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Systematic, well-designed research provides the most effective 
approach to the solution of many problems facing highway ad-
ministrators and engineers. Often, highway problems are of local 
interest and can best be studied by highway departments indi-
vidually or in cooperation with their state universities and oth-
ers. However, the accelerating growth of highway transportation 
develops increasingly complex problems of wide interest to 
highway authorities. These problems are best studied through a 
coordinated program of cooperative research. 

In recognition of these needs, the highway administrators of 
the American Association of State Highway and Transportation 
Officials initiated in 1962 an objective national highway re-
search program employing modem scientific techniques. This 
program is supported on a continuing basis by funds from par-
ticipating member states of the Association and it receives the 
full cooperation and support of the Federal Highway Admini-
stration, United States Department of Transportation. 

The Transportation Research Board of the National Research 
Council was requested by the Association to administer the re-
search program because of the Board's recognized objectivity 
and understanding of modem research practices. The Board is 
uniquely suited for this purpose as it maintains an extensive 
committee structure from which authorities on any highway 
transportation subject may be drawn; it possesses avenues of 
communication and cooperation with federal, state, and local 
governmental agencies, universities, and industry; its relation-
ship to the National Research Council is an insurance of objec-
tivity; it maintains a full-time research correlation staff of spe-
cialists in highway transportation matters to bring the findings of 
research directly to those who are in a position to use them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and transporta-
tion departments and by committees of AASHTO. Each year, 
specific areas of research needs to be included in the program are 
proposed to the National Research Council and the Board by the 
American Association of State Highway and Transportation Of-
ficials. Research projects to fulfill these needs are defined by the 
Board, and qualified research agencies are selected from those 
that have submitted proposals. Administration and surveillance 
of research contracts are the responsibilities of the National Re-
search Council and the Transportation Research Board. 

The needs for highway research are many, and the National 
Cooperative Highway Research Program can make significant 
contributions to the solution of highway transportation problems 
of mutual concern to many responsible groups. The program, 
however, is intended to complement rather than to substitute for 
or duplicate other highway research programs. 
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tion of State Highway and Transportation Officials, and the individual 
states participating in the National Cooperative Highway Research 
Program do not endorse products or manufacturers. Trade or manu-
facturers' names appear herein solely because they are considered es-
se.ntial to the object of this report. 
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PREFACE 	A vast storehouse of information exists on nearly eveiy subject of concern to highway 
administrators and engineers. Much of this information has resulted from both research 
and the successful application of solutions to the problems faced by practitioners in their 
daily work. Because previously there has been no systematic means for compiling such 
useful information and making it available to the entire community, the American As-
sociation of State Highway and Transportation Officials has, through the mechanism of 
the National Cooperative Highway Research Program, authorized the Transportation 
Research Board to undertake a continuing project to search out and synthesize useful 
knowledge from all available sources and to prepare documented reports on current 
practices in the subject areas of concern. 

This synthesis series reports on various practices, making specific recommendations 
where appropriate but without the detailed directions usually found in handbooks or de-
sign manuals. Nonetheless, these documents can serve similar purposes, for each is a 
compendium of the best knowledge available on those measures found to be the most 
successful in resolving specific problems. The extent to which these reports are useful 
will be tempered by the user's knowledge and experience in the particular problem area. 

FOREWORD This synthesis will be of interest to traffic control systems managers and designers, 
By Staff maintenance managers and staff, communications managers and staff, and others who 

Transportation are responsible for the effective functioning of traffic signal control systems at the state, 
Research Board district, or local level. It will also be of interest to consultants and suppliers of traffic 

signal systems. It presents information on the current practices of state and local trans- 
portation agencies with regard to the maintenance management practices for traffic sig- 
nal control systems. 

Administrators, engineers, and researchers are continually faced with highway problems 
on which much information exists, either in the form of reports or in terms of undocumented 
experience and practice. Unfortunately, this information often is scattered and unevalu- 
ated and, as a consequence, in seeking solutions, full information on what has been 
learned about a problem frequently is not assembled. Costly research findings may go 
unused, valuable experience may be overlooked, and full consideration may not be given 
to available practices for solving or alleviating the problem. In an effort to correct this 
situation, a continuing NCHRP project, carried out by the Transportation Research 
Board as the research agency, has the objective of reporting on common highway prob- 
lems and synthesizing available information. The synthesis reports from this endeavor 
constitute an NCHRP publication series in which various forms of relevant information 
are assembled into single, concise documents pertaining to specific highway problems or 
sets of closely related problems. 

A previous NCHRP Synthesis, No. 114 (1984), examined the state of the practice 
with regard to traffic signal maintenance management. This synthesis reexamines cur- 
rent traffic signal control maintenance practices in light of the extensive use of solid 
state equipment, PCs; integrated systems and other advanced technologies, such as ITS 



(intelligent transportation systems). This report of the Transportation Research Board 
discusses the current technologies and the maintenance concerns related to both hard-
ware and software systems. It also presents information on traffic signal systems main-
tenance organizations and staff, maintenance programming and scheduling, ancillary 
equipment and repair facilities, cost of maintenance and funding sources, and manage-
ment strategies. 

To develop this synthesis in a comprehensive manner and to ensure inclusion of 
significant knowledge, the Board analyzed available information assembled from nu-
merous sources, including a large number of state highway and transportation depart-
ments. A topic panel of experts in the subject area was established to guide the research 
in organizing and evaluating the collected data, and to review the final synthesis report. 

This synthesis is an immediately useful document that records the practices that were 
acceptable within the limitations, of the knowledge available at the time of its prepara-
lion. As the processes of advancement continue, new knowledge can be expected to be 
added to that now at hand. 
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TRAFFIC SIGNAL CONTROL SYSTEMS 
MAINTENANCE MANAGEMENT 

PRACTICES 

SUMMARY 	Traffic control systems are expected to continue to grow in size and in complexity, even 
as resources continue to decrease. Many transportation agencies currently believe that they 
are doing a fair to poor job of maintaining their present systems. How, then, will agencies 
be able to improve the maintenance of their systems while doing more with less? One way 
is to use the best maintenance management systems available that will suit their needs. 
This synthesis has been prepared to present the state of the practice in maintenance man-
agement of traffic signal control systems to assist agencies in improving their own systems. 

Maintenance management practices vary widely among transportation agencies. Most 
agencies (50 percent of those answering a survey of 152 transportation agencies) use a 
paper filing system, even though there are many types of software available for manage-
ment, scheduling, administration, inventory control, and record keeping. It is expected that 
more agencies than the 18 percent that reported using computerized system will do so in 
the future. 

Maintenance is divided into three types: response, preventive, and design modification. 
Response maintenance is performed on an as-needed basis to repair a malfunction and is 
practiced by all agencies with varying response times. Preventive maintenance is performed 
on a regularly scheduled basis using a set of procedures to preserve the intended working 
condition of the traffic control system. Most, but not all, agencies perform this type of 
maintenance, which represents about one-third of their overall program. Design modifica-
tion is used to correct a recurring problem, to accommodate changes in prevailing traffic or 
physical conditions, or to update installations to the current state of the practice. Approxi-
mately 75 percent of the agencies surveyed reported design modification activities, which 
accounted for about one-sixth of their traffic signal control system maintenance program. 

Most agencies do not share resources such as personnel, devices, equipment, responsi-
bility, or authority with other agencies. They also most often use the low-bid process for the 
procurement of equipment, parts, and services. In some cases, a prequalifications process is 
added. 

The number of maintenance personnel has changed over the years as .a result of the 
evolution of traffic control equipment from mechanical to electronic devices. For those 
agencies that maintain their own systems, the survey revealed that the number of mainte-
nance personnel generally increased with an increase in population at a rate of approxi-
mately 2.6 employees per 100,000 persons for city agencies and a rate of 2.3 for state 
agencies. No definable rates could be determined for agencies that contract all or part of 
their maintenance. 

County agencies appeared to have larger budgets for equipment than states and cities, 
while state agencies appear to have the largest budgets for personnel and spare parts. Cities 
have the highest budget for contractor services. The source of budget funds is local and 
state taxes and gas taxes. The mix of taxes varies by government level and is expected to 
change in the future. 



Tools are available to improve the maintenance management of traffic control systems to 
help agencies cope with an increase in the system size and components while facing re-
duced resources. The information in this synthesis can help agencies to understand these 
tools and improve their programs. 



CHAPTER ONE 

INTRODUCTION 

BACKGROUND 

Maintenance is defined as the act of preserving a particular 
state. With respect to traffic control systems, it is the act of 
keeping the systems operating as they were intended to oper-
ate. Management is the skillful use of available resources to 
achieve a goal. Maintenance management of traffic signal 
control systems is the skillful and efficient use of resources to 
keep the systems operating as intended. It is important to re-
member the distinction because this report deals with the 
management of maintenance not the act of maintenance. 

This synthesis updates NCHRP Synthesis 114: Manage-
ment of Traffic Signal Maintenance (1), which focused on the 
transition in maintenance requirements and practices as hard-
ware evolved from electromechanical to solid-state design. 
Since its publication in 1984, many changes have occurred in the 
technology and maintenance of traffic signal systems. Mainte-
nance management practices have, therefore, also changed. This 
synthesis examines current traffic signal control maintenance 
management practices in light of the extensive use of solid-
state equipment, personal computers, and integrated systems. 

To determine the current state of traffic signal system 
maintenance management, an extensive literature search was 
performed and a survey of state, county, and city agencies in 
the United States; of provincial and city agencies in Canada; 
and of selected manufacturers was conducted. The survey in-
strument was mailed to representatives in 152 state, city, 
county, and Canadian province agencies. The state representa-
tives were the traffic engineers for the state departments of 
transportation. At least one city or county was chosen from 
each state, based on population. Of the 152 surveys mailed, 89 
responses were received, a response rate of 59 percent. Fifty 
city and county agencies out of 93 answered the questionnaire, 
representing a 54 percent response. The highest response rate 
(74 percent), was from the 37 states responding out of 50. 
Three of nine Canadian provinces replied, a rate of 33 percent. 

Of the 90 individuals who responded to the survey, 77 indi-
cated that they are responsible for maintaining the traffic sig-
nal control systems in their jurisdictions. All of the survey re-
sults 

e
sults presented in this synthesis are based on a percentage of 
the 77 respondents responsible for maintenance in their juris-
dictions. Of these 77 respondents, 38 are city agencies, seven 
are counties, 30 are states, and two Canadian provinces. 

The survey form is in Appendix A; the responses are sum-
marized in Appendix B, which provides general information 
about, and the results from, the survey, including the number, 
type, and size of agencies responding. Relevant results and 
statistics are provided. Agencies nationwide were asked to 
provide information on their maintenance schedule, staffing, 
management practices and how they rate their ability to 
maintain their current system. This synthesis, written with  

maintenance managers and their supervisors in mind, presents 
the results of the literature review and the survey. 

Report Structure 

Chapter 1 discusses traffic signals and their maintenance in 
a historical context. Chapter 2 briefly describes the systems 
and their components to indicate what must be maintained. In 
Chapter 3, information is provided on the current state of the 
practice with respect to traffic signal systems maintenance. 
Chapter 4 presents conclusions drawn from the previous three 
parts. Appendix C contains a preventive maintenance check 
list. Appendix D contains a summary of procurement methods 
identified by the survey. Appendix E provides the references 
for all works cited in the appendices. 

Historical Perspective 

Historically, public agencies have experienced difficulties 
in maintaining their traffic signal control systems for many rea-
sons: ftnding issues, lack of proper training, poor design decisions 
and construction, poor installation, ineffective management of 
available resources and personnel, and the challenge for "tradi-
tional" management structures to make appropriate decisions as 
technology rapidly changes. Many steps have been taken to im-
prove the management of traffic signal system maintenance. 

Since the last synthesis on traffic signal maintenance man-
agement, new types of technologies have been implemented to 
improve the state of traffic signal control. Today's systems in-
corporate communications technologies, computers, surveil-
lance equipment (such as closed circuit television (CCTV), 
detectors, and many other elements. In addition, intelligent 
transportation systems (ITS) have been developed and are be-
ing deployed throughout the country for surveillance and con-
trol of traffic signal systems. As systems become larger and 
more complex to accommodate increasing traffic demands, 
more intensive maintenance, higher funding levels, and more 
employees with higher skill levels are required. This issue can 
be offset by the use of computers that permit the accumulation 
of maintenance information into data bases from which infor-
mation can be selected and processed to assist in making cost-
effective management decisions. 

Magnitude Of The Current Problem 

- 

With an increasing number of traffic signal systems, and 
therefore an increasing number of signalized intersections, 
maintenance management has become an important issue. 



Public agencies are responsible for systems that are growing 
in size and complexity while staffing and resources are 
shrinking. Thus, it becomes increasingly difficult to provide 
proper maintenance for equipment within their jurisdictions. 

According to a recent survey conducted by the Institute of 
Transportation Engineers (1TE) (2), 

The number of signals that are part of coordinated signal 
systems is expected to increase by 28 percent over current 
levels by the year 2000. 

Transportation agencies reported a 20 to 25 percent 
shortfall in funding and personnel needed to effectively operate 
and maintain present traffic control systems. 

Forty-four percent of responding agencies rated their 
ability to operate and maintain existing systems as fair or poor. 

These results emphasize the need for strong management 
practices to maintain current systems that are growing rapidly. 
The net effect will be continuing to do more with less. Poor main-
tenance management practices will inhibit the growth of traffic 
signal control systems leading to growing traffic congestion, de-
creased safety, declining air quality, and less mobility. 

TYPES OF MAINTENANCE 

There are three main types of maintenance: 

Preventive, 
Response, and 
Design modification. 

Each of these types plays an important role in the overall 
maintenance of a system. This section defines each of these 
three types of maintenance and provides examples of activities. 

Response Maintenance 

Response maintenance is performed on an as-needed basis. 
Also known as emergency maintenance, it is required when 
equipment breaks down or malfunctions. On notification, the 
responsible agency is expected to dispatch a repair service 
team to secure the site, diagnose the problem, perform the re-
pairs, 

e
pairs, and record their activities as quickly as possible. Many 
agencies set goals or have a schedule for each of these activi-
ties based on the types of failures and resources available for 
the repairs (5). 

Although ITS can make it possible 'for systems to monitor 
many functions and notify the proper managers automati-
cally, many agencies still rely on traditional notification 
practices. These practices include notification through internal 
sources (the operating agency), external sources (the media, 
police, etc.), and the general public (4). 

After the agency has been notified of an equipment break 
down, a repair team is dispatched. The team secures the site so 
repairs can be made safely. The first step is to diagnose the 
problem. After the problem has been identified, the faulty 
equipment is replaced and then repaired in the shop or by the 
manufacturer to ensure that traffic conditions are returned to 
normal as quickly as possible. Performing repairs in the shop 
rather than in the field improves the quality of the repair and 
enhances proper maintenance documentation (4). In some in-
stances, a temporary repair must be made because replacement 
parts are unavailable or the damage cannot be repaired im-
mediately. The temporary repair may use temporary control 
devices and or timing changes. Jurisdictions may allow differ-
ent practices for public agencies or private contractors. 

All activities performed on request should be clearly and 
concisely documented for future reference. Computerized rec-
ords can reduce the time required for record keeping and can 
be retrieved quickly and easily, even from remote locations. 

Preventive Maintenance 

Preventive maintenance is performed on a regularly 
scheduled basis using a set of procedures to preserve the in-
tended working condition of the traffic signal system. Periodic 
maintenance can prolong the life of the system and usually 
includes inspection, cleaning, replacement, and record keep-
ing. These activities occur based on each component's func-
tion and rated service life (3). 

The objective of preventive maintenance is to ensure that 
the system operates properly. Defective equipment can be re-
placed or repaired before failure occurs reducing the need for 
responsive maintenance resulting in reduced road user costs, 
and liability exposure (1). Education and research have led to 
the acknowledgment that preventive measures and changes in 
design and dperations are just as important as response or 
emergency measures. 

1TE has published a recommended checklist for the pre-
ventive 

re
ventive maintenance of traffic signal systems. This list, con-
tained in Appendix C (4), includes a recommended interval in 
months or years for items in various categories. 

Design Modification 

Design modification is usually invoked to correct a recur-
ring problem, to accommodate changes in prevailing traffic or 
physical conditions, or to update installations to the current 
state of the practice. This type of maintenance is a change in 
the approved design and operations of an existing traffic signal 
system. Examples of design modifications include (4): 

Addition or removal of a phase, 
Changes in signal displays, configurations or locations, 
Detector changes, 
Revisions to related signs and pavement markings, 
Equipment revisions or upgrading (hardware and soft-

ware), and 
Timing changes. 

Design modification may be required to address preventive 
and responsive maintenance issues such as frequent lamp fail-
ure resulting from poor quality or water leakage, signal head 
visor damage, signal head alignment, signal head mounting 



heights. and traffic signal hardware knockdowns. These prob-
lems usually are caused by design deficiencies and can be cor-
rected. ITE recommends review of the design and operation of 
signalized imersections every 2 to 3 years. Intersections should 
be inspected for conformance with the approved plan, state-of-
the-art design standards and features, and compatibility with 

pre'ailincz traffic demands and physical conditions 

CONSEQUENCES OF FAULTY 

MAINTENANCE 

Consequences of system lailures and mallunctions caused 
by design. instal laticm maintenance, and operational defi-
ciencies can be categorized into five maior areas: 

Increased motorist costs, 
Increased maintenance. 
Increased accidents and liability. 
Poor air quality, and 
Poor public image. 

Increased Motorist Costs 

Signal control system maliunetiuns may create unnecessary  
stops and delays that waste motorists lime and fuel and in-
crease pollutant emissions. Road-user savings alone provide 
sufficient cost justification for proper signal maintenance—the 
savings in time and fuel to motorists can exceed the cost of a 
good signal maintenance program. Traffic signal phasing 
and timing to provide smooth progression through adjacent 
signalized intersections is a technique that can mitigate this 
consequence. 

Increased Maintenance 

Faulty control system equipment requires maintenance ex-
penditures to repair or replace parts, and often shortens the 
useful life of the equipment. Inadequate design attention to 
future maintenance requirements, inadequate inspection dur-
ing installation, and improper maintenance practices may lead 
to unnecessary failures or malfunctions, increasing staff time, 
replacement part costs, and inventory requirements. 

Increased Accidents and Liability 

Faulty installations and improper or negligent maintenance 
can increase accident rates and may subject responsible agen-
cies and their personnel to liability claims. Lawsuits based on 
alleged negligence in design, construction, inspection, and main-
tenance by personnel have increased in recent years. These 
lawsuits have resulted in greater expenditures for liability in-
surance premiums and for settlements awarded to claimants. 
Cases in which clearance intervals did not conform to the Manual 
on Uniform Traffic Control Devices, no signal indications  

were provided in one direction, and poles and push buttons 
were not grounded have resulted in findings of liability and 
large settlements. The exposed electrical cable in Figure 1 is 
an example of poor risk management. 

FIGURE 1 Controller cabinet requiring maintenance of an 
exposed electrical cable. 

Poor Air Quality 

Faulty control system equipment and improper or insuffi-
cient maintenance can affect traffic flow and possibly degrade 
air quality, potentially causing the responsible agency prob-
lems in meeting air quality goals established by the Clean Air 
Act and resulting in increased fuel costs and air pollutant 
emissions. Unnecessary vehicle stops contribute significantly 
to these consequences. Emphasis has been placed in recent 
years on establishing systems to improve air quality either lo-
cally or regionally. Nonconformance with federal regulations 
such as the Clean Air Act could affect federal funding of cur-
rent or future projects. 

Poor Public Image 

The public usually has no perception of traffic control de-
vices unless the devices malfunction because of nonoperability 



or degradation, or if motorists are consistently delayed at a 
traffic signal with no traffic on the cross street. Examples of the 
former consequence are signal lamp bum-outs; changeable mes-
sage signs (CMS) that are not readable, current. or properly dis-
pIad: highway advisory radio (HAR) that is not understandable; 
excessive delay due to nonfunctioning detection or coordina-
tion: and radio traffic news that recommends an alternate route 
that has not been optimized by the responsible agency. Poor 
maintenance may evoke it negative public image (Figure 2). 

FIGURE 2 A meter base detached from the pole is an example 
of poor maintenance that may result in electrical failure and a 
negative public image. 

The consequences of faulty maintenance—increases in 
motorist costs, maintenance, accidents, and liability, poor air 
quality, and tarnished public image—combine to reinforce the 
importance of traffic control system maintenance. Failures or 
malfunctions will sometimes occur; however, good mainte-
nance practices can significantly reduce adverse consequences 
to public agencies and their communities, and improve cus-
tomer satisfaction.  

their traffic control systems. Management activities such as 
scheduling, budgeting, staffing, and record keeping are essen-
tial to properly maintain the growing number of systems and 
advancing technology and all are interrelated. This section de-
scribes these maintenance management practices. 

Scheduling 

Some types of maintenance, such as preventive mainte-
nance, should be performed on it regularly scheduled basis to 
keep the system operating properly and provide for the most 
effective use of resources. l)eveloping, tracking, and adjusting 
a maintenance schedule requires management of activities. 
The schedules should be developed based on system needs, 
agency personnel, and funding and be adjusted according to 
changes in these criteria. Other types of maintenance, such as 
response maintenance, cannot be scheduled in the same man-
ncr E-lnwver, based on past experience and trends, the 
amount of time, staff, and budget required can be esti-
mated and it is necessary to allow for emergencies. It should 
be noted that a schedule should reflect factors such as climate. 
For example. an  area that is prone to hurricanes may experi-
ence more knockdowns, therefore requiring more mainte-
nance, than an area that rarely has hurricane activity. Available 
personnel time must allow resources for design modification, for a 
signal system can be efficient only if it is responsive to traffic 
demands. 

There are 110 universal guides for determining the propor-
tion of the yearly maintenance budget for each type of mainte-
nance because this depends on many factors, such as the type 
and age of equipment, and the experience and expertise of the 
maintenance personnel. The proportions are system-dependent 
and are reactive to each other. For example, experience at the 
City of Los Angeles Department of Transportation indicated 
that insufficient time was allocated to preventive maintenance, 
resulting in an ver-inereasing demand for response uulaiuite 
nance. The end result was too little time for preventive main-
tenance and the overall maintenance effort was larger than 
would have been required with an adequate level of preventive 
maintenance. This situation has since been remedied. 

Budgeting 

Funding is crucial to the proper maintenance of any system. 
It determines the types of equipment procured and the number 
of staff hired. Budgeting available funding is important to 
providing adequate service to an agency's jurisdiction. It is not 
always an easy task since it involves a balance and distribu-
lion of available funds, which are not always in cash. It also 
deals with systems, which by their nature, should be transpar-
ent to the decision makers. 

MAINTENANCE MANAGEMENT PRACTICES 

Aggressive and creative management of maintenance activi-
ties can ease the burden that many agencies face in maintaining 

Personnel and Staffing 

An adequate number of well-trained staff is important for 
the proper maintenance of a system. Personnel should be 



properly trained to match their responsibilities so they can fill 
an assigned role within an organizational structure. The num-
ber of personnel employed should be adequate to fulfill the 
maintenance needs of a system and is usually dependent on 
the size of the system and the scope and skill level of each 
employee classification in the organization (2). 

Record Keeping 

Record keeping to track schedules, budgets, equipment, 
and staff performance is important to the management of 
maintenance activities. Records provide a reference for future 
problems and can be important to liability issues. There are a 
number of philosophies on record keeping. At one end of the 
spectrum are those who want to keep only the data that are 
actually used to manage the performance of the system. At the 
other end are those who want to keep all data gathered for an 
indefinite period of time. A variety of forms, ledgers, and logs 
are presently used. The following records are recommended in 
the Traffic Systems Installation, Maintenance and Operations 
Manual planned for publication by ITE in 1997 (6): 

Master Record—A master log of all service calls listing the 
date, type of maintenance performed, and signature(s) of the 
maintenance personnel performing the work. Should include 
design-modification maintenance. 

Preventive Maintenance Record—A log for each preventive 
maintenance service call of the date, tasks performed, and sig-
nature(s) of the maintenance personnel performing the work. 

Preventive Maintenance Problem Record—A record of prob-
lems or potential problems identified (if any), corrective action 
taken, and follow-up inspection, including date(s) and signa-
ture(s) of the maintenance personnel performing the work. 

Response Repair Log-on Record—A log recording the location. 
date, time, caller, receiver and nature of complaint received; 
maintenance personnel and time dispatched; trouble found and 
time cleared. 

Response Maintenance Repair Record—A complete record for 
each call of the problem, notification details, prevailing condi-
tions, work performed, parts replaced or repaired, time and 
condition on departure, and signature of the responsible repair 
person and supervisor. 

Each of these logs or records can be maintained on paper or 
in computer files or data bases on a variety of software avail-
able from various computer vendors and software manufactur-
ers. Signature requirements can be accomplished by using 
personnel codes. With the increase in office microcomputers,  

there has been an increase in the use of computerized record 
keeping. In some cases, paper records have been eliminated 
and field personnel use laptop computers and transfer their 
files to the office computer system on a daily basis. Computer 
systems provide the capability to sort, select, tabulate, and 
display data in a format to enhance maintenance decisions, re-
duce wasted resources, and ease the record-keeping burden. 

Signal Timing Charts 

Signal timing charts are another form of maintenance man-
agement. Signal timing charts, prepared by the traffic engi-
neer, are best kept in both.the signal controller cabinet and in 
the operations office. The charts are used by signal mechanics 
and other maintenance personnel to verify, and sometimes, 
adjust the signal timings at an intersection. Any changes to the 
timing plans are noted and a copy is sent to the operations of-
fice. A computerized data base is considered essential by 
many agencies with large systems. 

Manuals and As-Built Plans 

Equipment manuals can be an invaluable tool for mainte-
nance 

ainte
nance personnel. Copies of manuals should be available in the 
field, and in the operations or maintenance office for quick 
reference. 

As-built plans should always be available in the controller 
cabinets and in the operations or maintenance office. Any de- - 
sign-modifications should be noted on the as-built plans. Un-
fortunately, in many cases, the as-built plans are kept but are 
not updated. This could adversely affect the efficiency of future 
maintenance or the design of reconstruction or modification. 
Some governmental agencies may require additional records. 
For example, California mandates keeping up-to-date as-built 
plans for substructure markouts. 

Computer systems now provide the opportunity to develop, 
store, revise, and retrieve plans as part of a computer-aided 
drafting (CAD) system. 

A brief description of traffic signal control systems and 
their components that need to be maintained are presented in 
chapters 2 and 3. Chapters 4 through 8 present the current 
state of the practice with respect to traffic signal control sys-
tems maintenance. Conclusions are contained in chapter 9. 
The appendices contain useful information on the survey form 
and the agencies that responded, a preventive maintenance 
checklist, procurement processes received from survey respon-
dents, and references used in the appendices. 



CHAPTER TWO 

TRAFFIC SIGNAL CONTROL SYSTEMS 

There are two main types of traffic signal control systems: 
centralized systems and decentralized systems. This chapter 
describes both types and the various system components, of 
each. 

CENTRALIZED CONTROL SYSTEMS 

Centralized traffic signal control systems use one computer 
for a network, or system of signals. The central computer 
sends commands to each of the signals in the system and, in 
more advanced systems, receives information from detectors 
and other surveillance equipment. Some of the characteristics 
of a centralized control system are: 

Second-by-second, real-time monitoring (7) 
One level of computation occurs prior to signals reaching 

the field controller (8) 
One communications protocol and one data rate exist 

between the control center and the field controllers (8). 

Figure 3 illustrates a centralized control system architecture. 

DECENTRALIZED CONTROL SYSTEMS 

In decentralized traffic signal control systems, more com-
puting is done in the field, less information is sent back to a 
central computer, and less communication is required (9). 
With this type of system the probability of total system failure 
is small. In addition, the computing burden is not concentrated 
on one machine. These types of systems can also use time-
based controllers that receive settings by radio communications 
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from the central controller, with no wire interconnections. Other 
versions of decentralized systems perform areawide traffic re-
sponsive control functions based on field detector data at the 
central control computer. A closed loop system is a decentral-
ized system. Some of the characteristics of a distributed con-
trol system include (8): 

Multiple levels of computation in the field 
Data rate changes between the control center and field 

controller. 

Figure 4 illustrates a decentralized system configuration. 
The distributed signal control system illustrated in Figure 4 
has two levels. Level 1 includes the point of control function, 
Level 2 includes the control strategy and the time keeping. 

TRAFFIC SIGNAL HARDWARE 

Traffic signal hardware includes several elements besides 
the very visible traffic signal. These elements include control-
lers, detectors, communications interface, communications 
system, electrical distribution, signal indications, and other 
devices specific to individual systems, such as preemption 
control, closed circuit television (CCTV), and variable mes-
sage signs (VMS). This chapter describes the different types of 
traffic signal hardware that can comprise a signal system. 

Controllers 

There are two major types of controller hardware: pretimed 
and actuated. Historically, pretimed controllers were electro- 
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FIGURE 3 Centralized signal control system (7). 
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mechanical devices, characterized as simple, reliable, and 
moderately priced. Actuated controllers, which are traffic re-
sponsive, were more complicated and more expensive. Semi-
actuated and fully actuated control was achieved using local 
controllers and "hard-wiring" the function into the circuit (9). 

Originally, actuated controllers were single units. If a fail-
ure occurred in the field, the entire unit had to be replaced. At 
that time, the objective was developing compatible units that 
could be switched in the field. However, this objective was not 
always achieved. The introduction of the transistor led to new 
generations of modular actuated controllers. This allowed for 
individual circuit boards to be replaced in the field. Also, the 
new modular controllers were designed so they could be ex-
panded from semi-actuated to fully actuated control by adding 
detectors and circuit boards (9). 

Traffic signal controllers, whether pretimed or actuated 
units, are generally housed in durable, steel-cased cabinets. 
Controller cabinets need to be sturdy enough to offer protec-
tion from vandalism, weathering, and impact. Cabinets typi-
cally are mounted on the signal pole, or at the intersection at 
street level in the sidewalk pavement adjacent to signal sup-
port poles. Presented earlier, Figure 1 shows a typical signal 
controller cabinet. It should be noted that the presence of cabi-
net casing wear and exposed wiring reveals the need for 
maintenance. 

With the advancement of electronics into integrated circuits 
and then microprocessors on a single chip, actuated control 
moved from hardware to software implementation. This led to 
today's National Electrical Manufacturers Association (NEMA) 
and Type 179Trype 170 controllers. This modern solid-state 
equipment can also be used for many applications, from pre-
timed to the most sophisticated volume/density operation, de- - 
pending on the installed software. Many cities began to re- - 
place their electromechanical equipment with solid-state 
equipment toward the end of the 1960s mainly because of the 
difficulty of obtaining replacement parts for the older equip-
ment (9). 

This section briefly describes the three principal types of 
controllers: electro-mechanical, solid-state, and microproces-
sor-based. 

Electro-Mechanical Controllers 

An electro-mechanical controller is a device that consists 
of moving parts to open and close electrical contacts to change 
the signal phases. It may be pre-timed control, based on relay 
circuitry, or may consist of three dials representing three signal 
timing plans. Generally, the timing plans are time-of-day and 
are AM-peak, PM-peak, and off-peak. In some cases, the 
"flash" function is used at night. A good maintenance pro-
gram has usually resulted in the upgrading and replacement of 
electro-mechanical controllers. 

Solid-State or NEMA Controllers 

The development of solid-state traffic controllers began in the 
mid-1960s with a version of relay circuitry and then became more 
complex. Functions were combined so that where previously two 
or three pieces of equipment were needed, only one is used. 

Modern solid-state controllers are actuated control devices 
designed to functional specifications developed by the Na-
tional Electrical. Manufacturers Association. The objective of 
these standards is to provide uniformity in traffic signal con-
trol equipment. NEMA standards have also been developed 
for detectors, conflict monitors, load switches, flashers, and 
general cabinet requirements. 

The NEMA guidelines for traffic signal control devices can 
be summarized as follows (10): 

Industry standards for traffic-control equipment should 
be based on proven designs. 

Standards for interchangeable traffic-control equipment 
should be downward compatible. 

The industry had an obligation to take the lead in devel-
oping hardware standards. 

Every precaution should be exercised to reduce the po- - 
tential for malfunctions. 

Performance and reliability of traffic-control equipment 
should be upgraded and should reflect the current state of the 
art. 
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NEMA guidelines, with respect to controllers, set forth 
specifications in the following areas: 

Logic pin assignment, 
Logic voltage ranges, 
Size of controller, 
Testing and maintenance, and 
Temperature ranges. 

Microprocessor-Based Controllers 

The microprocessor-based controller is another type of 
modem actuated controller. It can be a NEMA (discussed in 
the previous section), a Type 170/179, or a 2070/TS3 control-
ler. Type 170/179 controllers are microprocessor based and are 
used in conjunction with the type of control implemented by 
software. These controllers have evolved from a design con-
cept that emphasized the use of a single hardware device into 
which programs can be loaded for various applications (9). 

The Type 170 controller was developed jointly by the state 
departments of transportation in New York and California. 
The Type 179 is a later model of the Type 170. The 1TE Traffic 
Engineering Handbook describes the Model 170 as a hard-
ware specification for standardization, providing a controller 
assembly package of standardized modules, complementary 
hardware and wiring harnesses, all housed within standard  

cabinets (11). The specifications continue to be updated to re-
flect technological advancements and user needs. 

The 2070 and TS3 controllers represent a new generation 
of advanced transportation controllers (ATC). They can be ret-
rofitted into industry cabinet standards. The TS3 is compatible 
with NEMA digital interfaces and the 2070 with 170 digital 
interfaces. The open architecture ATC "family" support off-
the-shelf operating systems, are based on nonproprietary com-
puter architecture, run open communication protocols, and can 
be deployed in most nonproprietary traffic control systems. 
These ATCs use a modular approach simplifying maintenance, 
providing isolation, and enabling future upgrades without re-
placing the entire controller. Each of the modules can be re-
placed, diagnosed, or upgraded individually. The modules in-
clude a VME bus computer platform, which interfaces with all 
other modules, a field 110 module, a 2070 modem module, a 
communications module, and various expansion modules (12). 
Figure 5 illustrates the module approach of the 2070 and TS 
ATCs. 

Figure 6 illustrates the types' of controllers used by survey 
respondents who are responsible for the maintenance of their 
systems. As shown, 81 percent of the respondents indicated 
that they use NEMA controllers in their traffic control sys-
tems. Nearly 30 percent indicated that they use Type 170 con-
trollers. Eleven percent indicated electromechanical controllers 
are used in their systems, three percent indicated TMP390 
controllers and three percent said non-NEMA solid-state 
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controllers are used. Each respondent in the "other" category 
indicated a different type of controller, including the 180, 
620/300, 820A1870, ASC2-MG1000, Eagle EF-20, HMC 1000, 
KMCII0000, LMD-8000, Multisonic, PCE, and TR1880EL. The 
above percentages add up to more than 100 percent because 
many of the respondents use more than one type of controller. 

Detectors 

There are two main types of detectors or sensors—intrusive 
and nonintrusive. Intrusive detectors are located in the pave-
ment surface of a roadway and detect the presence of vehicles 
as they pass over the sensor zone. Nonintrusive detectors are 
not embedded in the pavement and are usually located over-
head or on the side of a roadway. 

Intrusive 

Inductive loop detectors are the most often used type of 
sensor technologies. They are embedded in the roadway and 
consist of a single loop or multiple loops of wire in a round, 
square, or rectangular configuration. Round loops are typically 
6 ft in diameter and 2 to 5 in. deep. The loop is connected to a 
detector amplifier by a lead-in cable. The loop functions as an 
inductive element in the detection circuitry. The inductance 
decreases when a vehicle stops on a loop or passes over it and 
the output of the amplifier changes state to indicate the pres-
ence of a vehicle. This presence indication is then processed to 
provide measurements of volume and occupancy (13). 

One of the major concerns with inductive loop detectors is 
reliability. Repairing and maintaining loop detectors is difficult 
because of the disruption to traffic. Most of the problems, how-
ever, result from poor design, improper installation, lack of in-
spection, or poor roadbed conditions, and not from a defi-
ciency with the technology. Loop reliability has been improved  

by placing the loop deeper in the street structure, encasing the 
wire in plastic tubing, using better sealant, and embedding 
preformed loops, which consist of loop wires, in PVC conduit. 

Magnetic detectors are another type of intrusive sensor 
technologies. The presence of a vehicle is detected by the dis-
ruption caused in an induced or natural magnetic field by the 
vehicle. These devices may be active or passive. Active de-
vices, such as magnetometers, are excited by an electrical cur-
rent in windings around a magnetic core. Passive devices, 
such as magnetic detectors, sense perturbations in the earth's 
magnetic field produced when a vehicle passes over the detec-
tion zone. Similar to loops, the magnetic detector's probe is 
connected by a lead-in cable to an electronic unit that contains 
the detection circuitry (13). 

Active (magnetometer) detectors are cylinders less than 2 
in. in diameter and 4.25 in. long. They are installed vertically 
6 to 18 in. below the pavement surface. The detection zone is a 
point rather than an area such as that encompassed by a loop 
detector. Magnetometers detect vehicle presence and the in-
formation can then be processed to provide volume and occu-
pancy measurements. Speed and car length can be determined 
if the detectors are installed in pairs. Magnetometers are use-
ful on bridge structures, and along roadway segments with 
poor pavement surfaces (13). 

Passive (magnetic) detectors cannot be used to detect 
presence because they require a minimum speed of 3 to 5 mph 
to be activated. There are two types of magnetic detectors. One 
is about 2 in. in diameter and 20 in. long and is installed by 
tunneling under the roadway and inserting the sensing probe 
into a nonferrous conduit. The second type of magnetic detec-
tors is approximately 3 by 5 by 20 in. long and is encased in 
an aluminum housing that is mounted flush with the roadway. 
Because passive magnetic detectors sense changes in the 
earth's magnetic field over a wide area, they have a detection 
zone covering up to three lanes. Recent application of new 
digital processing technology to magnetic anomaly detection 
promises to significantly improve the performance of these 
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detectors with the possibility of tracking multiple vehicles in a 
multilane scenario (13). They also work well in pavements in 
poor condition. 

A third type of intrusive detectors is self-powered vehicle 
detectors (SPVD). Developed with FHWA support, the SPVD 
consists of an in-road sensor containing a transducer, an RF 
transmitter with antenna, a battery, and a controller housed in 
a cabinet along the side of the road. The in-road sensor oper-
ates on the same principle as a magnetometer sensor. It is 
powered, however, by an internal lithium battery with a serv-
ice life of 5 to 7 years. Data are transmitted from the in-road 
sensor to a roadside processor via a spread-spectrum radio link, 
obviating the need for lead-in or interconnecting cable. In ad-
dition to providing volume, occupancy, speed, and classification, 
this unit also provides data regarding pavement temperature. Up to 
64 detectors can be connected to a single roadside processor, 
provided they are within 200 meters of the processor (13). 

- Nonintrusive Detectors 

There are several types of detectors that are not embedded 
in the roadway surface. These nonintrusive detectors include mi-
crowave radar, infrared, passive acoustic, ultrasonic, and video 
imaging processing. These detectors are installed either overhead 
or on the side of a roadway, permitting maintenance activities to be 
performed with minimal disruption to the normal traffic flow. This 
section describes these types of nonintrusive detectors. 

Microwave radar detectors direct low-power microwave 
energy toward a roadway. Vehicles passing through the beam 
reflect a portion of the energy back to the detector. Presence 
and speed are then measured. Some microwave radar detectors 
provide presence information by measuring the range from the 
detector to the vehicle. Other types of microwave radar use the 
Doppler effect to determine presence and speed of vehicles. 
The following are brief descriptions of four types of micro-
wave radar detectors (13). 

Doppler units apply the Doppler effect to detect the pres-
ence of a vehicle and are sometimes referred to simply as 
"radar" detectors. The beam width of a Doppler microwave 
radar detector can be either wide or narrow. 

Wide-beam units are usually installed in locations where 
only the general speed of the traffic flow is needed. A vehicle's 
speed is measured when it enters the beam. If more than one 
vehicle enters the beam during the same second, the speed of 
the largest vehicle is usually recorded. Only one detector is re-
quired and it can be mounted over the center of the roadway or 
at the side. 

Narrow-beam units are installed where lane-specific vol-
umes and individual vehicle speeds are needed. An individual 
detector is mounted over each roadway lane. 

Long-range detector units are a version of the wide-beam 
detectors. However, unlike the wide beam detector, they can be 
set back at a greater distance from the roadway. 

Ultrasonic detectors use sound waves within a range of 
frequencies between 20 and 65 kHz to receive range or Doppler 
speed data. The sound waves are transmitted by the detector 
from forward-looking or side-viewing transducers into an area  

defined by the beam width pattern. The road surface or vehicle 
in the area reflect a portion of the energy back so presence and 
speed can be determined. This is accomplished by the trans-
ducers that convert the sonic energy received into electrical en-
ergy, which is fed to signal processing units either co-located 
with the transducer or located in a roadside controller. There 
are two main types of ultrasonic detectors (13): 

Range-measuring detectors transmit a series of pulses 
with a width between 0.02 and 2.5 msec and a repetition be-
tween 33 and 100 msec and then measure the time it takes for 
the pulse to reach the vehicle and return. A user-adjustable 
interval is included in the receiver to help differentiate be-
tween pulses reflected from the roadway surface and pulses 
reflected from vehicles. 

Speed-measuring detectors transmit a continuous wave 
of ultrasonic energy. The passage of a vehicle is detected by a 
shift in the frequency of the signal received. Speed of the ve-
hicle can then be determined from the pulse width of an inter-
nal signal, generated by the detector's electronics, that is pro-
portional to the speed of the detected vehicle. 

Infrared detectors can be either active or passive detectors. 
Active detection zones are illuminated with low-power infra-
red energy supplied by light-emitting diodes (LEDs) or laser 
diodes. The infrared energy reflected from vehicles traveling 
through the zone is focused by an optical system onto a detec-
tor matrix mounted on the focal plane of the optics. Real-time 
signal processing techniques are used to analyze the received 
signals and to determine the presence of a vehicle. Changes in 
received signal levels caused by environmental effects such as 
weather, shadows, and thermal heating can be automatically 
corrected by the processor (13). 

Passive infrared detectors provide presence information 
using an energy-sensitive detector element to measure the 
change in energy emitted when a vehicle enters its field of 
view. No energy is transmitted by the detectors. Blackbody 
radiation is the source of energy, which is produced by the 
nonzero temperature emissive objects. 

Passive acoustic detectors use an array of microphones to 
detect and verify the unique acoustical sounds of vehicular 
noises such as engine noises and tires on pavement. The detec-
tor processes these sounds to provide spatial directivity. De- - 
tection zone size and shape are determined by the sensor aper-
ture size, the processing frequency band and the installation 
geometry. When a vehicle passes through the detection zone, 
an increase in sound energy is detected by the signal process-
ing that is part of the acoustic array and a vehicle presence 
signal is generated. When the vehicle leaves the detection 
zone, the sound energy level drops below the detection 
threshold and the vehicle presence signal is terminated. Be-
cause of sound reverberation from the walls and ceiling, pas--
sive acoustic detection is not suitable for tunnels (13). 

Video image detectors employ video technology and image 
processing techniques. Video cameras installed at selected lo-
cations 

o
cations along the freeway or at signalized intersections collect 
a variety of real-time traffic data. Traffic can be detected at a 
number of locations within the camera's field of vision. 
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Therefore, this type of system has an advantage over loop de-
tection in that video cameras have the capability of wide-area 
detection and can replace several loops. Video image detectors 
can collect most of the presence and passage detection indica-
tors that are outputs of typical loop detectors such as volume, 
lane occupancy, speed, etc. Two concerns with the accuracy of 
video detection systems have surfaced: vehicle occlusion and 
transition from day to night or changes in lighting shades. A 
number of counties and municipalities currently use image 
processing detection technology (14). 

Communications 

Communications devices provide for the transmission of 
information between signal system components. The type of 
communications medium is determined by the type of control 
and the data being transmitted. There are two main types of 
data transmission media for traffic signal control systems: 
wireline and wireless. 

Wi reline 

The four main types of wireline communications media 
usually used for control systems include (11): 

Conventional interconnect cable, 
Twisted-pair cable, 
Coaxial cable, and 
Fiber optic cable. 

Wireless 

Wireless communications transmit data through the air 
without the use of cable technologies, as implied by the name. 
Otherwise known as "air-path" media, wireless communica-
tions devices can include the following technologies: spread 
spectrum radio (SSR), microwave, satellite, and cellular radio. 

Wireless technologies are used most often in special situa-
tions such as at water crossings and in remote locations to 
connect them with the central system. The 900 MHz band 
used by many SSR providers have become very crowded in 
large cities. It is expected that higher bands will see increased 
activity with the same result. 

Electrical Distribution 

Electricity can be distributed in two basic ways: overhead 
and underground. The function is to distribute electrical power 
to the controller and between the controller and devices. Un-
derground wiring is usually installed in conduits. Voltages to 
devices such as signal heads usually are 110 VAC, 170 con-
troller equipment is 12 VDC and 24 VDC for NEMA control-
lers and pedestrian actuation buttons. Voltage drop caused by 
long runs of wire between the service point and the signal 
controller can cause major problems with the reliability of 
processor-based devices. 

Signal Indications 

Today, there are more than 300,000 traffic signals in North 
America (15). They can consist of red, yellow, and green 
indications and can include directional arrow indications in 
all three colors for protected left and right turns. Pedestrian 
signals and illuminated signs are other examples of signal 
indications. 

The equipment and materials used for traffic signal indica-
tions have evolved as well. Presently, most signal indications 
are incandescent lamps with a colored lens to display red, 
yellow, green, and arrows. The city of Los Angeles has experi-
enced a problem with the quality control of delivered bulbs. 
Shop and field testing, including accelerated life testing, and a 
change in specifications has been helpful. Recently, signal in-
dications have been developed that use light-emitting diodes 
(LEDs) in place of incandescent bulbs. 

LEDs are solid-state devices that use luminescence to pro-
duce light. Presently, LEDs are most often used for red light 
indications because the greatest concern for bum-out is the 
"Stop" or red indication. Energy savings of LEDs over incan-
descents has been found to be approximately 85 percent. As a 
basis for comparison, a 12-in, incandescent lamp uses a 150-
watt lamp, while the average 12-in. LED uses 25 watts. The 
life-expectancy of an LED is 100,000 hours, at which point its 
intensity will degrade to half; however, failure is rare. A power 
factor correction is necessary to achieve maximum energy 
savings. 

LEDs can differ from one manufacturer to another with re-
spect to die material, epoxy material, positioning of the die cup, 
and size and shape. Brightness is not dependent on the size, but 
on the semiconductor die inside, which emits the light. 

With regard to die materials, the AllnGap LED is the new-
est in die material design, whereas the AIGaAs has been the 
LED of choice for high-intensity applications. However, sev-
eral flaws are associated with the AlGaAs, including prema-
ture dimming and degradation when exposed to excess heat 
and humidity for long periods of time. The AllnGap does not 
contain aluminum in the top of its die structure and therefore 
does not have this problem. 

Another development in signal indications is a bi-modal 
arrow signal head that uses LEDs and retrofits into standard 
housing. The signal head has the ability to go from green to 
yellow, two indications in one space. The LEDs are alternated 
within the signal display and are lit according to the pro-
granimed phase. Some concern has been expressed by color-
blind motorists. 

Control Methods 

- 

There are two main types of traffic signal control: local and 
central. Local control is achieved using one or more controllers 
to operate the traffic signals at an isolated intersection or a se- - 
ries of adjacent signals. Central control is accomplished by 
operating a controller or controllers from a centrally located 
source. Each of these control methods can operate signals as 
fixed-time, semi-actuated, or fully actuated. 
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Fixed-time, the most basic type of control, is provided by 
programming a controller to implement timing plans at spe-
cific times of the day (16). Sometimes known as time-of-day, 
cycle lengths and phases of fixed duration are preset and 
regularly repeated based on the predetermined time-of-day 
patterns of traffic (11). For example, a separate timing plan 
can be programmed for morning peak, afternoon peak, and 
off-peak traffic. 

The purpose of semi-actuated control is to allow the 
"main" street, which has the larger traffic volumes, to have a 
longer green time than the "cross" street and to be interrupted 
only by the presence of vehicles on the cross street. Detectors 
are typically installed on the cross street to "call" a change in 
phase only if a demand exists. To serve the cross street de-
mand, 

e
mand, there are three types of phase intervals: minimum 
(basic) green time, passage interval (time it takes all detected 
vehicles to pass loops, and maximum green time ("force-oft"). 
Pedestrian push buttons can also stop the main street traffic for 
pedestrians to cross. In progressive signal systems, the semi-
actuated control can be set to permit main street interruption 
only at specific times during the cycle length (9). 

Fully actuated control is achieved by installing detectors on 
all approaches to an intersection. Variations in signal timing 
and phases occur with fluctuations in traffic demands as 
identified by the detectors. This type of control is usually im-
plemented at intersections where the demand level varies 
significantly in all directions, providing a more responsive 
signal to traffic demands (9). 

Other Devices 

Several other devices can be incorporated into a traffic sig-
nal control system. These devices enhance control and opera-
tion and improve safety. This section describes several types of 
these devices. 

Preemption Control 

Preemption or priority systems include traffic control 
strategies that assign priority for the movement of specific 
types of vehicles such as buses, emergency vehicles (fire and 
police department vehicles), and railroad cars on at-grade 
crossings. Preemption control devices or control strategies 
have been developed to satisfy the required signal display 
modifications. Signal installations near fire stations and rail-
road grade crossings sometimes require modifications to the 
existing signal sequence. For example, a fire department's 
emergency preemption control allows all signals to turn red, 
stopping traffic so the fire trucks can proceed quickly through 
an intersection. Similarly, preemptive signal control is config-
ured to provide right-of-way to transit vehicles. The older traf-
fic control systems may require additional external equipment 
for preemption. The modern microprocessor equipment may 
require software additions or modifications for this type of 
control. In all cases, the operation of preemption devices 
(railroad, fire, etc.) should be checked on a timely basis to  

carry on effective maintenance practices. Maintenance defi-
ciencies can result in a variety of equipment malfunctions or 
breakdowns, or reduced service life similar to ordinary traffic 
signal control devices. Typical preemption control device 
malfunction or breakdown could be detector failures, loss of 
interconnected (to the signal) control, or a loss of signal indi-
cation at the junction due to equipment outage. Proper and 
scheduled maintenance procedures can significantly reduce the 
risk of equipment malfunction and increase the overall service 
life of the control devices (14). 

Closed Circuit Television 

Closed circuit television (CCTV) has been found to be the 
most effective way to monitor the operation of a traffic man-
agement system. It uses visual surveillance equipment to lo-
cate traffic congestion and incidents from a remote location. 
The major components that comprise a CCTV system are field 
equipment, communication media, and central equipment. The 
following are the main functions of CCTV devices (13): 

Detection of incidents 
—Verification of incidents 
—Verification that incidents have been removed 
—Verification of messages and displays (if applicable) 
—Provision of visual information on adjacent roadways 
such as major cross streets 

Counting 
—Control of ramp meters. 

Some agencies have experienced difficulties with mounting 
heights of CCTV. In some cases, their maintenance equipment 
was not sufficient in that the CCTV was mounted on a 60-ft 
pole and the agency's bucket truck could not go higher than 45 
ft. In other cases there was no maintenance turnout for the 
bucket truck and one or two freeway lanes needed to be closed 
to perform maintenance, an example of maintenance causing 
unnecessary congestion. 

Variable Message Signs 

Variable message signs (VMS), frequently referred to as 
changeable message signs (CMS) provide real-time informa-
tion to motorists pertaining to traffic conditions. An example 
of a well-maintained VMS used to provide motorists with 
real-time parking conditions in St. Paul, Minnesota is illus-
trated in Figure 7. The signs are dynamic and can be changed 
from a central, remote location such as a traffic operations 
center. There are several types of VMS ranging in size and 
technology. The most common form of VMS is the matrix sign 
which can be of character, line, or full-matrix configuration. 
Sign technology includes the bulb matrix, flip disk, LED, fiber 
optic, and hybrid. 

A character matrix provides an individual module for each 
letter or character. The spacing between letters and maximum 
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FIGURE 7 A well-maintained advanced parking management 
system sign, St. Paul, Minnesota. 

letter width are fixed. In a line matrix, a module is provided 
for each line. This limits graphical abilities, but allows for 
proportional letter spacing. The full matrix has no built-in di-
visions between letters or lines. This type of VMS allows the 
greatest flexibility in size and stroke of the letters and allows 
for graphical displays. For example, the full matrix can display 
three lines of 18-in, letters or two lines of 24-in. letters (13). 

With respect to sign technology, the bulb matrix uses in-
candescent lamps, which when turned on and off, l)rodUcC  it 
desired messagc or design. They provide excellent visibility 
during the nighttimc and daytime hours. Maintenance re-
quirements for bulb matrix, however, are high because indi-
vidual bulbs must be replaced when they fail (13). 

The flip disk VMS consists of it matrix of disks that are re-
flectorized on one side and black on the other. The disks are 
magnetically "flipped" in the desired patteril to form mes-
sages. This technology, however, does not generate its own 
light and is dependent on natural lighting conditions. Artificial 
light is applied during periods of darkness, but visibility is not 
optimal (13). 

Light-emitting diodes (LEDs) are another type of VMS 
technology. LED clusters are mounted in a socket to form a 
pixel of the display. They provide good visibility under most 
conditions and are available in a variety of colors including 
red, green, amber, and red-green hybrid (13). 

Fiber optic VMS consist of bundles of fiber optic cables 
that terminate in dots on the face of the display. Two dots 
combine to form one pixel. The light source is usually one 50-
watt tungsten bulb per three characters. Visibility of fiber op-
tic VMS is very good under all conditions, however, there are  

several maintenance problems associated with them. The me-
chanical shutters can be difficult to maintain, the lamps need 
to be replaced periodically, and the technology is currently 
available only from European manufacturers, making it diffi-
cult to get replacement parts (13). 

Hybrid VMS, a mix of flip disk and LED or fiber optic 
technologies, consists of flip disks with a small hole in the 
center. A fiber optic bundle or LED is placed behind each 
hole. When the reflective side of the disk is visible ("on") the 
light supplements the reflective surface. When the nonreflec-
tive, or black surface is visible ("off') the LEDs are turned off 
or the fiber optic bundle is concealed (13). 

Highway Advisory Radio 

Highway advisory radio (HAR) is a local area, broadcast 
based technology that provides traffic information to motorists 
in their vehicles. Low-powered transmitters with a range lim-
ited to several miles are located along the roadway and the 
broadcasts are received through AM radio frequencies on an 
individual vehicle radio. 

Hand/meld Devices 

One type of handheld device recently introduced in traffic 
control system.s is the bar code reader. Bar codes are installed 
on equipment and parts for inventory and diagnostic purposes 
and it reader is needed to read the codes. Another type of 
handheld device is the laptop computer. Laptops can be used 
in the field for signal inventories and to access and transmit 
files to and from the field and a central location. 

Global Positioning Systems 

GPS use signals transmitted from it network of satellites 
that are already in orbit and receivers that are hand-held or 
i)laced on the roof of vehicles. The equipment reads the 
transmission from satellites that triangulate the latitude and 
longitude position on the earth's surface and provides a read-
out of that position or sends the location to dispatch. In areas 
where it satellite signal cannot reach, such as underground or 
in urban canyons, the system maybe combined with another 
type of automatic vehicle location (AVL) system. Because the 
military employs selective availability of satellites, the posi-
tion accuracy may be decreased or require a longer time to es-
tablish a location. Differential GPS (E)GPS) helps to reduce 
this inaccuracy by placing a receiver at a known stationary 
site. The difference between the known location and the GPS 
measured location is then used for calibration (17). 

Supports 

Supports are needed on which to locate traffic control de- - 
vices (signs, signals) for optimum viewing by motorists and to 
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locate other devices (controller) for ease of maintenance. The 
materials for these supports can be steel, aluminum, concrete, 
or wood. Traffic control devices are mounted on poles, span 
wiressupported by poles, and mast arms supported by poles. 
Other devices are typically pole mounted. 

Lightning Protection 

The embedded loop detector wire and the aerial intercon-
nect cables can act as antennae and they are susceptible to 
lightning strikes. Because these wires are connected to 
equipment, mostly solid-state inputs, they require some 
kind of protection. The protection usually is the applica-
tion of a lightning arrester that minimizes the possible 
damage to the solid-state circuit component when light-
ning strikes. In all cases the system must be adequately 
grounded. 

Uninterruptable Power Supply 

A UPS is usually added to the system to continue system 
operation for a predetermined time, minimize the loss of data, 
and provide notification of power loss. The addition of this 
standby device is necessary where the data are irreplaceable, proc-
essing and storage are sensitive to loss of power, and recording of 
power failure is important. A UPS may also be used at critical 
field locations in anticipation of future low voltage. 

PROCUREMENT 

Many different methods can. be  used to procure a system. 
Procurement processes include low-bid, prequalifications, de-
sign-build, life-cycle costs, privatization, and facilities man-
agement. A description of these, as obtained from the survey, 
is contained in Appendix D. 
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The first computer used to control traffic signal systems 
was an expensive mainframe with limited capabilities. Com-
puters have now evolved into more advanced, affordable, and 
eliable machines capable of using a variety of operating 

systems to run sophisticated software applications. This 
chapter provides a brief description of the available traffic sig-
nal control software and operating systems that will require 
maintenance. 

PEVICES 

Solid-State/NEMA 

NEMA TS2 controllers have been developed to operate in a 
controlled, or real-time local mode. Internal software (or 
firmware) provided by the manufacturer functions as a signal 
switching unit. NEMA TS2 controllers compute timings and 
process status data provided as detector inputs. The ASC/2 
series NEMA TS2 controller can operate in any one of eight 
110 modes. These modes assign specific functions to 24 input 
and 24 output connections. This controller can also be pro-
grammed to operate as a TS 1 unit (18). 

Model 170/179/170E/170S 

The model 170 controller assembly (hardware, module, and 
control cabinet) uses a microcomputer that, with the addition 
of appropriate control software, can operate in a variety of 
control applications. The development of a control program 
that provides the requirements for the local control functions 
requires a detailed knowledge of the 170 software. A number 
b traffic control programs are available to provide control, 
some that can be specially designed to meet the specifications 
of any jurisdiction. The available programs of the 170 soft-
ware include: 

Multi-phase operation, 
Semi- and fully actuated operation, 
Diamond interchange control, 
Ramp metering, and 
Other ITS related operations and control. 

The Type 170E controller is a version of the 170 with four 
communication ports and two internal communication modem 
cards. This Type 170E can operate nearly all traffic applica-
tions from two-phase intersections to computerized network 
systems. With the implementation of various software pack-
ages, the 170E can be used in ramp metering, count stations, 
VMS control, sprinkler control, and pump control (19). 

Advanced Traffic Controller 
(ATC-2070 type) 

Advanced traffic controllers (ATCs) are powerful and 
flexible processing platforms that incorporate open computer 
standards. This openness allows system integrators to config-
ure a system without the constraints of limited computer archi-
tecture. ATCs also provide compatibility and interchangeabil-
ity of hardware components from various vendors. An ATC 
has the following capabilities: 

Compatibility of applications: Software applications can 
be developed in high-level, user friendly environments result-
ing in compatible application programs. 

High processing power: ATCs have the capability to run 
high-level applications allowing for the implementation of 
distributed computer architecture and modem control algo-
rithms, such as adaptive traffic control systems. 

Fast data transmission rate: ATCs are capable of 
transmitting serial data at megahertz rates as opposed to the 
kilohertz rates for model 170S controllers. This capability al-
lows data to be transmitted more frequentiy to operations cen-
ters and other processing platforms. 

ITS compatibility: The ATC is capable of simultaneously 
controlling video surveillance cameras, VMS, and other ITS 
technologies as well as local signals. All these tasks can run 
simultaneously within a single 2070 controller. 

The ATC 2070 type supports OS-9 and other real-time op-
erating systems. Third party software, which is not an integral 
part of the 2070, is available from vendors or manufacturers, 
and can be installed for intersection control, communications, 
and other applications (20). 

National Transportation 
CommunIcations/ITS Protocol 

- 

The main objective of the NTCIP, a set of communication 
standards, is to establish interoperability and interchangeabil-
ity between devices of the same type and allow a wide selec-
tion of equipment to be procured. For example, in a situation 
where equipment must be replaced, a technician will not have 
to wony about having the "right brand" on the truck. The goal 
is to achieve this level of compatibility by applying existing 
communications standards and models (21). An industrywide 
team has been assembled to establish these standards. 

NTCIP will support the integration of ITS technologies and 
allow traffic engineers to attach different field devices such as 
controllers, VMS, and ramp meters to one communications 
line. It will also allow agencies to procure signal equipment 
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from multiple vendors over a system's life, resulting in a sig-
nificant cost savings (22). 

- 

APPLICATIONS SOFTWARE 

The Urban Traffic Control System (UTCS) was initiated by 
the FHWA as a research and demonstration project. The ob-
jective was to test computer-based control strategies to im-
prove traffic conditions. This plan included three generations 
of control. The first generation of UTCS utilized a library of 
prestored timing plans. Each plan was developed off-line us-
ing optimization programs. The second generation of UTCS 
used timing plans computed in real time, which were either 
based on forecasts of traffic conditions or on roadway detector 
information. The third generation of control was envisioned to 
be an improved version of the second generation in that it 
would have a short control period, and include a queue man-
agement feature (11). 

The second and third generations of UTCS were never de-
veloped for widespread use, however, first generation 
UTCS is common and a 1-1/2 generation has also been de-
veloped. These two systems are described in the following 
paragraphs. 

The first generation of control is based on timing plans de-
veloped from historical data. They are stored and selected by 
the system operator on a time-of-day basis or according to re- - 
cently measured traffic conditions. Timing plans are usually 
updated at 15-minute intervals and smooth transition between 
the plans is achieved through a transition routine that is part of 
the system (11). 

UTCS 1-1/2 generation control is used to identify when 
predesigned timing plans are no longer satisfactory and to 
compute new timing plans for review by traffic engineers. This 
type of control was developed to overcome the difficulty of 
fine-tuning timing plans. Extensive data collection and labor-
intensive analysis is required to maintain the effectiveness of 
signal timing plans (11). There are many different types of 
traffic signal systems control software, as described in the lit-
erature (23). 

Optimization and Simulation Software 

Several types of applications software are available to 
simulate and optimize traffic conditions. These programs are 
generally used for off-line timing plan computation. Each was 
developed for specific operating systems. This section describes 
some of the available public domain applications software. 

PASSER-11, Ill, and IV 

The Progression Analysis and Signal System Evaluation 
Routine family of programs can optimize the operation of an 
isolated intersection or a network of intersections, including 
progression along an arterial (11). 

TRANS Yf-7F 

The Traffic Network Study Tool is similar to PASSER-H in 
data base requirements. It is a network simulation package 
originally developed in 1968. The "7" denotes, the version 
number and "F' indicates that it is the FHWA version of the 
TRANSYT-7 model developed by the Transport and Road Re-
search Laboratory in England. The basic characteristics of 
TRANSYT-717  are (11): 

Macroscopic, deterministic traffic flow model that can be 
used to compute a performance index based on measures such 
as delays and stops for a given signal network and timing 
plans. 

Hill-climbing procedure that can be used to make 
changes to signal timings. 

Arterial Analysis Package 

AAP was developed to ease the data input process of 
PASSER-11 and TRANSYT-717. The program allows data in-
put by the user. The user can then generate an input file for 
either program depending on their needs and preferences (11). 

Traffic Signal Optimization Model, 
Version 11! 

STOOP ifi is similar to TRANSYT-7F in that it is a macro-
scopic analysis tool and it contains a traffic flow submodel 
and an optimization submodel. It differs in that it also consid-
ers queue spillover in addition to stops and delays in its per-
formance index (11). 

Traffic Network Simulation Model 

TRAF-NETSIIvI is a microscopic simulation model to 
evaluate proposed operational improvements to signalized 
networks, such as adding or deleting lanes, converting bi-
directional to one directional flow, and installing new signals. 

Freeway Simulation Model 

FRESIIvI provides for microscopic simulation' of freeways 
to evaluate geometric changes and operational features, such 
as lane-changing, ramp metering, surveillance systems, differ-
ent vehicle types, and vehicular lane restrictions. 

Corridor Flow Model 

CORFLO is a macroscopic simulation model for integrated 
urban network or corridor analysis that, has traffic assignment 
capabilities. Automobile, truck, bus, and carpool flows on 
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freeways and surface streets can be analyzed in a single inte-
grated environment. 

Signal Grid Program 

Another optimization program for signal networks is 
SIGRID, an application developed for the Toronto traffic sig-
nal control system. The program can calculate the optimal off-
set differences for a network using a given cycle length, signal 
splits, link data, and a set of desirable offset differences input 
by the user (11). 

There may be other applications available that are not dis-
cussed in this chapter, however, those mentioned are the most 
often used programs. Subsequent versions, when they are de-
veloped, become available as upgrades from vendors or 
manufacturers. 

Operating System Software 

Most of the applications programs are written in 
FORTRAN IV for use on 16/32-bit computers and most mi-
crocomputers. MS-DOS based microcomputer versions are 
available for most applications with user interface programs 
written in Pascal. In addition, most of these programs operate 
in an OS/2 or UNIX environment on IBM-compatible com-
puters and require at least a 386 processor and 8M RAM. 
Some applications can be operated on a desktop computer 
with a 286 processor and 4M RAM, PASSER-Il is an exam-
pie. Some systems operate in OS/2 or UND( environments on 
486- or Pentium-based desktop computers and can be operated 
on one computer or a network of computers. They can be op-
erated in DOS or Windows environments and many are being 
developed for use with Windows NT. Upgrades to these sys-
tems, such as memory and processor upgrades, are available 
through vendors and manufacturers. 

- 

Maintenance Management Systems 

Computerized maintenance management systems are 
available and are being used by some larger jurisdictions to 
improve the efficiency of their operations and to cope with in-
creased equipment use. These systems can be part of an appli-
cations package or function as stand-alone systems. System 
components usually include a central processing unit, field 
units (usually hand-held or laptop), a bar code reader, and a 
communications capability. Communication can be imple-
mented through a packet data interface with almost any of the 
voice radio dispatch systems now in use, or through an "order 
wire" channel within the signal interconnect system. In some 
cases a global positioning system (GPS) unit is used to auto-
mate location input to the system. Attributes of such a system 
are includedin Table 1. 

Software products that manage traffic engineering assets 
are currently in use. One technical paper describes a software 
that effectively integrates geographical information systems (GIS) 
with, relational database management systems (RDBMS). 

Among the many functions available, the software enables 
city, county, and state traffic engineers to create and maintain 
inventories of the geographic locations and detailed attributes 
of assets such as traffic signals. The software also allows en-
gineers to print maintenance orders for field crews showing 
the map locations and attributes of traffic signals to be re-
placed or repaired, automatically updates the field inventory 
when maintenance orders have been completed, and maintains 
a detailed file of all maintenance activities associated with 
each signal. In this software, the GIS supplies the mapping 
capability and the RDBMS provides the attributes for the GIS-
mapped locations and together they enable the agency traffic 
engineers to more effectively manage the components of their 
traffic signal 'system (25). The Minnesota Department of 
Transportation (Mn/DOT) has used a maintenance manage-
ment 

anage
ment system for the last 3 years. It was developed by an Out-
side contractor and is being operated and maintained by de-
partment personnel. The system is used to manage the 
maintenance of traffic signals, lighting, counting devices, and 
traffic management devices. Figure 8 shows a system printout 
of a statewide signal list. The system is PC-based and operates 
on a local area network using the Oracle program. All district 
offices input their own data over a wide area network. In the 
future, field forces will be able to input data from laptop com-
puters with a cellular phone capability and will use bar codes 
to track inventory for traffic signals and traffic management 
devices. 

Commercial maintenance management systems are avail-
able as a module of system software or as a stand alone appli-
cation. The module features management and reporting of 
daily functions that involve traffic signal system equipment. 
One such process uses a bar code reader and includes trouble 
calls, equipment repair logs, statistical failure rates, status of 
work, and individual component information. Figure 9 illus-
trates a data entry form to record inventory status from a 
commercially available system. 

Diagnostics 

Diagnostics is a procedure to detect if an equipment prob-
lem exists and determine what the problem is so that a solu-
tion can be developed and applied. Devices are available to 
diagnose equipment malfunctions; this section describes some 
of them. 

Software 

- 

- 

- 

Software diagnostics programs facilitate computerized 
maintenance through detection and isolation of malfunctions, 
errors, and operational problems. Data bases are used to organ-
ize this information and incorporate date, time, and location of any 
malfunctions, and maintenance activity performed. From these 
data bases, reports can be generated providing detailed infor-
mation about equipment problems. Maintenance personnel can 
download data into the databases from the field using laptop 
computers. They can also receive intersection and equipment 
information on-site through modem communications or via 



TABLE 1 

A1TRIBUTES OF A TRAFFIC CONTROL DEVICE MAINTENANCE MANAGEMENT SYSTEM 

Overall System 
Efficiency and use of manpower 
Reduce paperwork 
Improve communications with staff and public 
Upgrade traffic control devices 
Improve safety by being more responsive 
Improve risk management 

Maintenance Management System 
Modular network computer system 
GIS/Windows graphics display 
"Off-The-Shelf 'equipment and software 
Integration with inventory, accounting, CIIS, accidents, traffic volumes and other records systems 
Integrate with software for highway capacity, signal timing, signal analysis, and sign design details 
Future adaptation to metric, retroreflectivity, and CA.DD's plan sheets 
Graphic display systemwide, roadway segment, and intersection illustrating roadway, devices and device details 
Inquiry by GIS, street name, street address or map display 

Field Inventory and Records Maintenance 
User friendly data entry 
GPS reader directly into system 
Windows Screen display to select options on field work 
Screen display of existing inventory records 
Bar code entry of materials 
Automatic accounting for man-hours, equipment, and material 
Future use of cellular phone, modem or other communications systems 
Electronic audit of data entries for errors 
Use of same equipment for inventory and maintenance entries 
Inventory and maintenance data entry done concurrently 
Personnel training programs on systems, inventory, data entry 

Field Crew Applications 
Schedule maintenance work 
Take right material to work site 
Locate all devices with specific attributes 
Provide specific details on all devices 
Automatic stock re-order on materials 
Graphic display of devices, installation, and roadway 
Graphic display of sign details 
Systemwide, road segment, or intersection display for review or monitoring of devices 
Resolve maintenance questions without field review 

Maintenance Management Applications 
Develop budget, personnel, and accounting reports 
Respond to inquiries and complaints 
Make device decisions without field reviews 
Produce summaries and illustrations for correspondence, reports, and presentations 
Historical records for litigation 
Provide management analysis systemwide, maintenance activities, TCD details, and costs 
Provide current warehouse inventory 
Generate maintenance work orders with drawings 
Produce standardized periodic reports based on agency practices 
Custom sort data for any combination of variables 
Plan and program device improvements 
Provide maintenance program scheduling and monitoring 

Developed by J.A. Pline, Boise, Idaho (1996) 
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cellular radio transmitted by the system operators. Commer-
cial off-the-shelf software can be purchased and installed for 
maintenance activities and inventory or a software specifically 
developed for traffic can be installed to perform maintenance 
management, diagnostics, and inventory control of the existing 
system (26). 

Equipment 

A malfunction management unit (MMIJ) is used to diag-
nose problems and failures with intersection devices such as  

controllers. An MMU can detect and display problems related 
to the yellow plus red clearance interval, dual indication on the 
same channel, difference between actual load switch output 
and programmed controller output, fault in selecting the 
proper function, blinking, noise, or dimming, voltage drops, 
and absent or improperly seated card. 

Loop detector monitors can also be installed to monitor 
faults with system loop detectors. These monitors indicate 
watchdog failure, open circuit failure, short circuit failure, and 
excessive change in inductance value. LEDs are used to indi-
cate failures. When the red LED is lit, detection is indicated. 
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FIGURE 8 Mn/DOT computerized maintenance management system. 

A lit amber LED indicates failure and flashing red and amber 
together indicates an on-going fault condition (27). 
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The Maryland State Highway Authority (MDSHA) has a 
communications link with 500 signalized intersections. 
Through this link, repair history records are provided that in-
clude equipment failures and failure messages. The records 
can be reviewed to determine when and where detector fail-
ures have occurred. The system generates the following mes-
sages associated with detector failures (28): 

Maximum presence.' A vehicle is registered in the detection 
zone for a period longer than the maximum allowable time. 

Minimum presence: A vehicle is registered -  in the detec-
tion zone for a period shorter than the minimum allowable time. 

No activity: No vehicles are detected for an extended pe-
riod of time.  

Automatic conflict monitor testers can be used to identify 
run fault checks on traffic signal conflict monitors. Many' of 
these devices are compatible with both NEMA and 170-type 
conflict monitors. The tester can be programmed to automati-
cally run a series of tests on the conflict monitor and prints a 
performance report detailing the test results -(29). 	- 

Expert Systems 	 - 	 - 

In a traffic management system, device 'failures can be 
continuously checked and displayed on a zone monitor or at 
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the zone master. A failed device can be identified by selecting 
a fault isolation routine and failures will be dynamically dis-
played. The devices that can be monitored include telemetry, 
local intersection controllers, and detectors (27). After failures 
are detected they are recorded by the system according to the 
type and name of failure. 

Telemetry devices are diagnosed based on channel loop, 
master transceiver, and local intersection controller telemetry 
tests. Failure of the channel loop and master transceiver 
occurs when a response is not received within 3 seconds 
on a telemetry channel. Failure of the intersection control-
ler telemetry occurs when valid data are not received for 5 
seconds (27). Local intersection diagnostics includes several 
indications for failure. The following is a list of the indications 
that notify maintenance personnel of intersection controller 
failures (27): 

MMU/CMU flash 
Local flash 
Commanded flash 
Maintenance required 
Cycle fail 
Coordination alarm 
Local free 
Commanded free 
Coordination error 
Preempt 
Alarm 1/Alarm 2. 

Detector diagnostics check for detector failure based on maxi-
mum presence, minimum presence, excessive counts, and no ac-
tivity detected. Data supplied by a device that is diagnosed as 
failed are automatically removed from system computations (27). 
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Organization and staffing have a profound effect on traffic 
signal control systems maintenance management. This chapter 
presents sample organizational charts for state, county, and 
city agencies, indicating how they differ among sizes and 
types of organizations. The chapter also discusses current 
staffing practices. As summarized from the survey results, 
staffing tends to increase in proportion to the size of a juris-
diction's population. 

ORGANIZATION 

The organizational structure of a transportation or traffic 
agency. determines how the work is divided among depart-
ments and individuals. An agency may be divided into divi-
sions or departments. This unit may be further divided, de-
pending on the size of the organization, into smaller groups 
and eventually into individual employee levels or titles. There 
may be overlaps, however, between divisions and in the case 
of smaller agencies some divisions are combined, such as 
maintenance and operations. The overlap can be a cause of 
confusion if roles are not well defined. For example, one west-
ern transportation agency had three departments (traffic engi-
neering, communications, and district maintenance) accessing 
a ramp metering controller cabinet without providing infor-
mation to the other departments. This was remedied by devel-
oping a set of flow charts, procedures, and check lists for 
maintenance, which was adopted for use by each of the three 
departments. In this way the maintenance function was better 
defined and managed. 

Maintenance may be found at various locations in the or-
ganizational structure of an agency. In larger agencies it may 
be its own division, whereas in smaller organizations it may 
be combined with the traffic operations division. There is no 
one model that fits all agencies. The location of the mainte-
nance function must be specific to that agency. It is interesting 
to note that of the surveyed agencies, 42 provided organization 
charts and no two were alike. Within departments of transpor-
tation, the maintenance function was usually located in a sepa-
rate department. In smaller agencies, the maintenance function 
was combined with other functions. 

Figures 10 through 12 are examples of a state, county, and 
city maintenance organizational structure, respectively, as 
provided by the Arizona DOT; Dade County, Florida Public 
Works; and the City of Omaha, Nebraska. As illustrated by 
these figures, the maintenance organization becomes less 
complex as the size of the jurisdiction decreases, although this 
is not always the case, as some cities have greater populations 
and larger signal systems than some states. The purpose of 
these figures is to provide an example of maintenance organi-
zation structures that were obtained through the survey. 

STAFFING 

Survey respondents were asked to indicate the titles, re-
sponsibilities, education and licensing, and number of hours 
assigned to maintenance activities of their maintenance per-
sonnel. This chapter provides the results obtained from the 
survey with respect to personnel. 
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FIGURE 10 Example of state maintenance organization for Arizona DOT. 



FIGURE 11 Example of county maintenance organization for Dade County, Florida. 
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Traffic Engineer 

Assistant 
Traffic Engineer 

Signal 
SupeMsor 

Signal 	Signal 	Seni-Skilled 
Technicians Repairman Repairman 

FIGURE 12 Example of city maintenance organization for 
Omaha, Nebraska. 

Depending on the personnel level, the staffing requirements 
for each vary. For many of the unionized personnel involved in 
maintenance departments, such as superintendents, supervi-
sors, foremen, electricians, mechanics, specialists, inspectors, 
and warehouse personnel, typically there are minimum skill 
level requirements. These unionized positions require jour-
neyman or even master skill levels. Typical journeymen are 
workers who have completed their apprenticeships and are 
qualified to work within the trade or craft. Journeymen work 
for higher level personnel, such as master and are proficient in 
most of the trade's basic skills. The total length of time at the 
journeyman level is typically a minimum of 12 years-5 years 
at the journeyman-helper level and 7 years at the journeyman  

level. The experience gained at this level leads to promotion to 
the master level. Master tradesmen are highly skilled workers 
through significant experience and are qualified to follow their 
trade independently (i.e., qualified as licensed tradesmen or 
craftsmen based on passing the license test). They usually are 
able to supervise the work of others, particularly journeymen. 

Other types of personnel found in maintenance departments 
that are not necessarily unionized are engineers, managers, 
foremen (depending on the union), supervisor, and the de-
partment chief. These personnel usually represent manage-
ment and many receive management training. 

Technicians, helpers or laborers, and equipment operators 
are other types of personnel who work in maintenance de-
partments. The skill requirements for these positions vary but 
can be similar to unionized skill levels. 

From the survey data, it was determined that personnel ti-
ties usually fall into one of the categories listed in Table 2. 
Most of these individuals work 8-hour shifts and the percent 
devoted to traffic signal systems ranges from five to 100 per-
cent. Individuals with management responsibilities are at the 
lower end of this range, whereas engineers, technicians, etc., 
are at the higher end. 

Figures 13 through 15 illustrate the relationship between 
jurisdictional population and number of maintenance employ-
ees per responding agency for those agencies that provided 
both the number of maintenance employees and jurisdictional 
population. Each figure represents this relationship for state, 
county, and city agency types. The data are displayed as solid 
markers for those agencies who do not contract for mainte-
nance 

ainte
nance and open markers for those that contract at least some of 
their maintenance activities. A trendline was plotted for those 
agencies who do not contract for maintenance. The data 
points, displayed as open markers, are those agencies that 
contract at least some of their maintenance activities. A trend-
line for these data points was not plotted since the data were 
too diverse. 

Figure 13 illustrates the relationship between jurisdictional 
population and the number of maintenance employees per 
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TABLE 2 

GENERAL PERSONNEL DESCRIPTIONS—TRAFFIC SIGNAL MAINTENANCE 

Title Responsibilities Requirements 
Hrs/Shift 	Time* 

Chief In charge of maintenance department, 8 	68 IMSA certification, 5 years of experience, 
coordinate work schedules of employ- FCC license, commercial drivers license 
ees (CDL), management training 

Superintendent Oversees construction and maintenance, 9 	43 IMSA certification. FCC license, CDL, 
performs project planning, budgeting, journeyman 
scheduling, administration, inventory, 
etc. 

Supervisor Supervise crews, schedule work activi- 8 	59 IMSA certification, Master and journey- 
ties, oversee maintenance, operations man, management and computer training, 
and construction, issue work orders college degree, CDL 

Foreman Supervise shop including inventory. 9 	71 IMSA certification. FCC license, CDL, 
work orders, daily activities journeyman, management training 

Manager General supervision of budget, inventory 9 	22 Advanced management training, P.E., 
and purchasing, administrative activi- IMSA 
ties and scheduling 

Engineer Management, operations, design, system 8 	66 BS in Civil or Electrical Engineering. MS 
checks, modifications to timing, su- desirable, Eff or P.E., 1-3 years experi- 
pervision of daily activities ence, IMSA certification 

Electrician Electrical maintenance, repair of signal 8 	74 IMSA certification, journeyman level, or 
equipment, field maintenance, trouble- Master level, drivers license, apprentice- 
shooting, component repairs ship 

Technician Responsive and preventive maintenance, 8 	63 IMSA certification, CDL, electronics and 
troubleshooting, equipment repair and electrical training or Associates degree 
installation 

Mechanic Troubleshooting, perform repairs and 8 	63 Controller and conflict monitor training, 
maintenance, installation of equipment IMSA certification, Master 

Specialist Test and repair component level elec- 8 	98 Two year electrical or electronic degree, 
tromcs, perform cabinet tests, perform training in signal work, Master 
all types of field work 

Helper/Laborer Perform field repairs, assist technicians 8 	48 On-the-job-training, drivers license 
Inspector Supervises contractor work, performs 8 	77 IMSA certification, journeyman, pass wnt- 

site inspections of equipment operation ten civil service exams 
and installation 

Equipment Operator Install loops, poles and signs, perform 8 	23 Drivers license 
routine maintenance 

Warehouse Personnel Repair and stock equipment 8 	53 IMSA certification. FCC license, journey- 
man. CDL 

*Average  percentage of work time devoted to maintenance of traffic signal control systems. 
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FIGURE 13 Population versus number of state maintenance employees. 
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FIGURE 14 Population versus number of county maintenance employees. 

state agency. As displayed, an increasing trend is present for 
those agencies who do not contract for maintenance. One per-
forms all maintenance by contract, 47 percent use only internal 
staff for maintenance, and 50 percent use both internal staff 
and contract employees for maintenance. Of those agencies 
that contract and use internal staff, the mean percent con-
tracted was 42 percent with a minimum of two percent and a 
maximum of 98 percent. 

Figure 14 illustrates the jurisdictional population of the re-
sponding county agencies versus the number of maintenance 
employees per agency. There does not appear to be a trend in 
the relationship. This may partially be due to the low number 
of county agencies represented. Of those county agencies who 
responded (seven total), one performs all maintenance by con-
tract, four use internal staff only, and two use both internal and 
contract employees. Only one respondent provided a percent-
age for contract maintenance at 15 percent. 

As illustrated in Figure 15, the number of employees ap-
pears to increase with an increase in population for city agen-
cies at a rate of 2.6 employees per 100,000 population. This 
rate seems reasonable. For example, using a rule-of-thumb of 
one traffic signal per 1,000 population and the above rate, this 
results in 38 traffic signalized intersections per employee. The 
example given in the 1TE Traffic Signal Installation and 
Maintenance Manual suggests that 31 intersections can be 
maintained per signal mechanic. The higher rate from the sur-
vey data may be due to changes in staffing levels between the 
two examples. The 1TE example was based on a hypothetical 
case developed in 1988, while the data for this synthesis were 
based on a survey conducted in 1995. 

Approximately 30 percent of the city agencies who re- - 
sponded to the survey use both internal staff and contractor 
personnel for maintenance of their systems. The mean per-
centage contracted for these agencies was approximately 15 
percent with a minimum of two percent and a maximum of 40 
percent. One city agency, not included in the plot, performs all 
maintenance by contract. 

Training 

Training needs have changed with changes in technology. 
Now staff need to have a broader knowledge base including 
the use of computers. Some agencies in Maryland and Florida 
have experienced more intense computer training needs by 
providing opportunities for internal advancement. In these 
cases, maintenance personnel who did not have computer 
training during their formal education were promoted to posi-
tions where the use of computers was necessary. This lack of 
formal computer training may be a temporal phenomenon as 
more children become computer literate during their formal 
education. 

Lack of training can increase risk to an agency if staff do 
not follow established procedures. Safety to the traveling pub-
lic can be compromised, especially if maintenance is done by 
someone who is neither trained nor an employee of the re- - 
sponsible jurisdiction. In some jurisdictions, maintenance has 
been done by well-meaning citizens who do not follow estab-
lished lane closure procedures when working in the traveled 
way. Proper training will protect both the maintainer and the 
traveling public. 

Recently, an 1-95 Corridor Coalition (a coalition of 42 
transportation agencies located in the 12 states from Virginia 
to Maine) training needs survey indicated, by all levels of per-
sonnel, that their number one training priority was computer 
training. A survey of 14 state transportation departments 
(Coalition member agencies) was developed to collect infor-
mation on the specific training needs of agency managers and 
of staff within the Coalition. The two-part survey first asked 
agency managers to identify the overall training needs of their 
staff as related to 38 ITS technologies deployed in the Corridor 
and various project functional areas. The second part of the 
survey asked individual agency employees to identify their 
training needs. 

The agency managers believed that the need for computer 
training for their staff was so significant that it was ranked in 
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the top five of 38 technologies surveyed. A correlation of the 
two survey parts clearly concluded that computer training 
needs were the most frequent and most widespread concern of 
the 1-95 Corridor Coalition's member agencies. In compari-
son, the technologies ranking just below computer training 
were training needs related to communications systems, inci-
dent management, variable message signs, and closed circuit 
television (30). 

The survey conducted for this synthesis asked agencies if 
they had initiated any type of personnel training or retraining 
programs. Overall, 63 of the 90 respondents answered the 
question on training. Of those who responded, 71 percent in-
dicated their agency has such personnel training programs. 
Also, 61 of the 90 respondents answered the question on 
whether retraining programs have been initiated at their 
agency; 56 percent indicated that such personnel retraining 
programs currently exist. Although both surveys indicate that 
computer training is a much needed item in an effective man-
agement system, many of these computer deficiencies can be 
remedied with relatively intensive and group-oriented training 
sessions. Perhaps the simplest way to accomplish this is 
through in-house sessions lasting from 1 to 5 days. Group-
oriented in-house training sessions will help agencies to get 
the most for their efforts in terms of time and cost. Contracted 
training can also be useful in enhancing particular computer 
skills relevant to the contract's functions. 

The survey data for this question were also divided by type 
of jurisdiction surveyecL state/province, county, and city. Due  

to the limited number of Canadian provinces responding to the 
survey, they were combined with the states' survey results to 
maintain jurisdictional consistency. According to the 
state/provincial responses to these survey questions, 63 per-
cent have personnel training programs and 44 percent have 
personnel retraining programs. Approximately 60 percent and 
58 percent of the state/provincial respondents answered the 
training and retraining survey questions, respectively. 

The county data for the training and retraining survey 
questions showed that 71 percent (or five out of seven) of the 
agencies each offer personnel training and retraining pro-
grams. For each question, two of the nine county representa-
tives did not respond. 

According to the city survey data for the training and re-
training questions, 77 percent of the city respondents to the train-
ing question indicated that their agency offers personnel training 
programs and 60 percent offer personnel retraining programs. 
Thirty-two of the 41 survey respondents answered the training 
question and 31 of 41 answered the retraining question. 

The survey results related to maintenance personnel indi-
cated that personnel are hired based on the maintenance needs 
of an agency with their experience, education, and licensing 
being commensurate with the job requirements. It was also 
found that the number of maintenance employees does in fact 
increase with an increase in jurisdictional population. This re- - 
sult is similar to that reported by ITE. Almost three-fourths of 
the agencies responding to the survey had a personnel training 
program: over half had a retraining program. 
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CHAPTER FIVE 

MAINTENANCE PROGRAMMING AND SCHEDULING 

This chapter provides information drawn from the survey 
conducted for this synthesis on how transportation agencies 
program and schedule maintenance. 

The survey recipients were asked what types of mainte-
nance comprise their traffic signal maintenance program, the 
percentage of each type in the overall program, the schedule 
for each maintenance type, and to describe the activities per-
formed. This chapter presents the results obtained from the 76 
respondents. 

Figure 16 illustrates the types of maintenance programs 
instituted in state, county, and city jurisdictions. Of the 76 
cases, 73 individuals provided information on their mainte-
nance programs. The figure illustrates that 90 percent have a 
preventive maintenance program, 100 percent practice re- - 
sponse maintenance, and 77 percent perform design modifica-
tion. Each bar is divided into the percent of the total that are 
city, county, and state agencies. There were 36 cities, seven 
counties, and 30 states responding. One hundred percent of 
each agency type practices response maintenance; 89 percent 
of cities, 86 percent of counties, and 86 percent of states have 
preventive maintenance programs; and 81 percent of cities, 
100 percent of counties, and 60 percent of states have design 
modification programs. 

The average or mean percentage of each type of traffic sig-
nal maintenance performed by the respondents is illustrated in 
Figure 17. The overall average percentage of the maintenance 
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FIGURE 16 Types of maintenance programs by jurisdiction. 

program that is preventive was 30 percent. For responsive mainte-
nance, the average percentage of the overall program was 55 per-
cent. The average for design modification was 15 percent. 
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FIGURE 17 Average percentage of each type of traffic signal maintenance. 



TABLE 3 

DESCRIPTIVE ANALYSIS OF MAINTENANCE PROGRAM TYPES 

Maintenance Type Mean 
(%) 

Standard De- 
viation (%) 

Minimum 
(%) 

Maximum 
(%) 

Overall 
Preventive 30 24 0 90 
Response 55 27 0 100 
Design Modification 15 18 0 75 

Cities 
Preventive 28 20 0 70 
Response 54 26 0 98 
Design Modification 18 21 0 75 

Counties 
Preventive 20 24 5 70 
Response 63 26 20 90 
Design Modification 17 14 0 40 

States 
Preventive 38 28 0 90 
Response 53 29 5 100 
Design Modification 9 10 0 40 

TABLE 4 

PREVENTIVE MAINTENANCE ACTIVITIES 

Preventive Maintenance Activity Percent of Respondents 

Relamp 44 
Inspect and/or replace controllers and cabinets 33 
Test conflict monitors 27 
Clean signal heads and lenses 23 
Generally inspect all equipment 15 
Check and/or replace loop detectors 11 
General/other 11 
Check and/or replace signals 5 
Check timing 5 
Paint cabinets S 
Check wiring 3 
Upgrade components 3 
Check hardware 2 
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A descriptive analysis was performed to determine the 
mean, standard deviation, and minimum and maximum per-
centage of the maintenance program for each type of mainte-
nance. Table 3 provides the results of this analysis, presenting 
statistics for each agency type and overall summary. The table 
illustrates that the minimum percentage of the overall program 
for the 76 cases included is zero percent for all maintenance 
types. The maximum is 100 percent for responsive, 90 percent 
for preventive, and 75 percent for design modification. 

The following sections describe the activities and schedules 
indicated by the respondents for each type of maintenance 
program. 

Preventive Maintenance 

Many different preventive maintenance activities were de-
scnbed as part of the respondents' programs. Table 4 shows the 
types of activities performed within the preventative maintenance 
programs and the percentage of the 66 respondents who have 
these programs that indicated each activity. Many respondents  

indicated more than one activity, therefore the total percentage 
is greater than 100. Survey responses also included mention 
other, no less important, preventive maintenance activities. 

One representative from the city of Los Angeles indicated 
that they are mandated to inspect and test railroad and emer-
gency vehicle preemption signals. 

The schedule for preventive maintenance activities varied 
among the respondents. Figure 18 illustrates the schedule in-
dicated for preventive maintenance. Of the 66 respondents 
who have a preventive maintenance program, 50 percent indi-
cated that they perform this type of maintenance on an annual 
basis. Fifteen percent indicated that preventive maintenance is 
performed twice a year, and 18 percent indicated a variety of 
schedules.. 

Response Maintenance 

Table 5 illustrates the description of response maintenance 
activities provided by the respondents who indicated that they 
have response programs. Of those 72 respondents, 23 percent 
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TABLE 5 

RESPONSE MAINTENANCE ACTIVITIES 

Response Maintenance Activity Percent of Cases 

Trouble/emergency calls 23 
Repair failures 18 
Burnouts 10 
Knockdowns 8 
Other 8 
As needed 7 
Storm outages 4 
Accident damage 4 
Signal problems 3 
Detection problems 
Field lines 1 

indicated that response maintenance is performed as a result of 
a trouble or an emergency call, 18 percent indicated repair of 
failures, 10 percent respond to burnouts, eight percent to 
knockdowns, and 18 percent indicated a variety of activities as 
illustrated in Table 5. 

Response maintenance is performed as needed by 44 per-
cent of the 72 respondents. Figure 19 illustrates the schedules 
indicated by the respondents for response maintenance activi-
ties. Ten percent indicated response maintenance is performed 
daily, 15 percent respond 24 hours a day, and 7 percent indi-
cated a variety of responses provided in Figure 19. "As needed" 
can be as often as daily or 24 hours a day or less depending on 
the occurrence of trouble calls and other emergencies. 
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FIGURE 19 Response maintenance schedule. 



TABLE 6 

AVERAGE RESPONSE TIMES 

DayTimeConchuon* Average Response Minimum Response Maximum Response Number of 
Time (hours) Time (hours) Time (hours) Responses 

Week-Day 2.10 0.17 24 61 
Week-Day 2.75 0.17 48 59 
Week-Day 1.77 0.17 24 57 
Week-Night 1.96 0.25 24 56 
Week-Night° 1.95 0.25 24 52 
Week-Night 2.02 0.25 24 50 
Weekend-Day 1.98 0.25 24 61 
Weekend-Day 2.01 0.25 24 57 
Weekend-Day 2.02 0.25 24 55 
Weekend-Night 2.15 0.25 24 53 
Weekend-Night 2.12 0.25 24 49 
Weekend-Night 2.09 0.25 24 48 

(a) average time when a call is received to when personnel arrive at the site, (b) average time to respond to non-knockdown conditions, 
and (c) average time to respond to knockdown conditions. 
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Survey respondents were also asked to identify their re-
sponse times during the week and weekend, both day and 
night, in terms of (a) average time when a call is received to 
when personnel arrive at the site, (b) average time to re-
spond to nonknockdown conditions, and (c) average time to 
respond to knockdown conditions. Table 6 provides the aver-
age' time indicated by the respondents, the minimum and 
maximum indicated, and the number of individuals who pro-
vided a response. 

Design Modification 

Table 7 illustrates the design modification maintenance ac-
tivities of the 55 respondents who have design modification 
programs in operation. Of these, 20 percent indicated timing 

TABLE 7 

DESIGN MODIFICATION MAINTENANCE ACTIVITIES 

Design Modification Activity Percent of Cases 

Timing changes 20 
Signal upgrades 20 
Phasing changes 16 
Detector upgrades 8 
Contmller upgrades 6 
Mast arm improvements 6 
As requested 6 
Intersection upgrades 6 
Contractor 3 
New installations 7 
Other 3 
Fiber optic cable installation 
Emergency upgrades and repairs 5 
Design changes 

None 
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FIGURE 20 Design modification maintenance schedule. 
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changes were performed, 20 percent cited signal upgrades, 16 
percent said phasing changes, eight percent perform detector 
upgrades, six percent perform mast-arm improvements, six 
percent cited controller upgrades and six percent said they perform 
design modifications when requested by the state or by a sig-
nal committee. The remaining respondents cited activities in-
cluding intersection upgrades, new installations, fiber optic 

cable installation, emergency upgrades, and design changes. 
Figure 20 illustrates the schedules indicated by respondents 
who have design modification maintenance included in their 
programs. Of the 55 respondents who practice design modifi-
cation, 57 percent perform these activities as needed, five per-
cent annually, two percent do not have a schedule and 10 per-
cent indicated five different schedules. 
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Certain types of equipment may be required to perform the 
maintenance functions described in this synthesis. This 
equipment, which can be categorized as maintenance vehicles, 
test equipment and tools, and replacement parts and supplies, 
is usually housed in a centrally located repair shop. For larger 
agencies, several repair shops may be necessary (4). This 
chapter describes the ancillary equipment and repair facilities 
that are in current practice. 

The 1TE Traffic Si,gnal Installation and Maintenance Manual 
provides general guidelines for establishing an equipment in-
ventory or to evaluate an existing inventory. The number of 
spare parts required will depend on the diversity of the traffic 
signal system. Adjustments to the number of parts can also be 
estimated based on historical maintenance records (4). For ex-
ample, some jurisdictions have reported a need for insecticide 
use in hand holes and cabinets to combat fire ants, bees, and 
spiders. Table 8 lists of the types of equipment that may be re-
quired for a traffic signal system by category and the recom-
mended number of each component. The number and types of  

equipment will vary depending on the size of the system and 
the jurisdiction. This table is provided as an example of the 
information contained in the literature. In addition, some 
agencies consider notebook or laptop computers as necessary 
equipment. 

During the synthesis study, it was determined that specific 
maintenance procedures are more applicable for certain com-
ponents. One person noted that for computer and communica-
tion system components, it may be much more practical to 
have "contract maintenance." Two reasons were cited: 1) it re-
duces the agency's need for inhouse highly skilled technicians 
and contracts for their services on an as-needed basis, and, 2) 
it eliminates the agency's need for an inventory of costly spare 
components. 

As previously discussed, each agency usually has a repair 
shop located equidistant from the furthest points of the juris-
dictions. Large agencies, with larger jurisdictional responsi-
bilities, may need to establish a network of repair shops. Lay-
out and size of each agency's repair shop may vary due to 

TABLE 8 

EQUIPMENT REQUIREMENTS 

- 

Equipment Categoiy 	 Equipment Type 	 Number 

Maintenance vehicles 	 Bucket truck 	 1 vehicle or 3% of signalized intersections 
Platform truck 
Ladder truck 

Test equipment and tools 	Multimeter 1 per person 
Oscilloscope 1 per signal engineer 
Controller test fixture (Bench test) 1 vehicle or 2% of signalized intersections 

Suitcase tester 1 per signal engineer 
Detector sensor test equipment 1 per signal mechanic 
Detector test fixture I per signal technician 
Frequency generator I per signal engineer 
Frequency counter 1 per signal engineer 
Variac 1 per controller test fixture 

Spring tension gauge 1 per signal mechanic 
Small tools 1 per person 
Vacuum cleaner 1 per signal mechanic 
Hardware miscellaneous (electrical As required 

tape, level, test lamp, wire, etc.) 
Paint 1 Set per signal mechanic 

Replacement parts and supplies 	Cabinet Ito 2 of each part (shell, primer, oil, filter, etc.), 
4 anchor bolts 

Signal head 2 heads or 5% each (lamp, lens, hood. etc.) 
Mast arms and poles 1 arm/pole or 5% each (mast arm, pole shaft, etc.). 

4 anchor bolts 
Span wire 1,000 ft per 100 spans 
Push buttons 2 or 5% (assembly, lamp and lens, post, etc.) 
Detectors 1 to 4 (splice kit, sealant, sensor, etc.) 
Junction boxes and handholes 1 or 2% (covers, etc.) 
Electromechanical controllers 1 to 5 or 2 to 10% (dial assembly, cam, relays, etc.) 
Solid state controllers 1 to 3 or 2 to 5% (load switch, power supply etc.) 
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differences in staffing, furniture, operating equipment, spare 
parts, and available building space. The shops are designed 
for the individual agency's needs. The Traffic Signal Installa-
tion and Maintenance Manual recommends that each agency 
consider the following repair shop components (4): 

Work station/bench for each signal mechanic 
Work station/office for the supervisor 
Work station/electronic test bench for signal technician 
Work station/office for the signal engineer 
Communication equipment area 
Environmental test area 
Record filing area and/or computer area 
Test fixture areas 
General work area 
Equipment inventory area 
Small spare parts area 
Large spare parts area 
Maintenance and protection of traffic items 
Locker room area. 

Additional repair shop components to consider are: 

Prequalifications test area 
Prequalifications storage area 
Employee room 
Environmental test area 
Cabinet assembly area 
Vehicle work area. 

The survey respondents were asked to identify those spare 
parts that their agency inventories and the percentage of each 
that are deployed. Table 9 presents these results. The table 
provides the name of the spare part, the average percentage 
deployed for each part, and the percentage of respondents who 
indicated that they stock this part. Only those parts indicated 
by five percent or more of the respondents are presented in 
Table 9. The spare parts cited by the survey respondents are 
comparable to those recommended by the ITE Traffic Signal 
installation and Maintenance Manual discussed previously in 
this chapter. Appendix D contains more detailed data pertaining to 
all of the components indicated by the survey respondents. 

In another question, survey respondents were asked to 
briefly describe their repair facilities including equipment and 
tools. Table 10 presents a summary of the responses to this 
question. The equipment cited by the survey respondents ap-
pears to be comparable to the repair equipment recommended  

in the Traffic Signal Installation and Maintenance Manual 
discussed previously in this chapter. Appendix E contains 
more detailed information with respect to the equipment cited 
by the respondents. 

TABLE 9 

SPARE PARTS INVENTORIED 

Spare Part 
Average Percent Percent of 

Deployed Respondents 

Controllers 12 68 
Signal heads 14 36 
Conflict monitors 12 33 
Detectors 10 33 
Cabinets 8 32 
Load switches 12 26 
Poles 17 22 
Cables, conduit, and wire 8 12 
Conduit 5 9 
Flashers 6 9 
Mastarms 7 9 
Lamps/bulbs 28 9 
Relays 19 8 
Modems 7 7 
Time clocks 8 7 
Wire 3 5 
Pedestnan signals 5 5 

TABLE 10 

REPAIR FACILITIES AND EQUIPMENT 

Equipment Percent of Respondents 

Oscilloscopes 41 
Conifict monitor tester 29 
Controller tester 26 
Various meters (ohm, volt, etc.) 22 
Computers 18 
Multimeter 13 
Trucks or vans 13 
Load switch tester 12 
Bench tester II 
Detector tester II 
EPROM burner 11 
Soldenng/Desoldering Equipment 11 
Electronic component tester 8 
Diagnostic equipment 7 
Generator 7 
Suitcase tester 7 
Flasher tester 5 
NEMA test board 5 
Power supply 	-- 5 
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This chapter presents information on funding levels and 
sources of funding. Levels vary by agency and are dependent 
on many factors, such as jurisdiction, number of system com-
ponents, and other societal needs. Sources include state, county, 
and municipal revenues. Federal funds cannot be used for 
maintenance, which has resulted in renewed definitions of op-
erations and maintenance. 

Of the 76 survey respondents responsible for maintenance 
of the traffic control systems in their jurisdiction, approxi-
mately 45 percent rate their satisfaction with the current level 
of maintenance as fair or poor. According to a recent ITE/ 
FHWA survey of transportation agencies, 44 percent of agen-
cies surveyed rated their ability to maintain their systems as 
fair or poor and 22 percent said more funding is needed to ef-
fectively operate and maintain existing systems. Lack of funds 
was indicated as one of the top seven problems faced by pub-
lic agencies and the outlook for the future is continued short-
falls in funding (31). 

Federal programs that are contained in the Intermodal 
Surface Transportation Efficiency Act of 1991 (ISTEA), such 
as Congestion Management and Air Quality (CMAQ), the 
National Highway Systems (NHS) funds, and Surface Trans-
portation Programs (STP), cannot be used for maintenance of 
traffic signal systems. However, ISTEA does not place any  

special conditions, except time limits, on the use of funds for 
the operations of traffic control systems. Because of the provi-
sions associated with these categories of funds, which have 
been liberally interpreted, as much "operational support" as 
possible is included (31). 

The study conducted for this synthesis reveals that at this 
time, a change in traditional thinking on funding may be 
needed. Operations and maintenance definitions for highways 
and bridges have been clearly defmed and often are used for 
ordinary traffic signal control systems. This approach may be 
inappropriate for intelligent transportation systems (H'S) such 
as advanced traffic signal control systems, since many of the 
traditional maintenance items are, in reality, operational items 
for ITS. For example, a computerized traffic signal control 
system cannot operate if either the control computer or field 
devices are not capable of interaction. Operation of an ad-
vanced traffic signal control system depends on the mainte-
nance of traditional signal system components, which can af-
fect whether the advanced system is operational. Thus, 
funding for an advanced traffic signal control system cannot 
be deferred as maintenance funding is for traditional highway 
and bridge traffic signal control systems. 

The ITE Traffic Signal installation and Maintenance 
Manual provides some guidelines for budgeting a maintenance 
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management system. The Manual illustrates the method for 
determining staff salaries, equipment, and spare parts costs. 

Based on 31 signalized intersections, the ITE Traffic Signal 
installation and Maintenance Manual recommends $35,000 

for trucks, $4,020 for equipment and tools, $28,000 for personnel, 
and $60,600 for spare parts. All figures were based on 1986 
dollars (4). 

The survey respondents for this synthesis were asked to 
identify the sources for their maintenance funding. Figures 21 
through 23 illustrate the percentage of respondents who indi-
cated their maintenance funding sources. Each figure repre-
sents funding for 1990, 1995, and 2000 respectively. The data 
are presented by agency type to illustrate that different agen-
cies received their funding from different sources. A more de-
tailed discussion follows each figure. 

Figure 21 illustrates the 1990 maintenance funding sources 
indicated by survey respondents from city, county, and state 
agencies. As presented, most city and county agencies re-
ceived their funding in 1990 from local taxes, 61 and 71 per-
cent respectively. Approximately 13 percent of cities received 
funding from state taxes, 13 percent from gas taxes, and 19 
percent from another source not identified by the respondent. 
State tax funds were received by approximately 29 percent of 
county agencies and gas tax funds by 13 percent. Half (50 per-
cent) of the state agencies surveyed, as illustrated, received 
maintenance funding from state taxes, whereas only three per-
cent received funding from local taxes. Approximately 17 per-
cent received funding from the gas tax, 20 percent from other 
sources. 

Figure 22 presents the percentage of respondents from each 
type of agency that currently (1995) receive maintenance 
funding from four different sources. As was the case in 1990, 
the highest number of respondents from city and county agen-
cies received funding from local taxes, 75 and 71 percent re-
spectively. 

e
spectively. Twenty-five percent of city agency respondents re-
ceived 

e
ceived funding from other sources, 18 percent from state taxes 
and 13 percent from gas taxes. Nearly 30 percent of county re-
spondents 

e
spondents received funding from gas taxes, and 18 percent 
from state taxes. The majority of state representatives, 52 per-
cent, indicated that their agency received funding from state 
taxes, 25 percent received funding from gas taxes, 3 percent 
from local taxes, 20 percent from other sources. 
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Figure 23 illustrates the projected maintenance funding 
sources of the survey respondents for the year 2000. As pre-
sented, 55 percent of city agency respondents project that 
maintenance funding will come from local taxes, 17 percent from 
state taxes, 13 percent from gas taxes, and eight percent from 
other sources not identified. Approximately 71 percent of 
county representatives project that maintenance funding will 
be from local taxes, 29 percent indicated funding from state 
taxes, and 29 percent from the gas tax. With respect to' state 
respondents, 41 percent indicated state taxes as a source for 
maintenance, 30 percent indicated gas taxes, 18 percent indi-
cated other sources. 

Figures 24 through 26 depict the trends in budget sources 
for the states, counties, and cities respectively. Each figure il-
lustrates the-percent of respondents who indicated each funding 
source for the years 1990, 1995, and 2000. The purpose of these 
piots is to establish the trend in maintenance funding sources over 
the 10-year period. A description of each figure is provided. 

Figure 24 depicts the funding trends of state agency re-
spondents. 

e
spondents. As illustrated, the respondents indicating state 
taxes increased slightly from 1990 to 1995 and then decreased 
from 1995 to 2000. Those respondents who cited gas taxes as 
sources increased over the 10-year period while the percentage 
who indicated other sources decreased. The percentage of 
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respondents who indicated the highway trust fund as a source 
increased slightly from 1990 to 1995 and remained steady to 
2000. The percentage indicating local taxes remained constant 
over the 10-year period. 

Figure 25 illustrates the funding trends of county agencies. 
The same percentage of respondents indicated local taxes as a 
funding source over the 10-year period. The number of re-
spondents who indicated state taxes as a source decreased 
from 1990 to 1995 and increased from 1995 to 2000. Respon-
dents citing gas taxes as a source increased from 1990 to 1995 
and remained constant from 1995 to 2000. 

As illustrated in Figure 26, the percentage of city agency 
respondents who indicated that their agency's maintenance 
funding is from local taxes increased in 1995 from 1990 but  

decreased in 2000. In comparison, the percentage indicating 
state and gas taxes as a source increased slightly over the 10-
year period. Funding sources in the other category, not identi-
fied by the respondents, followed the same trend as local 
taxes. 

The purpose of this chapter was to present the funding lev-
els of the survey respondents and the sources of those funds. 
As illustrated, the levels and sources vary among the different 
agencies. Local taxes provide the major source for city and 
county agencies, while state taxes provide the major source for 
state agencies. It is anticipated that these major sources will 
be dominant in the year 2000, although gas taxes are expected 
to provide a larger share of state budgets and local taxes are 
expected to provide a smaller share of city budgets. 
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MANAGEMENT 

Management of a traffic signal control system encompasses 
a wide range of activities. It includes management systems, 
administration, communications and public relations, inven-
tory control, service history and records, fiscal controls, re-
source sharing, special design considerations for low mainte-
nance and natural disasters, and litigation documentation. 
This chapter summarizes the management practices of the 
transportation agencies surveyed. 

MAINTENANCE MANAGEMENT 

SYSTEMS 

Maintenance management systems describe how an agency 
performs and tracks its maintenance activities. Some agencies 
use advanced software applications to monitor all activities, 
whereas other agencies perform responsive maintenance as 
necessary with little emphasis on the management system. 
Survey respondents were asked to describe their maintenance 
management systems. Figure 27 illustrates the results ob-
tained from the respondents. 

As shown in Figure 27, the most often cited maintenance 
management system was preventive maintenance (37 percent  

of the respondents). Computer software applications were in-
dicated by approximately 18 percent of the respondents, and 
emergency response by 14 percent. Twelve percent indicated 
that their agency does not have a maintenance management 
system. All other categories were indicated as less than 10 
percent by the respondents. Systems cited in the Other cate-
gory included inspection programs, departmentwide complaint 
system, one-person operation, access to proper tools and 
equipment, and budget allocation and contract bidding. 

ADMINISTRATION 

In addition to the maintenance management system, ad-
ministrative matters must be addressed. The survey respon-
dents were asked to identify their agency's administrative 
practices. Figure 28 shows the distribution of responses. As 
illustrated, approximately 37 percent of the responding agen-
cies have assigned staff to perform administrative activities. 
Approximately nine percent indicated they do not have any 
administration practices. Ten percent indicated that admini-
stration varies by district. Items in the other category include 
computer programs and telephone. 
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COMMUNICATION AND PUBLIC RELATIONS 	 As shown in Figure 29, 13 percent have staff assigned to a 
communications and public relations task, 11 percent broad- 

Communications within an agency and between an agency 	cast public announcements on the radio, nine percent use the 
and outside entities is important to a management system. 	telephone for communication needs, eight percent issue press 
Good relations with the public are also important in the case 	releases, seven percent have a public relations position within 
of a signal system, especially when problems occur. Survey re- 	the organization, seven percent use newspaper ads for public 
spondents were asked to identify their communications and 	announcements, and seven percent have a person in a high posi- 
public relation strategies or practices. Figure 29 illustrates the 	tion address the public. A total of eleven percent of the re- 

responses. 	 spondents conduct meetings to communicate and address 
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public concerns (four percent each for internal and public 
meetings and three percent hold meetings with external agen-
cies). Five percent use their traffic operations center and vari-
able message signs to communicate within the agency and 
then to the public. Files and complaints are addressed by five 
percent to improve communications and public relations. 
Practices that fell into the "other" category, eight percent, in-
cluded system communication links, requesting headquarters' 
assistance when needed, operating a citizen hotline, and using 
local government officials and the public as resources. 

INVENTORY CONTROL 

Controlling the amount of spare equipment that is stocked 
while maintaining a supply of necessary items is important. 
Some methods of inventory control include paper documenta-
tion, regular inventory checks, computerized databases, and 
bar code systems. Survey respondents were asked to indicate 
their agency's method of inventory control. Figure 30 presents 
the results from this survey question. 

As shown in Figure 30, 26 percent of the respondents 
maintain manual or paper logs of spare parts and materials. 
Computer logs or data bases are used by approximately 24 
percent of the respondents whereas nearly 16 percent do not 
have a method for monitoring their inventory of materials. A 
further look at those respondents who indicated they have no 
method for monitoring inventory found that eight are city 
agencies, two are states, and two are counties. 

Approximately 14 percent of the respondents indicated that 
their agency has a centralized inventory control system where 
parts and equipment are housed in a central location and are  

requested from this location on an as-needed basis. The staff at 
the central location maintains the inventory records. About 13 
percent of the respondents indicated that they only inventory 
the minimal number of spare parts that are needed. This im-
plies that only those parts that the agencies reinstall or replace 
frequently are stocked and all other parts are ordered or pur-
chased when the need for them arises. Five percent said that 
inventory practices vary by district, four percent contract for 
inventory, four percent use bar codes and bar code readers to 
track equipment and parts, three percent have staff assigned 
solely to inventory control, and three percent order or purchase 
parts only when they are needed. 

Inventory system.s, such as for the INFORM system in 
Long Island, New York, are intended to provide a list of equip-
ment and related equipment information including description, 
location, condition, purchase date, dates put in/out of service, 
quantity on-hand and manufacturer. Another purpose of the sys-
tem is to track maintenance equipment used (26). 

SERVICE HISTORY AND RECORDS 

It is important for a transportation agency to maintain a 
history of maintenance activities. This is usually in the form of 
paper or computerized logs or reports. In addition, timing 
plans and original drawings are often maintained in archives 
kept by public agencies. These records can be useful in case of 
liability charges to provide written proof of proper mainte-
nance activities and for reference during design modification 
or reconstruction activities. Survey respondents were asked to 
indicate their agency's service history practices. Figure 31 il-
lustrates the responses provided. 
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percent of survey respondents. Approximately 38 percent use 
computer files and data bases to store service histories and re- 	Resource sharing can be defmed as two or more agencies 
cords. Five percent indicated that service history and records 	using the same personnel, equipment, devices, and other re- 
vary by district and two percent cited that service histories are 	sources on a mutually approved schedule. This practice re- 
maintained by the contractor. 	 duces the costs for these resources imposed on the agencies 
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TABLE 11 

RESOURCE SHARING BY AGENCY TYPE 

Agency Type 	Personnel Devices Equipment Responsibility Authority Other 

City 	 County County County County County Contractors 
Fire dept. Fire dept. Fire dept. Other cities Other cities County 
Other cities Other cities Other cities Other depts. Other depts. Other depts. 
Other depts. Other depts. Other depts. State Police State 
State State State State 

Telephone Co. Vendors 

County 	 - 	 Other counties -. 	- 
State 	 Cities Cities Cities Cities 	Cities 	Cities 

Districts Counties Counties Counties 	Counties 	Counties 
Local Towns Districts Districts 	Local 	Local 
Police Fire dept. Local Local 

Local 
Canadian Provinces 	Freeway group Cities Cities - 	- 	- 

TABLE 12 

LOW MAINTENANCE DESIGN RESPONSES 

Percent Percent 
of of 

Response Respon- Response Respon- 
dents dents 

Preventive maintenance program 11 Special detector design (continued) 
Use of strict specifications and standards 21 -Use of magnetic detectors 

-Motion detectors instead of loops 
Signal design 33 -Use of video detectors 3 
-Long-life lamps 7 -Use of shorter loops 
-Mast arms 	- 12 -Use pre-formed loops instead of sawed-in loops 
-LEDs 5 -Install loops before surfacing roadway 
-SM-3 hangers 	 . 
-Crypton filled lamps I Special cable design 5 
-Aluminum signal heads 1 -Conform to IMSA standards 
-Glass lenses 3 -Use underground wiring 3 
-Plastic signal heads I -Use twisted-pair cable unbroken from controller to controller 
-Use equipment with a history of reliability 
-Use heavy duty lamps I Controllers 9 

-Purchase 170s from only two manufacturers 
Special poles 18 -Upgrade to 170s 
-Galvanized 12 -Upgrade to solid-state 3 
-Wood I -NEMA only I 
-Quality priming to reduce painting I -Use microprocessor based equipment 1 
-Use only two types I -Replacement . 
-Use removable pedestals I 
-Use only one type I Other 20 

Stainless steel pails - 1 -Varies by district 
Special pull box design 4 -Perform NEMA testing on receipt of equipment 
-Polymer 1 -Use Caltrans QPL equipment only I 
-Located every 100 feet I -Procure equipment through life-cycle costs 
-Concrete 	 . - 	1 -Discuss new designs and accept before implementing 

-Use AutoCAD 3 
Special cabinet design 14 	- -Locate equipment distance from roadway to minimize 
-Aluminum cabinets 7 knockdowns 
-Install fans and rear doors on base-mounted cabinets I -Experience guiding design modifications to reduce failures 
-Clean vacuum and oil doors regularly I -Install lighting protection 
-Careful location to prevent knockdowns 1. -Use line and field suppressers 
-Specially hinged back panels I -Use interchangeable pails 
-Use of only two types of cabinets I -Perform in-house repair 
-Use of 332 cabinets only I -Upgrade old equipment I 

-Perform in-house construction I 
Special detector design 18 -Involvement in pre-design and constwction 
-Encased loops 4 -Use high quality materials 	 . 
-Increased depth of loops 4 -Perform proper installation 



TABLE 13 

SPECIAL CONSIDERATIONS FOR NATURAL DISASTERS AND VANDALISM 
PROTECTION 

Special Consideration Response Percent of Respondents 

Signal mounting 6 
Higher design speeds 
Incident or emergency management plans 20 
Remote control signs 
Removable equipment 4 
Emergency equipment 4 
Elevated controller cabinets 4 
Special. timing plans 2 

Other 15 
—Cabinet locks 
—Computer passwords I 
—AASHTO design standards 
—Stockpile equipment before hurricanes 
—Design for hurricanes I 
—Use distributed system 
—Budget for disaster damage 
—Use plastic cabinet covers and doors in place of aluminum 
—Stock two spare signals 

- 

—Case-by-case basis for vandalism 1 
—Special domes for CCTV cameras I 
—Portable generators 
—Lightning protection 
—Heavy duty equipment I 
—Special cabinet keys and wrenches I 

None 36 

HE 

and promotes partnerships and good relations between public 
organizations. Survey respondents were asked to identify 
whether they share resources such as personnel, devices, re-
sponsibility, equipment, authority, or any other resource and 
with whom. Figure 32 illustrates the percentage of respon-
dents who share each resource, do not share resources, or did 
not provide a response. 

As presented in Figure 32, more than 50 percent of respon-
dents do not share agency resources. Approximately 25 per-
cent share personnel, 31 percent share devices including sig-
nals, preemption, surveillance devices, etc., 30 percent share 
equipment such as controllers, 22 percent share responsibility, 
20 percent share authority, and 9 percent share another type of 
resource. The resources that were cited in the Other category 
include costs, construction and inspection, information and 
interagency resources. Approximately 13 percent of the re-
spondents did not provide a response. It was determined from 
the analysis that approximately 34 percent of the respondents 
indicated that they share more than one resource with other 
agencies or organizations. 

To determine with whom the respondents are sharing re-
sources, a cross-tabulation of partnered agencies was per-
formed. The results of this analysis are presented in Table 11. 

SPECIAL DESIGN CONSIDERATIONS 

This section discusses two types of special design consid-
erations: low maintenance and natural disasters and van-
dalism. Low-maintenance design can reduce the need for  

maintenance of a system component, thereby reducing costs and 
time spent on repairs. Special designs for natural disasters and 
vandalism has the same objectives as low-maintenance designs. 

Low-Maintenance Design 

Low-maintenance design includes practices and the use of 
materials or equipment that require little maintenance to 
operate properly for the expected life of the product. Practices 
can include preventive maintenance programs; materials can 
include the use of mast arms for signal displays. "Maintenance 
experience has shown that certain details and design features 
can reduce signal maintenance requirements and problems 
significantly" (4). The survey respondents were asked to identify 
the low-maintenance design practices of their agencies. 
Table 12 lists the responses and the percentage of individuals 
corresponding to those answers. Because of the variety of re-
sponses, they are categorized by equipment type. Approximately 
11 percent of the individuals did not provide a response. 

Natural Disasters and Vandalism 

Another aspect of maintenance management is special 
consideration for natural disasters such as hurricanes and tor-
nadoes, and for vandalism. Respondents were asked to indi-
cate the special considerations their agencies implement. Table 
13 lists the considerations cited by the respondents. The re-
sponse 

e
sponse and percent of respondents are indicated in the table. 
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FIGURE 33 Litigation documentation methods. 

Approximately 11 percent of the respondents did not indicate 
any special considerations. Although no respondents men-
tioned seismic stabilization as a special consideration, it 
should be mentioned here because federal, state, and local 
codes and practices are included as part of normal seismic 
practice. This is especially applicable in the earthquake-prone 
western United States. 

LITIGATION DOCUMENTATION 

The final category of maintenance management systems 
discussed in this chapter is litigation documentation. This in-
volves documentation of all maintenance activities in case of 
liability lawsuits against the public agencies responsible for 
maintenance of traffic control equipment. Respondents were 
asked to indicate the number of pending lawsuits against their 
agency, if they believe that the number is increasing, and the 
type of documentation practiced by their agency. 

The average number of lawsuits per agency determined 
through the survey was eight, with a minimum of zero and a 
maximum of 200. Removing the two highest numbers of law 
suits, 150 and 200, the average number becomes two lawsuits 
per agency with a range of zero to 15. The most often cited re-
sponse (mode) was zero from 45 percent of the respondents. 
Approximately 20 percent of the respondents did not provide 
an answer to this question. 

Approximately 57 percent of the respondents indicated they 
believe that the number of lawsuits is not increasing in their 
jurisdiction. Twenty-eight percent cited that the number of 
lawsuits is increasing, four percent said they did not know if 
the number is increasing or decreasing, and 12 percent did not 
indicate a response. 

Figure 33 illustrates the types of litigation documentation 
used by the survey respondents. As shown, approximately 47 
percent have a manual filing system that includes maintenance 
logs, schedules, completed work orders, plans, and draw-
ings. Seven percent use computerized files and databases 
and 17 percent use both manual files and computerized 
files. Four percent indicated that they maintain service re-
ports for liability purposes, three percent said they do not 
have a system, one percent indicated each of the following: 
open records law, law department assigned to litigation docu-
mentation, and testing records. Approximately 17 percent did 
not provide a response. 

Maintenance management is important to the proper op-
eration of a traffic signal control system. There are several 
components of maintenance management as presented in this 
chapter. As discussed, it is important to maintain accurate and 
complete records, administer the responsibilities to the proper 
individuals, and to implement special design considerations 
for low-maintenance and natural disasters to help prevent 
maintenance overload during times of catastrophe. 
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CHAPI'ER NINE 

CONCLUSIONS 

The purpose of this synthesis was to present the state of the 
practice in the maintenance management of traffic signal con-
trol systems. This was accomplished through an extensive lit-
erature review as well as a survey of transportation agencies. 
The intent of the literature review was to provide descriptions 
of the available technologies. The survey results were com-
piled and presented to establish the extent to which transpor-
tation agencies are using these technologies. 

Maintenance Programs 

In summary, all of the transportation agencies surveyed 
have a response maintenance program in place and on the av-
erage it accounts for approximately one-half of their overall 
maintenance program. Most agencies also practice preventive 
maintenance, accounting for about one-third of their overall 
programs. About three-quarters perform design-modification 
maintenance activities, which acéounts for one-sixth of traffic 
signal control system maintenance programs. 

- 

Response Maintenance 

Examining the maintenance programs response times fur-
ther, it was revealed that: 

The maximum time to respond to a trouble call (time 
when a call is received until personnel arrive at the site) for a 
knockdown condition was 24 hours. The average response 
time was approximately 2 hours. 

The maximum response time for nonknockdown condi-
tion was 48 hours; however most agencies reported a maxi-
mum response time of 24 hours. The overall average response 
time was approximately 2 hours. 

Maintenance Personnel 

The number of maintenance personnel, an important com-
ponent of the maintenance management team, was found to 
increase as the population of a jurisdiction increased. Exclud-
ing those agencies that contract at least part of their mainte-
nance activities, it was determined that, for city and state 
agencies, the number of maintenance employees generally in-
creases with an increase in population at a rate of approxi-
mately 2.6 and 2.3 per 100,000 persons, respectively. Using a 
rule-of-thumb of one traffic signal per 1,000 population and 
the above rates, this results in 38 to 43 traffic signalized inter-
sections per employee. 

Resource Sharing 

Most transportation agencies surveyed do not share re-
sources 

e
sources such as personnel, devices, equipment, responsibility, 
or authority with other agencies. 

The cities that share resources generally coordinate with 
county agencies, local fire and police departments, utility 
companies, vendors, and other cities or departments. 

The counties surveyed that share resources share only de-
vices 

e
vices with other counties, although cities indicated that the re-
sources 

e
sources they share with counties included personnel, devices, 
equipment, responsibility, and authority. 

State agencies share all types of resources with cities, dis-
tricts, local fire and police departments, and towns. 

One Canadian province shares personnel with the freeway 
group, and devices and equipment with cities within their ju-
risdiction. 

Procurement 

With respect to procurement of equipment, parts, and 
services, most agencies surveyed use the low-bid process. Al-
though many of them cited that there are legal issues associ-
ated with this process, it is generally required by the city, 
county, or state. A small percentage of agencies that contract 
some of their maintenance activities use prequalification pro-
curement with the low-bid process. 

Budgets and Funding 

Budgets and funding are also important components of the 
maintenance management system.' 

County agencies appear to have larger budgets for 
equipment than states and cities. 

For contractor services, cities have the highest budget. 
For personnel and spare parts, the mean budget increases 

from cities to counties to states. 

The sources of funding for all agencies is generally from 
taxes such as local, state, and gas taxes. 

Most cities and counties were found to receive funding 
from local taxes whereas most state agencies' funding is from 
state taxes. 

Fewer city agencies believe that funding will be from lo-
cal 

o
cal taxes in the year 2000 than in 1990 or 1995. 

Similarly, fewer state agencies indicated funding would 
be from state taxes in 2000 than in 1990 or 1995. 
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More county agencies project more funding from gas and 
state taxes in 2000 than in previous years. 

Liability 

Only 18 percent indicated they use computerized filing 
systems or data bases for at least some of their records. 

Many types of software are available for management, 
scheduling, administration, inventory control, and record 
keeping. 

Liability and litigation are important issues faced by many 	It is projected that more and more agencies will convert to 
transportation agencies. 	 computerized techniques in the near future. 

Slightly more than half of the agencies surveyed do not 
believe that lawsuits are increasing. 

Nearly half of the respondents indicated that no lawsuits 
are currently pending against their agencies. 

The average number of lawsuits, for those agencies with 
pending lawsuits was two per agency. 

Management Systems 

In managing traffic signal systems: 

Half of the agencies surveyed use a paper filing system 
and have not yet implemented a computerized system. 

Summary 

Good maintenance management practices are crucial to the 
proper operation of traffic signal control systems in a time 
when funds and resources are limited but the number of sig-
nals and systems are ever-increasing. The objective of mainte-
nance is to keep systems and components operating as they 
were intended to operate. Collecting sufficient data to identify 
system weak points and managing the activities required to 
achieve this goal are essential. Many tools are available to aid 
in this process. Transportation agencies that incorporate these 
tools into the management of their maintenance systems will 
improve the reliability and efficiency of their systems. 
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APPENDIX A 

Survey Instrument 

TRANSPORTATION RESEARCH BOARD (TRB 
NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Project 20-5, Topic 27-11 
Traffic Signal Control Systems Maintenance Management Practices 

Questionnaire 
Name of Respondent: 

Agency: 
Title: 

Telephone No.: 

FAX: 

Instructions 
We would like to collect information from your agency on the maintenance management 
practices employed for traffic signal control systems in your jurisdiction. The information 
will be used to develop a synthesis report on "Traffic Signal Control Systems 
Maintenance Management Practices." A copy of our report outline is attached. 

The purpose of this survey is to increase the state-of-the-practice in traffic signal control 
system maintenance management. This synthesis will be of direct benefit to agencies 
and contractors in the maintenance of their systems. 

This questionnaire should be completed by that person(s) with direct responsibilities for 
either (a) maintaining traffic signal control systems by in-house staff; or (b) managing 
contractors hired by the agency to perform maintenance. Please answer as many of 
the following questions as possible. Attach additional sheets if necessary. Also, please 
provide copies of any supporting data or reports. Send your completed questionnaire 
and supporting documentation to: 

Walter H. Kraft 
PB Farradyne Inc. 
One Penn Plaza 
New York, NY 11019 

If you have any questions, please contact Walter Kraft at (212)465-5724 or Janet Ricci 
at (212)465-5404. 

WE WOULD APPRECIATE YOUR RESPONSE 

1. 	How many signalized intersections are you responsible for maintaining by 
system? 

System 
(i.e. each independent 

system) 

Number of 
Intersections 

Type of Controller 
(i.e. NEMA 170, 

 etc.) 

Type of Control 
Field 	Central 
Other  

'ease proviae a onei aescnption. 

What other devices are part of your traffic signal control system (i.e. CCTV, HAR, 
VMS, preemption, Global Positioning, handhold devices, etc.) 

Please describe your maintenance management practices as they apply to each of 
the following categories. 
a. Maintenance management system 

150 	 151 



IJ 
0 

Administration 

Communication and public relations 

Inventory control 

Equipment  
Spare parts  
Contractors  
Other 

k Wn, i unr mintDnnr ftindd? 

Source 1995 1990 2000 (Predicted) 

Local Taxes  
State Taxes  
Special Tax"  

dOther" - 
Please cleline 

5. Indicate your satisfaction with your current level of maintenance. 
Good 	-able to maintain at a level that allows the systems to achieve most of 

their potential 	- 
Fair 	-only able to maintain at a level to achieve a portion of their potential 
Poor 	-not able to maintain these systems at a satisfactory level 

6. Do you participate in resource sharing (joint use of devices, personnel, etc.)? 
Please specify resources you "share" and with what agencies/companies. 

e. Service history and records 

4.a. What are your annual costs for maintenance? Please include a cost breakdown for 
each of the following. 

Item 	 Budget 1995. 	Budget 1990 	Budget 2000 
(Predicted) 

Personnel 

152 

Resource Shared Agency/Company 
sharedwith  

Comments 

Devices 

Personnel - 

Equipment - 

Authority 

Responsibility 

Other (please 
specify) 

10 

153 



7. What practices do you use for low maintenanc design? 

8. What special considerations do you use for natural and other disasters (hurricane, 
flood, earthquake, crime, etc.) 

9. The following questions pertain to risk and liability with respect to traffic signals. 

How many lawsuits invoMng traffic signals have been brought against your 
jurisdiction in the last year? 
Is the number of lawsuits increasing? o V 0 N 
Explain your documentation for potential litigation. 

10. 	Please describe your maintenance organization. Please sketch or enclose an 
organizational chart. 

1 Ia. How is your maintenance performed? Please check the appropriate box. 
By internal staff only o 
By contract only o 
By internal staff and contract o 
Percentage contracted? 

b. If you contract out, please send us a copy of your latest contract. 

12a. What types of maintenance programs do you have in operation? Briefly describe 
each program. 

Maintenance Yes/No Percentage Description Schedule 
Program of Total 

Maintenance 
(%)  

Preventative oY 	oN  
Responsive/ oY 	oN 
Emergency  
Design oY 	oN 
Modification  
Other (Please oY 	oN 
Specify)  

Please attach supporting material 
b. Please provide your average response times for your past year of record. 

Year  
Response Time 

a b c 

Weekend 
Day, hour_to 
Night, hour_to_ ________________  

a = average time when call is received to when personnel get to site 
b = average time to respond to non-knockdown condition 
c = average time to respond to knockdown condition 

154 
	

155 



13. How many individuals are employed to maintain your traffic signal control system(s)? 

In the following table, please list the title, responsibilities, extent of training, and skill levels for each of these people. 
Also indicate the shift they work (# of hours per day), their responsibilities other than maintenance of traffic signal 
control systems, and the percentage of their time (or hours per week) devoted to control systems. 

Title/Position of each 
Employee 

Responsibilities Training, License(s) 
Requirements, and Skill Level 

Shift 
(include 

#of 
hours)  

% Time Devoted to 
Control Systems 

155 



14a. Have you initiated any type of personnel recruitment or retention (training or 
retraining) programs? Please describe and enclose copies of your training 
materials. 

Program Yes/No Description 
Recruitment o Y 	o N 
Retention 

Training oY 	oN 
x 
Retraining oY 	oN  
Other (Please specify) I o Y 	o N  

b. 	How do you rate your ability to attract and retain qualified technicians? (circle 
one) 

GOOD 	 FAIR 	POOR 

15a. What procurement processes do you use for traffic signal and/or systems? 
Please provide samples. 

Process Yes No DescnptionlComments 
Low Bid 
Facilities 
Management 
Life Cycle Costs 
Design Build 
Pnvatization 
Prequalification 
Other (Please 
specify)  

b. What legal issues do you associate with the procurement process? 

16. 	What percentage of spare parts do you inventory? Please indicate the 
part and percentage of total deployed in the following table. 

Part 	 Percent of total deployed 
(i.e. 5% controllers)  

What is the population of your jurisdiction? 

Please describe your repair facilities including your diagnostics tools. 

19. 	Please add any other comment you think we should be aware of. 

Please send any manuals, photos, and organizational charts that are instrumental 
in illustrating your maintenance practices. 

Thank you for your valuable assistance. 
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APPENDIX B 

Survey Results 

This section provides general results from the survey data. The survey instrument provided in Appendix A was mailed to a 
DOT traffic engineer in each state, to 93 city and county representatives, and to nine Canadian provinces for a total of 152 sur-
veys. At least one city or county was chosen from each state based on population. Of the 152 surveys mailed to the transportation 
agencies, 90 responses were received for a response rate of 59 percent. Survey respondents by agency type are shown below. 

Agency Type 
Number of Percent of Total 

Respondents Respondents 

City 41 45.6 
County 9 10.0 
State 37 41.1 
Canadian Province 3 3.3 

Total 90 100 

Of the 90 individuals who responded to the survey, 77 indicated that they are responsible for maintaining the traffic signal 
control systems in their jurisdictions. All of the survey results presented in this synthesis are based on a percentage of these 77 re-
spondents, who represent 38 city agencies, seven counties, 30 states, and two Canadian provinces. 

The respondents were asked to identify the number of systems maintained by their agency and the number of intersections per 
system. The average number of systems maintained by a responding agency is 12 systems with a minimum of 0 and a maximum 
of 300. Agencies indicating zero systems maintain only isolated intersections. The average number of signals per system was 206 
with a minimum of two and a maximum of 1611 signals. 

A list of the survey respondents is shown below: 

ADA County Highway District, Boise, Idaho 
Agency of Transportation, Vermont 
Bureau of Traffic Engineering, Richmond, Virginia 
City & County of Honolulu, Hawaii 
City of Albuquerque, New Mexico 
City of Bangor, Maine 
City of Columbia, South Carolina 
City of Concord, New Hampshire 
City of Irvine, California 
City of Minneapolis, Minnesota 
City of Montgomery, Alabama 
City of Norfolk, Virginia 
City of Oklahoma City, Oklahoma 
City of Omaha, Nebraska 
City of Phoenix, Arizona 
City of San Antonio, Texas 
City of Sioux Falls, Iowa 
City of Trenton, New Jersey 
City of Tulsa, Oklahoma 
City of Wichita, Kansas 
Department Of Engineering, City of Newark, New Jersey 
Department of Public Works & Transportation, Rockville, 

Maryland 
Department of Public Works, City of Louisville, Kentucky 
Department of Public Works, Milwaukee, Wisconsin 
Department of Public Works, Nassau County, New York 
Department of Transportation—Signals, Washington 
Department of Transportation and Public Facilities, Alaska 
Department of Transportation, Arizona  

Department of Transportation, Charlotte, North Carolina 
Department of Transportation, City of Bellevue, Washington 
Department of Transportation, City of New York, New York 
Department of Transportation, Connecticut 
Department of Transportation, Georgia 
Department of Transportation, Iowa 
Department of Transportation, Kansas 
Department of Transportation, Maine 
Department of Transportation, Minnesota 
Department of Transportation, Mississippi 
Department of Transportation, New Hampshire 
Department of Transportation, New Jersey 
Department of Transportation, New York 
Department of Transportation, North Carolina 
Department of Transportation, North Dakota 
Department of Transportation, Ohio 
Department of Transportation, Oklahoma 
Department of Transportation, Texas 
Department of Transportation, Virginia 
Department of Transportation, West Virginia 
Department of Transportation, Wisconsin 
Department of Transportation, Wyoming 
Department of Transportation, Central Bureau of Operations, 

illinois 
Department of Transportation, Maintenance Division, 

Tennessee 
Engineering Department, City of Bismarck, North Dakota 
Highway & Transportation Department, Missouri 
Highway Department, Massachusetts 



Highway Safety, Highlands County, Florida 
Maint. and Traffic Branch, Fredericton, New Brunswick, 

Canada 
Metropolitan Government, Department of Public Works, 

Nashville, Tennessee 
MetroTransportation, Municipality of Toronto, Ontario, 

Canada 
Ministry of Transportation, Ontario, Canada 
MTA, Los Angeles, California 
MTMC/Transportation Engineering Agency, Newport News, 

Virginia 
Municipality of Anchorage, Alaska 
Office of Transportation, City of Portland, Oregon 
Public Works Agency, City of Santa Ana, California 
Public Works Department, City of Little Rock, Arkansas 

Public Works Department, Nashville, Tennessee 
Public Works Department, Rapid City, South Dakota 
Public Works, Dade County, Florida 
Regional Council of Governments, Denver, Colorado 
State Highway & Transportation Department, Arkansas 
Traffic Control, Department of Engineering, Pittsburgh, 

Pennsylvania 
Traffic Engineering Division, City of Charleston, West 

Virginia 
Traffic SignallMaintenance, City of Wichita, Kansas 
Transportation and Utilities, Alberta, Canada 
Transportation Department, Idaho 
Transportation Diiision, City of Hartford, Connecticut 
Transportation Operations, City of Topeka, Kansas 
Turnpike Authority, New Jersey 
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Preventive Maintenance Checklist 
TABLE C. 

PREVENTWE MAINTENANCE CHECKLIST (I) 

MnNTH 	YFARS 

TASK 	 3 6 12 2t65 

Cabinet (per unit) 

lubncate hinges and lock 	 x 

dean filters 	 x 

replace filters 	 x 

check weather proof seal (gasket) 	 x 

check anchor bolts 	 x 

	

1. 	check for water accumulation and duct sealant 	 X 

check ground rod damp and wire 	 x 

check winng schematics and records 	 x 

I. 	check operation of fan and heater 	 x 

check radio interference filter and lightning arrester 	 x 

check crcuit breaker 	 x 

I. 	check ground fault receptacle 	 x 

m. measure voltages at service inputs in cabinet 	 x 

	

0. 	check andrecord current being drawn 	 x 

(Continued) 

Giblin, J.M., W.H. Krafi, £ Rudden and R. Sands, Traffic Signal Installation and Maintenance Manual, Institute of 
Transportation Engineers, Prentice Hall, New Jersey (1989). 

The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 

TABLE C.1 (CONTINUED) 

Recommended Inter.'sI 

MONTHS ERS 

TASK 	 3 6 12 2to5 

repaint exterior (if originally painted) 	 x 

snow removal 	 as necessary 

Signal Heads (per unit) 

clean lenses, signs, and reflectors 	 . 	 x 

replace lamps 	 x 

check alignment 	 x 

check for the wear on the span wire, signal wire, and 

mechanical hardware (clevis pins, damps) 	 x 

check mast arms, free swinging signals: check 

devis and chain 	 x 

check for cracks and rust in the hardware 	 x 

check for bent hoods, wing nuts, hinges 	 x 

replace substandard parts 	 x 

replace defective lenses and reflectors 	 x 

check locking ring (surface), install proper locking 

devices as required 	 . 	 x 

check condition of back plates (if used) 	 . 	x 

(Continued) 

Giblin, J.M.. W.H. Krafi, J. Rudden and R. Sands, Traffic Signal Installation and Maintenance Manual, Institute of 
Transportation Engineers, Prentice Hall, New Jersey (1989). 

=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 
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TABLE C.1 (CONTINUED) 

Recnmmpndpd Interval 

MONTHS 	YEARS 

TASK 	 3 6 12 2to5  

TABLE C.1 (CONTINUED) 

Recommended Interval 

MONTHS TEARS 

TASK 	 3 6 12 2to5 

repaint exterior of signal (if originally painted) 	 x 

perform nighttime check for visibility 	 x 

Push Buttons (per unit) 

check and actuate push buttons on each end of 

actuated crosswalks and visually verify pedestrian 

signal operation; verify timing 	 x 

check push button lamp (if one exists) for operation 	 x 

C. 	check push button signs, dean or replace I necessary 	 5 

check push button sign alignment) 	 x 

Detectors (per approach) 

x 	 Sensors 

visually inspect roadway along loop detector saw 

cut for exposed wires, cracks, potholes, etc. 	 x 

check alignment for sonic, magnetic, and radar-type 

detectors: verify call inputs to controller phases 	 x 

check anchorage for pressure detector frame and 

Mast Arms and Poles (per unit) 

inspect for rust and spot paint as required 	 x 

inspect welded joints for rust and cracks at armtupright 

location and at base plate 

inspect anchor bolts for rust and tightness 

inspect horizontal and vertical angle of the arm 

repaint exterior (if originally painted) 

Span Wire and Bolts (per unit) 

inspect poles 

check span wire 

C. 	check damps and hardware 	 x 

d. 	check guy wre, anchors, and guards 	 x 

(Continued) 

Giblin, J.M., W.H. Kraft, J. Rudden and R. Sands, Traffic Signal Installation and Maintenance Manual. Institute of 
Transportation Engineers, Prentice Hall, New Jersey (1989). 

=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 

contact units 	 x 

(Continued) 

Giblin, J.M., W.H. Kraft, J. Rudden and R. Sands. Traffic Signal Installation and Maintenance Manual, Institute of 
Transportation Engineers, Prentice Hall, New Jersey (1989). 

=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 
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TABLE C.1 (CONTINUED) 

Recommended lrdervnl 

MONTHS YEARS 

	

TASK 	 3 6 12 2to5 

Amplifiers 

check if the detector is detecting vehicles within its 

design zone of detection 	 X 

tune the detector if necessary 	x 

check if the detectors are tight and secure 	 x 

Junction Boxes and Handholes (per unit) 

Check integrity of the splices 	 x 

check the ground rod and clamp connection, and 

bonding of conduits 	 x 

check the insulation 	 x 

ti. 	check for abnormal amount of water 	 x 

e. 	check lid for abnormal condition and fit 	 x 

Electromechanical Control Equipment (per unit) 

Dial Assembly 

check for wear on key follower 	 x 

check for burned, pitted, or discolored contacts 	 x 

C. 	check for key positions 	 S  x 

(Continued) 

Giblin, J.M., W.H. Kraft, J. Rudden and R. Sands, Traffic Signal Installation and Maintenance Manual, Institute of 
Transportation Engineers, Prentice Hall, New Jersey (1989). 

=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 

TABLE C.1 (CONTINUED) 

Recommended Interval 

MONTHS YEARS 

TASK 	 3 6 12 2to5 

check dial motor operation 	 x 

check all dials according to manufacturer's 

recommendations 	 x 

If controller is part of a system, check offset 	 x 

check duration of the advance pulse 	 x 

dean and lubricate 	 (as required by manager) 

Cam Assembly 

check for end play 	 x 

dean and lubricate as required by manufacturer 	 x 

C. 	visually inspect for abnormal wear or cracks 	 x 

check for burned, pitted, or discolored contacts 	 x 

check spring tension on contacts 	 x 

I. 	check for loose wiring to contacts 	 x 

g. 	check for operation of advancing mechanism to 

conform with manufacturer's requirements 	 x 

(Continued) 

Giblin, J.M., W.H. Kraft, J. Rudden and R. Sands, Traffic Signal Installation and Maintenance Manual, Institute of 
Transportation Engineers. Prentice Hall, New Jersey (1989). 

=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 

13 	 14 



TABLE C.1 (CONTINUED) 

Mpt.m4s 	TEARS 

TASK 	 3 6 12 2to5 

check if all connections are secure and tight 	 x 

visually inspect wires for wear, rubbing, deterioration 

of insulation 	 x 

Relays 

check for burned, pitted, or discolored contacts 

check for tight and secure fit into the sockets 

for latchtype relays, check for latch operation per 

manufacturers recommendation 	 x 

Flashers 

check flash rate 

check operation 

check for burned, pitted, or discolored contacts 

check for tight and secure fit into the sockets 

Switches 

a. 	verify operation of each switch position 	 x 

(Continued) 

Giblin, J.M., W.H. Kraft, J. Rudden and R. Sands, Traffic Signal Installation and Maintenance Manual, Institute of 
Transportation Engineers, Prentice Hall, New Jersey (1989). 

=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 

TABLE C.1 (CONTINUED) 

Recommendal !ntar,al 

	

MDNT1-IS 	YEARS 

TASK 	 3 6 12 2to5 

Terminal Connectors 

check visually for signs of corrosion or any abnormal 

condition 	 x 

tighten all terminal connections 	 x 

Solid State, Analog, and Microprocessor.based Confrol 

Equipment (per unit) 

General 

Check if the time settings match the master time 

sheet 	 X 

check if all indicator lamps on the modules are 

working, replace failed lamps 	 X 

check for extension by detector actuation 	 x 

check if modules are fitting tight and secure into 

the frame 	 X 

check if connectors are tight and secure 	 x 

wipe dust off controller, detectors, and auxiliary 

equipment 	 x 

(Continued) 
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=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 

15 	 16 

ci 



0\ 
0 

TABLE C.1 (CONTINUED) 

Recommended Interval 

MONTH 	YFARS 

TASK 	 3 6 12 2to5 

Conflict Monitor 

a. 	replace with bench-tested unit 	 x 

Load Switches 

a. 	check if load switch packs are fitting tight and secure 

into their chassis 	 x 

Auxiliar,' Logic 

a. 	check operation 	 x 

Relays 

a. 	check mercury relays (if used) for excessive splash 
	

x 

Flashers 

a. 	check if firm in socket; check on/off ratio and flash rate 	 x 

Switches 

a. 	check for loose wires 	 x 

Te,minal Connections 

a. 	check for discoloration and tightness 	 x 

(Continued) 

Giblin, J.M., W.H. Kraft, J. Rudden and R. Sands, Traffic Signal Installation and Maintenance Manual, Institute of 
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=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 

TABLE C.1 (CONTINUED) 

Recommended Interval 

MONTH 	YEARS 

TASK 	 3 6 12 2to5 

Interconnected Equipment (per unIt) 

check if controller operates in the mode selected by 

the supervisory master (i.e., time-based coordinator) 	 x 

disconnect form the master supervisory system and 

check for free or backup operation 	 x 

check any special equipment per manufacturer's 

recommendation 	 As required 

Miscellaneous 

record all changes in timing, wiring, or any function 	 As required 

periodically check electric bill for indication of leaky 

insulation 	 Monthly 

C. 	record current flow at unmetered installations 	 As required 

Giblin, J.M., W.H. Kraft, J. Rudden and R. Sands, Traffic Signal Installation and Maintenance Manual. Institute of 
Transportation Engineers, Prentice Hall, New Jersey (1989). 

=The preventive maintenance activities presented in this table are only to be considered by an agency when 
developing their own individual maintenance program. Actual preventive maintenance tasks and corresponding 
intervals will vary by agency based on local conditions and should be predicated on the equipment manufacturers' 
recommendations as well as the experience of the maintaining agency. 
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Procurement Processes 

Procurement is the act of acquiring equipment and services 
needed to meet the requirements of a particular task. The ob-
jective is to obtain the most suitable product for the best price. 
Several methods of procurement are described in this section. 
Survey respondents were asked to indicate the procurement 
processes they use to obtain equipment. Figure D. 1 illustrates 
the percentage of respondents who are responsible for the 
maintenance of traffic signal control systems in their jurisdic-
tion. As indicated, 83 percent use low-bid, 41 percent use pre-
qualifications, 17 percent use design-build, 12 percent use 
life-cycle costs, nine percent practice privatization, five percent 
use facilities management, seven percent indicated the "other" 
category, and 13 percent did not provide a response. 

Low Bid 

Low bid is the most often practiced method of procurement 
by public agencies in the United States. It is the process of 
choosing products and services based on the lowest bid for the 
capital costs of the product and services. The process of low-
bid purchase is as follows. The purchasing agency (municiplity or 
other public/private agency) issues nonproprietary specifications 
for a specific item or for systems. Appropriate "quotes" are 
then received from interested vendors, distributors, or manu-
facturers. The agency reviews the submitted lowest bid includ-
ing item cut-sheets, if appropriate. If the submitted description 
of the item satisfies the issued specifications, a purchase order 
is issued by the agency. If for some reason the "offerer" cannot 
deliver, the award goes to the next lowest bidder or the pur-
chasing authority issues a "rebid." 

Facilities Management 

Facilities management, also known as systems manage-
ment, is a procurement method that takes advantage of the bid 
system while adding a degree of trust and providing the owner 
with an integrated traffic control system. With this method of 
procurement, a contractor is employed to develop the software 
and hardware specifications for the control system. The hard-
ware and construction are then advertised and bid in the con-
ventional manner, ensuring that the client is getting good 
value by competitive bidding for the vast majority of the proj-
ect components. The facilities manager also supervises the 
procurement practices, develops the software, integrates com-
mercial and the applications software with the hardware as it 
is installed and then provides documentation and training for 
an integrated system (1). 

Life-Cycle Costs 

Life-cycle cost procurement is a form of competitive bid-
ding in which a contract is awarded on the basis of a consid-
eration of cost of operation over a designated period of time as 
well as the initial capital cost (2). It differs from low bid in 
that low bid is the process of procurement based only on the 
initial capital costs of a project. Life-cycle cost is normally 
based on the life of the item with initial capital costs capital-
ized to reflect annual costs. One of the difficulties with this 
means of procurement is determining when a device becomes 
obsolete. 

Low-Bd 
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FIGURE D. 1 Respondent procurement processes. (Note: Total is greater than 100 percent 
because some agencies use more than one process. 
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Prequalificatlons 

Prequalification procurement is most often used when the 
contracting agency wants to screen equipment, vendors or 
contractors to assure that each can meet the preliminary speci-
fications. The prequalification type of procurement is a two-
step process. The first step is to evaluate the bidders' qualifi-
cations and experience to determine if they have the ability to 
undertake the specified project. The second step is similar to 
the low-bid process except that the lowest bid does not always 
assure a purchase order. Qualifications play a major role in the 
final contract award. 

Maintenance inventory (Contracting 

versus Stocking) 

There are two main methods for maintenance inventory. 
One is to contract services for spare parts. The other is to stock 
a percentage of spare parts for maintenance purposes. Of the 
individuals surveyed who manage the maintenance activities 
in their region, five percent contract maintenance inventory 
whereas 68 percent stock at least some spare parts. Eighteen 
percent did not indicate a response and eight percent indicated 
they do not stock or contract for spare parts. 

Legai Issues 
Privatizatlon 

Privatization, by definition, is the contracting of public 
services or selling of public assets to private industry (3). The 
maintenance requirements are specified and then contracted 
out to a private firm for performance 

Design Build 

Design-build procurement is another type of bid process. A 
contractor is selected based on a bidding process to first de-
sign and then implement the project. Staged construction al-
lows the contractor to design an aspect of the project and 
submit the design for approval before construction begins. At 
the same time, design of another project component begins. In 
this way, several stages of the project are performed at the 
same time and subconsultants can also be employed by the 
contractor. It is important that these contracts require periodic 
deliverable products keyed to periodic contract payments so 
that contract progress can be measured and evaluated. 

Acceptance Testing 

Acceptance testing is a method of quality control by which 
the contractor's work is inspected and approved or disap-
proved based on the contract specifications. If the completed 
work meets the contractual specifications, then the contractor 
is eligible for payment. Testing focuses on the final product 
and whether that product meets the functional or material 
specifications of the contract (4). Usually an acceptance test-
ing procedure is used by the purchasing agency or its consult-
ant and the supervising engineer oversees the testing process. 
Each item of the procedure is signed as accepted or rejected by 
the supplier and the representative of the purchaser. 

Survey respondents were asked to indicate the legal issues 
they believe are associated with procurement. Thirty-six per-
cent did not respond to this question: 22 percent indicated that 
they believe there are no legal issues associated with procure-
ment. Of the remaining 42 percent, 18 percent cited the laws 
and issues related to the low-bid process including: the lowest 
bid is not always the best, laws require the use of low-bid 
only, agencies are forced to follow good specifications but use 
the lowest bid, assurance of competitive bids, too much focus 
on initial costs, and conflicts of interest. 

Five percent of the respondents indicated problems with 
vendors such as accepting gifts from vendors, conflicts with 
vendors over standards and specifications, collusion with ven-
dors/manufacturers, and vendor complaints. Three percent in-
dicated that the laws requiring the use of minority or women-
owned firms is a legal issue associated with procurement. 
Another three percent cited sole-source, in which there is only 
one supplier for an item, as a potential problem with procure-
ment. 

rocure
ment. Of the remaining 13 percent, the following legal issues 
were cited: 

new equipment must be technically accurate but generic 
in nature 

proprietary issues 
getting bidders on the approved list 
fair bidding practices 
legal relations with respect to public prosecution 
warranty, qualifications and selection 
use of proprietary traffic control 
contract tender procedure. 

One respondent indicated that the agency avoids legal is-
sues with respect to procurement by following the state DOT's 
standards. 
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research 
Council, a private, nonprofit institution that provides independent advice on scientific and 
technical issues under a congressional charter. The Research Council is the principal operating 
arm of the National Academy of Sciences and the National Academy of Engineering. 

The mission of the Transportation Research Board is to promote innovation and progress 
in transportation by stimulating and conducting research, facilitating the dissemination of 
information, and encouraging the implementation of reseaich findings. The Board's varied 
activities annually draw on approximately 4,000 engineers, scientists, and other transportation 
researchers and practitioners from the public and private sectors and academia, all of whom 
contribute their expertise in the public interest. The program is supported by state 
transportation departments, federal agencies including the component administrations of the 
U.S. Department of Transportation, and other organizations and individuals interested in the 
development of transportation. 

The National Academy of Sciences is a nonprofit, self-perpetuating society of 
distinguished scholars engaged in scientific and engineering research, dedicated to the 
furtherance of science and technology and to their use for the general welfare. Upon the 
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate 
that requires it to advise the federal government on scientific and technical matters. Dr. Bruce 
Alberts is president of the National Academy of Sciences. 

The National Academy of Engineering was established in 1964, under the charter of the 
National Academy of Sciences, as a parallel organization of outstanding engineers. It is 
autonomous in its administration and in the selection of its members, sharing with the 
National Academy of Sciences the responsibility for advising the federal government. The 
National Academy of Engineering also sponsors engineering programs almed at meeting 
national needs, encouraging education and research, and recognizes the superior achievements of 
engineers. Dr. William A.Wulf is president of the National Academy of Engineering. 

The Institute of Medicine was established in 1970 by the National Academy of Sciences 
to secure the services of eminent members of appropriate professions in the examination of 
policy matters pertaining to the health of the public. The Institute acts under the 
responsibility given to the National Academy of Sciences, by its congressional charter to be 
an adviser: to the federal government and, upon its own initiative, to identify issues of 
medical care, research, and education. Dr. Kenneth I. Shine is president of the Institute of 
Medicine. 

The National Research Council was organized by the National Academy of Sciences in 
1916 to associate the broad community of science and technology with the Academy's 
purposes of furthering knowledge and advising the federal government. Functioning in 
accordance'with general policies determined by the Academy, the Council has become the 
principal operating agency of both the National Academy of Sciences and the National 
Academy of Engineering in providing services to the government, the public, and the 
scientific and engineering communities. The Council is administered jointly by both 
Academies and the Institute of Medicine. Dr. Bruce Alberts and Dr. William A. Wulf are 
chairman and vice chairman, respectively, of the National Research Council. 
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