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(ABSTRACT)

The objective of this research is to explore a methodology that can be used for testing and
evaluating AVCS technologies, and, in particular, automatic headway control models for
trucks operating on rural highways. The emphasis is put on the realization of vehicle
headway control in the real world highway systems. System dynamics has been selected
as the simulation tool for developing, testing and evaluating vehicle headway control
models. The following behavior of human driver in a real world highway environment is
studied and simulated. An automatic headway control model, Multiple-mode Vehicle
Headway Control (MVHC) model, is developed for single lane, cars and trucks mixed
flow control in a rural highway system. Using safety and motorist comfort as MOE
criteria and the acceleration noise as the index of motorist comfort, some selected
automatic headway control models are evaluated. This study demonstrated that
simulation affords a means of modeling control processes with various certain and
uncertain factors, and therefore, it plays a key role in the development of automatic

headway control systems.
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1. Introduction

1.1 Surface Transportation Systems: Yesterday and Today

America’s transportation system has been a key factor in the nation’s development and
prosperity. Surface transportation was once a pride of Americans. The vast network of
transportation facilities helped to compress the vast geographic expanse of the continent
into a surprising close-knit society, whose residents feel at home wherever their wheels

may take them.

Mobility became an integral part of agriculture, manufacturing, the life of a city,
programs of education, access to sports and recreation, and the conduct of international
trade, travel, and investment. North Americans were propelled into new ways of living
through the forces generated by a transportation system accounting for 10,000 ton-miles
for freight per capita per year and 10,000 miles of travel for every person inhabiting the
continent.! Although airlines provide a great portion of transportation of people and
goods, motor vehicles continue to be the principal means of transportation in the United

States.



Now the surface transportation system in the United States is at a crossroad. As the traffic
volume on major highway system increases year after year, the level of service of the
roadway system within major cities deteriorates rapidly. The mobility Americans prized

so highly is threatened by congestion, accidents, low productivity, and pollution.

Congestion continues to increase and many of the nation’s roads around metropolitan
areas are badly clogged. Congestion costs the nation an estimated $100 billion each year.'
Safety continues to be a prime concern. In 1991, 41,000 people died in traffic accidents,
and more than 5 million were injured. Traffic accidents drain away about $70 billion per
year.” Inefficient movement of vehicles reduces productivity, wastes energy, and
increases pollution; buses, trucks, and automobiles idled on road waste billion of gallons
of fuel and needlessly emit tons of pollutants each year.

Although traffic demand keeps increasing nationwide, the conventional approach of the
past, building more roads or adding more lanes, can not work in many areas of the

country, for financial, land resource, and environmental reasons.

Recognition of these problems led to the passage of the Intermodal Surface
Transportation Efficiency Act of 1991 (ISTEA). The purpose of ISTEA is “ ... to develop

a National Intermodal Transportation System that is economically sound, provides the



foundation for the Nation to compete in the global economy, and will move people and

. . 4
goods in an energy efficient manner.”

1.2 Intelligent Transportation Systems: Tomorrow

There is no single answer to the whole set of complex transportation problems we are
facing today. A group of technologies known as Intelligent Transportation Systems (ITS)
(referred as IVHS-Intelligent Vehicle Highway Systems in its early stage) thus emerged
as a combination effort of governments, private sectors, and universities. ITS is composed
qf a number of technologies, including information processing, communications, control,
and electronics. Joining these technologies to the surface transportation system can save

lives, time, and money.

The goals for ITS are to improve safety, reduce congestion, enhance mobility, minimize
environmental impact, save energy, and promote economic productivity. Five functional

subjects have been identified as major ITS programs.’  These are:

e Advanced Traveler Information Systems (ATIS)
ATIS will provide a variety of information that assists travelers in reaching a
desired destination via private vehicle, public transportation, or combination of the

two.’



e Advanced Traffic Management Systems (ATMS)

ATMS will integrate management of various roadway functions, including freeway
ramp metering and arterial signal control. Furthermore, ATMS will predict traffic
congestion and provide alternative routing instructions to vehicles over wide areas.®

Therefore, it can maximize the efficiency of the highway network.

e Advanced Vehicle Control Systems (AVCS)

AVCS will enhance the driver’s control of vehicle to make travel safer and more
efficient. Accidents can be avoided, as opposed to just having their consequences
mitigated. AVCS includes a broad range of concepts that will become operational

on different time scale.’

e Commercial Vehicle Operations (CVO)
CVO is an application that use the technologies of the first three subjects on the

operations of fleets of trucks, buses, vans, taxis, and emergency vehicles. !’

e Advanced Public Transportation Systems (APTS)
APTS will use constituent technologies of ATMS, ATIS, and AVCS to improve
operation of high occupancy vehicles, including transit, buses, carpools and

vanpools.’



Now the sixth area, Advanced Rural Transportation Systems (ARTS), has been defined

and added to the ITS program.

ITS can help tremendously in meeting the goals of ISTEA and begin a new era in
transportation in the United States. The succeed of ITS will bring tremendous benefits to
the surface transportation systems of the country in the future. It is estimated that ITS can
reduce traffic fatalities by eight percent by the year of 2011, and reduce traffic congestion
as much as twenty percent in cities that adopt ITS technologies.>'!!? Improved efficiency
of transportation will boost economic productivity, since nearly all economic activity uses

transportation directly or indirectly.



2. Advanced Vehicle Control Systems

2.1 Introduction

Intelligent Transportation Systems (ITS) is a program aimed at solving surface
transportation problems by providing drivers traffic information, vehicle control
assistance, and advanced traffic management. Among all the ITS subjects, Advanced
Vehicle Control Systems (AVCS) plays the key role for eventually solving the

transportation problems we are facing today.

Advanced Vehicle Control Systems include individual vehicle controls, cooperative
driver-vehicle-highway systems, and eventually full automation on certain roadways.
AVCS combines sensors, computers, and control systems in the vehicle and in the
infrastructure to warn and assist drivers in controlling the vehicles, or even assuming the
control task from the drivers. The purposes of AVCS include achieving much higher
vehicle safety levels, ameliorating urban freeway congestion, achieving a new standard
of inter-city highway productivity, and eventually creating entirely new concepts for

surface transportation services.



AVCS can enhance the control of vehicle by facilitating and augmenting driver
performance. The AVCS technologies will enable drivers to operate their vehicles closer
together while maintaining a higher level of safety than at present, by enhancing driver's
ability to detect and avoid hazards and eventually by assuming responsibility for
controlling the speed, steering, and braking of the vehicles. By compensating for the
limitations of the human driver, AVCS makes it possible to achieve increases in road

capacity and safety rather than just offering incremental percentage improvements.

With the development and realization of AVCS, significant benefits will be brought into
surface transportation systems. These include: major increases in highway system
capacity that are much less expensive and more environmentally acceptable than that
achievable by adding additional lanes, easier and safer travel for even less skilled and

elderly drivers, and productivity increases for commercial vehicle operators.

2.2 AVCS Concepts

AVCS will be built upon the technologies developed and deployed during the other facets
of the overall ITS program to solve the safety and congestion problems of the

transportation systems.



The technologies involved in advanced vehicle control systems include: 59

e Driver warning, vision enhancement, and assistance systems
e Automatic headway control and automatic steering control

e Obstacle avoidance or automatic braking

e Automatic trip routing and scheduling

e Control merging of streams of traffic

e Transition to and from automatic control

AVCS is not a single operational concept, but a broad range of capabilities that will be
translated into products and systems in an evolutionary progression. Three stages of

AVCS technology are anticipated and planned. > These are:

e AVCS-I:  Autonomous Driver-Vehicle Systems
e AVCS-II:  Cooperative Driver-Vehicle-Highway Systems

e AVCS-III: Automated Vehicle-Highway Systems

Comparing with human driving process, the three stages of AVCS will bring the progress
into surface transportation as: stimulus enhancement, perception enhancement, and full

automated highways.



2.2.1 AVCS -I: Autonomous Driver-Vehicle Systems

AVCS-I includes only those advanced vehicle control systems that are vehicle based, i.e.
they are only self-contained within the vehicle and do not require the existence of any
roadway or roadside equipment to perform their desired functions. The principal benefit
provided by AVCS-I is safety improvement. With development and deployment of
AVCS-I devices and technologies, there will be significant reduction in the yearly toll of

crashes, fatalities, and injuries.

The principles of AVCS-I can be summarized as: combinations of specifically designed
sensors detect imminently dangerous situations. The system provides visual or auditory
warning to the driver, and, in later evolutionary stage, automatically takes control actions,

such as applying the brakes to avoid collisions.

Some studies have shown that 50 percent of all rear end and intersection-related
collisions and 30 percent of collisions with oncoming traffic could have been avoided had
the driver recognized the danger half second earlier and reacted correctly.'*'> The
technologies included in AVCS-I have the potential to provide a fraction of seconds to
expand the driver’s margins for safety in high risk environment. They can help drivers
sense impending danger, alert them of lapse in their judgment or skills, aid them in

performing the driving task and, ultimately, compensate for some of their errors.



2.2.2 AVCS -II: Cooperative Driver-Vehicle-Highway Systems

AVCS-II requires both vehicle and highway based equipment and utilizes the vehicle to
vehicle and roadway to vehicle communication systems developed in ATMS and ADIS.
AVCS-II begins implementation of a driver-vehicle-highway system whereby vehicle
lateral and longitudinal position is controlled when suitable equipped vehicles are

operated on dedicated instrumented lanes.

The principal benefits of AVCS-II will include increased travel speed and enhanced
safety. Adding vehicle to vehicle and roadway to vehicle communication can enhance
system performance, increase potential safety improvement, and yield some increases in

roadway throughput, thus beginning the evolution toward higher levels of control.

2.2.3 AVCS-III: Automated Vehicle-Highway Systems

AVCS-III includes complete automation of the driving function for vehicles operating on
specially equipped freeway facilities. It incorporates elements in both vehicles and
roadway to provide “automatic chauffeuring” of vehicles from arrival at the freeway on-

ramp to departure from the freeway off-ramp.

10



More significant increases in both safety and capacity are achievable when AVCS-III are
implemented. Faster and more precise automated control will permit vehicles to operate
with closer longitudinal and lateral spacing and while traveling at higher speeds without
sacrificing safety. The capacity of the existing road system will be significantly

increased.

2.3 AVCS Technologies

AVCS technologies provide significant potential for improvement in traffic safety and
roadway capacity, initially by means of warning and collision avoidance systems and
eventually through various stages of automatic control. Although AVCS is generally
regarded as the most long-term of the ITS functional areas, AVCS research and
development has been in progress in a variety of forms for over 30 years.”!® Some
technologies for AVCS (anti-lock brakes, traction control, active suspension, four-wheel
steering) are available as either standard or optional equipment on motor vehicles today

and are increasing their market penetration.

Driver warning, perception enhancement, and assistance/control systems are under active

research, development, and testing in the United States, Europe, and Japan by motor

vehicle manufacturers, as well as by large and small component supplier companies. The

11



Europe PROMETHEUS program includes various “Common European Demonstrator”
projects in the areas including driver warning, perceptual enhancement, and
assistance/control. The application of fully autonomous vehicle concepts to road
transportation has received more attention in Japan, with the projects in the Personal
Vehicle System (PVS) and Super-Smart Vehicle Systems (SSVS) programs. Work on
those concepts has also been conducted in the United States industrial and academic
sectors. Much work is based on military development of “Autonomous Land Vehicles”,

which are designed to operate in hazardous, unstructured off-road environments.

Vehicle-highway automation is currently being pursued under the California PATH
Program. Research, development, and small-scale testing have already been conducted.
Large-scale testing under realistic operation conditions is planned during the next several
years. The work is beginning toward demonstrating the feasibility of significantly
increasing the density of vehicles in a lane of traffic, thereby enabling dramatic increases

in effective freeway capacity.

2.4 AVCS Development

The major factors affects driving safety and road capacity are: perception-reaction time of

human driver, spacing between vehicles and speed of operation. AVCS will bring an

12



evolutionary progress into surface transportation system, from operating assistance to

human driver to fully automatic control on dedicated freeway.

AVCS-I provides drivers technical aids on individual vehicle, which can keep detecting
the changes of driving environment and thus decreases the perception time of human

drivers.

With vehicle to vehicle and roadway to vehicle and partial automatic control, AVCS-II
not only provides further decrease in perception time of human driver, but also the
reaction time to impending danger, thus provides further enhancement of traffic safety.
Moreover, with the technologies of AVCS II, such as platooning, the roadway capacity

will be greatly increased.

AVCS-III will eventually take over the driving task on automated freeways. It can take a
very quick response to any changes of operating environment. The time delay caused by
human driver perception and reaction will be reduced to a fraction of original value, as
sensor and information processing time. With this advantage, AVCS-III can significantly
increase travel speed while decrease the spacing between vehicles, provide great

improvement for both safety and capacity.

13



3. Commercial Vehicle Operation

3.1 Introduction

The activities of ITS America with respect to ITS technologies will ultimately involve all
types of vehicles. Commercial Vehicle Operations (CVO) systems are specially
concentrated on the application of these technologies to commercial vehicles.
Commercial vehicles include trucks, delivery vans, inter-buses, and emergency vehicles.
CVO studies aim at increasing safety, expediting deliveries, improving operational

efficiency, and decreasing operational cost.'

CVO has unique needs because of the special operating requirements of commercial
vehicles. Commercial vehicles are identified either by their physical characteristics
(heavy trucks) or by the type of function that they perform (ambulance or taxi). All of
these vehicles are normally operated more hours per day than a typical passenger car.
Therefore, commercial vehicle may require system designs with greater safety and

reliability.

The application of ITS technologies will improve the safety, productivity, and regulation

of all commercial vehicle operations. Safety is enhanced both for commercial

14



vehicle operators and for other drivers affected by them. Productivity is enhanced because
more effective fleet management tools are available to the private sector, thereby
facilitating efficient fleet management and administration. Regulation cost is reduced as

the result of reductions in administration labor.

The capabilities of CVO included in ITS are built upon a broad range of technologies and
applications under development, many of which also address non-CVO vehicles and
operators.” Commercial vehicles will benefit not only from the technologies above, but
also from the research and operational tests, and deployment activities proposed by other
ITS efforts dealing with ATMS, ATIS, and AVCS. The early application of ITS
technologies to CVO offers the U.S. a unique opportunity to accelerate the development

of ITS systems for non-commercial drivers.

3.2 CVO Concepts

Commercial Vehicle Operations systems apply various ITS technologies to improve the
safety and efficiency of commercial vehicle and fleet operations. CVO builds on the
functional areas of ATMS, ATIS, and AVCS. The primary technologies currently

identified for special consideration in commercial vehicle operations include:

e Advanced Traveler Information Systems (ATIS)

15



¢ Automatic Vehicle Identification (AVI)

e Automatic Vehicle Classification (AVC)

e Automatic Vehicle Location (AVL)

e Weigh-in-Motion (WIM)

e On-board Computer (OBC)

e Two-way Real-time Communication (TWC)

e Automatic clearance Sensing (ACS)

Commercial vehicle operators are the leading-edge users of currently available ITS
technologies (automatic vehicle location, tracking and two-way communications; etc.).
Some commercial users are investing in these technologies to increase productivity,
reduce costs, and increase profit. In many instances, the ITS systems that are developed
for ATMS, ATIS, or AVCS are likely to be first implemented on commercial vehicles.
Thus, CVO can serve as the logical testing ground for many additional ITS technologies

before they are made available to other motorists.

Current developments in advanced technologies and their application to commercial
vehicles have three basic goals: (1) improving productivity in private sector portion of
commercial operators, (2) improving efficiency and effectiveness of traffic management
and administration by transit agencies, state and local governments, and (3) improving

safety for commercial vehicle operations and others affected by them.
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