nrerancn RECORD
Number 219

Highway
Communications

7/ Reports

Subject Area
53 Traffic Control and Operations

HIGHWAY RESEARCH BOARD

DIVISION OF ENGINEERING NATIONAL RESEARCH COUNCIL
NATIONAL ACADEMY OF SCIENCES—NATIONAL ACADEMY OF ENGINEERING

Washington, D.C., 1968 Publication 1565



Price: $1.80
Available from

Highway Research Board
National Academy of Sciences
2101 Constitution Avenue
Washington, D.C. 20418



Special Committee on Electronic Research in the Highway Field

Albert A, Atwell
Edith Bairdain
John L. Barker
O. L Bermant
Ares G. Bogosian

Robert L. Cosgriff, Secy.

Robert N. Doble
Robert E. Fenton
John R. Freeland
William L. Garrison

(As of December 31, 1967)

Richard C. Hopkins, Chairman
Bureau of Public Roads, Washington, D. C.

HIGHWAY RESEARCH BOARD STAFF

E. A, Mueller

Daniel L. Gerlough
George W. Gray
Arthur A, Heberlein
Clyde E. Lee

Edwin B. Levinson
James L. Malfetti
Alger F. Malo

S. A, Marshall, Jr.
Richard M. Michaels

Theodore F. Morf
Herbert Norder
LeRoy T. Oehler
John J. O'Mara
Jerome O'Neill
Russell E. Puckett

L. R. Schureman
Edward F. Weller
Richard E. Wendt, Jr.



Foreword

One of the most urgent requirements of the next decade is for this nation to
effect major improvements in the movement of highway vehicular traffic.
The completed mileage of Interstate highways, forging toward the completed
system within a few years, has demonstrated the extent to which adequacy
of geometric and structural design can alleviate traffic problems. However,
the limited-access highway also has served to emphasize some operational
problems as well as to create some new ones peculiar to it. For instance,
driving at higher speeds has made locating and reading conventional signs
more difficult; and, motorists who become stranded on fenced or isolated
highways find it difficult to communicate their needs to the appropriate
authorities.

The factor which now must receive increased attention is that of com-
munications. An integrated communications system to satisfy the informa-
tion exchange requirements generated in the planning, construction, main-
tenance, operation, and use of the highway system is urgently needed.

This RECORD comprises the papersthat were presented at a conference
session on highway communications during the 47th Annual Meeting. It
should be of immediate interest to those who are responsible for decisions
on, and implementations of, communications systems associated with high-
way functioning.

The first paper was prepared to introduce highway administrators to the
‘national telecommunications problem. It stresses the limits of the radio
frequency spectrum as a ''natural resource' and indicates the need for
coordination of the public and private use of radio services. This paper
reports on the existing mechanisms for such coordination and the benefits
which should develop through their use.

The National Conference on Highway Communication for Service and
Safety developed a recognition of the national telecommunications problem
withinthe cooperating agencies. This, and the concerned inquiry into proper
solutions in the highway field, are reported in the second paper.

The third paper describes research being undertaken by the Bureau of
Public Roads to provide the first-generation framework for future highway
communications system development. The completed systems analysis will
describe an integrated system and provide a model for evaluating alternative
subsystems.

The dissertation on electromagnetic compatibility is presented to provide
highway engineers with an insight of the considerations in this area that
must be given to forthcoming engineering designs.

An insight of the eventual requirements for communications in evolving
automatic traffic control systems is given by an ardent researcher in this
field. Counsel is given regarding the need for communications develop-
ments to keep pace with control technology.

The discovery and development of new mediums for communications holds
promise of alleviating some of the problems posed by the crowded radio
frequency spectrum. A research scientist from the Ionospheric Telecom-
munications Laboratory of the Environmental Science Services Administra-
tion discusses his work having such an objective.

To complete the conference review of highway communications, a
researcher from industry outlines a state-of-the-art technique by which
conservation of available mediums can be effected.

—Richard Hopkins



Contents
THE FEDERAL-STATE TELECOMMUNICATIONS ADVISORY
COMMITTEE
Charles E, Lathey . . ...t i v ittt ittt i it te s sannnsnnsenens
A REPORT ON THE NATIONAL CONFERENCE ON HIGHWAY
COMMUNICATION FOR SERVICE AND SAFETY
Bérnard H. Flo0de s « cmis o sonie o somssss s svmoms sow e eoe @ steiens s sies o s

A SYSTEMS ANALYSIS OF HIGHWAY COMMUNICATIONS
William W, Wolman ; ;v & sieis 5 sa@ie 5 scaie e o8 a n vam & slaThls & aei & aid
ELECTROMAGNETIC COMPATIBILITY—A NECESSITY FOR
HIGHWAY COMMUNICATIONS
Stanley L, CONM & o s wos v 9 5 5 6 5 55 5% 8 6 5 6 5285 58 5 o % S@inte 8 ele & 5

COMMUNICATION REQUIREMENTS IN THE METHODOLOGY OF
AUTOMATIC CONTROL OF HIGHWAY TRAFFIC
JohnJ. O'Mara . .....v 004 3 G B A B T B e e SN B NS X i
USE OF SURFACE WAVES IN COMMUNICATION WITH HIGH
SPEED VEHICLES
Robert L, Gallawa . . v v v v v v v v v v v en o s s n s s s snnsnsssnssnsns .

PULSE CODE MODULATION
Winfree P. TUCK . .. i . oo oo & e s sasis @ w0 & 0ans o smms & e o e



The Federal-State Telecommunications
Advisory Committee

CHARLES E. LATHEY, Special Assistant to the Director of Telecommunications
Management, Executive Office of the President

oON July 20, 1967, the Director of the Office of Emergency Planning established the
Federal-State Telecommunications Advisory Committee. The need for such a com-
mittee had long been recognized.

The mission assigned to the Federal-State Telecommunications Advisory Committee
is to:

e Provide a forum to which mutual federal-state telecommunication
matters of interest may be referred for advice and assistance.

e Initiate, aid and assist in the development of policies for adoption by
federal and state governments concerning the procurement of com-
munication services and systems by states and local governments.

e Encourage and make recommendations looking toward the improve-
ment of federal-state telecommunication coordination procedures.

¢ Encourage and make recommendations looking toward the develop-
ment and improvement of telecommunication resources of state and
local governments where there is a mutual federal-state interest
with respect to such resources.

The list of members on the committee includes:

e The Director of Telecommunications Management/Special Assistant
to the President for Telecommunications in the Executive Office of
the President who serves as the committee chairman.

e The Defense Commissioner of the Federal Communications Commis-
sion who serves as the committee vice chairman.

e Assistant Secretaries from the Federal Departments of Commerce;
Defense; Health, Education and Welfare; Housing and Urban Develop-
ment; Justice; State; and Transportation.

o Senior representatives from the Federal Advisory Commission on
Intergovernmental Relations, Bureau of the Budget, General Services
Administration and the Office of Emergency Planning.

e State representatives provided by the Governors of Alaska, Cali-
fornia, Ilinois, Louisiana, New York, South Dakota, Tennessee,
Utah, and Vermont.

o Representatives from the Council of State Governments and the
Governors' Conference.

Paper sponsored by Special Commitiee on Electronic Research in the Highway Field and presented
at the 47th Annual Meeting.
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Figure 1. Index Crime Trends, 1933-1965.

THE COMMITTEE'S ENVIRONMENT

The Federal-State Telecommunications Advisory Committee has found an environ-
ment characterized by insistent demands for more adequate communications through-
out the nation. These demands are quite evident in such areas as law enforcement,
education, air and water pollution, health, welfare, transportation, science, poverty,
civil rights, public information, research and development, programs analysis and
control, national defense, security, and the nation's economic growth.

Law Enforcement Telecommurﬁqation Demands

Law enforcement demands for better telecommunications have beenwidely publicized.
Indicative of these demands is the rapidly rising crime rate (Fig. 1)—a rate requiring
diversion of more and more of our national wealth for its control.

"The Challenge of Crime in a Free Society"" points to the need for better law en-
forcement telecommunications. The report states that:

® Probably the single greatest technical limitation on the [law enforcement] system's
ability to make its decisions wisely and fairly is that the people in the system often
are required to decide issues without enough information.

® The scientific and technological revolution that has so radically changed most of
American society during the past few decades has had surprisingly little impact
upon the criminal justice system . . , more than two hundred thousand scientists and
engineers are helping to solve military problems, but only a handful are helping to
control the crimes that injure or frighten millions of Americans each year . . . most
police could have been equipped 30 or 40 years ago as well as they are today . . .
the overwhelming majority of reformatories, jails and prisons are, technologically
speaking, a century or more in the past.

1A Report by the President's Commission on Law Enforcement and Administration of Justice,
February 1967.



"The Challenge of Crime in a Free Society" speaks extensively of the need for
better law enforcement and administration of justice telecommunication needs. Over-
all, the report makes about 200 recommendations—more than 20 are telecommunica-
tion recommendations. Among others, the latter recommend public emergency call
boxes, a single nationwide number so that the public may call the police, computer-
assisted command control systems, automatic car-locator systems, portable record-
ing devices, frequency sharing, changes in frequency requests to the FCC, greater use
of multichannel radio trunks, better portable radios, fingerprint identification systems,
data information systems for court operations and correctional institutions, alarm sys-
tems, immediate response inquiry systems, law enforcement directories, and the ap-
plication of systems analysis procedures to assure that all requirements are defined
and met on an adequate basis within reasonable costs.

When speaking before the International Association of Chiefs of Police on September
14, 1967, the President of the United States praised the work of his Commission on
Law Enforcement and Administration of Justice and he lauded the Commission's re-
port. The President then said:

e What America needs is a policy for action against crime in the streets—and for all
the people of this country to support that policy.

® Let us act instead of talk about crime.

Health Telecommunication Demands

Like law enforcement, the nation's health telecommunication demands have been
widely publicized. For example, on February 28, 1967, President Johnson stated:?

e In 1967 . . . the Federal Government is investing more than $440 million in the
construction of health facilities, $620 million for health manpower education and
training, $1.3 billion in biomedical research, $7.8 million to provide medical care,
but each gain, each victory, should focus our attention more sharply on the un-
finished business facing this Nation in the field of health—infant mortality is far
higher than it should be—handicaps afflicting many children are discovered too
late or left untreated—grave deficiencies remain in health care for the poor, the
handicapped and the chronically ill—many types of mental illness, retardation,
arthritis and heart disease are still largely beyond our control—in some U.S.
counties infant mortality rates are 300 percent higher than the national average—
seventy percent of automobile accident deaths occur in communities of less than
2500 people where medical facilities are often poorest—though we have good
techniques for detecting and curing cervical cancer, eight thousand women die
each year for lack of proper care—emergency rooms in U.S. hospitals are seriously
overcrowded,

¢ In 1965, more than 14,000 job-connected deaths and 2 million disabling work in-
juries caused untold misery and privation to workers, 230 million lost man days of
production and billions of dollars in lost income.

® The United States is facing a serious shortage of health manpower. Within the
next decade this Nation will need one million more health workers.

The President's message is abundantly clear in stating a need for action. In his
message to the Congress, the President said:

® We must . . . develop new ways of assisting doctors to reach more people with good
health services,

2The President's Message on Education and Health in America to the Congress of the United States,
February 28, 1967.



® We need to strengthen our Partnership for Health by encouraging regional, state and
local efforts—public and private—to develop comprehensive programs serving all our
citizens,

Telecommunications technology cannow provide information dissemination on a
real-time shared basis. This would permit all professional health personnel to be
aware of newly developed surgical and treatment techniques, new drug developments,
and access to researched diagnostic information., The technology can materially as-
sist in hospital and patient administration, diet preparation, treatment routines, pa-
tient surveillance, and actual treatment. Closed circuit and public television and edu-
cational radio can materially improve public and professional health education., The
technology to do these things is available now.

Education Telecommunication Demands

In the educational area we see soaring enrollments of students, rising requirements
for teachers, higher educational costs per student, new requirements for facilities,
increased demands for public and professional education, and note that, next to national
defense, education is probably the largest single enterprise in the United States.

On February 28, 1967, the President of the United States in his '""Message on Edu-
cation and Health to the Congress of the United States' said that:

® At least three million adults in America cannot read or write. Another 13 million
have less than an eighth grade education . . . this is a national tragedy and an
economic loss for which each one of us must pay.

® One child in ten in our country is afflicted with a handicap . . . we must . . . give
aftention to their special educational needs.

® In 1968 more than 170 thousand new teachers will be needed to replace uncertified
teachers, to fill vacancies and to meet rising student enrollments. By 1975, the
Nation's schools will need nearly two million more new teachers.

And before the Delegates of the Williamsburg Conference on October 8, 1967,
President Johnson stated:

® One lesson of our experience in economic and social development is quite clear:
Education is the greatest single bottleneck.

o If the world's financial systems were forced to function with no better facts than
these which educational systems live by, a financial panic would swiftly seize all
capitals of the world.

® We seem to need more facts. We seem to need to put a program together,

o | can see no reason in the world why modem technology cannot, for example, per-
mit the best professor in the world to teach students all over the world.

"The Catalog of Federal Assistance Programs," June 1967, published by the Office
of Economic Opportunity in the Executive Office of the President indicates that:

e Five federal agencies are independently administering 17 different
federal assistance programs of "Basic Education for Youth and Adults."

o Eleven federal agencies are independently administering 50 different
federal assistance programs on "General Education.”

o Nineteen federal agencies are independently administering 128 fed-
eral assistance programs on ""General Education."

e Fifteen federal agencies are independently administering 74 federal
assistance programs on '""Vocation and Job Training."



And education in one form or another is involved in many of the other federal as-
sistance programs listed in the catalog. Many of these programs result in telecom-
munication projects. For example, the University of Wyoming is experimenting with
telelecture and telewriting facilities over an extensive system serving many cities and
providing instruction to small groups of students in rural areas. In addition, the De-
partment of Health, Education and Welfare has assisted in the development of approxi-
mately 180 noncommercial educational television facilities. Throughout, effective co-
ordination procedures should be established among federal agencies for the coordina-
tion of such programs involving telecommunications if education is to receive adequate
telecommunication support. The present uncoordinated approach tends to proliferate
dedicated systems and does not provide for the most economic use of the facilities
installed.

Present technology can relieve teachers of most of their administrative duties,
extend their geographical area of influence, and improve their teaching content and
teaching aids. At the same time, present technology can permit cost reduction and
can improve the educational level of public and private students. This, of course, will
not just happen. We must begin now to lay out a progressive program and establish
effective coordination to assure that telecommunications adequately support national
educational goals and objectives and meet the demands which are evident in this field.

Highway Service and Safety Telecommunication Demands

A highway communications gap of sizable and growing proportions exists today in
the United States. Although vehicular communications started in 1921 with experi-
mental radio telegraph installations, we have progressed since that time to a point
only where the driver must still communicate by horns, lights, and arm and hand
signals—means available in Napoleon's era. The driver still must rely almost entirely
on his eyes for a thousand details of the roadway and the danger ahead. In fact, vehic-
ular density on the nation's highways results in so much informationinput to the driver’'s
eyes that the limit of his ability to perceive and react is approaching saturation. This
need not be the case. Consider the paradox that during 1966 the most sophisticated
communications system in the history of mankind brought to us from the surface of the
moon, clear pictures of the lunar surface. Our feats in space only emphasize our
lack of progress in achieving adequate highway communication.

Facts demonstrate a need for better highway communication, not only from highway
users to law enforcement and service organizations, but also from service organiza-
tions and law enforcement organizations to the drivers:

® Ten thousand people are injured daily in traffic accidents and we see
a rate of 1,000 fatalities per week along our national highways—
53, 000 fatalities per year (1966).

e There are more than 41, 000 miles in the Interstate Highway Systems.
These are limited-access highways with long distances between inter-
changes. Personnel stopped between interchanges and needing help
of many kinds have no means of communication to assist them in re-
ceiving service—medical aid, vehicle repair, fuel, and other suchneeds.

¢ Road construction costs average between hundreds of thousands of
dollars to more than one million dollars for each mile of road de-
veloped. Yet, no figures are included for communications planning
during highway planning—communications which can materially in-
crease the highway capacity and bring needed services and safety to
its users.

At the National Conference on Highway Communication for Service and Safety con-
ducted in Denver, Colorado, during the period August 20-23, 1967, it was agreed that
communication is a key to safety and service and a key to increasing the capacity of our
highways,



The urgency of the highway traffic problem and the need to increase highway ca-
pacity and safety, to reduce congestion, and to facilitate urban and rural travel have
given rise to varied attempts to provide solutions, These solutions now lean heavily
toward the use of electronic and other types of communication, but on experimental
bases only.

The uncoordinated proliferation of various electronic systems, developed at various
points in time for various parts of the country and to satisfy special requirements,
have resulted in vehicle-driver-highway regulations which differ from state to state
and from community to community.

That action is needed was testified to by every member who attended the National
Conference in Denver, Colorado. It was a firm belief that communications could ma-
terially improve the safety of the highway users. It was also a conclusion of the con-
ference that federal and state governments should begin to develop a national integrated
communications system to support highway users.

The highway cost in human life along our highways is greater than it is for all of the
military conflicts in which this country has been engaged. The cost in terms of broken
lives, pain, and social disorganization cannot be measured, nor can the cost of traffic
congestion be estimated in terms of lost productive effort.

The dependency and interdependency of each element of the total highway system on
a communication subsystem demands that primary and urgent attention be given to the
total highway communication needs. Communications should be designed so that they
will meet the information needs of the highway planners, administrators, maintenance,
enforcement, and operations personnel, as well as the motoring public, for whom the
highway system exists.

This is not a simple undertaking. Involved are many factors:

e Communication needs are different for rural highways than they are
for urban highways.

e There are, at the present time, no approved standards to be met by
organizations providing communication along the highways.

e Some stretches of Interstate highways have extremely sophisticated
communication systems, whereas others have none or have systems
which are totally inadequate.

¢ The communication needs from the motorist to and from the highway
administrators and maintenance personnel appear to be by radio
means, and this requires frequencies in an already overcrowded
land mobile portion of the spectrum.

e Highways being built or being designed for the future have not in-
cluded communication as one of the planning items.

In the past, the nation has deferred to law enforcement officials for the handling of
motorist aid along the highways. This should not be. Law enforcement officials—
already in short supply and inadequately supported by communication means—are needed
for law enforcement.

Modern technology is available to permit satisfaction of highway communication
needs, but this will not just happen without a determined program developed and im-
plemented by federal and state officials. We need now to assess the requirements and
to begin to meet them in the most reasonable and realistic manner.

THE OVERALL FEDERAL-STATE SITUATION
On March 18, 1967, before the Conference of Governors, the President of the
United States said:

o Individuals may differ about the wisdom of specific social or economic programs.
But we are wholly in accord on this: Once we commit public money to enhance



the public well-being, to fight poverty, to improve the lot of our cities, we have a
fiduciary responsibility. Many of my days are spent in trying to live up to that
responsibility—in trying to find more efficient and effective ways to use the public's
dollars for the public good. Certainly one of those ways is the constant improvement
of relationships between federal and state govemnments.

Today the remarkable system of government devised by the genius of the Founding
Fathers faces a complex and bewildering world. As it enters the final third of the
20th Century, our Union faces problems of a magnitude undreamed of by the drafters
of our Constitution in mass education; hard-core poverty, both urban and rural;
urban blight and renewal; modern law enforcement; transportation; and air and
water pollution.

Essentially, these are local problems demanding local solutions. The Federal Gov-
ernment ifself cannot teach a child, police a street, rebuild a neighborhood. These
are tasks for the communities and states. At the same time, they are problems that
few if any states can meet alone. Crime, poverty, polluted air and water do not
respect state or county boundaries. A practical, working, Federal-State partner-
ship has been imposed by the very necessity of responding to these problems—
because they were too complex for either level of government to meet alone.

o The closer we can work together, the sooner, the better, the more economically
the job will be done.

The federal government, in an effort to cope with the problems gnawing at the base
of our society, has undertaken a massive program of federal assistance to state and
local governments (Fig. 2). Since 1957 alone, federal assistance to state and local
governments has increased almost fourfold. That is, from 1957 to 1967 funding as-

sistance has risen from about $4 billion to about $15 billion,

Moreover, the rates at

which state and local governments are expanding their own funds in support of these

federal-state programs are growing rapidly.

In fact, in his State of the Union Mes-

sage in 1967, President Johnson said:

© During the past three years we have returned to state and local governments
about $40 billion in Federal aid. This year alone seventy percent of our Federal
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expenditures for domestic social programs will be distributed by state and local
governments. With Federal assistance, state and local governments by 1970 will
be spending close to $110 billion annually.

The federal assistance effort is tremendous (Fig. 3). Involved are more than 400
federal legislative acts which authorize more than 450 programs of assistance. These
programs are being administered by about 35 federal agencies directly to more than
92, 000 elements at the state and local levels of government. The legislative, opera-
tional, and administrative impact of these programs on state and local governments
is yet unknown, therefore, it is difficult to assess the detailed increased communica-
tion requirements that exist in support of program objectives and goals. However,
studies conducted by the Director of Telecommunications Management and his consulta-
tions with about 1200 officials in federal, state, and local governments and industry re-
veal that:

e About $450 million of the total $15 billion being provided in 1967 by
the federal government will be spent by the states for telecommuni-
cation facilities and services.

e Less than a handful of states have an appointed director or coordinator
of state telecommunications for the coordinated use of program funds
dedicated to modern telecommunications or for the coordinated use
of other funds appropriated by the states for telecommunications, and
for the continued and necessary overall coordination of telecommuni-
cation activities within and between the states and between the states
and the agencies of the federal government.

e Most states are unaware of their overall telecommunication require-
ments and unaware of their present investment in, and expenditures
required for, telecommunication facilities and services.
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® Most states are conducting no long-range planning on a continuing
basis to assure adequacy of state communications under all
conditions—normal and emergency.

® Little federal-state coordination in telecommunication systems
development and use is being effected, although federal and state
objectives are similar and joint use of facilities and services offers
a considerable saving potential,

e Most states possess numerous dedicated telecommunication systems
which could be improved operationally and which could be more eco~
nomical if they were consolidated.

e The federal and state governments have differing and sometimes con-
flicting telecommunication policies. This is particularly noticeable
in policies relating to the procurement of government-owned and gov-
ernment-leased telecommunication facilities and services.

Almost all states are becoming aware of their inadequate telecommunication sys-
tems and services, and many are trying to develop adequate statewide telecommunica-
tions. They recognize that the collection, analysis, and dissemination of information
is vital to modern government operations. They also recognize the need for utilization
of technological advances as they occur and appear useful. But the states are in dif-
ficult positions. This is evidenced by the foregoing list of inadequacies, but can be
more specifically illustrated if we review the conditions found in one state—conditions
generally existing in most states.

TELECOMMUNICATIONS AT THE STATE LEVEL

As the population increases (Fig. 4) and the public becomes more mobile, demands
for government services change in amount, character, and pattern. To meet these
demands, government work forces increase. And, as work forces increase, additional
telecommunication services are required to handle the concurrently increasing collec-
tion, dissemination, and exchange of information among elements of the increasing
work forces.

At the same time, there is a greater need for coordination between state agencies,
between states, between states and regional bodies, and between states and the federal
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government. The traffic load and pattern of traffic flow not only stem from coordina-
tion and information exchange activities generated by the public and state government
elements, but also from coordination and information exchange activities created by
mutual federal-state and state-to-state programs and operations. For example, high-
ways, law enforcement, and natural disaster operations are not confined to single mu-
nicipal, city, town, and state boundaries, Figure 5 shows the lines of telecommuni-
cation traffic flow among county government-state government and federal government
elements.

In the past, most telecommunication demands were met by voice and rather low-
speed record communication means, but, as the information explosion has grown in
intensity, we have seen a dramatic rise in computer use and interconnection. Figure
6 shows the actual computer acquisition trend in one state. This is typical for most
states. It is not unlike the computer acquisition trend in the federal government (Fig.
7). Between the federal and state computer systems we see the eventual need for in-
terconnection, the need for information comparability, and the sharing of information
in areas of mutual interest.

Another characteristic of state communication traffic can be observed by looking at
Figure 8, which shows communication requirements percentages in an actual state and
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Figure 8. Service requirements of state agencies.
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which represents the conditions existing in most w0000 ;
states. Of 18 state agencies polled in one state, -
100 percent of them indicated a need for more 1 e

voice communications, 65 percent indicated a need

for more mobile radio and facsimile communica- /
tions, 60 percent indicated a need for more tele-

type communications, 47 percent indicated a need

for more television, and about 30 percent indicated

a need for more telemetry facilities.

Throughout the states, telecommunication costs Qo6 068 =
arerising just tomeet minimal demands. Figure 9
shows the condition existing inone state surveyed—
a trend which most states find almost impossible to
support without a corresponding increase in tele-
communication adequacy. It is this area of costs
that is primarily creating an awareness of the need
for better state telecommunications planning. With such rising costs, most states
find they are supporting inadequate telecommunication systems.

For example, one state's communication systems actual inventory shows that with-
in the state's boundaries there exist at least seven statewide radio relay systems (Fig.
10). These are special purpose systems which are not interconnected with each other.
Each system is operated and maintained by an individual group that has no functions
involving any of the other systems. The problem of consolidating these systems, which
the state is attempting to do, seems to be a simple matter, but the state is faced with
serious obstacles. That is, the state needs (as do other states) financial assistance to
consolidate and eliminate duplicative facilities and services because the costs are too
great for the state to handle this matter on its own. At the same time, the federal
government~which provides funds for telecommunications in many of its assistance
programs—has not provided legislation or funding assistance to states for the improve-
ment of telecommunications on a statewide all-purpose, day-to-day basis.

To further confuse the picture, we find that federal government policy states that
the federal government will rely on private industry for the provision of telecommuni-
cation services. However, federal legislation providing assistance to the states is
generally written in a manner that provides for the federal government to reimburse
the states only for telecommunication expenditures involving capital investments. This
means that the federal government must, as a rule, lease telecommunication facilities
and services and that state and local governments, to obtain federal assistance, must
purchase, own and themselves operate telecommunication facilities and hardware that

could be obtained in most in-
stances from commercial
sources more economically
on a leased basis.
* m ¢ * S~ This is an undesirable sit-
* S 3 uation. The interconnection
o o " Sk " e of state-owned and commer-
* b cial systems brings about
divided management over
i *© LI R <§<\ communications—a situation
: SIS IR -% that can resultin lowering the
&L o *5 ) quality of service and bring

Figure 9. Trend in telecommunications
at the state level,

I © i i about delaysin maintenance.
|: ) "wi "= o * 0 \ Actually, federal regulations
e a i ot tend to prohibit the intercon-
nection of state- andlocal gov-
ernment-owned systems with
those of the common carriers
for these reasons, except
Figure 10. Existing state agency radio installations. during periods of emergency.
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This, then, is a part of the environment with which the Federal-State Telecom-
munications Advisory Committee must cope in the accomplishment of its mission.
Now, let us look at the environment at the national level of government.

TELECOMMUNICATIONS AT THE NATIONAL LEVEL

At the national level of government we find:

e A Director of Telecommunications Management/Special Assistant to
the President for Telecommunications in the Executive Office of the
President. In addition to many other responsibilities, he is charged
with coordination of the telecommunication activities of the executive
branch of the government, including those for day-to-day and mobili-
zation operations.

e A National Communications System, being developed by a single
manager on an evolutionary basis to meet the requirements of the
federal government under all conditions.

e A Federal Communications Commission which has regulatory author-
ity over the nation's communications industry,

e A General Services Administration charged with the procurement of
services for the federal government.

e A continuing review by the Director of Telecommunications Manage-
ment of communications requirements in support of the nation's
goals and objectives.

We also note the development of nationwide telecommunication systems by the federal
government—telecommunication systems, which, if connected to state systems, can
make the nation's telecommunications more responsive to government operations—
federal, state, and local. For example:

¢ The National Communications System, now composed of approxi-
mately 47 formerly independent and separately managed systems,
offers a means whereby federal and state governments could more
clearly coordinate in the accomplishment of their goals.

® The Federal Bureau of Investigation in cooperation with the Federal
Department of Justice and the states is developing a National Crime
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Figure 11. National crime information system concept.



Information System (Fig. 11). This
system eventually will serve all na-
tional law enforcement officials. It is
partially in operation and is expected
to be greatly improved by the end of
1969.

e The Department of Commerce, through
the Environmental Science Services Ad-
ministration, is developing a Natural
Disaster Warning System (NADW ARN)
(Fig. 12) to serve approximately 2900

Figure 12. Communities to be connected by g?;?ézunﬁlfti:ﬁroughOUt the Unlred :

. . y, the NADWARN will
the NADWARN teletypewriter network, complement the National Warning Sys-
tem (Fig. 13), which is under the con-
trol of the Federal Office of Civil De-
fense. The NAWAS is a part of the
National Communications System.

e The Department of Transportation through the Bureau of Public Roads
is beginning to develop a nationwide system of communication in sup-
port of the nation's highways. At present, this effort is taking the
course of a study to determine highway communication requirements
and the development of a methodology which can be used for proposed
systems analysis.

For one person to talk to another over a distance beyond the sound of the human
voice, communication engineering standards and procedures must be compatible over
the entire communication path being used. By the same token, the nation's telecom-
munications serve all people and meet a variety of requirements in the collection, anal-
ysis, dissemination, and exchange of information. Therefore, total systems planning
is needed as is effective coordination between governments—federal, state, and local—
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Figure 13. National Warning System, Office of Civil Defense.
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and industry telecommunication officials. In addition, telecommunications policy must
be developed and adhered to in a coordinated manner by telecommunication planners
and managers.

THE FEDERAL-STATE TELECOMMUNICATIONS
ADVISORY COMMITTEE ROLE

The Director of Telecommunications Management believes that the Federal-State
Telecommunications Advisory Committee based on the past experiences of the federal
government in telecommunications planning and management, can materially assist
the states in their development of adequate communications. That is, the committee
can serve in the capacity of developing and recommending to the states:

e A methodology for systems planning which can be used on a continuing
basis—a methodology which takes into account state consolidation of
existing systems and the evolutionary development of adequate tele-
communications to support modern government operations.

e Management structures that the states could adopt to assure the
adequate coordination of telecommunication activities and the de-
velopment of adequate state telecommunications,

e Telecommunication procurement policies that can assure the states
of communications adequacy at reasonableness of costs.

e Steps that can be taken by the states, or jointly by the federal and
state governments, in the overcoming of telecommunications
problems—administrative, legislative, operational, and financial.

e Procedures for federal-state coordination on a continuing basis.

The committee has met several times and certain members have accepted initial
areas of investigation. These include the following:

o How can states develop adequate management structures for the
coordination—federal, state, and local government—of telecommuni-
cation activities?

¢ How can states develop statewide all-purpose telecommunication sys-
tems in lieu of the many separate independent systems that now
exist in almost all states? That is, what methodology can they use?

o How can states consolidate telecommunication funds provided through
federal assistance programs so that cost savings and adequate com-
munications may be provided?

e To what degree should federal and state telecommunication systems
be permitted to interconnect?

e What are the federal, state, and industry responsibilities in the de-
velopment of adequate nationwide telecommunications?

The foregoing are only indicative of the mutual federal-state areas of concern which
the committee will be addressing in the future. The accomplishment of such studies
will not be easy because the existing environment, as described in the foregoing, offers
many obstacles to the solution of the problems facing the committee. Much could be
accomplished in a relatively quick time period if the states should undertake measures
to:

e Establish adequate statewide telecommunication management
structures.
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e Conduct statewide telecommunication planning on a total systems
basis so that all requirements can be considered in systems de-
velopment.

e Conduct long-range planning on a continuing basis.

SUMMARY

The Federal-State Telecommunications Advisory Commaittee has been established
to form a basis for a federal-state partnership in the planning and development of
adequate telecommunications to meet the needs of modern government—federal, state,
and local. Its membership consists of high-level federal and state government
representatives.

Under the chairmanship of the Director of Telecommunications Management in the
Executive Office of the President, the committee serves as a forum to which mutual
federal-state telecommunication matters of interest may be referred for advice and
assistance.

Matters being considered by the committee are complex—complex because of the
financial, operational, administrative, and legislative factors imposing constraints
on the development of adequate federal and state telecommunications. In addition,
management structures appear inadequate, there is a lack of telecommunications co-
ordination between the various levels of government, total systems planning exists in
only a few states, and most existing telecommunication systems are inadequate to meet
the needs of modern government operations—federal, state, and local.

At the same time, we are experiencing rapid advances in telecommunications
technology—advances which could materially contribute to the meeting of communica-
tion requirements in all functional areas. We see great advances in computer-
communication networks, in communication satellite systems, and other means.

We look forward to the prospect of telecommunication centers in the home and of-
fice; to the transaction of business from our homes and offices by videophone; to new
means of public and formal education through communications; and to improved com-
munications in support of highway service and safety, law enforcement, health, wel-
fare, civil defense, science, and other activities.

We see rapidly increasing demands for telecommunications, and note the savings
which may be made by adequate coordination and planning. And we see increased
emphasis being placed on the importance of telecommunications to the conduct of gov-
ernment operations. This emphasis has been dramatized recently by the President's
appointment of a special task force on communication policy and the establishment of
the Federal-State Telecommunications Advisory Committee within the Executive Of-
fice of the President.

The emphasis and the federal and state governments' willingness to join together to
resolve telecommunications problems and difficulties and to establish procedures for
effective coordination and planning are major telecommunication milestones in assur-
ing the future adequacy of telecommunications in support of modern government
operations—federal, state, and local.



A Report on the National Conference on
Highway Communication for

Service and Safety

BERNARD H. FLOOD, Communications Engineer, Arizona Highway Patrol

eTHE 3-day National Conference on Highway Communication for Service and Safety
sponsored by the American Association of State Highway Officials, the Automotive
Safety Foundation, and the International Association of Chiefs of Police convened atthe
Continental Denver Hotel, Denver, Colorado, on August 21, 1967, Cooperating agencies
were the Department of Transportation; the International Bridge, Tunnel and Turnpike
Association, Inc.; the National Association of Counties; the National League of Cities;
the National Aeronautics and Space Administration; and the Public Health Service.

The Steering Committee for the Conference was composed of A. E. Johnson, Execu-
tive Director, AASHO; D. Grant Mickle, Vice-President, ASF; and Quinn Tamm,
Executive Director, IJACP. John C. Kohl, Executive Secretary, Division of Engineer-
ing, National Research Council, National Academy of Sciences, was Chairman of the
Conference.

A broad cross section of government, highway users, service organizations, manu-
facturers, and technical specialists was represented by the 126 attendees of the Con-
ference. The official purpose of the Conference was stated as follows:

To explore the need for—and characteristics of—an advanced communication
system to provide for the safety, security, and service of the highway user.
This Conference is to exchange information between official agencies, man-
ufacturers, user groups, and other interested parties, to help official agencies
determine general performance criteria for such a communication system.

The importance of the derivation of definitive results from the Conference was
stressed by Federal Highway Administrator Lowell K. Bridwell in the opening session.
Mr. Bridwell also expressed his opinion that the United States is presently on the
threshold of the next major highway technological advance.

A definition of the problem and its magnitude, from the point of view of cognizant
highway user agencies, police traffic services and highway official organizations, was
undertaken. Emissaries from representative groups in each of these categories at-
tempted to delineate the parameters and focus the issues of the situation.

Following this, detailed presentations pertaining to individual existing and proposed
motorist assistance programs were outlined. In addition to such suggested innovations
as expanded police patrol, the reporting of disabled vehicles by cooperative motorists,
and increased helicopter and television surveillance, many somewhat unique, complete
motorist assistance communications systems were detailed by their sponsors and ad-
vocates. Some of the more notable of these programs are reviewed in the following.

HELP (Highway Emergency Locating Program) provides for the outfitting of automo-
biles with 5-watt, 27 MHz Citizens Band transceivers. This would enable emergency
calls for highway assistance to be placed by the average motorist. Highway authorities,

Paper sponsored by Committee on Electronic Research in the Highway Field and presented at the 47th
Annual Meeting.
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garages, towing and ambulance services, in addition to 24-hour-a-day CBteams, would
monitor motorist transmissions and arrange for the necessary assistance.

REACT (Radio Emergency Associated Citizen's Teams), the predecessor of HELP,
consists of volunteer CB channel monitoring by organized round-the-clock CB teams.

CRW (Community Radio Watch) is designed to enlist the aid of all land mobile radio
users to cooperate with local authorities by alerting police and other responsible agen-
cies when crimes, accidents, and fires are detected.

A method of strategically located telephone call boxes, directly connected via land-
line to central dispatch points, is finding both experimental and practical use in some
parts of the country. Similarly, radio call boxes canafford emergency communications.
Frequency shift keying tones (70 MHz) are coded to convey '"police," "ambulance," or
"wrecker' information via repeaters to a central dispatch point. Call boxes are in use
that can also provide 150 MHz voice transmissions.

The DAIR (Driver Aid, Information and Routing) system utilizes 27 MHz CB fre-
quencies, It requires an AIC (Aid and Information Center), MRS's (Message Relaying
Stations), magnetic triggering traps placed in the road, roadside transmitters at prop-
erly spaced locations, and interconnecting cable laid between the MRS's and the AIC.
The automobile driver, who must acquire a DAIR console for his vehicle, dials a se-
lected service. Coded tones are conveyed from the vehicle via the mobile CB trans-
mitter to the nearest MRS, thence via cable to the AIC for acknowledgment by a dis-
patcher. For information, the motorist dials "0" and is instructed by the dispatcher
to change to another CB frequency for two-way communications.

RRA (Radio Road Alert) is a method of communicating with the motorist by the acti-
vation of prerecorded messages carried in the equipped vehicle. Coded messages from
low-power, 27 MHz roadside transmitters trigger a memory storage in the vehicle and
cause recorded announcements to be made through the automobile entertainment radio.

A system called "Multicom' utilizes induction radio techniques. Roadside cables
installed within the highway right-of-way are used to establish localized communication
zones at strategic points along highways. Verbal traffic information or routing instruc-
tions are received by the vehicle's broadcast receiver or by special low-frequency
receivers.

Ancillary programs not necessarily requiring direct contact with the moving automo-
bile were described. In this connection such conveniences as changeable visual signs
and information services, as well as emergency necessities (fire, police, medical and
mechanical assistance), were mentioned.

Conference participants deliberated on the technical and economic merits and dis-
advantages of many of these projects during open floor discussions and during later
"workshop' sessions. Objections to the widespread use of CB frequencies were based
on the certainty that frequency congestion and interference would follow. The propaga-
tion characteristics and troublesome "skip" associated with 27 MHz were discussed.

It was pointed out that the utilization of roadside call boxes would require that the
stranded driver abandon his vehicle, thus creating a hazard to other motorists, and
become a pedestrian on the highway at great personal risk. Induction systems and low-
frequency broadcasts would permit only one-way communication and would, hence, be
of limited value to a motorist attempting to summon assistance. The complexities of
operation and the expense associated with sophisticated programmed routing and mag-
netic triggering trap systems were cited as extreme disadvantages. Ideas with respect
to the desired capabilities of a suitable communications system were advanced by high-
way user group and automotive fleet operator representatives.

During a "Technical Considerations'" session, pertinent topics suchas radio spectrum
usage and radio systems, telephone and other wire systems, and the day-to-day opera-
tion and administration of possible highway communications systems were touched upon.
Presentations in these areas were made by federal and state officials as well as com-
mercial executives.

The presentation of formal Conference papers was brought to a close by two timely
submittals stressing the "'systems approach to the ultimate design of a highway com-
munications network. The applicability of the aerospace industries method of approach-
ing similar complex situations was emphasized. Major research projects, presently
in progress under the cognizance of the Bureau of Public Roads, were described.
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At this juncture the Conference members were divided into representative groups.
Four "Performance Criteria Workshops'' —Highway Officials, Police Officials, Road
Users, and Service Organizations—were set up. Each group attempted to reach agree-
ment as to just what the requisites for a potential highway communications system
should be.

The results of the efforts of each individual workshop were summarizedand discussed.
Unanimity of opinion was evident on one key item—the recommended formation of a per-
manent working group or committee to follow through on the myriad of vital issues
brought forth during the Conference.

The end of the Highway Communication Conference was marked by the presentation
of the Conference Report by E. M. Johnson, President of AASHO. Major conclusions
and opinions agreed on during the Conference were set forth in the Report. Some of
these significant items follow.

There has been no concerted demand by the public for a highway communications
system; however, the motorist's need for travel information, assistance, and advance
hazard warnings should be anticipated. Concrete steps should be taken before action is
forced by public pressure.

Although communications systems presently used in the operation of highways are
antiquated when compared to today's air travel and railroad communication systems, a
direct parallel cannot be drawn. One major factor contributing to the difference in
requirements between highway travel and other transportation media is that highway
operations are subject to thousands of different political jurisdictions. Coordination is
vital.

Simplicity, uniformity, reliability, minimum operating and maintenance cost, and
public approval of a communications system are essential. The potential communica-
tion system should be compatible with the vehicle, the highway, the environment, juris-
dictions involved, and the growth that will take place,

The communications system should provide for communication among proper author-
ities, services, and highway users without undue interference. The design of the sys-
tem should preclude the dissemination of information to those not properly concerned.
The ability to determine the exact services needed, and to reassure the caller, makes
two-way voice communication desirable.

Should the radiation of RF energy be necessary in connection with a selected system,
the necessity for availability of frequency allocations may become a serious problem.

Improved and more rapid medical service, increased police patrols, and concerted
efforts to educate drivers (thus eliminating the need for many minor mechanical assis-
tance needs) are desirable regardless of the ultimate highway communications system
to be utilized.

The results of the Conference on Highway Communications for Service and Safety
were very adequately described by the closing remarks of Mr, Johnson in the Confer-
ence Report.

The exploration of the past three days has apparently given each person in at-
tendance some awareness of problems and needs he had not previously had. It
seems rather obvious that industry can provide the necessary hardware and
technology when a determination has been made as to the detailed require-
ments of a communication system to meet the safety and service needs of the
traveling public. The two cosponsoring public agencies intend to use the in-
formation gathered at this conference to draft performance and operational
criteria for a highway communication system which it is hoped will be sub-
stantially uniform throughout the country. Undoubtedly the selection of the
system type and its installation will be controlled by the availability of funds.



A Systems Analysis of
Highway Communications
WILLIAM W. WOLMAN, Chief, Traffic Systems Division, Bureau of Public Roads

*THROUGHOUT the evolution of highway transportation, one-way communication from
the highway to the driver has developed from landmarks and guide posts to route num-
bers and information signs, and from semaphore control devices to traffic-actuated
signal systems. But communication from the highway to the vehicle (roughened pave-
ment, traffic bumps, curbs, etc.) is rudimentary, and communication from the driver
to the highway or from the driver to the control subsystem is nonexistent.

Furthermore, official communications within the needs of the highway system (engi-
neering, operations, enforcement, research, etc.) have grown in a random fashion to
supply particular demands for service. Compatibility among such communications in-
stallations is usually accidental because each design satisfies the requirements of a
special purpose group. Police and maintenance networks are probably the most ex-
tensive systems developed to date. However, attempts to make use of these networks
in emergency situations are usually unsuccessful because of the lack of interconnections
and the capacity of their intended traffic.

State agencies other than police and maintenance have developed their own, and often
parallel, systems. In the interest of overall economy, the entire communications needs
for a state must be considered before establishing the final system for highways. In-
deed, the other agencies should have communications systems analyses undertaken so
that a truly compatible statewide system can be established.

Currently, operational highway communications are amazingly good, considering
that total requirements never have been defined and that no attempt has been made to
design a complete system specifically for highway needs. In fact, the growth of operat-
ing communications has much in common with the way the highway system itself has
evolved. However, the costliness of maintaining several separate communication sys-
tems should be sufficient basis for designing an integrated system. Other considera-
tions are improved service, radio frequency spectrum conservation, additional service,
disaster networks, etc.

Based on this background, the Office of Research and Development of the Bureau of
Public Roads developed a prospectus for "A Systems Analysis of Highway Communica-
tions,'" and on May 22, 1967, entered into a contract with Communications and Systems,
Inc. of Paramus, New Jersey, to perform the study. The report of the analysis is to be
in a form suitable for use by the Bureau of Public Roads and all other agencies respon-
sible for decisions regarding highway communications systems.

This analysis of communication requirements is, in fact, a systems analysis of in-
formation requirements arising from highway planning, highway construction, highway
operation, highway maintenance, and highway use. The word '"communications' as
used here denotes more than the communication means by which information is trans-
ferred. Within this connotation, all of the informational needs that arise from highway
functions are included.

Therefore, the purpose of this research is to structure an integrated system concept
tailored to the information requirements associated with all highway functions. The
objective of this analysis is to develop a logical design concept that interrelates the

parameters of a highway communications system. This logical design concept, or

Paper sponsored by Special Committee on Electronic Research in the Highway Field and presented at

the 47th Annual Meeting.
20



21

< " TOTAL HIGHWAY model, is for use in evaluating forthcoming engi-
rﬁﬁm %‘3&'23"&%’&2;‘? neering designs for proposed subsystems. Also,
l the logical design concept will assist responsible
l MODEL COMPARISON agencies in evaluating their requirements in terms
DEVELOPMENT PRRED L e aTIE of system compatibility, enhanced service, frequency

spectrum conservation, and other factors.

Figure 1. Research approach. An important point, which should be made at this
time, is the distinction between a highway system
and a highway communications system. This is be-
cause the highway communications system, which is

the subject of these comments, is so closely interrelated with the functions of the high-

way system itself,

A highway system may be defined in terms of its function, that is, to provide a safe
and efficient means for transportation of people and goods. The criteria for such a
system would include such factors as maximum safety and minimum congestion,

A highway communications system, on the other hand, functions to provide a reliable
and effective means for the transmission of needed information to support the highway
system. Criteria for a highway communications system would include such things as
reliability and timeliness.

Also, there is a major consideration, which will affect the implementation of the
results of this systems analysis, that should be kept in mind. In the usual process of
a systems analysis, the analysis provides those requirements which must be filled:
Various concepts are developed as a means of filling these requirements and one or
more concepts are selected. Performance requirements are developed, engineering
specifications are developed, and finally some organization delivers to an agency a
system meeting the requirements developed from the systems analysis.

In the case of the analysis of highway communications that is being performed for
the Bureau of Public Roads, it is important to remember that no one agency will ever
engineer a total highway communications system for the entire United States. Rather,
upwards of 30,000 autonomous agencies will determine the subsystems that will be in-
tegrated ultimately to comprise a total communications system for the entire United
States. Moreover, the system to be implemented will be developed in increments over
time and distance and over changes within the autonomous agencies.

The research approach being used by the contractor in the performance of this sys-
tems analysis is organized under two major tasks (Fig. 1). One major task is the
requirements analysis, the other is the model development. From the requirements
analysis, and with input from the model development task, a total highway communica-
tions system concept will be developed. With the model in hand, a comparison will be
made between the proposed subsystem (in the total highway system concept) and existing
subsystems that can be described on the basis of the analysis of current requirements.

Primary subtasks are, of course, identified within each major task. Within the
requirements analysis task there is an analysis of current operations being performed
by reference to literature and an examination of ongoing functions within certain depart-
ments and agencies of the states. Also, an analysis of projected operations is being
performed from literature reference and examinations of current research projects
and experimental projects that can be assumed to generate communication require-
ments associated with highway operation over the next 5-year peridd. From the results
of these two subtasks, the analysis of current operations and the analysis of projected
operations, parameters associated with highway communications system requirements
will be defined.

Within the model development task, the development of the model structure itself is
currently under way. This work will be followed by an analysis of the sensitivity of
the model and a period of model test and evaluation.

The investigation of current operations involves the analysis of ongoing state high-
way department operation which can be abstracted from an investigation within certain
states, from current projects, from conferences and symposia, and from special studies
and reports. It is importantly involving the analysis of ongoing functions obtained by
operations research groups which have taken information from selected state highway
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from an examination of advanced
FINAT REFORT - experimental projects, from con-

ferences and symposia, and from
special studies and reports. Some
of these ongoing projects include:
stranded motorist detection, area
traffic surveillance, route guidance, passing aid, merging control, urban traffic con-
trol, and flow sensing and surveillance.

A discussion of the first-phase effort within a particular state highway department
will describe best one portion of this research. In the assessment of an ongoing
operation, the organization of the state highway functions are examined. These func-
tions then are defined in terms of an analysis of the activities that make up these
functions.

Seven states were selected for an ongoing operations analysis: New York, New
Jersey, Georgia, Texas, California, Nebraska, and Ohio. These states were selected
on geographical representation, on representativeness of certain types of state highway
organizational structure, and on the basis of various communication subsystem activ-
ities that were of particular interest to the project for providing a specific project
data input. A pilot study first was completed in New York and New Jersey and analyzed
before undertaking the formal inventory effort. The procedures were refined and the
visits for specified lengths of time for sampling of informational requirements were
made to all of the states.

The task schedule indicates the way the major tasks and primary subtasks fit into
the overall program (Fig. 2). The operations analysis and the analysis of projected
needs have been under way from the beginning of the project. They were completed at
the end of October 1967 and will be resumed later on an iterative basis. These tasks
are concurrent and interdependent. The results are now being subjected to an intensive
analysis that will continue through March.

At the end of November, a set of
parameters were indentified on the epeoTaR. P ARTENNGE BiFiE
basis of the information collected (LOGATE NEED) | §
through October, and an initial re- 7]
quirements matrix was drawn. These
identified parameters have provided
the basis for the development of an
initial concept for a communications
system, for some hypothetical state,
to fill the needs developed from the
progressing analysis.

MAINTENANCE TRUCK

Under the model development task, — MANTENANCE Th! ‘ﬁfb
model technique was ongoing from ALERT MoToRISTS) g JRTJF—— K. — g
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the model development task was in-
augurated. From November 1967 Figure 3. Example of information flow.

Figure 2. Task schedule.
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MAINTENANCE ACTIVITIES through February 1968, an intensive model develop-
1.0 UPKEEP HIGHWAY ment activity will be in process. During the first
11 NON-SCHEDULED two months, similar to certain other tasks, an initial
B e model was developed. The work will continue and
113 ACTIIO?BX AN VERICLES final development of the model is anticipated at the
1122 SET DETOUR end of February. During March, a formal sensitivity
1133 conouct RePAR - analysis for this model will be performed. The model
il REBORE will be tested during April and the model itself will
1.1,4 1 ADVISORY be used in April and May to compare the proposed

concept with current systems.

Preparation of the final report will begin in Decem-
ber and will continue to first-draft delivery on May
31. After an evaluation by the Bureau of Public Roads,
a final report will be delivered by July 31.

The operations research teams made their entries into the several states with
general guidance of the activity that was to be anticipated. The analysis began by
looking at the organization of the state highway functions. Charts from the "Traffic
Engineering Handbook'' and state sources provided knowledge of typical organizations.
The specific functions—maintenance, for example—were then located within the proper
department and the operating flows of information were followed throughout their
courses. The same approach was also made in sampled county and municipal
governments,

The information which was obtained from actual ongoing operations that were taking
place within specific functions at the time of the operations research visit may be
described by an example. Such is suggested by the informational flow for some main-
tenance functions (Fig. 3). For instance, an inspector has located the need of highway
repair. There is then an information transfer from this inspection point to the main-
tenance office. This need is then sent to scheduling. Scheduling then gathers infor-
mation from weather service, the availability of materials, etc. With this input, in-
formation from scheduling goes back to the maintenance office. Then materials are
dispatched from the supply department, the maintenance office dispatches repair equip-
ment, the proper detour or warning signs are put in place, and the highway repair is
made.

Information obtained on the maintenance activity (and all other activities investigated)
will be organized by orders of categories (Fig. 4). For example, within the maintenance
function, we can assumed one category of activity called "Upkeep of Highway' and this
may be denoted by '"1.0.'" Under
upkeep of highway, we can anti-

Figure 4. Example of information
categories.
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nique the parameters volume, tolerance delay, grade of service, average message
length, error rate, whether digital or analog, can be directly associated with the nu-
merical indicators which refer to the functions and activities previously mentioned.
Entering such a matrix, it may be found that ""Chart 23" applied to the Tolerance Delay
for subactivity 51.3.3. Chart 23 may then contain the information that the tolerable
delay associated with this kind of information for this particular subactivity is cate-
gorized in terms of requirements listed as "Emergency,” ""Priority,” "Routine,’ or
"Administrative.! Measures of such delays may be 30 seconds, 1 minute, 15 minutes,
and 24 hours, respectively. The parameters of Average Message Length for the same
activity may show that the average length is 130 words with an exponential distribution
as shown on another chart.

This has been a broad description of the study that is being performed for the Bureau
of Public Roads for use by all agencies responsible for decisions as to communication
systems associated with highway functions, This paper has described what needs to
be done, why it is being done, how it is being done, and where and when some of the
effort will take place.

This systems analysis will provide a first-generation framework for future system
development. It will reduce the probability of overlooking certain requirements; it
will identify constraints; it will reduce foreseeable problems; and it will produce better
decision criteria for selection of communications.



Electromagnetic Compatibility—A Necessity for
Highway Communications

STANLEY I. COHN, Director, Systems Sciences Research Division, IIT Research
Institute, Annapolis, Maryland

eWITH the growth of the highway systems in the United States and the potential of an
ever-expanding use of the highway system, the need to communicate between various
points on the highway and between the vehicle and the highway system becomes an im-
portant requirement. An obvious answer to the problem and particularly to communi-
cations concerning vehicles must involve the use of the radio spectrum. The highway
system is not the only user, or potential user, of the spectrum which is undergoing
these growth pains. Many other users of the spectrum are also vieing for increased
use of this natural resource. This paper attempts to show what consideration must be
given to electromagnetic compatibility (EMC) in designing highway communication sys-
tems. By not considering these factors in the early design, it is conceivable that a
system could be designed which could be inoperable in the real world.

NATURE OF THE PROBLEM

The ever-increasing use of the highway system implies a need for increased com-
munications to and from vehicles both for purposes of providing information and for
control of vehicular traffic. The design of a system for one of these functions may
differ greatly from that of another because of the types of information involved. Po-
tential electromagnetic compatibility problems, which can exist between these systems
and also other systems that use electromagnetic energy in the environment, also
greatly influence the design and operation of the system.

There are numerous factors that must be taken into account in EMC techniques.
They range from design of components to design of equipment and systems to consid-
erations of frequency allocation and frequency assignment, and also involve economics
of the use of the radio spectrum, the nature of the environment in which the equipment
is intended to operate, and the technical characteristics of the equipment under design
and other equipment in the environment. As one can see from this list, EMC involves
not only the systems under design but must also take into account characteristics of
other systems and must consider a number of nontechnical factors.

EMC AND SYSTEM DESIGN

To best see the approach required to insure EMC, let us examine the path taken
from the requirement for an electronic equipment through the various steps to its use
in the field. By doing this, one can begin to see the picture forming that a small change
in a very early stage can produce radically different results in later stages and con-
versely, when equipment is operated differently from what was intended, how undesir-
able results are often obtained.

The first step in the process is that of determining a requirement for a system or
equipment. At first glance, it is difficult to see how EMC thinking can occur at this
early stage. The requirement is usually for some device to perform a specific func-
tion and, in our case, by means of electromagnetic energy. Since the device uses
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electromagnetic energy, we must be cognizant of the fact that it could be a potential
compatibility problem. Certainly, one must consider which band is best suited to per-
form this function, but he must also consider what competition exists in these bands
for other uses of the spectrum. Here is where the first concept of systems work must
be exercised; namely, trade-offs. We are, of course, aware of examples of trade-
offs—for instance, the weight and volume vs performance—but sometimes in the early
conceptual stage we forget that performance is a function of the electromagnetic en-
vironment in which the equipment is to operate. Sometimes we may be better off choos-
ing a band which does not give the theoretically optimum performance for the intended
use but does, in fact, result in better overall performance when competing in the elec-
tromagnetic environment with other equipment doing other jobs.

Tied hand in hand with this early requirement phase is the allocations process,
First we should define what we mean by allocations as contrasted toassignment. There
are really two types of allocation which must be considered. First, the genererally
accepted definition of allocation—the allocation of frequency bandsto perform particular
functions—and, second, the allocation of equipments to operate in appropriate bands.
The allocation job is the responsibility of frequency management personnel. When
performing this function, the frequency manager must obviously consider EMC. When
doing an equipment allocation, he must review the proposed use to be sure that it meets
the legal requirements set up by international treaties and national rules. He must
also consider whether the proposal makes sense when it is considered with the other
equipment already operating in that band or when it is considered with equipment that
is not yet operating in the future. Again, the trade-off concept must be exercised.

In his other allocation job, the frequency manager is responsible for providing ap-
propriate space in the spectrum for the various services which it can provide. In
exercising this function of subdividing the spectrum and allocating it to various serv-
ices, he cannot neglect EMC. Providing a band to perform a particular function that
is sub-harmonically related to, for instance, a service using high-powered equipment
that would interfere does not really provide spectrum space at all. By contrast, fre-
quency assignment is the process of authorizing a discrete frequency to a specific op-
erational user.

The next step in the process involves writing the specifications for the equipment.
Here, many times, the importance of the EMC portions of the specifications is for-
gotten because the individual concerned with writing the specification relegates this to
a very low level. Many times he will grab off the shelf some already "'canned' inter-
ference specifications which may or may not apply to his situation or equipment. By
doing this, he is not really giving his equipment or other equipment a fair shake in the
spectrum-usage game. What should really be done in, this phase is a consideration of
the environment in which the equipment is operated and the generation of realistic
specifications that apply to this situation. Sometimes, it may be necessary to push the
state-of-the-art to achieve these specifications and other times, they may be impossible
to meet. In the latter case, if the specification cannot be met, at least the causes and
the amount of disturbance to the spectrum will be known.

In many cases, the developmental phase of equipment is the next step of the process,
Here again the development engineer should not ignore spectrum conservation princi-
ples. If he finds that a particular portion of the specification cannot be met, he should
not ask for a waiver for the overall specification but should explain his particular prob-
lem and why that portion of the specification is unattainable. He should also indicate
what levels can be met. With this information, it should also be possible to determine
what the effect of this change will be and the importance of it to the overall spectrum.

The next step in the cycle of a spectrum-using equipment is the design phase. Here
the equipment is taken from a bread board model and turned into a final prototype.
Many times compromises are needed for the sake of production expediency. The de-
sign engineer should be fully aware of good EMC practices and be equally sure that the
changes which he makes do not cause adverse conditons in spectrum usage. To do this,
he must have an awareness of how the equipment is to be used and of the other equip-
ment that exist with it in the field. In following the equipment through the production
phase, he must continually be assured that good practices are being followed.
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Now our equipment is coming off the production line in quantity; but, we must be
sure that it does, in fact, meet the finally agreed upon specifications. This requires
good measurement techniques and good test equipment. We, in the EMC field, have
long been aware that there are problems with test equipment. Good measurements are
not only important at this stage but in prior stages of the cycle.

We finally are ready to put our piece of equipment in the field. It has gone through
all the previous stages of the cycle and now must be assigned an operating frequency.
Here we have an important step from an EMC standpoint. It is very easy to look at a
list and make quick judgment and assign a frequency, but by doing this are we really
playing fair with our spectrum system? Many times, to avoid controversy, assign-
ments are given on a noninterfering basis. Is this because we do not have the spectrum
space available or because we have not taken time to assign that frequency properly
with respect to the rest of the "occupiers'" of the spectrum? Frequency assignment
should be engineered considering as many factors of spectrum occupancy as possible
and should include present and future use of the spectrum. By taking the easy route
now, we may be making it infinitely more difficult to squeeze assignments into the
spectrum at a future time when the secondary user's priority becomes high.

We are now ready to operate our equipment, Will it work? Certainly it will work
if all of the steps have been followed and the right decisions have been made. But the
user is also part of the spectrum-utilization cycle. He cannot make arbitrary changes
without interrupting spectrum balance. There are many examples of this that can be
cited; insome cases he may not feel the effects, although others certainly will.

Suppose we now look at some of our present problems in spectrum crowding to see
how bad the situation is and will be in the future. In his report on "Frequency Manage-
ment within the Executive Branch of the Government," October 9, 1966, the Director
of Telecommunications Management shows many examples and reasons for the crowded
condition of the spectrum. Some of the statistics projected in this report are (a) FCC
licensed safety and special services radio transmitters are growing at a rate of 20.3
percent per year, (b) broadcasting revenues are growing at 12. 3 percent per year, (c)
world telephones are growing at a rate of 7 percent per year, (d) the sales of electronic
goods are growing at a rate of 11 percent per year, (e) the gross national product is
growing at a rate of 5.2 percent per year, and (f) the population is growing at a rate
of 1.5 percent per year,

From this it can be seen that the uses of radio and the radio spectrum are growing
at a much faster rate than our economy. This increased demand on our spectrum re-
sources cannot help but get us into even more difficult problems unless action is taken
immediately. Certainly, everyone has a part to play in spectrum utilization. I am
not sure that we are fully aware of that part, and I am positive that only a very few
know how their part ties in with the others that affectthe overall spectrum usage picture.

By looking at the foregoing statistics, we see that EMC begins to take on an addi-
tional dimension; namely, that of economics. Economic considerations are a very im-
portant part of the quest for better spectrum utilization. The rather large view of the
economics of spectrum utilization is sometimes missed. Examples of this are the im-
pact of a service or new use of radio energy on the economy, the cost of changing al-
location, and capital investment in equipment manufacture,

Sociological factors also play an important part in the spectrum utilization picture.
The ability to communicate information to large masses of people can obviously change
their social patterns and, conversely, the sociological needs of people influence the
services that can be provided by the spectrum. Political and legal implication influence
the use of the spectrum as well. International treaties, national legislation, and reg-
ulations concerning the spectrum are all important considerations.

EMC IN HIGHWAY COMMUNICATIONS

The aforementioned considerations apply to any electronic system that uses the
spectrum. The purpose of the rest of this presentation is to illustrate, by example,
some of the EMC factors that have to be considered in the design of highway communi-
cations systems.
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Suppose one looks at the present emergency highway communication system, which
uses radio, on the Washington Beltway. There are radio call boxes placed on both
sides of this highway. These are periodically spaced around the Beltway. The system
involves pushing one of several buttons, depending on which type of emergency is in-
volved, and a coded signal is transmitted to a central headquarters and then the ap-
propriate emergency vehicle is dispatched. I do not have data on the frequency of use
of this system but I imagine that the time occupied in transmitting the information from
the emergency call boxes is a very insignificant fraction of the total time, probably in
the order of minutes per day. In order to insure that interference-free messages ar-
rive at the central headquarters, this system must operate on a clear devoted channel.
It is, therefore, using the frequency spectrum in a somewhat inefficient manner., If
my assumption is correct, the time occupancy of the channel in actual transmission is
quite small but the channel must be available for use at any time. The question then
arises: Is availability a use?

Since the use of the radio spectrum is obtained without charge, the utilization of the
radio energy to accomplish this mission has probably turned out to be the least costly
means. In fact, the spectrum does have value and its use in transmission of energy
and being available to transmit energy should be measured in some economic terms.
The fact that no other user can occupy the channel means that the incumbent user must
bear the complete cost of this channel. If one were to charge for the use of the spec-
trum, an economic analysis would show that a radio system from these fixed locations
around the Beltway might be very costly. A system using land-lines for this function
might probably turn out to be considerably less expensive. However, the above is at
the moment merely speculation, since there are not means of measuring the economic
value of spectrum usage. In the future, it appears that some means of establishing this
value will be found. As spectrum crowding becomes severe, some value critieria will,
of necessity, have to be established. When this happens, the systems that can utilize
alternate means without great economic burden will be required to change their mode
of operation.

This first example serves to illustrate the economic factors that must be considered
in systems design. Although this is an existing system, it is quite possible that it may
set the pattern for future systems, and serious examination of the above factors must
be given before we crowd ourselves out of the spectrum.

Another example that would tend to illustrate the effects of man-made noise on the
systems design will be given next. Consideration is being given to an inductively cou-
pled highway communications systems between vehicles and a base station or stations.
Such a system would be low-powered and in a sense be very conservative on our spec-
trum resources. The main undesirable feature of this type of communication is its
susceptibility to the ignition noise generated by a vehicle. This ignition noise problem
has been pretty well conquered in the land mobile services by the use of the resistive
ignition wire or resistor spark plugs in the vehicle containing the mobile equipment.
Occasionally, interference is experienced when unsuppressed vehicles are close by,
but the probability of this happening for any length of time is quite small and the serv-
ice is generally satisfactory.

In the situation where inductive coupling between the vehicle and communication sys-
tem is used, the ignition noise problem takes on a different complexion. Since all ve-
hicles are always close to the antenna (requirement of the system), ignition noise from
all vehicles will be additive and the resulting noise might well be considerably higher
than the signal. Conquering this problem will require all vehicles to be suppressed to
a great degree, and the resulting cost might be too large a burden for the public to
bear. This mitigating noise factor must be balanced in the design of this type of high-
way communications systems,

In this example, we have seen that the characteristics of the vehicle become a very
important factor in the design of the communication systems. Although the use of the
spectrum by such a system might generally be reduced, the noise problem would be
the controlling factor. An alternate approach, which might serve as an example, might
be the use of present land-mobile type equipment to perform this highway-to-vehicle
communication function. Here one really gets into spectrum crowding.
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The use of the land-mobile band to perform the highway communication function
has several major problems from an EMC standpoint. As noted earlier, the growth
of the FCC Licensed Safety and Special Services Radio Transmitters has been ap-
proximately 20. 3 percent per year, This is mainly in the land-mobile services. In
addition to this, the other land-mobile users are experiencing a similar growth. The
number of users has been steadily increasing in the past few years. More business
and industrial users find that this method of communication is a great aid in their busi
ness. In urban areas, the spectrum squeeze is particularly noticeable.

In a number of the larger cities the conditions are such that there is no additional
spectrum space available within the allocations to accommodate these services. Be-
cause of shared usage of channels, some of the users have actually resorted to other
means of communications. A number of other potential users have decided not to join
an already crowded situation. If more spectrum space were available for land-mobile
service, there would no doubt be a very great demand in urban areas. Although the
urban area problem is more severe, increased use of the land-mobile type service for
highway communications must compete with many, many users.

In addition to direct spectrum growth due to greater demand for service, intermod-
ulation problems become quite severe. This then is another problem in the EMC field
that would result from putting this service into the crowded portion of the spectrum.

CONCLUSIONS

In this paper I have attempted to review the EMC field and show the factors which
must be considered in systems design. The examples given were meant to illustrate
how the EMC problem enters into highway communications.

My purpose in presenting this paper has been to acquaint you with the necessity of
including electromagnetic compatibility considerations in your efforts. This is most
important and should be given your full attention when you are considering new systems
in the highway communications field.



Communication Requirements in the
Methodology of Automatic Control of

Highway Traffic

JOHN J. O'MARA, Associate Professor of Civil Engineering, University of Iowa

®THE transportation system of the United States is the largest system in the world.
Transportation is an activity that accounts for about one-fifth of the economic effort

of the nation, an activity with a monetary value of approximately $170 billion per year.
Intercity freight and passenger movement involves more than a trillion ton-miles and
a trillion passenger-miles, respectively (1). Undoubtedly the transportation system
is responsible to a great extent for the high state of economic and technical develop~
ment of this country.

However, in many aspects the system is not functioning well. The provisions for
the movement of small packages of goods and for short- and medium-haul passenger
transport, for example, are quite poor in many respects. Many countries, much less
affluent and with lesser transport facilities, have better and cheaper services in many
transport functions.

The highway segment of the transportation system in the United States is no excep-
tion to the general situation. It is the most highly developed system in the world and
has provided mobility, land access, and individual choice of mode to a degree beyond
comparison. The system contains more than 3. 5 million miles of roads and streets,
and the number of vehicles is almost 100 million (2). More than half of the population
is licensed to drive, and the vehicles are driven an average of about 10,000 miles per
year for an annual total of almost a trillion vehicle-miles (Fig. 1).

Much of this travel is confined to a small
portion of the highway network. Consequently,
// serious congestion and delay are common-~
/ place, as are the consequent frustrations and
b 3 i /i & costs. Traffic continues to grow at about 5
{’ percent per year and seems insatiable, al-
= though large allotments of public funds, land,
and other resources are appropriated to ac-
commodate increased travel.
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The safety situation is more serious than
the functional deficiencies. Motor-vehicle
= i B operation produced more than 13 million ac-

‘ ‘ cidents in 1966, with 53,000 persons killed,
Z / almost 2 million injured, and $10 billion in

£ . costs (3). The accident situation has been

worsening in recent years. From 1936
through 1961 the annual death toll remained
at about 38, 000 per year, with fewer during
Figure 1. Highways, vehicles, and travel World War II. In 1962 the toll jumped above
in the United States. 40, 000 for the first time and then it grew
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TABLE 1

MOTOR VEHICLE DEATHS AND DEATH RATES
DEATHS PER

1%
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steadily through 1966, increasing about [ HEHICLENTLES
40 percent in 5 years (Table 1 and Fig. 2). T 0
Of equal significance are the corre-
sponding changes in fatality rates. The e S s Sttt

number of fatalities per 100 million
vehicle-miles rose from 5.2 in 1961 to Figure 2, Traffic deaths and death rates.
5.7 in 1966, an increase of 10 percent,
The population rate increased 30 percent
in the same 5-year period.

Even before 1962 it could be said that (a) motor-vehicle accidents are the third
leading cause of death in the United States; (b) more American lives have been lost
in motor-vehicle accidents than in all of the wars in which the United States has en-
gaged; (c) more children die as a result of motor-vehicle accidents than from any other
cause; (d) half of the victims are in the prime of life, between 15 and 44 years of age;
and (e) from the social and economic viewpoint, motor-vehicle accidents could be con-
sidered the most serious cause of death and injury in the United States. Air pollution
resulting from vehicle operation is becoming a serious health problem, and motor-
vehicle noige is contributing to hearing loss and ear injuries.

AUTOMATIC CONTROL OF TRAFFIC

Many authorities now agree that a reasonable degree of safety and efficiency will
come to highway transportation only with the development of an integrated system in-
volving a large measure of automatic control (4, 5). From the viewpoint of safety,
many feel that the driver is doing about as much as can be expected of him and that the
system involves operations that are too complex, too fast, too dangerous, and too
monotonous to be controlled without extensive use of automatic devices.

Support for this proposition comes from the other principal modes of transport of
persons—air and rail. These media have
been made safer only by taking away from
the operator more and more of the opera-
tion of the vehicle and the decision-making.
Ross (5) says, "In an ideal (automobile-
like) system, control of the vehicle would
be relinquished. "

Results achieved on existing highways
through full control of access also illus-
trate the safety value of automatic control
(Fig. 3). It is to be noted that partial
control of access is not effective and that
0 full control of access requires elimination
e i T oan POrS of grade crossings and usually implies a

freeway facility. The freeway automat-
Figure 3. Effect of control of access on accidents  ically separates opposing traffic, auto-
and fatalities. matically eliminates cross traffic, and
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automatically restricts access to a few locations especially planned to receive and dis-
charge traffic.

Increased Efficiency

Automatic control of traffic would also increase the efficiency of the system. Safe
headways between vehicles could be shortened because of the reduction in reaction
time, with a corresponding increase in capacity (Fig. 4). Headways could be further
reduced if controls eliminated skid, dive, and brake fade. A competent control system
would permit full use of all lanes on a multiple-lane highway during heavy directional
flows. Median strips and their barriers could be eliminated and the overall roadway
narrowed. The maximum capacity of two-lane roads could be developed by providing
for passing maneuvers whenever safe, rather than depending on the driver's judgment
and on sight conditions.

There would be many other benefits. Travel times would be reduced and rides
would be smoother and more pleasant. The mental, nervous, and physical condition
of the driver should be greatly improved. He would not need to steer a car continu-
ously, without respite. He would be relieved of practically all the tension-producing
incidents, which occur as often as every few seconds in dense traffic and can add up
to several hundred in a day's driving. There is little question that an effective control
system will cost a lot of money, but many proponents of automatic control claim that
the increased efficiency will save enough on new construction to pay for the system.

THE TECHNOLOGY OF CONTROL

The sense of proposals for traffic control systems can best be understood, perhaps,
by an illustration of one approach to the problem. A highway could be arranged like a
railroad with the lanes of the highway separated from each other as are railroad tracks.
Devices corresponding to switches, turnouts, crossovers, etc., could be designed to
provide for access, egress, and movements from lane to lane. Some equivalent of the
railroad's traffic control and compliance enforcement system—the block system, cen-
tralized traffic control, complete automatic control—could be applied and presumably
would yield equivalent safety.

Such an arrangement would be cumbersome and inefficient, and much better systems
can be designed using more modern and sophisticated equipment, but the use of a rail
or its equivalent may be feasible.

Guidance and Spacing

A guidance system is required. For a number of
years approximately 30 percent of motor-vehicle ac-
| cident deaths have resulted from single-car acci-
INTROL dents, most of them involving a car running off the
road without having been involved in a collision in
the roadway, and most frequently on relatively level,
- tangent sections of highway under good roadway and
climatic conditions. A spacing system is required
7777 ==h_ manuRL conTRoL also to prevent a vehicle from being involved in a

7 s . collision on the roadway.

; = Many devices and systems for guidance and spac-
7/ T 11 ing have been proposed or developed. Some proto-
types have been demonstrated, and some components
are being used in real traffic control. Much pub-
lished material on these subjects has appeared in
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Figure 4. Capacity with manual turers in the automobile, electronics, communica-
control and with automatic tions and control industries have devoted some ef-
control. fort to research in automatic control of traffic.
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Devices for guidance include one using a wire or cable in the center of the lane
sensed by magnetic pickups on the vehicle, one involving two wires and a different de-
tection system, a dual radar beam device, colored stripes followed by photoelectric
cells, radioactive isotopes detected by scintillation counters, and a mine-detector type
of apparatus. A mechanical guidance system may be required to cope satisfactorily
with unusual forces (such as those involved in skidding) encountered in some vehicu-
lar, climatic, roadway, and traffic conditions. A rail, a groove or some similar de-
vice could be employed, and some existing applications of these could be adapted to
highways. For example, the subways of Paris and Montreal use vehicles that ride on
rubber tires but that also have flanged wheels and rails for safety and for some guid-
ance functions, Horizontal guide wheels bearing against rails outside the vehicle body
or against a guide rail in the center of the lane have been used. Another arrangement
is the rail-road vehicle which operates on rubber tires on road or track but which is
guided by flanged wheels when on the railroad. The latter system is in development
for use in buses in the New York metropolitan area.

For the most part, lateral spacing will be accomplished satisfactorily by the proper
arrangement of guidance elements. Longitudinal spacing is primarily concerned in
the simplest applications with maintenance of safe headways in unidirectional flow.
Suggested devices include detector coils in the roadway coupled to roadside detector
units that transmit signals to the vehicles, radar-type devices that continuously mea-
sure the distance to the preceding vehicle, and block system arrangements somewhat
similar to those used in rail transportation. Some of the systems recently developed
for use in mass transit, such as the San Francisco Bay Area Rapid Transit system,
might merit adaptation to highway traffic control.

At this time there is little need for concern over duplication of effort in developing
different devices to perform somewhat the same function. Experience with control
systems for other modes of transportation indicates that more than one safeguard is
needed for any situation, and it is best if these are based on different but compatible
means.

THE METHODOLOGY OF CONTROL

The technology of automatic control of highway traffic is entirely feasible, Much
of it has been feasible for years; at the Arden House Conference in 1958 it was agreed
that ""Means for performing many functions . . . are technically achievable. Besides
the word of authorities working on the problem, this is confirmed by the phenomenal
progress in the development of electronic systems in aircraft, guided missiles and
automation' (4). What is lacking is the methodology, i.e., the specification of what is
to be accomplished by the control system. To quote again from the conference report,
"Electronic scientists alone cannot provide solutions. The greatest need for progress
today is a clear-cut definition of the various traffic and safety problems to be solved."

Such definitions, or methodology, must be supplied by highway engineers. The first
requirement is to agree on a set of goals and adopt a policy. To that end the following
principles are suggested as fundamental rules for an automatic control system for
highway traffic:

1. The vehicle should move efficiently on the highway from entrance to exit.

2. The vehicle must hold properly to an arranged path.

3. The vehicle must not collide with a person, another vehicle, an animal or other
object.

The second and third principles should cover all types of accidents on the highway.

Subsidiary conditions must be developed and established. For example, the system
must "fail safe" and must possess a very high degree of reliability, and it is suggested
that any required changes in the vehicle should not materially impair its mobility when
off the controlled highway. To illustrate the extent of the need of methodology, Figure
4 was left dimensionless, because there has been no agreement on the safe headway
requirements under manual control, let alone automatic control.
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il At s O R The communications required in control sys-
: tems for highway traffic will depend on the type
of control technology, the degree of control to
be exercised, and the order of the control sys-
tem. If, for example, the guidance system em-
ploys a mechanical linkage of the vehicles to a
e fixed path such as a rail or a groove, the con-
= .Wm”m]- trol system and the associated communications
: required to maintain the vehicle in the proper
Figure 5. Speed control, manual. path will be vastly different from that employ-
ing a radio-wave type of connection between
the vehicle and the road.
Maintenance of proper speed will be com-
mon to most systems and can serve as an illustration. In the ordinary operation of a
vehicle the driver performs most of the control tasks, and he performs them on the
basis of his desires and information coming to him through his senses~principally
vision, but also including hearing, touch, balance, etc. The ordinary contemporary
vehicle furnishes one additional control element, a feedback communicated to the driv-
er by a speedometer [Fig. 5, adapted from Pitman (9)]. With this information the
driver can control his speed to meet desired or required conditions by operation of
accelerator or brakes and in so doing he allows for changes in grade, roadway, and
traffic conditions.

Under automatic control the speed control mechanism becomes much more com-
plex, as shown in Figure 6 (10). Here, with the inputs coming from the driver's de-
sire, from the control system, and from external disturbances, many pickups and
feedback loops are required to produce the required gain in the system. There is no
doubt, however, that it can be accomplished. Automatic speed control devices satis-
factorily responding to driver input are common on many of today's vehicles, and a
system such as that shown in Figure 6 has been demonstrated in a field test installation.

It can be seen that, under manual operation, most of the communications are con-
cerned with messages originating outside of the control system and transmitted to the
driver. With automatic control, much of this is inside the system and consists of
transmitting messages or signals from one element of the system to another element
of the system. There is no need, and in fact it is undesirable or impossible, to trans-
mit all the data to the driver also.

The function of the driver primarily will be to monitor the operation to assure its
proper functioning, and he will need the right to override the control system in the
event of a malfunction. In this respect his task, and the role of the communications

e |

RANGE ERROR SIGNAL
{ FROM SPACING CONPUTER)
NEHICLE

\\_k/’“\\ BRAKE VEMIGLE BAARNG] DECELERATION
| A0 DLEELOATING
\ 7 SERNO 1 DYUAMIES

EXTERNAL D\STURBANCES
(WILLS, WIND, ROAD CONDITIONS)

MANUAL CONTROL
SIGNAL

THROTTLE

_— VEWICLE

& wRoTL m—.m mo pRwE 'ME;m YELOCITY

= glgsaif SERVO raacs [ ToRGH | OiNAWES 1
SIGNAL

AUTOMATIC.
CONTROL DIGNAL

Figure 6. Speed control, automatic.



35

system, can be likened to that of the airplane pilot and the air traffic control system in
the operation of aircraft under instrument flight rules. The motor-vehicle operator
will need sufficient information transmitted to him to assure him that the vehicle and
control system are performing properly and meeting input requirements, to inform
him of his position in the system both fundamentally and with respect to nearby ve-
hicles, and to advise him, in advance, of any changes of position or speed that are
going to be effected by the control system. Much of this can be accomplished with
visual displays and oral messages inside the vehicle in addition to some external dis-
play messages. In all likelihood the driver will need a means of direct communica-
tion, such as a radio receiver and possibly a transmitter.

Communications Technology

Techniques, devices, and systems are available or feasible for all the communica~-
tions requirements of automatic control of highway traffic., This was apparent at the
time of the Arden House Conference and has been substantiated and reinforced in the
intervening years.

The National Conference on Highway Communication, held in August 1967 at Denver,
was not specifically concerned with automatic control, but the following comments,
taken from the conference report of E. M. Johnson, President, AASHO, are
pertinent (11).

The story of transportation has been related to the story of communica-
tion. There has been an evolution from blazes.on trees and piles of stone
to the familiar highway signs and signals of today. Now the environment
has changed, volumes and speeds of traffic have increased and drivers have
to negotiate a complicated highway and street system, A driver is required
to make many split-second decisions based on judgments of factors over
which he has control and factors over which he does not have any control.
The information on which decisions are based is practically all obtained
by visual observations of the driver.

It was stated that the communication systems presently used in the opera-
tion of highways are outmoded whereas air travel communication systems
are greatly advanced and the railroads use centralized traffic control and
freight car location communication systems. . . ,

The exploration of the past three days has apparently given each person
in attendance some awareness of problems and needs he had not previously
had. It seems rather obvious that industry can provide the necessary hard-
ware and technology when a determination has been made as to the detailed
requirements of a communication system to meet the safety and service needs
of the traveling public.

NEED OF RESEARCH

The urgent need in the field of automatic control and communications is immediate
creation of an all-out, intensive research and development effort. Although general
requirements extend to the consideration of radically new and exotic means of trans-
portation, there is a critical need to deal with a combination of wheeled vehicle, road-
way, and driver not differing substantially from the present components.

The work will be costly and it will be difficult, but it can be done. It can be started
immediately, because funds in terms of tens of millions of dollars could be made avail-
able from federal and state funds appropriated for research and for highway safety.
Additional millions should be available from public health funds. Certainly sufficient
talented manpower and sufficient material resources are available.

There is no need to delay research work while awaiting results of efforts to im-
prove the investigation of accidents and the preparation and analysis of accident re-
ports. From the standpoint of accident prevention through traffic control, the basic
actions of the vehicle during the accident event are well enough known to provide a
foundation for the development of preventive measures. In the great majority of acci-
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dents the basic actions are two—either the vehicle collides with another vehicle, a per-
son, or an object within the roadway, or the vehicle leaves the roadway and collides
with an obstacle.

SUMMARY AND CONCLUSIONS

The highway transportation system of the United States is the largest and most highly
developed system in the world. Yet it is not functioning well. Serious congestion and
delay are commonplace and the casualties resulting from motor-vehicle accidents con-
stitute a continuing catastrophe. Fatalities rose from 38,000 to 53,000 in the five-
year period from 1962-66, an increase of 40 percent. Fatality rates, both on a mile-
age basis and on a population basis, increased alarmingly during the same period. The
motor-vehicle accident problem is one of the most serious problems in the United
States.

There is a hope and a prospect that in the digtant future relief and improvement will
come through the development of new and exotic forms of transportation. However,
there is an immediate need to deal with the present highway situation and in terms of a
combination of wheeled vehicle, road, and driver not differing substantially from pres-
ent components.

Many authorities now agree that an acceptable degree of safety and efficiency will be
achieved in highway transportation only with the development of an integrated system
involving automatic control to the most feasible extent. The logic of this position is
based on the performance of air and rail transportation systems and on the beneficial
experience with freeways and other highways where a considerable degree of control
is exercised. The critical need is a great research and development program com-
mitted to produce such a system.,

Research work can begin immediately, because existing knowledge of the accident
event is sufficient to provide for the specification of most end results required of the
control system. Fundamental principles of those specifications, or the methodology,
suggested are: (a) the vehicle should move efficiently in the system; (b) the vehicle
must hold properly to an arranged path; and (c) the vehicle must not collide with a per-
son, another vehicle, an animal or other object. In addition, the system must be
highly reliable, must "fail safe," and must meet many other criteria.

All of the required technology of control and communication is available or feasible.
Certainly sufficient talented manpower and sufficient material resources are available.
The work will be costly, but funds should be available from research, safety, and pub-
lic health appropriations—federal, state, and local. It is anticipated that the costs of
research and development and of the implementation of the developed system will be
repaid by the gains in efficiency of the system in addition to the reduction in accident
experience,

It is likely that the eventual system will differ from today's arrangement in many
respects, but competent research can be trusted to produce a satisfactory solution
that will meet objectives. For if research can develop and launch a space vehicle,
control it in flight thousands of miles from earth, and land it on the moon within a few
seconds of its planned arrival time, then research can find a way to safety.
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Use of Surface Waves in Communication

With High Speed Vehicles

ROBERT L. GALLAWA, Institute for Telecommunication Sciences, Environmental
Science Services Administration, Boulder, Colorado

The problem of communicating with and controlling vehicles
moving in a one-dimensional frame is becoming more important
inview of the increasing demands for fast and convenient trans-
portation means. The future will undoubtedly reveal some form
of continuous communication link between moving vehicles (auto-
mobiles, as well as mass transport vehicles)and a central con-
trol or communication station. Recent concern has been with
the possibility of providing a suitable communication link with-
out requiring additional space in the electromagnetic spectrum.

This paper discusses the use of surface waves in communi-
cating with moving vehicles. The results of research being
conducted indicate that, although there are still some unanswered
questions, the surface wave line shows considerable promise as
a potentially useful communication link.

oTHE PROBLEM of maintaining a continuous communication link with a moving vehicle
is one of pressing importance, not only in the area of mass transport but also in the
highway field. Since highways are essentially one-dimensional, the techniques thatap-
ply to tracked vehicles may also be applied to the highways of the future. In this re-
gard, one might envision a limited-access superhighway where a car is under the con-
trol of the driver only until he clears the entrance ramp. He then signals central
control that he wants to '"lock on" to the automatic control device, and he is free to
read, watch TV, or do paper work. The operation of the vehicle would be completely
controlled by a central computer which would maintain the necessary headway, a safe
speed, and be alert to impending dangers. The driver thus gives up the right to pass
other vehicles or otherwise dictate his own vehicle's performance. Since a person
normally uses a private vehicle rather than a mass transport vehicle for reasons of
personal convenience, it is quite logical to assume that the driver is willing to relegate
the responsibility for vehicle performance to the central control facility. The mechanics
of driving the vehicle are not attractive but are necessary if one is to enjoy this per-
sonal convenience.

If completely automatic control of private vehicles on the major highways can be
achieved, then we are in position to combine the best of the mass transport concept with
the convenience and comfort of private transportation. The traveler then need not be
concerned with the problem of dealing with traffic and avoiding dangerous situations.

In short, the driver can give his attention to matters that are his specialty. Thus, mil-
lions of man-hours of effort can be gained by executives and other high-level workers
for whom transit time is otherwise lost.

The concept of continuous automatic control of tracked vehicles is more apparent
and much more immediate. Even the most conservative highway engineers admit that,
in some localities, the convenience of individual vehicles for interurban travel istaxing
our economy unduly and an alternative must be found. If travel by mass media can be
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made attractive, the highway congestion problem can be significantly relieved. In this
regard, the mass transport concept is being pursued vigorously by the Office of High
Speed Ground Transportation of the U. S. Department of Transportation. Research is
being sponsored by that office, which is addressed to the problem of meeting the trans-
portation demands of the metropolitan areas. Interurban travel of the future must be
largely by mass transport media. To be attractive, however, mass transport media
must be clean, efficient, and fast, and must provide the traveler with certain conve-
niences which he, in fact, has a right to expect.

Of considerable importance in the mass transport medium of the future is a com-
pletely automatic control system. This will require a communication link that could
also provide certain passenger conveniences such as television and telephone.

The cybernetics of a completely automatic system clearly would designate the central
control unit (the computer) as the brain and the communication link as the nervous sys-
tem. Thus, the brain can function properly only if the nervous system provides a con-
tinuous link with the functioning members of the overall system. The link becomes
even more important under adverse environmental conditions when the human senses
become less functional. In that case the driver indeed should rely on a "nervous system
and a "brain' not limited by environmental conditions.

”

THE SURFACE WAVE LINE

At the ESSA Research Laboratories, attention is being given to the communications
link as it applies specifically to the mass transportation problem. The work is spon-
sored by the Office of High Speed Ground Transportation and is directed toward the
development of a system that is predominantly a guided wave system with a negligibly
small component of radiation. This would permit the use of a band of frequencies even
though that band is assigned for another use.

The idea of guided waves for use with mass transport vehiclesisnotnew. The British
and the Japanese have both considered this concept and have conducted considerable ex-
perimental research. An excellent article which describes the position of the British
Railways in this regard is given in a recent article by Barlow (1). The British Railways
have, in fact, long recognized the need for uninterrupted coupling between the moving
vehicle and a central communication facility. They have considered various schemes
that would meet the demands of the transportation system (1, 2, 3). The Japanese like-
wise have concerned themselves with various communications schemes for use on the
New Tokaido Line (4). This high speed line between Tokyo and Osaka provides passen-
ger trains running at up to 150 mph. The communication schemes considered in Japan
included both guided and leaky waves (5, 6, 7). In the latter, arrangement is made for
radiation along the length of a waveguide by virtue of slots which can be adjusted to
control the amount of radiation and the pattern.

Figure 1 depicts the nature of the problem and defined tasks; the major items that
the Department of Transportation would like to provide are pointed out. It would be
highly desirable if we could provide a sufficient bandwidth to satisfy the demands of con-
venience as well as safety for the interurban traveler. For example, the TV and tele-
phone are conveniences the traveler has a right to expect. The safety aspects include
providing key pieces of information to the central control unit—headway, speed, location,
and obstacle detection, as a minimum. Ideally, this should be accomplished without
requiring space in the already overcrowded electromagnetic spectrum (8).

The nature of the problem is clearly such that one must seek a compromise at the
very outset. A good transmission line is, by definition, a poor antenna, and an antenna
is a poor transmission line. The nature of a transmission line is such that it provides
the guiding mechanism so that energy does not leave the structure. On the other hand,
an antenna is a device that encourages energy to become detached; i.e., it is an
impedance-matching device that matches the transmitter impedance to free space im-
pedance in an efficient manner, and energy is thus encouraged to radiate fromthe struc-
ture. The problem of communicating with a moving vehicle brings out the basic dif-
ference between these two distinct concepts. On the one hand, a transmission line is
desired in order that additional space in the electromagnetic spectrum is not required.
An efficient device is also desirable in order to reduce the attenuation along the guiding
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“ATION PROBLEMS ASSOCIATED WITH structure. At the same time, a com-

{47 SPEED GROUND TRANSPORTATION munication link with the moving vehicle
A _%’:‘: v Jf%%ﬁ“‘“",‘ . must be maintained without turning to
ol L wswar | | Lgee, the concepts embraced in the definition
W ol e — control " of an antenna. Hence, we are led at

once to a wired-wireless system (as it

i HRECT COMNEATIN e T i e, is sometimes called)—wired inthe sense
‘ @ =% that there is a main guiding line and
L wireless in the sense that there is no
oomGia SR AL MOV wired connection to the moving vehicle.
1S R&D GUIDELINES The research being conducted in-
SPECTRUM ECONOMICS C0ST ECOMPACS dicates that a surface wave line may
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l bt sy canooic oo o " needs of the high speed mass transporta-

o tion program. It can be an efficient de-
vice, having low loss, and yet the energy
can be coupled off at random points at
almost any desired level of coupling.

For our purposes, we define a sur-
face wave simply asthe wave propagating
along the inductive interface betweentwo
media without radiation. It is distinguished from the leaky wave by the fact that there
is not a continuous radiation of energy but, rather, the wave is bound to the surface by
virtue of the boundary conditions. Radiation takes place only at curvatures, nonuni-
formities, and discontinuities. In this sense, radiation is taken to mean energy con-
verted from the surface wave field to some other form. Because the interface between
the two different media acts to bind the wave and guide it, the wave is sometimes called
a trapped wave.

The chief characteristic of a surface wave is that its phase velocity is less than that
of free space. This means that, in general, the field decays exponentially away from
the structure (Fig. 2 shows how this comes about for the G-line, whichwill be discussed
further). Power flow is parallel to the guiding structure except for the power flow into
the structure due to the losses. There is a definite relationship between the decay away
from the guiding surface and the phase velocity along the guiding surface. As the phase
velocity decreases, the field concentration increases, i.e., the decay coefficient
increases.

The surface wave structure that appears to be the most promising for purposes of
comr(nunicating with a moving vehicle is that usually referred to as the G-line or Goubau
line (9, 10).

The G-line consists of a circular cylindrical conducting tube with a dielectric jacket
(Fig. 2). The dielectric jacket has the effect of reducing the phase velocity to lessthan
the velocity of light, resultinginanexponential decay of the field in the direction nor-
mal to the surface of the line, even in the case of a perfectly conducting inner tube.

The G-line is undoubtedly the single most important form of surface wave structure in
terms of application. The principal mode is symmetrical about the line and has only
an electric field component in the direction of propagation. The equations in Figure 2
give the variations of the field components of this mode along with the respective large
argument approximations; the demonstration of the exponential decay is thus shown.
The equations are valid outside the dielectric coating.

In the G-line configuration, as with any surface wave structure, the surface reactance
(the ratio of Ey /Hg in Fig. 2) that the wave experiences at the surface of the guiding
structure is related to the phase velocity and hence to the radial decay coefficient, p.
One of the important considerations in the design of a surface wave structure involves
a choice of line parameters; the compromise in choice between dielectric constant,
dielectric thickness, and inner conductor size must be made on the basis of tolerable
attenuation, reasonable cost, and proximity of scattering objects in the field. A change
in frequency can offset a change in any of these parameters. The difficult aspect of
this stems from the fact that the interrelation between line parameters, frequency,

Figure 1. Pictorial representation of communication
problems associated with high speed ground
transportation.
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Figure 2. Cylindrical surface wave line with expressions for the field quantities and the large argument
approximations.

attenuation, and decay coefficient is very complicated and not amenable to analytic con-
siderations. Hence graphical techniques must be used. We have found that 500 MHz
is the approximate lower practical frequency for lines of interest.

EXPERIMENTAL RESULTS

The major problems anticipated in the early stages of development included the
coupling problem and the unknown effects of the environment. The coupling problem
seemed paramount because it involved the unknowns of how to couple energy from the
main surface wave line to the mobile receiver without undue spurious radiation. In this
respect the advantages of the surface wave concept become evident because the energy
is carried largely in the region outside the guide structure; i. e., most of the energyis
carried in the air but is guided by the surface wave line. Only a small percent of the
energy actually travels in the dielectric region. Because of this, it is simple to visu-
alize a receiving element on the moving vehicle which intercepts a specified percent of
the energy. This can be accomplished, in fact, but one must be alert to the possibility
of causing a significant scattered field in the process. The surface wave is bound to
the guiding structure, but the proximity of any scattering article will cause spurious
radiations. Hence, a receiving element intended to couple energy off the mainline must
introduce minimum discontinuity, insofar as the main line is concerned, to avoid un-
wanted radiations.

The coupling device that seems most logical is a second G-line, identical with the
first, which then acts along a given length parallel to the main line and intercepts a
percent of the energy in the main line. The degree of coupling depends on the nature
of the lines, the frequency, the length of the mobile section, and the separation of the
two lines.

An analysis has been made of the coupling using a coupled transmission line approach,
wherein the two coupled G-lines are thought of as four transmission lines with suitable
voltage and current in each. A transmission line is associated withthe dielectric region
in each G-line and a transmission line is associated with the air region surrounding



‘uolyoss pajdnoo s|1qow ayy pud sul| uibw sy usamiaq Buijdnod sy} uo piop |pjuswiadxe pub [poljelosy] g ainbiy

o1 a £ 2z 0
s wdog
0¥
o1qelaes uoniwawdag od
ws pgr=nonider perdnon i m
L
wdZHT *0 =ENTPRI Iewa] B e 9 loc-
wg LT *pmENIpeEI I9IN0 £
seul] TeonTep] T o
: &
=
5
z01R39u0D) peoT s
oL IOTY IR oL 3
[
]
ZTHD 0§ n>uﬂo=.mauh
neqt raedxy 2>
] 2AIMD POIRMIE) —— —— ———
= EEE
reias H
.Hm._.n.ln._mm, HH
t35an S
e or-
B = I
=
I e
. Sia
i B
Ll
il
Ll

—
T
T

B I



43

each G-line. The boundary conditions are then used to determine the unknown constants.
This approach is possible because of the uniform nature of the lines in the propagation
direction. The result of this approach is a description of the coupling between the two
lines that depends on two hybird propagation constants; each represents a combination
of effects because of the interaction between the two lines.

Data have been taken to demonstrate the feasibility of this technique with very en-
couraging results. Figure 3 shows the measured and the calculated coupling ratio asa
function of separation. The experimental data were taken with a 20° corner as shown.
The 0. 8 dB discrepancy is well within experimental tolerance. The data were taken at
5 GHz (Ao = 6cm). The curve reflects a decrease in coupling level of about 12 dB per
wavelength for separations of more than about a half-wavelength. This is quite typical
for the lines considered. It is interesting to observe this linear dependence on separa-
tion. This is rather encouraging because of the implications concerning compensation
for motion.

A TV picture has been used to test the fidelity of this coupling scheme, with rather
good results. In the upper photograph of Figure 4, the picture was received from a
commercial broadcast and cabled to a monitor about 500 ft from the receiver. For the
lower photograph, the TV picture was put through the coupling loop, onto the main line,
transmitted about 500 ft, received with a horn, and monitored. The difference in
quality between the two is hardly noticeable. This was a live telecast and identical
pictures could not be made. Television pictures were also observed for the case when
the van with the coupling loop was in motion. The quality of the picture remained very
high even though the guiding mechanism for the moving vehicle was quite crude.

The theoretical analysis made by Gou-
bau was based on an infinite isolated line
that was perfectly straight. Insofar as
these conditions are satisfied, the mode,
once launched, will propagate without
radiation, the attenuation being due to the
dielectric and conductivity losses. How-
ever, even in controlled laboratory situa-
tions, one has to admit bends and nearby
objects. In the final system one has to
admit atmospheric extremes also, which
undoubtedly will influence the performance
of the line as a transmission system.

Some data have been taken on the in-
fluence of rain on the line; it depends on
the line parameters and the frequency, as
expected. The data (Fig. 5) show an at-
tenuation due to water accumulation that
varies approximately as f* where f is the
operating frequency.

The influence of birds and rain can be
reduced or even eliminated by shielding
the line. This forces the object to be
sufficiently removed from the high field
strength region and thus have small in-
fluence on the field. Since the field
strength decay is exponential (at reason-
able distances), the shield need not have
a large radius. The shield considerations
have many concomitants, A metallic
shield would obviously shield the field
electrically and the field inside the shield
Figure 4. Photographs showing live telecast as could not then be influenced by objects on
seen directly (upper) and through the mobile the shield. However, there would have to
coupled section (lower). be a longitudinal slit to permit coupling to
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Figure 5. Data on attenuation of surface wave line due to rain.

the mobile line. In the slit region, the field would extend into the surrounding region
and coupling could be accomplished. Alternately, a dielectric shield could be used that
completely encloses the main line. Since the dielectric would not electrically contain
the field, coupling could be accomplished in the usual manner through the shield. In
either case, one changes the original line structure sufficiently that other modes could
be supported and would propagate if excited. Data have been taken with a dielectric
shield surrounding a G-line and the additional attenuation is small, being an additional
10 percent in one case tested. Coupling through the dielectric shield is also no problem,
although higher order modes on the shield itself are known to be excited in some cases.
The radiation due to bends in the surface wave line need not be a problem. If the
radius of curvature is maintained at a reasonable size, there is very little radiation at
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the bend. In fact, loss due to bends with 7T-cm radius of curvature (which is much
smaller than what would be encountered in practice) is a linear function of bend angle.
For reasonable bends the loss is quite small. These data were taken using a small
line at 5.0 GHz. The phase velocity reduction here was only about 2 percent, so the
field decay coefficient was not as small as it might have been. The effects of rain or
other objects and bends can be reduced considerably by reducing the phase velocity,
thereby increasing the field concentration. This demonstrates the compromise one
always faces—the choice of line parameters that gives a suitable balance between line
attenuation and field concentration. Ideally, the field concentration should be sufficient
to avoid substantial scattering by nearby objects and yet should be such that most of the
energy is traveling in air. Indeed, the fact that the line will guide the energy with most
of the energy actually existing in the surrounding air, is what makes the G-line so use-
ful. As more and more of the energy is forced to travel in the dielectric jacket itself
(by virtue of an increased field concentration factor), the losses increase because of
the loss tangent of the dielectric.

CONCLUSION

The research program described here is addressed to the problem of providing a
reliable communications link for high speed mass transport vehicles. The Office of
High Speed Ground Transportation in the Department of Transportation, the sponsor of
this work, is well aware of the crisis that exists in electromagnetic spectrum utiliza-
tion; hence, they are seeking a communications link that does not radiate. The surface
wave line appears to be quite promising in this respect. In this paper, data have been
presented that tend to substantiate the feeling that a wired-wireless communications
link with a substantial bandwidth can be provided.
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Pulse Code Modulation

WINFREE P. TUCK, Manager, Digital Communications Marketing,
Raytheon Company, Norwood, Massachusetts

®CURRENTLY, highway communication is accomplished primarily by means of stan-
dard voice communications techniques, utilizing wire line and radio media. The cap-
ability of the voice system is being taxed to a higher and higher degree as the require-
ments for highway control are increased to meet the demands of our expanding highway
complex. We are rapidly approaching complete saturation of the voice facilities, and
we must, therefore, look to other more efficient communication techniques in order to
satisfy the highway system requirements. The inherent highly redundant characteris-
tics of voice or speech severely restrict the capability of any communications system.
The amount of information transferred by voice is restricted by the nature of the
speech, as well as the characteristics of the particular individual conveying the
information.

A technique is required to pass reliably the maximum amount of information in the
minimum time, without the necessity of a highly sophisticated communication media.
The information to be transmitted will of necessity be alphanumeric information—in-
formation containing alphabet characters and numbers or numeric characters—that is,
normal written or spoken information.

There are several techniques currently used to encode alphanumeric information
into a form suitable for processing and/or transmission by means of a series of pulses.
Some of these techniques are pulse code modulation—PCM; pulse position modulation—
PPM; pulse numbers modulation—PNM; pulse amplitude modulation—PAM; and pulse
duration modulation—PDM,

The pulse code modulation technique refers to the conversion of the alphanumeric
information into a binary form so that the information can be represented by a series
of pulses, each pulse exhibiting one of two possible levels—a binary "1" or a binary
"0." These pulses are commonly referred to as ''data bits" or simply "bits." PCM
techniques seem to afford the best compromise from the standpoint of efficiency, band-
width, compatibility, and ease of implementation, with respect to the other pulse tech-
niques previously mentioned.

The pulse duration modulation technique depends on modulating or varying the rela-
tive widths of a series of pulses in a manner representing the information to be pro-
cessed or transmitted. This technique and the similar pulse position modulation tech-
nique require a low distortion transmission media with a relatively wide bandpass in
order to yield an acceptable error rate or transmission reliability.

The pulse numbers modulation technique is relatively inefficient, since the actual
number of successive pulses is proportional to the information to be transmitted. For
example, the decimal number 5 might be encoded as 5 successive pulses, or the deci-
mal number 10 would be represented by 10 successive pulses. This technique is only
used for a very limited number of applications due to the inefficiency.

The pulse amplitude modulation technique utilizes the relative amplitude of succes-
sive pulses as the information-bearing parameter. Therefore, this technique is very
poor when used in an environment exhibiting excessive background or white noise. The
noise also appears as amplitude changes and can be easily confused with the actual
pulse amplitude. This is generally true of any type of amplitude system, and restricts
its use to a relatively quiet or noise-free transmission media.
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Therefore, the PCM technique appears to be the optimum scheme because of (a) ef-
ficiency—information-carrying capability vs bandwidth; (b) immunity to noise and dis-
tortion—this is a two-level system and thus only the presence (binary "1") or absence
(binary '0'") of a pulse has to be detected in order to make the proper decision, which
allows the data to be transmitted and received correctly over degraded or "noisy"
transmission paths; (c) implementation—the modulation/demodulation and processing
techniques associated with PCM are commonplace and equipment has been developed
and proven for these applications; (d) compatibility—binary data is the common lan-
guage of the current and future digital computer world, thereby affording a high degree
of commonality and compatibility with existing digital data systems.

The PCM data or data bits are configured in a manner appropriate for the particu-
lar application or type of alphanumeric information to be processed or transmitted.
The total number of bits assigned to represent the specific condition or range of alpha-
numeric information is a function of the required precision, resolution, or fidelity of
reproduction. The number of bits assigned is called a ''data word' or simply "word."

A data word of 2 bits can be arranged to represent 2° or 4 unique conditions; e.g.,
Condition 1-1,1; Condition 2—1,0; Condition 3—0,1; Condition 4—0,0, A data word of
3 bits represents 2° or 8 unique conditions; a data word of 4 bits represents 2* or 16
unique conditions, and so on. This progresses as powers of the number 2, and there-
fore the word length can be selected to represent as many distinct conditions as
required.

Binary information has been found to be ideally suited for transmission over tele-
phone-line facilities as well as VHF and UHF radio facilities, The information carry-
ing capability and transmission rate can easily be expanded as future growth dictates,
and the binary format can be arranged to provide the communicator with a universal
language suitable for use with digital computers or processors, displays and controls,
and most functions associated with a highway control and communication system. This
will also allow a message to be addressed to a particular or discrete vehicle, and no
other vehicle other than the addressee will respond to the message. A rather short
binary coded address will provide a large number of different vehicle addresses. A
20-bit binary word would provide in excess of one million discrete addresses (2% =
1,048,576 different combinations).

APPLICATIONS

The capacity of a typical two-way voice radio link, similar to the VHF and UHF
systems currently used by police and metropolitan transportation systems, can be in-
creased tremendously by utilizing a pulse code modulation technique in lieu of voice.
The major problem associated with voice systems is saturation. Saturation occurs
when one central or base station attempts to serve a large number of mobile units.
The mobile units interfere with each other and the base station, resulting in an overall
reduction in system information interchange.

Typically, a taxi communication system, which is inherently a high-traffic system,
will approach saturation when one base station attempts to serve more than 70 or 80
mobile units; a metropolitan bus communication system, which is inherently a low-
traffic system, will approach saturation when one base station attempts to serve more
than 150 mobile units.

The incorporation of a pulse code, discrete address, polling technique can greatly
increase this ratio of mobile units per base station. .

The technique of sequential interrogation is a workable solution to implementing
such a pulse code technique. This is accomplished by programming the central com-
munications center or base station in a manner allowing the center to interrogate the
vehicles or mobile units in predetermined sequence. The mobile unit is not permitted
to transmit until the interrogation signal, containing the proper pulse code address,
is received from the center or base station. The mobile unit then transmits a mes-
sage, also in the form of a pulse code, to the center. When the first mobile unit com-
pletes the transmission, the center proceeds in a similar way to the second, third, and
fourth unit and so forth, until all mobile units in the system have been interrogated.
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This technique prevents more than one mobile unit being on the air at any one time,
thereby reducing the interference and saturation problem, while allowing for the mini~
mum exchange of information, from a large number of mobile units, to the center or
base station.

In comparison to the previously mentioned metropolitan bus communication system,
which approaches saturation with 150 mobile units, the application of sequential in-
terrogation to this same system would increase the number of mobile units served by
one base station from 150 to approximately 4000 units—an improvement in excess of
25-fold.

Some typical applications of PCM in highway communication and control systems
might be route guidance, freeway ramp metering, passing aids on rural and other
limited two-lane highways, emergency control and communications, driver assistance,
overall adaptive freeway control, control of highway intersections associated with
access to major highways in the urban grid, and national emergency.

Route Guidance

The implementation of a route guidance system would require some technique for
identifying and locating all of the major highway intersections in the country, as well
as locations along the roads or links connecting these intersections. This specific
highway identification information could then be processed by a suitable computer and
placed into permanent computer storage, for use in establishing optimum routing in-
formation for specific drivers and vehicles desiring to travel within the continental
United States. This routing information could be supplied to the drivers prior to their
embarking or actually delivered to them by electronic means throughout the duration
of the travel as required.

This information could be presented in a number of ways, depending on the approach
selected to identify the country's highway system.,

Assuming we must identify some 4%z million highway intersections or nodes, and
the associated highways or connecting links, one approach would be to sequentially
address the desired location on a specific highway in the following manner:

1. Specific state;

2. Specific zone within the state;

3. Specific intersection or node within the zone;

4, Specific highway or link accessing the intersection or node; and
5. Specific location on the highway or link.

This technique would clearly identify a specific location on any highway within the
United States, by means of five basic pieces of information., This information could
be converted to a pulse coded word for use in the system computers and for ease of
transmission to the drivers.

The specific state could be identified by means of a 6-bit binary word—6 bits would
yield 64 discrete combinations (2% = 64) which is more than adequate. The zone identi-
fication could use a 5-bit word yielding 32 possible zones. The specific intersection
or node identification would require approximately 3000 addresses. This assumes
equal distribution of 47; million intersections or nodes among the states and state
zones. This would imply a binary word of 12 bits yielding approximately 4000 com-
binations (2% = 4096).

The highways or links accessing the intersections or nodes may be represented by
a 4-bit word yielding 16 possible combinations. The distance along the highway or
link could be resolved into 2-mile increments—an 8-bit word would permit describing
a distance up to 512 miles from the intersection or node (2° = 256, 256 times 2 = 512
miles). Therefore, the total binary word would contain 33 bits, as shown in Figure 1.

This 33-bit word would describe any location, on any major highway within the con-
tinental United States, to within a precision of 2 miles. Utilizing such a pulse code
technique as the basis for a route guidance system would provide the driver with vir-
tually foolproof guidance for cross-country travel, heretofore extremely difficult if
not impossible to achieve.
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LINK Control of Highway Intersections

[ STATE ZONE ] NODE (lntersection) (Highway) ‘ DISTANCE J

h bits J bits 12 bits 4 bits 8 bits ——= One facet Of interseCtion
(54 AT (®) (80%6) (16) —T (238) control may consist of collect-
ing information on the traffic
flow, including speed, direc-
tion, and type of vehicle, and
processing this information
with respect to known param-
eters, such as road capacity,
weather, and routing condi-
tions. The results from this processed information might then be conveyed as action
commands to initiate traffic patterns, allowing the driver of the vehicle to accomplish
his desired goal in a simple and timely manner.

These commands must also be updated as a function of the driver response to the
action commands, constituting a continuing process throughout the control cycle.
Therefore, a highly reliable and economical communications system is required to
deliver the necessary information or commands to the drivers of the vehicles.

The commands could be delivered to the driver via two basic routes—mass com-
mands (the same command for a group of drivers presented on a roadside display) or
commands to localized groups of drivers delivered directly to on-board visual or aural
displays within the vehicle. The transmission media may be conventional radio or a
proximity-coupled inductive radio. However, a pulse code technique is applicable to
either media, and will provide a reliable and efficient means of encoding the informa-
tion for transferral.

The on-board vehicle display may consist of a number of different "canned mes-
sages.'"" Examples of the typical messages may be "move to left lane," '"move to right
lane," "remain in lane," ''right turn next exit,” '"left turn next exit," "increase speed,"
"decrease speed," '"'stop at next intersection,” ""make right turn on red," ''go," "stop,"
"proceed with caution," '"ice," "accident ahead," '"food and fuel ahead," and 'rest area
ahead."

A typical data word for controlling this display could be only 4 data bits in length,
equal to 16 possible combinations. However, to allow for expansion and the necessary
start/stop or synchronization functions, we may select a 9-bit word as shown in Fig-
ure 2. This word would permit the selection and display of 32 different canned or pre-
determined messages stored in the display unit.

The response time of the display system would be determined by the propagation
time of the information, the data rate (number of bits per second transmitted), the
word length, and the display reaction time. In actual practice the display reaction
time would probably be the limiting factor, assuming the display to be an electro-
mechanical device. A typical electromechanical display might be a rotating, multi-
sided drum, comprising various film-type transparencies of the different messages.
The drum would rotate the selected message into position for projection onto a frosted
screen. When the drum is commanded to index, the projection source would be ex-
cited, and the selected message would appear on the screen. The total system response
time would consist of the following:

i 33 Bits Total

Figure 1. Highway location word.

1. Propagation Time—100 feet to vehicle (Negligible, Approx1mate1y 1/ 1000 sec-

ond per 100 MileS) « v v v v v v vt it e e e . . 2 x 10~® seconds
2. Data Word Time~9 bit word (Assume data rate of 75 bits

persecond) ............. .+... 0.12 seconds

3. Display Reaction Time (Assume 16 possible

[ start_ | wessace seLcTioN END selections electromechanically, and each selection

2 bies 5 bita 2vice=]  requires 0,01 seconds) ........... 0,16 seconds

1 Total TiMe . erecmie aiwsce s 0. 28 seconds

A Biee Total An extremely low data rate was selected for this

example. A data rate of 75 bits per second is realiz-
Figure 2, Vehicle display. able over the most degraded transmission media; nor-
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mally transmission rates in excess of 1200 bits per second are reliably achieved over
a relatively poor telephone voice channel or circuit, commonly referred to as a 3KC
voice circuit. Therefore, the data rate could be increased a minimum of 16 times, if
required for system expansion, without a major upgrading of the transmission facility,
whether telephone, radio, or inductive radio channel.

Emergency Control and Communications

The origin of emergency messages is assumed to be the vehicle or the immediate
vicinity of the vehicle. The emergency communications would provide the occupants
of a vehicle a means of soliciting help for various emergency conditions without leav-
ing the vehicle or the immediate vicinity of the vehicle. This would be an invaluable
aid when the emergency condition arises on a remote section of a highway in a sparsely
populated area.

The messages can be "canned” or stored messages to insure a high degree of clarity,
and minimize confusion. Normally, individuals involved in an emergency condition
would be extremely nervous or in a state of shock and would not be able to compose
and deliver a clear and meaningful aural message.

Therefore, the canned message or messages would appear to be the solution. These
messages could be initiated by an individual simply depressing a push button—the button
would be marked with the appropriate message heading or code. Some typical emer-
gency messages might be "medical aid"—injury or sickness of vehicle occupant;
"police''—criminal act committed, such as robbery; "stranded—send help''—vehicle
immobile under extremely adverse and dangerous weather conditions; "accident"—
requires medical and police aid; and "mechanical failure'—vehicle immobile due to
tire or other mechanical failure, no real urgency. All of these messages should in-
clude location information as well as the type of vehicle involved. The location or
position of the vehicle could be established by means of the aforementioned route
guidance highway identification technique. The vehicle description—passenger car,
bus, truck, etc.—could be "wired-in" the vehicle unit at the time of installation,

The same type of pulse code word as previously described for the intersection con-
trol messages would be applicable for the emergency system and would allow for fu-
ture expansion. The actual method of transmission would be virtually independent of
the pulse code modulation technique. However, the transmission could be by means
of a VHF or UHF radio link, or could be accomplished by means of an antenna run
along the actual highway. This antenna could be a single wire mounted on the road-
side barricade, or actually buried beside or in the roadway. The transmission would
be accomplished at an extremely low frequency in the vicinity of 12 to 500 kcs. The
vehicle would contain a low-power transmitter only capable of coupling to the roadside
antenna from a distance of 100 to 150 feet. The roadside antenna could couple into a
remote roadside receiver or directly into a control center, if the center was physi-
cally near the highway under surveillance. Remotely located centers could have access
to the receivers by means of devices connected to the low-frequency receivers, which
would convert the receiver output into a form suitable for transmission over existing
telephone line facilities. The center would then receive the information over these
circuits.

Extending this philosophy further, the vehicle could also contain low-frequency re-
ceivers, and the roadside installations could be made to transmit as well as receive.
This system could be used for voice as well as data communications, and the control
center could also use an automatic interrogation technique (similar to radar ranging)
to determine the distance, and hence location, of the vehicle. Any of these techniques
would be extremely well suited for a pulse code modulation scheme.

Driver Assistance and National Emergency

The detail associated with communication requirements for driver assistance and
national emergency operations will stem from system analysis efforts currently being
performed. This analysis is intended to determine the communication requirements
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associated with the planning, construction, operation, and use of an integrated highway
system.

However, the previously mentioned pulse code modulation techniques and applica-
tions of these techniques will surely lend themselves to the solution of any highway
communication system problem.

SUMMARY

The capability of a highway communication and control system utilizing pulse code
modulation techniques is virtually unlimited, and the sophistication of the system can
be easily changed as future expansion dictates.

A PCM communication system can be implemented in a manner permitting econom-
ical expansion. The basic items of equipment can be designed in a manner that will
prevent premature obsolescence by incorporating pulse code parameters several or-
ders of magnitude in excess of the current requirements. The pulse code technique
will provide this type of expansion capability, without the penalty of excessive cost,
complexity, and physical size normally associated with system equipment employing
other less-efficient data techniques.





