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Abstract Imtelligent Yehicle Highway Systems (TVHS) s the integration of various poeces of
unfofmation and computer techaabogies w ihe iransporiation elements in order ioobtain s more productive
wransporiation system. The five major components of IVHS are the Advanced Traffic Mansgement
Systems (ATME], Advanced Yehicle Control Systems (AVES), sad Advanced Public Transporiation
sysiems | AFTS ). This paper exsmines the different macro level issues such s socioeconomic, legislative,
fmancial, environmendal and intermataonal as well as micro level issues such & insurancs and habalsy
rebated 1o IVHS. 11 then identifies the ohstacles that potentially hinder the implementation snd growth of
IVHE, After exnmining the imphications of these issses it atigmpls to make suiltable recommendations 1o
kelp resolve different IVHS issues. The issees concerning the applicability of [VHS in developang
cointries ard akbio examined in light of the curreni ssiustion and suggestions on the spplicability of specific
technology aress are included,
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INTRODUCTION

In the past decade several factors have contributed 1o
a renewed interest in IVHS. Among the positive
factors contributing 0 this increased interest are
rapidly decreazing cost of information and computer
echnology and also the need felt by advanced coun-
ries iy develop the technology make the best possible
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use of existing infrasoructure at very little additional
cogl. Among the negative forces anre increased con-
gestion, air and noise pollution, amd lack of funds o
meet the ever growing demand on the transporation
infrastructure.

It is expected that IVHS. when implemented,
will play an imponant role in reducing congestion.
improving safety and increasing the ease and conve-
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mience of travel. [nthe U5, alone, a Texas Transpor-
tation Institule sudy [ 1] indicaes tat te losses due
o congeston in thiry-ning major metropolitan amas
are expecied to be in the order of 341 billion a year.
The implementation of IVHS is expecied o neduce
travel time by 13-45% resulting in tremendons saw-
ings. IVHS is also expected to have a large impact on
the safety of the highway system. The baseline ein-
mates of IVHS safety benefits are 11,259 lives and
442,000 injuries saved by the year 2000 [1].

Mobility 2000, a non-profit coopertive organiza-
ton  involved in promoting TVHS research, has
grouped the emerging IVHS echnologies into five
functional areas: Advanced Traffic Management
Systems (ATMS), Advanced Dnver Information
Systems (ADIS), Commencial Vehicle Operations
{CV0), Advanced Vehicle Control Systems{AVCS),
and Advanced Public Transporation Sysiems
(APTS).

ATMS is a group of technologiesftechnigues
control and optimize traffic flows onnetworks. ADIS
wonld provide travelers with certain pieces of infor-
mation such as location, traffic conditions, roule
guidance and parking control, V0 deals with the
operation of commercial and emergency vehicles,
AVCS is the application of computer technology 10
driver assistance, providing waming signals which
identily the relative position of vehicles. Such picces
of information are helpful in the prevention of high
speed collisions. APTS encompasses the application
of advance technologies in information and commu-
nicationsysiems to High Occupancy Vehicles (HOY,
ride-shared vehicles, conventional buses, commuter
and light mil and para-transit.

CURRENT IVHS ACTIVITIES IN THE
UNITED STATES, EUROPE, AND JAFAN

Currently, IVHS activites in the United Siaies ane
supponed at the federal, state and local govemment

122 - Vol 8, No. 3, August 1585

levels as well as universitics and industry. The Fed-
eral Highway Administration (FHWA) s actively
supporting I'VHS research in the public sector, In
fiscal year 1991, $20 million was spent on these
nctivities, The Mational Highway Traffic Safety
Administration (NHTSA) provides funds for safety
and human fectors research, The Urban Mass Transit
Admimstration (UIMTA ) sponsors research connected
with application of IVHS technologies to mass
transit.

Among the Stte Deparuments of Transportation
(DT s), the Califomia Department of Transporta-
tion (Cal Trans) has been senously involved in TVHS
activitics. The Program on Advanced Technology for
the Highway is conducted under CalTrans and the
Undwersity of California, Berkeley. The Pathfinder
demonstration. project co-sponsored by CalTrans,
FHW A and Ceneral Motors (GM), 1o be conducted
on atwenty-fourmile freeway stretchin Santa Monbci,
California, is expected to demonstrate traveler infor-
mation systems technology [2,3]. Minnesota Depart-
ment of Trnsportation (MnaDOT) is sponsoring
Gandestar, a field 1251 on the applicability of ad-
vanced traffic management technology [3.4].

One of the major IVHS programs in Eumope is
PROMETHEUS, which stands for Program for
European Traffic with Highest Efficiency and Un-
precedented Safety. 1t began in 1986, and will be in
operation until 1994, It is a muold-govermental,
miulti-organizational collaborative effort, and pr-
marily involves auto manufacturers from five
Europesn countries [5,6].

Another major activity is the European Dedicated
Rond Infrastructare for VEicle Safety Program, also
refered w as DRIVE. It emphasizes on-board
vehicle systems and i2 divided inmo four functional
arcas: penernl approach and modeling, behavioral
aspecis of traffic safety, traffic control and services,
and telecommumication und databases [ 7],

The Japanese approach o IVHS could be idemi-
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fied as project based, as opposed 1o the systems hased
approach of Europe and the U.S. Two of the major
IVHS projects  in Japan are  Road/Automobile
Communication System (RACS) and the Advanced
Mobile Traffic Information and Communication
System (AMTICS). RACS has focused on on-boand
navigation systems, roadside beacons for simple traf-
fic information, and semi-microwave beacons for
individual and business communication, AMTICS
focuses on on-board navigation systems and digital
cellular radio for traffic management [8].

IVHS ISSUES

The implications of some of the most important
macro level issues, both positive and negative, are
described below,

Socio-Economic Issues
Although there ane several issues to be considered in
the implementation of IVHS, the socio-technical

impacts of IVHS in terms of reduced congestion and
increased safety continue to be a driving force 1o-
wards its implementation [10]. Researchers at the
University of Michigan asked thiry-two expens o
rank the socio-economic effects of IVHS for differ-
ent IVHS technologies. The survey pointed out that
positive effects like reduced congestion and
improved safety play animportant role towands imple-
merdation, whereas negative effects such as increased
commuting play only a marginal mle in hindering the
implementation, The survey results are presented in
Table 1. and the proposed ITVHS benefits due to safety
in Table 2.

Government and Legislative Issues

Inthe LS., coondination between governmental agen-
cies like the Environmental Protection Agency (EPA),
Federal Highway Administration{FHW A), National
Transpornation Safety Administration (NTSA), und
the budget office is very important to ITVHS imple-
mentation o avoid unnecessary duplication of work

TABLE 1. Cross-cuiting Sociotechnical Impacts (1= highest rating)

SOCIAL IMPACTS |ATRF | AVL | M1 CRG

AVN | CW Ca SHK | AH Al

Feduced Congestion ] 1 L

Improved Safery 6 6| 3 3 2 1 1 2 1
Comsumer sccepiance i f 1 q 7

Increased automohile 7 3 R

Commuting

Smoother flow of traffic| 3 9 3

an el rosds

{Source: Steven Urderwond, *Social and Instriwtional Consides-
adiong in [VHS." Automatd Highway/Intelligent Yehicle Sys-
tema: lechnology and Seciveconomic Aspects (sp-833), special
publicationof ke socasly af 4uinmotive Engineers, Aogust | 2601,

Lepend:

ATRP- Autamais Tolls and Pricing
AVL- Ausomatic Vehicle Location
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AVN- Automatic Vehicle Navigation
M- Maotaris Information

CREG- Ceaperative Route Guidance
CW. Collisson Warning

CA- Collisson Avoidance

SHK- Speed and Highway Keeping
AH- Ausomated Highway

A- Anitomated Caideway
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TABLE L Paseline Edtimates of 1VHS Safety Beneflis

F ELEMENT By 1995 | By 2004 By 2000
Lives Saved RE 927 1159
nijiries Saved 3,060 35,500 447 X}
Dhallary Saved (in 147 1R 22200
millions of dollars)

(Source: "Intelligent Vebiche ard Highway Systems” by Mabsil -
ity 2000, exnecutive sammary of the procesdings of the Mational
IVHS Workshop, in Dislkss, Texas, March 1950, published by the
Texas Transportstion [nstituse, )

[11]. Another important issue facing the povemment
is the guestion of limiting the hiability of public and
priviake sector providers and manufacturers, Even il
the wechnology s affordable, it will not be in the
market a5 the manufacturers are always vulnerable
potentially damaging law suis, Sull another role of

eovemment in suppor of the rapid progress of IVHS
is the standardization of specificalions o assure
requisite levels of homsontal and upward comipat-
ibility [9,12].

A University of Michigan survey among sxperis
revealed that liability limitations, approprate fund-
ing. leadership and direction are among the major
izsues facing the govemment in the implementation
of different echnologies. The survey resulis ane
shown in Table 3,

Institutional Issues

The 1989 policy resolution by Amernican Association
of State Highway Transportation Officials
{AASHTO), mesolutions of the Motor Vehicle Manu-
facturers in 1989, resolutions of IVHS America, and
Mohility 2000 have all called for federal initiative
and leadership in formalizing the structure of IVHS

TABLE 3, Cross-culting Governmeni Policy Initintives (1= highesl ranking)

Govermmeni [ntistives | ATRF | AVL Ml

CROG

AVN | CW CA EHK | AH AG

Liability Prodection

2 1 1 1

Establishing stendands

Federal funding or

incemiives for K&D

DOT leaderhbip, initiva-
tive and comamitmend

Provide the necessary
puablic mfrastructiun

10

10

(Source: Steven Underwood, "Social and Institetional comsiderations in TVHS,” Aulomaled Highway/Tnislligent Vehacle
Systems: Techaokgy and Socoeconomc Aspects (sp-833), special publicatson of the Soceety of Automative Engireers,

August 1950),
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and promoting the development of IVHS [13],

Since the federal government is a vast conglomer-
ate of agencies, institutional obstacles have the po-

«tential to directly and indirectly block IVHS effons.
In addition to the problem of imer-agency coondina-
tion, a lack of expertise for advanced communication
and electronics wechnologies among key personnel
may be an impediment to [VHS development.

Since the federal govemment is expected w play
i key role in IVHS, the institutional obstacles are a
cause for genuine concem about the feasibility of a
proposed design or organizational armangement that
places heavy reliance on government operation of
technically advanced systems,

As a result of these concems and the effons of the
Highway Users Federation (HUF), AASHTO, and
other concemed organizations formed a nonprofit
educational association called "TVHS America® in
July 1990 [14], with the purpose of coordinating
IVHS goals, promoting cooperation at the national
and inemational levels, and operating as center for
IVHS related research.

Financial Issues
The development and deployment of an advanced
technology based highway sysiem, which leads 1o

immediate opportunities for reduction in congestion,
improved safety, and increased utilization of trans-
ponation infrastrocthure, call for many financial com-
mitments from both the government and private
sectors. Mobility 2000 has predicted that the major
expenditure in IVHS development will be mainly in
1) Research and development of different IVHS
technologies, 2) Field operational tests, and 3) De-
ployment. The financial commitment or the aggre-
gate funding required for R & D, field operational
tesis, and the total investment levels of IVHS are
shown in Tables 4,5, and 6, respectively.

Environmental Issues

Environmental considerations have become an inte-
gral pan of any major project implemented in the
United Statezs. Environmental considermtions assume
more significance in the case of highway pmjects
since U5, consumption of gasoline is showut 25% of
ol wordd production [ 15).

Since carbon emissions are a major source of
pollution, research efforts are currently underway o
develop pollutant free hydrogen based fuels for cars,
A significant amount of research is also being carried
out on the viability of electric cars. Once imple-
mented, it is expecied that IVHS wechnologies will

TABLE 4. Aggregate Funding: Research and Development ($ milllons)

1991-1995 | 1969-2000 | 2001-2010 Tatal
Appbcabons 0 80 " 130
Systemd 135 a0 13 17
Dymamics and Control| 300 kL] 160 ™
Human Factors 132 108 0 00
TOTAL 5627 §523 $245 51395

{Source; “Imtelligent Vehicles and Highway Systems™ by Mohility 2000, executive
summary af the proceedings of the Mational [VHS Workshop, in Dallas, Tenas, March
1990, published by the Texas Transporiation Instinsie. )
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TABLE 5. Aggregate Pusding: Fleld Operational Tests ($ millien)

19911985 | 19692000 | 2001-2000 | Total
ATMS 158 35 - LEE]
TRANSIT 15 20 i L1
ADIS 16 7 i L
CWO ] 4% 24 168
AVCS 75 it o5 1510
TOTAL | 5504 F1250 51335 53119

{Source: “Inbelligent Vehicles and Highway Systems” by Makal.
ity 2000, executive summary of the procesdings of the Maticnal
[VHS Workshop, in Dallss, Texas, March 1990, piabiiched by (ke
Texas Transportation Irmh.hﬁ:l

TABLE &. Recommenied IVHS [nvesimeni Levels (in mill-
lions, using comstant 1590 dollars)

ELEMENTS | 1991-1995 | 1994-1000 | 20401-2010
R&D 627 k] 23
Field Tests Sl 1,190 1325
Dreployment 3,105 10,880 15,950

{Source: “Inteiligent Vehiches snd Highway Sysiems” by Mabil-
ity 2000, executive sammary of the proceedings of the National
[VHS Workshop, in Dinlies, Texas, March 1590, pablished by the
Texss Transporiatson [nstitise. )

assizt in decreasing harmmful environmental effects of
vehicle congestion. Inadditon to the above men-
toned macro level [ssues, there are some problems
at the micro level, Some of the most important micm
level issues are discussed in the following paragraphs.

PFromotion/Resistance by Indusiry and User
Groups to I'YHS

By its very nature, IVHS spans industries, and it is
imperative that the views, (both positive and noga-
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tive) of the industry be taken into consideration
before the implementation of IVHS. The position of
some of the major indostry groups and also the users
are given below,

Motor Vehicle Industry

The motor vehicle indusiry is eagerly looking to-
wards IVHS as a possible solution to the growing
problem of traffic congestion [16]. They feel that
motorvehicle manfacturers have atremendous stake
in how the congestion problem is addressed since
increasing congestion, with its attendant loss in pro-
ductivity, efficicncy and competitivencss, will nega-
tively affect the motor vehicle industry in the long
.

Electronics and Communications Indusiry

The advent of IVHS iz bound o have a tremendous
tmpact on the electronics and communications indus-
tries. The first major shift in automotive electronics is
the integration of vafdous electronic subsysicms s0
that they can facilitate information interchange. The
gecond major ghifi in automotive electronics s the
developmentof sophisticated electronic systems such
a5 voice recognition and a host of driver information
systems, To capitalize on the tremendous growth
potential, the electronics manufacturers are calling
for increased cooperation with auiomobile mamu-
facturers, and towands that end, they are being ac-
tively supporned by their respective labor groups.

Trucking Industry

The trucking indusiry expects to benefit to a great
extent from less congestion and the existence of safe
highways. Due to the expected benefits, the trucking
industry is actively campaigning and eliciting sup-
port for IVHS implementation.

Parts Manufacturers
To the extent that ['VHS changes the motor vehicle
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and highway industries, pans manufacturers will be
asked to modify their products, This expansion might
involve a large number of new firms who may be
asked to provide components. The more this particu-
lar industry is fragmented. the more vaned industry
opinions, will be .

Users

Since the users are expecied 1o be the major benefi-
ciaries of IVHS implementation, the Highway Users
Federation (HUF) is actively supporiing the develop-
ment of I'VHS, However it is very likely that a large
mumber of users might resent the idea of a general tax
increase to fund the capital imensive IVHS develop-
mental activity,

Liahility and Insurance Issues

The liahility issue to be dealt with in the implemen-
tation of IVHS concems the fact that the IVHS
technology represents & gamul of new systems with
the potential to prodduce “public risks™ outisde con-
sumer control. Purther, it has the potential to shift
liability towards manufacturers  and  high way
owmers, thus increasing their liability risks and de-
creasing their incentives o promote the technology
[17.

The wchnologies with the polentinl rizk w the
providers of IVHS wechnology are Driver Informa-
tion Systemis and Driver-Control Systems [ 17 ], Dover
Information systems include applications that pro-
vide information o the driver but leave the control in
the motorist’s hands. Drover-Control Systems are
those applications that sometimes over-ride drver
control, Examples of this iype could include collision
avoidance systems and emergency brake comtrols,
ete.

Despite many issues confronting TVHS, &t
offers many benefits 10 the uwser commumity,
Figure 1 shows qualitatively the benefits derved
from IVHS,

Journal of Engineering, lelamic Republic of iran

IVHS IN DEVELOPING COUNTRIES

The transportation and traffic problems of develop-
ing countries are quite different from those of devel-
oped countries, Even among developing countries
there are wide disparites the main reason for such
differences 15 that many developing countries face
the sitation of increasing population and also a
recent nend in economic growth, which places an

Further more, in the tmnsponation system in the
developing countries there are several modes which
use the same Aght-of-way at wadely different operat-
ing speeds. In general, average specds are lower and
travel times ane higher than those in developed coun-

Coonpetinvencss

Travel Tima

Vebarle Operaning Cosis

Soess

Avernpgr Speed

Livwis Saved

Conpestion

Figure 1. Potentinl Benefits of TVHS (Sounce: Mobaliy
2000, Matonal [VHS woarkabop, in Dallas, Texas, March
1940, published by the Texas Transportation Insttibe. )
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tries. High pollution levels owing to vehicles of
different types and the use of leaded fuel are also
critical issues in some developing countries. In shor,
with a significantly lower proportion of the popula-
tion owning a private automobile, public modes of
transportation are much more imponant and
accomodate the bulk of the population and goods,

Unlike the industrialized nations, where the in-
creasing number of vehicle-miles is a problem, inthe
developing countries, it is generally acase of demand
on the system exceeding supply and a greater
dependance and utilization of public transponation.
Thus the total vehicle-miles is not as hgih as the wial
person-miles traveled,

Applicability of IVHS Technologies to Develop-
ing Countries

IVHS is under consideration 1o be applied in devel-
oped countries 1o improve the speed and efficiency of
the transportation network which relatively well devel-
oped and established. In the face of the high costs
of adding infrastructure, IVHS offers a solution in
optimizing the existing network,

In many developing counirics the infrastructure
development process is stll operating and the high-
way network is less extensive, Buses and commercial
vehicles are seen in a larger proportion in the high-
wiys. Increasing average speeds and reducing travel
times is a minor objective than providing mobility to
the grovwing popul ation and also expamding the infra-
structure to expand service and accomodate all users,
The problem is more of over-crowding, less capacity
and pressure on the system, mainly bus and rail
services. In the face of tight financial situations, and
considering infrastructure development, IVHS can
offer aliemative solutions inoptimizing and increas-
ing the efficiency of the existing networks.

Since the number of users of private cars is a
smaller propontion of the population, the benefits of
the installation of ATMS and ADIS technologies
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such as driver information and traffic management
sysiems on a wide basis is not expected to outweigh
costs, ol least in the forseeable future. The cost of
vihicle-vehicle and vehicle-roadside communica-
tion, route guidance and on board computers [1E]
could be prohibitive, The application of ATMS and
ADIS technologies could be considersd for densely
populated urban areas only, Real time monioring
and control and availability of real time traffic infor-
mation o drivers, not through on board computers
but through electronic varable message displays on
urban roads is a possibility,

In the face of fnancial limitations, concentration
on driver information and ATMS echnology devel-
ppment poses equity questions also as ondy a small
portion of the population benefits. Financial, legal,
and institutional issues must be carefully evaluated
and financing amangements must be such thatl awo
owners pay for these developmenis to make it more
equitahle.

AVCS iechnologies can be considersd for de-
ployment because of the safety benefits of the appli-
cation of these technologies. Some of the enabling
AVCS echnologies aimed al drver perception en-
hancement and awtomation of controls like obstacle
detection and lane sensing, electro-mechanical con-
trol systems like electronic steering control and elec-
tronic fuel injection and transmission, and antilock
braking and traction conirol [ 18] can be considernsd
for incorporation into indegenously designed and
manufactured vehicles.

Since the application of these technologies is
expected to push the vehicle costs up, the full automa-
ton and application of these systems may nol be
viable, However partinl deployment of at least some
technologies that have sipnificant safety benefiz
must be considered, With public transit being impor-
tant in developing countries, the application of APTS
and CVO technologies is expected to yield maximum
benefie and is most suitable among the TVHS func-
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tional arcas,

Real-time fleet monitoring and tracking using
satellite or sign post-odometer systems can enable
real time planning or optimization and dispatich of
flest resources [18], Significant benefits can be ex-
pected by the application of these technologies with
more flexibility and real time optimizaton of re-
sources. Keeping operational costs low is critical to
the success of public transit in developing countries
amed the fuel and cost savings in the long min couald
justify the investment in these technologies,
and Computerized Real Time Flest Monitoring and
Fleet Dispatch can be expected w yield significam
guins [19]. The availability of real time inform agion
fior the passenger m the :mﬁiml,‘.numadim SO,
and in the pablic is feasible and muost be considered
for implementation | 19].

Applicability of CVO echnologies is also pos-
sihle to a preater extent, with truck freight operations
forming an impornant porton of the vehicle mix on
the highways. Electronic record keeping and mioni-
toring of freight vehicles at the dispatch center, and
coordination of freight trips can enable the freight
tmicks 1o pick up freight for delivery on retum trips
and thus result in further mp opmizaton and Neet
utilization.

On the part of the enforcenment authorides and
the highway administration, electronic record keep-
ing vehicle condition monitoring, toll collection and
weigh-in-motion can result in less delays, speady
data processing, beter enforcement and increased
efficiency. The applicability of these CVO technolo-
gies is a viable proposition [ 18],

Issues of IVHS Depolyment in Developing
Countries

There are several factors that have to be considered
for IVHS deployment in developing countries, De-
ployment of IVHS echnologies raises legal, finan-
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cial, instituational and echnical issues.

In those developing countries, where infrastruc-
ture is not fully develpoed and in which there ane
financial limitations, the applicability and extent of
gxpensive communication systems based on IVHS
technologies may be questionable. As many of the
currently available technologies are heneficial mainly
to auto owners, the equity issue of investing such
large amounts in I'VHS development must be congid-
ered.

Another important factor is that some of the devel -
oping cotnbres are in bot, tropical orequitorial arcas
and the operational viability of sensitive electronic
hardware has w be wsted. Some modifications may
be niecessary to make them work in hot, humid, and
dusty environments, which can further raise the cost
of these technologies,

SUMMARY AND CONCLUSION

IVHS is basically the integration of vanous sdvanced
computer and information technologies 0 improve
the efficiency of the transponation system. The five
majorcomponents of IWVHS are ATMS, ADIS, CVO,
AVCSE and APTS. Currently, imtemational research
effors are focused on ATMS and ADIS technolo-
Ries,

While I'VHS rescarch is being conducted all over
the world, the United States, Europe and Japan have
established a commendable lead in these activities.
The Santa Monica freeway project, Traviek, and
Guidestar are among the prominent LLS. sctivities,
whereas prominent Buropean activities include
PROMETHEUS and DRIVE. The Japanese follow a
project based approach as opposed o the concept
based approach used in the United States. The promi-
nent IVHS activities in Japan are the RACS amnd
AMTICS projects,

Several imponant issues dictate whether IVHS
hased system will or will not be successful, These
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issues include macro level issues as well as micro
level issues. Among the macro level issues ane the
socio-gconomic issues, government and legislmive
issues, institutional issues, financial issues, environ-
mental issues, and intemational issues. Among the
micro level izsues are the resistance by different user
groups, legal and liability issues and the private/
public sector pannership issue.,

A national strategic plan is essential for the
succesful implementation of IVHS. Suitable legisla-
thon must be enacted, creating an apex coordinating
body 10 oversee the developomental activities of
IVHS and also to promote the standardization of the
nascent technologies. This will help in the commer-
cialization of the different technologies, thus furthear-
ing private sector participation.

Though transportation infrasmacture deve lopment
in developing countries is still a major pan of the
investment in transportation, the applicability of some
of the IVHS technologies especially those under the
umbrellas of APTS, CV0 and AVCS can be congsid-
ered. The potential benefits could be seen in the form
of better access to the public, increased information
availability, better organization and planing of the
system, and an increase in the overall efficiency of
the system. The development of a extensive commu-
nication backbone would be critical to the application
of IVHS in developing countries, Legal, political,
financial, technological, and equity issues will have
to be examined carefully before IVHS is deployed in
developing countries,

The exciting aspect of I'VHS is that it promises an
entriely new concept in using information rechmnol-
ogy to solve transportation problems. Although a lot
of issues still need to be resolved, the recent techno-
logical developments and the commitment, will and
drive of all the personnel involved in tmnsportation
and the pamicipation of the govemment seem to
suggest that I'VHS as 1 concept has come to stay, and
could very well be the forerunner of transportation in
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the next century.,
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