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Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing 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 Officials 
initiated in 1962 an objective national highway research 
program employing modern scientific techniques. This 
program is supported on a continuing basis by funds from 
participating member states of the Association and it re-
ceives the full cooperation and support of the Federal 
Highway Administration, United States Department of 
Transportation. 

The Highway Research Board. of the. National Academy 
of Sciences-National Research Council was requested by 
the Association to administer the research program because 
of the Board's recognized objectivity and understanding of 
modern research practices. The Board is uniquely suited 
for this purpose as: it maintains an extensive committee 
structure from which authorities on any highway transpor-
tation subject may be drawn; it possesses avenues of com-
munications and cooperation with federal, state, and local 
governmental agencies, universities, and industry; its rela-
tionship to its parent organization, the National Academy 
of Sciences, a private, nonprofit institution, is an insurance 
of objectvity; it maintains a full-time research correlation 
staff of specialists 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 depart-
ments and by committees of AASHO. Each year, specific 
areas of research needs to be included in the program are 
proposed to the Academy and the Board by the American 
Association of State Highway Officials. Research projects 
to fulfill these need§ are defined by the Board, and qualified 
research agencies are selected from those that have sub-
mitted proposals. Administration and surveillance of re-
search contracts are responsibilities of the Academy and 
its Highway 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 re-
sponsible groups. The program, however, is intended to 
complement rather than to substitute for or duplicate other 
highway research programs. 
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PREFACE 	There exists a vast storehouse of information relating to nearly every subject'of 
concern to highway administrators and engineers. Much of it resulted from research 
and much from successful application of the engineering ideas of men faced with 
problems in their day-to-day work. Because there has been a lack of systematic 
means for bringing such useful information together and making it available to the 
entire highway fraternity, the American Association of State Highway Officials has, 
through the mechanism of the National Cooperative Highway Research Program, 
authorized the Highway Research Board to undertake a continuing project to search 
out and synthesize the useful knowledge from all possible sources and to prepare 
documented reports on current practices in the subject areas of concern. 

This synthesis series attempts to report on the various practices without in fact 
making specific recommendations as would be found in handbooks or design 
manuals. Nonetheless, these documents can serve similar purposes, for each is a 
compendium of the best knowledge available concerning those measures found to 
be the most successful in resolving specific problems. The extent to which they are 
utilized in this fashion will quite logically be tempered by the breadth of the user's 
knowledge in the particular problem area. 



	

FOREWORD 	This report should be of special interest to highway officials and administrators 
responsible for telecommunication services involved in highway maintenance opera- 
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Highway Research Board 	and operations, as well as emergency requirements when needed. 
Administrators, engineers, and researchers are faced continually with many 

highway problems on which information already exists either in documented form 
or in terms of undocumented experience and practice. Unfortunately, this informa-
tion is often fragmented, scattered, and unevaluated. As a consequence, full infor-
mation on what has been learned about the problem is frequently overlooked in 
seeking a solution. Costly research findings and valuable experience may go unused 
and due consideration may not be given to recommended practices for solving or 
alleviating the problem. In an effort to resolve this situation, a continuing NCHRP 
project, carried out by the Highway Research Board as the research agency, has the 
objective of synthesizing and reporting on common highway problems—a synthesis 
being defined as a composition or combination of separate parts or elements so as 
to form a whole greater than the sum of the separate parts. Reports from this 
endeavor constitute an NCHRP report series that collects and assembles the various 
forms of information into single concise documents pertaining to specific highway 
problems or sets of closely related problems. This is the twelfth report in the series. 

Telecommunications—telephone, radio, teletypewriter, facsimile, etc.—have 
assumed a significant role in the daily routine of highway operations during the past 
two decades. The number of counties in Michigan, for example, with highway radio 
grew from 1 in 1949 to 73 in 1959. With one of the larger states reporting 3,500 
mobile radio units in highway service, it can be seen why telecommunications are 
expected to meet both routine and emergency requirements when the state highway 
department plans for system alterations or additions. Recent trends toward con-
solidation and coordination of telecommunication functions within state govern-
ments require that state highway departments be better apprised of the size and com-
plexity of their communications needs. 

This report of the Highway Research Board provides information on current 
state practices in the planning, management, and operation of communications sys-
tems to serve normal administration and operations, and when the need arises, meet 
emergency requirements. Discussion is provided on how the highway agency's 
communication organization can provide support and technical assistance to the 
sophisticated traffic control systems being used by many highway departments. 

To develop this synthesis in a comprehensive manner and to ensure inclusion 
of significant knowledge, the Board analyzed available information (e.g., current 
practices, manuals, and research recommendations) assembled from many highway 
departments and agencies responsible for highway planning, design, construction, 
and maintenance. A topic advisory panel of experts from this subject area was estab-
lished to guide the researchers in organizing and evaluating the collected data, and 
to review the final synthesis report. 

As a follow-up, the Board will attempt to evaluate the effectiveness of the 
synthesis after it has been in the hands of its users for a period of time. Meanwhile, 
the search for better methods is a continuing activity and should not be diminished. 
An updating of this document is ultimately intended so as to reflect the improve-
ments that may be discovered through research or practice. 
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TELECOMMUNICATIONS SYSTEMS FOR 

HIGHWAY ADMINISTRATION AND OPERATIONS 

SUMMARY 	Communications is playing an increasingly important role in the daily operations of 
highway agencies. This growth reflects not only new technology such as facsimile, 
television, and remote computer access, but also wider use of the telephone and 
radio. 

There is currently much concern on just how or where to handle electronic 
communications, or "telecommunications," as it is often described. There has been 
a steady trend toward a better coordinated, or in some cases a consolidated, system. 

Telecommunications is expected to satisfy both routine and emergency require-
ments. It is important that this dual role be considered when one is planning for 
system alterations or additions. 

Although the highway agency in any given state will be a major user of tele-
communications services, there are numerous other agencies that depend heavily on 
communications. Improved systems at equal or reduced cost can result from shar-
ing arrangements. This type of telecommunications planning requires much coop-
eration and coordination within state government. 

Telecommunications planning depends on the estimate of communications 
needs and selection of the communication mode. This requires experience with the 
agency and knowledge of how it operates, plus technical know-how. 

Highway agencies make extensive use of most telecommunications modes that 
are currently available. However, some do not realize the total potential of the two 
basic systems, the telephone and the radio. Recent studies have indicated that im-
proved service often is available at less cost. 

Management has only recently been confronted with a purchase-vs-lease 
choice for telephone equipment. Interconnection rulings by the Federal Communi-
cations Commission (FCC) have made possible the appearance of new vendors of 
telephone equipment. Previously, this equipment could be obtained only through 
the telephone company. However, before making any major commitment, manage-
ment should carefully review the pros and cons of interconnection. 

A survey of the telecommunications systems of several highway agencies mdi- 
cates that major differences do exist. Several agencies have statewide direct-dial 
nontoll telephone service between offices of state government. The use of Wide 
Area Telecommunications Service (WATS) varies widely—several agencies have 
dedicated foreign exchange (FX) lines that replace WATS. A few states have ex-
tensive investments in microwave systems. Others elect to make use of the local 
common carrier microwave installations. Several states have completed studies of 
the total requirement for telecommunications service and have taken steps to coor-
dinate and/or consolidate all or parts of their systems. 

Telecommunications support for traffic engineering is playing an increasingly 
important role. It is particularly important that the communications needs of traffic 

* Appendix B is a glossary of terms used in this field. 
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operations be considered early in the planning stages and that telecommunications 
support continue through the design, contract, operations, and maintenance phases. 

The size and complexity of any state's, telecommunications needs dictate that 
each agency within state government undertake a thorough analysis of its require-
ments and evaluate potential solutions prior to embarking on a plan to coordinate or 
consolidate functions and/or systems use. No two states face the same needs; there-
fore, solutions will necessarily vary in approach and hardware configuration. 

All agencies should monitor their operations and modify their procedures to 
reflect changing telecommunications needs, emphasis, and technology. 

CHAPTER ONE 

TELECOMMUNICATIONS SYSTEMS 

Communications—the exchange or passing of data or infor-
mation—has assumed a major role in the daily routine of 
highway operations. In the past two decades, telecommuni-
cations (telephone, radio, teletypewriter, facsimile, etc.) 
in the U.S. has increased both in the private' sector and 
within state government. Figures 1 and 2 show the increase 
in the use of the telephone and the Land Mobile Radio. 
The number of counties in Michigan with highway radio 
grew from 1 in 1949 to 73 in 1959. One of the larger 
states reports 3,500 mobile radio units in highway service. 
Even a very small state had 320 units in service in 1969. 
The use of remote computer terminals, television, facsimile, 
and other electronic devices also has increased at a rapid 
rate. 

One question that is currently causing much concern 
within state governments, and particularly in highway agen-
cies, is: How should telecommunications be handled? His-
torically, each agency in state government has gone its 
separate way in planning and operating its communications 
system. More recently, there has been some trend to 
coordinate and consolidate the telecommunications func-
tiOns. The handling of telecommunications is a sensitive 
area, and any conclusions reached as a result of this 
synthesis will fail to satisfy everyone. Nevertheless, the 
subject cannot be ignored. 

The coordination, management, and assignment of radio 
frequencies continues to be a problem area. Several states, 
working with service organizations, have developed im-
proved practices for reviewing frequency requests. These 
practices and other information of interest to frequency 
management are discussed in NCHRP Synthesis 13 (1). 

Traffic control is becoming more sophisticated and de-
pendent on electronic devices. The communication organi-
zation can provide support and .technical assistance to the 
traffic section, particularly where extensive communication 

* Appendix B is a glossary of terms used in this field. 

lines or radio controls are required. The need for com-
munications is increased drastically with the occurrence of 
an emergency condition that may be as localized as a mal-
functioning traffic signal or as extensive as a snowstorm, a 
tornado, or a hurricane. In either case, neither messenger 
nor mail service is adequate. Telecommunications systems 
are required to provide the proper response. 

Fortunately, telecommunications systems can serve in a 
dual capacity. They are available and most useful to the 
highway agency on a day-to-day basis for normal adminis-
tration and operations, and can, when the need arises, 
satisfy emergency requirements. It is essential to consider 
this dual role when one is planning the total communica-
tions system. 

One basic fact must be understood. Communications are 
services; but they represent a substantial annual cost to state 
government and individual agencies. One current study has 
been able to document an annual expenditure of more than 
$12 million for communications in one state and has 
estimated that the total cost is near $20 million (2). 

AGENCIES REQUIRING ELECTRONIC COMMUN ICATIONS 

A number of state organizations, and perhaps some federal 
government field offices, make up the list of potential 
participants in a typical state telecommunications system. 
These include (but are not limited to) the following organi-
zations: 

Highways—transportation. 
Police. 
Game, Forest, and Parks Commission 
Education. 
Agriculture. 
Health. 
Fire Marshal. 
National Guard. 
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Figure 2. Increase in use of mobile radio, 1950-75. Source: 
Report of the Advisory Committee for the Land Mobile 
Radio Services, FCC (1967). 

Civil Defense (U.S., state). 
Department of Defense (U.S.). 
Civil Air Patrol. 
Weather Service (U.S.). 
Department of Transportation (U.S.). 

This list could be expanded by adding other segments of 
the executive, legislative, or judicial branches and the 
county and local government activities that need to inter-
face directly and that could benefit through sharing of tele-
communications service. 

The communications needs of each of these agencies are 
related to the type of traffic, including the forms of voice 
and data communications, and the response time. Individ-
ual requirements may involve both routine and emergency 
transmissions. They may: 

Be delayed or in real-time format. 
Be uncoded, or may incorporate complex coding tech-

niques for message security. 
Be analog or digital, or fully capable of being con-

verted from one to the other. 
Call on computer access for inventory determination 

or matching of physical or statistical inputs. 
Require computer processing for temporary storage 

and subsequent delivery. 

The possibilities are numerous. 
In almost every state, the highway agency has a large 

investment in communications facilities, equipment, and 
personnel. This has caused several states to look to the 
highway agencies for guidance in the design of telecom-
munications systems or for use of the highway communica-
tions network as a building block on which to expand. 
Highway agencies, therefore, play a key role in any effort 
to coordinate state telecommunications. 

PLANNING RESPONSIBILITIES 

Planning for telecommunications needs has historically 
been assigned to each individual department, subject to 
budgetary approval. Those departments with the greatest 
inventiveness, public relations effort, and communications 
awareness, and the necessary public support, were more 
successful. With each technological improvement in com-
munications equipment came an attendant increase in pur-
chase, rental, installation, operation, and maintenance costs. 
When these increases were combined with the complexity 
of managing these larger communications systems and the 
increasing concern with cost and utilization, it became 
apparent that improved coordination between agencies. 
could result in better communications at a lower cost. 

Some states have established communications managers 
within each participating user agency. This manager within 
a department, for example, is responsible for planning and 
implementing the total communication needs for the depart-
ment, including procurement, operations, and maintenance. 
A model job description for this position appears in Ap-
pendix C. More recently, several states have concluded 
that communications management mighi be better coordi-
nated with a state communications division to effectively 
achieve cost benefits and system utility that could better 
serve each department. Others have indicated that they 
may follow suit; however, data concerning, specific states 
that have already consolidated communications functions 
are incomplete. The growth of telecommunications needs, 
combined with the cost and the demands on management, 
suggests a definite need for statewide policy and coordina-
tion to ensure the best utilization of facilities, equipment, 
and personnel on an across-the-board basis. 	- 

Planning for future telecommunication needs requires 
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niiiclièooperation and coordination within state govern-
ment (Fig. 3). Financial officials have an obvious concern 
about the acquisition, operation, and maintenance costs 
projected for telecommunications systems. Data-processing 
offices (where separated from the communications func-
tion) are properly interested in how communications and 
data-processing functions can best relate to one another. 
Legal advice should be obtained to make sure that the 
state is abiding by all Federal Communications Commission 
(FCC) regulations. Both local and federal government 
have a legitimate interest in determining whether and how 
their organizations might share telecommunications to 
achieve better interface and cost-effective results. Lastly, 
and perhaps most important, there are the advantages to the 
user departments within state government. 

The planning function thus consists of two closely related 
yet distinctly separate groupings. The first is the mix of 
departmental activities (e.g., purchasing, engineering, main-
tenance, financial) that are coordinated through the depart-
mental communications manager. This is where specific 
needs are identified and potential system additions are 
proposed. The second grouping includes those state-level 
interdepartmental functions that become involved in the 
planning phase from a policy, procedure, and standardiza-
tion viewpoint. Statewide telecommunications planning and 
management must be responsive to both groups. 

Planning for telecommunications is not a simple process. 
There are two basic steps that must be completed, and each 
depends on the accuracy of the estimating process. First, 
an estimate of communication needs is prepared. This is 
followed by the selection and assignment of specific types 
of communication for each need. The procedure used is: 

Identify information exchange. 
Associate the organizational units and geographic 

locations. 
Estimate the intensity of communications. 
Accumulate the communication requirements between 

pairs of locations. 
Design a communications network. 
Determine the intensity of communication on the 

network elements. 
Determine the required capacity of each network ele-

ment. 

A discussion of a communication requirements model 
appears in "Communication System Handbook for State 
Highway Departments" (3). 

Communications planning involves experience with the 
organization and knowledge of how it operates, plus tech-
nical know-how. Because numerous unknown factors are 
involved, it is important that the communications system 
have built-in flexibility for expansion and adjustment. 

Few state highway agencies have used a long-range plan 
for developing their telecommunications systems. Several 
agencies now schedule unit retirement and replacement to 
keep annual costs level. Figure 4 shows the projected costs 
for phasing out and adding new radio equipment over a 
10-year period for one highway agency. This represents 
approximately $250,000 for just radio communications (4). 
In this example, the annual costs are far from level, but the 
agency is given a clear indicatioic of future radio costs. 



CHAPTER TWO 

TELECOMMUNICATIONS TECHNOLOGY 

This chapter discusses telecommunications systems and 
components that are presently available to state agencies, 
as well as a few of their known applications. Most, if not 
all, of these systems and equipment are familiar to highway 
officials. The rapid growth of technology in the past decade 
has brought new solutions to age-old problems, and it is in 
such functions as data processing, video taping, television 
surveillance and control, facsimile reproduction, and secur-
ity systems that the highway official will find new applica-
tions and opportunities. These functions, when combined 
with existing radio, telephone, and teletypewriter transmis-
sion techniques, will enable agencies to make better use 
of their total systems and provide better over-all solutions 
for present and future needs. 

TELEPHONE SYSTEMS AND EQUIPMENT 

The telephone has long been the primary telecommunica-
tions system for handling administrative traffic. State gov-
ernments, including highway agencies, make extensive use 
of the telephone because it is a readily available and per-
sonal form of communication. Improper use (length and/ 
or purpose), combined with poor selection of service, can 
result in inordinately high costs. These problems usually 
can be overcome by changes in procedure or service modi-
fication. 

Telephone systems consist of the basic handset plus an 
extensive array of call directors, switchboards, computer-
ized store-and-forward message switches, intercoms, voice 
privacy devices, amplification devices, etc. (Fig. 5). 

Most states have installed one form or another of direct 
dialing, plus a dedicated intercom system. Any office in-
cluded in this network (historically intra-department, but 
now expanding to interdepartmental interface) may con-
verse with any of its sister offices via these dedicated leased-
line arrangements. 

A few state agencies still function under a manually 
controlled switchboard for all incoming calls; however, 
direct dial is generally contemplated within the next three 
to five years. 

Wide Area Telecommunications Service (WATS) is 
used by several state agencies for long-distance require-
ments; however, this has the disadvantage of involving 
lengthy delays if sufficient lines are not available, which 
may offset the reduced rates. There are numerous reports 
of increased calls of longer duration after WATS lines are 
obtained. A few states have adopted the NETCOM system, 
which involves purchase of a block of telephone time by 
the user at a low rate. When this time is used up, the user 
purchases additional time. The NETCOM system uses a 
direct-dial procedure on all intra-state calls. Preliminary 
analyses within states using this approach show a slight  

increase over Telpak and WATS rates; however, users 
have found the system to be much more convenient. 

Some states have installed their own private telephone 
systems using microwave transmission. These systems 
permit intra-state direct dialing, but are presently somewhat 
expensive (primarily because of acquisition costs). Recent 
FCC rate decisions and the availability of equipment at 
lower cost will affect the future use of state microwave 
systems. It is uncertain whether common carriers (Bell, 
et al.) will reduce bulk traffic rates to remain in a favorable 
competitive position as permitted under the same FCC 
decisions. Some states have had to install their own systems 
where commercial services were not readily available. 

Other agencies have found that the commercial micro-
wave systems provide a level of service that the agencies 
could not economically match. In most cases an in-depth 
study is required to determine the most economic service. 
One research firm that made such studies of the total com-
munication requirements of two states recommended com-
mon carrier for one and the use of a state microwave 
system for the other (4, 5). 

Telephone lines have been used widely for data trans-
mission by the business community for some time. It is 
anticipated that more state agencies will use this com-
munication mode in the immediate future. Particular uses 
might be the updating of progress payment records for 
construction, payroll data, and inventory control. 

Specific telephone system configurations are too numer-
ous to describe in detail. Virtually any combination of 
quantity, security, intelligibility, and accessibility can be 
obtained through the large variety of systems available to 
state and other large-scale bulk users. A few of the more 
common system additions are, discussed in the following. 
Many have been used by state agencies. 

Telpak 

Telpak provides for bulk transmission between specified 
locations. Shared use had been permitted; however, re-
cently this has been restricted. State governments may 
continue to share in Telpak only with the federal govern-
ment where lines or channels are available. The federal 
agency pays for the entire service and the state agency 
reimburses the federal agency for the lines used. Telpak 
service terminals are available for teletypewriter grade, 
telephone grade, or wide-band channels. Rates vary with 
the service and terminals selected. 

Wide-Band Channels 

Wide-band channels are available for transmission of high-
speed data and facsimile, or for voice. Included are wide-
band service terminals for analog (0 to 20 kHz), digital 
(up to 50,000 bits!sec synchronous), and two facsimile 
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Figure 5. Telephone equipment. 

signals (29 to 44 kHz). Rates per mile/month start at 
$15 for the first 250 miles, are $10.50 for the second 250 
miles, and drop to $7.50 after 500 miles. Terminal charges 
for wide-band are approximately $425 per month. 

Foreign Exchange Service 

Foreign exchange service (FX) enables an agency to have 
direct two-way access between switchboards, telephones, 
or Centrex. FX is available on a 24-hr basis at a monthly 
rate ranging from $8 to $30, plus mileage. 

Conference Calls 

Conference calls permit three or more people to share a 
conversation. They may be two-way or one-way for up to 
25 locations. Special conference telephones are available 
for $10 to $15 per month. 

Data-Phone Service 

Data-phone service is a high-speed message rate service 
permitting transmissions up to 50,000 bits/sec or facsimile 
at more than a page/minute. The cost is $275 to $300 per 
month, plus use based on distance. 

Picture Phone 

Picture phone permits viewing of plans or documents and 
their modification during the call. However, because of 
low demand, this service is presently suspended. 

Private Branch Exchanges 

Private branch exchanges (PBX) generally are available in 
any of five systems, as follows. 

Series 100 PBX System 

Features—Attendant console. 
Direct outward dialing. 
Station-to-station calling. 
Station hunting. 
Call transfer-attendant. 
Night service. 
Restriction from outgoing calls. 

Station capacity—Unlimited. 

Series 200 PBX System 

Features—Series 100 plus. 
Attendant direct-station-selection with busy 

lamp field. 
Station capacity-200. 

Series 300 PBX System 

Features—Series 200 plus. 
Add on. 
Call hold. 

Station capacity-200. 

Cciii rex I System 
Tele-Lecture 	

i Features—Direct nward dialing. 
Tele-lecture is an amplified two-way telephone communica- 	 Station hunting. 
tion between a speaker at one location and one or more 	 Direct outward dialing. 
groups of people at other locations. 	 Identified outward dialing. 



Code restriction. 
Station-to-station calling. 
Call transfer-attendant. 
Night service. 

Station capacity—Unlimited. 

Centrex II System 

Features—Centrex I plus. 
Add on. 
Call transfer—individual. 
Trunk answer from any station. 

Station capacity—Unlimited. 

Desk Sets 

Standard and special desk telephone equipment is available 
for a wide variety of uses. Typical equipment includes: 

Multi-line instruments: 
1-key standard. 
6-key standard. 
10-key telephone. 
20-key telephone. 
18-, 21-, 24-key call director telephones. 
Special features: 
Line pickup control. 
Line hold control. 
Call signal lamps. 
Line busy lamps. 

'Wink hold lamps. 
Station busy lamps. 
Automatic exclusion. 
Common ringing. 

Other equipment includes conference sets, speaker 
phones, automatic dialing telephones, and recording and 
answering equipment. 

Corn rnent 

It is the policy in some states for each separate agency to 
negotiate directly with the telephone company. This in-
creases costs and may make it impossible to provide a 
uniformly high level of service to all agencies. Although 
the telephone company representative may not be able to 
deliver all that is desirable for an agency, the chances are 
that if the total state government can be serviced collec-
tively, each agency can have equal or better service than 
if they bargained individually. 

Although the local telephone company can provide some 
assistance in telephone planning at state, agency, and 
individual facility levels, a knowledgeable communications 
representative from state government should be available 
to direct this planning. 

Major telephone companies provide training sessions and 
seminars for both management and technicians. Highway 
and other state government agencies are encouraged to take 
advantage of this free instruction. 

One excellent source of information on telecommunica-
tions, and particularly telephone service, is the Transporta-
tion and Communications Service of the General Services 
Administration (GSA) (6). This agency is charged with  

over-all responsibility for providing telephone service to 
federal agencies. At present it makes extensive use of a 
nationwide system of leased lines to provide direct nontoll 
calls between nearly 500 cities and communities. This 
provides direct-dial service between most federal govern-
ment telephones, as well as the: ability to reach private or 
business telephones with operator assist after giving proper 
identification. This system is supplemented on a need basis 
by WATS lines. Special incoming WATS lines are used 
for personnel recruiting, IRS, and social security informa-
tion, etc. It was estimated that per hour, 12 social security 
queries could be handled via telephone, whereas only three 
office visits could be scheduled. 

Several highway agencies have meiitioned that some 
cost reduction has been achieved as a result of their own 
in-house studies. Telephones have been removed, toll 
calls have been audited, and improved discipline practices 
have been put into use. The GSA reported considerable 
savings, on a nationwide basis (18 percent) from a close 
look at telephone use (7). Some believe that the total 
saving to state government for a similar effort would pro-
duce much greater savings. All too often the multiple 
push-button call director becomes a status symbol. 

Highway agencies are aware that the use of the telephone 
can be over-policed. For example, it usually will cost less 
for an employee to make a short personal call from his 
desk than go to a pay phone that is down the hall, down-
stairs, or even in another building. 

TELETYPEWRITER SYSTEMS AND EQUIPMENT 

The use of teletypewriter equipment by state agencies has 
been widespread since World War II, with a number of new 
applications appearing during the past decade. Teletype-
writer units (Fig. 6) may be fixed installations operating as 
part of a dedicated network or may be used as remote 
terminals connected to a regional or a centrally located 
computer. It is possible to operate a mobile teletypewriter 
system that is separate and distinct from fixed installations. 

Teletypewriter equipment is used extensively by state 
government agencies for law enforcement, health needs, 
education, traffic monitoring and control, motorist aid, 
weather forecast, highway and vehicular maintenance, and 
a host of generalized informational needs. Most organiza-
tions prefer to purchase teletypewriter equipment, although 
leased equipment is still used where budgets are restrictive 
or where plans for new system configurations are uncertain. 
Service and maintenance are beyond the capability of many 
states, thereby weighting the decision in favor of lease plans 
or resulting in contract maintenance on state-owned equip-
ment. 

Teletypewriter performance has shown rapid improve-
ment in recent years in intelligibility, speed, store and 
forward capacity, and adaptability to data conversion tech-
niques. Improvements in electronics technology, together 
with the successful mating of the teletypewriter and corn-
puter, have made this possible. Printing speed generally 
has been doubled, and some models are capable of produc-
ing even faster results: Interface among different teletype-
writer models has been achieved. 



Figure 6. Teletypewriter. 

COMPUTERS AND REMOTE TERMINALS 

Data processing has come of age during the past decade, 
with all states now owning or leasing computer systems, 
many of which are integrated with data communications 
networks. Teletypewriter terminals located in regional or 
selected sites generally provide the input/output mode for 
computer access, although other devices also are used 
(Fig. 7). 

Highway agencies use remote terminals for engineering, 
materials testing, weather information, maintenance, sched-
uling, and reporting functions. Some agencies operate 15 
to 50 terminals for these purposes; a few employ as many 
as 100 individual units. Several use one-way, send-only 
terminals to handle administrative, personnel, and payroll 
data. 

Some highway agencies either have acquired or plan to 
acquire computer systems for their own use where data 
storage and retrieval needs are large. Most states, however.  

use a centrally operated computer or series of computers 
and require that individual dcpartmcnts tic in to this 
facility to achieve better utility and avoid redundant com-
puter investment. Although these arrangements usually are 
satisfactory, computer sharing presents scheduling problems 
at times. 

Communications switching systems that can store and 
subsequently forward voice and data traffic are now being 
tested in a few states. Future acquisition cost reductions, 
coupled with an increasing volume of transmissions, will 
make message switching an attractive proposition at the 
departmental level, if not on an across-the-board statewide 
basis. Switching centers may be established on a regional 
basis, as described in Chapter Three under "Nebraska." 

RADIO SYSTEMS AND EQUIPMENT (FIXED AND MOBILE) 

A radio system consists of mobile equipment (vehicular or 
hand-held radios, including microphone and appropriate 
antenna), transceiver sites (antennas, power supply, re-
peaters, microwave towers), and control centers (micro-
wave antenna, consoles, and telephone patch panel where 
so connected). This communication mode is relatively 
inexpensive, and mobile equipment is easily available and 
serviceable. The largest single drawback continues to be 
the restricted frequency availability. 

Over the years, radio has accounted for a large percent-
age of the states' investment in communications equipment. 
These systems have been used extensively in highway agen-
cies for routine message service (e.g., personal data, posi-
tion location, supplies and personnel required, and main-
tenance reports), as well as for emergency comniunication 
services involving motorist aid, snow removal, weather 
conditions, etc. Mobile radios mounted in passenger cars, 
maintenance trucks, vans, etc., are used for communica-
tions between vehicles and to control stations. A typical 
highway agency, for example, may have 300 to 1,000 
mobile radios that are supported by 15 to 50 control 
stations. Other agencies within a state operate their own 
units, usually through their own systems. The expanded 
use of radio has necessitated cooperation between agencies 
and in some cases consolidation or sharing of control 
centers, transceiver sites, and maintenance service. 

Figure 7. Remote computer terminals. 
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Figure 10. Facsimile. 

Most fixed radio transceivers produce 100 watts; a lesser 
number produce 300 watts. Vehicle units generally are 50 
watts, whereas hand-held units typically are 12 watts. Most 
mobile units have a single channel that enables car-to-car 
conversation as well as car-to-control center communica-
tions. However, because this can result in overcrowding of 
the channel during peak or emergency periods, several 
agencies have a separate channel for car-to-car use. As a 
result of 1970 FCC authorization, some mobile users are 
now in process of conversion to include 450-MHz fre-
quency, although many users continue to use the 47-MHz 
and 150- to 160-MHz bands. Newer units have four-
channel capacity, produce 60 to 100 watts, and permit 
vehicle-to-vehicle communication on two of the channels. 

Fixed sites that include more than one transmitter gen-
erally use repeaters. In addition, the control station and 
supporting transceivers can be connected via microwave 
transmissions. The range of portable radios can be ex-
tended with mobile repeaters, either to base control or to 
other portable sets (Fig. 8). 

Radio paging systems have not been used to any great 
extent by highway agencies: however, some believe that 
selected key officials and headquarters messengers could use 
this type of radio service. Hospitals, industry, and educa-
tional institutions have used this equipment (Fig. 9) for 
several years. 

Acceptance of trunk systems is growing, and it is be-
lieved that the relatively low acquisition and operating costs 
will make these systems even more popular, particularly 
for those agencies that have relied on telephone, telegraph, 
and mail service for handling of their routine and emer-
gene)' needs (8). 

FACSIMILE SYSTEMS 

Commercial and governmental users continue to find new 
applications for facsimile equipment (Fig. 10). Transmis-
sion speeds have been increased manyfold in recent years, 
thereby reducing cost and making this communications 
mode competitive. Moreover, the quality of reproduction 
and the ability to transmit pictures, blueprints, tables, etc., 
heretofore unsuited for transmission (due to size, ink type, 
color, etc.), have shown significant improvement. Fac-
simile systems have been used to reproduce maps, tables, 
and simplified drawings by state highway agencies. These 
applications generally have been engineering-oriented, as 
contrasted with the use of teletype equipment for informa-
tional data needs. The reproduction of legal documents 
and special-use permits with affixed signatures has become 
popular for facsimile transmission. Equipment now avail-
able enables transmissions between sites over a telephone 
circuit. This equipment provides good to excellent black-
and-white reproduction: typical transmission time is 4 mm 
per 81/2 -by 11-in. page. 

Facsimile is used by a minority of highway agencies; 
however, it is estimated that many more agencies will be 
using this communications mode in the near future. Organ-
ization and management of such a system is the key to 
widespread use. In most cases facsimile can be best used 
in the mail room or some other shared operation. 

t (Telephones) 
(Personal Units) 

4194 	 lPair 

PBX 	ITie Trunk 

	

5 Pairs
J58824C0 	Paging 

or 	

I 	
8 Pairs 	Terminal 

	

equivalent 	1 8 Pairs I TS27PNC 

PAGECON No. 1 	PAGCON No. 5 

Figure 9. Radio paging system. 
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MICROWAVE SYSTEMS AND EQUIPMENT 

Microwave is one transmission medium that telephone, 
radio, teletypewriter, facsimile, and other related systems 
and equipment may use for communicating their respective 
formats. Many state agencies use microwave for some 
portion of their communication needs; those states that 
operate a private microwave system are virtually dependent 
on its operation. 

Most states that use microwave integrate the system 
with radio and telephone. Messages are sent from dispatch 
locations via microwave to base stations for transmission. 

Microwave channels also can be used for television 
signals (such as bridge surveillance and control from a 
remote location), as well as for receiving security system or 
traffic reports from remote sensors. 

Today's microwave systems include up to 600-voice 
channels plus one two-way video channel and operate at 
6 GHz. However, older remote units operate as UHF at 
960 MHz. Tower separation averages 30 to 35 miles over 
typical terrain, although it must be remembered that micro'2  
wave transmission relies on line-of-sight features. Micro-
wave systems often must be shared in order to establish the 
utilization required. 

Microwave service may be leased from a common carrier 
or installed by the highway agency or state government, 
possibly in conjunction with civil defense. There are 
advantages and disadvantages to each method. Users of 
common carrier microwave channels have greater capacity 
and redundancy. The agency benefits from the continuous 
upgrading of the system and does' not have direct main-
tenance responsibility. On the other hand, the agency may 
find it desirable to develop its, own microwave network and 
use all or almost all of the available voice channels. If an 
agency does elect to install its own system, an in-depth 
planning effort should be completed to ensure adequate and 
continued service. Additional factors to consider when in-
stalling such a system are (1) the availability of micro-
wave service in some remote areas where communication 
services are essential, and (2) the existence of laws or 
regulations that limit or prevent the development of a 
state microwave system. 

SECURITY SYSTEMS 

Security systems, long of considerable interest to police 
organizations and military operations, have found numerous 
commercial and nonmilitary government applications dur-
ing recent years. Perimeter security of land and buildings 
has been the primary concern in the past; however, elec-
tronic technology has produced new sensors and cameras 
that permit the monitoring of selected areas and of specific 
equipment from a remote point. State officials are now 
beginning to show interest in these systems. 

TELEVISION SYSTEMS 

Television has found limited use within different state 
agencies as a surveillance tool, as a training device, and as 
an information mode. Highway agencies in California, 
Illinois, Michigan, Texas, and other states have had some 

experience in test programs that evaluated closed-circuit 
television (CCTV) as a traffic monitoring sensor. Officials 
seem divided in their opinion of television as a cost-effec-
tive approach, particularly because the camera generally 
covers only a limited area of highway. On the other hand, 
its use in heavily traveled areas and difficult access situ-
ations (bridges and tunnels) has warranted further con-
sideration. 

Television is used by some states as a display device for 
presenting project schedules, inventory status, reports, and 
other information that can be viewed readily on a screen. 

Several states have television as a training tool, using 
videotapes to instruct agency personnel. Highway agencies 
have determined that CCTV can be effective in the training 
of maintenance, construction, and personnel employees, 
and a few have produced their own videotapes for future 
broadcasts. State agencies have been able to lease equip-
ment or use the facilities of private enterprise to conduct 
television training sessions. However, one state has found 
the cost of videotaping as a training tool to be excessive. 

One consulting engineering firm has found videotape to 
be an excellent method for supplementing reports of con-
struction progress to a highway agency. Videotapes made 
from a helicopter a few hours earlier present an up-to-date 
report to administrators in the comfort of the conference 
room. 

One agency has developed a novel television application 
in the use of underwater cameras to record videotape 
pictures of the condition of bridge pilings and piers. 

INTERCONNECTION 

Background on Interconnection 

It has been widely recognized that the "Carterphone 
Decision" in 1968 could lead to a fundamental change in 
telecommunication common carrier! user relationships. This 
FCC decision to delete prohibitions against interconnection 
and customer' attachments has been received as a mixed 
blessing by many system users. 

The questions were so complex and the potential effects 
on both carrier and user were so great that the FCC 
requested that the National Academy of Sciences convene 
a panel to investigate the technical factors involving inter-
connection and user-provided attachments. The objective 
was to evaluate and report on the issues of "harm" and 
protection of the telephone network from "harm" under 
conditions of user-interconnection. The principal conclu-
sions arrived at by the panel are (9): 

Uncontrolled interconnection can cause harm to 
personnel, network performance, and property. 

The signal criteria in tariffs 260 and 263 relating to 
signal amplitude, wave form, and spectrum are technically 
based and valid, and, if exceeded, can cause harm by 
interfering with service to other users. 

Present tariff criteria, together with carrier-provided 
connecting arrangements, are an acceptable basis for assur-
ing protection. 

Present tariff criteria, together with a properly au-
thorized and enforced program of standards development, 
equipment certification, and controlled installation and 
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maintenance, are an acceptable basis for achieving direct 
user interconnection. 

Innovation by carriers need not be significantly im-
peded by a certification program. Opportunities for inno-
vation by users would be increased. 

Mechanisms are needed to promote the exchange of 
information among carriers, users, and suppliers. 

Application of Interconnection 

There are numerous areas where interconnection may be 
advantageous to highway agencies. One immediate appli-
cation is the transmission of data from agency-owned or 
leased remote terminal equipment. The data form may 
vary from routine reports to highly technical information 
from roadway sensors that requires immediate evaluation 
and response. 

Facsimile equipment is another type of interconnection 
equipment that is available for use over conventional voice-
grade telephone circuits. Either leased FX lines or the local 
and toll lines may be used. 

Some highway agencies may need small PBX equip-
ment that can be purchased or leased from suppliers other 
than their local telephone companies. Several companies 
market a variety of desk telephones that can be used on the 
local telephone system. 

And this is only the beginning. Businessmen and public 
officials will be forced to decide which course to follow in 
the immediate future. Are they to continue using the 
equipment available through their local telephone company, 
or should they purchase their own equipment? Or does 
some balance between the two choices provide the desired 
service at an acceptable cost? 

Questions to be Considered 

There are advantages and disadvantages to making exten-
sive use of the interconnection potential. Vendors can 
show cash savings if an agency purchases its own equip-
ment. However, there are several considerations other than 
direct cash outlay. Some of the questions that highway 
officials and telecommunications managers may wish to 
consider are: 

What do you know about the supplier you are dealing 
with? Can he help you tomorrow? Ten years from now? 
How long has he been in the communications business? 

Have you considered what will happen if the sup-
plier's business fails? 

Does he have the resources to help you with a tough 
communications problem that requires technological know-
how? 

Will you get professional communications counseling 
as a part of your purchase? If not, how much will it cost? 

Who will train your people to use the equipment? 
Will they come back to train new people when needed? Is 
there a cost for this service? 

Who will manage your system, keep communications 
records, conduct use studies, coordinate rearrangements? 

How much space will the system require? 
How often in the past year have you had to add or 

change equipment? Will you have this same requirement 
next year? Will you be able to arrange such changes easily? 

How much does it cost to add communications equip-
ment? Disconnect it? Move it? 

Does the supplier make it a practice to design sys-
tems with adequate room for expansion? 

What happens if you have a reduction in your com-
munications needs? Are there penalties for removing equip-
ment that you're not using? 

If you move your offices, who will move your com-
munications system? At what cost? Will you be Out of 
service during the move? Who will do the planning? 

Will the supplier keep up with the rapid changes in 
communications technology? Will you be able to add on 
new features or other new service developments? Will the 
system be obsolete before it is fully depreciated? 

What does the warranty cover? For how long? 
What is the cost of parts not covered by the warranty? 

What happens if your equipment doesn't perform 
as promised? Has your attorney checked your contract to 
see if the terms of performance are spelled out? 

What happens if there is a commercial power 
failure? Will your system continue to operate? What is 
the cost of standby power? 

How much will it cost to insure your own equip-
ment? If you buy, is your present insurance contract 
adequate? 

If your equipment is damaged by fire or flood, does 
the supplier offer disaster restoration? How fast can it be 
done? How much will it cost? 

Is maintenance included in the total purchase or 
lease/purchase price? If maintenance isn't included, ex-
actly how much will parts and labor cost? What is the cost 
of maintenance contracts after the first few years? 

How many maintenance men are employed by the 
supplier? Where are they located? 

What are the hours of the maintenance representa-
tives? Can you get 24-hour emergency trouble service? 
Do you pay overtime charges? 

Are all the parts and supplies you will need readily 
available? Will spare parts be available in 5 years? 10 
years? 15 years? 

Additional questions that represent major problems for 
both the common carrier and the user of interconnection 
equipment are: 

Where there is a malfunction or breakdown, is it a 
fault in the carrier equipment or the user's equipment? 
Whom do you call first? 

How do you determine where the fault rests for 
incorrect dialing? Should the telephone company assume 
the cost of wrong numbers resulting from faulty user 
equipment? 
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CHAPTER THREE 

A REVIEW OF TELECOMMUNICATION SYSTEMS 

A number of highway agency telecommunication systems 
were surveyed to assess state-of-the-art technology and 
current practices. Primary interest was in communications 
within highway agencies and the advantages to these agen-
cies to participate in a state coordinated system. States 
are listed in alphabetical order. 

CALIFORNIA 

California is one of the leading states in telecommunica-
tions capability. The responsibility for the operation of 
the total system is shared, with the Communications Divi-
sion of the Department of General Services playing a 
major role. 

Specific elements of the telecommunications system are: 
Telephone, radio, microwave, teletypewriter, television, and 
facsimile. 

Telephone is a direct-in-dial Centrex System, with state 
information assistance switchboards at Sacramento, San 
Francisco, Los Angeles, and San Diego. These switch-
boards are operated from 7:30 AM to 5:30 PM on work 
days. WATS lines are not used. There is some limited use 
of mobile telephones (four units) for special purposes. 
Recorded messages are used in six cities for dissemination 
of highway condition information. The system was de-
signed jointly by the telephone company and the State 
Division of Communications. Statewide toll-free service is 
available; however, long-distance calls are subject to super-
visory approval. Chief problems are related to coordinated 
planning for growth and system changes, education in the 
proper use of the state leased-line system, and the identi-
fication of total costs for statewide service. 

Radio. Each of the 11 districts is assigned one of the 
five authorized frequencies on a geographic basis to mini-
mize adjacent interference. A sixth frequency is used state-
wide for construction project activities. The system con-
sists of 270 base stations of 50 to 330 watts, and 3,500 
mobile units (50 watts) capable of operation on two, four, 
or six channels. Car-to-car calls are on the same channel 
as car-to-base. The Communications Division installs and 
maintains the radio units. 

Microwave is available via an Integrated State Micro-
wave System supported by major using agencies. It is 
used primarily for remote/joint control of UHF base sta-
tions and secondly for private automatic dial telephone 
systems. 

Teletypewriter terminals are used in each district and the 
headquarters office, on private highway networks, com-
mercial Telex network, and special circuits to the news 
media. The private-line network handles internal adminis-
tration messages and highway condition information. The 
other terminals handle special highway condition infor-
mation. 

Television is used for traffic surveillance at highway 
tunnels and bridges. An experimental freeway operations 
project is under way that uses aerial TV cameras for 
surveillance of incidents, with real-time transmission and 
relay. Videotape has been used for training applications. 

Facsimile. Telecopier units are in use at the headquarters 
office and in four of the districts to transmit graphic data 
and special permits. 

Remote computer terminals. Thirteen high-speed remote 
job entry batch terminals, 40 high-speed video-communica-
tions terminals, and 67 low-speed time-share terminals are 
used for administration, engineering computations, and 
management information systems. 

New facilities and equipment are provided annually 
within budget resources, according to a 5-year operational 
communications plan that parallels highway construction 
and operation activity. A major increase in the demand 
for remote conversational terminals is anticipated by 1976. 

COLORADO 

The Colorado Department of Highways (CDOH) has 
achieved a high degree of consolidation within the depart 
ment. All communications systems and equipment owned 
by the state are maintained by the statewide Communica-
tions Division. This office handles all frequency coordina-
tion matters for the state; however, it is advised on particu-
lar frequency matters by department-level communications 
coordinators. 

Telephone system is direct-in-dial to allow for extensive 
intra- and interdepartmental use. This is supplemented by 
a two-way WATS system for use within the state, and a 
nationwide WATS system for outgoing calls only. CDOH 
operates a 24-hr switchboard to handle WATS line calls 
and incoming nongovernment calls. The state also operates 
a private statewide telephone system using microwave trans-
mission that is presently limited to selected district offices. 
CDOH does not operate mobile phones, nor does it use 
intercom and recorded message features. 

Radio is used extensively for mobile communications 
with field personnel. Two-channel mobile radio with car-
to-car communications capability generally is used. Mobile 
units transmit on F1  and F2  and receive on F2  only. Base 
stations transmit only F2, but receive both F1  and F2 . 

Microwave is used for district-to-district and district-to-
headquarters communications. Radio operations are con-
ducted on a 24-hr basis throughout the state. 

Teletypewriter. CDOH uses a unit at headquarters to 
record weather data, which is subsequently transmitted to 
district offices by telephone or radio. Traffic count infor-
mation is transmitted via radio to a data set; the data set 
converts signals for telephone line transmission to a tele-
typewriter in the central office. 



Remote computer terminals. A single terminal at CDOH 
headquarters is tied into the University of Colorado com-
puter at Boulder for administrative and technical calcula-
tions. 

Colorado does not use closed-circuit television or fac-

simile transmission within the Department of Highways. 
The department is studying the possibility of putting in a 
statewide motorist aid system. 

DELAWARE 

Much of the responsibility for telecommunications in Dela-
ware State Government is assigned to the Communications 
Division, and includes (5): 

Planning and budgeting for communications equip- 
ment. 

Maintaining up-to-date licenses for the state com-
munications system. 

Installing and maintaining system equipment. 
Providing technical guidance to other agencies. 

Individual agencies, however, are responsible for the ac-
quisition of new equipment and scheduling for replacement 
of units. 

The size of Delaware permits concepts that might not 
be applicable to larger state governments. Because there 
are only three counties to serve, all agencies can share 
physical facilities, emergency power, dispatching capability, 
telephone facilities, and back-up radio equipment. 

The Delaware State Highway Department (now Depart-
ment of Highways and Transportation) in 1969 had 10 
base stations, 320 mobile units, and 10 portable units in 
the radio system. Interference and heavy traffic presented 
a problem. Arrangements were made to share frequencies 
with Illinois. This made it possible to use a zoned system 
to improve service. 

A study of the telephone system by a consultant indi-
cated that the probability of delay (P), a measure of the 
level of service (see Appendix B, "Glossary"), should be 
improved from P = 29 to P = 03. Changes also were 
suggested in the uses of the Telpak and WATS (10). 

FLORIDA 

Recent legislation has established a Division of Communi-
cations of the Department of General Services (Fig. 11). 
The first five of the Division's powers, duties, and functions, 
as listed in the Florida Statutes Annotated (Chapter 287, 
Part III), are: 

I. To develop a state plan for communications services 
for all state agencies. 

To coordinate the purchase, lease, and use of all 
communications services for state government, including 
communications services provided as part of any other 
total system to be used by the state or any of its agencies. 

To advise state agencies and political subdivisions of 
the state as to systems or methods to be used to meet 
communications requirements efficiently and effectively. 

To consolidate the communications systems and 
services of state agencies and to provide for their joint use 
by the agencies.  
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Figure 11. Organization, Florida Division of Communications. 

To assume management responsibility for any con-
solidated system or service. 

Telephone system is direct-in-dial with switchboard op-
erators on duty only during daytime working hours. The 
Florida Department of Transportation (FDOT) uses seven 
of the state's full-time outgoing WATS lines. Intercom 
capability is available for conversation within a single 
facility. The FDOT is a comparatively small user of the 
total state telephone system. Their shares of the total cost 
are approximately: 7 percent of local service, 6.5 percent 
of WATS, 5.5 percent of special circuits, and 5 percent of 
operator costs. The grade of service presently received by 
FDOT is P = 09; however, plans are under way to improve 
this service. 

Comments from a preliminary report of a study of the 
communications for the State of Florida governmental 
operations indicate that (2): 

More than $7.5 million is spent annually for telephone 
service. 

Service is not adequate in many areas. 
Costs are increasing at a rate of 12 percent. 
Even with 124 WATS circuits, state employees spend 

an estimated 90,000 hr/year on long-distance toll calls. 
Average intrastate toll cost is approximately $0.35 

per minute. 
Average intrastate WATS cost is approximately $0.13 

per minute. 
WATS lines are terminated in individual agencies, 

losing any trunking advantage. 
By trunking WATS lines, the 64 full-time and 29 

measured-time lines in Tallahassee could be reduced to 39 
full-time and 17 measured-time lines with P = 03 grade 

of service. 
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Radio system consists of 1,724 mobile radios, 170 base 
stations and 112 towers, 43 emergency generators, and 15 
portable radios. The Florida Turnpike Authority, now a 
part of FDOT, has additional radio equipment and micro-
wave facilities. Two-way radios are used by supervisory, 
engineering, and maintenance personnel. Base stations 
consist of a mix of 60-, 100-, and 250-watt transmitters 
operating at 47.14 and 47.26 MHz. There is co-channel 
interference because of the number of users—an average 
of 36 base stations and 287 mobile units per district. 
Efforts to shape the radiation patterns have failed to elimi-
nate the interdistrict interference. Skip interference also is 
a problem. 

Teletypewriter sets operating over telephone lines are 
used at each district office and at the central FDOT office 
to print general news items and weather and traffic alerts. 

Videotaping has been used by Florida to record the 
condition of bridge pilings, piers, etc. The tapes can be 
used repeatedly to analyze the condition of underwater 
components and devices. 

It is estimated that a plan to control eight movable 
bridges from a single location using a telecommunications 
link will reduce operating costs substantially. 

Florida DOT does not use facsimile and has remote 
computer terminals only in district offices for engineering 
and data use. 

IDAHO 

Telephone system in the Idaho Department of Highways 
(IDOH) consists of a basic NETCOM service that pro-
vides direct dial on all intrastate calls. This service consists 
of purchasing a block of time (transmission time) and, 
after it is used up, purchasing additional block quantity. 
IDOH operates a central switchboard during daylight 
business hours, with patching into executive offices during 
nonbusiness periods. Direct-in-dial will be added in the 
near future. All out-of-state long-distance calls require 
logging. Credit cards are issued with the permission of a 
supervisor. IDOH does not use intercom, WATS line 
service, mobile phones, or recorded messages. 

The IDOH radio system consists of mobile units (four-
channel), seven base stations, and microwave for inter-
connecting base stations with hilltop transmitters. Mobile 
units operate on the recently approved 450-MHz band and 
have car-to-car capability. These units cannot be patched 
into the telephone system. Radio system maintenance is 
performed by a state Division of Communications. 

Closed-circuit television has been used for instructional 
purposes. Facilities and tapes of a local industry were used. 
Facsimile is not presently used; however, future plans call 
for its addition. 

Remote computer terminals are used for geometric cal-
culations. Two district offices and a residency use teletype-
writer terminals tied into the central computer. All field 
offices have portable punch units whereby data are entered 
on punched cards and mailed to the computer facility for 
processing. 

MICHIGAN 

The Michigan Department of State Highways (MDSH) 
maintains a mixture of systems and equipment to achieve 
its communications goals. The MDSH telecommunications 
system is a good example of an agency system that could 
be integrated into a statewide consolidated system at some 
future date without a complete redesign. 

MDSH administers its over-all communication system 
through an Office Services Division, Communications Sec-
tion. This organization is structured along functional lines. 

Telephone system is built around a statewide (all agen-
cies) Centrex system that permits direct-in-dial to each 
telephone. Each of nine district offices plus one branch 
office maintains its own switchboard; however, no evening 
service is provided. MDSH uses one WATS line. Credit 
cards are provided to less than 10 percent of all MDSH 
employees; other personnel are instructed to phone collect 
on long-distance calls. Correct operating procedures are 
emphasized on a repetitive basis, beginning with a manda-
tory training program for all new employees and continuing 
via memos, booklets, and refresher training classes. All 
phone billings are reviewed and matched against logs that 
require an entry for every long-distance call. 

Radio system. The department operates 11 district con-
trol stations, 116 utility control stations (maintenance 
garages, construction offices, etc.), two special control 
stations, and 46 mobile relay stations. These fixed and 
mobile transmitters operate 24 hr a day on three channels. 
MDSH owns 46 handie-talkie units (45.68 MHz), 182 
walkie-talkie units (45.84 MHz), and 928 vehicular two-
way radios. The radio system handles more than 16,000 
calls per month. Car-to-car mobile communications are 
possible through primary mobile relay stations, and vehicle-
oriented radio calls may be patched into the telephone 
system and switched as required. MDSH maintains a 
utility control station//for civil defense use. A study is in 
progress to investigate possible emergency access to state 
police from the MDSH radio system. The department radio 
system is maintained by a team of 11 radio technicians and 
two steeplejacks. 

Teletypewriter equipment is used at many MDSH offices. 
The headquarters facility contains two multi-circuit private-
line units and one on-line weather service printer. Each 
of the nine district offices uses teletypewriter for printing 
tourist information, road conditions, bid lettings, opera-
tional messages, weather service summaries, etc. The 
Headquarters Permits office operates teletypewriter equip-
ment on lease. 

Remote computer terminals. Teletype units are used by 
each of the nine district offices plus two branches as remote 
computer terminals. These units are used for administra-
tive reporting, including personnel, payroll, accounting, and 
radio system status functions. 

MDSH does not operate microwav'e facilities or use 
closed-circuit television. 
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MISSISSIPPI 

A study of all state government telecommunications in 
Mississippi was completed in 1967 (4). This study was 
separated into the following phases: 

Phase I—An inventory and analysis of the existing 
facilities. 

Phase 11—Determining the present and future re-
quirements for communications facilities. 

Phase 111—A thorough analysis of the requirements 
for communications, recommendations for system augmen-
tation and capacity to handle special requirements. 

Design concepts for new systems were prepared, and 
information on the augmentation required to meet new 
requirements was provided together with a schedule for 
implementation. Two of the most significant findings of 
the study were the increased effectiveness and reduced costs 
attainable through the centralization of communications 
services. It was estimated that approximately $1,790,000 
could be saved over an 8-year period with the proposed 
system. Other advantages reported for the system were: 

Vastly improved service throughout the state. 
A civil defense capability available through the dedi-

cated system approach. 
The transmission of low-speed data via the system 

would require only the addition of a data unit. 
Long-distance remote control of radio transmitters 

built into the system. 
Capability to interrogate remote sensors. 

It was recommended that a Telecommunications Depart-
ment be established for the State of Mississippi, with the 
following specific responsibilities: 

Provide complete engineering service to all agencies 
in matters of electrical communications. 

Provide complete systems management for all agen-
cies in matters of electrical communications. 

Establish the budgetary requirements for communica-
tions service for the entire state. 

Maintain all state-owned communications facilities. 
Procure all items of communications equipment and/ 

or service. 
Provide for the training of switchboard operators, 

dispatchers, and other operating personnel in the proper 
use of communications facilities. 

Obtain all permits and authorizations required for 
operation of the radio system. 

A system using three frequencies was designed to serve 
six highway zones with a minimum of interference, with 
stations having the same frequency separated by at least 
100 miles. A fourth frequency was designated for common 
use by all zones. A requirement for portable radios for 
field personnel was identified. 

It was proposed that the Controlled Switching Arrange-
ment System (CSAS) use the local common carrier net-
work. A cost comparison between state-owned and carrier-
owned systems indicated an estimated saving of $9,423 
per month for common carrier service. Factors in the cost 
analysis were: (1) investment costs, (2) economic life,  

(3) investment risk, (4) return on investment, (5) main-
tenance and operations, and (6) loss in tax dollars. 

Although the State of Mississippi has not implemented 
all of the recommendations of this study, the study indi-
cates that both improved service and cost reductions may 
be realized if the total telecommunications requirements of 
state government are considered. 

NEBRASKA 

A comprehensive three-year study was undertaken in 1965 
to assess the total Nebraska statewide communications 
investment. The objective was to determine what steps 
should be taken to produce a more responsive system that 
would address growing needs without imposing an undue 
financial burden on the state. The study went into con-
siderable detail in its analysis of fixed installations, as well 
as mobile equipment, considering accessibility, cost, and 
performance. Officials from every state agency participated 
in this effort, thereby ensuring that all needs were identified 
and all viewpoints were expressed. 

The study group issued its findings in "The Nebraska 
Plan" (11). Implementation of the Plan is well under way, 
complete operation is targeted for 1972. 

The initial step was to divide the state into sections so 
that performance could be monitored and controlled on a 
regional basis. It was determined that eight areas would 
adequately address this need, with the geographical bounds 
of each area coinciding with existing Department of Roads 
maintenance boundaries (Fig. 12). Further, it was deter-
mined that the entire system should be implemented in 
three phases related to service priorities, geographic siting, 
and participating state agencies. An Area Emergency 
Operations Center (AEOC) would form the hub of each 
area and all state agency communications would be chan-
neled through a center. The eight AEOC installations 
would then be tied to the State Emergency Operations 
Center (SEOC). 

AEOC stations would be automatically switched and 
would replace more than 200 base stations now operated 
by various state agencies. Highly skilled telecommunica-
tions technicians would operate each AEOC on a 24-br-
per day basis. Each center would have direct access to all 
hospitals, fire departments, law enforcement facilities, 
emergency medical services, doctors, highway service agen-
cies, etc., in its geographical district. 

A backbone microwave system (64 towers) with 600-
voice channels would be installed throughout the state in 
lieu of the existing 119 transmission towers belonging to 
various state agencies. This system would handle all teleme-
try, facsimile, teletype, radio, and television on a state-
wide basis, mobile units would be able to converse any-
where within the state via the automatically switched 
network. Each mobile unit would communicate with its 
designated AEOC, which, in turn, would be automatically 
switched through the SEOC to any other AEOC. 

Phase I of the Nebraska Plan involved the consolidation 
of agency communications in Areas 1 and 2 for the Depart-
ment of Roads, Safety Patrol, National Guard, Game-
Forestation and Parks Commission, University of Nebraska 
Agricultural Extension Service, State Fire Marshal, Public 
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Figure 12. Com,nunicaiions systems map, Nebraska. 

Power, and Health Department. This phase included 139 
base stations (before consolidation), 955 mobile units, 10 
aircraft, and 4 teletypewriter installations, plus closed-
circuit television for educational purposes (University of 
Nebraska College of Medicine, etc.), and an Interstate 
Highway audio-video surveillance system. 

Phase II provided the same degree of consolidation 
within Area 4, with 34 base stations and 134 mobile units 
joining the system. Additional features included the tying 
together of 110 mobile CB radios with eight area Safety 
Patrol offices and the installation of CCTV for communi-
cations between the AEOC and seven hospitals, correc-
tional institutions, and training schools. 

Phase III is in the process of implementation in Areas 
3, 5, 6, 7, and 8. 

System maintenance is organized on an area basis 
wherein needs, assignments, and contractual relationships 
are determined. Department of Roads maintenance per-
sonnel will handle the bulk of all radio equipment needs 
within each area because they have trained engineers and 
available facilities to perform these tasks. 

General features of the Nebraska Plan include the fol-
lowing: 

Eight automatically switched Area Emeregency op-
erations Centers (AEOC). 

An automatically switched State Emergency Opera-
tions Center (SEOC). 

A 600-voice channel microwave system with 64 
transmission antennas. 

Standby power at each AEOC and at the SEOC  

Rerouting capability and system redundancy. 
AEOC direct access to hospitals, police, emergency 

medical service, etc. 
Patching and switching of mobile users anywhere 

within the state; each user has an eight-button controller 
for area interconnect through his own AEOC. 

Any station in the network may reach the long-line 
network by leased wire (telephone) or VHF signaling and 
may communicate via telephone, teletypewriter, telemetry, 
facsimile, and television. 

Closed-circuit television (with two-way audio) avail-
able for nearly any application. 

The Nebraska Statewide Consolidated Telecommunica-
tions System represents an advanced statewide system based 
on existing technology. This system should serve as a model 
for years to come and is representative of the type of 
achievement that can result from comprehensive system 
planning. 

NEW JERSEY 

The New Jersey State Legislature in 1970 established a 
Division of Data Processing and Telecommunications in 
the Department of the Treasury. This division became 
operational in July 1971, with two separate units, Bureau 
of Data Processing and Bureau of Telecommunicatidns 
Management, under a single director. 

The New Jersey legislation defined "telecommunica-
tions" as "any transmission, emission or reception ofrsigns, 
signals, writings, images and sounds or intelligences of any 
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nature by wire, radio, optical or other electromagnetic 
system." 

One major accomplishment of the new division has been 
the installation of a State Controlled Automatic Network 
(SCAN) telephone system. This system gives state govern-
ment a telecommunications tool that can be used to tighten 
controls, reduce costs ($300,000 annually), and improve 
operations. SCAN was the result of a joint state-telephone 
company analysis of the state's expanding requirements. 
It connects approximately 100 state offices with toll-free 
service and permits toll-free calls to New York, Philadel-
phia, and Washington, D.C. 

One item of interest is the single computer tape tele-
phone bill for this improved service. It replaces approxi-
mately 1,100 separate bills to the state government. 

It is possible to monitor the level of service and increase 
or decrease telephone lines to attain a P = 03 working 
maximum. The Director of the division has lost one of 
his lines as a result of this monitoring effort. 

Although the new division has not assumed a major 
policy role in all areas of telecommunications at this early 
date, it is required by the legislative act to: 

Direct the consolidation and coordination of the 
state's telecommunications facilities in order to ensure the 
efficient and economical use of telecommunications services 
by state agencies. 

Develop technical plans for and recommend com-
munication facilities and equipment that will satisfy agency 
operational communication requirements. 

Conduct continuing reviews and evaluations of com-
munications facilities and equipment used by state agencies 
to ensure that state needs are being fulfilled at the most 
economical cost. 

Develop and implement policies, standards, practices, 
and procedures to ensure orderly development of state 
communication facilities in an economic and efficient 
manner. 

One of the problems encountered by the new division has 
been employment of a technical staff. A need was identified 
for a knowledgeable telephone engineer to oversee opera-
tions and to work with the telephone company. 

WASH I NGTON 

The Washington Department of Highways (WDOH) oper-
ates an extensive statewide departmental communications 
system consisting of virtually every type of available tech-
nology. WDOH provides another good example of con-
solidation at the department level that subsequently could 
be integrated into a statewide telecommunications system. 

Telephone system is based on a dedicated leased-line 
service called SCAN (State Controlled Area Network) that 
provides direct-dial capability throughout the state. Radio 
traffic has decreased since implementation of SCAN. No 
mobile telephones are operated nor are recorded messages 
employed. 

Radio system consists of 35 control stations, 50 trans-
mitters (100- and 300-watt), and 650 mobile two-way 
radios. The two-way radios operate on a single channel  

with car-to-car capability but are not patched into a state-
wide telephone system. 

Each WDOH district office employs a teletypewriter for 
recording weather information. The headquarters office 
also uses a teletypewriter for this purpose as well as for 
general news information. 

Teletypewriters also are used extensively as remote 
computer terminals for computational tasks performed by 
the Department's central computer. Forty units are now 
assigned this role; plans are to expand to 100 units. Gen-
eral information that all offices should read is stored in a 
central computer "newspaper" file and is available to the 
remote terminals at their convenience. Thirty-five terminals 
are used by maintenance offices to report payroll and labor 
information daily. Most of these will be replaced by 
faster units located in district offices. 

A cathode ray tube (CRT) terminal is used by the 
project scheduling office as both a display device and a 
remote terminal for changing schedule information. A 
printed copy of the CRT display may be obtained. 

Closed-circuit television is used to transmit videotaped 
lessons for training purposes. 

Facsimile units are used at 25 locations primarily for 
transmitting drawings or documents with signatures. These 
units can send to only one office at a time and require about 
4 min of transmission time to reproduce an 81/2 - by 11-in. 
page. 

LOS ANGELES COUNTY 

Many county governments have a huge investment in 
communications capability and have developed extensive 
organizations to meet their requirements (12). Los An-
geles County, Calif., has such a system, with an annual 
budget of almost $15 million. The L.A. County Depart-
ment of Communications (Fig. 13) has about 575 em-
ployees to service the requirements of 50 county depart-
ments for telephone, dispatch control, microwave, two-way 
radio, paging, telemetry, multiplexing, video, data, and 
other systems. 

Specific telecommunications hardware used by L.A. 
County includes approximately 35 control stations, 200 
base stations, 3,500 two-way radios, 32,000 telephones, 
170 switchboards, 400 fire-alarm boxes, paging units, 
CCTV systems, other video equipment, teletypewriters, and 
videofile. Other systems are being designed for specific 
needs. 	- 

The L.A. County telecommunications system is designed 
to withstand earthquakes. This foresight was justified after 
the February 9, 1971, quake when it continued to function. 
An article describing the system concludes that "In both 
present organization and future planning the Los Angeles 
County Department of Communications is a model for 
the rest of the nation . . . and the world!" (12). 

OTHER SYSTEMS 

Additional data on the telecommunications systems in 
California, Georgia, Illinois, Nebraska, New Jersey, New 
York, Ohio, and Texas are provided in "Communication 
System Handbook for State Highway Departments" (3). 
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Figure 13. Organization, Los Angeles County Department of Communications. 

CHAPTER 10UR 

PLANNING FOR EXPANDED TELECOMMUNICATIONS SYSTEMS 

The expansion of telecommunications systems at both the 
departmental and the state level has been a continuing event 
in most states, and particularly so within highway agencies. 

EXPANSION OF STATE HIGHWAY 
TELECOMMUNICATIONS SYSTEMS 

Most highway organizations upgrade their communications 
capability on a continuing basis without any specific 
fanfare; thus, in selecting examples a significant achieve-
ment may be overlooked. 

Radio communications will continue to be a major factor  

in any planned expansion. A second area that is receiving 
increased emphasis involves computers and the remote 
terminals that are used for input and output data concern-
ing administrative and technical functions Highway agen-
cies are finding these computer systems valuable in obtain-
ing faster and more economic solutions to their operational 
needs. Considerable expansion of electronic communica-
tion systems to support these operations can be predicted 
for the near future. Much of this expansion will depend 
on improved communication techniques. 

A review of selected future expansion by technology 
area within the highway field indicates the following: 



1. 	Telephone Service 
 More states using direct dial to any government 

phone in the state. 
 Toll-free calling to any phone in the state or 

adjoining state via operator assist or WATS. 
 Expansion of private dial systems using micro- 

wave transmission. 
 Expansion of patch cord switching to enable a 

radio user to be patched into the telephone net- 
work. 

 Communication link for motorist aid systems. 
 Increased use of telephone lines for teletype, 

remote computer terminals, and facsimile. 
2. 	Radio 

 Automated station identification equipment. 
 Teletype transmission over radio channels. 
 Facsimile transmission over radio channels. 
 Communication link for motorist aid systems. 

3. 	Closed Circuit Television 
 Training programs. 
 Special-purpose surveillance and monitoring. 

4. 	Facsimile 
 Special permits and signature copies. 
 Sketches and drawings. 

5. 	Teletypewriter 
 Replacement of older equipment with faster 

units. 
 Expansion of teletypewriter installations as re- 

mote computer terminals for computational and 
administrative tasks. 

6. Remote Computer Terminals 
 Expanded number of units in many states. 
 Use of faster and more versatile equipment. 
 Increased use of CRT terminals. 

7. 	Computer Facilities 
(a) Some highway agencies to expand their own 

computer facilities; others to use expanded state 
central processing facilities. 

Communications management is one of the more im-
portant functions that all states must address. The avail-
ability of new equipment, the increasing demand for  

services, and the opportunity to share facilities and per-
sonnel make this a necessity, and dictate that requirements 
be analyzed on a total system basis. An objective analysis 
is required at the appropriate level to establish communica-
tions management and planning based on a state's total 
needs and not just those of individual agencies. Manage-
ment should include vastly improved departmental and 
statewide instructional methods and training facilities to 
develop experience with new equipment. 

COMMUNICATIONS PLANNING 

The telecommunications system serving the highway agency 
must respond to any need for information exchange that 
has any effect on agency operations. Specific functional 
areas include administration, planning, design, right-of-way 
acquisition, construction, and maintenance—each of which 
has many subfunctions. 

Communications planning includes an inventory of the 
existing capability and an estimation of present and future 
requirements. Some sources of data on present communi-
cations are: 

Direct counts of incoming and outgoing mail. 
Direct counts of telephone and radio calls, facsimile 

transmission, teletypewriter and telegraph messages. 
Sample surveys, questionnaires, or interviews. 
Study of project practices, procedure manuals. 
Organization charts. 
Agency plans for changes and additions. 

A model for analyzing the communications requirements 
of a highway agency appears in "Communication System 
Handbook for State Highway Departments" (3). Detailed 
explanations of network design and queuing theory also are 
presented. 

Planning for any type of communications system should 
include a comprehensive review of each alternative, in-
cluding capability, cost, and the effect of each element on 
all other elements. Several of these elements are identified 
in Figures 14 and 15 and Appendix D. The over-all 
objective of the communications planner is to provide the 

FUNCTION DISTRIBUTION VOLUME URGENCY LANGUAGE ACCURACY COST 

Administration 1 	to 	1 Few— 	many Imediate Voice Cost of errors In line with results 

OperatiOns 1 	to few Short - 	long - 1 	hour Written Amount of errors In balance with other 
factors 

Control 1 to many - 1 	day Printed 
Value to organization 

Permits Many to 1 + 1 day Graphic 

Data Many to few Tape 

Monitor Many to many Card 

Alarm 

Figure 14. Communication planning factors. 
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VOICE WRITTEN MISCELLANEOUS 

Telephone Radio Letters Graphic Data Control Monitor 

Private line Low band U.S. 	Mail U.S. 	Mail Telephone Telephone TV 

FX line Middle band Courier Courier Radio Radio Videotape 

WATS line (in) High band Teletypewriter Facsimile Teletypewriter Sensor 

WATS line (out) Microwave Facsimile Picture phone Facsimile 

Direct distance dial Repeaters Mail-courier 

Person to person Relays 

Picture phone 

Figure 15. Communication choices. 

required communications, using the best trade-off s between 
capability, cost, efficiency, and convenience. 

Specific details involved in telecommunications design 
are too technical and mathematical to synthesize here. 
Chief areas that the designer should consider are (3): 

Data transmission rate and band width. 
Synchronization and timing. 
Scanning. 
Parallel and serial transmission. 
Line buffering. 
Multiplexing. 
Coding. 
Error control. 
Modulation and demodulation. 
Channel control.  

Data block assemblt and disassembly. 
Bulk data buffering. 
Computer characteristics. 
Switching. 

One step that should be taken early in any telecommuni-
cations planning involving the use of common carrier lines 
or equipment is to bring the local telephone company into 
the effort. The telephone company can supply cost data 
as well as technical information on the operational charac-
teristics and availability of specific equipment. 

Telecommunications requirements should be determined 
by a systematic analysis such as that detailed in the "Hand-
book" (3). This analysis may then be used as a basis of 
action by state and highway agency management. 

CHAPTER FIVE 

TELECOMMUNICATIONS SUPPORT TO TRAFFIC OPERATIONS 

Electronic communications devices are playing an increas-
ingly important role in the over-all efforts of trafficengi-
neers to direct and control traffic. Highway agencies are 
becoming more aware of a real need for special telecom-
munications support. Use of this support by highway 
agencies varies widely; however, it is possible to identify 
specific areas or functions where telecommunications ex-
pertise is most essential. 

BY AREA OF RESPONSIBILITY 

Planning 

Several agencies have identified a definite requirement for 
a telecommunications representative to participate during 
the planning stages for traffic information, monitoring, aid, 
and control systems. This representative is in a favorable 
position to report on the availability of in-house telecom-
munications support, to provide advice on the leasing or 
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purchase of specific equipment or service, and to schedule 
and consolidate requirements. One state agency indicates 
that improved service at a much reduced cost has been 
realized through the sharing of unused computer capacity 
for a traffic control function. Another agency has found 
that combining of a maintenance radio service improvement 
with the radio requirements for a changeable message sign 
project resulted in cost and time savings. 

Design and Specification 

Traffic surveillance, advisory, and control systems are be-
coming more complex and more demanding of technical 
know-how. Often, the vendor of a particular line of equip-
ment has assisted with the design and preparation of specifi-
cations for traffic system hardware. Several administrators 
have pointed out that this is not an acceptable procedure. 
The vendor's and manufacturer's technical representatives 
are sources of information on the performance of a particu-
lar line of equipment but it is believed that in-house tele-
communications capability should be available to design 
systems, prepare specifications. and assist in equipment 
selection. 

Contract Performance 

Perhaps no one is more confused than the project engineer 
who is assigned responsibility for the installation of elec-
tronic devices as a part of the highway construction con-
tract. However, this is the proper time to install much of 
the supporting cables, sensors, etc. Qualified telecommuni-
cations inspectors are needed to supervise this installation. 
When members of the telecommunications division cannot 
supervise electronic installations, they should at least pro-
vide instructions to the site inspection team and be present 
during acceptance testing. 

Operations 

Evaluation of the success and/or failure of existing tele-
communications support for traffic systems is a major 
consideration in the selection and design of new or replace-
ment systems. Individuals who are well acquainted with 
the elcc.trnnic components are an essential part of this 
effort. They are particularly valuable when system modi-
Ilcations are required to allow for changed conditions or 
to correct design oversight. 

Maintenance 

Determining how electronic traffic systems are to be main-
tained is a major decision for highway administrators. If 
maintenance is performed in-house, the responsible unit 
ICLlII es special tiaiiiiiig or the addition of a suilicient 
number of qualified technicians. A six-month to one-yc:Ir 
maintenance clause in the installation contract will allow 
time for maintenance personnel to become familiar with 
new equipment or systems or a maintenance contractor 
may be selected. In either case, the total effort should be 
supervised by a qualified member of the highway agency. 

BY FUNCTION 

Telecommunications support to the traffic division of the 
highway agency also can be listed by specific functions. 
Although each function may stand alone from an opera-
tional standpoint, all functions may be best supported by a 
single telecommunications unit. 

Traffic Control 

Fixed-time, locally controlled traffic signals are being re-
placed in numerous locations by a traffic signal system that 
uses a single computer to provide the best response to 
traffic conditions. Vehicle detectors (Fig. 16), comiminica-
tions facilities, leased lines, central control facilities includ-
ing displays, and back-up systems require electronic know-
how. In addition, there are special requirements for per-
sonnel to develop and implement traffic signal control com-
puter programs. 

Surveillance and monitoring systems normally require 
extensive telecommunications support. 

Traffic Advisory Signs 

Even those highway agencies that do not have a respon-
sibility for traffic control are becoming involved in advisory 
signs that must accurately reflect changed conditions. 
Speed-limit changes, fog alerts, ICE ON BRIDGES, ACCIDENT 

AHEAD, and similar signs may be activated from a remote 
location or, when feasible, by a sensor device at the site. 
The remote sensors also may be used to activate an alarm 
or radio signal at headquarters or other selected locations. 
It also may be desirable to document the time that the 
message was activated. One turnpike authority enters these 
data into its computer storage for further reference if 
required. 

Motorist Aid 

Almost every highway agency is giving some thought to 
motorist aid. Many of the present motorist aid systems 
depend on a telecommunications link to advise a central 

Figure 16. InsiaI/inç' 1eiector for computel (0/it! ('1 tra!?u ilL/lU / 

svsfr?)I. 
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control unit of the motorist's needs. The success or failure 
of these systems depends on the design and maintenance 

of the electronic components. Motorist aid systems are 
further discussed in NCHRP Synthesis 7 (13). 

CHAPTER SIX 

CONCLUSIONS 

The size and complexity of any state's telecommunications 
needs, combined with the large investment in facilities, 
equipment, and personnel, dictates that each agency within 
state government thoroughly analyze its requirements and 
evaluate potential solutions prior to embarking on a plan 
to coordinate or consolidate functions and/or systems use. 
Administrators are concerned with such features as stan-
dardization, costs, systems and functional redundancy, and 
operational and maintenance procedures. No two states 
face the same needs; therefore, solutions will necessarily 
vary in approach and hardware configuration. However, 
certain considerations are common to all states, and it is 
with this premise in mind that the following review is 
presented. 

STANDARDIZATION OF TECHNOLOGY 

Technological standardization is perhaps best understood 
by those who operate the system on a day-to-day basis and 
those whose job it is to ensure continued operation through 
service and maintenance assignment. Standardization en-
ables the user to develop procedural routines that may 
result in better use of the system from the standpoint of 
both availability and unit cost. Standardization between 
departments makes it easier to reach more people with less 
delay, ensures better communications quality, and probably 
lowers costs. Both manufacturers and users can benefit 
from technological standardization. 

The proliferation of equipment types and technical ap-
proaches available to communications planners and design-
ers contributes to incompatibility and procedural and main-
tenance inconsistencies that can lead to poor utilization of 
facilities, equipment, and personnel. Intra- and interdepart-
mental guidelines should be developed that define recom-
mended frequency bands (where applicable), power re-
quirements, voice intelligibility, circuitry, and other 
technical concerns that have a bearing on what types of 
systems and equipment will be acquired and the methods of 
using them. Selection of communication mode alternatives 
must be identified along with specific mode selections for 
particular applications based on technological availability, 
application, and cost. When the technology to use (based 
on optimized value to users) has been determined, efforts 
should be made to standardize, where possible, equipment 
and procedures. This standardization should include as  

many state agencies as possible without creating undue 
hardship or loss of efficiency. Enough technical data have 
been assembled (or could be, at a modest cost) by states, 
the federal government, or associations to adequately define 
a series of frequency, power, size, weight, and' circuit 
capacity needs for a given application. The comparison of 
such a shopping list with listings from other agencies, or 
for different applications, might result in consolidation or 
sharing of technical features of the total system. 

Maintenance performance and costs should show marked 
improvement as a result of technological standardization. 
Maintenance personnel training could be improved by 
having fewer routines. Personnel and test equipment needs 
could be consolidated, and a net reduction in expenditure 
might result. Further, repairs could be made more rapidly, 
thereby reducing system downtime.. 

INTEGRATION OF APPLICATIONS 

Numerous opportunities for functional consolidation exist 
within a department, as well as on an interdepartmental 
statewide basis. For example, within a typical highway 
agency there are common communication requirements of 
highway engineers (field and headquarters or district 
offices), maintenance personnel, and various classes of 
administrative officials. Several states have demonstrated 
the feasibility, utility, and cost savings of establishing 
regional or district control points. Radio and telephone 
traffic goes through these centers regardless of functional 
category or specific application. However, FCC rules must 
be observed. 

It appears desirable to implement this process in all 
state agencies—i.e., to integrate communications through 
the establishment of control centers that could handle all 
different forms of data and voice communication, regard-
less of user or application. 

COST PROBLEMS 

Communications costs have assumed added significance in 
recent years as a result of growth in technical complexity, 
equipment proliferation, expanded needs, and inflation. 
Although the cost per call generally has declined slightly 
for telephone, radio, and teletypewriter transmissions, this 
reduction has been more than offset by massive increases 



23 

in the number of users, the number of calls placed per 
person, and the high acquisition, operation, and main-
tenance costs associated with more sophisticated devices 
(computers, switching centers, operator consoles, displays, 
facsimile, privacy devices, recording devices, television, 
alarm systems, etc.). 

State agencies generally have acceded to increased com-
munications needs, usually on a headcount basis. This 
implies that the total communications needs of any given 
department rose in direct proportion to the number of 
employees. However, this relationship did not continue 
through the past decade as needs, solutions, and technology 
changed significantly. 

Agencies are beginning to recognize that management is 
the key to the effective use of available technology to 
satisfy existing communications needs. The first step for 
management is to estimate the total requirement for com-
munications within the agency. This is followed by an 
inventory of the communications capability, both within 
the agency and from other state agencies. 

It is significant that cost reduction for communications 
services is not necessarily measured in actual dollars but is 
reflected in increased efficiency. Rarely do agencies spend 
less money on communications from one year to the next. 

The entire matter of cost, therefore, appears to center 
around two basic considerations: (1) How can a state 
effectively measure its costs? and (2) How can costs for 
differing technologies and communication modes be related 
or compared? There are no easy answers to these ques-
tions. First, do states really know what they pay for a 
given service on an across-the-board basis? Some of the 
more direct costs are: 

1. Cost to acquire (purchasing, engineering review, 
management review, legal contractual assistance, etc.). 
- 2. Purchase price of systems and equipment. 

Installation cost (where not provided by the contrac-
tor). 

Cable and wire cost. 
Prorated segment of facilities cost. 
Personnel costs to operate. 
Leased lines. 
Maintenance cost (state or contract). 
Replacement costs. 
Site cost (where antennas and facilities are located). 
Telephone base charges (individual units, call direc-

tors, switchboards, etc.). 
Telephone basic service (WATS, NETCOM, FX, 

Telpak, etc.). 
Miscellaneous equipment rental (teletypewriter, fac-

simile, etc.). 

In addition to estimating the costs of these tangible items, 
analysts must estimate the cost of intangibles, such as the 
cost per each minute of delay. Some means of assigning a 
value to list time should be established to permit valid 
comparisons. 

Totaling all of the tangible costs is relatively straight-
forward; however, intangible costs are a challenge. Once 
a total cost is determined, it is not difficult to estimate a 
per-call cost, a per-minute cost, or some other relative  

measurement. This unit cost, on the other hand, leads to 
the question of comparability. How can agencies deter-
mine, based on cost comparisons, which services to use? 

It is relatively easy to match competing schemes if all 
of the cost inputs are at hand and if intangible factors are 
disregarded. These two qualifications often make it exceed-
ingly difficult to conclude positively that one approach is 
better than the next, unless the quantifiable differential 
is extremely high. Too often, analysts are faced with 
incomplete data. Transmission delays in one or more of 
competing modes also may bias the comparison. Finally, 
and perhaps most important, there is the end product. 
Often one is faced with the comparison of written, verbal, 
or visual inputs and outputs, and occasionally with varia-
tions within each category. Legibility, permanency, and 
reproducibility may vary widely in such a comparison, 
thereby making direct cost comparisons academic. 

Cost analyses need to receive added attention from the 
standpoint of both research and operation. Better means of 
assigning values must be derived, particularly for intangible 
factors, and better ways of conducting cost comparisons 
are necessary to determine what system to use, how to use 
it, and when it should be used. These types of analysis 
will be of particular significance in determining the mix 
and utilization of statewide telecommunication systems. 

DUPLICATION OF CAPABILITY, 
FACILITIES, AND PERSONNEL 

Special requirements within an agency are often responsible 
for dedicated systems that have evolved over a period of 
years. These systems were justified on the basis of unusual 
need, required privacy, and/or level of need. 

A number of events have occurred that indicate that an 
overlap developed as new agencies and functions were 
established. Coordination within state departmental func-
tions has been achieved through staff control, and, more 
recently, through the establishment of communications 
coordinator offices. State highway agencies probably rank 
at or very near the top of the list in terms of the degree 
of internal coordination achieved during recent years. 

Although the communications needs of individual agen-
cies vary widely, the means of meeting these needs are 
relatively limited. A voice transmission can be handled by 
radio or telephone, or combinations thereof. Further, the 
requirement for mobile voice communication narrows the 
choice. The result is that all mobile users, as an example, 
use the same or similar devices, regardless of the function 
they perform or the type of message involved. Thus, forest 
rangers may use the same equipment as highway main-
tenance or state police personnel, and yet all three groups 
are apt to operate separate control centers. This type of 
overlap extends to many other functional communications, 
including the large quantity of what might be termed 
"administrative traffic." 

Duplication of functions necessarily connotes some de-
gree of duplication in capability, facilities, and personnel, 
which generally results in an under-utilized system or a 
cumbersome system. Duplicative communications effort 
should be objectively identified and eliminated, where pos-
sible, through cooperation of the operating agencies. 
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TOTAL MAINTENANCE NEEDS 

An important yet often neglected area for analysis involves 
the total maintenance requirement for telecommunication 
systems. Some state highway agencies usually maintain 
their own equipment and installations, and, in addition, 
perform some or all of the communication maintenance for 
other agencies. One highway agency, for example, main-
tains all of its own equipment and all state police fixed 
systems. 

Communications equipment requires scheduled main-
tenance. Because these systems also provide little or no 
advance warning of an impending malfunction, regular 
operation of emergency equipment is recommended. 

Agencies may include equipment maintenance as part 
of the original purchase proposal. Maintenance needs must 
be identified at the outset, and a preventive maintenance 
schedule must be incorporated to ensure a better over-all 
system with higher mean time between failures and less 
downtime. 

IMPROPER USE OF CURRENT SYSTEMS 

Some agencies do not achieve optimum utility from their 
respective systems because of inefficient use of available 
communications or the selection of the wrong type of 
service. A few examples illustrate the point. 

Suppose that an agency conducts 90 percent of its long-
distance telephone calls within its own department and 
with other state government organizations and only 10 
percent with outside parties. Because the number of calls 
to outside parties would be low, it would not appear 
advantageous for this agency to procure WATS service. 
For these requirements, the agency might be better served  

by some form of dedicated network or FX lines to handle 
the large volume of state government calls on a direct-dial 
basis. 

A second category involves selection of the appropriate 
mode for communications transmission. Consider an 
agency that handles a large volume of legal information 
that must be reproduced intact rapidly at a distant location. 
Before reaching any permanent decision, the agency should 
consider both teletypewriter and facsimile. 

A third consideration might involve an agency that lacks 
policy and directional procedures. An agency with a re-
curring requirement for conducting long-distance conversa-
tions could be required to place all calls through a central 
switchboard tied to a WATS or FX service. This pro-
cedure can result in excessive waiting periods. Another 
example is the procedure that enables anyone to call any-
where, with no provisions for control or record-keeping. 
The fear associated with this procedure is that personal 
and nonofficial use will keep all available lines busy. 

Published procedures must enable all users to derive the 
fastest possible service. They must provide alternative 
actions to handle emergency or urgent communication 
needs. Finally, procedures must be designed around cost 
considerations, as well as system utility, without being so 
inflexible that a penny is saved while a dollar is lost. 

All agencies should monitor their operations and modify 
their procedures to reflect changing needs, emphasis, and 
technology. There are inefficiencies in any system where 
procedural changes can produce better results. It is one 
matter to have the wrong technology at hand and another 
to have a good system made ineffective by poor procedure. 
The requirement for procedural update is a never-ending 
process. All agencies are encouraged to devote appropriate 
emphasis and effort to this need. 
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APPENDIX B 

GLOSSARY 

ADDRESS: In communications, the coded representation of the destination of a message. 	In 
data processing, the coded representation of the location of a certain instruction 
or data in the memory. 

BAND: The frequencies between two defined limits. 

BANDWIDTH: The difference, in hertz, between the highest and lowest frequencies in a band. 

BIT: An abbreviation of binary digit. 
A single digit in a binary number. 
A single pulse in a group of pulses. 
A unit of information capacity of a storage device. 
The smallest piece of information used to make up a character or word, in digital 
code, 1 or 0. 	As defined here, bit and element are synonymous. 

BIT RATE: The rate at which bits enter or leave a communication channel, usually measured in 
bits per second. 

BLOCK: A group of consecutive words, bits, or characters that is handled as a unit. 	A block 
is used especially in reference to input and output.. 

BROADBAND: Applied to data transmission to denote transmission facilities capable of handling 
frequencies greater than those required for high-grade voice communications (i. e., 
higher than 4 kHz). 	Also called Wideband. 

BROADCAST: The transmission of a message to more than one station. 

BUFFER: A mechanism that permits a change of data speed, voltage, or interface characteristic; 
frequently presumed to include storage capability. 

CALL: An exchange of information along with any necessary operating procedures required to 
establish contact between originator and addressee. 

CALL LENGTH: The length of time a channel 	is occupied with a call 	and not available to other calls. 
Synonymous with Holding Time. 

CARRIER: An electromagnetic wave suitable for being modulated to transmit ir'telligence. 

CARRIER FREQUENCY: The frequency assignment of a carrier signal. 

CENTRAL PROCESSOR: The unit in a computer that contains the facilities of an arithmetic unit and a con- 
trol 	unit. 

CENTREX: A private branch exchange having direct-in-dial 	capability plus numerous optional 
feature. 

CHANNEL: a.. 	A path along which information, particularly a series of digits or characters, can 
flow. 
One or more parallel 	paths treated as a unit. 
A path for electrical 	communication. 
A band of frequencies used for communication. 
A path parallel to the edge of a tape along which information can be stored by 
means of state changes (i. e., the presence or absence of holes in a paper tape). 
In communications, the process of subdividing a band for the purpose of deriving a 
channel of smaller bandwidth than the original band. 	For example, a voice-grade 
channel of 3000 Hz can be channeled into 20 teleprinter channels of 150 Hz. 

CIRCUIT SPEED: The number of information pulses that can be effectively propagated in a given period; 
usually expressed in bits per second. 

CODE: A specific way of grouping bits to represent a given character set. 

CODE CONVERSION: A process for changing the character bit groupings of one code into the corresponding 
character bit groupings of a second code. 

27 
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COMN CARRIER: 	A company recognized by the U.S. Federal Communications Commission or an appropriate 
State agency as having a vested interest in. furnishing a communication service in the 
form of voice or machine messages to the public. 

CYCLE: An interval of one completion in a recurrent period. 	In alternating current, the 
time for a change of state from a value through a positive and negative maximum, back 
to the same value. 

DATA COMMUNICATION: The transmission of information to and from data processing equipment. 	This can 
include assembling, sequencing, routing, and selecting information generated at inde- 
pendent remote points, and distributing processed information to remote output 
terminals or to other data processing equipment. 

DATA LINK: A communication facility that pe,rmits the transmission of information in digital 
form. 

DATA SET: A device that converts the signals of a business or other machine to signals that 
are suitable for transmission over communication lines. 

DATA TRANSMISSION: The point-to-point transmission of data over communication channels. 	This term 
applies to the transmission of data that is normally in a variable format as opposed 
to record transmission, which is used in conjunction with records of fixed format. 

DEDICATED LINE: A line assigned for the exclusive use of a subscriber. 	(Fx) 

DELAY: The time a message or call 	spends waiting for a busy service facility to become idle. 

DISCIPLINE: The rule by which waiting calls or messages are chosen for service, e. g., first-in, 
first-out. 

DUPLEX OPERATION: The operation of a communication circuit in a way that permits the simultaneous 
transmission of information in two directions. 	Also called Full 	Duplex Operation. 

ERL1'lG: The unit used in measuring traffic or call 	intensity. 	The dimensionless ratio of 
mean service time to mean time between arrivals. 

FACSIMILE: A method of transmitting images or printed matter by electronic means. 	The image is 
scanned at the transmitter, reconstructed at the receiving station and duplicated on 
some form of paper. 

FOREIGN EXCHANGE 
SERVICE 	(FX): A service that connects a customers telephone to a remote exchange. 	This provides 

the equivalent of local service from the distant exchange. 

FREQUENCY: The rate at which a current alternates, usually measured in Hertz. 
.1 

FX: See Foreign Exchange Service. 

HALF DUPLEX OPERATION: The operation of a communication circuit in a way that permits transmission alter- 
nately, but not simultaneously in two directions. 

HEADER: The initial 	characters of a message that designate source, routing information, 
destination, time of origination, etc. 

HERTZ: A unit of frequency equal 	to 1 cycle per second. 

INFORMATION BIT: One of the bits used to make up a character in a given character set. 	Start ele- 
ments, stop elements, parity bits, and framing bits are not information bits. 

INTERFACE: A common bo.indary or piece of equipment between two devices. 

INTERRUPT: The ability, usually provided by the computer equipment, to monitor particular con- 
ditions in the system during the execution of all other operations and to provide 
an alarm signal 	that can interrupt a process to obtain required action. 

LEASED LINE: Generally refers to a private, dedicated line. 

LINE SWITCHING: The connecting of source and destination lines prior to the start of communication 
and the breaking of that connection at the end of communication. 	Also called 
Circuit Switching. 
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MESSAGE: A group of words (variable in length) that is transported as a unit. 	In telegraphic 
and data comunication, a message may be composed of three parts: 
a. 	A header containing a suitable indicator of the beginning of the specific 

message, together with information on any or all of the following: 
The source and destination. 
Date and time of filing.. 
Routing or other transmission information. 

b. 	A body, also called text, containing the information or advice to be cormuni- 
cated. 

c. 	An ending that contains a suitable indicator of the conclusion of the specific 
message, either explicit of implicit. 

MESSAGE SWITCHING: The technique of receiving messages at a switching center, temporarily storing them, 
and forwarding them when the line to the destination is available. 

MICROWAVE: All electromagnetic waves in the radio frequency spectrum ranging from approximately 
1000 to 300,000 MHz. 

MODEM: A combined modulator and demodulator unit that provides the circuitry for modulation 
and demodulation. 	It can also provide certain control 	and supervisory functions. 

¶DULATION: The process or result of the processwhereby some characteristic of one wave 
(carrier) is varied by another wave (modulating signal). 

MULTIPLEXING: The concentrating of many coninunication channels into one channel. 
A means of placing two or more separate transmissions on one channel. 

MULTIPROCESSING: A computer configuration consisting of more than one independently initiable proces- 
sor, each having access to a comon, jointly addressable memory. 

MULTIPROGRAMMING: The operation of a processor that permits the execution of a number of programs so 
that none of the programs need be completed before another is started or continued. 

NETWORK: The interconnection of a number of points by comunication facilities. 

NOISE: Any spurious addition to an information signal that tends to alter its information 
content. 	Noise or static, the main reason for error in a comunication network, can 
be caused by a multitude of sources (lightning, etc.). 	Noise is usually of short 
duration and, in high-speed circuits with short signal 	pulses, noise pulses can be 
interpreted as signals. 

ON-LINE: Implies a direct connection between the computer or terminal equipment and a com- 
munication line. 

PARALLEL TRANSMISSION: Transmission in which the elements (bits) defining a character occur simultaneously 
upon a number of lines or channels. 

PARITY CHECK: The addition of noninformation bits or check digits to data to make the sum of the 
bits in a grouping either always even or always odd, depending on the type of check 
employed. 	This permits detection of bit groupings that contain single errors. 	It 
can be applied to characters, blocks, or. any convenient bit grouping. 

POLLING: The act of inviting stations that share a common circuit to transmit messages or 
other data. 	This is accomplished in some prearranged sequence. 

POPULATION: A collection of subscribers from which calls or messages may be originated or termi- 
nated. 

PRIORITY INDICATORS: Groups of characters used in the header of a message to define the order of its 
transmission over a coninunication. channel 

PROBABILITY OF DELAY: The probability (P) that a message or call must wa.it  for a busy facility to become 
idle. 	A busy signal 8 times out of 100 attempts is a P of 08 or P = 08. 

PROBABILITY OF LOSS: In systems where no provision exists for messages and calls to wait, the probability 
that a message or call will find all servers busy and hence be dropped from the sys- 
tem. 

PULSE: A signal characterized by the rise and decay in time of a quantity whose value 
is normally constant. 	 . 
The variation in the intensity of an electrical quantity, usually over a rel- 
atively short period of time. 



QUEUE: 	 The system made up of one or more service facilities and one or more waiting lines 
for such facilities. This is sometimes defined to exclude the service facility, 
referring only to the backlog of calls or messages waiting for service. 

REAL TIME: 	 The performance of a function or computation during the actual time of the related 
physical process so that the results are useful in guiding the physical process. 

ROUTING: 	 The assignment or the communication path by which a message or telephone call will 
reach its destination. 

SERIAL: 	 A method of transmission in which the elements (bits) defining a character occur 
sequentially (chronologically) upon a single line. 

SERVER: 	 The facility or operation that calls or messages attempt to access, e. g., channel, 
trunk, and operators. 

SIGNAL: 	 An aggregate of waves propagated along a transmission channel and intended to act on 
a receiving unit. 

S114'LEX OPERATION: 	The 'operation of a communication circuit in away that permits transmission of 
information in only one direction. 

SPEED OF TRANSMISSION: The rate at which information is processed by a transmission facility. 	This quantity 
may be expressed in characters per unit or bits per unit. 	Low speed is 5 to 20 
characters per second, medium speed is 20 to 300 characters per second, and high 
speed is over 300 characters per second. 

STORE AND FORWARD: A message handling technique whereby a complete message is received from the Incoming 
line and then, at an appropriate time, transmitted on the outgoing line. 

SUBSCRIBER: A customer of a telephone or telegraph company, served under an 'agreement or con- 
tract. 

SWITCHED CHANNEL: A communication channel that is temporarily established by the switching .center be- 
tween two terminals for the purpose of transmitting information. 

SWITCHING: The operation involved in interconnecting communication paths in order to establish 
temporary communication between two or more stations. 

SWITCHING CENTER: A line switching center is an installation in a communication system in which 
switching equipment is used to interconnect communication circuits. 
A message switching center is an installation in which incoming data from one 
circuit is transferred to' the proper outgoing circuit. 

SYNCHRONOUS: Having a constant time interval between successive bits, characters, or events. 

SYNCHRONIZATION: A means of ensuring that both transmitting and receiving stations are operating 
together (in step). 
The process of making the signal 	received correspond in its timing to the signal 
transmitted. 

TELECOMMUNICATIONS: 	The transmission and/or reception of information of any nature by telephone, tele- 
graph, radio or other electromagnetic system. 

TELETYPEWRITER: 	A combination of typewriter keyboard and a printer. It is used to provide sending 
and receiving facilities for messages carried by telegraph or telephone wires. (Also 
called teleprinter.) 

TELEX: 	 A dial-operated teleprinter exchange service used for message and data communication. 

TERMINAL: 	 A general term referring to the equipment at the end of a circuit. 

TIME-SHARING: 	 The operation of a computer facility that permits many users 'to operate the facility 
simultaneously (or apparently simultaneously) in such a way that each is or can be 
completely unaware of the use of the facility by others. 

TRAFFIC: 	 Message information in transit. 

TRANSMISSION LINES: 	Lines or conductors used to carry electric energy from one place to another (example: 
telephone lines, telegraph, lines, and lines connecting computer units to other 
units). 	' 	 . 
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TRUNK: A communication path between two switching points. 

TWX: Teletypewriter Exchange Service. 	Provides capability to transmit and receive tele- - typewriter communications in real 	time through local 	exchanges. 

UTILIZATION: The fraction of time a server is occupied as measured over a long period of time. 

VOICE CHANNEL: A communication channel of approximately 3000 hertz bandwidth, usually provided in 
telephone communications. 

VOICE FREQUENCY: Any frequency within that part of the audio frequency range essential for the trans- 
mission of highly intelligible speech. 	Voice frequencies used for telephone trans- 
mission of speech usually lie within the range of 200 to 3300 hertz. 

WAITING LINE: The conceptual line that forms before a busy server(s) when calls must wait for 
service. 

WAITING TIME: Amount of time spent in waiting line. 	See Delay. 

WATS: Wide Area Telecommunications Service. 	A telephone service that permits a customer 
to make calls to, or receive calls from, telephones in selected areas at a monthly 
rate rather than by the individual 	call. 

WIDEBAND: See Broadband. 

APPENDIX C 

GUIDELINES FOR A STATE HIGHWAY/TRANSPORTATION DEPARTMENT 

TELECOMMUNICATIONS ENGINEER-MANAGER 

The current and impending traffic congestion and accident 
rates emphasize the need to optimize the operation of the 
total highway network. This continuing objective is obtain-
able through the application of advanced state-of-the-art 
telecommunications techniques to and in support of the 
necessary data transfer and command and control function. 
Knowledgeable telecommunications heads are needed to 
develop and maintain a communications data base through 
requirements analyses, to configure an efficient communica-
tions network, and to manage an integrated telecommuni-
cations system. 

The Highway Research Board Communications Com-
mittee (A3A01) is aware of this need and is attempting to 
contribute to its resolution. The committee has developed 
in Hwy. Res. Circular No. 128, "Highway Communication 
Trunk Requirement," the guidelines that can be followed to 
estimate present and future trunk requirements. The com-
mittee is especially pleased with NCHRP Synthesis 7, 
"Motorist Aid Systems," and its conclusions regarding the 
management of the highway communications function. 

The committee has prepared the following model job 
description for a state highway/transportation department 
telecommunications engineer-manager. 

GUIDELINES FOR A STATE HIGHWAY/TRANSPORTATION 
DEPARTMENT TELECOMMUNICATIONS 
ENGINEER-MANAGER 

Definition 

Provision of economical and dependable facilities for state-
wide communications among the central and district offices 
and throughout the highway system of the ( 	) 
Highway/Transportation Department is essential to the 
efficient exercise of the department's mission. (Coordina-
tion of the efforts with a statewide communications man-
ager and related communications officials of a statewide 
organization—where such exists—is an essential function.) 

Scope 

Telecommunications and special electronic systems, facili-
ties, and services for the transmission of information be-
tween two or more locations, including motorist to motorist 
and roadside to motorist. Transmission media could include 
wire, radio, light, or others within the electromagnetic 
spectrum. Facilities include local and long distance, fixed 
and mobile police, maintenance, motorists, etc., involving 
radio, telephone, teletypewriter, data transmission, televi- 
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sion, remote display, and facsimile transmissions, as well as 
terminal facilities and related components that comprise 
appropriate systems. 

Responsibilities 

The communications manager is responsible for providing 
technical assistance to departmental divisions on existing 
and proposed telecommunications services and facilities, to 
assure development and utilization of a reliabe and eco-
nomical telecommunications system in line with require-
ments. These include: 

Initiating and conducting a continuing program of 
self-evaluation analysis, including existing and proposed 
equipment, services, contracts, etc., and facilities, their 
utilization, as well as alternative means for provided or 
needed telecommunications services. 

Integrating needs and coordinating use of existing 
and/or proposed systems among the several departmental 
divisions to avoid duplication and overlap of facilities and 
systems. 	 - 

Reviewing and taking appropriate action on requests 
for new or modified services submitted by departmental 
divisions and execution of procurement contracts. 

Assuring optimal use and costs for available and/or 
proposed facilities, equipment, and services. 

Developing and promulgating technical standards and 
performance for existing and proposed owned and/or 
leased telecommunications facilities and services. 

Providing liaison with the data-processing division to 
evolve and optimize data transmission systems for "on-
line," real-time, computer use. 

Organizing, directing, and operating an integrated 
inspection and maintenance group to assure conformance 
with specifications (design and installation) and service 
performance of telecommunications facilities and systems. 

Representing the department on technical communi-
cations matters and coordinating statewide and/or joint-
use activities with other agencies. 

APPENDIX D 

PLANNING CHECKLIST 

There are specific do's and don't's that should be observed 
by any state or agency that is studying its telecommunica-
tions system. The following are not arranged in any 
particular sequence and most definitely are not to be con-
strued as being totally inclusive. 

Do: 

Conduct a thorough analysis of needs within each 
agency. 

Estimate average time response from initiation to 
completion of transmission for each type of communica-
tion. 

Compute a total cost per some measurable unit for 
each alternative communications mode. 

Arrange communication modes in priority,  order, 
based on weighted averaging of need versus cost. 

Establish alternative modes for each type of com-
munication in descending priority order. 

Hold meetings for planning and review purposes. 
Encourage free exchange of information. 
Issue general and specific policies and procedures for 

each service. 

Prepare a comprehensive maintenance plan. 
Review utilization of available frequency spectrum. 
Establish procedures to control contractor perform-

ance. 

Conduct a comprehensive buy-versus-lease analysis. 
Check the feasibility of establishing regional and/or 

central control centers. 
Check to determine if coordination within the agency 

and with other agencies has been effected. 

Don't: 

Automatically adopt a protective attitude concerning 
your ongoing system. 

View statewide coordinated telecommunications as 
someone else's problem. 

Neglect to calculate all measurable and intangible 
costs when conducting system and transmission mode com-
parisons. 

View any single communications mode as the only 
way to achieve a given message transmission. 
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(Proj. 15-1), 	33 p., 	$1.60 
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41 Effect of Control Devices on Traffic Operations 
(Proj. 3-6), 	83 p., 	$3.60 
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$2.20 100 Research Needs Relating to Performance of Aggre- 

73 Improved Criteria for Traffic Signal Systems on gates in Highway Construction (Proj. 4-8), 	68 p., 
Urban Arterials (Proj. 3-5/1), 	55 p., 	$2.80 $3.40 

74 Protective Coatings for Highway Structural 	Steel 101 Effect of Stress on Freeze-Thaw Durability of Con- 
(Proj. 4-6), 	64 p., 	$2.80 crete Bridge Decks (Proj. 6-9), 	70 p., 	$3.60 

74A Protective Coatings for Highway Structural Steel— 102 Effect of Weldments on the Fatigue Strength of Steel 
Literature Survey (Proj. 4-6), 	275 p., 	$8.00 Beams (Proj. 12-7), 	114 p., 	$5.40 

74B Protective Coatings for Highway Structural Steel— 103 Rapid Test Methods for Field Control of Highway 
Current Highway Practices (Proj. 4-6), 	102 p., Construction (Proj. 10-4), 	89 p., 	$5.00 
$4.00 104 Rules of Compensability and Valuation Evidence 

75 Effect 	of Highway 	Landscape Development 	on for 	Highway 	Land 	Acquisition 	(Proj. 	11-1), 
Nearby Property (Proj. 2-9), 	82 p., 	$3.60 77 p., 	$4.40 



Rep. 
No. Title 

Dynamic Pavement Loads of Heavy Highway Vehi- 
cles (Proj. 15-5), 	94 p., 	$5.00 
Revibration of Retarded Concrete for Continuous 
Bridge Decks (Proj. 18-1), 	67 p., 	$3.40 
New Approaches to Compensation for Residential 
Takings (Proj. 11-1(10)), 	27 0., 	$2.40 
Tentative Design Procedure for Riprap-Lined Chan- 
nels (Proj. 15-2), 	75 p., 	$4.00 
Elastomeric Bearing Research (Proj. 12-9), 	53 p., 
$3.00 
Optimizing Street Operations Through Traffic Regu- 
lations and Control (Proj. 3-11), 	loop., 	$4.40 
Running Costs of Motor Vehicles as Affected by 
Road Design and Traffic (Proj. 2-5A and 2-7), 
97 p., 	$5.20 
Junkyard Valuation—Salvage Andustry Appraisal 
Principles Applicable to Highway Beautification 
(Proj. 11-3(2)), 	41 p., 	$2.60 
Optimizing Flow on Existing Street Networks (Proj. 
3-14), 	414p., 	$15.60 
Effects of Proposed Highway Improvements on Prop- 
erty Values (Proj. 11-1(1)), 	42 p., 	$2.60 
Guardrail Performance and Design (Proj. 15-1(2)), 
70 p., 	$3.60 
Structural Analysis and Design of Pipe Culverts (Proj. 
15-3), 	155 p., 	$6.40 
Highway Noise—A Design Guide for Highway En-, 
gineers (Proj. 3-7), 	79 p., 	$4.60 
Location, Selection, and Maintenance of Highway 
Traffic Barriers (Proj. 15-1(2)), 	96 p., 	$5.20 
Control of Highway-  Advertising Signs—Some Legal 
Problems (Proj. 11-3(1)), 	72 p., 	$3.60 
Data Requirements for Metropolitan Transportation 
Planning (Proj. 8-7), 	90 p., 	$4.80 
Protection of Highway Utility,  (Proj. 8-5), 	115 p., 
$5.60 
Summary and Evaluation of Economic Consequences 
of Highway Improvements (Proj. 2-11), 	324 p., 
$13.60 
Development of Information Requirements and 
Transmission Techniques for Highway Users (Proj. 
3-12) 	239 p., 	$9.60 
Improved Criteria for Traffic Signal Systems in Ur- 
ban Networks (Proj. 3-5) 	86 p., 	$4.80 
Optimization of Density and Moisture Content Mea-
surements by Nuclear Methods (Proj. 10-5A), 
86 p., 	$4.40 
Divergencies in Right-of-Way Valuation (Proj. 11- 
4), 	57 p., 	$3.00 
Snow Removal and Ice Control Techniques at Inter- 
changes (Proj. 6-10), 	90 p., 	$5.20 
Evaluation of AASHO Interim Guides for Design 
of Pavement Structures (Proj. 1-11), 	111 p., 
$5.60 
Guardrail Crash Test Evaluation—New Concepts 
and End Designs (Proj. 15-1(2)), 89 p., 
$4.80 
Roadway Delineation Systems (Proj. 5-7), 	349 p., 
$14.00 
Performance Budgeting System for Highway Main- 
tenance Management (Proj. 19-2(4)), 	213 p., 
$8.40 

Synthesis of Highway Practice 

No. Title 

	

1 	Traffic Control for Freeway Maintenance (Proj. 20-5, 
Topic 1), 	47 p., 	$2.20 

	

2 	Bridge Approach Design and Construction Practices 
(Proj. 20-5, Topic 2), 	30 p., 	$2.00 

3 Traffic-Safe and Hydraulically Efficient Drainage 
Practice (Proj. 20-5, Topic 4), 	38 p., 	$2.20 

	

4 	Concrete Bridge Deck Durability (Proj. 20-5, Topic 
3), 	28 p., 	$2.20 

S Scour at Bridge Waterways (Proj. 20-5, Topic 5), 
37 p., 	$2.40 

6 Principles of Project Scheduling and Monitoring 
(Proj. 20-5. Topic 6), 	43 p., 	$2.40 

7 Motorist Aid Systems (Proj. 20-5, Topic 3-01), 
28 p., 	$2.40 

	

8 	Construction of Embankments (Proj. 20-5, Topic 9), 
38 p., 	$2.40 

9 Pavement Rehabilitation—Materials and Techniques 
(Proj. 20-5, Topic 8), 	41 p., 	$2.80 

	

10 	Recruiting, Training, and Retaining Maintenance and 
Equipment Personnel (Proj. 20-5, Topic 10), 35 p., 
$2.80 

	

11 	Development of Management Capability (Proj. 20-5, 
Topic 12), 	SOp., 	$3.20 

12 Telecommunications Systems for Highway Admin-
istration and Operations (Proj. 20-5, Topic 3-03) 
29 p., 	$2.80 

	

13 	Radio Spectrum Frequency Management (Proj. 20-5, 
Topic 3-03) 	32 p., 	$2.80 

105 

106 

107 

108 

109 

110 
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112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 



T H E NATIONAL ACADEMY OF SCIENCES is a private, honorary organiza-
tion of more than 700 scientists and engineers elected on the basis of outstanding 
contributions to knowledge. Established by a Congressional Act of Incorporation 
signed by President Abraham Lincoln on March 3, 1863, and supported by private 
and public funds, the Academy works to further science and its use for the general 
welfare by bringing together the most qualified individuals to deal with scientific and 
technological problems of broad significance. 

Under the terms of its Congressional charter, the Academy is also called upon 
to act as an official—yet independent—adviser to the Federal Government in any 
matter of science and technology. This provision accounts for the close ties that 
have always existed between the Academy and the Government, although the Academy 
is not a governmental agency and its activities are not limited to those on behalf of 
the Government. 

THE NATIONAL ACADEMY OF ENGINEERING was established on December 
5, 1964. On that date the Council of the National Academy of Sciences, under the 
authority of its Act of Incorporation, adopted Articles of Organization bringing 
the National Academy of Engineering into being, independent and autonomous 
in its organization and the election of its members, and closely coordinated with 
the National Academy of Sciences in its advisory activities. The two Academies 
join in the furtherance of science and engineering and share the responsibility of 
advising the Federal Government, upon request, on any subject of science or 
technology. 

THE NATIONAL RESEARCH COUNCIL was organized as an agency of the 
National Academy of Sciences in 1916, at the request of President Wilson, to 
enable the broad community of U. S. scientists and engineers to associate their 
efforts with the limited membership of the Academy in service to science and the 
nation. Its members, who receive their appointments from the President of the 
National Academy of Sciences, are drawn from academic, industrial and government 
organizations throughout the country. The National Research Council serves both 
Academies in the discharge of their responsibilities. 

Supported by private and public contributions, grants, and contracts, and volun-
tary contributions of time and effort by several thousand of the nation's leading 
scientists and engineers, the Academies and their Research Council thus work to 
serve the national interest, to foster the sound development of science and engineering, 
and to promote their effective application for the benefit of society. 

THE DIVISION OF ENGINEERING is one of the eight major Divisions into 
which the National Research Council is organized for the conduct of its work. 
Its membership includes representatives of the nation's leading technical societies as 
well as a number of members-at-large. Its Chairman is appointed by the Council 
of the Academy of Sciences upon nomination by the Council of the Academy of 
Engineering. 

THE HIGHWAY RESEARCH BOARD, organized November 11, 1920, as an 
agency of the Division of Engineering, is a cooperative organization of the high-
way technologists of America operating under the auspices of the National Research 
Council and with the support of the several highway departments, the Federal Highway 
Administration, and many other organizations interested in the development of trans-
portation. The purpose of the Board is to advance knowledge concerning the nature 
and performance of transportation systems, through the stimulation of research and 
dissemination of information derived therefrom. 



HIGHWAY RESEARCH BOARD 
NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUNCIL 

2101 Constitution Avenue 	 Washington, 0. C. 20418 
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