. 2019) SB 17.76 14.41 18.48

* Note: September 2016 data taken before Belmont viaduct removal.

Page 1 of 5



Appendix G — Summary of HERE Data on CTA / Pace Corridors

General Vehicle Travel Times (in minutes)

Near Term Segments of TSP Deployment by Pace

Data Collection Period

AM Peak Period

Midday Period

PM Peak Period

Pace TSP Corridor Direction Notes
From To (Month / Year) (7-9am) (11am-1pm) (4-6pm)
Optimized without TSP W8 40.37 39.45 42.59
IL Route 56 (Butterfield ) (Sept. 2019)
. 36.52 38.14 46.08
1 [Cermak Road / 22nd Street  |Road) and Fairfield Avenue (E;lct:roAvenue in the town of £
in the village of Lombard . . WB
Optimized with TSP
EB
Optimized without TSP NB 27.51 24.25 27.56
2 IL Route 50 87th Street in the village of ~ [US Route 6 (159th Street) in (Sept. 2019) B 25.29 25.89 29.06
(Cicero Avenue) Oak Lawn the city of Oak Forest NB
Optimized with TSP
SB
Optimized without TSP w8 42.40 44.76 51.10
) ) ’ ) . (Sept. 2019)
3 IL Route 58 Mannheim Road in the city [Dodge Avenue in the city of EB 48.65 45.24 45.26
(Dempster Street) of Des Plaines Evanston
WB
Optimized with TSP
EB
Optimized without TSP WB 14.22 15.05 16.07
4 Grand Avenue Dilleys Road in the village of |Sheridan Road in the city of (Sept. 2019) EB 15.21 16.04 17.26
(Lake County) Gurnee Waukegan WB
Optimized with TSP
EB
imi i NB 2341 20.36 21.08
Optimized without TSP Extends into City limits
_ _ _ (Sept. 2019) SB 21.14 21.05 30.86
5 |Milwaukee Avenue Golf Mill Jefferson Park CTA Station
NB
Optimized with TSP
SB
Optimized without TSP ws 3217 30.11 37.97
6 IL Route 38 Warrenville Road/West IL Route 43 (Harlem Avenue) (Sept. 2019) EB 44.07 36.33 47.45
(Roosevelt Road) Street in the city of Wheaton |in the village of Forest Park WB
Optimized with TSP
EB

Page 2 of 5



Appendix G — Summary of HERE Data on CTA / Pace Corridors

General Vehicle Travel Times (in minutes)

Near Term Segments of TSP Deployment by Pace

Data Collection Period

AM Peak Period

Midday Period

PM Peak Period

Pace TSP Corridor Direction Notes
From To (Month / Year) (7-9am) (11am-1pm) (4-6pm)
Optlmlszedtv;l(t)ggut TSP WB 23.37 23.94 25.47 Extends into City limits
7 |95t street Roberts Road in the city of ~ [Western Avenue in the (Sept. ) EB 20.79 22.11 2557
Hickory Hills village of Evergreen Park WB
Optimized with TSP
EB
Optimized without TSP WB 12.95 13.15 15.09
IL Route 83 IL Route 1 (Halsted Street) in |IL Route 83 (Torrence (Sept. 2019) EB 11.69 11.41 12.99
(147th St./Sibley Blvd.) the city of Harvey Avenue) in Calumet City WB
Optimized with TSP
EB
Optimized without TSP WB 28.70 29.37 3179
US Route 6 Park Center Drive in the IL Route 83 (Torrence (Sept. 2019) EB 29.05 30.24 32.93
(159th Street) village of Orland Park Avenue) in Calumet City W8
Optimized with TSP
EB

Page 3 of 5



Appendix G — Summary of HERE Data on CTA / Pace Corridors

General Vehicle Travel Times (in minutes)

. Full Corridor Limits Data Collection Period — AM Peak Period Midday Period PM Peak Period
Pace TSP Corridor Direction Notes
From To (Month / Year) (7-9am) (11am-1pm) (4-6pm)
Optimized without TSP WB 51.90 50.99 57.63
i (Sept. 2019) EB 51.18 49.30 58.14
1| Cermak Road / 22nd Street Butterfield Road / Cicero Avenue . . )
Lambert Road WB
Optimized with TSP
EB
Optimized without TSP NB 43.89 38.23 42.63
(Sept. 2019) 38.17 38.82 46.59
2 IL Route 50 59" Street 167th Street %8 : : :
(Cicero Avenue) NB
Optimized with TSP
SB
Optimized without TSP WB 46.21 48.85 56.56
(Sept. 2019) 53.72 4950 50.28
3 IL Route 58 Elmhurst Road Ridge Avenue £ : : :
(Dempster Street) WE
Optimized with TSP
EB
Optimized without TSP W8 2143 23.30 23.34
(Sept. 2019)
4 Grand Avenue Us. 45 Sheridan Road EB 23.94 26.39 26.54
(Lake County)
- ) WB
Optimized with TSP
EB
Optimized without TSP NB 35.44 35.89 35.71
Halsted Street and Harvey (Sept. 2019) SB 34.91 36.96 37.58
5 95" Street Chicago Heights Terminal
TSP System Upgrade NB
Optimized with TSP
SB
imi i NB 2341 20.36 21.08
Optimized without TSP Extends into City limits
_ _ _ (Sept. 2019) SB 21.14 21.05 30.86
6 Milwaukee Avenue Golf Mill Jefferson Park CTA Station
NB
Optimized with TSP
SB
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Appendix G — Summary of HERE Data on CTA / Pace Corridors

General Vehicle Travel Times (in minutes)

. Full Corridor Limits Data Collection Period N AM Peak Period Midday Period PM Peak Period
Pace TSP Corridor Direction Notes
From To (Month / Year) (7-9am) (11am-1pm) (4-6pm)
Optimized without TSP WB 46.66 4a1rr 54.72
IL Route 38 . (Sept. 2019) EB 53.71 4358 56.68
7 Carlton Avenue Laramie Avenue
(Roosevelt Road) WB
Optimized with TSP
EB
imi i WB 42.24 43.29 45.36
Optimized without TSP Extends into City limits
" N (Sept. 2019) EB 4177 4237 47.07
8 95" Street 88" Avenue Stony Island Avenue
wB
Optimized with TSP
EB
Optimized without TSP WB 28.68 28.77 31.46
Sept. 2019)
IL Route 83 . , ( EB 28.59 28.65 31.40
9
(147th St/Sibley Blvd.) Cicero Avenue State Line Road B
Optimized with TSP
EB
Optimized without TSP WB 31.59 33.26 35.27
USRoute 6 " (Sept. 2019) EB 33.02 35.21 3771
10 94" Avenue Torrance Avenue
(159th Street) WE
Optimized with TSP
EB
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 6A — CTA South Ashland Avenue Route 9 Performance Measures Summary
South Ashland Avenue for CTA Route 9 (Cermak Rd. to 95" St.)

Period AM Peak Midday PM Peak
Performance . "
Measure Data Source Corridor Conditions Direction North- | South- | North- | South- | North- | South-
bound | bound | bound | bound | bound | bound
Baseline Nov. 2015 57.76 53.99 58.15 61.51 57.38 62.15
Optimized w/out TSP March 2016 52.53 49.28 54.28 55.92 53.45 56.65
1-A Average Bus Optimized with TSP June 2016 52.24 | 49.55 54.9 5485 | 52.26 | 63.46
Travel Time AVL System % Change —
(in minutes) ’ Baseline vs. Optimized WlogTSP 10% | -10% T -10% T -10%
Optimized w/o0 TSP vs. with TSP|  -1% 1% 1% -2% -2% 11%
Baseline vs. Optimized with TSP| -11% -9% -6% -12% -10% 2%
Baseline Nov. 2015 4.15 4.04 4.48 5.43 5.14 7.00
Optimized w/out TSP March 2016 3.12 3.60 3.78 4.75 291 5.37
1-B Bus Travel Optimized with TSP June 2016 3.98 3.90 6.17 5.76 3.61 8.17
Time Variabilit AVL System % Change —|
(in minutes) ’ ’ Baseline vs. Optimized w/ogTSP 3% | C12% ) C18% | 1A% -7 -30%
Optimized w/o TSP vs. with TSP|  22% 8% 39% 18% 19% 34%
Baseline vs. Optimized with TSP|  -4% -4% 27% 6% -42% 14%
Baseline* Nov. 2015 10.40 9.78 10.12 10.92 11.73 14.18
Optimized w/out TSP March 2016 15.48 12.62 13.85 15.87 14.88 17.17
— Second-by- Optimized with TSP June 2016 16.32 14.00 14.67 18.65 1443 | 21.40
1-C Traffic Signal
Delay (in minutes)| ccOnd AV _ wlhange aag | oon | omes | 31 | 21 | 17%
Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP| 5% 10% 6% 15% -3% 20%
Baseline vs. Optimized with TSP|  36% 30% 31% 41% 19% 34%
Baseline* Nov. 2015 17 17 19 19 18 22
Optimized w/out TSP March 2016 21 22 22 25 21 22
1-D Number of Second-by- Optimized with TSP June 2016 22 21 19 22 19 24
Stops at Red Second AVL % Change —|
SF;gnals Data Baseline vs. Optimized w/ogTSP 19% 23% 14% 24% 14% 0%
Optimized w/o TSP vs. with TSP| 5% -5% -16% -14% -11% 8%
Baseline vs. Optimized with TSP|  23% 19% 0% 14% 5% 8%
Baseline November 2015 29.27 27.93 30.30 28.12 29.15 31.47
Optimized w/out TSP March 2016 27.93 27.55 27.53 26.25 28.15 30.73
. Optimized w/out TSP April 2016 25.14 | 25.01 2471 | 26.63 | 24.66 28.2
2: General Vehicle Floating Car . .
Travel Times (in (2015-2016) / Optimized with TSP July 2016 29.42 | 2955 | 29.81 | 3216 | 29.32 | 33.92
minutes) HERE Data % Change —|
(2016-2019) -5% -1% -10% -1% -4% -2%

Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP|  15% 15% 17% 17% 16% 17%
Baseline vs. Optimized with TSP
*Baseline values are from field data collected by EJM as opposed to the TSP PMAT that analyzed CTA second-by-second AVL data in other
phases. Percent changes are not calculated for data sets that were obtained with different methodologies.

** HERE data collected in April 2016 and July 2016 as two points of comparison (before and after TSP deployment on the corridor).

Date: 12/14/2019 Page 1 of 18



Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 6B — CTA North Ashland Avenue Route 9 Performance Measures Summary

North Ashland Avenue for CTA Route 9 (Irving Park Rd. Cermak Rd.)
Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction North- | South- | North- | South- | North- [ South-
bound | bound | bound | bound | bound | bound
Baseline - - - -
Optimized w/out TSP - - - -
1-A Average Bus Optimized with TSP - - - -
Travel Time AVL System % Change —| - - -
(in minutes) Baseline vs. Optimized w/o TSP - - -
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline - - - -
Optimized w/out TSP - - -
1-B Bus Travel Optimized with TSP -
Time Variability | AVL System % Change —| - - -
(in minutes) Baseline vs. Optimized w/o TSP - - -
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline* - - - -
Optimized w/out TSP - - - -
1-C Traffic Signal Second-by- Optimized with TSP - - - -
Delay (in minutes) Second AVL . - % Change - - - -
Data Baseline vs. Optimized w/o TSP - - -
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline* - - - -
Optimized w/out TSP - - - -
1-D Number of Second-by- Optimized with TSP - - - -
Stops at Red Second AVL % Change — - - -
Signals Data Baseline vs. Optimized w/o TSP - - -
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline Sept. 2018 38.26 | 44.83 | 33.82 31.75 | 44.08 39.55
Baseline Sept. 2019 39.51 | 42.02 34.27 33.94 | 43.63 | 45.72
2: General Vehicle Optir.niz.ed W/?Ut TSP - - -
Travel Times (in HERE Data Optimized with TSP
minutes) (2018-2019) %Change— . .
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -

Date: 12/14/2019
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 7A — CTA South Ashland Avenue Route X9 Performance Measures Summary

South Ashland Avenue for CTA Route X9 (Cermak Rd. to 95" St.)

Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction North- | South- | North- | South- | North- [ South-
bound | bound | bound | bound | bound | bound
Baseline - - -
Optimized w/out TSP March 2016 46.2 41.72 - - 44.88 44.98
1-A Average Bus Optimized with TSP June 2016 49.74 41.98 42.8 40.84 44.14 49.28
Travel Time AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP| 7% 1% - -2% 9%
Baseline vs. Optimized with TSP
Baseline - - -
Optimized w/out TSP - - -
1-B Bus Travel Optimized with TSP - - f
Time Variability | AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP| ~ ~ i i
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline - - -
Optimized w/out TSP March 2016 13.70 12.03 17.45 17.82 12.35 10.13
Lo Second-by- Optimized with TSP June 2016 17.47 11.27 11.57 12.23 11.52 16.55
1-C Traffic Signal
Delay (in minutes) Second AVL . - % Change —|
Data Baseline vs. Optimized w/o TSP
Optimized w/0 TSP vs. with TSP|  22% -7% -51% -46% -1% 39%
Baseline vs. Optimized with TSP
Baseline - - -
Optimized w/out TSP March 2016 19 22 22 25 18 21
1-D Number of Second-by- Optimized with TSP June 2016 21 19 16 20 17 21
Stops at Red Second AVL % Change —|
Signals Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP| 9.52% | -15.79% | -37.50% | -25.00% | -5.88% | 0.00%
Baseline vs. Optimized with TSP
Baseline - - -
Optimized w/out TSP March 2016 29.27 27.93 | 30.30 28.12 29.15 31.47
2 General Vehicle| Fl0ating Car Optimized with TSP June 2016 2793 | 2755 | 2753 | 26.25 | 28.15 | 30.73
T_rave_l Times (é(;lt? é I; lE ; E % Change —|
(in minutes) 2019) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP|  -5% -1% -10% -1% -4% -2%
Baseline vs. Optimized with TSP

Date: 12/14/2019
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 7B — CTA North Ashland Avenue Route X9 Performance Measures Summary

North Ashland Avenue for CTA Route X9 (Irving Park Rd. Cermak Rd.)
Period AM Peak Midday PM Peak
Performance
Measure Data Source . North- | South- | North- | South- | North- | South-
Direction bound | bound | bound | bound | bound | bound
Baseline - - -
Optimized w/out TSP - - -
1-A Average Bus Optimized with TSP - - -
Travel Time AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP| ~ ~ i i
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline - - -
Optimized w/out TSP - - -
1-B Bus Travel Optimized with TSP - - f
Time Variability | AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP| ~ ~ i i
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline - - -
Optimized w/out TSP - - -
1-C Traffic Signal Second-by- Optimized with TSP - - -
Delay (in minutes) Second AVL . - % Change - ) ) )
Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline - - -
Optimized w/out TSP - - -
1-D Number of | Second-by- Optimized with TSP - - -
Stops at Red Second AVL % Change —|
Signals Data Baseline vs. Optimized w/o TSP| ~ ~ i ’
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -
Baseline Sept. 2018 38.26 44.83 33.82 31.75 44.08 39.55
Optimized w/out TSP Sept. 2019 39.51 | 42.02 34.27 33.94 | 43.63 | 45.72
2: General Vehicle Optimized with TSP - - f
Travel Times HERE Data % Change —|
(in minutes) (2018-2019) Baseline vs. Optimized w/o TSP i i i
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP - - -

Date: 12/14/2019
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 8 — CTA Western Avenue (Route 49) Performance Measures Summary

Western Avenue for CTA Route 49 (Berwyn to 79" St.)
Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction North- | South- [ North- | South- | North- | South-
bound bound bound bound bound bound
Baseline Fall 2018 96.57 91.28 97.34 102.01 | 104.31 | 107.40
Optimized w/out TSP
1-A Average Bus Optimized with TSP Fall 2019 96.88 92.02 100.86 | 100.17 | 106.08 | 112.54
Travel Time AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP 0% 1% 3% -2% 2% 5%
Baseline Fall 2018 13.98 9.03 8.48 8.57 12.53 15.60
Optimized w/out TSP
1-B Bus Travel Optimized with TSP Fall 2019 11.73 11.21 8.88 8.83 12.54 16.15
Time Variability | AVL System % Change —
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP| -19% 19% 5% 3% 0% 3%
Baseline Fall 2016 43.93 38.72 36.73 39.45 50.20 56.72
Optimized w/out TSP Fall 2018
1-C Traffic Signal Second-by- Optimized with TSP Fall 2019
Delay Second AVL % Change —|
(in minutes) Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Fall 2016 49 51 49 51 54 58
Optimized w/out TSP Fall 2018
1-D Number of Second-by- Optimized with TSP Fall 2019
Stops at Red Second AVL % Change —
Signals Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Western Avenue Route 49 (Berwyn to 79th)
Optimized w/out TSP Sept. 2018 101.76 90.51 81.11 77.79 90.41 116.16
2: General Vehicle Optimized with TSP Sept. 2019 102.12 66.82 78.93 78.65 88.73 111.34
Travel Times lelelezt)a % Change —|
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP| 0% -35% -3% 1% -2% -4%
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 9 — CTA Western Avenue (Route X49) Performance Measures Summary

Western Avenue for CTA Route X49 (Berwyn to 79" St)
Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction North- | South- [ North- | South- | North- | South-
bound bound bound bound bound bound
Baseline Fall 2018 99.67 89.23 - - 101.79 | 112.59
Optimized w/out TSP - -
1-A Average Bus Optimized with TSP Fall 2019 96.39 83.90 - - 96.55 103.35
Travel Time AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP ’ )
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP[  -3% -6% - - -5% -9%
Baseline Fall 2018 10.02 8.75 - - 9.58 10.89
Optimized w/out TSP - -
1-B Bus Travel Optimized with TSP Fall 2019 8.02 5.83 - - 8.38 7.64
Time Variability | AVL System % Change —
(in minutes) Baseline vs. Optimized w/o TSP i
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP| -25% -50% - - -14% -42%
Baseline Fall 2016 38.70 48.88 - - 35.33 57.68
Optimized w/out TSP Fall 2018 - -
1-C Traffic Signal Second-by- Optimized with TSP Fall 2019 - -
Delay Second AVL % Change —|
(in minutes) Data Baseline vs. Optimized w/o TSP ’ )
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP - -
Baseline Fall 2016 42 47 - - 47 53
Optimized w/out TSP Fall 2018 - -
1-D Number of Second-by- Optimized with TSP Fall 2019 - -
Stops at Red Second AVL % Change —
Signals Data Baseline vs. Optimized w/o TSP ’ )
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP - -
Western Avenue Route X49 (Berwyn to 79th)
Optimized w/out TSP Sept. 2018 101.76 | 90.51 81.11 77.79 90.41 116.16
2: General Vehicle Optimized with TSP Sept. 2019 102.12 | 66.82 78.93 78.65 88.73 111.34
Travel Times TZE(T fg?fgt? % Change —| i i
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP - -
Baseline vs. Optimized with TSP| 0% -35% -3% 1% -2% -4%

Date: 12/14/2019
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 10 — CTA Western Avenue (Route 49B) Performance Measures Summary

Western Avenue for CTA Routes 49B (Howard to Brown Line Station)
Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction North- | South- | North- | South- | North- [ South-
bound | bound | bound | bound | bound | bound
Baseline Fall 2018 22.10 24.53 22.64 | 23.19 25.43 25.80
Optimized w/out TSP
1-A Average Bus Optimized with TSP Fall 2019 21.55 26.88 22.49 25.84 24.70 27.58
Travel Time AVL System % Change —|
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP|  -3% 9% -1% 10% -3% 6%
Baseline Fall 2018 3.57 3.98 3.23 3.07 3.87 3.58
Optimized w/out TSP
1-B Bus Travel Optimized with TSP Fall 2019 3.37 4.62 3.43 3.77 3.63 4.10
Time Variability | AVL System % Change —
(in minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP|  -6% 14% 6% 19% -1% 13%
Baseline Fall 2016 8.43 9.67 6.77 8.13 10.42 11.62
Optimized w/out TSP Fall 2018
1-C Traffic Signal Second-by- Optimized with TSP Fall 2019
Delay (in minutes) Second AVL . - % Change -
Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Fall 2016 11 13 11 13 13 13
Optimized w/out TSP Fall 2018
1-D Number of Second-by- Optimized with TSP Fall 2019
Stops at Red Second AVL % Change —
Signals Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Western Avenue Route 49B (Howard to Leland)
Optimized w/out TSP Sept. 2018 19.56 | 17.80 | 15.22 | 14.66 | 18.64 | 18.84
2: General Vehicle HERE Data Optimized with TSP Sept. 2019 21.11 17.76 | 17.42 14.41 | 20.00 | 18.48
Trave.l Times (in (2018-19) % Change —|
minutes) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP| 7% 0% 13% -2% 7% -2%

Date: 12/14/2019
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 11 — Pace Cermak Road Performance Measures Summary
Cermak Road for Pace Route 322 from IL Route 56 (Butterfield Rd.) to Cicero Avenue
Period AM Peak Midday PM Peak
Performance
Data Source o East- | West- | East- | West- | East- | West-
Measure Direction
bound | bound | bound | bound | bound | bound
Baseline
Optimized w/out TSP
Optimized w/out TSP Summer 2019 54.51 57.58 60.24 60.33 66.49 60.81
1-A Average Bus — -
. . . Optimized with TSP
Travel Time Timepoint Data -
(in minutes) ) o % Change —
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
Optimized w/out TSP Summer 2019 3.82 6.49 7.25 4.22 10.18 5.53
1°8 Bus Travel Optimized with TSP
Time Variability |Timepoint Data P -
(in minutes) ) o % Change —
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - - - -
Optimized w/out TSP - - - - - -
1-C Traffic Signal | Second-by- Optimized with TSP
Delay Second AVL % Change —|
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP - - - - - -
Baseline vs. Optimized with TSP
Baseline - - - - - -
Optimized w/out TSP - - - - - -
1-D Number of | Second-by- Optimized with TSP
Stops at Red Second AVL % Change —
Signals Data* Baseline vs. Optimized w/o0 TSP o i i -
Optimized w/o TSP vs. with TSP - - -
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
- — Speed / Delay Optimized w/out TSP*** Sept. 2019 51.18 51.90 49.30 50.99 58.14 57.63
- oenera . enicle Studies (2012- Optimized with TSP
Travel Times
. . 13) ; HERE Data % Change —
(in minutes) ) o
(2019) Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
*** HERE Data collected between IL Route 56 (Butterfield Rd.) to 54th Avenue.
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 12 — Pace Cicero Avenue Performance Measures Summary

Cicero Avenue for Pace Route 383 from 59th Street to 167th Street

Period AM Peak Midday PM Peak
Performance
M Data Source | North- | South- | North- | South- | North- | South-
easure Direction
bound | bound | bound | bound | bound | bound
Baseline Nov. 2012
Optimized w/out TSP July 2013
Optimized w/out TSP Summer 2019 53.27 54.12 58.66 57.45 58.61 61.12
1-A Average Bus — -
. . . Optimized with TSP
Travel Time Timepoint Data -
(in minutes) ] o % Change —
Baseline vs. Optimized w/o TSP (2012-13)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Nov. 2012
Optimized w/out TSP July 2013
Optimized w/out TSP Summer 2019 3.46 5.02 5.15 5.47 5.28 5.79
1°8 Bus Travel Optimized with TSP
Time Variability [Timepoint Data P -
(in minutes) ] o % Change —
Baseline vs. Optimized w/o TSP (2012-13)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - -
Optimized w/out TSP - - - -
1-C Traffic Signal | Second-by- Optimized with TSP
Delay Second AVL % Ch
(in minutes) Data* othange- - i i i
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - -
Optimized w/out TSP - - - -
1-D Number of | Second-by- Optimized with TSP
Stops at Red Second AVL % Ch
Signals Data* oLhange— - i ) )
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Nov. 2012 and
Mar. 2015
Optimized w/out TSP** July 2013 and June
2015
. . Speed / Delay
2: General Vehicle | o\ ie (2012- | Optimized w/out TSP+ Sept. 2019 4389 | 38.17 | 38.23 | 3882 | 4263 | 46.59
T_rave_l TI;nes 15); HERE Data Optimized with TSP
in minutes
( ) (2019) % Change —|
Baseline vs. Optimized w/o TSP (2012-15)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant between 87th Street to 115th Street in 2012 / 2013 and separately between
115" and 159" Street in 2015.

*** HERE Data collected between 87th Street and US Route 6 (159th Street).

Date: 12/14/2019
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 13 — Pace Dempster Street Performance Measures Summary
Dempster Street for Pace Route 250 from EImhurst Road to Ridge Avenue
Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction| 25t | West- | East- | West- | East- | West-
bound | bound | bound | bound | bound | bound
Baseline Feb. 2012 16.43 15.61 15.73 15.56 17.94 18.44
Optimized w/out TSP May 2012 16.36 15.77 18.17 16.27 20.22 20.21
Optimized w/out TSP Summer 2019 51.92 52.34 | 53.52 54.07 57.93 57.67
1-A Average Bus — -
. ' . Optimized with TSP
T_ravgl Time  |Timepoint Data % Change -
(In minutes) Baseline vs. Optimized w/o TSP 0% L% 16% 5% 13% 10%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Feb. 2012 3.80 418 3.68 423 3.71 5.99
Optimized w/out TSP May 2012 3.84 4.79 3.56 4.65 3.68 6.55
Optimized w/out TSP Summer 2019 4.79 6.34 5.12 5.90 5.23 7.48
1-BBusTravel | Optimized with TSP
Tln_we Vgnablllty Timepoint Data % Change -
(in minutes) Baseline vs. Optimized w/o TSP 1% 15% 3% 10% 1% 9%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - - -
Optimized w/out TSP - - - - -
1-C Traffic Signal | Second-by- Optimized with TSP
Delay Second AVL % Change —
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - - -
Optimized w/out TSP - - - - -
1-D Number of | Second-by- Optimized with TSP
Stops at Red Second AVL % Change —
Signals Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
Optimized w/out TSP*** Sept. 2019 53.72 46.21 | 49.50 | 48.85 50.28 56.56
2: General Yehicle Spe(.ed / Delay Optimized with TSP
T_rave_l Times | Studies (2012); % Change -
(in minutes) HERE Data ) o
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant from Potter Road to Cumberland Avenue and from Harlem Avenue to Skokie
Boulevard.

*** HERE Data collected between Mannheim Road in city of Des Plaines and Dodge Avenue in city of Evanston.
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 14 — Pace Grand Avenue (Lake County) Performance Measures Summary
Grand Avenue (Lake County) for Pace Route 565 from US 45 to Sheridan Road

Period AM Peak Midday PM Peak
Performance
M Data Source o East- | West- | East- | West- | East- | West-
easure Direction
bound | bound | bound | bound | bound | bound
Baseline Dec. 2014
Optimized w/out TSP Apr. 2015
Optimized w/out TSP Summer 2019 42.15 51.95 47.88 54.79 53.14 57.40
1-A Average Bus — -
. . . Optimized with TSP
Travel Time Timepoint Data
% Change —|

(in minutes) ) o
Baseline vs. Optimized w/o TSP

Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

Baseline Dec. 2014
Optimized w/out TSP Apr. 2015
Optimized w/out TSP Summer 2019 3.35 3.39 4.16 4,91 4.24 5.88
LBBusTravel | Optimized with TSP
Tlme Vfarlablllty Timepoint Data % Change
(in minutes) ) o g€
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - - -
Optimized w/out TSP - - - - -
1-C Traffic Signal | Second-by- Optimized with TSP
Delay Second AVL % Change —
(in minutes) Data* Baseline vs. Optimized w/o TSP| ’ ’ -
Optimized w/o TSP vs. with TSP - - - - -
Baseline vs. Optimized with TSP
Baseline - - - - -
Optimized w/out TSP - - - - -
1-D Number of | Second-by- Optimized with TSP
Stops at Red Second AVL % Change —|
Signals Data* Baseline vs. Optimized w/o TSP ’ i i i

Optimized w/o TSP vs. with TSP - - - . R
Baseline vs. Optimized with TSP

Baseline
Optimized w/out TSP**
) Speed / Delay Optimized w/out TSP*** Sept. 2019 23.94 21.43 26.39 23.30 26.54 23.34
2: General Vehicle . — -
. Studies (2014- Optimized with TSP
Travel Times
. . 15), HERE Data % Change —
(in minutes) ) o
(2019) Baseline vs. Optimized w/o TSP

Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
* Second-by-second AVL data not available from Pace AVL system during evaluation period.
*** HERE Data collected between Dilleys Road and Sheridan Road.
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 15 — Pace Halsted Street Performance Measures Summary
Halsted Street for Pace Route 352 from 95th St. to Chicago Heights Bus Terminal
Period AM Peak Midday PM Peak
Performance
Data Source o East- | West- | East- | West- | East- | West-
Measure Direction
bound | bound | bound | bound | bound | bound
Baseline
Optimized w/out TSP
Optimized w/out TSP Summer 2019 61.26 66.97 65.36 74.00 66.06 75.15
1-AAverageBus | Optimized with TSP
Travel Time Timepoint Data -
(in minutes) ) o % Change —
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
Optimized w/out TSP Summer 2019 4.19 4.89 4.18 8.12 5.21 8.67
1-BBusTravel 1| Optimized with TSP
Time Variability [Timepoint Data -
(in minutes) ) o % Change —
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - - - -
Optimized w/out TSP - - - - - -
1-C Traffic Signal | Second-by- Optimized with TSP - - - - - -
Delay Second AVL % Change —|
(in minutes) Data* Baseline vs. Optimized w/o TSP i i )
Optimized w/o TSP vs. with TSP - - - - - -
Baseline vs. Optimized with TSP - - - - - -
Baseline - - - - - -
Optimized w/out TSP - - - - - -
1-D Number of Second-by- Optimized with TSP - - - - - R
Stops at Red Second AVL v VA - i - i - i
. Racaling ve Ontimizadww/n TCD
Signals Data* o ]
Optimized w/o TSP vs. with TSP - - - - - -
Baseline vs. Optimized with TSP - - - - - -
Baseline - - - - - -
Optimized w/out TSP** - - - - - -
. Optimized w/out TSP*** September 2019 35.44 34.91 35.89 36.96 35.71 37.58
2: General Vehicle| e hata Optimized with TSP
Travel Times (2019) -
(in minutes) _ % Change -
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant along multiple signal systems of Cermak Road between July 2012 and April 2013
between IL Route 56 (Butterfield Rd.) to 54th Avenue.

*** HERE Data collected between IL Route 56 (Butterfield Rd.) to 54th Avenue.
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 16 — Pace Milwaukee Avenue Performance Measures Summary
Milwaukee Avenue for Pace Route 270 Golf Mill Mall and Jefferson Park CTA Station
Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction North- | South- | North- | South- | North- [ South-
bound | bound | bound | bound | bound | bound
Baseline Dec. 2010 20.81 22.52 21.49 23.62 22.31 26.87
Optimized w/out TSP April 2011 20.47 21.91 21.93 23.23 21.31 26.37
Optimized w/out TSP Summer 2019 25.9 26.2 26.7 27.1 26.3 31.4
1-A Average Bus — -
. . . Optimized with TSP
T_ravgl Time Timepoint Data % Change -
(in minutes) Baseline vs. Optimized w/o TSP (2010-11)** 2% 3% 2% 2% 4% 2%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Dec. 2010 6.6 9.8 6.7 7.2 8.1 6.7
Optimized w/out TSP April 2011 6.2 7.6 6.3 6.8 9.1 6.6
Optimized w/out TSP Summer 2019 2.7 24 2.8 2.9 2.8 5.2
LBBusTravel | Optimized with TSP
Tln_we Vgnablllty Timepoint Data % Change -
(in minutes) Baseline vs. Optimized w/o TSP (2010-11)** 6% -22% 6% 5% 13% 2%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - -
Optimized w/out TSP - - -
1-C Traffic Signal | Second-by- Optimized with TSP
Delay Second AVL % Change —|
(in minutes) Data* Baseline vs. Optimized w/o TSP i ’ ’
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - -
Optimized w/out TSP - - -
1-D Number of Second-by- Optimized with TSP
Stops at Red Second AVL % Change —|
Signals Data* Baseline vs. Optimized w/o TSP i ) i
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Dec. 2010 19.38 17.25 18.58 17.63 20.65 23.86
Optimized w/out TSP** April 2011 16.6 15.62 15.65 15.46 17.59 20.17
| Speed/Delay ™5 ntimized w/out TSP Sept. 2019 234 | 211 | 204 | 211 | 211 | 309
2: General Yehlcle Studies Optimized with TSP
T_rave_l Times (2010-11); % Change -
(in minutes) HE(FZQI(E)lIZ;z;ta Baseline vs. Optimized w/o TSP (2010-11)** -14% 9% 16% | -12% ) 15 ) -15%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant between Golf Road and Gale Street.
*** HERE Data collected between Golf Mill Mall to Jefferson Park CTA Station.
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 17 — Pace Roosevelt Road Performance Measures Summary
Roosevelt Road for Pace Routes 301 / 305 from Carlton Avenue to Laramie Avenue
Period AM Peak Midday PM Peak
Performance
Data Source . East- | West- | East- | West- | East- | West-
Measure Direction
bound | bound | bound | bound | bound | bound
Baseline
Optimized w/out TSP (Route 301) Summer 2019 69.86 | 70.81 | 7451 | 76.8 | 87.56 | 83.92
Optimized w/out TSP (Route 305) Summer 2019 22.05 | 20.93 | 2427 | 21.74 | 28.05 | 24.70
1-A Average Bus . . — .
. Timepoint Optimized with TSP
Travel Time Data -
(in minutes) ] o % Change —
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP (Route 301) Summer 2019 3.12 4.94 3.95 6.36 7.87 7.21
Optimized w/out TSP (Route 305) Summer 2019 5.22 2.58 4.97 2.85 5.38 4.45
1-B Bus Travel . . — -
. N Timepoint Optimized with TSP
Time Variability Data -
(in minutes) ] o % Change —
Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - - - -
Optimized w/out TSP - - - - - -
1-C Traffic Signal | Second-by- Optimized with TSP
Delay Second AVL % Change —|
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP - - - - - -
Baseline vs. Optimized with TSP
Baseline - - - - - -
Optimized w/out TSP - - -
1-D Number of | Second-by- Optimized with TSP
Stops at Red Second AVL % Change —
Signals Data* Baseline vs. Optimized w/o TSP T ) ) .
Optimized w/o TSP vs. with TSP - - - - - -
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
. |speed 7 Delay Optimized w/out TSP*** Sept. 2019 53.71 | 46.66 | 43.58 | 41.77 | 56.68 | 54.72
2: General Vehicle . — -
. Studies (2012 Optimized with TSP
Travel Times 15): HERE -
(in minutes) ' ] o % Change —
Data Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
*** HERE Data collected between Warrenville Rd. / West Street to IL Route 43 (Harlem Ave).
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 18 — Pace 95th Street Performance Measures Summary
95th Street for Pace Route 381 (88th Avenue to Stony Island Avenue)

Period AM Peak Midday PM Peak
Performance
M Data Source o East- | West- | East- | West- | East- | West-
easure Direction
bound | bound | bound | bound | bound | bound
Baseline May 2012 21.42 22.35 23.42 22.53 26.13 23.70
Optimized w/out TSP Oct. 2012 21.28 21.08 22.67 21.03 25.19 22.67
Optimized w/out TSP Summer 2019 26.5 28.08 31.39 29.49 33.31 29.24
1-A Average Bus — -
. . . Optimized with TSP
Travel Time Timepoint Data weh
(in minutes) OMNANGET  qop | aw | 6w | 3% | 7% | -4%

Baseline vs. Optimized w/o TSP (2012)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

Baseline May 2012 5.98 4.79 5.56 4.74 6.45 451
Optimized w/out TSP Oct. 2012 461 4.46 5.24 5.38 6.42 4.86
Optimized w/out TSP Summer 2019 2.72 2.99 4.18 3.19 4.85 3.78
LBBusTravel | Optimized with TSP
Tlme Vfarlablllty Timepoint Data o ch ~
(in minutes) OMNANGC T oz | 7w | 6w | 14w | % | 8w

Baseline vs. Optimized w/o TSP (2012)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

Baseline - - - - f
Optimized w/out TSP - - - - -
1-C Traffic Signal | Second-by- Optimized with TSP
Delay Second AVL % Change —
(in minutes) Data* Baseline vs. Optimized w/o TSP| ’ -

Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

Baseline - - - - -
Optimized w/out TSP - - - - R
1-D Number of | Second-by- Optimized with TSP
Stops at Red Second AVL % Change —|
Signals Data* Baseline vs. Optimized w/o TSP

Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

Baseline
Optimized w/out TSP**
2- General Vehicle | SP€€47 PelY [ ontimized w/out TSP+ Sept. 2019 4177 | 4224 | 4237 | 4329 | 47.07 | 4536
Travel Times | tdies (2012- Optimized with TSP
(in minutes) 14); HERE Data % Change -
(2019) -19% | -12% | -14% | -18% | -26% | -28%

Baseline vs. Optimized w/o TSP (2012-14)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
* Second-by-second AVL data not available from Pace AVL system during evaluation period.

** Speed / Delay Studies conducted by signal consultant between Oak Park Avenue to Western Avenue and from Roberts Road to I-
294.

*** HERE Data collected between Roberts Road in the city of Hickory Hills to Western Avenue in the village of Evergreen Park.
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 19 — Pace 147" Street Performance Measures Summary
147" Street / Sibley Boulevard for Pace Route 350 / 354 from Cicero Avenue to State Line Road
Period AM Peak Midday PM Peak
Performance
Measure | D@taSource Direction| 23St | West- [ East | West- | East- | West-
bound | bound | bound | bound | bound | bound
Baseline
Optimized w/out TSP (Route 350) Summer 2019 | 18.26 | 22.40 | 20.89 | 23.35 | 22.85 | 22.53
Optimized w/out TSP (Route 354) Summer 2019 | 10.41 | 10.68 | 10.73 | 10.76 | 11.45 | 11.65
1-AAverage Bus Timepoint Optimized with TSP
T_ravgl Time Data % Change
(in minutes) ] o ge
Baseline vs. Optimized w/o TSP (2015)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP (Route 350) Summer 2019 2.02 2.04 321 2.81 2.85 2.62
Optimized w/out TSP (Route 354) Summer 2019 1.17 1.44 1.87 1.88 1.99 1.84
1-B Bus Travel . . — -
. - Timepoint Optimized with TSP
Tm_1e V?.I’Iablhty Data % Change -
(in minutes) ] o
Baseline vs. Optimized w/o TSP (2015)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-C Traffic Signal | Second-by- Optimized with TSP
Delay Second AVL % Change —|
(in minutes) Data* Baseline vs. Optimized w/o TSP
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Optimized w/out TSP
1-D Number of | Second-by- Optimized with TSP
Stops at Red | Second AVL % Change —
Signals Data* Baseline vs. Optimized w/o TSP ) ) )
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline
Speed / Optimized w/out TSP
2: General Delay Optimized w/out TSP*** Sept. 2019 2859 | 28.68 | 28.65 | 28.77 | 31.40 | 31.46
Vehicle Travel Studies Optimized with TSP
Times (2015); % Change —
(inminutes) | HERE Data Baseline vs. Optimized w/o TSP
(2019) Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
*** HERE Data collected between Warrenville Rd. / West Street to IL Route 43 (Harlem Ave).
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Appendix H — Performance Measures for Long Term CTA / Pace TSP Corridors

Table 20 — Pace 159th Street Performance Measures Summary

159th Street Corridor for Pace Route 364 (Park Center Drive to IL 83 (Torrence Avenue)
Period AM Peak Midday PM Peak
Performance
Measure Data Source Direction East- | West- | East- | West- | East- | West-
bound | bound | bound | bound | bound | bound
Baseline Jan. 2013 17.3 16.7 16.5 17.8 17.2 17.3
Optimized w/out TSP April 2013 16.8 17.0 16.2 17.0 17.0 18.1
Optimized w/out TSP Summer 2019 57.5 60.6 60.2 62 62.1 60.7
1A A"era@!e Bus Timepoint Optimized with TSP
T_ravgl Time Data % Change -
(in minutes) Baseline vs. Optimized w/o TSP (2013)** 3% 2% 2% % 1% 5%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Jan. 2013 2.88 2.70 4.13 3.09 3.40 3.93
Optimized w/out TSP April 2013 3.19 3.42 4.36 3.61 3.81 4.68
Optimized w/out TSP Summer 2019 34 4 5.2 4.6 5.3 4.1
%-B Bus Traygl Timepoint Optimized with TSP
Time Variability
(in minutes) pata . - wehange o | or | 6w | 17w | 12m | 19%
Baseline vs. Optimized w/o TSP (2013)**
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - - -
Optimized w/out TSP - - - - -
1-C Traffic Signal| Second-by- Optimized with TSP
Delay Second AVL % Change —|
(in minutes) Data* Baseline vs. Optimized w/o TSP ’ ’ ’ ’
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline - - - - -
Optimized w/out TSP - - - - -
1-D Number of | Second-by- Optimized with TSP
Stops at Red Second AVL % Change —|
Signals Data* Baseline vs. Optimized w/o TSP ’ -
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP
Baseline Jan. 2013 7.41 7.68 7.84 8.32 8.41 8.75
Optimized w/out TSP** April 2013 7.36 7.72 7.35 7.42 7.27 7.56
2: General Speed / Delay Optimized w/out TSP*** Sept. 2019 33.02 31.59 35.21 33.26 37.71 35.27
Vehicle Travel Studies Optimized with TSP
Times (2013); HERE % Chanage —
(inminutes) | Data (2019) Baseline vs. Optimized w/o TSP (201??)** 1% 1% 6% A% -14% ) -14%
Optimized w/o TSP vs. with TSP
Baseline vs. Optimized with TSP

* Second-by-second AVL data not available from Pace AVL system during evaluation period.
** Speed / Delay Studies conducted by signal consultant between Crawford Avenue and Park Avenue.
*** HERE Data collected between Park Center Drive to IL 83 (Torrence Avenue).
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Appendix H - Comparison of Pace Near-Term Segments for TSP Deployment and Full Corridor Limits for TSP Deployment

Near Term Segments of

Near Term Pace Routes

Full Corridor Limits of

Long Term Pace Routes

Pace TSP Corridor TSP Deployment by Pace TSP Deployment by Pace Notes
From To Route Timepoint Boundaries From To Route Timepoint Boundaries
Cermak Road / 22nd IL Route 56.(B_utterf|eld 54th Avenue in the town . . . . Butterfield . . . . . very small difference in near and long
1 Rd.) and Fairfield Ave . 322 Timepoint 1 Timepoint 8 Cicero Avenue 322 Timepoint 1 Timepoint 8 [term segments. Recommend to use same
Street : of Cicero Road/Lambert Road . .
(village of Lombard) route 322 timepoints as noted.
. . . US Route 6 (159th Will need to include additional timepoints
2 IL- Route 50 (Cicero 87th Street in the village Street) in the city of Oak | 383 Timepoint 3 Timepoint8 |59 Street 167th Street 383 Timepoint 1 Timepoint 8 |as noted for the longer term corridor for
Avenue) of Oak Lawn
Forest Route 383.
. o o Difference noted in near and long term
IL Route 58 (D t Mannheim Road ty |Dodge A ty of . . . : . . . . .
3 oute 58 (Dempster ann em_1 oadinaty - (odge AvenUe In city o 250 Timepoint 1 Timepoint9 [Elmhurst Road Ridge Avenue 250 Timepoint 1 Timepoint9 [segments, but recommended to use same
St.) of Des Plaines Evanston . . ) .
timepoints for Route 250 on this corridor.
4 Grand Avenue (Lake Qllleys Road in the Sheridan Road in city of 565 Timepoint 1 Timepoint5 |U.s. 45 Sheridan Road 565 Timepoint 1 Timepoint 8 Will need to include additional tmepomts
County) village of Gurnee Waukegan as noted for the longer term corridor.
Halsted Street and . . . . . .
Ch Height . . . . Will need t lude t t ted
5 |Harvey TSP System 95" Street |cago elgnts 352 Timepoint 1 Timepoint 9 ' heed o Include |m§p0|n Sashote
Terminal for the longer term corridor.
Upgrade
6 [Milwaukee Avenue Golf Mill Jeffgrson Park CTA 270 Timepoint 1 Timepoint 6 |Golf Mill Jeffgrson Park CTA 270 Timepoint 1 Timepoint 6 No difference in near and long term
Station Station segments.
. Timepoint 1 Timepoint 10 . . -, . .
IL Route 38 (Roosevelt Warrerllwlle Rq. / West IL Route 43 (Harlem Ave) . . . . . 301 (301) (301) Will need to include additional tmepomts
7 Street in the city of o 301 Timepoint 1 Timepoint 10 |Carlton Avenue Laramie Avenue + . ; . ; as noted for the longer term corridor for
Rd.) in village of Forest Park Timepoint 1 Timepoint 4 . .
Wheaton 305 Route 305. No difference with Route 301.
(305) (305)
Roberts Road in the city [Western Avenue in the . . . . . . . . Need to request route 353 summer 2019
th th
8 95" Street of Hickory Hills village of Evergreen Park 381 Timepoint 3 Timepoint 8 |88™ Avenue Stony Island Avenue | 381 Timepoint 2 Timepoint 11 AVL data, do not have this yet.
350 Timepoint 2 Timepoint5 |Will need to include additional timepoints
9 IL Route 83 (147th St./ ]IL Route 1 (Halsted St.) [IL Route 83 (Torrence 350 Timenoint 2 Timenoint 4 lcicero Avenue State Line Road N (350) (350) as noted for the longer term corridor for
Sibley Blvd.) in the city of Harvey Avenue) in Calumet City P P 354 Timepoint 5 Timepoint 7 JRoute 350, and add the Route 354 to this
(354) (354) summary.
US Route 6 (159th Park Center Drive in the [IL Route 83 (Torrence very small difference in near and long
10 . . . 364 Timepoint 1 Timepoint 10 |94™ Avenue Torrance Avenue 364 Timepoint 1 Timepoint 10 Jterm segments. Recommend to use same
Street) village of Orland Park Avenue) in Calumet City . .
route 364 timepoints as noted.
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Appendix | - CTA AVL Data Summary Tables (Performance Measures 1-A and 1-B)

Ashland Avenue for CTA Route 9

Period AM Peak Midday PM Peak
Performance
Data Source L North- South- North- South- North- South-
Measure Direction
bound bound bound bound bound bound
November 2015 57.76 53.99 58.15 61.51 57.38 62.15
March 2016 52.53 49.28 54.28 55.92 53.45 56.65
Travel Time AVL System Spring 2018 49.92 49.42 50.10 54.05 50.37 56.23
(in minutes) Fall 2018 50.85 49.13 52.04 56.12 50.60 55.97
Spring 2019 52.43 47.55 53.65 51.95 49.82 55.93
Fall 2019 55.30 47.92 54.80 54,74 51.08 56.74
November 2015 4.15 4.04 4.48 5.43 5.14 7.00
March 2016 3.12 3.60 3.78 4.75 2.91 5.37
1-8 Bus _Trzf' June 2016 3.98 3.90 6.17 5.76 3.61 8.17
T Vi t -
'2: y 3';'3 I'n' Y |AavLsystem|  Spring 2018 6.26 352 3.46 4.68 3.83 6.47
minutes) Fall 2018 6.37 4.95 4.77 7.85 4.43 7.80
Spring 2019 3.95 3.77 4.61 4.88 4.81 5.38
Fall 2019 4.50 3.64 4.81 4.99 3.58 5.03
Ashland Avenue for CTA Route X9
Period AM Peak Midday PM Peak
Performance
Data Source o North- South- North- South- North- South-
Measure Direction
bound bound bound bound bound bound
March 2016 46.20 41.72 -- - 44.88 44,98
June 2016 49.74 41.98 42.80 40.84 44,14 49.28
1-A Average Bus -
Spring 2018 43.38 42.45 40.30 44,78 39.17 49.30
Travel Time AVL System
(in minutes) Fall 2018 46.20 43.73 41.32 43.67 41.76 47.67
Spring 2019 43.87 40.95 41.83 40.13 39.85 48.03
Fall 2019 46.94 42.18 41.32 42.80 39.91 47.60
March 2016 3.64 3.38 NA NA 5.29 3.06
1-B Bus Travel June 2016 4.74 4.37 2.58 5.03 4.63 5.07
i iabili Spring 2018 3.89 3.33 2.36 3.90 2.70 4.80
Time Variability AVL System pring
(std. dev. In Fall 2018 4.67 5.24 3.56 418 4.25 5.75
minutes) Spring 2019 4.07 3.49 3.37 3.79 3.33 452
Fall 2019 4.79 3.43 2.65 3.93 3.31 4.63




Appendix | - CTA AVL Data Summary Tables (Performance Measures 1-A and 1-B)

Western Avenue for CTA Route 49

Period AM Peak Midday PM Peak
Performance
Data Source L North- South- North- South- North- South-
Measure Direction
bound bound bound bound bound bound
Fall-Winter 2016 95.48 93.48 97.62 104.47 103.83 108.85
Fall 2017 97.27 91.65 97.35 101.85 104.10 109.02
1-A Average Bus Spring 2018 96.03 91.20 97.23 10218 | 10310 | 109.42
Travel Time AVL System
(in minutes) Fall 2018 96.57 91.28 97.34 102.01 104.31 107.40
Spring 2019 96.58 92.52 101.58 100.35 107.10 109.85
Fall 2019 96.88 92.02 100.86 100.17 106.08 112.54
Fall-Winter 2016 13.43 8.33 8.35 7.28 12.64 14.66
1-B Bus Travel Fall 2017 12.95 9.64 8.76 8.94 12.30 15.14
Time Variability Spring 2018 11.97 9.22 8.69 8.63 12.86 15.21
AVL System
(std.dev. In Fall 2018 13.98 9.03 8.48 8.57 12.53 15.60
minutes) Spring 2019 9.97 8.84 8.78 8.95 12.21 15.40
Fall 2019 11.73 11.21 8.88 8.83 12.54 16.15
Western Avenue for CTA Route X49
Period AM Peak Midday PM Peak
Performance
Data Source L North- South- North- South- North- South-
Measure Direction
bound bound bound bound bound bound
Fall-Winter 2016 93.12 86.22 N/A N/A 99.48 109.45
Fall 2017 94.62 88.88 N/A N/A 97.87 106.03
1-A Average Bus -
Spring 2018 94.31 86.74 N/A N/A 98.18 105.78
Travel Time AVL System
(in minutes) Fall 2018 99.67 89.23 N/A N/A 101.79 112.59
Spring 2019 94.27 83.27 N/A N/A 98.57 102.77
Fall 2019 96.39 83.90 N/A N/A 96.55 103.35
Fall-Winter 2016 8.22 6.85 N/A N/A 9.32 10.10
1-B Bus Travel Fall 2017 7.85 7.36 N/A N/A 8.41 7.72
i iabili Spring 2018 8.12 7.38 N/A N/A 8.68 8.84
Time Variability AVL System pring
(std.dev. In Fall 2018 10.02 8.75 N/A N/A 9.58 10.89
minutes) Spring 2019 752 5.48 N/A N/A 7.94 6.93
Fall 2019 8.02 5.83 N/A N/A 8.38 7.64
Western Avenue for CTA Route 49B
Period AM Peak Midday PM Peak
Performance
Data Source o North- South- North- South- North- South-
Measure Direction
bound bound bound bound bound bound
Fall-Winter 2016 22.23 23.35 21.85 21.58 25.22 23.63
Fall 2017 22.72 26.10 22.05 23.18 25.13 25.95
1-A Average Bus -
Spring 2018 21.73 24.79 22.38 23.78 25.26 25.87
Travel Time AVL System
(in minutes) Fall 2018 22.10 24.53 22.64 23.19 25.43 25.80
Spring 2019 21.63 27.28 22.30 25.92 25.13 27.48
Fall 2019 21.55 26.88 22.49 25.84 24.70 27.58
Fall-Winter 2016 4.14 4.10 3.16 2.78 3.49 3.30
1-B Bus Travel Fall 2017 3.74 4.40 3.23 2.77 3.27 341
i iabili Spring 2018 3.48 3.73 3.31 3.35 3.63 4.11
Time Variability AVL System pring
(std.dev. In Fall 2018 3.57 3.98 3.23 3.07 3.87 3.58
minutes) Spring 2019 3.25 4.42 3.01 3.37 3.79 4.06
Fall 2019 3.37 4.62 3.43 3.77 3.63 4.10
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