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CHAPTER 1
INTRODUCTION

1.1 Scope and Obijectives

Figure 1-1 Rochester N.Y. Regional Traffic Operations Center.

In 1985, the Federal Highway Administration published the second edition of the Traffic
Control Systems Handbook to present basic technology used in planning, designing, and
implementing traffic monitoring and control systems for urban street and freeway
applications. That publication presented a compendium of applicable technology,
concepts, and practices in the traffic control field. It proved useful in:

e Fostering understanding and acceptance of such systems, and

e Implementing proven advances in traffic monitoring and control.
This handbook was updated in 1996. In addition to describing signal system
improvements since 1985, the 1996 edition provided considerable information on
freeway management techniques and equipment.
The current edition updates signal system technology and broadens it into other methods
for achieving surface street traffic management. Much of the freeway related material
has been removed or abridged as the material is currently covered in the newly revised

Freeway Management and Operations Handbook (FMOH) (1).

This updated version of the Traffic Control Systems Handbook maintains the following
major objectives:
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e Provide a compendium of existing traffic control system technology,
¢ Aid understanding of the basic elements of traffic control systems,
¢ Broaden the viewpoint of the traffic management field,

e Serve as a basic reference for the practicing traffic engineer in planning,
designing, and implementing new and effective traffic control systems, and

e Serve as a training aid in the field of traffic control systems.

The Handbook targets a wide range of potential users — administrators, roadway
designers, and traffic operations engineers, both experienced and newly assigned.

1.2 Summary of Handbook Contents

This section summarizes the contents of each Handbook chapter.

CHAPTER 2 - AVAILABLE AND EMERGING TRAFFIC CONTROL SYSTEM
TECHNOLOGY

This chapter presents an overview of control and management functions. It discusses the
issues involving inter-agency coordination and identifies potential needs and issues in

selecting a traffic system. The chapter also introduces a classification system for traffic
signal system categories and discusses likely future developments.

CHAPTER 3 — CONTROL CONCEPTS — URBAN AND SUBURBAN STREETS
This chapter addresses the following topics:
e Basic variables associated with surface street traffic flow and their properties.
e Capacity, cycle length and split.
e Signal phasing.
e Need for signal coordination and off line signal timing software.
e Categories of coordinated control.
e Signal timing strategies and guidance for applying strategies.
e Special control situations.

e Benefits and measures of effectiveness.
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CHAPTER 4 - CONTROL AND MANAGEMENT CONCEPTS FOR FREEWAYS

This chapter provides a brief summary of the nature of freeway congestion, the types of
freeway management and the relationship to surface streets. The newly revised Freeway
Management and Operations Handbook (1) should be consulted as the primary reference
on freeway control.

CHAPTER 5 — CONTROL AND MANAGEMENT CONCEPTS — INTEGRATED
SYSTEMS

This chapter covers the non-traditional surface street control functions that are currently
becoming more widely implemented.

CHAPTER 6 — DETECTORS

This chapter summarizes detector technology that is applicable to signal systems as well
as installation requirements. The newly revised Traffic Detector Handbook (2) is the
primary source of information on this subject.

CHAPTER 7 - LOCAL CONTROLLERS

This chapter covers the following major topics:

Type of controller operations.

Controller operation under isolated and coordinated control.

Controller timing parameters.

Phasing options and sequences.

Controller types (NEMA, ATC and Model 170).
CHAPTER 8 — SYSTEM CONTROL

This chapter discusses architectures for conventional traffic control systems and adaptive
systems, and covers time base coordination. The functions of signal system traffic
management centers and some examples of the characteristics of these centers are
provided.

CHAPTER 9 — COMMUNICATIONS

This chapter provides an overview of communications alternatives for surface street
systems. It also briefly discusses the National Transportation Communications for ITS
Protocol (NTCIP). The primary source of information for traffic system communications
is the newly revised Communications Handbook for Traffic Control Systems (3).



CHAPTER 10 - TRAVELER INFORMATION SYSTEMS

This chapter provides an overview on the use of static signs and changeable message
signs for surface street systems. It also discusses other types of motorist information
devices. The primary source of information for traveler information systems is the
Freeway Management and Operations Handbook (1).

CHAPTER 11 — SELECTION OF A SYSTEM

Chapters 11, 12 and 13 provide an overview of the systems engineering process life
cycle.

After providing an introduction to federal aid requirements, this chapter describes the
steps in the development of high level system requirements (scoping). Methods for
evaluating candidate alternatives, utility cost analysis and benefit cost analysis are
discussed.

CHAPTER 12 — DESIGN AND IMPLEMENTATION

The material in this chapter:

e Places system design, procurement, and installation tasks in perspective with
respect to total system planning and implementation

e Describes alternative approaches to the procurement of systems, including
contractor selection

e Describes the various elements of the design process, with particular emphasis
on the contents of bid documents

e Describes elements of an approach to manage system installation.
CHAPTER 13 - SYSTEMS MANAGEMENT
This chapter describes the functions involved in managing a traffic system and a traffic
operations center and the staffing resources required. Maintenance requirements and
staffing issues are discussed. The need for system evaluation and techniques for
accomplishing it are also described.

CHAPTER 14 —ITS PLANS AND PROGRAMS

This chapter discusses ITS America and TEA-21, and provides an overview of the ITS
planning process at the national, regional / statewide and agency levels.
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1.3 Role and Impact of Traffic Control Systems

The traffic signal impacts virtually everyone every day. Even on uncongested routes,
stops at traffic signals punctuate an urban or suburban area trip. School children
obediently wait for a traffic signal to interrupt traffic so they can cross a busy
thoroughfare. Drivers confidently place their own and their passengers' physical safety in
a signal's allocation of right-of-way.

People accept and in some cases demand traffic signals to assure safety and mobility.
Drivers usually assume that the responsible agency can efficiently operate signals, so
motorists usually report only the most obvious failures. Inefficient operation annoys
some motorists but produces no strong public reaction. However, inefficiencies silently
steal dollars from the public in increased fuel cost and longer trip times. Users normally
perceive signals as working if they turn red and green; if they operate suboptimally, this
becomes a concern, not a crisis.

Research and application demonstrate the effectiveness of signal system improvements in
reducing:

e Delays,

e Stops,

e Fuel consumption,

¢ Emission of pollutants, and

e Accidents
The systematic optimization of signal timing plans in most signal systems represents an
essential continuing element of traffic control system management. This optimization is
labor intensive and costly for many existing traffic control systems. As a result, the
number of timing plans and the frequency of updating the timing plans are often limited
by the resources available to perform these functions.
Certain traffic systems have been termed adaptive, i.e., they have the capability to
automatically change signal timing in response to both short term and longer term
variations in traffic. These systems not only provide more effective control of traffic but

also require fewer human and financial resources to update the system's database.
However, they often require more intense deployment of traffic detectors.

1.4 Travel Demand Management (TDM)
A highly developed system of streets, highways, freeways, and some form of public

transportation serves most North American cities. Growth in travel demand, however,
seems to outpace the ability to provide new or expanded facilities and service. This
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pressure places great emphasis on reducing travel demand to reduce the loading of
facilities, particularly at peak hours.

The wide spectrum of TDM actions includes:
e Promotion of non-auto modes of travel,
e Preferential treatment for high occupancy vehicles (HOV),
e Preferential parking for HOV,
¢ Incentives to reduce peak period travel,
e Telecommuting,
e Non-standard work week such as four 10-hour days, and
e Transit and paratransit service improvements.
Many TDM measures impact or depend on the efficient and effective use of:
e Traffic signal systems,
e Freeway traffic management systems, and
e Traveler information systems.
Efforts to promote transit usage become less effective if buses meet unnecessary delay
from inefficiently operated signals. Vanpool and transit usage become more attractive if
these vehicles can travel on uncongested high occupancy vehicle freeway lanes.

Thus, urban and freeway control systems and traveler information systems can prove
critical to the operational effectiveness of multimodal transportation facilities.

1.5 System Evolution

The development of traffic control systems for urban streets has paralleled the
development and use of the automobile. After World War I, rapid growth in automobile
traffic led to requirements for special personnel, signals and systems to address the
problem.

In typical urban areas, approximately two-thirds of all vehicle-miles of travel, and even a
higher percentage of vehicle-hours of travel, take place on facilities controlled by traffic
signals (4). To a major extent, therefore, the quality of traffic signal operation determines
urban vehicular traffic flow quality.
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Traffic signals originated with signaling system technology developed for railroads. In
1914 (5), Cleveland, Ohio installed the first electric traffic signal in the United States. In
1917, Salt Lake City introduced an interconnected signal system that involved manually
controlling six intersections as a single system (6). In 1922, in Houston, Texas, 12
intersections were controlled as a simultaneous system from a central traffic tower. This
system proved unique in its use of an automatic electric timer.

The year 1928 saw the introduction of a flexible-progressive pretimed system.
Municipalities quickly accepted these pretimed systems and widespread installation
followed in virtually every U.S. city.

Their success resulted from:
e Simplicity (almost any electrician could understand them),
e Reliability (rugged components resulted in minimum maintenance), and
e Relatively low cost.

However, early pretimed systems had limited flexibility. They could respond only to
predicted traffic changes via preset changes on a time clock. But predicting traffic
conditions proved difficult because of the needed data collection efforts. Agencies
usually avoided timing changes because of the staffing and time resources required to
make changes at each local intersection controller.

Traffic-actuated local controllers using pressure detectors became available during the
period 1928-1930. These controllers proved a first step toward traffic-actuated control
but applied only to isolated intersections.

In 1952, Denver, Colorado advanced the state-of-the-art of traffic control systems by
developing and installing an analog computer control system. This system applied some
actuated isolated intersection control concepts to signalized networks. Sampling
detectors input traffic flow data, and the system adjusted its timing on a demand rather
than time-of-day (TOD) basis. Over one hundred systems of this type were installed in
the United States in the period 1952-1962.

In 1960, Toronto conducted a pilot study using a digital computer to perform centralized
control functions (7). The amount of traffic data available from this form of control
proved a fortunate by-product. While the computer used for the test was archaic by
today's standards - an IBM 650 with about 2,000 words of drum memory - the success of
this control system approach encouraged Toronto to proceed with full-scale
implementation. The city placed 20 intersections under computer control in 1963, and
later expanded the system to 885 intersections by 1973.

International Business Machines (IBM) began a cooperative development in 1964 with
the City of San Jose, California, to further develop a computer traffic control system (8).
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The project used an IBM 1710 computer. Control concepts developed and implemented
proved successful in significantly reducing stops, delays, and accidents.

Beginning in 1965, the City of Wichita Falls, Texas, contracted for the delivery of an
IBM 1800 process control computer for traffic control. This system was placed in daily
operation in 1966, controlling 56 intersections in the central business district. It was later
expanded to include 78 intersections. San Jose, California, shortly thereafter made a
transition to an IBM 1800 computer, and similar systems were installed in Austin and
Garland, Texas; Portland, Oregon; Fort Wayne, Indiana and New York City. In these
systems, traffic signals were controlled by using stored timing plans developed off-line.

In 1967, the Bureau of Public Roads, currently the Federal Highway Administration
(FHWA), began to develop the Urban Traffic Control System (UTCS) Project. The
system was installed in Washington, D.C., to develop, test, and evaluate advanced traffic
control strategies (9). Completed in 1972, it contained 512 vehicle detectors whose
outputs determined signal timing at 113 intersections. Extensive data processing,
communications, and display capabilities were made available to support traffic control
strategy research. Later efforts produced the Extended and Enhanced versions of the
software package that implemented these concepts.

The 1970s also saw continuing research and development of software packages and
models for digital computer and microprocessor based traffic control systems. The
Transport and Road Research Laboratory (TRRL) in Great Britain developed the
advanced centrally controlled traffic system, Split, Cycle and Offset Optimization
Technique (SCOOT), in the 1970s with implementation taking place in Glasgow and
other cities in the 1980s. SCOOT has been installed in several North American cities
including Toronto, ON. Another advanced system, Sydney Coordinated Adaptive Traffic
System (SCATS), developed in Australia, has been implemented in many cities
throughout the world. SCOOT and SCATS initiated the deployment of responsive
control systems. Adaptive control techniques, represented by Optimized Policies for
Adaptive Control (OPAC) and RHODES, have also begun to be implemented.

Figure 1-2 summarizes the historical development of coordinated traffic control systems.

The experience gained during this evolution shows that substantial reductions in travel
delays, stops, fuel consumption, and vehicle emissions can accrue from control system
efficiency and aggressive traffic signal management. However, in conventional (non-
adaptive) systems, full realization of benefits depends on the frequent updating of timing
plans to optimize traffic flow.

The ACS-Lite program is a current FHWA research initiative that seeks to migrate

certain techniques used in adaptive systems into the environment of simpler closed loop
systems.
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Figure 1-2 Interconnected traffic control system chronology.

Driver information systems have expanded as well, using a whole spectrum of media

including:

¢ On-freeway and on-street dynamic signing and highway advisory radio,

e Commercial media,

e Displays at major traffic generators,

e Internet, and

¢ In-vehicle information and displays.

1.6 Present Status-Traffic Surveillance and Control

The 1980s and early 1990s have witnessed widespread acceptance and implementation of
advanced traffic control and management systems for both freeways and urban streets.
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Use of the computer has become the accepted way to control streets and highways and
has been accelerated by the revolutionary advances and associated cost reductions in
computer, communications and electronic technology. Local microprocessor controllers
have virtually eliminated operational constraints previously imposed by hardware
capability. Today, constraints on effective system operation are generally not technical
but institutional, jurisdictional or financial.

Present activity in traffic monitoring and control systems has advanced beyond
experimentation to deployment of effective operational tools. Basic control concepts
have been refined through the experience of multiple users. An effective network of
system designers, manufacturers, and suppliers exists to offer choices in system selection.
The cooperative participation of governmental agencies (Federal, state, local) and
commercial and professional organizations (manufacturers, consultants) continues in the
development efforts of hardware and software. Prime examples include the development
of the 2070 Advanced Transportation Controller, which provides an open architecture for
controller hardware and software and the National Transportation Communications for
ITS Protocol (NTCIP), which facilitates equipment interoperability.

1.7 National ITS Architecture

The National ITS Architecture (10) provides a common framework for planning,
defining, and integrating intelligent transportation systems. It is a mature product that
reflects the contributions of a broad cross-section of the ITS community (transportation
practitioners, systems engineers, system developers, technology specialists, consultants,
etc.). The architecture defines:

e The functions (e.g., gather traffic information or request a route) that are
required for ITS.

e The physical entities or subsystems where these functions reside (e.g., the
field or the vehicle).

e The information and data flows that connect these functions and physical
subsystems together into an integrated system.

The National ITS Architecture defines the user service bundles and user services shown
in Table 1-1. Figure 1-3 shows an overview of the physical architecture. Key
components of the National ITS Architecture are summarized below:



Table 1-1 User service bundles and user services.

1 Travel and Traffic Management

‘User Services

‘1.1 “Pre-trip Travel Information

‘1.2 ”En-route Driver Information

‘1.3 ”Route Guidance

‘1.4 ”Ride Matching And Reservation

‘1.5 “Traveler Services Information

‘1 .6 “Trafﬁc Control

‘l 7 “Incident Management

‘1.8 “Travel Demand Management

‘1.9 ”Emissions Testing And Mitigation

‘ 1. IO”Highan Rail Intersection

2 Public Transportation Management

‘User Services

‘2.1 HPublic Transportation Management

‘2.2 HEn-route Transit Information

‘2.3 HPersonalized Public Transit

‘2.4 HPublic Travel Security

3 Electronic Payment

‘User Services

‘3.1 HElectronic Payment Services

4 Commercial Vehicle Operations

‘User Services

‘4.1 HCommercial Vehicle Electronic Clearance

‘4.2 HAutomated Roadside Safety Inspection

‘4.3 HOn-board Safety And Security Monitoring

‘4.4 HCommercial Vehicle Administrative Processes

‘4.5 HHazardous Material Security And Incident Response

4.6 ||Freight Mobility



http://itsarch.iteris.com/itsarch/html/user/usr11.htm
http://itsarch.iteris.com/itsarch/html/user/usr12.htm
http://itsarch.iteris.com/itsarch/html/user/usr13.htm
http://itsarch.iteris.com/itsarch/html/user/usr14.htm
http://itsarch.iteris.com/itsarch/html/user/usr15.htm
http://itsarch.iteris.com/itsarch/html/user/usr16.htm
http://itsarch.iteris.com/itsarch/html/user/usr17.htm
http://itsarch.iteris.com/itsarch/html/user/usr18.htm
http://itsarch.iteris.com/itsarch/html/user/usr19.htm
http://itsarch.iteris.com/itsarch/html/user/usr110.htm
http://itsarch.iteris.com/itsarch/html/user/usr21.htm
http://itsarch.iteris.com/itsarch/html/user/usr22.htm
http://itsarch.iteris.com/itsarch/html/user/usr23.htm
http://itsarch.iteris.com/itsarch/html/user/usr24.htm
http://itsarch.iteris.com/itsarch/html/user/usr31.htm
http://itsarch.iteris.com/itsarch/html/user/usr41.htm
http://itsarch.iteris.com/itsarch/html/user/usr42.htm
http://itsarch.iteris.com/itsarch/html/user/usr43.htm
http://itsarch.iteris.com/itsarch/html/user/usr44.htm
http://itsarch.iteris.com/itsarch/html/user/usr45.htm
http://itsarch.iteris.com/itsarch/html/user/usr46.htm

Table 1-1 User services bundle and user services (continued).

5 Emergency Management

‘User Services

‘5.1 HEmergencv Notification And Personal Security

‘5 2 HEmergency Vehicle Management

‘5.3 HDisaster Response And Evacuation

6 Advanced Vehicle Safety Systems

‘User Services

‘6.1 HLongitudinal Collision Avoidance

‘6.2 HLateral Collision Avoidance

‘6.3 HIntersection Collision Avoidance

‘6.4 HVision Enhancement For Crash Avoidance

‘6.5 HSafetV Readiness

‘6.6 HPre-crash Restraint Deployment

‘6.7 HAutomated Vehicle Operation

7 Information Management

‘User Services

‘7.1 HArchived Data Function

8 Maintenance And Construction Management

‘User Services

‘8.1 HMaintenance And Construction Operations



http://itsarch.iteris.com/itsarch/html/user/usr51.htm
http://itsarch.iteris.com/itsarch/html/user/usr52.htm
http://itsarch.iteris.com/itsarch/html/user/usr53.htm
http://itsarch.iteris.com/itsarch/html/user/usr61.htm
http://itsarch.iteris.com/itsarch/html/user/usr62.htm
http://itsarch.iteris.com/itsarch/html/user/usr63.htm
http://itsarch.iteris.com/itsarch/html/user/usr64.htm
http://itsarch.iteris.com/itsarch/html/user/usr65.htm
http://itsarch.iteris.com/itsarch/html/user/usr66.htm
http://itsarch.iteris.com/itsarch/html/user/usr67.htm
http://itsarch.iteris.com/itsarch/html/user/usr71.htm
http://itsarch.iteris.com/itsarch/html/user/usr81.htm
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Figure 1-1 Overview of physical entities.

Logical Architecture

The Logical Architecture defines the processes (the activities and functions) that are
required to provide the required user services. Many different processes must work
together and share information to provide a user service. The processes can be
implemented via software, hardware, or firmware. The logical architecture is
independent of technologies and implementations. The logical architecture is presented
to the reader via data flow diagrams (DFDs) or bubble charts and Process Specifications
(PSpecs).

Market Packages

Market packages represent slices of the physical architecture that address specific
services like surface street control. A market package collects several different
subsystems, equipment packages, terminators, and architecture flows that provide the
desired service. Table 1-2 identifies the market packages.



Table 1-2 Market packages.

Service

Area

MBI Market Package Name
Package

ADI1 ITS Data Mart

AD2 ITS Data Warehouse

AD3

ITS Virtual Data Warehouse

APTS1

Transit Vehicle Tracking

APTS2

Transit Fixed-Route Operations

APTS3

Demand Response Transit Operations

APTS4

Transit Passenger and Fare Management

APTSS5

Transit Security

APTS6

Transit Maintenance

APTS7

Multi-modal Coordination

APTSS

Transit Traveler Information

ATISI

Broadcast Traveler Information

ATIS2

Interactive Traveler Information

ATIS3

Autonomous Route Guidance

ATIS4

Dynamic Route Guidance

ATISS

ISP Based Route Guidance

ATIS6

Integrated Transportation Management / Route Guidance

ATIS7

Yellow Pages and Reservation

ATISS

Dynamic Ridesharing

ATISO

In-Vehicle Signing




Table 1-2 Market packages (continued).

Service
Area

Market
Package

Market Package Name

ATMSO01

Network Surveillance

ATMS02

Probe Surveillance

ATMSO03

Surface Street Control

ATMS04

Freeway Control

ATMSO05

HOV Lane Management

ATMS06

Traffic Information Dissemination

ATMSO07

Regional Traffic Control

ATMS08

Traffic Incident Management System

ATMS09

Traffic Forecast and Demand Management

ATMSI0

Electronic Toll Collection

ATMSI11

Emissions Monitoring and Management

ATMSI2

Virtual TMC and Smart Probe Data

ATMS13

Standard Railroad Grade Crossing

ATMS14

Advanced Railroad Grade Crossing

ATMSIS5

Railroad Operations Coordination

ATMSI16

Parking Facility Management

ATMS17

Regional Parking Management

ATMS18

Reversible Lane Management

ATMSI9

Speed Monitoring

ATMS20

Drawbridge Management

ATMS21

Roadway Closure Management

AVSS01

Vehicle Safety Monitoring

AVSS02

Driver Safety Monitoring

AVSS03

Longitudinal Safety Warning

AVSS04

Lateral Safety Warning

AVSS05

Intersection Safety Warning

AVSS06

Pre-Crash Restraint Deployment

AVSS07

Driver Visibility Improvement

AVSS08

Advanced Vehicle Longitudinal Control

AVSS09

Advanced Vehicle Lateral Control

AVSS10

Intersection Collision Avoidance

AVSSI1

Automated Highway System




Table 1-2 Market packages (continued).

Service | Market |\ o Package Name

Area Package
EMO1 Emergency Call-Taking and Dispatch
EMO02 Emergency Routing
EMO3 Mayday Support
EM04 Roadway Service Patrols
EMO5 Transportation Infrastructure Protection
EMO06 Wide-Area Alert
EMO7 Early Warning System
EMOS8 Disaster Response and Recovery
EMO09 Evacuation and Reentry Management
IM10 Disaster Traveler Information
MCO1 Maintenance and Construction Vehicle and Equipment
Tracking
MCO02 Maintenance and Construction Vehicle Maintenance
MCO03 Road Weather Data Collection
MC04 Weather Information Processing and Distribution
MCO05 Roadway Automated Treatment
MCO06 Winter Maintenance
MCO07 Roadway Maintenance and Construction
MCO08 Work Zone Management
MC09 Work Zone Safety Monitoring
MCI10 Maintenance and Construction Activity Coordination

ITS Standards

ITS Standards are fundamental to the establishment of an open ITS environment, the goal
originally envisioned by the U.S. Department of Transportation (USDOT). Standards
facilitate deployment of interoperable systems at local, regional, and national levels
without impeding innovation as technology advances and new approaches evolve. The
National ITS Architecture is a reference framework that spans all of these ITS Standards
activities and provides a means of detecting gaps, overlaps, and inconsistencies between
the standards. The National ITS Architecture references specific applicable standards
sites and provides connections to them.

1.8 Relationship to Other FHWA Handbooks

This handbook is one of a series of FHWA handbooks that have been recently issued or
revised. The following handbooks provide information which is closely related to a
number of chapters in the Traffic Control Systems Handbook (TCSH):



e Freeway Management and Operations Handbook (FMOH) (1)

e Traffic Detector Handbook (TDH) (2)

e Telecommunications Handbook for Transportation Professionals: The Basics
of Telecommunications (TH) (3)

Table 1-3 summarizes the relationship of the material in those handbooks to this
document.



Table 1-3 Relationship to other FHWA handbooks.

TRAFFIC CONTROL

SYSTEMS HANDBOOK OJAHI\IIESB%_'S/:/(A RELATIONSHIP
(TCSH) CHAPTER

1 Introduction FMOH FMOH provides additional information on the
National ITS Architecture.

4 Control and Management FMOH FMOH is the prime source on this subject. TCSH

Concepts for Freeways provides a brief overview.

6 Detectors TDH TDH is the prime source on this subject. TCSH
material is primarily related to installation issues.

8 System Control FMOH FMOH provides additional information on traffic
management centers.

9 Communications TH TH is the prime source on this subject. TCSH
discussion is limited to the relationship of
communication technologies to surface streets.

10 Traveler Information FMOH FMOH is the prime source on this subject. TCSH

Systems provides information on static signing, use of CMS
on surface streets, summary of advantages and
disadvantages of different technologies.

11 Selection of a System FMOH FMOH provides additional information on the

system design cycle.
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CHAPTER 2
AVAILABLE AND EMERGING TRAFFIC CONTROL SYSTEM
TECHNOLOGY

Figure 2-1 Traffic signal.
2.1 Introduction
This Handbook assists users in defining, evaluating, and selecting systems that match
their needs. This chapter presents a broad overview of system functions and available

options for both hardware and software.

Since the 1996 edition of the Traffic Control Systems Handbook, surface street traffic
control systems technology has seen significant advances in the following areas (1):

e Improved traffic signal controllers.

e Increased use of CCTV and changeable message signs (CMS) on surface
streets.

e Increased use of non-pavement-invasive detectors.

e Improved transit priority strategies and equipment based on the use of GPS
technology.

e Increased use of fiber optic cable for interconnection of traffic signal
controllers and communication with other field devices.

e Increased use of standardized protocols to migrate data between intersection
controllers and field master controllers or traffic management centers.



The period since the last edition of the Traffic Control Systems Handbook has also
witnessed the following improvements in control strategies and operations:

e QGreater information migration among adjacent and nearby traffic management
centers.

e Increased coordination of signals across neighboring jurisdictions and traffic
control systems.

e Increased use of adaptive traffic control systems.

e Improved coordination of surface street and freeway operations.

e Provision of traffic control systems with software that facilitates the automatic
migration of signal timing plan data derived from signal timing programs into
the traffic control system database.

2.2 Control and Management Functions
Control and management functions may include the following:

e (Collection of data for development of signal timing plans and other functions

(identification of control section boundaries and provision of parameters in the

traffic control systems).

e Development of timing plans and the remainder of the traffic control system
database.

e Implementation of signal timing plans, such as:
- Pretimed.
- Traffic responsive.

- Operator selection of timing plans based on data provided by the traffic
control system, CCTV and other information sources.

e Implementation of motorist information by means of changeable message
signs, highway advisory radio, independent service providers, media and
websites.

e Management of incidents on surface streets.

e Evaluation of system performance.
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2.3 Integrated Transportation Management Systems

The National ITS Architecture (2) provides the methodology to coordinate transportation
related services in a region (Regional ITS Architecture). Integration is achieved through:

e Information sharing among agencies and management centers.

e Coordination of operations among agencies.

Information Sharing Among Agencies and Management Centers

Information is commonly shared among agencies by means of voice communications and
data communications. The Regional ITS Architecture establishes the general data flow
requirements between agencies and from each agency’s management center to the field
equipment or other equipment that it communicates with or controls. To perform data
communication between management centers, a common language and frame of
reference is required. Protocols for the sharing of transportation related information are
being established at the time of this writing by the National Transportation
Communications for ITS Protocol (NTCIP) and are available on its website
(http://www.ntcip.org).

In essence, the information may be put into the proper high level language by the use of
the Traffic Management Data Dictionary (TMDD). The TMDD provides the definition
and format for the data and the Message Sets for External Traffic Management
Communications (MS / ETMCC) which organizes the TMDD elements into relevant
messages. Different protocols are included in the NTCIP standards for transmitting these
messages between management centers.

Coordination of Operations Among Agencies

Agencies and TMCs may each partly contribute to the improvement of transportation
issues in a region. For example, information flow between a transit property and traffic
control system may result in the provision of signal priority to transit vehicles. Similarly,
a transit property might be able to detect and confirm traffic related incidents on the
surface street system, and communicate this information to the TMC operating the signal
system. Coordination of traffic signals across jurisdictional boundaries is a common
interagency issue.

An appropriate way to address these issues when system design requirements are being
established is the development of a Concept of Operations. This document establishes
the way agencies will relate their operations to each other and also establishes how the
agency will manage its internal traffic system operations. The following material is
extracted from Reference 3.
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In its simplest definition, a concept of operations for a TMC defines what the center
accomplishes, and how it goes about accomplishing it. Thus, it defines functions (what is
accomplished) and processes (how they are accomplished). The concept of operations
ideally addresses both operations and maintenance of the TMC, and the resources for
which it is responsible. It describes the interactions that occur within the TMC, and
between the TMC and its partners (firms and agencies) and customers (motorists, media,
etc.) in managing transportation. As a tool developed primarily in the planning stage, it
often works at a summary level. It is not intended to serve as an operations manual,
although it may follow a similar outline.
The outline for a TMC concept of operations contains the following topics:
e The Systems
e Operational Facility Needs
e Integration and Testing
e Coordination
e Performing or Procuring Operations and Maintenance
- Workload and Performance
- Organization
- Nonstandard Operations
- Fault Detection and Correction
- System maintenance
- Training and Documentation
- Operational Procurement and Contracting
2.4 Range of Agency Needs and Range of Available Options
Although each agency with responsibility for traffic control systems represents a unique

entity, with no two exactly alike, many similarities exist. Table 2-1 lists typical system
functions.
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Table 2-1 Typical system functions.

System Type Potential Systems Special Features
Urban and Suburban e Network of closely e Railroad preemption
Street spaced intersectionsina | e Fire preemption

central business district e Lane control
(CBD) e Peak-hour turn
e Arterial systems restrictions
e [solated intersections e Special events
e Transit priority
Integrated Combinations of freeway Communication
control and urban street compatibility with freeway
systems control, urban streets and
traveler information
systems

In most jurisdictions, traffic control hardware represents an accumulation of different age
equipment from multiple manufacturers, purchased over an extended time, using low-bid
procurement techniques. Maintenance level of effort and quality greatly affect the
hardware's current condition. For example, though the hardware's characteristics permit
integration into a system, its physical condition and reliability may preclude continued
use. In other cases, existing field hardware might not prove compatible with the desired
control system, again precluding continued use. Recent years have seen significant effort
in standardizing traffic controller hardware and facilitating equipment interchangeability.
This will simplify future replacement.

The conditions which create a need to upgrade or install new traffic systems include:

e Growth and / or changes in traffic demand create a need to examine the
adequacy of existing traffic control systems. When traffic flows well below
available capacity and no recurrent congestion (or motorist perception of
congestion) occurs, little public sentiment develops for control system
improvement. However, as flows approach capacity and congestion becomes
evident, demand for, and need of, improved control system operation
increases. Although agencies should not postpone control system
improvements until congestion appears, significant funding for major
improvements generally follows public perception of need. Changes in traffic
demand may also highlight the functional inadequacy of the existing control
system in achieving full use of available capacity.

e Frequent failure of older equipment that results in degraded and inefficient on-
street operation.
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e The need to obtain improved traffic control through the use of modern
hardware and software technologies not supported by existing equipment.

Experience has shown that the agency should establish specific traffic control system
objectives in the following areas:

e Traffic Operations - The ability to respond to existing and anticipated future
traffic operations requirements. Specific goals might include:

- Obtain maximum efficiency in terms of minimum delay, minimum stops,
and maximum capacity utilization consistent with the safety of operation,

- Improve vehicle, pedestrian and bicycle safety, or
- Provide motorists with real-time traffic or routing information.
e System Reliability - Issues include:
- Minimizing control system downtime,
- Minimizing cost of maintenance, and
- Improvement of automated detection and reporting of equipment failures.

e Adaptability - The ability to satisfy traffic operation requirements over a long
period of time under changing conditions.

e Implementation - Ease of installation or changeover from an old system to a
new one with minimum technical problems and disruption of traffic flow.

e Ease of Operation - The ability to easily develop and maintain system
databases including generation and maintenance of timing plans.

Transportation Systems Management (TSM) Relationship

Since first introduced in the mid-1970s, transportation systems management (TSM) has
evolved from a list of about 150 low-cost actions to the productive use of existing
transportation resources through their coordinated operations and improved management.
TSM implies "a philosophy about planning, programming, implementation, and
operations that calls for improving the efficiency and effectiveness of the transportation
system by improving the operations and / or services provided" (4). TSM, then, provides
an umbrella philosophy that aims to:

e Analyze the total system, and
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e Improve operation and safety before capital-intensive projects add significant
capacity.

Roark (5) classifies TSM actions within 9 different urban operating environments,
including:

e Freeway corridor,

e Arterial corridor,

e (Central business district (CBD),

e Regional operating environment,

e Neighborhood,

e Major employment site (non-CBD),

e Outlying commercial center,

e Major activity center, and

e Modal transfer point.
In contrast, Wagner uses two primary strategies - supply and demand (6). Supply
strategies focus on changing the quality of vehicular flow, whereas demand-oriented
strategies target decreasing the quantity of vehicular travel. Supply actions include:

e Arterial signal coordination,

e Signal removal or flashing operation,

e Freeway monitoring and control,

e Incident management,

e Parking prohibition,

e Turn controls, and

¢ Bottleneck-removal programs.

Demand actions include:

e (Carpools,

2-8



e Vanpools,
e High occupancy vehicle (HOV) priority treatments, and
e Variable work hours.

In both classification schemes, traffic control systems and their effective operation
predominantly affect TSM and prove vital to the full realization of several other TSM
actions. For example, it does little good to entice drivers to ride the bus or join a vanpool
if inefficiently operating traffic signals stop or delay all vehicles (including buses and
vans).

Control System Options
Operational objectives of traffic control systems include making the best use of existing
roadway and freeway network capacity and reducing trip times, without creating adverse
environmental impacts (7).
Controlling the movement of vehicles through signalized intersections provides the major
effect on traffic flow in urban areas. The control strategies shown in Table 2-2 can
achieve signalized intersection control. Table 2-2 provides a summary of the features of
different categories of traffic control systems. These categories and their characteristics
are discussed in greater detail in Section 3.8.
Criteria for Selection
The previous discussion describes the range of alternative systems available to meet a
jurisdiction's traffic control needs. Making the most appropriate selection requires
critical self-examination and consideration of life-cycle issues concerning:

e System acquisition,

e Operation, and

e Maintenance.
Matching a control system's capabilities to a set of identified agency requirements proves

the most crucial element in system selection. Viable candidates should satisfy these
requirements in a cost effective way.
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Table 2-2 Signal system options.

Categories Main Control Method Application
Characteristics Technique
Isolated Does not consider Fixed Time Assigns right-of- Intersection
Intersection timing for adjacent (Pretimed) way according to a | sufficiently
Control signalized pre-determined isolated from
intersections schedule. adjacent signalized
intersection so that
Computer programs | arriving vehicles
used with average do not exhibit
demand volumes strong platooning
for period to characteristics
compute timing off
line. Intersection timing
Traffic Adjusts green time | requirements
Actuated according to real- inconsistent with
time demand remaining signal
measured by section
detectors on one or
more approaches
Time Base Coordinates based on | Pretimed Computer programs | Signals sufficiently
Coordination common time coordination used with average closely spaced to
synchronization. demand volumes require
for period to coordination
compute timing off
line.
Interconnected Signals are Pretimed Computer programs | Pretimed
Control networked together coordination used with average coordination
using wireline or demand volumes commonly used
wireless techniques Operator for period to where variation in
selection of compute timing off | day-to-day demand
Provides field timing plans line. is not excessive
equipment status
Operator selection Operator selection
Downloads timing based on special used for special
plans from traffic events or external situations
management center information on
incidents or traffic
conditions
Traffic Adjusted Conventional traffic | Use of traffic Traffic adjusted Traffic adjusted
Control adjusted operation sensors to selection of timing | capability
provide traffic plans employed where
adjusted variations in day-
capability Often provides to-day demand

more timing plans
than for
interconnected
control

may vary
significantly at a
particular time

2-10




Table 2-2 Signal system options (continued).

Categories Main Control Method Application
Characteristics Technique
Traffic Timing plans Changes split Uses upstream Where variations in
Responsive generated rapidly within a cycle. sensor data to day-to-day demand
Control and automatically Changes cycle optimize objective | may vary
using system sensors | offset within a function such as significantly or
few minutes delay or controls to | where variations
level of congestion | result from unusual
traffic patterns or
events
Traffic Adaptive Phase change based | Uses predictive | Predicts vehicle Same as traffic
Control on prediction from data change flow at intersection | responsive control.
traffic measurement | phase. Does not | from sensor data Also responds to
at each signalized use explicitly random variations
approach defined signal in traffic flow
cycles, splits or
offsets

The agency should also match the system's sophistication to the staff's anticipated ability
to operate and maintain it. Similarly, to assure system success, the agency must
demonstrate its commitment to ongoing staffing and maintenance costs. As described in
Federal regulations (see chapter 11), the availability of funds to procure traffic control
systems must also include a similar commitment to provide adequate resources for
operation and maintenance.

Chapter 11 provides a more detailed discussion of a suggested system selection process
that uses an effectiveness-analysis approach. The chapter also describes a utility / cost
analysis approach.

2.5 Available Technology

Available control system technology has progressed to the point where current hardware
and software capabilities provide the designer with a wide range of control concepts. The
transportation engineer or control system designer now has a large array of hardware and
software options from which to choose in defining alternative control systems. The
challenge is to use them effectively in achieving improved on-street traffic performance.

Hardware

Subsequent chapters in this Handbook describe in-depth the various hardware elements
of a control system. Components and subsystems include: detectors, local controllers,
changeable message signs, CCTV, operator displays, central computers and field masters.




Software

Chapters 3, 4, and 8 describe software used in traffic control systems. This includes real-
time control software, optimization software and simulation software.

Real-Time Control software developed for local controllers allows the controller to
function as a signal switching unit by:

e Receiving detector inputs,

e Processing status data,

e Computing timing, and

¢ Driving signal lamp load switches.

Manufacturers of standard NEMA controller units provide such software (or firmware) as
a part of the device. By contrast, both manufacturers and users have developed software
for the Model 170, Model 2070 and advanced transportation controllers.

Many conventional traffic systems feature the UTCS First Generation (1-GC) signature
matching algorithm for real-time traffic-responsive control. Unlike earlier UTCS, these
contemporary systems usually store signal timing plans at the intersection and select a
plan based on detector data patterns. An alternative strategy selects the cycle, split and
offset individually based on detector data for each of these parameters. Conventional
systems often feature the ability to update timing plan databases from signal timing
programs with a minimum of manual operation.

Traffic adjusted systems are being installed in increasing numbers. Chapters 3 and 8
describe both conventional systems and traffic adjusted systems.

Chapter 3 describes the use of offline timing plan development programs. These include
TRANSYT 7F, the PASSER family, SYNCHRO and aaSIDRA.

2.6 A Look to the Future

Current research as well as emerging trends are likely to lead to the following areas for
changes in traffic systems in coming years.

Hardware in the Loop

Recent research (8,9) has resulted in the development of systems that enable traffic
controller equipment to be tested under simulated traffic conditions. Figure 2-2 provides

an example of the implementation of this concept. A microscopic simulation program
such as CORSIM is interfaced to a physical traffic controller by a controller interface

2-12



device (CID). A software link in the form of a dynamic link library (d11) transfers
information between the computer on which the simulation is running to the CID. A
network of traffic controllers may be interfaced to the simulation in this way.

< Phase
status
Traffic Interface Controller
. . Traffic
Simulation dll Interface Controller
Program > > Device >
e.g CORSIM (CID)
Detector >
calls

Figure 2-2 Hardware in the loop configuration.

This technique provides the capability to:

e Achieve a high level of fine-tuning after controller settings prior to
implementing the settings in the field.
e Prove out controller software.

e Study the performance of new or modified traffic control algorithms.

Non-Pavement Invasive Traffic Detectors

These detectors generally have a number of desirable operational features including low
maintenance cost, ease of maintenance, ability to more easily change detected locations,
and a variety of traffic data preprocessing capabilities. Nevertheless, their accuracy for
detection of traffic responsive control parameters has generally not yet approached that of
inductive loop detectors. It is anticipated that continued development of these devices
will result in performance improvement in this regard.
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Support of Emergencies and Evacuations

Regional architectures increasingly require the interchange of data and video between
traffic management centers and other agencies responsible for emergency operations.
Traffic control equipment capability such as the ability to change timing plans to support
emergencies, to make CCTV images available, and to communicate with motorists
provides an increasingly useful tool to support emergency operations.

Advanced Transportation Controller

With the recent development of standards, the Advanced Transportation Controller
(ATC) will assume traffic signal control functions as well as other transportation system
control and management functions. The ATC is an open architecture platform. By
employing an applications programming interface (API), the same applications software
may be implemented in ATC controllers with different processors and operating systems.
ATC will provide the capability to migrate control software into controllers using
different microprocessors and operating systems. This will enable operating agencies to
employ different controller models interchangeably, while still achieving the same
performance capability with each unit. This will facilitate maintenance by avoiding the
issue of equipment obsolescence and discontinuance of support by controller and
component suppliers.

Advanced Signal State Transition Logic

The objective of this research program (NCHRP Project 3-66) is to make use of the
ability of advanced traffic sensors to develop additional traffic state information that
might be used to improve the control of traffic signal states.

Improved Transit Priority Systems

The increased use by transit vehicles of advanced equipment such as on board processors,
terminals for drivers, GPS equipment, passenger counters and door position monitors in

conjunction with computer aided dispatch systems enables the development of signal
priority strategies for transit vehicles.
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