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1. INTRODUCTION 
 

These Technical System Requirements have been developed to provide requirements for 

how a regionally interoperable Transit Signal Priority (TSP) system will be implemented 

through the Regional Transit Signal Priority Implementation Program (RTSPIP).   

 

1.1. PURPOSE OF DOCUMENT 

 

The purpose of this Technical System Requirements document is to define what the 

TSP system will do and how its subsystems will function under the RTSPIP.  This 

document will set the technical scope of the TSP system to be implemented and serve 

as the basis for verifying the correct operation of the system and subsystems.   

 

1.2. PROJECT BACKGROUND 

 

The Regional Transportation Authority (RTA) is planning for the future expansion of 

TSP systems throughout the region.  The RTA has obtained federal funding through 

the federal Congestion Mitigation and Air Quality (CMAQ) improvement program.  

This funding will support a five-year program of TSP implementation along priority 

corridors for the benefit of strategic CTA and Pace bus routes in the region. The TSP 

program supports the goals of GO TO 2040 and improves air quality. 

 

The RTA is following the Systems Engineering process in planning for the 

implementation of a regionally interoperable TSP System throughout the Chicago 

region.  This Technical System Requirements document builds upon the Concept of 

Operations (ConOps) document.  Further detail on the Systems Engineering process 

and subsequent steps to be taken by the RTA are contained in the Systems 

Engineering Management Plan (SEMP) document. 
 

1.3. INTENDED AUDIENCE 

 

The intended audience for this document is the TSP Working Group, whose review 

and input on the Technical System Requirements will shape the TSP System to be 

implemented.  The TSP Working Group includes representatives from the RTA, the 

Chicago Transit Authority (CTA), Pace Suburban Bus Service (Pace), the Chicago 

Metropolitan Agency for Planning (CMAP), the Federal Transit Administration 

(FTA), the Chicago Department of Transportation (CDOT), the Illinois Department 

of Transportation (IDOT), and Lake County DOT.  Further detail on the roles and 

responsibilities of members of the TSP Working Group can be found in the Program 

Management Plan (PMP) developed for the RTSPIP program.   

 

1.4. DOCUMENT ORGANIZATION 

This document is divided into the following sections: 
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• Section 1 – Introduction – Presents the purpose of this document and an 

overview of the RTSPIP Program  

• Section 2 – RTSPIP System Components – Describes the TSP System and the 

related sub-systems to be deployed under the RTSPIP  

• Section 3 –Technical System Requirements – Defines the Technical System 

Requirements for each of the TSP Subsystems under the RTSPIP 

• Section 4 – Requirements Traceability – Describes how the requirements in this 

document are linked to goals and objectives identified in the ConOps document 

through the use of a traceability matrix 

• Section 5 – System Implementation Overview – Identifies next steps that 

regional stakeholders will need to follow in the Systems Engineering process of 

deploying and operating the TSP system 

• Appendix A -- Presents a compliance matrix demonstrating this document’s 

compliance with FHWA Rule 940 

 

1.5. REFERENCED DOCUMENTS 

 

1. Program Management Plan for the Regional Transit Signal Priority 

Implementation Program (RTSPIP).  Prepared by URS for the Regional 

Transportation Authority (RTA).  Version 1.2.  March 25, 2013. 

2. Systems Engineering Management Plan for the Regional Transit Signal Priority 

Implementation Program (RTSPIP).  Prepared by URS for the Regional 

Transportation Authority (RTA).  Version 1.2.  March 7, 2013. 

3. Concept of Operations (ConOps) for the Regional Transit Signal Priority 

Implementation Program (RTSPIP).  Prepared by URS for the Regional 

Transportation Authority (RTA).  Version 1.3.  April 29, 2013. 

4.  “System Engineering Guidebook for ITS”, version 3.0 dated November 2009.  

Available at: http://www.fhwa.dot.gov/cadiv/segb/  

5. Northeastern Illinois Regional ITS Architecture. Available at: 

http://data.cmap.illinois.gov/ITS/Default.aspx  

6. Regional Transportation Authority Mapping and Statistics (RTAMS) – Transit 

Signal Priority.  Available at: http://www.rtams.org/rtams/home.jsp  

7. NTCIP 1202:2005 – Object Definitions for Actuated Traffic Signal Controller 

(ASC) Units – version 02.  Available at: 

http://www.standards.its.dot.gov/fact_sheet.asp?f=89  

8. NTCIP 1211 version v01 – Object Definitions for Signal Control and 

Prioritization.  Available at: http://www.standards.its.dot.gov/fact_sheet.asp?f=89 

9. Chicago Metropolitan Agency for Planning (CMAP) GOTO2040 Comprehensive 

Regional Plan.  Available at: http://www.cmap.illinois.gov/2040/download-the-

full-plan  

10. The Way Forward: RTA Strategic Plan 2012-2016.  Available at: 

http://www.rtachicago.com/images/stories/About_the_RTA/Strategic%20Plan/Th

e%20Way%20Forward-Small.pdf  

11. Manual on Uniform Traffic Control Devices (MUTCD).  Available at: 

http://mutcd.fhwa.dot.gov/  
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12. Illinois Manual on Uniform Traffic Control Devices (IMUTCD).  Available at: 

http://www.dot.state.il.us/mutcd/utcdmanual.html  
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2. RTSPIP SYSTEM COMPONENTS 
 

This section of the document describes the TSP System and the related sub-systems to be 

deployed under the RTSPIP. 
 

2.1. PROPOSED TSP SYSTEM 

 

The proposed TSP system to be deployed through the RTSPIP is illustrated in Figure 

2-1 on the following page and described in further detail in the sub-sections that 

follow.  The system is divided into four general areas of communication between 

system components: 
 

1. Vehicle-to-Intersection (V-2-I): Represents equipment on-board Pace and CTA 

buses that communicates TSP requests and message sets to intersection-based 

equipment. 

2. Intersection-to-Intersection (I-2-I): Represents equipment at intersections that can 

relay TSP requests to signal controllers and to other intersections as needed for 

the purpose of TSP operations 

3. Intersection-to-Center (I-2-C): Represents the communications equipment that 

can relay operations data and logs from TSP equipment to Pace / CTA central 

offices for system administration purposes. 
 

The proposed TSP System will not access or interfere with the security of traffic 

signal operations and associated communications systems without expressed 

authorization of the transportation agency having jurisdiction.  The proposed TSP 

system interfaces are described further in Figure 2-2 by the interface letters that 

appear in Figure 2-1 below.   Further details on data flows between buses and 

intersections can be found in Section 3.6 of this document. 

 

In the long-term, the proposed TSP system to be deployed through the RTSPIP could 

migrate towards a Centralized TSP System in which TSP requests are originated from 

Pace / CTA Transit Management Centers.  This would require an additional layer of 

communications between transit and traffic management centers.  Refer to the 

Concept of Operations document previously developed for further information. 

 

It should be noted that this Technical System Requirements document was not 

developed to address a potential Centralized TSP System.  In future years, the TSP 

Working Group should re-visit the matter of how additional requirements could be 

developed to allow for migration from the current approach described in this 

document towards a Centralized TSP System.
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Figure 2-1. Overview of Proposed RTSPIP TSP System Operations 
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Figure 2-2. Description of Proposed RTSPIP TSP System Interfaces 

Interface Interface Name From: To: Agency Interface Description 

A Request TSP 
AVL System 

(Buses) 

Wireless Comm. 

Equipment (Buses) 
Pace / CTA 

A request for TSP sent from the AVL System on buses to wireless 

communications equipment on buses  

B 
TSP Message Sets 

via Radio Comm. 

Wireless Comm. 

Equipment (Buses) 

CBOX Equipment 

/ Signal Cabinets 
Pace / CTA 

A message set for TSP sent from wireless communications equipment 

on buses to the TSP System at traffic signals 

C TSP Data  

CBOX / Wireless 

Roadside 

Equipment 

CBOX / Wireless 

Roadside 

Equipment 

OEMC / Pace / 

CTA 

Communications between roadside equipment for the purposes of 

monitoring TSP operations between intersections 

D 
TSP Request + 

Status 

TSP / PRS Device Signal Controller Pace / CTA 
Requests for TSP from the TSP / PRS Device to the traffic signal 

controller. 

Signal Controller TSP / PRS Device Pace / CTA 

Decision on whether to grant or deny the TSP request is made by the 

signal controller.  Information to the TSP System may include 

“Granted / Denied” indication, and perhaps information on why the 

request was denied. 

E TSP Data Signal Controller Signal Controller 
CDOT / IDOT / 

Local DOTs 

Communications between roadside equipment for the purposes of 

monitoring TSP operations between intersections 

F 
Signal Monitoring 

and Control 

TMC System 

Administrators 

Master Signal 

Controller 

CDOT / IDOT / 

Local DOTs 

Monitor and configure traffic signal timings along a TSP corridor.  

Retrieve log information from signal controllers on TSP requests 

G 
TSP Monitoring and 

Control 

TSP System 

Administrators 
TSP / PRS Device Central Server 

Monitoring and configuration of TSP / PRS devices in signal cabinets 

through either wired or cellular connections  

H TSP Logs Central Server 
TSP System 

Administrators 
Pace / CTA Central server facilitates viewing of TSP log data by Pace / CTA 
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2.2. PROPOSED TSP SUB-SYSTEMS 
 

There are five general subsystems of the overall TSP System described in Figure 2-3 

below.  These subsystems are reflected in Figure 2-1 of this document. 

 

Figure 2-3. TSP Subsystem Descriptions and Relation to Proposed RTSPIP System Operations 

Subsystem Description 
Figure 2-1 

Area 

Figure 2-1 

Flows 

Priority Request 

Generator (PRG) 

Describes how the TSP request shall be 

initiated from the transit vehicle through 

the existing AVL system.  The PRG may 

consist solely of the AVL system, or could 

include additional on-board TSP 

equipment. 

V-2-I A 

Priority Request 

Server (PRS) 

Describes how the TSP request shall be 

processed at the signal cabinet.  The PRS 

may consist solely of the signal controller, 

or could include additional intersection 

based TSP equipment. 

I-2-I D 

TSP Protocols 

(PRO) 

Describes what information is transmitted 

between the vehicles and intersections 

during TSP events 

V-2-I B 

Communications 

(COM) 

Describes how communications equipment 

on the vehicle and near the intersection 

shall function to transmit information 

between the vehicles, intersections, and 

central offices 

V-2-I, I-2-I, 

I-2-C 
C, E, F 

TSP Central 

Software (SOFT) 

Describes how software at a central office 

shall function to monitor TSP operations in 

the field 

I-2-C G, H 

 

The use of PRG and PRS terminology originates from National Transportation 

Communications for ITS Protocol (NTCIP) standards in TSP System operations.  

NTCIP standard 1211 defines data elements for information management and the 

operations of signal control and prioritization (SCP).  This standard organizes 

functional requirements, user requirements, and includes scenarios and use cases that 

are similar to the desired type of TSP System desired through the RTSPIP.   NTCIP 

1211 is also intended to work in conjunction with the coordination object definitions 

and functions defined in NTCIP standard 1202 – Object Definitions for Actuated 

Signal Controllers – which is commonly used by signal controllers throughout the 

Chicago region. 

 

Figure 2-4 on the following page illustrates the basic flows of communications 

between PRG and PRS equipment during TSP operations.  This is representative of 

the proposed RTSPIP system operations depicted in Figure 2-1 in which buses (acting 
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as the PRG) send a TSP request to intersections (acting as the PRS).  The traffic 

signal controller receives the request from the PRS and either grants or denies the 

TSP request.  The Fleet Management Center represents Pace / CTA transit 

management centers and the Traffic Management Center represents CDOT / IDOT / 

Local DOTs that communicate with traffic signal controllers in the field.  
 

Figure 2-4. NTCIP 1211 Scenario 4 of TSP Operations 

 
 

2.3. CENTRALIZED TSP SYSTEM COMMUNICATIONS 

 

In the long-term, the proposed TSP system to be deployed through the RTSPIP could 

migrate towards a Centralized TSP System in which TSP requests are originated from 

Pace / CTA Transit Management Centers.  This would require an additional layer of 

communications between transit and traffic management centers.  The system could 

be divided into four general areas of communication between system components: 
 

1. Vehicle-to-Center (V-2-C): Represents equipment on-board Pace and 

CTA buses that communicates on a frequent basis (i.e. second-by-second) 

with Pace / CTA transit management centers. 

2. Center-to-Center (C-2-C): Represents the communications network 

equipment (i.e. fiber, cellular, T1, etc…) that can relay TSP requests from 

Pace / CTA transit management centers to CDOT / IDOT traffic 

management centers. 

3. Center-to-Intersection (C-2-I): Represents the fiber network / wireless 

communications equipment that can receive TSP requests from CDOT / 

Signal Control Priority

Scenario 4

Priority 

Request 

Generator

Priority 

Request 

Server

Traffic 

Management 

Center

Fleet 

Management 

Center

Fleet 

Vehicle (s)

Traffic Signal 

Controller 

(Coordinator)
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IDOT traffic management centers and relay operations data and logs from 

TSP equipment to Pace / CTA central offices for system administration 

purposes. 

4. Intersection-to-Intersection (I-2-I): Represents equipment at intersections 

that can relay TSP operations data and logs from TSP equipment to other 

intersections along the corridor. 

 

This type of implementation is consistent with NTCIP 1211 Scenario 1 as illustrated 

below in Figure 2-5 below.  Further discussion of the potential centralized TSP 

System communications is contained in the Concept of Operations document. 

 

Figure 2-5. NTCIP 1211 Scenario 1 of TSP Operations 
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3. TECHNICAL SYSTEM REQUIREMENTS 
 

The Technical System Requirements are presented in the following sub-sections by the 

five sub-systems presented in Figure 2-3 of this document.  There are multiple types of 

requirements, which include:  

 

• Functional Requirements (F) – Describes the functional capabilities of the 

TSP System and how its subsystems will function 

• Performance Requirements (P) – Describes the performance levels that must 

be achieved by the end systems 

• System Requirements (S) – Describes the conditions for the operations and 

use of the TSP system, including the communication requirements to be able 

to send messages from the AVL system to the signal controller through a 

series of hardware and software both on the transit vehicles and in the traffic 

signal cabinet.   

• Environmental Requirements (E) – Describes under what environmental 

conditions the system shall operate 

• Non-Functional Requirements (NF) – Describes other non-technical, non-

functional conditions the system shall operate under 

 

Each requirement in the following sub-sections includes a type noted by the abbreviated 

letters above. 

 

Each requirement also includes an indication of its importance under the RTSPIP, as 

defined below:  

 

• Mandatory (M) – This requirement must be met by TSP Systems deployed by 

TSP Implementers under the RTSPIP. 

• Valued (V) – This requirement is valued to be operational in TSP Systems 

deployed by TSP Implementers, and should be discussed with TSP Installers 

to determine whether or not the requirements can be met. 

• Optional (O) – This is an optional requirement that is desired, but may not be 

possible given constraints presented by on-board bus equipment, signal 

controller equipment, or TSP equipment currently deployed in the region. 
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3.1. PRIORITY REQUEST GENERATOR (PRG) 
 

The PRG subsystem requirements describe how the TSP request shall be initiated 

from the transit vehicle through the existing AVL system.  Additional functional 

requirements are also detailed in Figure 3-2 below. 

 

Depending on the desired type of TSP implementation, the PRG may consist solely of 

the AVL system sending an NTCIP-based message set from the vehicle through 

existing or new communications equipment.  The PRG may also consist of separate 

TSP equipment connected to the AVL System that sends the NTCIP-based message 

from the vehicle through existing or new communications equipment.  Figure 3-1. 

Priority Request Generator (PRG) Subsystem Requirements 
 

Figure 3-2. Priority Request Generator (PRG) Subsystem Requirements 

ID Type Requirement Importance Notes 

PRG-1  S 

The PRG shall generate priority requests based on 

schedule adherence conditions measured by the AVL 

System 

M  

PRG -2 S 

The PRG shall generate priority requests based on vehicle 

location (need to reference a level of accuracy within 

space and time) 

M 

This is for the check-

in-and check-out 

process of requesting 

TSP.  Not certain how 

AVL vendors provide 

this. 

PRG -3 S The vehicle location shall be provided by the AVL system V 

This will be based on 

whether the accuracy 

of the existing AVL is 

sufficient for TSP; 

otherwise provided by 

other methods 

 S 

The PRG shall generate priority requests based on 

conditions in addition to schedule adherence measured by 

the AVL System, including: 

O 

AVL functionality, but 

could also be done by 

some transit vehicle 

detection vendors. 

PRG -4 S a) Passenger occupancy O 

Not recommended 

because APC data is 

not reliable in real time 

PRG -5 S b) Time-of-day V  

PRG -6 S c) Type of route (BRT, express, local, etc…) V  

PRG -7 S d) Presence of exclusive transit phase V 
Queue Jump or transit 

signal display 

PRG -8 F 

The PRG shall generate a TSP corridor check-in message 

at the first TSP intersection encountered on the corridor, 

regardless of schedule adherence or other conditions 

measured by the AVL system, for the purposes of travel 

time analysis and TSP performance reporting 

V 
For travel time analysis 

on TSP Corridors 

PRG -9 F 

The PRG shall generate a TSP corridor check-out 

message at the last TSP intersection encountered on the 

corridor, regardless of schedule adherence or other 

conditions measured by the AVL system, for the purposes 

of travel time analysis and TSP performance reporting  

V 
For travel time analysis 

on TSP Corridors 
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Figure 3-2. Priority Request Generator (PRG) Subsystem Requirements 

ID Type Requirement Importance Notes 

PRG -10 E 

The PRG shall interface with the battery of the bus for 

power supply, and be capable of full operation from 12 to 

28 VDC 

M 

Need to accommodate 

hard starts/stops 

(startup/shutdown) 

PRG -11 F 

The PRG shall require no action from the bus driver to 

initiate operations of the TSP System, and thus cause no 

interference to the bus driver  

M 

Need the operator to 

log into a route/block 

in order for TSP to be 

active. 

PRG -12 F 

The PRG shall log priority requests made through 

messages sent to the PRS 

a) Each bus should log each time it traverses a TSP 

intersection regardless of whether it is requesting TSP 

b) Each log should include whether or not the bus met the 

schedule adherence (lateness) threshold  (needs further 

discussion) 

M 

 

 

 

 

Messages sent to PRS 

would include 

timestamps of requests 

PRG -13 P 
The PRG shall successfully operate to request signal 

priority at a minimum performance rate of 99% 
M  

 E 

The PRG that is not part of the AVL system shall 

successfully operate and not suffer any performance 

degradation, corrosion, deterioration, or abnormal wear 

under the following conditions:  

M 

On-vehicle standards 

Does not apply to AVL 

or other existing 

systems 

PRG -14 E 
a) Temperature: operate over a temperature range 

specified by NEMA T2 standards 
M  

PRG -15 E 
b) Humidity: operate over a relative humidity range 

of 20 percent to 95 percent 
M  

PRG -16 E 
c) Inclination: operate from 0 to 18 degrees off 

vertical 
M  

PRG -17 E 

d) Water/Moisture: water/moisture from wind-

blown rain, passengers, and/or interior and 

exterior bus/car wash equipment 

M  

PRG -18 E e) Vibration: FCC Part 15 Class A Devi M  

PRG -19 F 

PRG equipment that is not part of the AVL System shall 

be remotely accessible for purposes of retrieving logs and 

configuring PRG equipment 

a) In garage (mandatory) 

b) For bus on route (value) 

M 

Need to determine 

whether the 

requirement refers to 

bus on route (“on the 

fly”) or just in the 

garage (in garage is 

less complicated and 

recommended) 

PRG -20 F 

PRG equipment that is not part of the AVL System shall 

be compatible with installed communication systems of 

existing Priority Request Servers in the region 

V 

PRG shall be 

interoperable with 

existing PRSs and TSP 

Systems 

PRG -21 F 

PRG equipment not part of the AVL System shall 

interface (via the AVL) with bus door open / close sensors 

to allow the ability to disable requests for TSP when bus 

doors are opened.  This should be configurable by 

intersection, route, etc.  This has to be addressed at the 

PRS, communication system, logs (i.e. incorporated into 

the message set). 

O 

Not certain if the AVL 

System can cancel a 

TSP call based on door 

open / door close status 
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Figure 3-2. Priority Request Generator (PRG) Subsystem Requirements 

ID Type Requirement Importance Notes 

PRG -22 F 

PRG equipment not part of the AVL System shall 

interface (via the AVL) with next stop pull cords to allow 

the ability to disable requests for TSP when pull cords are 

activated to request a stop at a near-side bus stop. This 

should be configurable by intersection, route, etc. This has 

to be addressed at the PRS, communication system, logs. 

(i.e. incorporated into the message set). 

O 

Not certain if the AVL 

System can cancel a 

TSP call based on pull 

cord status.   

PRG -23 E 

PRG equipment not part of the AVL System shall be 

surge protected and not suffer damage or corruption of 

data as a result of short duration spikes in peak voltage. 

Refer to 47 CFR Ch. I, subchapter A, part 15, subparts A 

and C. 

M  

PRG -24 F 

PRG equipment not part of the AVL System shall utilize 

Simple Network Management Protocol (SNMP) version 2 

for alerting staff about: a) devices not receiving 

communications from AVL Systems, b) devices not 

communicating to signal controllers, c) devices not 

reporting to central software. 

V 
Health monitoring of 

PRS at intersections 

 

3.2. PRIORITY REQUEST SERVER (PRS) 
 

The PRS subsystem requirements describe how the TSP request shall be processed at 

the signal cabinet.  Additional functional requirements are also detailed in Figure 3-3 

below. 

 

Depending on the desired type of TSP implementation, the PRS may consist solely of 

the traffic signal controller receiving an NTCIP-based message set from the vehicle 

through existing or new communications equipment.  The PRS may also consist of 

separate TSP equipment connected to the signal controller that receives an NTCIP-

based message from buses and sends a simple communication (i.e. electronic pulses) 

to the signal controller through existing or new communications equipment. 
 

Figure 3-3. Priority Request Server (PRS) Subsystem Requirements 

ID Type Requirement Importance Notes 

PRS-1  F 

The PRS shall process priority requests from eligible 

buses according to the VehicleClassType and 

VehicleClassLevel 

V  

PRS -2 F 

The PRS shall differentiate between a preemption and a 

priority request such that preemption requests are granted 

higher priority over priority requests from buses 

V 
This is a function of 

the signal controllers. 

 F 
The PRS shall log the following information regarding 

TSP events: 
M  

PRS -3 F a) Date and time that TSP request begins  M  

PRS -4 F b) Date and time that TSP request ends V  

PRS -5 F c) Duration of the TSP request  V  

PRS -6 F 
d) Indication of whether or not TSP was granted or 

denied by the signal controller 
V 

Depends on controller 

capabilities 
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Figure 3-3. Priority Request Server (PRS) Subsystem Requirements 

ID Type Requirement Importance Notes 

PRS -7 F e) Directional heading of the vehicle V  

PRS -8 F f) Vehicle ID number M  

PRS -9 F g) Intersection ID number M  

  
The PRS shall send the following information to the PRG 

regarding TSP events: 
  

PRS -10 F 
a) Indication of whether or not TSP was granted or 

denied by the signal controller 
V 

Depends on controller 

capabilities 

PRS -11 F b) Reason for TSP denial by signal controller V 

TSP could be denied 

due to EVP calls, other 

active TSP, controller 

re-service, controller 

re-sync,  

  

The PRS shall log all information transmitted from the 

vehicle to the intersection as reflected in the following 

requirements 

  

PRS -12 F a) PRO-2 through PRO-21 M  

PRS -13 F 

The PRS shall process priority requests from eligible 

buses based on the schedule lateness of the vehicle 

requesting TSP  

O 
Based on PRO-17 

requirement 

 F 
The PRS shall inhibit TSP requests made to the signal 

controller by the following: 
V  

PRS -14 F a) Time-of-day V  

PRS -15 F b) Day-of-week V  

PRS -16 F 
c) Direction of TSP request (i.e. north or south, 

east or west) 
V  

PRS -17 F 

PRS equipment that is not part of the signal controller 

shall be remotely accessible for purposes of retrieving 

logs and configuring PRS equipment 

M  

PRS -18 F 

PRS equipment that is not part of the existing traffic 

signal controller shall be compatible with existing PRG 

components in the region 

V 

PRS shall be 

interoperable with 

existing PRGs and 

TSP Systems.   

PRS -19 S 

PRS equipment that is not part of the existing traffic 

signal controller shall receive power located within the 

signal cabinet through available circuit breakers located 

within the signal cabinet 

M  

PRS -20 F 

PRS equipment that is not part of the existing traffic 

signal controller shall be furnished with appropriate 

power supply unit and power cables in the event that 

existing power at the traffic signal cabinet or the source 

of power cannot be utilized 

M  

PRS -21 P 

PRS equipment that is not part of the existing traffic 

signal controller shall successfully operate to receive and 

process signal priority requests from transit vehicles at a 

minimum performance rate of 99% 

M  

PRS -22 E 

PRS equipment that is not part of the existing traffic 

signal controller shall comply with NEMA TS2 standards 

for temperature ranges 

M  

PRS -23 S 

PRS equipment that is not part of the existing traffic 

signal controller shall require minimal maintenance, 

which is no more frequently than on an annual basis  

M  
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Figure 3-3. Priority Request Server (PRS) Subsystem Requirements 

ID Type Requirement Importance Notes 

PRS -24 F 

PRS equipment that is not part of the existing traffic 

signal controller shall utilize Simple Network 

Management Protocol (SNMP) version 2 for alerting staff 

about: a) devices not receiving communications from 

buses, b) devices not communicating with signal 

controllers, c) devices not reporting to central software. 

M 
Health monitoring of 

PRS at intersections 

PRS -25 F 

PRS equipment that is not part of the existing traffic 

signal controller shall utilize Simple Network 

Management Protocol (SNMP) version 3 for alerting staff 

about: a) devices not receiving communications from 

buses, b) devices not communicating with signal 

controllers, c) devices not reporting to central software 

V 
Health monitoring of 

PRS at intersections 

 

 

3.3. TSP PROTOCOLS (PRO) 
 

The requirements for TSP Protocols (PRO) in Figure 3-4 below describe what 

information is transmitted between the vehicles and intersections during TSP events. 

 

TSP requests sent from buses to intersections under the RTSPIP shall be made in 

accordance with NTCIP standards.  The message to be transmitted to the intersection 

may include some or all of the message components identified in Figure 3-4 below. 
 

Figure 3-4. TSP Protocols (PRO) Requirements 

ID Type Requirement Importance Notes 

PRO-1  F 
The TSP request shall be a secure priority request that 

utilizes NTCIP 1211 protocols for signal priority  
V  

 F 
The message shall include, at a minimum, the following 

critical items in the stated formats: 
M  

PRO -2 F a) Vehicle ID (alphanumeric value) M  

PRO -3 F b) Intersection ID (numeric value) M 

Used in identifying the 

specific intersection 

for which TSP is 

needed 

PRO -4 F c) Direction of TSP Required (numeric value) M 

Used in identifying the 

specific signal phase 

for which TSP is 

needed 

PRO -5 F d) Unique ID for PRS (numeric value) M 

Used for instances of 

un-conditional TSP 

operations 

 F 
The message shall include the following additional items 

in the stated formats: 
M  

PRO -6 F e) Route ID (alphanumeric value) M  

PRO -7 F f) Run number (numeric value) M 

Used in identifying the 

block of time during 

which the bus is 

requesting TSP 
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Figure 3-4. TSP Protocols (PRO) Requirements 

ID Type Requirement Importance Notes 

PRO -8 F g) Request ID (numeric value) M 
Unique ID number for 

record purposes 

PRO -9 F h) Agency ID (numeric value) M 

Indicates either Pace 

or CTA making the 

TSP Requests: could 

be 1 for CTA, 2 for 

Pace 

PRO -10 F i) TSP Request: initiate TSP request (numeric value) M  

PRO -11 F j) TSP Clear: clear TSP request (numeric value) M  

PRO -12 F k) TSP Cancel: cancel TSP request (numeric value) M  

PRO -13 F l) Route type (numeric value) M 

Could indicate 1 for 

local, 2 for express, 3 

for BRT, etc… 

PRO -14 F m) Vehicle Approach (alphabetic value) M  

PRO -15 F n) GPS Timestamp of TSP call (numeric value) M GPS based time 

PRO -16 F 
o) Time to hold call prior to TSP Clear (numeric 

value) 
M 

Part of CTA Jeffrey 

Jump message set 

PRO -17 F 
p) Schedule lateness at time of request (numeric 

value) 
M 

Lateness would have 

to come from AVL 

System 

PRO -18 F q) Bus occupancy at time of request (numeric value) O 

Ridership would have 

to come from AVL 

System 

PRO -19 F 
r) Vehicle Location in Longitude, Latitude (numeric 

values) 
M  

PRO -20 F s) Time of Service Desired (numeric value) M 
Standard NTCIP 

object 

PRO -21 F t) Estimated Departure Time (numeric value) M 
Standard NTCIP 

object 

 

3.4. TSP COMMUNICATIONS (COM) 
 

The requirements for TSP Communications equipment (COM) in Figure 3-5 below 

describe how communications equipment on the vehicle and near the intersection 

shall function to transmit information between the vehicles, intersections, and central 

offices.  
 

Figure 3-5. TSP Communications (COM) Requirements 

ID Type Requirement Importance Notes 

General Requirements 

COM -1 F 

COM equipment shall not cause any radio interference to 

existing emergency vehicle communications at the 

intersection or transit radio communications on the buses. 

M  

V-2-I COM Requirements 

COM -2 F 

COM equipment on the buses shall utilize 5 GHz radios 

for vehicle-to-intersection communications with 

corresponding 5 GHz radios at the roadside for the 

purpose of sending TSP messages to traffic signals 

M  
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Figure 3-5. TSP Communications (COM) Requirements 

ID Type Requirement Importance Notes 

COM -3 F 
COM equipment shall use 802.11n protocols at a 

minimum for vehicle-to-intersection communications. 
M  

COM -4 F 

COM equipment shall use multiple input multiple output 

MIMO Wi-Fi radios and antenna to mitigate multipath 

interference. 

M  

COM -5 F 
COM equipment shall provide the bandwidth and latency 

adequate to reliably operate TSP. 
M  

COM -6 F 
COM equipment shall use an existing antenna or combine 

antenna into one external housing. 
V  

COM -7 F 

COM equipment shall be designed to operate in a mobile 

environment, and able to handle the environmental 

conditions encountered in normal operation.  

M  

COM -8 F 
COM equipment shall interface with the existing bus 

router for the respective agency.   
M  

COM -9 F 

COM equipment on the bus shall utilize a minimum level 

of data encryption in sending data from the bus to the 

intersection 

M  

COM -10 F 

COM equipment on the vehicle shall utilize Simple 

Network Management Protocol (SNMP) version 2 for 

device management and health monitoring purposes 

M 
Health monitoring of 

radios on buses 

COM -11 F 

COM equipment on the vehicle shall utilize Simple 

Network Management Protocol (SNMP) version 3 for 

device management and health monitoring purposes 

V 
Health monitoring of 

radios on buses 

COM -12 F 

COM equipment on the buses shall transmit log data 

from the PRG on the buses to a SQL database for 

processing by TSP Central Software, which shall include 

the following data elements previously defined in this 

document: 

M  

COM -13 F a) PRO-2 through PRO-21 M  

COM -14 F b) PRS-10 and PRS-11  M  

I-2-I COM Requirements 

COM -15 S 
COM equipment shall receive power from the signal 

cabinet  
V  

I-2-C COM Requirements  

COM -16 F 

COM equipment at the intersection shall utilize Simple 

Network Management Protocol (SNMP) version 2 for 

device health monitoring and configuration purposes 

M 
Health monitoring of 

radios at intersections 

COM -17 F 

COM equipment at the intersection shall utilize Simple 

Network Management Protocol (SNMP) version 3 for 

device health monitoring and configuration purposes 

V 
Health monitoring of 

radios at intersections 

COM -18 F 

Backhaul of COM equipment data shall utilize wired 

connections between intersections and central offices 

where possible. 

V  

 

3.5. TSP CENTRAL SOFTWARE (SOFT) 

 

The requirements for TSP Central Software (SOFT) in Figure 3-6 below describe 

how software at a central office shall function to monitor and configure TSP 

operations in the field. 
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Figure 3-6. TSP Central Software (SOFT) Requirements 

ID Type Requirement Importance Notes 

SOFT-1  F 
SOFT shall perform remote monitoring and configuration 

of TSP system components 
M  

SOFT -2 F 
SOFT shall perform real-time remote monitoring and 

configuration of TSP system components 
V  

SOFT -3 F 
SOFT shall retrieve TSP message sets and data logs 

transmitted from the PRG and the PRS 
M  

SOFT -4 F 
SOFT shall utilize a web-based interface for retrieving 

TSP message sets and log data transmitted from the PRG  
M  

SOFT -5 F 
SOFT shall utilize SNMP version 2 for COM device 

health monitoring and configuration purposes 
M  

SOFT -6 F 
SOFT shall utilize SNMP version 3 for COM device 

health monitoring and configuration purposes 
V  

SOFT -7 F 
SOFT shall permit different levels of access for multiple 

user roles, agencies, or jurisdictions 
M  

  

SOFT shall allow users to retrieve TSP data logs and 

view TSP data by selecting a combination of any of the 

following characteristics: 

  

SOFT -8 F a) Within a specified date range field M 

Based on 

Timestamps of TSP 

requests 

SOFT -9 F b) Time of day M 

Based on 

Timestamps of TSP 

requests 

SOFT -10 F c) Day of week M 

Based on 

Timestamps of TSP 

requests 

SOFT -11 F d) Agency ID field M  

SOFT -12 F e) One or multiple Route IDs M  

SOFT -13 F f) One or multiple Intersection IDs M  

SOFT -14 F g) One or multiple Vehicle IDs M  

SOFT -15 F h) Direction of travel M  

SOFT -16 F i) One or multiple Request ID fields M  

SOFT -17 F 
j) Number TSP requests granted and denied by signal 

controller 
V  

SOFT -18 F k) Reasons for TSP denial by signal controller V  

SOFT -19 F 

SOFT shall present TSP data logs in a table format with 

each data field in a separate column identified with a 

header row 

M  
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Figure 3-6. TSP Central Software (SOFT) Requirements 

ID Type Requirement Importance Notes 

SOFT -20 F 

SOFT shall provide reporting functions of the data that is 

readily exportable to Microsoft Access or Microsoft 

Excel or equivalent 

M  

SOFT -21 F SOFT shall query TSP System daily activity files M  

SOFT -22 F SOFT shall archive TSP System daily activity files  V  

SOFT -23 F 
SOFT shall aggregate Intersection ID fields to present 

TSP system log data by TSP Corridor  
M  

SOFT -24 F 
SOFT shall present vehicle travel times on TSP Corridors 

by Route ID for performance measurement purposes 
V 

Based on 

Timestamps of TSP 

requests 

SOFT -25 F 
SOFT shall present number of communication failures as 

reported by COM devices on buses. 
V  

SOFT -26 F 

SOFT shall provide a graphical user interface to all 

functions, settings, and technical parameters of PRG, 

PRS, and COM components 

V  

SOFT -27 F 

SOFT shall permit individual System Users and groups 

of System Users to log on with authorized user names 

and passwords, log off, print reports, view system status 

information, and configure TSP System operations 

V  

SOFT -28 F 

SOFT shall allow a System Administrator to assign 

multiple levels of system configuration access privileges 

to individual System Users and groups of System User 

V  

SOFT -29 F 

SOFT shall display PRG, PRS, and COM components 

against a graphical representation of their respective 

geographic locations 

V  

SOFT -30 F 

SOFT shall display PRG, PRS, and COM components 

with icons that are automatically updated based on the 

current state of those components 

V  

SOFT -31 F 

SOFT shall include tools for System Users / 

Administrators to modify and add functioning icons for 

new PRG, PRS, and COM components 

V  

 
 

 

 

 

3.6. TSP DATA FLOW DIAGRAMS 

 

The TSP data elements transmitted between the various TSP subsystems are 

illustrated in Figure 3-6, Figure 3-7, and Figure 3-8 below.  Data elements are 

referred to with their specific ID as noted Figures 3-1 through 3-5 of this section. The 

diagrams present different options for how TSP data could be transmitted from buses 

and intersections for TSP system monitoring by Pace and CTA.   

 

Figure 3-6 illustrates one option of data elements being transmitted from intersections 

along a TSP corridor to Pace and CTA transit management centers.  This includes 

data recorded on the TSP / PRS device that may be needed within the signal cabinet, 
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as well as radio health monitoring system information from 5 GHz radios along the 

TSP corridor.  These data elements could be transmitted along existing interconnect 

between traffic signals, or via new interconnects that may be needed to transfer data 

to a signal cabinet including a master signal controller.   

 

Backhaul of the data elements from the master controller cabinet to Pace and CTA 

transit management centers could occur over a wired or wireless connection 

depending on the communications infrastructure available.  It should be noted that 

this option allows for real-time monitoring of TSP activity on the PRS devices, as 

transit and traffic agencies would be able to monitor and review the most recent TSP 

activity recorded along TSP corridors.   

 

Figures 3-7 and 3-8 illustrate another option of retrieving TSP data elements from 

buses traveling on TSP corridors.  Figure 3-7 shows Pace / CTA buses sending TSP 

Data to PRS devices and receiving information back from the PRS on whether TSP 

was granted or denied, and reasons for why TSP was denied at an intersection.  

Figure 3-8 illustrates buses sending recorded TSP data elements from the buses to 

Pace and CTA transit management centers for monitoring and review by transit and 

traffic agencies.   
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Figure 3-7. TSP Data Elements Transmitted between TSP Corridor Roadside and TSP Central Software 
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Figure 3-8. TSP Data Elements Transmitted between Pace / CTA Buses and TSP Corridor Roadside 

 

 
 
 

 

 



  Regional Transportation Authority 
  Technical System Requirements  
 
 

  26 

Figure 3-9. TSP Data Elements Transmitted between Pace / CTA Buses and TSP Central Software 
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4. REQUIREMENTS TRACEABILITY 
 

This section includes a System Requirements Traceability Matrix that traces the Goals, 

Objectives, and Performance Measures identified in the RTSPIP ConOps document to 

each section of the System Requirements document.  The “X” mark in the table below 

indicates that the system requirements for that subsystem of the TSP System will achieve 

the goals and objectives identified in the RTSPIP ConOps document. 

 

Figure 4-1. RTSPIP System Requirements Traceability Matrix 

ConOps System 

Goals 
ConOps System Objectives 

ConOps 

Performance 

Measures 

RTSPIP Subsystems 

PRG PRS PRO COM SOFT 

Develop and 

Implement a 

Regionally 

Interoperable TSP 

system for Pace and 

CTA Buses across 

multiple jurisdictions 

Establish Regional TSP Standards and 

Implementation Guidelines for TSP 

System 
 

X X X X X 

Utilize, to the extent possible, existing 

on-board AVL Systems and vehicle 

technology to generate TSP requests 
 

X 
    

Create standards-based 

communication protocols between 

buses and intersections 
   

X 
  

Utilize readily available off-the-shelf 

communication technology (e.g., 

DSRC, WiFi, cellular) for vehicle to 

intersection communications 

    
X 

 

Leverage TSP communications 

infrastructure for other transit ITS 

applications along a TSP corridor 
 

X 
    

Improve schedule / 

headway reliability, 

travel times and fuel 

efficiency 

Reduce variability in transit travel 

times and running times, and reduce 

transit signal delay. 

Increased schedule 

adherence /   

“on-time” 

performance 

X 
   

X 

Reduce general vehicle travel times 

along the corridor and minimize 

negative impacts of TSP to private 

vehicles on arterials and cross streets 

Reduction in transit 

travel times  
X X X X 

 

Reduce transit system and general 

vehicle fuel consumption along TSP 

corridors. 

Reduction in 

general vehicle 

travel times 
 

X 
 

X 
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5. SYSTEM IMPLEMENTATION OVERVIEW 
 

This section details the next steps to be taken by the RTA in the systems engineering 

process following the completion of this Technical System Requirements document.  

Appendix A presents a compliance matrix demonstrating this document’s compliance 

with FHWA Rule 940.   
 

5.1. REGIONAL TSP STANDARDS AND IMPLEMENTATION GUIDELINES 

 

The Regional TSP Standards and Implementation Guidelines will address the 

following items: 

 

• Operational guidelines for requesting and granting TSP and associated TSP 

actions 

• Open Standards for communication protocols between the AVL equipment on 

the bus and wayside equipment at the intersection 

• Compatible technology for communications between the bus and wayside 

equipment located throughout the region 

• The use of centralized TSP System monitoring for operations and 

maintenance 

• Performance Measures to be used to assess the effectiveness of the TSP 

Systems deployed for Pace and CTA 

 

The Regional TSP Standards and Implementation Guidelines will include a summary 

of best practices from other national or regional TSP deployments, as well as 

procurement and test plan templates that can be utilized for the region.  

 

The Regional TSP Standards and Implementation Guidelines will also include a 

Technology Integration Plan that addresses TSP subsystem integration steps 

necessary for regional interoperability.  The integration guidelines will be updated to 

reflect any changes during the construction and system implementation phases to 

ensure the actual sequence of steps performed to integrate the TSP systems are 

documented for on-going regional consistency.  

 

Similar to the Technical System Requirements document, this document will build 

consensus among stakeholders about the regional standards and implementation 

guidelines that will be developed.  All comments will be recorded and incorporated 

into the final document as appropriate and distributed to stakeholders for a final 

review. 
 

5.2. TSP SYSTEM VERIFICATION PLANS 

 

The TSP System Verification Plan will describe the activities associated with 

verifying that the system being built meets the specified System Requirements.  This 

plan will include procedures that are the specific and detailed steps to be followed to 

perform testing of the TSP system. 
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5.3. IMPLEMENTATION OVERSIGHT AND PROGRAM VALIDATION 

 

Implementation oversight will be performed to verify that individual TSP projects 

within the RTSPIP are being planned, designed, and implemented in accordance with 

the Regional TSP Standards and Implementation Guidelines.  Oversight activities will 

include TSP System Design Reviews, TSP Procurement Reviews, and TSP 

Installation Reviews.  Acceptance testing oversight of TSP systems will also be 

performed as TSP systems become operational. 

 

Program Validation activities will include monitoring performance measures on how 

well the goals and objectives defined within the ConOps document are being met by 

the TSP systems that are deployed.  Further details on performance measures are 

provided within the ConOps document. 
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APPENDICES 
 

APPENDIX A -- FHWA RULE 940 COMPLIANCE MATRIX 
 

Based on 23 CFR, Subchapter K – Intelligent Transportation Systems, Rule 940, states 

and agencies using U.S. Highway Trust Funds must utilize a systems engineering 

analysis approach to develop ITS projects. Figure A-1 lists sub-sections from FHWA 

Rule 940 and where those requirements are addressed in this Technical System 

Requirements document. 

 

Figure A-1. RTA RTSPIP System Requirements Compliance Matrix with FHWA Rule 940 

Applicable Section of Rule 940.11 Section of Document Comments 

940.11 (c) The systems engineering analysis shall include, at a minimum: 

C‐1: Identification of portions of the 

regional ITS architecture being 

implemented (or if a regional ITS 

architecture does not exist, the 

applicable portions of the National 

ITS Architecture); 

Not addressed in this 

document 

Addressed in Concept of 

Operations 

C‐2: Identification of participating 

agencies roles and responsibilities; 

Not addressed in this 

document 

Addressed in Concept of 

Operations 

C‐3: Requirements definitions; 
Section 3 of this 

document 
  

C‐4: Analysis of alternative system 

configurations and technology options 

to meet requirements; 

Not addressed in this 

document 

Will be addressed in detail in 

Regional TSP Standards and 

Implementation Guidelines 

C‐5: Procurement options; 
Not addressed in this 

document 

Will be addressed in detail in 

High-Level Design 

Document 

C‐6: Identification of: 

• applicable ITS standards; 

• testing procedures; 

Not addressed in this 

document 

Will be addressed in detail in 

Regional TSP Standards and 

Implementation Guidelines 

C‐7: Procedures and resources 

necessary for operations and 

management of the system. 

Not addressed in this 

document 

Addressed in Concept of 

Operations 

 


