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•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). 
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Figure 1. Highways, vehicles, and travel 
in the United States. 

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 
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. 

TRAFFIC ACCIDENTS 

The safety situation is more serious than 
the functional deficiencies. Motor-vehicle 
operation produced more than 13 million ac
cidents in 1966, with 53,000 persons killed, 
almos t 2 million injur ed, and $10 billion in 
costs (3). The accident s ituation has been 
worsening in recent years. From 1936 
through 1961 the annual death toll remained 
at about 38,000 per year, with fewer during 
World War II. In 1962 the toll jumped above 
40, 000 for the first time and then it grew 
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TABLE 1 

MOTOR VEHICLE DEATHS AND DEATH RATES 

Year No. of Mileage Population 
Deaths Rate• Rate•• 

1961 38, 091 5. 2 20. 8 
1962 40, 804 5. 3 22. 0 
1963 43, 564 5. 4 23. 1 
1964 47 , 700 5. 6 24. 9 
1965 49, 163 5.5 25. 4 
1966 53, 000 5. 7 27. 1 

•Deaths per 100 million vehicle-miles. 
••Deaths per 100,000 population. 

steadily through 1966, increasing about 
40 percent in 5 years (Table 1 and Fig. 2). 

Of equal significance are the corre-
sponding changes in fatality rates. The 
number of fat a 1 it i e s per 100 million 
vehicle-miles rose from 5. 2 in 1961 to 
5. 7 in 1966, an increase of 10 percent. 
The population rate increased 30 percent 
in the same 5-year period. 
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Figure 2. Traffic deaths and death rates. 
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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 noise 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 

Jl 600 ,---"'-,,~=-----::c-on-tr-01 ""'ot'"'A-cc_n_s ---, 12 Jl 
'e "'"' Non~ E 
" 500 "' Partial ,-. 10 ;, 
] Full CO ~ 
! 400 N +-----1'/..H 8 ~ 
.Q ~ ~ 
·e 3~0 

9 ! 8. 200 

j 100 .., 

§ 
4 8. 

"' 2 ~ 
;;; 

~ 0 .__._,_ ....... _ ....,_,__.__.. ...................... 0 ~ 
Urban Rural Urban Rural 

Accidents Fatalities 

Figure 3. Effect of control of access on accidents 
and fatalities. 

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 
full control of access requires elimination 
of grade crossings and usually implies a 
freeway facility. The freeway automat
ically separates opposing traffic, auto
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. 
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Figure 4. Capacity with manual 
control and with automatic 
control. 

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
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 
also to prevent a vehicle from being involved in a 
collision on the roadway. 

Many devices and systems for guidance and spac
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 
recent years (4, 5, 6, 7, 8). Most of the manufac
turers in the automobile, electronics, communica
tions and control industries have devoted some ef
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 ent;rance 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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Figure 5. Speed control, manual, 

OUTPUT 
RESPONS E Communication Requirements 

The communications required in control sys -
terns 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 
fixed path such as a rail or a groove, the con
trol system and the associated communications 
required to maintain the vehicle in the proper 
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 -
man 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 
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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(!!_). 

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 ra i I roads use centra Ii zed traffic contro I 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 comm uni cation 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-



36 

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 distant future relief and improvement will 
come through the development of new and exotic forms of transportation. However, 
ther e 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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