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SUMMARY

This report identifies and discusses a number of human factors, safety, and traffic
management issues associated with available and emerging technologies for
communicating with motorists in their vehicle. The advantages and limitations of each of
these technologies are also discussed. The intent of this report is to provide the
Department with insight into issues that may influence the desngn implementation, and
operations of ADIS in Texas.

There are a number of available and emerging technologies for communicating with
motorists in their vehicle. Currently available technology, such as changeable message
signs, lane control signals, highway advisory radio, commercial radio traffic reports, and
cellular telephones are being used by many metropolitan traffic management agencies
nationwide as their primary means of communicating with motorists. While these devices
have been shown to be effective in providing certain types of traffic information to
motorists, information cannot be tailored to address the specific needs of individual
drivers.

With recent advances in microcomputer and communications technology, several
new technologies are emerging that offer the potential to communicate directly with
motorists in their vehicle. These technologies include in-vehicle video display terminals,
synthesized voice displays, and head-up displays. All of these technologies permit
information to be tailored to specific individuals. However, the effectiveness and
appropriateness of these technologies in the driving environment remains to be proved.

From a human factors and safety standpoint, the use of in-vehicle devices for
communicating with motorists has raised a number of issues. The design and application
of in-vehicle devices for communicating with motorists must be sensitive to the differences
in the way that individuals acquire and use navigation information. While most systems
use auditory displays to supplement visual displays, human factors theory and laboratory
studies suggest that auditory displays, such as synthesized voice, should used as the
primary mode to present navigation and route guidance information. Although drivers
prefer complex map type displays, these types of display require longer glance times by
drivers and require the driver to extract the needed information. Human factors research
and experimentation indicates that verbal messages, either presented visually or orally,
may have less of an impact on driver safety and performance.
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In addition to the human factors and safety issues, there are a number of traffic
management issues that directly impact highway and transportation agencies. Because
of the effect that these systems are expected to have on the operations of the
transportation system, transportation officials will be required to monitor and address new,
non-traditional issues, such as market penetration, private funding and control, etc. Since
the informational needs of motorists will be greatly expanded with ADIS, new levels of
cooperation and coordination between jurisdictions and the private sector will be required
to ensure a "blending" of technologies.



IMPLEMENTATION STATEMENT

This report is intended to provide insight into the human factors and transportation
management issues associated with both available and emerging technologies for
communicating with motorists. The information in this report is intended to assist the
Department in planning and implementing Advance Driver Information Systems. The
report discusses administrative and policy level decisions which may affect the long-term
implementation of ADIS in specific areas.
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This study was conducted in cooperation with the U.S. Department of Transportation,
Federal Highway Administration. The title of the study was "Urban Highway Operations
Research and Implementation Program.” The contents of this report do not necessarily
reflect the official views or policies of the Federal Highway Administration or the Texas
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1. INTRODUCTION

One way to better manage existing transportation systems is to provide more
accurate and timely information to motorists. A number of devices ranging from standard
signs, signals, and markings to computerized video terminals mounted on the dashboard
of a vehicle can be used to provide motorists with information. This report focuses on the
application of advanced technologies for communicating with motorists. Advanced
technologies, both internal and external to the vehicle, are discussed. The report also
examines the human factors, safety, and traffic management issues associated with the
use of these technologies.

Background

With the completion of the Interstate Highway System, the nation’s focus has
changed from constructing new transportation facilities to operating existing facilities more
effectively and efficiently. Intelligent Vehicle/Highway Systems (IVHS) are proposed for
achieving better utilization of existing transportation facilities and systems. IVHS applies
advanced computer, communication, and automotive technologies to “improve mobility
and transportation productivity, enhance safety, maximize existing transportation facilities
and energy resources, and protect the environment" (1).

There are five elements of IVHS:

Advanced Transportation Management Systems (ATMS),
Advanced Public Transportation Systems (APTS),
Automatic Vehicle Control Systems (AVCS),

Commercial Vehicle Operations (CVO), and

Advanced Traveler Information Systems (ATIS).

Advanced Traveler Information Systems are designed to assist all modes of
travelers (not just highway travelers) with both pre-trip and real-time decision-making
necessary for safe, convenient, and efficient travel. ATIS provides travelers with
information that can assist them in selecting the most efficient route, mode, or departure
time for their specific trip purpose. Examples of the type of information that might be
provided by an ATIS include information on bus or train scheduling and departure times,
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reports on travel and congestion conditions, weather reports, information on transit stops
and transfer locations, etc. (2)

Advanced Driver Information Systems (ADIS) is one component of ATIS. ADIS
focuses on providing information to the driver while in his or her vehicle (3). In the
uftimate implementation of ADIS, a direct communication link will be provided between a
traffic management center and the driver. ADIS is expected to use sophisticated external
and in-vehicle communication and graphical displays to relay real-time information on the
status of the street and highway system, incident conditions, and parking availability to
motorists. On-board navigational and route guidance systems will assist the driver in
locating the vehicle’s current position and provide the driver with routing information to
a specific destination. Using real-time information from a traffic management center, ADIS
will permit drivers to dynamically alter their routes in response to reports of congestion
or incidents. Comprehensive data bases stored internally in the vehicle will permit
motorists to identify and receive information about the specific location and features of
services, hospitals, tourist attractions, etc. (1, 2). Some of the features that might be
included in a fully operational Advanced Driver Information System include the following

(4):

On-board replication of maps and signs,

Pre-trip electronic route planning,

Traffic information broadcasts,

Safety warning broadcasts,

On-board vehicle locating and navigation planning, and
Dynamic electronic route guidance.

Although the full benefits of ADIS will not be realized until more sophisticated route
guidance and communication technologies are developed, the rudimentary systems that
are currently planned or being implemented will provide direct and immediate benefits to
the driver. Current ADIS technologies permit drivers to select routes that are expected
to minimize their travel time and/or travel distance to their destination, avoid incidents and
areas of congestion, and reduce the number of unnecessary trips. These actions result
in a direct travel time and fuel savings benefits to the motorists. As more vehicles
become equipped with ADIS, society as a whole benefits from reduced levels of
congestion; more efficient movement of people and goods; and reduced fuel
consumption, vehicle emissions, and motor vehicle accidents. (2)



The transfer of information between the driver and the traffic management center
is paramount for obtaining the full benefits of ADIS. The information must be clear,
concise, and easy for the driver to obtain and understand in the complex driving
environment. Care must be taken to ensure that the information itself and the manner in
which it is presented does not detract from the driving task.

Several emerging technologies (in-vehicle video display terminals, synthesized
voice displays, and head-up displays) have the potential for being used to communicate
with motorists in an ADIS. Ultimately, one or more of these emerging ADIS technologies
may be blended into the transportation system consisting of several traditional
communication devices (such as changeable message signs (CMSs), lane control signals
(LCSs), highway advisory radio (HAR), commercial radio traffic reports, and cellular
telephones) as well. CMS, LCS, and HAR are motorist information components of ATMS
(and under direct transportation agency control), whereas the role that commercial radio
and cellular telephone systems will play in IVHS are unknown. Each of these available
and emerging devices have advantages and limitations in terms of their mode of
presentation, driver acceptance, and performance. There are also numerous human
factors, safety, and traffic management issues that have yet to be resolved, especially with
respect to the use of the emerging technologies in the driving environment.

This report addresses the human factors, safety, and traffic management issues
associated with both available and emerging devices for communicating with motorists.
It focuses on the role that each device might have when ADIS becomes operational, and
the advantages and limitations of each technology. The report also identifies some of the
issues that should concern the Department in the development and implementation of
ADIS in Texas.

Objectives
The three primary objectives of this report are as follows:
1. Assess the application, advantages, and limitations of available and

emerging technologies for communicating with motorists in an Advanced
Driver Information System;



2. Summarize the existing human factors and safety issues associated with the
application of the advanced technologies for communicating with motorists;
and

3. Summarize the traffic management issues associated with the use of the
emerging technologies towards implementation of ADIS.

Scope

The intent of this report is to provide insight into the human factors, safety, and
traffic management issues associated with the available and emerging devices for
communicating with motorists. It is intended to assist the Texas Department of
Transportation (TxDOT) in the conceptual design and development of Advanced Traveler
and Advanced Driver Information Systems. It is based on a compilation of published
conference papers, newsletters, and research reports. No laboratory or field
experimentation were performed as part of the development of this report.

Organization of the Report

The report is organized into five chapters. Chapter 2 provides descriptions of the
potential devices for communicating with motorists. Both in-vehicle and external devices
are discussed. Chapter 3 summarizes the human factors and safety issues associated
with the use of the advanced technologies for communicating with motorists. Issues
relating to traffic management aspects of these devices are contained in Chapter 4.
Chapter 5 provides a summary of the issues and provides administrative and policy-level
recommendations for addressing the identified issues.



2. DESCRIPTION OF IN-VEHICLE COMMUNICATION TECHNOLOGIES

A number of technologies are already available and being used to communicate
with motorists. Some of these technologies have been around for a number of years,
whereas others have only recently been introduced in the driving environment.
Meanwhile, as ADIS implementation progresses, a number of emerging technologies
currently undergoing research and development may further enhance the ability of public
agencies (as well as the private sector) to provide useful and accurate traffic and
navigation information to drivers.

There has been some research and experience through the years on CMS, LCS,
HAR, and commercial radio which has suggested the types of benefits (as well as
limitations) to be expected from each. On the other hand, emerging technologies offer
the opportunity to improve information dissemination and navigational assistance to
motorists through advances in computer technology, video imaging, and understanding
of human cognitive navigational processing. However, as yet, these emerging
technologies are untested on a large scale. Furthermore, the success of these emerging
technologies will be predicated on the ability of the private sector to successfully market
the hardware to motorists, and the ability of the public and/or private sector to maintain
the accuracy and credibility of the information.

This chapter provides an overview of the various available and emerging
technologies for communicating with motorists. Basic usage and applications, along with
the advantages and limitations of their use in the driving environment, are described for
each technology. The available technologies for communicating to motorists while driving
include:

. Changeable message signs (CMSs),

. Lane control signals (LCSs)

. Highway advisory radio (HAR),

. Commercial radio traffic reports, and
. Cellular telephones.

Changeable message signs (CMSs), lane control signals (LCSs), highway advisory
radio (HAR), and commercial radio traffic reports have been in existence for a number of
years (5). More recently, though, their implementation and use in urban areas has
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expanded greatly as agencies look for ways to combat continually rising congestion
levels. Research performed during the past 20 years has shown these technologies to
be effective in providing certain types of traffic information which result in changes in
motorist travel patterns. Cellular telephones are a more recent development. Deployment
of cellular telephones within the driving population has grown tremendously during the
latter 1980s. Already, several cities are taking advantage of this technology for incident
detection by establishing toll-free numbers for motorists to report traffic problems they
encounter while driving (6). In addition to their use for incident detection, however,
cellular telephones allow motorists to access call-in traffic information systems enroute,
rather than just prior to the start of a trip as was possible before.

Complementing those devices which are already available to motorists are those
emerging technologies which are part of the ADIS component of IVHS. These
technologies include the following:

. Video display terminals,
. Auditory display terminals, and
. Heads-up display terminals.

With respect to the emerging technologies, all three types of devices offer the
opportunity for information to be tailored specifically to each individual motorist while in
his or her vehicle. In the early phases of implementation, these devices will assist
motorists with navigational decisions independent of traffic and other conditions, through
static route planners, address databases, etc. However, they are envisioned to eventually
communicate with real-time traffic information centers so as to assist motorists through
dynamic route guidance and navigation. Questions remain, though, as to whether any,
or all, of these emerging technologies can and will be effectively utilized by motorists.

Description of Available Communication Technologies

Available communication technologies, as referred to in this report, are those
devices which are currently being used to communicate traffic and related information to
motorists while in their vehicles. Such technologies may have been in existence for years,
or may have only just been introduced into the driver information market. Regardless, all
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of these technologies are now operational and are actually being applied in metropolitan
traffic management.

Changeable Message Signs

Changeable message signs (also called variable message signs) have been utilized
to communicate with motorists for 30 years (7). They are used for real-time traffic
warning, regulation, routing, and management purposes. In urban areas, CMSs are the
primary device used by transportation agencies to communicate directly with motorists.
A recent inventory (8) identified 57 different freeway operations systems in North America
with CMSs anticipated or in use.

Early CMSs were quite limited in terms of the amount of information they could
display, and the ease with which this information could be changed. However,
advancements in computer technologies in the 1970s and 1980s resulted in the ability to
quickly and easily display nearly any type of message that could physically fit onto a
CMS. Partly in response to the increased flexibility of CMSs, human factors guidelines
were developed to assist in the design and implementation of real-time motorist
information messages (5).

A synthesis of available CMS hardware has just recently been completed (7). At
the present time, CMSs can be light-emitting, light-reflecting, or a hybrid of both. New
light-emitting hardware such as fiber-optics and super-bright light-emitting diodes (LEDs)
are also being applied to CMS designs. Research also continues into more futuristic
technologies such as holographic signs, dynamic graphic display boards, etc. Given the
significant interest and investment in CMS technology nationally, they are destined to
remain an important part of urban traffic management systems in the foreseeable future.

CMSs provide several advantages for communicating with motorists in real-time.
First of all, the technology is proven and is being utilized extensively nationwide. Also,
CMS operations are generally incorporated into the overall traffic management system of
the freeway, corridor, or roadway network. In this way, transportation agencies have
direct control over the amount and accuracy of information presented to motorists.

However, CMSs also suffer from several limitations. First of all, the location of the
devices is fixed, which limits where and when motorists are able to access information.
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Furthermore, motorists can see any given sign for only a small amount of time, which
constricts the amount of information that can be presented to the motorist. Also, the
visibility of CMSs can be affected by external conditions such as weather or a high
percentage of large trucks. Finally, the information that is presented cannot be easily
tailored to the needs of individual motorists. As a result, much of the information that is
presented may not be relevant to the needs of a given motorist.

Table 1 summarizes the advantages and limitations of CMS technology in
communicating with motorists.

TABLE 1. ADVANTAGES AND LIMITATIONS OF CMS TECHNOLOGY.

Advantages

+  Proven technology
+  Transportation agencies have direct control of information

Limitations

Fixed locations

Driver viewing time of messages is limited
Visibility affected by external conditions

Difficult to tailor information to individual motorists

L4
L
*
*

Lane Control Signals

According to the Manual on Uniform Traffic Control Devices (MUTCD) (8),
"Lane-use control signals (LCS) are special overhead signals having indications
used to permit or prohibit the use of special lanes of a street or highway or to

indicate the impending prohibition of use."
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The most common uses of LCS are to regulate reversible lane situations, such as
at toll plazas, on urban arterials, or on reversible HOV transitways. However, they may
also be used on freeway facilities to indicate the current condition of each travel lane.

The MUTCD allows the use of four LCS displays:

. A downward green arrow -- to indicate that the lane is open and that a
driver is permitted to drive in the lane over which the arrow is located,

. A steady yellow X -- to indicate to a driver that he or she should prepare to
vacate the lane because a signal change is being made to a red X,

. A flashing yellow X -- to indicate that a driver is permitted to use the lane
over which the signal is located for a left turn (applicable to arterial streets
only), and

. A red X -- to indicate that the lane over which it is displayed is closed to that

direction of traffic, and that a driver shall not drive in that lane.

In addition, some transportation agencies are using other symbols (such as yellow
downward arrows) to expand the types of information that a LCS system can present to
motorists. However, these symbols have yet to be shown effective in communicating the
desired information to motorists.

Table 2 presents a summary of the major advantages and disadvantages of using
LCS to communicate with motorists. LCS have a finite number of displays which makes
them simpler to operate manually, and possibly easier to automate using loop detector
or video imaging data from an electronic surveillance system. LCS communicate only
through colors and symbols (X’s and arrows), so they can be understood by non-english-
speaking drivers as well. Finally, they are under the control of the transportation agency,
who in turn has control over when and what information is presented to motorists through
this technology.

LCS systems have their disadvantages as well, however. Because they rely on a
fixed number of symboails, they can relay only a limited amount of information to motorists
about lane conditions. They cannot be used to make recommendations to motorists, or
to warn them of the reasons for the lane conditions. Also, although symbols can be used
to communicate with non-english-speaking drivers, human factors research suggests that
symbols generally achieve lower levels of comprehension than similar word messages
when describing lane blockages or closures (5).
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TABLE 2. ADVANTAGES AND DISADVANTAGES OF LCS TECHNOLOGY.

Advantages

. Simple to operate and automate
. Symbolic messages can be understood by non-english-speaking
drivers
. Transportation agencies have control of information
Disadvantages
. Only fixed amount of information can be displayed
. Symbols tend to have lower comprehension levels

Highway Advisory Radio

Highway advisory radio (HAR) is another available technology that allows
information to be communicated directly to the motorist. HAR is broadcast on a special
AM frequency (either 530 or 1610 Khz) which motorists can tune to on their car radios.
An FM frequency HAR is also being considered at the present time (9). HAR is not as
widely used as CMSs in the United States for presenting traffic information. At the
present time, 23 freeway surveillance and control projects nationwide have or are
implementing HAR systems ().

Human factors considerations indicate that many types of information motorists
may need or desire are well-suited to audio presentation. Since the motorist
receives most of their information through visual means, the visual sense may become
overloaded in complex driving environments. Presenting certain information by audio
means is one way to reduce sensory overload and facilitate motorist comprehension of
information (10, 11). Furthermore, information can be presented continuously to the
motorist long as he or she is within transmission range of the system. As with CMSs,
extensive research performed during the 1970s and 1980s has led to the development
and design of implementation guidelines for HAR systems (5, 12, 13).
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Unlike CMSs, however, HAR does require motorists to take action (by tuning to the
appropriate frequency on their radios) in order to obtain information. In addition, visual
signing is required to notify motorists to tune to the appropriate radio frequency. If
motorists do not see the notification, they will not tune in to the information. However,
efforts are underway to develop automated HAR systems (AHAR) which interrupt normal
broadcasting channels to automatically present information to motorists (9). Also, HAR
systems generally operate on fairly low power over a limited range. As such, information
access is still somewhat limited to a specific location, although this limitation is not as
severe as it is for CMSs. Finally, information presented by HAR is transient. If the
motorist misses some part of the message the first time, her or she must listen to the
entire message over again to get the specific part that was missed. The advantages and
limitations of HAR are summarized in Table 3.

Commercial Radio Traffic Reports

The final existing method of in-vehicle communication to the motorist is through the
commercial media, in the form of periodic peak-period traffic updates by various stations
in most large urban areas. Commercial radio stations may obtain their own traffic
information through "eye-in-the-sky" reporting crews, obtain information from private traffic
reporting services, or obtain information directly from the highway agency (as is done in
the Chicago area (14)).

Table 4 presents the major advantages and limitations of commercial radio traffic
reports. Commercial radioc has the potential to reach a significant number of motorists,
since most vehicles have operational radio units. Currently, most stations broadcast
traffic information as part of their public service efforts and to attract and maintain a share
of the market. Furthermore, recent studies indicate that these traffic reports are both
desired and used by the motorists (15).

One of the major limitations of commercial radio, however, is the lack of timeliness
and accuracy of the information presented to the motorists. The presentation of traffic
information is but one small part of the radio station’s objectives, and so, the information
must be scheduled within the overall programming structure. Consequently, time lags
occur between the time information is obtained on traffic conditions or incidents and the
time it is disseminated (16, 17). For example, motorists often state that accidents and
other incidents that are reported by radio stations are no longer present when they reach
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TABLE 3. ADVANTAGES AND LIMITATIONS OF HAR.

Advantages

+  Well-suited to presenting certain types of information

»  Helps alleviate information load received visually

« Longer and more complex messages can be presented to motorist

+ Transportation agencies have direct control over information
dissemination

Limitations
¢ Requires motorist action to receive information (i.e., tuning radio)

¢« Low power transmission limits effective broadcast range
+ Information is transient

the incident location. Another limitation of commercial radio for disseminating traffic
information is that the information presented is of a regional nature. Motorists must listen
to the entire report for any information on their planned roadways. Also, the fact that the
entire region must be addressed typically limits radio reports to only major traffic problems
on freeways or major arterials.

Cellular Telephones

An in-vehicle communication technology that has seen dramatic growth in the past
few years is cellular telephones. These systems allow motorists and transit users to call
an information data base to determine travel conditions, transit routes, and scheduling
information to assist in pre-trip decisions. In addition, information can be accessed
enroute and decisions made whether to alter travel routes. The creation of call-in systems
has been a popular traffic impact mitigation strategy for many major urban freeway
reconstruction projects in recent years (18).

This type of in-vehicle communication has the advantage over both CMS and HAR

in that the motorist can be given some control over the type and amount of information
they want to obtain (through a series of touch-tone menus, for example). In addition, it
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TABLE 4. ADVANTAGES AND LIMITATIONS OF COMMERCIAL RADIO
TRAFFIC REPORTS.

Advantages

» lLarge audience can receive information
Most radio stations now broadcast traffic information
+  Surveys indicate many motorists desire information through this format

[ 3

Limitations

+ Information often not accurate nor timely
. Information is of a regional, not local, nature
»  Transportation agencies cannot control information

is also possible to generate two-way communication between the motorist and the
information source. Many urban areas have established "hotlines" for motorists to call in
and report incident information to the highway agency.

However, as with HAR systems, this technology also requires action by the
motorist to access information. Furthermore, the information is currently accessible to
only a small portion of the driving population (currently about 3 percent of the population
in Chicago have cellular phones, for example (19)). There are also significant operating
costs associated with this technology, as any calls made using cellular telephones must
be paid for by either the motorist, a public agency, or absorbed by the corporation
providing cellular telephone communication capabilities in the region. Finally, there is
some concern that cellular telephone usage while driving may degrade motorist attention
and operating capabilities (20). However, manufacturers have developed "hands-free"
telephones which allow motorists to listen and talk without holding the telephone receiver
to help reduce safety problems. The advantages and limitations of cellular telephones are
summarized in Table 5.
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TABLE 5. ADVANTAGES AND LIMITATIONS OF CELLULAR TELEPHONES.

Advantages

+  Type and amount of information received can be controlied by motorist
«  Two-way communications possible

Limitations

¢  Action required for motorist to obtain information
»  Market share is limited at the present time

«  Significant operating costs

+  Safety concerns with telephone use while driving

Emerging Technologies

A variety of new technologies are emerging that will permit transportation agencies
to communicate with individual drivers directly in their vehicle. These technologies include
video display terminals or monitors mounted in the dashboard of the vehicle, synthesized
voice displays, and in-vehicle head-up displays. While most of these technologies have
been used extensively in the aviation industry for some time, they are just beginning to
be applied in the automobile industry. Research efforts are currently underway to explore
the applicability and appropriateness of these technologies in the driving environment.

In-Vehicle Video Display Terminals

One potential method of providing drivers with complex navigation and route
guidance information is a video display terminal (VDT) mounted in the dashboard of a
vehicle (11). A few systems are under various stages of development or in prototype
form. Most of these systems will be used to provide motorists with route guidance and
navigational information. Navigational and route guidance information can be presented
on VDTs in two different formats (2). One approach is to present the driver navigation
and route guidance information in the form of maps or equivalent displays. With these

14



systems, a global picture of the traffic network can be provided. Recommended routes
can be highlighted on the video map display. In this format, all drivers, regardless of their
destination, receive the same traffic and congestion information. The AMTIC system
being developed in Japan and the Pathfinder System being developed in California are
examples of this first type of system (21, 22).

In the other approach, simple symbalic signals (i.e. arrows), text instructions, or
a combination of both guide the driver along a recommended route (11). The Autoguide
(Great Britain) and the ALI-SCOUT (Germany) systems use simplified schematics of
intersections with directional arrows indicating the next action to be taken by the driver
(23) (See Figure 1). Some systems, such as the TravTek system being developed in
Orlando, Florida, use a variety of displays depending upon whether or not the vehicle is
in motion, the functions selected, and level of information desired by the driver (24).
Figure 2 illustrates some of the various informational and navigational displays available
with the TravTek system. A limited amount of navigational and traffic information functions
(Figures 2d through 2f) are available while the vehicle is in motion. Conversely, those
functions which involve a driver’s actions to manipulate, such as the destination finding,
electronic "yellow-pages" and trip planning functions, are available only when the vehicle
is parked.

In-vehicle VDTs offer a number of advantages over available technologies in
providing information to motorists while driving. The first obvious advantage is that
information will be more readily accessible to the driver. By presenting this type of display
in the vehicle, the driver will have constant and continuous access to current position,
routing, and navigational information.  Another major advantage of in-vehicle VDTs is
that computer-generated navigational maps and displays are logical extensions of
traditional forms of providing drivers with route guidance and navigation information. A
final advantage to in-vehicle VDTs is that the format for providing information is flexible.
Information can be displayed in text, graphics, or a combination of both. This will permit
information to be better organized so as to reduce processing time and effort by the
driver. Color can also be added to these displays to assist motorists in processing
information more quickly and accurately.

As with the available communication devices, however, there are also limitations
to in-vehicle VDTs. Perhaps the greatest limitation and concern with this technology is
that drivers will have to take their eyes off the roadway in order to receive the information.
Concerns also exist that in-vehicle VDTs present the driver with complex maps and
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diagrams. This creates a potential to overload the driver with too much information as
well as add visual clutter inside the vehicie. A more detailed discussion of these types of
limitations is provided in Chapter 3.

Table 6 summarizes the advantages and limitations of using in-vehicle VDTs to
communicate directly with drivers.

Auditory Displays

While some auditory displays, such as warning and alert buzzers and beepers,
have been used in automobiles for some time, recent advances in electronics have greatly
expanded the range of auditory messages that can be presented to drivers.
Technological advances in speech synthesis are primarily responsible for expanding the
range and flexibility of auditory display systems. Potential applications of speech
technology include the following (11):

. fuel and vehicle status information;
. advisories of traffic, terrain, and weather information;
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concentration at critical moments during the driving task. Since there is a wide range of
noises and sounds in the automobile, auditory displays may have to compete with other
auditory sources (e.g., the radio, passengers, general road and vehicle noise, etc.) for the
driver’s attention. Also, the overuse of auditory displays may lead to auditory clutter
within the vehicle. Another major limitation to auditory displays is that they may interfere
with the driver’s ability to hear external emergency warnings and alerts such as at railroad
grade crossings, and when emergency vehicles are on the road (26).

The complexity of the information that can be provided by auditory displays is
another limitation. Warnings or alerts are easily communicated via auditory displays.
However, more complex information, such as navigation and route guidance instructions,
will have to be presented through speech. Drivers typically do not comprehend the
meaning of a spoken message until the transmission is essentially complete. Often, long
messages have to be repeated several times before the total meaning can be
comprehended and remembered by the driver (12). For this reason, longer messages
may be comprehended more rapidly by the driver through a visual message than through
an auditory display (5,11). The advantages and limitations of auditory displays are
summarized in Table 7.

TABLE 7. ADVANTAGES AND LIMITATIONS OF AUDITORY DISPLAYS

Advantages

* Reduces visual demands on driver
« Reduces visual clutter

« Good for transmitting alerts and warnings

» Does not require driver to take eyes off road

Limitations

May disrupt driver concentration

May lead to auditory clutter (noise)

Difficult to present long and/or complex information
Slow communication medium

May mask external emergency warnings

L ] . & » L
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Head-Up Displays

As technology continues to improve, the Head-Up Display (HUD) is an obvious
alternative to in-vehicle VDTs for presenting visual navigational and route guidance
information to motorists (2). Although originally developed for the aviation industry,
several automobile manufacturers are beginning to develop HUDs for presenting vehicle
status and navigational information to drivers. Figure 3 illustrates the use of a HUD being
developed by one automobile manufacturer.

A wide variety of options for displaying information may be available using HUDs.
Through the use of icons and alpha-numeric text, navigation and route guidance
information may be projected directly into the driver’s field of view (11). This permits
information that is normally provided via instruments embedded in the dashboard to be
available without requiring the driver to take his or her eyes off the roadway ahead. HUDs
are believed to provide drivers with the following two benefits over traditional internal
navigational and vehicle status displays (11, 26):

1. Because navigational and vehicle status information is projected into the
driver’s field of view, the need for visual scanning between two information
sources (the inside instrument panel and the outside environment) is
reduced;

2. Through optical techniques, information may be presented at the same
apparent distance as the outside world. This may reduce the
accommodation time as the driver scans the visual horizon.

However, there are numerous concerns regarding the safety and applicability of
using HUDs in the driving environment (11). Currently, most HUDs under development
and implementation provide drivers with only relatively simple information such as speed
indications. However, research is currently being performed on the use of HUDs to
provide motorists with complicated navigational and route guidance information (27).
Unlike in an aircraft, the visual background in the driving environment is constantly
changing and is rich with color contrast which may obscure the visibility of the information
display. The projection of additional information into the driver’s view may also create
clutter in complex driving environments (11). Significantly more research into the
interaction between HUD format, optical and attention variables, and task performance
is required in order to determine whether or not HUDs are superior to in-vehicle video or
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auditory displays in the driving environment (27).

Table 8 summarizes the advantages and disadvantages of using head-up displays
for communicating with motorists.

TABLE 8. ADVANTAGES AND LIMITATIONS OF HEAD-UP DISPLAYS.

Advantages
+ Reduces need for visual scanning
+  Permits transfer of information with out driver moving eyes off roadway
« Reduces accommodation time
« Reduces visual clutter inside vehicle

Limitations

Restricted to simple instructions

Potential for driver information overload

Problems with contrast changes

Creates visual clutter in complex driving environment

.- » * *

Closing Remarks

As this chapter has illustrated, no one technology (now available or yet emerging)
is the total remedy for motorists who want information for making navigational decisions
or route guidance assistance to reach their intended destinations. With available
technologies, the amount of information that can be disseminated in a timely fashion to
motorists is constrained to a large extent by the hardware. Furthermore, external
conditions can degrade the information dissemination process, and the inability to
customize information to specific individuals further limits the types of information that
could be provided. The development of the emerging technologies is expected to remove
these types of limitations, allowing motorists access to more information than ever before.
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However, these technologies present extensive visual and auditory stimuli that must
compete for the motorist’s attention during the driving task.

It is unlikely that the emerging technologies will eliminate the need for those
technologies now available. Too much has been invested in the development and
implementation of these devices for them to simply be forgotten in the technology race
that is occurring in the area of ADIS. Perhaps more importantly, it should be noted that
there is a hierarchy of information needs within the navigational tasks motorists perform.
Some information can be effectively disseminated via available technologies, whereas
other information can only be distributed via technologies now emerging. The key to
future effective information management will be the degree to which all forms of
technology can be integrated to provide a cohesive information "package” for the
motorist.
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3. HUMAN FACTORS AND SAFETY ISSUES OF ADIS DISPLAYS

The primary objective of ADIS is to provide drivers with information that assists
them in reaching their destinations in a quick, efficient, and economical manner. How well
ADIS achieves this objective depends, in part, on how well the information is
communicated to the driver. To be of benefit to the driver, information must be timely,
clear, concise, and easily understood. The drivers may be unable to process the
information in an efficient manner and may become overloaded if too much is presented
at one time, or in a poor manner.

There are many unanswered questions related to the use of emerging in-vehicle
displays for communicating with motorists. The questions are the subject of ongoing
human factors and safety research. Some of the more critical and pertinent questions
that remain to be resolved include the following:

. What information do drivers need to navigate?

. How should route guidance and navigation information be presented to the
driver? (map displays, turn-by-turn instructions, etc.)

. Is it better to use visual displays or auditory displays to provide motorists
with route guidance and navigation information?

. How well will in-vehicle communication displays be accepted by drivers?

. What are the safety implications of providing route guidance and
navigational information directly to drivers in their vehicle while they are
driving?

In many ways the first three questions have been relevant to the development of
the more familiar forms of motorist information displays (i.e. CMS, LCS, HAR). The
purpose of this chapter is to discuss the pertinent research that has been directed at
answering these questions relative to in-vehicle displays. The discussion of these
questions can be grouped into the following topic areas:

. Acquisition of Navigational Information

. Mode of Presentation

. Coding of Information

. Impact on Driver Safety and Performance
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Acquisition of Navigational Information

The differences in the way that individuals acquire and use navigational and route
guidance information may impact the long-term benefits of ADIS. Human factors research
(28, 29,) suggests that there are three levels of knowledge that drivers use in navigating:
(1) landmark knowledge, (2) route knowledge, and (3) survey knowledge. Landmark
knowledge is considered to be the lowest level of knowledge of an area. At this level, an
individual’s knowledge of the area is characterized by highly visible and salient landmarks
including buildings, mountains, etc. Drivers use these landmarks to find paths or routes
to their destinations. They typically have limited knowledge of the street network and
navigate to their destination by "feel."

As a driver becomes more familiar with an area, he or she acquires a greater
sense of route knowledge. At this level, drivers navigate from one location to another
using landmarks or other visual features to trigger pre-determined navigation decisions
(such as turn left, turn right, or continue straight at a given intersection). They prefer and
use step-by-step instructions of the maneuvers to be performed on a route from an origin
to a destination. They use landmarks to identify locations where an action should be
performed (e.g., "turn left at the church"). Although route knowledge can be gained from
written driving directions or from route planning using maps, the most direct method of
acquiring route knowledge is by traveling the actual route.

The highest level of knowledge of an area can be classified as survey or "map-like"
knowledge. At this level, knowledge of an area is retained in the form of a "birds-eye
view" map (a internal cognitive map), which is analogous to the true physical map of the
area. Using survey knowledge, drivers have the ability to describe the relative location
of two landmarks within an area without actually having ever traveled a route that
connects them. This type of knowledge is obtained and extracted most directly from
maps.

Because different drivers have different information needs and desires, in-vehicle
communication devices must be flexible to accommodate these different information
needs. Individuals who possess only landmark knowledge of a particular area (e.g., a
business person visiting a location for the first time) would likely benefit from an in-vehicle
static route guidance and navigational display. As driver familiarity with an area increases,
however, their information needs change. Drivers who navigate using “route knowledge”
information would probably desire a system that provides simple turn-by-turn instructions
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(such as in the ALI-SCOUT and Autoguide systems). Finally, individuals who possess a
high level of survey knowledge of an area would probably perceive a system that provides
a virtual map display and illustrates the "shortest" path determination as being most
beneficial to them (29, 30).

Furthermore, driver information needs change with time, depending upon each
driver’s particular driving situation. Through experience, some drivers progress through
all three levels of knowledge, while others never progress beyond landmark or route level
knowledge. This is implied by research which shows some individuals have good
knowledge of the traffic network and routinely search for better routes (in terms of travel
time savings), whereas other drivers refuse to deviate from their established routes
regardless of the level of delay and congestion encountered (31). Potentially, in-vehicle
displays would benefit both types of drivers; however, the type and level of information
desired by each is likely to be different. The key is to have an information system that
is flexible to accommodate individual motorist needs and desires.

Mode of Presentation

Another of the major human factor issues yet to be resolved is whether information
should be presented using visual or auditory displays. Most of the in-vehicle display
systems currently under development use a visual format (a map display or graphical
representation (arrows) of turning instructions) to present drivers with route guidance and
navigation information. In most cases, the driver will have the option to use auditory
displays (i.e.,synthesized voice) only as a supplement to the visual displays. However,
research has shown that map displays supplemented with auditory guidance instructions
allow for more efficient navigation and are preferred by more motorists than map displays
alone (32). Moreover, there is strong theoretical and empirical evidence that implies that
auditory displays should be used as the primary mode for presenting in-vehicle route
guidance and navigational information. This evidence suggests that auditory displays are
currently not being designed and implemented to their maximum potential in most in-
vehicle communication systems being developed.

Multiple resource theory suggests that humans utilize several mental formats to
obtain and process information (29). Figure 4 illustrates the concept of the multiple
resource theory. The theory states that two tasks (e.g., driving a vehicle and reading a
map) requiring the use of the same resource (e.g., visual information) tend to interfere
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Figure 4. Format of Information Display Using Separate Resources.

with one another while two tasks using two different resources (visual and auditory) tend
not to interfere with one another. In other words, two different mental processes (such
as controlling the lateral placement of a vehicle and navigating a vehicle) may occur
simultaneously when the information needed to execute these tasks is presented in
different formats (i.e., visual versus auditory senses). Since driving is primarily a control
task which requires visual/spatial information, multiple resource theory suggests that
navigation and route guidance information would be better presented using auditory
displays, eliminating the conflict between the control and the navigation task.

Empirical studies have shown that in-vehicle auditory displays can be used to
provide drivers with navigational and route guidance information. Research performed
in the 1970s illustrated that motorists were capable of following voice instructions for
navigational purposes (33, 34). More recently, direct comparisons of visual and audio
navigation displays have been carried out. For example, one study which examined
alternative modes for presenting drivers with directional instructions found that drivers
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made fewer navigational errors, drove fewer miles, and reached their destination in the
least amount of time when an auditory display was used to provide the information (35).
In another study that compared auditory displays to visual displays at three different levels
of information complexity, it was found that drivers made less severe speed reductions
and fewer navigational errors when route guidance and navigation information was
presented using auditory devices (36). However, other research has shown that as long
as route guidance and navigation instructions are relatively simple, the mode of
presentation (auditory versus visual) is not significant and, in fact, the manner in which
the information is presented (verbal messages versus spatial/graphical messages) is of
greater importance in the design of in-vehicle information displays (37).

Coding of Information

One of the primary concerns of in-vehicle displays is the amount of time required
for drivers to obtain and process information. The amount and complexity of information
that drivers can safely receive and process is also an issue yet to be resolved. In
general, more complex information requires greater attention and processing time,
regardiess of the mode used to convey the information (29). Therefore, complex motorist
information displays may adversely impact driver workload and performance.

As discussed in Chapter 2, the various systems currently in operation or under
development have different philosophies for displaying route guidance and navigation
information to drivers. For example, the ALI-SCOUT system in Germany uses simple
diagrammatical symbols supplemented with a voice output to provide real-time
navigational and route guidance information. Conversely, the Pathfinder system displays
vehicle location and congestion information to the driver on a computer-generated
moving-map display (22). Route guidance information is then displayed to drivers by
highlighting specific routes. Another display philosophy being considered is to let the
driver decide the type of display he or she wants (i.eg., a moving-map display with
highlighted routes and congestion information, or a simple diagrammatical display that
provides turn-by-turn instructions). This latter philosophy is the approach being used to
display travel information to the drivers in the TravTek system (24).

Limited laboratory and controlled field study results imply that verbal route
guidance and navigational displays (turn-by-turn instructions) are more easily understood
and processed by drivers than spatial map displays (36, 38). A recent FHWA study also
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found that driver performance was significantly impacted by the use of complex map
displays to provide drivers with route guidance and navigational information (21). The
FHWA study concluded that messages of medium complexity (e.g., "TAKE 1°" RIGHT
-->"), presented either visually or orally would result in safer overall driving.

However, a few studies of driver preferences indicate that drivers prefer map
displays over text or turning arrow displays. With map displays, drivers can obtain a
global perspective of all the available routes. Map displays also provide supplemental
information, such as distances between intersections and surrounding landmarks, that are
not available on other types of displays. On the other hand, drivers indicated that they
found it difficult to sustain the high level of concentrated attention needed to extract all the
necessary information from map displays and still maintain an adequate level of control
over their vehicles (29, 38).

When subjects were asked to compare graphical symbol displays (such as turn
arrows used in the ALI-SCOUT system) and computer generated map displays (such as
used in Pathfinder system), drivers preferred the simpler graphical displays. The graphical
displays were judged to place less of a cognitive demand on drivers, since drivers are
given explicit instructions on how to reach their destinations. With computer-generated
map displays, drivers have to extract the information they need (38).

The above discussion illustrates that the question of how information should be
presented to motorists has yet to be resolved. A strong basis of understanding was
developed through research performed regarding information processing time and
workload on the design and implementation of CMS and HAR systems (5). However, the
focus of those research efforts was to determine what format should be used for each
type of system so as to maximize the amount of information transferred within the
constraints of limited exposure time to the drivers. With in-vehicle communication devices
now under development, the question becomes more complex. The flexibility offered by
these emerging technologies allows information to be made continuously available to the
driver. Thus, the exposure time constraints have been relaxed. However, motorists are
still limited in how much information they can process while driving. Likewise, certain
presentation formats enhance information processing whereas others seriously inhibit it.
New research efforts must continue to build upon those early human factors studies so
as to most effectively develop and implement in-vehicle displays.



Impact on Driver Safety and Performance

Perhaps the most important human factors issue yet to be resolved is the impact
that video, auditory and HUD displays have on driver safety and performance. It is feared
by many within the human factors and transportation engineering communities that the
introduction of in-vehicle communication devices, particularly VDTs mounted on the
dashboard of the vehicle, will be an unnecessary distraction and divert the driver’s
attention away from the roadway (26). If the driver is required to view a complex display
while operating a vehicle, it is feared that he or she may not be able to fixate upon the
roadway ahead and may be unable to maintain proper speed, direction, and/or lateral
positioning in the travel lane. Long glances inside the vehicle also limits drivers from
attending to critical external information (i.e., changing traffic conditions, roadway
obstructions,) that may be potentially hazardous to them (39). Table 9 shows the ranges
of glance times observed for conventional vehicle dashboard displays and for an
electronic map display (40). This table shows that substantial longer glance times are
required to obtain navigational information from complex map displays than for most
common gauges and equipment now located within vehicles.

Drivers must maintain almost continuous eye fixations on the roadway ahead in
order to maintain proper lateral positioning within a travel lane (41). For this reason, it is
recommended that displays be designed so that critical information can be obtained
through short glances, or kept available to the driver until it can be safely and
conveniently reviewed (26). However, even short glances inside the vehicle (less than six
seconds) increase the probability that the driver will deviate from the travel lane (39).

The TravTek system in Orlando has taken another approach towards addressing
the issue of driver distraction due to in-vehicle navigation devices (24). This system limits
the amount of information that can be accessed by the driver when the vehicle is in
motion. Only information that directly supports the driving task (i.e., turning instructions,
position information, congestion reports,) is available to the driver when the vehicle
transmission is in DRIVE. Route planning, destination finding, and services and
attractions listings are available only when the vehicle transmission is in PARK. By limiting
the amount of information that is available to the driver while the vehicle is in motion, the
designers of the TravTek system have attempted to reduce the level of distraction and
eyes-off-road time and keep drivers focused on the driving task. The success of this
approach is currently being researched in the field.
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TABLE 9. COMPARISON OF GLANCE TIMES BETWEEN CONVENTIONAL
AND ELECTRONIC MAP DISPLAYS.

Total Display Glance
Time Mean, T,
(Seconds)

Conventional
Displays

Electronic
Map Display

0<T, <10

10T, <25

25<T, <4

Following Traffic
Speed

Remaining Fuel
Info Lights

Tone Controls
Balance Controls
Sentinel

Fan

Vent

Time

Fuel Range
Fuel Economy
Defrost
Temperature
Cassette Tape

Power Mirror
Tune Radio
Cruise Control

Destination Distance
Destination Direction

Heading
Zoom Level
Appropriate Direction

Roadway Name (Av.)
Roadway Distance (Av.)
Cross Street (Av.)

Roadway Name (N. Av.)
Roadway Distance (N.
Av.)

Cross Street (N. Av.)

“(Av.) indicates required information was immediately available;
(N. Av.) indicates that information was not immediately available.

Source: (40)
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Another area of concern for many transportation and human factors professionals
is how the performance of older drivers will be affected by in-vehicle route guidance and
navigational displays. In general, the impacts of in-vehicle communication devices are
likely to be more pronounced on older drivers than on younger drivers. Research shows
that drivers over 50 years of age require a greater amount of time to complete certain
driving tasks and to look at navigation displays and dashboard instruments. These
drivers also make more navigation and control errors than younger drivers (30, 34).
Since the proportion of older drivers in the traffic stream will continue to rise in the years
ahead, the ability of this group to safely drive and navigate with in-vehicle devices should
be a major concern for transportation officials.

Closing Remarks

The success or failure of in-vehicle devices for communicating with motorists
ultimately depends upon the degree to which they are accepted and used by drivers. In
order to succeed, in-vehicle displays must be designed to be user-friendly, trustworthy,
evolutionary, and beneficial to the customer. If in-vehicle devices become intimidating,
irritating, or unreliable, they are destined to fail. The key to achieving driver acceptance
is to provide only the information the driver wants, in a form that he or she can use in a
timely manner (42).

To date, transportation agencies have had little involvement in the development and
deployment of actual prototype in-vehicle devices for communicating with drivers. Most
of the developmental work, at least in the United States, is being performed by private
industry. Traditionally, transportation agencies have been responsible for installing,
maintaining, and operating systems to collect traffic and congestion information.
Certainly, this information will be a vital component of ADIS. However, the role of
transportation agencies must expand to address a new set of issues. Questions such as
how the information shall be distributed, who should be responsible for the quality and
accuracy of the information, and who should be responsible for installing the necessary
support infrastructure, face agencies as ADIS are integrated into existing traffic
management and operations systems in the United States.

32



4. TRAFFIC MANAGEMENT ISSUES

Apart from the specific human factors issues concerning various types of emerging
in-vehicle technologies, the entire genre of these devices present the opportunity to
provide matorists with extensive amounts of roadway, traffic, and other information. In
addition, these systems will be able to "assist" the motorist in his or her decision-making
and provide guidance regarding which routes to take, how to get to those routes, and
how long it will take to reach his or her destination. Although this technology offers
significant potential for reducing congestion and improving travel in urban areas, a
number of technical and practical issues remain regarding its eventual implementation.

This chapter is devoted to a discussion of the major traffic management issues that
arise concerning the deployment and use of the emerging technologies for in-vehicle
communications. These issues are separated into the following four topic areas:

. Driver response to in-vehicle driver information technology,
. Traffic information access and management,

. Infrastructure development, and

. Liability concerns.

Driver Response to In-Vehicle Driver Information Technology

One of the major traffic management issues is the lack of understanding of the
extent to which motorists will accept and respond to the information to be provided
through emerging in-vehicle technologies. Limited case studies and field tests indicate
that motorists do adjust their travel patterns in response to real-time information presented
through the available technologies (i.e., CMS, HAR, cellular telephone) for communicating
with motorists (32, 42, 46). Messages presented via these available technologies,
however, are designed to be displayed to all motorists. In contrast, most likely scenarios
of emerging in-vehicle technology will require motorists to purchase new vehicle hardware
(and possibly subscribing to an information service to obtain data to operate that
hardware). As a result, there will be fewer individuals receiving information. Because of
the direct costs involved, however, those individuals may be more responsive to the
information and recommendations presented to them.
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The evolution of ADIS is envisioned to occur in three primary stages (2):

. Information stage (1990-1995) -- when emphasis will be on providing
motorists with improved static navigation information to allow them to make
more informed choices;

. Advisory stage (1995-2000) -- when dynamic traffic condition information will
be made available to drivers in their vehicles, allowing them to react in real-
time to changing traffic conditions; and

. Coordination stage (2000-2010) -- when information flow between vehicles
and the public infrastructure will become two-way, and when information
dissemination will be coordinated with corridor and network traffic control
strategies (i.e., integrated freeway-arterial control systems, adaptive traffic
signal operations, etc.)

Table 10 summarizes the key features of ADIS that are expected to become
operational during each of the three anticipated phases of implementation. In the
information stage, transportation agencies will begin communicating with motorists
indirectly through the provision and updating of network data to private vendors. Direct
real-time communication of travel conditions is not anticipated until the Advisory stage,
expected to occur in the mid- to late 1990s. In this stage, transportation agency concerns
regarding market penetration of this technology and the expected motorist response to
information will become paramount.

Traditionally, market penetration (the proportion of consumers obtaining a given
product) and segmentation (which consumers are obtaining the product) have been of
interest only in the private sector. In the past, public agencies, particularly transportation
agencies, operated in an environment where all information and benefits generated by
that agency were generally accessible by the entire driving population. However, as
emerging technologies are implemented, not all motorists will be receiving all available
information, and market penetration of emerging technologies will become a key concern
of transportation agencies.

Furthermore, concerns of market penetration by the transportation agency will likely
change with increasing sophistication of ADIS devices. For example, the costs of static
electronic route planning or navigation systems that assist in locating addresses and
determining shortest-path routes may be reduced to such a level in the future that large
numbers of consumers purchase the devices. A high market penetration would be
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TABLE 10. STAGES OF ADIS DEVELOPMENT.
Information Stage
+ Dead-reckoning map-matching navigation system
» Digital traffic information receiver
« Static route-planning for minimum travel distance
+ Color video display for maps, traffic information,
and route guidance
» Map database including turn restrictions and
freeway signing
» Business directory integrated into map database
» Electronic vehicle identification for toll debiting
+ Digital cellular telephone

Advisory Stage

« Supplement dead-reckoning system with global
positioning system receiver

« Dynamic route-planning based on minimum
travel times

» Synthesized voice for traffic information and
route guidance

» Semi-automatic MAYDAY using cellular
telephone for emergency assistance

Coordination Stage

« Digital traffic transceiver for two-way information
flow

» Enhance dynamic route-planning to incorporate
expected travel conditions

» Automatic MAYDAY, vehicle locating, and
coordinated dispatch of emergency vehicles
(using transceiver information)

Source: (2)
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desirable from the transportation agency perspective, reducing wasted travel due to
navigational errors (estimated to be 45 billion dollars per year nationally (48)).

On the other hand, as real-time navigation and route guidance systems that take
traffic conditions into consideration evolve, a smaller market share may be desired from
a public/societal perspective. Recent traffic simulation experiments suggest that a traffic
system with too many motorists with accurate current travel time and route guidance
information in congested traffic networks may reduce, and possibly, negate any benefits
due to this technology. One study, for example, suggests only 10 to 20 percent of the
driving population should adjust their travel patterns under certain operating conditions
in order to maximize the benefits of in-vehicle driver information technology (49). These
results were based on simulation experiments, though, using fairly stringent assumptions
and theoretical traffic conditions. However, experiments with an actual route guidance
system in Europe (ALI-SCOUT) indicate that user benefits due to this technology level off
or start to decrease when market penetration within the system exceeds about 15 percent
(80). These examples serve as a warning of the complexity of ADIS interactions and
potential impacts upon network congestion.

Market penetration of the emerging technologies will be affected by several factors,
including motorist-perceived travel benefits from owning these devices, purchase and
operating costs, and long-term device and information credibility that develops from
extended use. Experts predict that the out-of-pocket costs to consumers will be the
controlling factor that determines the level of market penetration achieved (51). Although
it is doubtful that highway agencies will be able to influence the purchase prices of these
devices and control market penetration, strategies for affecting the operating cost of the
technology (such as assessing user fees for access to the real-time traffic information)
may need to be implemented (9). Agencies should begin developing administrative
policies and establishing legal precedents that will allow them to control or influence
operating costs if they so desire.

The painstaking effort that Japan as well as many European countries have taken
to provide motorists with accurate and timely information has generated a favorable
attitude among drivers in those countries towards immediate acceptance of in-vehicle
navigation technology. For example, Japan has steadily improved its ability to provide
motorist information over the last twenty years. Japan now has more than 3000 CMSs
installed upon 3000 miles of roadway network, and surveys indicate that motorists utilize
and place considerable confidence in these signs (§2). Unfortunately, such
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predispositions have not been established in the United States. In order to nurture
motorist confidence in real-time information, highway agencies (and/or the private sector)
may have to proceed more slowly with the implementation of in-vehicle driver information
technology, showing successes and benefits through small deliberate steps. Successful
application of the emerging technology will depend on the degree to which individual
motorists can achieve significant personal benefits, as consumers will not likely be
motivated to invest in technology solely for the benefit of society.

Traffic Information Access and Management

Accurate and detailed traffic information, collected by transportation agencies, will
be essential to the successful implementation of ADIS. The demand that will exist for
these data raises additional concerns as to its proper utilization and management by the
transportation agency. Specific areas which will need to be addressed by transportation
agencies in the future are:

. How interjurisdictional cooperation and integration of traffic data should be
handled,
. What involvement transportation agencies should have in the dissemination

and control of traffic information via the emerging technologies, and

. How information will be best distributed to motorists through the overall
information system which utilizes both available and emerging
communication technology.

Interjurisdictional coordination is a requirement in any effective corridor or regional
traffic management system to prevent data collection redundancies and to establish
cooperative traffic management strategies among all of the various roadway facilities (53,
54). Such coordination will become even more essential as technology advances towards
dynamic traffic information and route guidance systems. Massive amounts of data will be
collected from the roadway network in the near future. Coordination and cooperation
between agencies (as well as between departments of the same agency) will have to be
streamlined so as to allow for the automatic collection, integration, evaluation, and
dissemination of information from all data sources. Furthermore, the high price tags
associated with this technology necessitates cost-sharing strategies. Essentially all of the
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existing IVHS-related demonstration projects in the United States (i.e., INFORM on Long
Island, SMART corridor in Los Angeles, HITS in Houston, TravTek in Orlando, and
ADVANCE in Chicago) involve cooperative financing and operating arrangements between
the federal, state, and local transportation agencies as well as with the private sector (55-

59).

Interjurisdictional cooperation and coordination of traffic within a region will be
important for other reasons as well. Case studies of several major urban freeway
reconstruction projects and with new freeway ramp metering systems suggest that local
jurisdictions are extremely sensitive to the potential impact of increased traffic on their
street system (60, 61). Promises by state agencies to monitor impacts and to adjust
operating policies if impacts become too severe have helped quell local agency fears in
some instances. A similar approach may be required to help facilitate implementation of
emerging technologies. Whatever the approach taken, problems with "turf protection” and
perceptions of independent facility operations that currently plague many areas will have
to be overcome.

In addition to coordination between the various public agencies, coordination and
cooperation between the public and private sector will become increasingly important as
new technology is implemented. It is obvious that the private sector will be the major
player the development of the actual in-vehicle units. However, such technology will have
to be compatible with information sources that will eventually exist within the roadway
infrastructure, an infrastructure for which transportation agencies have responsibility and
control. The current direction of events appears to be towards demonstration projects
of different technologies throughout the United States. On the positive side, this approach
prevents technology from being constrained prematurely and fosters continued research
and development. On the negative side, relying on the market to define standards allows
many extraneous factors (i.e., politics, corporate profits) to adversely influence the
direction of technology.

It is uncertain as to the degree to which transportation agencies should and will be
involved in traffic information dissemination and management via emerging in-vehicle
technologies. Public agencies exist to serve the general public in a fair and unbiased
manner. The available methods of communication (CMS, HAR) generally provide fair and
equal access of information to all drivers. However, in-vehicle technologies will create a
scenario where only those motorists with units in their vehicle will have access to certain
information. Furthermore, those motorists will (conceivably) be able to reap substantial
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benefits, in terms of reduced travel times, stops, and fuel consumption from having
access to that information. In theory, even those motorists without access to information
will benefit from having other motorists alter their travel paths in response to traffic
information (49); however, the amount of that benefit may be quite small in proportion to
the benefits gained by motorists utilizing in-vehicle technology.

Recent literature suggests that public agency involvement in IVHS may be best-
suited to the provision of traffic information to private sector dissemination companies in
return for user fees from the companies (50). The private sector companies would then
market the information and recover their fees directly from motorists. Such a scenario is
predicated, of course, upon the ability of the private sector to generate a profit. The
situation may develop where the manufacturers of in-vehicle ADIS hardware take on the
information dissemination function. In this way, profits could be generated through the
combined sale of the units and the ongoing sale of information. From the transportation
agency’s perspective, the recovery of at least part of the costs of collecting traffic
information can help reduce the imbalance of benefits of the information to those
motorists with, as compared to those without, the in-vehicle technology. In addition, this
approach is also consistent with the national transportation policy of more privatization
of transportation services, and of the recovery of more of the costs of the transportation
system through user-based fees (62).

Finally, it must be recognized that ADIS will not totally replace existing driver
communication technologies, at least not in the foreseeable future. Rather, the emerging
technologies will have to "blend" into an overall motorist information dissemination
package. The challenge to transportation agencies and the private sector alike will be to
coordinate the type and amount of information presented through the different
technologies. This coordination will be necessary to maximize the efficiency of the
transportation system while at the same time avoiding information redundancy or
overloading driver senses (particularly through the in-vehicle displays). Conversely,
potential problems may occur if conflicting information and guidance is presented, such
as where a CMS indicates the need to divert but the routing algorithm within the vehicle
indicates that the best route is to remain on the roadway.

In addition, the potential responses of motorists to the existing technologies will
need to be considered in the presentation of information via the ADIS displays. For
example, CMSs will likely serve an important role in informing motorists of downstream
incidents so that they may choose alternative routes. The location where motorists would
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be expected to alter their travel paths in response to the CMS information and the routes
used instead would be important to the route choice recommendations provided by an
in-vehicle display. Without coordination of all information sources, the effectiveness of
ADIS will certainly be diminished.

Infrastructure Development to Support ADIS

Perhaps the most pressing issue now facing transportation agencies in the
implementation of ADIS is the infrastructure requirements necessary to provide the
information support for this technology. Table 11 presents some of the infrastructure
requirements envisioned for ADIS according to the different stages of implementation
defined previously (2). Infrastructure needs will include various hardware components,
systems integration components (such as provided by a traffic information center (TIC)),
and administrative organizations to provide the necessary monitoring and support
services by the transportation agency.

As dynamic traffic information and route guidance technology continues to develop,
transportation agencies will have to decide between two different system architectures:
vehicle-based or infrastructure-based architectures. Vehicle-based systems will rely on
hardware components in the vehicle to perform the majority of the computations
necessary to determine vehicle location, elapsed travel times, and route guidance
information. An infrastructure-based systems will be structured around a centralized
control center or remote roadside transceivers, from which vehicles are told their location,
travel times, route guidance instructions, and possibly other information.

Both vehicle-based and infrastructure-based support systems have advantages and
disadvantages, the most significant of which are summarized in Table 12. Vehicle-based
support systems offer the advantage of requiring users to pay a greater portion of the
initial and operating costs of the technology, through more expensive hardware and
monthly contract fees to obtain information. In addition, having the majority of the system
"intelligence" within the vehicle minimizes the chance that a vehicle will become lost within
the roadway network, even if it loses contact with beacons or transmitters outside of the
vehicle. As a final note, a vehicle-based system is expected to foster continued market
competition and lead to ongoing technological advancement.
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Information Stage

Advisory Stage

Coordination Stage

*

Source: (2)

TABLE 11. EXPECTED INFRASTRUCTURE REQUIREMENTS BY STAGE

OF ADIS IMPLEMENTATION.

Traffic Information Center (TIC) to collect, format, and transmit
traffic information (normal travel times, incidents, etc.)
Roadside traffic information transmitters

Organizations to prepare and distribute map and business
directory data bases

Agencies to inspect and certify accuracy of route guidance
data bases

Stations to read vehicle identification

Expansion of TIC to distribute current travel times
Network of traffic information transmitters

Traffic Management Center (TMC) (enhanced TIC) to coordinate
control strategies with motorist responses

Emergency service centers for coordinated management of
emergency vehicles

Conversion of traffic information transmitters to transceivers
(two-way communication)

Infrastructure-based systems, on the other hand, have a more immediate
implementation potential (the infrastructure-based LISB system in Germany has been
operational since 1989 (63)). In addition, this technology will result in a lower cost to
motorists, which in turn will likely increase the proportion of motorists opting to purchase

the technology (i.e., increased market penetration).

Perhaps the biggest advantage,

however, is that traffic and route guidance information can be coordinated and controlled
by the disseminating agency.

In this way, information strategies could be established that provide more overall
benefits to the public as a whole (i.e., a system-optimal goal) as opposed to only
improving the individuals travel route (i.e., a user-optimal goal).
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TABLE 12. ADVANTAGES AND DISADVANTAGES OF VEHICLE-BASED
AND INFRASTRUCTURE-BASED INFORMATION SUPPORT SYSTEMS.
Vehicle-Based Support Systems

Advantages
. Users pay more of initial costs
. Users have less chance of getting "lost” (by losing contact with system)
Disadvantages
. Considerably more R&D required before technology is ready for
implementation
. High initial costs to motorists may limit market penetration
. Technology compatibility of various vendors may be difficult to achieve
Infrastructure-Based Support Systems
Advantages
. Market competition will drive and define course of technology
. Sooner implementation potential
. May allow agency to pursue system-optimum diversion strategies
. Lower cost to motorists
Disadvantages
. Motorists may become lost if they lose contact with system
. High capital costs to agency
. Philosophical concerns over nonuniform disbursement of benefits

Vehicle-based systems also have disadvantages. Vehicle-based systems will
require considerable research before they will become practically viable, in such areas as
hardware and software development, communication technologies, and distributed control
policies. The high purchase price of this technology, while requiring users to pay a bigger
share of the system costs, may also limit market penetration of these systems. In
addition, several types of vehicle-based systems, each developed by a competing private
firm, may exist in a region, raising concerns about system compatibility and transferability.
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There are also several disadvantages with infrastructure-based systems. Although
both technologies will require some capital investment by the highway agency, an
infrastructure-based support system will require a larger capital and operating investment
by transportation agencies to provide the necessary hardware and software intelligence
over the entire roadway network, and to obtain and retain the trained personnel to
operate and maintain it. An infrastructure-based system also poses a problem with
motorists who lose contact with the system, becoming lost with no way to be directed
back. Finally, there are philosophical concerns regarding the relatively high costs borne
by the public sector when the majority of the benefits of the technology are not uniformly
distributed over the entire population.

Present trends world-wide tend to suggest that technology is moving towards
vehicle-based systems (50). However, transportation agencies in the United States may
still face considerable pressure from the private-sector to implement infrastructure-based
systems to minimize investment risks and maximize profit potential for companies. Of
course, such decisions by an agency must be based on all important factors, and not
unduly influenced by forces which are biased or which do not have the best interest of
the public as a whole in the forefront.

Transportation agencies will also be required to be constantly vigilant against
efforts by the private sector to selectively implement technology so as to maintain
competitive advantages or to maximize profits. A company may want to provide route
guidance information only on the freeway system in an area, for example, because it
carries the majority of motorists who would desire the company’s product.
Recommendations to divert from a freeway to an arterial street under incident conditions,
however, would have be coordinated with local jurisdictions. Otherwise, these local
agencies may seek compensation for perceived "damages” caused by diverted traffic on
their arterial street system.

Liability Concerns

The final issue discussed in this chapter is that of public and private sector liability
in the ongoing implementation of emerging ADIS technologies. Liability concerns are a
major issue for many aspects of IVHS, particularly for automatic warning systems and
automated vehicle control systems. Failure of these systems could be catastrophic and
exposes the public and private sector alike to damage claims. Because ADIS deals
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primarily with the navigation tasks of drivers, rather than vehicle control and guidance,
failures of these types of systems are likely to be less catastrophic in nature.

Nevertheless, liability issues do exist. The potential for local agencies to take legal
action in response to perceived degradation of the surface street system because of
diverted traffic has already been discussed. Also, individuals who become lost or are
diverted into an area where they are robbed or otherwise attacked may choose to seek
damages from the agency providing the information to them. To what extent agency
responsibility exists in these situations has yet to be decided in the courts. However,
legal defense costs alone are enough of an impetus to warrant agency efforts to protect
itself before this technology is implemented.

Closing Remarks

It must be recognized that the issues discussed in this chapter do not exist
independently of one another. Rather, decisions made with respect to one issue both
depend upon, and impact, decisions regarding other issues. The choice between
infrastructure-based and vehicle-based support systems is one such issue having broad
ramifications. For example, the choice between infrastructure-based and vehicle-based
support systems may influence not only a transportation agency’s initial capital and
operating costs, but also its degree of liability and therefore its legal costs as well. As
another example, the type of support system implemented will affect the amount and type
of information that can be disseminated via the emerging technologies, which affects
market penetration and expected motorist response. In addition, the potential for
conflicting information to be presented via the available communication technologies
versus in-vehicle displays will also likely vary depending on the type of support system
utilized.
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5. SUMMARY

The direct transfer of information between drivers and transportation agencies is
essential for achieving the full benefits of ADIS. In order for information to be useful to
the driver, it must be presented in a clear, concise, and timely manner. Information that
is inaccurate, inconsistent, or subject to misinterpretation reduces the credibility of the
information system and the transportation agency in eyes of the driver. Therefore, care
must be taken to ensure that the manner, mode, and format in which information is
presented to motorists does not distract from the driving task.

This report has discussed a number of human factors, safety, and traffic
management issues associated with available and emerging technologies for
communicating with motorists in their vehicle. The report discussed the role that each
of these techinologies may have in ADIS. The advantages and limitations of each of these
technologies were also discussed. The report is intended to provide insight into the
current human factors, safety, and traffic management issues that may influence the
design, implementation, and operations of ADIS in Texas.

Several devices are currently used by transportation agencies to communicate with
motorists. These include changeable message signs, lane control signals, highway
advisory radio, commercial radio, and cellular telephones. While each of these devices
have their own advantages and limitations, they do share some commonalities. For
example, these devices generally have a large target audience and can be used to reach
a large portion of the driving population in an area. Another attribute of these systems
is that the transportation agency, for the most part, can control the type, format, and
content of the information being disseminated. On the other hand, because the
information is broadcast to everyone, these devices do not permit transportation agencies
to tailor information to specific drivers.

Several different types of emerging technologies are being developed to
communicate with motorists directly in their vehicle. These include in-vehicle video display
terminals, auditory displays, and head-up displays. All of these devices provide a flexible
format for providing information to drivers. Information is readily accessible and can be
tailored to meet the individual needs of the driver with these devices. However, there are
concerns that, because of the capabilities of these devices, drivers will be provided with
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too much information. Also, the potential to increase noise, both visual and auditory, are
also a concern with these technologies.

From a human factors and safety standpoint, the use of in-vehicle devices for
communicating with motorists raises a number of issues. The design and application of
in-vehicle devices for communicating with motorists must be sensitive to the differences
in the way that individuals acquire and use navigation information. While most systems
under development use auditory displays to supplement visual displays, human factors
theory and laboratory studies suggest that auditory displays should used as the primary
mode to present navigation and route guidance information to drivers. Although drivers
prefer complex map displays, these types of display require longer glance times and
require the driver to extract the needed information. Human factors research and
experimentation indicates that verbal messages, either presented orally or through visual
text displays, may have less of an impact on driver safety and performance.

In addition to the human factors and safety issues, a number of traffic management
issues directly impact transportation agencies. The extent to which motorists will accept
and respond to information that is provided through these emerging in-vehicle
technologies is unknown. Furthermore, equity issues related to the level of access that
different drivers have to information also arise. As the sophistication of in-vehicle route
guidance and navigational systems change, the information needs and requirements of
motorists are subject to change. Slow and deliberate steps should be taken in
implementing ADIS so as to nurture motorist confidence in real-time information.

Additionally, transportation agencies must also be concerned with the level of
market penetration. On one hand, a high level of market penetration is desirable so as
to eliminate navigational waste due to static route planning errors. On the other hand,
high market penetration could potentially reduce or negate any of the benefits of having
in-vehicle communication to reroute traffic during incident conditions. Agencies should
begin examining administrative policies and legal precedents that may permit them to
control the level of market penetration.

Transportation agencies must also be concerned with the access and management
of traffic information. Interjurisdictional coordination and cooperation, both within a region
and between regions, will be necessary to collect, integrate, evaluate, and disseminate
the information needed to support ADIS. New levels of cooperation and coordination
between the public and the private sector will also be necessary for the successful
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implementation of ADIS. Because of this, the traditional role of the transportation
agencies as the information provider may have to be altered.

The role that currently available technologies will play in future ADIS also needs to
be examined. A plan or framework should be developed so as to ensure a "blending” of
technologies into a comprehensive information dissemination system. Transportation
agencies are now or will soon be asked to make infrastructure decisions that may define
the direction of ADIS for their communities. Policy and administrative decisions relating
to the type of system (vehicle-based versus infrastructure-based) and amount of private
participation that is desirable in the funding, design, implementation, maintenance, and
operations of in-vehicle route guidance and navigation information must be considered
carefully.

Transportation agencies must also be prepared to address the legal and liability
issues that may arise when systems fail or expose drivers to hazardous situations.
Whereas the extent of an agency’s responsibility remains to be tested in court,
transportation agencies are advised to explore the potential legal ramifications before
implementing ADIS technology.
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