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TOMRDS A TECHNOLOGY ASSESSMENT OF AUTOVATED
H GHWAY NAVI GATI ON  AND ROUTE GU DANCE

I nt roducti on

The search for autonobile navigation and route
%Sidance technology is as old as the autonmobile itself.
er the long history of this process, various systens
have been devel oped ranging fromthe now primtive Jones
Live Map to the aqﬁ?nced systens avail abl e today such as
AL1 Scout or Etak: Count | ess assessnments have been made
of this technology over its long pathway. It would
therefore seem redundant to attenpt a "preliminary"
t echnol ogy assessnment as this late stage. But this is done
for a good reason. Wotton, [1985], oné of the pioneers in
this area concl uded:

" . .one is bound to wonder why the system as
devel oped has not already appeared in ever¥
driver's car. The answer is quite sinple. The
cost of developing the systemis high: the
cost of coding maps is even higher; the nmarket
I's not mﬁlling to pay a high price; there is a
mul titude of different systens appearing to
confuse the market place."

ne can also add to Wootton's reasons another
fundanental one, and that is that the benefit-cost
rel ationships of such systems have never been ascertained
adequately. There is no definitive evidence on whether
navigation and route guidance systens wll or will not
generate the benefits that will nake them worthwhile.

Wth this in mnd, this paper is intended as a first
| ook at the required assessment of technology. It Is
prelimnary in the sense that it attenpts to identify the
issues and to identify some aspects of technol ogy
assessment that are needed to deal with them It's aimis
to raise some of the fundamental questions that arise in
connection with the evaluation of this technology, and to
suggest sone further work for dealing with them A nore
extensive research plan for |ooking at the various aspects
of autonobile navigation is to be found in Gosling [1988].

(1] See: Technology options for H ahwav Transportation
Operations, Conference Proceedings, UCB-1TS-P-87-1.June 1987.




Backgr ound

As nentioned above, the interest in autonobile
navigation is not a new phenonenon. Early designs, were
aimed principally at aiding drivers in navigating across
intercity road "networks. “The goal was to provide a
convenient alternative to handling road naPs. However, the
i mprovenment in road signing, and in the science of
cartography probably elimnated the need for vehicle
navigation aids and It was not until nuch later that other
concerns rekindled the interest in route navigation and
gui dance. This current interest is notivated by a nunber
of factors, of which the followng two are perhaps the
nmost i nportant.

One is that drivers in general seemto choose routes
in aless than optinmal way due to their |ack of know edge
about the network available to them Mst of the work in
this area has been done in England, where nost researchers
aPpear to estimate that excess travel tinmes and distances
of the order of 5-8%could be saved if notorists knew and
foll owed the shortest paths, (Robb, 1987). The objective
therefore is to aid the river in ‘identifying and
following the shortest path rather than to aid in the
readi ng and use of road maps per se. Estimates of savings
that can be achieved with this type of navigation aid have
been based on savings in vehicle operating costs ?fuel,
etc.,) and travel time. One such estimate, by Jeffreys
(1985) , suggests that savings in Great Britain could reach
about $1.2 billion annually, if everyone were to know and
fol l ow shortest paths.

The other main notivation for the current interest in
aiding navigation is to achieve a better utilization of
existing, limted network capacities. The idea here is
that by guiding vehicles wth known origins and
destinations to routes that avoid congestion, one mght be
able to optimze the distribution of flows on network
links. Mich |ess work has been done on this aspect of
route gui dance and consequently little is known about its
i npacts or the potential benefits it would generate.
However, the theoretical literature on route assignment is
rich with nodels of vehicle routing and could be easjly
brought to bear on addressing the question of potentia
benefits.

Current Technol ogy

In a rather extensive review Robb [1987] descri bes
the wide variety of route guidance systens avail able at
the present time. Robb identifies both automated and non-
automated systens, referring to road signs, maps, and
broadcast information as non-automated; and to electronic
route gui dance systems, and to in-car and out-of-car
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navi gation systems as automated

An inmportant distinction in Robb's taxonony is that
bet ween route navigation and route guidance, and it is
interesting to note that both automated and non-aut omated
systens can perform both functions. This distinction is
worthy of sone further exploration since it plays an
important role in defining possible paths for technol ogy
devel opnent. Before doing this, however, we need to adopt
some definitions of terns, as follows:

Navigation Aids This refers to giving the driver
information regarding the physical shape of the roadway
network. It can be associated with [ocation finding so
that a driver can see where on the network the origin and
destination of the trip are. Navigation aids, even in
their nost rudi mentary form of sinple maps, sonetines give
val ues of sone performance neasures such as travel time or
?if}ancg; but there is no attenpt to suggest a route to be
ol | one

Route Guidance In this <case the driver is given
i nformation that suggest a route to be followed to the
destination, or in fact suggests the route directly. This
suggestion can be on the basis of m ninum di stance pat h,
or the mninum travel time path depending on current
network traffic conditions, thus incorporating measures of
performance into the route guidance process. Some route
gui dance can al so be based on avoiding routes that are not
conpatible with the type of traffic 1n question, such as
%uiding trucks away from residential streets during night
ours.

Route Control This goes a step beyond guidance, and
instead of suggesting a route to the driver, determnes
the route and instructs the driver to followit. This of
course requires sonme control mechani sm such as autonat ed
vehicle monitoring, (AVM. At the present time there are
no systens that do route control as defined here, but it a
conceivable future technol ogy, particularly 1n an
automat ed hi ghway environment: or in environments where
AVM is to be inplenmented for purposes such as pricing.

Al t hough one would be jumping ahead at this point to
outline the paths that these technol ogies mght follow on
the way to inplenentation: it is nonetheless easy to see
that the three levels inplied by these definitions
represent a very likely ordering. The technol ogy of
navigation is clearly needed, and would have to be
I mbedded in route guidance systems; and that of route
guidance is a very likely basis for route control systenmns.
Nor is this set of definitions exhaustive of the
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possibilities of technology in this regards. There are
I ndeed a nunber of other functions and configurations that
can be conceived. Such as route planning and managenent.

The technology currently exists for autonated
navi gation and route guidance in nmany fornms. Non-automated
navi gati on and gui dance have existed for nmany years in the
forms of maps, road signs, radio broadcasts, and
custom zed "route planning" maps. As nentioned earlier,
mechani zed navi gation devi ces have been in existence for

decades. As for route control, it is interesting to note
that non-automated systens are the only ones in existence
today. These include control of circulation into

autonobile restricted zones of central business districts
(eg. Singapore,). They also include ranp netering schenes
and ot her rather conventional systens that restrict or
control vehicle routing.

The distinction between automated and non-aut onmat ed
systenms is inportant for the purposes of this discussion.
By automated systens we nmean those that integrate
conmmuni cations and control functions into a conputer based
schene in which information is acquired, processed, and
then used to devel op guidance or other information that is
also electronically conmmunicated to the drivers. The
ultimate purpose of automation would be to permt the
handl i ng of the large amounts of data that woul d be needed
to process and transmt gui dance, navigation, or control
information to individual cars with specific origin-
destination strings. Automation would also be necessary i f
the systens used are to have the capability of on-line
assessment of network conditions and of real-tinme revision
of routing information.

This distinction is of course not universal. For
exanPIe the existing technology of road signs that convey
traftic condition information and suggest routings may be
considered automated in the sense that It uses
communi cation systems and does convey information to
drivers electronically, indeed, it nag al so be conputer
based. However, these signs are rather primtive when
conpared wth the concept of individualized car-specific
route guidance information, and with the on-line
capability of nonitoring netwrk conditions and re-
computing optimal routings. Qur interest here is in these
advanced concepts for which we adopt the characterization
"automated".

There  exi st currently a nunber of aut omat ed
navi gation and route gui dance systens. However this is not
true of route control systens, for none exist today that
can be considered automated. Furthermore, the current
t echnol ogy of route guidance, while positioned to provide
the driver with online traffic information and updated
optimal routing guidance does not in fact do so yet. At
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most, the systens available today wll advise the driver

of the minimum path to the destination and wll update
that if the veﬁicle deviates from the path. Network
conditions remain static and are tyEicaII based on free-
flow or other predeterm ned network conditions. Table 1

identifies sone of the nore commonly known autonated
navi gati on and route gui dance systens that exist today.

Table 1 Navigation and Route Guidance Systens

Navi sati on Rout e Gui dance
ETAK Navi gat or Siemens ALl
HONDA Gyr ocat or Mti CACS
FORD Tri pronitor Bl aupunkt/ Bosch EVA
JNPA Amtics TRRL AUTOGUI DE

Again we are limting the list and the subsequent
di scussion to systens that are characterized as autonated.
In the area of route navigation there exist map service
systens that border on that definition. For exanple the
British system cal |l ed ROUTES provides a conputerized map
service that gives a driver a customzed map show ng
preferred routes for a desired journey. These systens can
be accessed Vvia conputer services® such as” Viewdata
systens, but they still involve the use of a hard copg map
printout taken along in the car. There appear to be no
systens at the present tine that would permt accessing
t he mapping system directly from an onboard device in the
car. Consequently these systens are really no nore that
advanced neans of providing services that have in the past
been perforned manual |y by organi zations such as the AAA
inthe USor the AAin the United Kingdom as well as many
car rental conpanies.

Navi aation Systems: Three of the navigation systens |isted
in Table 1 are %enenically simlar:the ETAK Honda and
Ford systems. They incorporate map information with a
location finding device and present the conbined
informati on on sonme sort of an on-board video display
unit. The ETAK navigator relies on a flux conpass for
posi tioning and on an onboard cassette tape for storing
the base map information. As the car proceeds along its
path the conbined display shows it as a blip in the mddle
of a scrolling map. Honda's Gyrocator uses a direction
sensor together with an odoneter to feed information into
an onboard conputer. The conputer plots the car's path on
the screen over which a transparent hard copy map nust . be
over| ayed. Ford's  Tripnonitor relies on ‘satellite
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conmmuni cation to position the car and displays it as a
nmoving blip on the onboard screen.

O these three and sone others that are simlar to
them only the ETAK appears to have been introduced
commercially. The systemas it is currently configured has
limtations such as slow speed and | ow capacity resulting
from the use of audio cassette as a storage medium
Current efforts are underway to upgrade this systemand to
add a communi cations feature to It in order to permt it
to provide route guidance in addition to navigation.

The fourth system The Japan National Policy Agency
system cal | ed aMTIcS adds an inmportant feature to the
navi gation capability. It does that Dby introducing the
onl i ne, updat ed traffic condi tion i nformation
automatically into each car. Thus this system provides a
step towards the automated route guidance system Wile
AMTICS does not suggest routes as such, it does provide
sufficient information about traffic conditions in the
network to aid the drivers in selecting the routes they
deem appropriate. The system is ‘planned for an
experimental trial during 1988.

Route Gui dance Systens:

The route guidance systems listed in Table 1 differ
from one another in significant ways. First there are the
on-board systens such as Blaupunkt/Bosch's EVA and
Philip's CARIN; and the roadside systems such as ALI, CACS
and AUTOGUI DE. Then with the roadside systens there are
two groups differing by the means of communication between
roadway and vehicle.: one groups, including CACS and
AUTOGUI DE use the buried | oop as the communi cations neans;
and the other including AL1 uses radi o beacons installed
at signalized intersections.

O the roadway based systens the AL1 has recently
energed as the “leading “candidate technol ogy. The
ALI (Aut of ahrer - Lankungs und Informations  Systens) has
becone the focus of the joint European program Pronet heus.
Devel oped by Sienmens, this system involves the use of
radi o beacon devices installed in conjunction with traffic
light installations at signalized intersections.- These
devices conmmunicate Wt on-board units  obtaining
information about a car's | ocation and desired
destination, and returning information about m nimum path
routing. The information is updated each time a car passes
one of the intersections equipped with a beacon device.
Rout e guidance i nformation is displayed on-board via a
video display that shows interzzction |ane configurations
and suggested turns. No map of the whole area Is
di spl ayed.
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The AL1 system appears to have two advantages. One is
that the radi o beacon devices are relatively Tnexpensive
to install: and in association with the on-board devices
have a large information storage capacity. The other is
that these same devices can be used as nonitors receiving
information about traffic flow that would permt an
updating of routing strategies. They can, by being
connected with the traffic light system be linked to
central traffic nmanagenent conputers and hence can allow
the system to take advantage of area-wide traffic
nmanagenent capabilities. The d|sadvanta%$ of this system
as wth all roadway based systems, IS that 1t requires an
investment in public infrastructure. By placing sone of
the intelligence of the systemin the roadway, the vehicle
become dependent on itS location and can only take
advant age of route guidance within the environment of the
intelligent roadway. Wiereas in systens, such as EVA
where the intelligence is totally within the vehicle route
gui dance can becone easily nore ubiquitous and will depend
only on the ability to add information to the on-board
storage in order to extend the reach of the service.

The ot her roadway based systens listed in the Table 1
include the British system AUTOGUI DE and t he Japanses CACS
System  (Conprehensive  Autonmobile  Traffic =~ Control).
Aut ogui de appears to have been integrated wthin the
framewor k of Pronetheus together with ALI. The Japanese
CACS system differs in that it uses buried |oop detectors
to performthe functions of communications carried out by
t he beacons of ALI. Depending on the nature of the city
involved, and its street network, this system may or may
not have the <cost advantage for the investnent in
infrastructure. Oherwise, the two are quite simlar
generically.

A Taxonony of Potential Benefits

A thorough technol ogy assessnment of auto-navigation
and route guidance requires a detailed estimation of user
and system benefits. There are different types of benefits
that can be associated with this technol ogy. Sone are
likely to be nore inportant than other. Some are easy to
assess, and other are virtually inpossible to estinmate in
advance. The follow ng taxonony of benefits is intended to
hel p focus the analytic and experinental work that would
need to be undertaken for benefit estimation

First, there are user benefits. These include the
reduction in unnecessary travel resulting from the
inefficient wuse of the transportation network. This
inefficient use results from the lack of adequate
know edge about the network, or about its genera
conditions. This class of benefits can be accrued largely
by navigation and do not necessarily require route
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gui dance, al though they would probably be enhanced by it.

The magnitude of these benefits is very hard to assess.

However, as mentioned earlier, sone work done in the WK
suggests that the anount of unnecessary travel resulting
from not using best routes is of the order of 6-8% It
shoul d be recognized however that these results do not
refer to rush hour urban traffic of the comuting type,

for which the figures can be expected to be | ower.

In this category one can also identify the sinple
benefit that acrute from giving information to persons
unfamliar with the area within which they are travelin%.
These include out-of-area visitors, tourists, and the
like. While it is hard to quantify such benefits, it is
possible for, say, car rental agencies to offer cars
equipﬁed wi th navigators and to charge a higher prem um
for those. Market response to such an option can soon
determ ne whether or not it is a feasible proposition.

The next |evel of user benefits is that achieved by
t he avoi dance of congestion, unexpected bottl enecks, or
roadway i ncidents. is would require a technol ogy of
route gui dance that has the capability for nmonitoring road
conditions and suggesting alternate routes around
congesti on. These enefits are likely to be nore
substantial in congested urban areas and under conditions
where dense networks do offer alternate routes around
bot t | enecks.

A second class of benefits are those that accrue to
what might be referred to as institutional users. These
i nclude delivery vans, police and enmergency vehicles, post
office vehicles and the like. A route guidance system
coul d generate substantial benefits if it were possible to
use it in such a way as to optim ze the routing of such
vehicles. One can think of benefits fromoptinmal routing
of energency vehicles to incident sites; or the optinal
routing of pick-up and delivery vehicles. Indeed, one can
expect that users such as collection distribution fleet
operators may be the first in line as markets for
aut omat ed route gui dance systens. Because of the rather
formal and organi zed nature of this user group, the
estimation of potential benefits poses no insurnmountable
conceptual difficulties.

The third class of benefits refers to system as
di stinct fromuser benefits. Firstly one can think of the
use of route guidance for the optimn zation of the use of
congest ed freemax corridors by redirecting entry and exit
as is done with ranp nmetering. This can directly be
extended to think about the optimzation of the of the
overal |l network, particularly in an urban context. The
magni tude of these benefits is going to be strongly
dependent on the structure of the network in question
Sone networks are such that there are no realistic
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alternatives to congested corridors (such as bridges and
tunnels). These are likely to gain less from route
guidance than systenms that do not have such natural
ottl enecks. The benefits are also strongly dependent on
the capabilities of the system used. For instance, a
systemthat has a dynamic updating capability so that it
can respond on-line to changes in traffic conditions and
?ronptlg reflect them in its route strategies will yield
arger benefits than one that does not update often

- The estimation of this last class of benefits is
%OIQ? to be extremely difficult. There is little that can
e done short of actual experinentation to understand
driver response and conpliance with suggested routings and
actual benefits gained from such conpliance. Many of the
problens faced in the calculus of benefit analysis wll
al so be faced here such as the issue of accunulation of a
| arge nunber of small time savings, and the conversion of
tinme values and so forth. However, experinentation to
| east understand the behavior of the system and to assess
the conpliance issue is likely to be quite beneficial

Finally, one can identify a fourth class of benefits
that could derive fromusing automated gui dance systenms in
the nore conpl ex environnent of route control, pricing and
overall travel planning. Wile these systens are rather
advanced and require much nore thinking at this point; it
can be said that sone are likely to have potenti al
benefits that could exceed those already identified. For
exanple, 1if the automated route gui dance system can be
adapted for use in trip planning in tinme rather than in
space only, then significant savings in congestion can be
achieved; since congestion is caused as nuch by the
tenporal as by the spatial concentration of traffic and
since we may find that there is nore tenporal flexibility
in traffic demands rather spatial

Maj or |Issues of Technol ogy Assessnent

Consi derabl e research would be necessary in order to
under -take a thorough technol ogy assessnent of autonated
navi gation and route gui dance. Such an assessnment woul d be
essenti al from the public policy point of view,
particularly if the systens envisaged involved significant
public investments in road infrastructure, navigation, or
conmuni cati on systems. On the other hand, it s
concei vable that a wholly autonobile based navigation and
route guidance system be devel oped by an autonobile
manuf acturer in the private sector and marketed on the
basis of its attractiveness to consuners. |ndeed, we may
find that route navigators may beconme commercialiiy
avai |l abl e options on autonobiles within a rather short
tine, and long before any all enbracing technology
assessnent is conpleted and a consensus reached regarding
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Nonet hel ess, there are a nunber of issues that nust
be looked into wthin the context of technology
assessnent, and they will require research. As nentioned
above, Gosling [1988] has outlined a research program
aimed at this. Wat the follow ng paragraphs aimto do is
to highlight some of the nore inportant |ssues regarding
t he devel opment of this technol ogy.

Measurenent of Benefits The magni tude and distribution of
benefits from aut omat ed navi gati on and route guidance is
going to depend largely on the technol ogy used and the
type of service it provides. Mich Iess benéfits are to be
expected from sinple navigation aids than from route
gui dance or from automated online network updating
systens. The benefits will also diPend strongly on how
some of these technologies are used. For exanple, the
extent to which route gui dance can benefit the overal
network by redistributing cpn?estion and avoiding |inks
with high marginal costs will depend on the degree to
which drivers will in fact follow the suggested routes
given them by the system In some cases, these routes nay
not be the optinmal™ routes from the individual driver's
perspective and drivers famliar with the system maynot
wish to follow them

The benefits will also depend on the existence of
ions for routing traffic around congested links. This
likely to be highly dependent on network structure and
wi Il vary signifi-cantly from one area to another. Even
within the sane area, the benefits from route guidance
that can accrue fromrouting traffic around areas with
incidents will depend on the l[ocation of these incidence

opt
1S

Consequently it woul d appear that research that deals
with estimating the magnitude of the benefits fromroute
gui dance will have to be quite specific and microscopic in
nature. It would seem that a major experinental effort,
coupled with in depth sinulations of selected urban areas

woul d be necessary to at |east get a start on benefit
assessnent .

Figures currently avail able that suggest a saving of
5-10% of vehicle mles due to navigation aids do not shed
much |ight on this question. For one, they were based on
experiments in the UK and in environnents that are quite
dissimlar to the congested urban commute corridors where
nmost of the traffic problens are.

Equity and Fconomic Efficiency |f route guidance systens
are used to bal ance network flows by routing traffic, then
an inportant issue of equity arises. The strategy of
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network optim zation typically involves nmoving sone people
away fromtheir preferred or optimal routing in order to
achi eve the system goal. The benefits for those who use
the links relieved by this redistribution are clearly
| arger than the |losses to those diverted from their
optimal routes; but the equit¥ i ssue remains. The public
policy inplication of this, romthe points of view of
public acceptance and economc efficiency should be
assessed.

Related to this is the issue of econom c efficiency.

In assessing the feasibility of automated route gui dance
systenms one nust explore the possible cost Tecovery
schenes that can be used. There are nunerous goals that
drive the cost recovery schenes: sone can be used to
maxi m ze efficiency, others to achieve an equitable
di stribution of costs and benefits. The autonmated system
in place may lend itself wvery well to vehicle
identification and pricing, but the proper application of
a pricing schenme will renmain dependent on an adequate way
of measuring benefits and costs, at both the user and the
system | evel s.

Liability While not as serious as in the case of the
aut omat ed hi ghways, the issue of liability nonetheless is
serious and nust be dealt with. This issue has been known
to inhibit many technol ogi cal devel opnents, and it can do
so in this case. Tort liability can arise here if a
driver, guided by the systemto a specific route should
encounter a serious mshap. This could be an accident, or
an excessivelﬁ long delay with serious consequences, for
exanple. If the systemis totally vehicle based, then the
l[iability issue is rather well defined and is between the
driver and the manufacturer. However, if the systemis
partially based on infrastructure built into the highway
system and oFerated by a public agency, then there would
be a public liability issue that would be quite difficult
to deal wth. An assessnent of the technol ogy of automated
route gui dance and navigation mnust clearly resolve this
i Ssue.

Public Acceptance The capability for autonmated navigation
and route guidance would certainly an attract proposition
if it were reasonably priced. As an added option in
today's car or' truck, this can have a fairly substanti al
market. The limtations to nmarket acceptance will be a
result of the cost to the user vis a vis the nature of the
service provided. This is a question for market studies.
However, another serious limtation to public acceptance
may be the response of "nonusers". The issue here is that
of the "redistribution of congestion". |If the route
gui dance systemis to optimze network flows, then it wll
probably do so by reallocating some congestion from |inks
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with high marginal costs to ones with |ower costs. In the
case of freeway corridors this may nean the redirection of
traffic fromcongested freeways to parallel |ocal streets;
a redirection nost likely to be opposed by the [ ocal
nei ghbor hoods. An inportant issue of technol ogy assessnent
related to this is the analysis O0f the possible inpacts
that traffic redistribution may cause. It nmay be well to
optimze the flow on urban freeway systens by reallocati'ng
traffic, but the inpacts of this diversion on |ocal non-
freeway links will require mtigation

Anot her issue of public acceptance has to do ﬂ‘tP t he
possibilities t hat exi st W thin the t echnol ogy.

Particularly, one is concerned with issues related to the
potential use of these systems for vehicle identification
flow control, and pricing. Wuether these are likely
pat hways for the technology will depend to a |arge extent
on public acceptance of the whole concept of automated
control

Sunmary

From recent devel opnents in navigation and route
gui dance it woul d appear that the technol ogy has reached
an advanced stage, anhd has in fact been delivered on the
market in sone forns. Little is now known about the
potenti al gains that automated route guidance and
navigation can offer for the relief of congestion. Yet, it
does al so appear that sone formof this technology may in
fact becone available on the narket and at prices that
m ght make it quite attractive, if only for the occasiona
convenience it offers the driver

If this technology is to require significant
infrastructural commtnments on the part of public agencies
then a thorough technology assessment must be conducted in
order to guide public policy. It seems nost likely that
route guidance will have to be partly based on roadway as
wel |l as vehicle installations, particularly if it is to
have the feature of on-line updating of traffic conditions
and the capability to reroute traffic around bottl enecks.
The required technol ogy assessment W Il be rather broad
and woul d have to touch on many technical as well as non-
technical issues. The followng are a suggested first step
toward such an assessnent.

Gven the little know edge available about driver
response and potential user benefits, it would seens that
as a first step toward such an assessnent an experinental
effort nust be undertaken In order to neasure driver
response and network behavior and to evaluate the
t echni cal requirenents and limtations. Such an
experinental effort would have to be preceded by a
t horough sinulation study in order to help design the
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experi nment al f ramewor k. Utimtely, since system
performance isS going to be network dependent, one woul d
expect that at least the sinulations, and in sone cases
the experinents would have to be done for different
envi ronnents.

Second a thorough economic analysis nust be
undertaken in order to clarify the economc efficiency and
the cost effectiveness inplications of this technol ogy.
Based on the results of the first studies dealing with the
measurenent of benefits, such an econom c anal ysis would
| ook at the issues of cost-benefit, equity and efficiency.
It wll also have to address the financing and cost
recovery issues explicitly.

Thirdly, policy analyses are needed to | ook at the

i ssues of " liability, and public acceptance nentioned
above.

The pat hway of devel opnent of automated navi gation
and route guidance is far from clear. Technol ogy
assessnment may clarify some of the desirable devel opnents.
But market trends wll also indicate which way the
devel opnent will go. Currently, it would appear that

navigation aids may become a desired features in
automobiles, and if marketed cheaply and hence wi dely may
provi de the strongest force for the further devel opnent of
route guidance and nore advanced features that are yet to
be invented.
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