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FOREWORD

Thisreport is one of a series of eight reports produced as part of a contract designed to
develop precise, detailed human factors design guidelines for Advanced Traveler Information
Systems (ATIS) and Commercial Vehicle Operations (CVO). Among the topics discussed in
the series are afunctional description of ATIS-CVO, comparable systemsanalysis,
identification and exploration of driver acceptance, and definition and prioritization of
research studies.

Thisreport contains aliterature review of human factors articles associated with ATIS and
CVO systems. The goa of the review was to assess existing human factors guidelines to
determine their applicability to ATIS systems and to identify research gaps that must be filled
in order to establish comprehensive ATISguidelines. As with any literature review, it served
as a foundation for subsequent project tasks. More than 1,000 articles were collected and
prioritized with respect to the potential value for human factors guideline development. This
report contains an annotated bibliography of approximately 300 of the most relevant articles,
a compilation of existing human factors guidelines that are particularly applicable to
ATISICVO, and a discussion of research issues which must be investigated to complete
guideline development.

Copies of this report can be obtained through the National Technical Information Service,
5285 Port Royal Road, Springfield, Virginia 22161, telephone (703) 487-4650, fax (703) 321-

8547.
Zotensen, Director

Oi‘fice of Safety and Traffic Operations
Research and Devel opment

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in
the interest of information exchange. The United States Government assumes no liability for
its contents or use thereof. This report does not constitute a standard, specification, or
regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers names appear in this report only because they are considered essentia to the
object of the document.
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EXECUTIVE SUMMARY

Thisreport documentstheinitial stage (i.e., Task A) of the project entitled “ Human Factorsin
Advanced Traveler Information Systems (ATIS) and Commercia Vehicle Operations (CVO)
Design Evolution.” Thegoal of this project is to develop human factors guidelines for the
design of ATIS and CV O systems. To achieve this goal, researchers will need to apply
existing principles and guidelines to the ATIS/CVO systems and conduct empirical research
to fill the gapsin current knowledge.

The purpose of Task A was to conduct a literature review of human factors articles associated
with ATIS and CV O systems. The articles were reviewed to assess whether existing human
factors guidelines were applicable to ATIS systems and to identify research gaps that must be
filled to establish comprehensive ATIS guidelines. As with any literature review, Task A
served as a foundation for subsequent tasks.

To solicit articles, reports, and information, more than 500 |etters were mailed to public and
private sector organizations and individuals. In addition, numerous computerized databases
were searched. Other sources used to procure existing human factors guidelinesincluded
existing ATIS/CVO research published in refereed sources, existing ATIS/CVO technical
reports, articles describing comparable systems such as aircraft, and existing human factors
guideline documents. More than 1,000 articles were collected. The articles were prioritized
with respect to the potential value for ATIS/CV O human factors guideline devel opment.
Annotated bibliographies were then prepared for approximately 300 of the most relevant
articles. These annotations, as well as additional articles, were reviewed in order to prepare
this report.

In compiling applicable guidelines from these sources, it became apparent that there are
literally thousands of guidelinesthat apply to at |east some degreeto ATIS/CV O systems.
Therefore, an effort was made to prioritize the individual guidelines. Only guidelinesthat are
applicableto ATISCVO areincluded in this report.

The research status of ATIS applied to private vehicles and CVO is mixed. Although private
and commercia driver applications are relatively new, both aready are involved in large-scale
operational test programs. Several projects have advanced to the demonstration project stage;
yet, basic aspects of ITS are still being defined. The Intelligent Transportation Society of
America, tasked with advising the government on the development of ITSintheU.S,, has
outlined the development process of ITS over the next 20 years (Intelligent Vehicle Highway
Society of America, 1992b).

Despite the relative newness of ITS, anumber of human factors ATIS-related issues have
been resolved. Datafrom the initial U.S. operational tests and additional European and
Japanese projects are expected to fill some of the important gaps in human factors knowledge.
However, it is apparent that many human factors research issues still need to be addressed
before a comprehensive set of guidelines can be developed.



the literature available from both U.S. demonstration projects and foreign sources. Therefore,
as this project progresses, it will be critical to continue vigilant review of current studies.

Asthe development of hardware progresses, the next few years will see amarked growth in
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INTRODUCTION
BACKGROUND

Significant advances in sensor, electronic, and microcomputing technology during the past
decade have led to the feasibility of functionally powerful, computer-based automotive and
commercia vehicle information systems. Stephens (1986) estimated that more than 40 such
systems are currently under development worldwide. Although these systems differ in
objective and functionality, they all serve asan aid for the driver. The collective feasibility
of developing thisfamily of functionally powerful devicesfor road transportation hasled to
the conceptualization of the Intelligent Transportation System (ITS).

ITSintegrates the driver, vehicle, and the road to raise overall efficiency and driver safety.

To this end, advanced technologies are being devel oped and applied. Specific areas addressed
inthisreport are Advanced Traveler Information Systems (ATIS) and commercial vehicle
operations (CVO). Note that the acronyms ATIS and ADIS (Advanced Driver Information
Systems, mentioned in much of the I TS literature) are used to refer to the same systems.

ATIS isan important area for human factors and safety research. Both urban and rural
travelers will be provided real-time information on traffic and road conditions, vehicle
location and navigation, safety warnings, and a host of motorist services.

CVO's arevita to the movement of goods, as well as providing services such as bus
transportation and medical emergency response. Commercia vehicles, public service
vehicles, and passenger vehiclesfall into the category of CVO. Just about any endeavor that
has a fleet of road vehiclesis considered a CV O. The economic backbone of the country
relies on timely and reliable delivery of products. Using technologies of ITS, the national
roadway shipping infrastructure will benefit greatly. Most CV O research focuses on the
trucking industry. Key technologiesin CV O research are Automatic Vehicle I dentification
(AVI), Automatic Vehicle Location (AVL), Weighin Motion (WIM), and navigation.

The research status of ATIS applied to private vehicles and CV O is mixed. Both applications
arerelatively new, yet both aready are involved in large-scale operational test programs. The
Intelligent Vehicle-Highway Society of America, tasked with advising the government on the
development of ITSinthe United States, has outlined the devel opment process of ITS over
the next 20 years (Intelligent VVehicle Highway Society of America, 1992b). Severa projects
have advanced to the demonstration project stage, yet basic aspects of ITS are still being
defined. In the near term (1992-1996) I TS research, development, and operational testing is
planned (Intelligent Vehicle Highway Society of America, 1992b). An outline of the
near-term strategic plan appears in the following paragraphs (Mammano and Baxter, 1990).

ATIS research and development (R& D) will focus on navigational software, map and services
data bases, and communication alternatives. Operational testing is now occurring on
navigation route planning AVI/AVL and information delivery modes.



CVO R&D for the near term will focus on WIM, electronic toll collection, driver warnings,
and electronic record keeping. Operational testing is now under way for AVI/AVL, electronic
credential checking, and electronic permitting.

ATISwill provide servicesto motoristsin four useful aress:
. Navigation.

. Road and traffic information.

. Roadsideinformation.

. Personal communications.

Thefirst of these areas, ATISnavigation, will provide useful and timely information,
including landmarks and street names. It will also provide the optimum route and display
current vehicle location to orient the driver. The second functional area, road and traffic
information service, will provide valuable insight into current and future driving conditions.
Some examples of conditions that require notification and rerouting are construction detours,
accidents, foul weather, and traffic jams. Alternate routes can be provided and new arrival
times can be estimated using ATIS. The third function of ATIS is to provide roadside
information. This information might include the location of the nearest gas station, or the
ability to tour acity without sightseeing information. A last function of ATISwill be
person-to-person communication. Thisfeature allows the driver to make and receive cals,
including those for emergencies. Both data and voice modes of communication will be
possible. If atraffic jam delays a meeting, business associates can reschedule en route as
well as communicate to a central office from remote areas.

While these systems promise to serve a valuable function, they represent anew frontier in the
automotive industry. Thisfrontier could be hazardousif it interferes with the driving task.
This non-interference requirement, in conjunction with requirements imposed by the
environment (e.g., glare, night driving, high ambient noise), the user population (e.g., ederly
drivers, various education levels), limited training opportunities, and system constraints (e.g.,
cost) make these systems one of the greatest consumer product human factors challenges to

date.

An initial step in meeting this challenge is the development of comprehensive and useful
guidelines for designers. Development of such guidelinesis the goal of this project. In
developing these guidelines, existing guidelines and other information sources will be
reviewed to determine their applicability to ATISand CV O systems. It was the goal of Task
A to review these guidelines and this information as described in this report.

General Literature Review Findings

The magjority of the ITS literature produced to date contains descriptions of research plans and
proposed frameworks for evaluation of systems. These papers are key to theinitia



“information” phase of the ITS development. Some reports have arisen from early operational
tests, part of the “advisory” stage of ITS designed to demonstrate the feasibility of different
systems (Intelligent Vehicle Highway Society of America, 1992b). However, many of the
initial operational tests are still under way as of the writing of this report, and no empirical
findings are available.

Many of the ITS sources contain information that can be applied to both ATISand CVO. In
addition, ' safety” and “human factors’ are raised as very important design issuesin much of
the ITS literature. However, relatively few documents discuss specific design guidelines or
empirical resultsrelating to safety and human factors of ATISand CVO systems.

While much of the available literature will not directly aid in the development of human
factors guidelines, thereisasignificant base of information to aid in guideline devel opment.
This information is detailed in the following sections.

Two sources of information of particular interest to this project are reports from the TravTek
and University of Michigan Transportation Research Institute (UMTRI) projects that are
currently under way. Each of these projectsis expected to generate considerable data
concerning driver performance and behavior while using ATIS systems. Unfortunately, as of
this report, no technical reports and little data specifying study results are avail able from
either of these projects.

PROJECT SCOPE

The purpose of Task A wasto conduct aliterature review of human factors-applicable articles
associated with ATISand ATIS-related CV O systems. Specifically, Task A was to assess
existing human factors guidelines to determine their applicability to ATIS systems and
identify research gaps that would befilled to establish complete and comprehensive ATIS
guidelines. Aswith any literature review, the conduct of Task A was treated as a foundation
for subsequent tasks. The duration of Task A (3 months) was such that some of the literature
of interest could not be obtained prior to publication of this report. Thus, the literature
review does not, in effect, end with this report. Many article inquiries and orders are being
completed as of thiswriting. Thus, valuable project information will continue to arrivein the
next several months.

This report serves as a strong basis for additional reviews in subsequent tasks. Task A was
completed in seven subtasks. The first six of these subtasks constitute six exclusive bodies of
literature that were reviewed. Thus, these six subtasks were accomplished concurrently
during the completion of Task A. The seventh subtask (reporting) serves to tie the results of
the previous six subtasks together with a summary report of the findings and their impact on
the overall project.

Description of the Method Employed to Completethe Literature

Theinitial groundwork for the project included a mass mailing (over 500 letters) to solicit
articles, reports, and information from public and private sector organizations and individuals;



advertising at the Human Factors conference in Atlanta and in the November 1992 issue of
the Human Factors Bulletin; and conduct of numerous data base searches. The computerized
data bases searched included Psychlit, Cougalog, Uncover, Applied Science and Technology,
Intelligent Vehicle Highway Society of America, National Technica Information Service
(NTIS), Engineering Index, Dialogue, Silver Platter, and the University of Idaho’s main data
base. Articleswere obtained from the following open literature sources:
- Alcohol Drugs and Driving Abstracts and Review.
- American Society of Civil Engineers (ASCE) Transportation Journal.
- Automotive Displays and Industrial Illumination.
- Automotive Engineering.
- Automotive Industries.
- Aviation Week and Space Technology.
- Cognitive Science.
- Engineering Data Compendium.
- Ergonomics.
- Highway Research Record.
- Human Factors.
- Ingtitute of Electronics and Electrical Engineers (IEEE) Transactions.
- |EEE Vehicle Navigation and Information Systems Conference.
- Information Technology Applications in Transport.
International Journal of Man-Machine Studies.
- Ingtitute of Transport Engineers (ITE) Compendium of Technical Papers.
- ITE Journal.
- Journal of Applied Behavioral Analysis.
- Journd of Applied Psychology.

- Journa of Dynamics Systems.



. Journal of Gerontology: Psychological Sciences.

. Journal of Studies on Alcohol.

. Journa of the American Society of Information Science.

. Journal of Transportation Engineering.

. Mechanical Engineering.

. Military Standards.

. National Aeronauticsand Space Administration (NASA) Technical Paper Series.
. Nissan Technology Newsline.

. Perceptual and Motor Skills.

. Planning and Technology.

. Proceedings of Drive Conference.

. Proceedings of Human Factors Society.

. Proceedings of Institute of Mechanical Engineers.

. Proceedings of International Technical Conference on Experimental Safety Vehicles.
. Proceedings of ITS America.

. Proceedings of the International Congress of Transportation Electronics.
. Public Roads.

. Society of Automotive Engineers (SAE) Technical Paper Series.

. Safety News.

. Technology in Society.

. Technology Review.

. The American Cartographer.

. Toyota Technical Review.



. Traffic Engineering and Control.

. Traffic Safety.

. Transportation.

. Transportation Quarterly.

. Transportation Research.

. Transportation Research Board.

. Transportation Research Record.

- Vehicle Information Systems and Electronic Display Technology.

. Vehicle Navigation and Information Systems Conference Proceedings (VNIS).

. Vision in Vehicles.

In addition to computerized data base searches, three trips were taken to manually search
through several libraries. One trip was taken to Sesttle, Washington, to conduct a search at the
University of Washington and Battelle. A second trip was taken to Detroit, Michigan, to
conduct a search at UMTRI and General Motors. A third trip was taken to Washington, DC, to
conduct a search at the Federal Highway Administration (FHWA).

Annotated bibliographies were generated for many of the articles collected as part of Task A.
Dueto time and resource constraints, annotations could not be completed for thelOOO+ articles
collected. Thus, the articles were prioritized based on the potential value for generating human
factors guidelines. A copy of the annotations that were completed for this task-indexed by
author, page number, and key words-appears as a supplement to the report working paper.
ORGANIZATION OF THE CONTENTS

The specific goals of Task A wereto:

. ldentify human factors research issues, hypotheses, empirical findings, principles, and
guidelines applicable to ATISCVO systems.

. ldentify relevant documentation describing comparable system objectives, functions,
configurations, and guidelines.

. ldentify present and likely near-term technological and cost constraints that will
necessarily drive human factors-related ATISICVO issues.



. Present the reviewed information in aformat that is usable for the remainder of the

project tasks.

To achieve these goals, the organization of this report includes sections and subsections that
provide information of interest to task leaders. In addition, the two major products of Task A
are provided separately as part of the Conclusions and Recommendations section of this

report, they include:

. Existing principles and guidelines of potential use.

. Research gaps that will be filled to complete comprehensive and useful guidelines.

The specific organization of this content is summarized in Table 1.

Table 1. Organization of objectives within thisreport.

needed for guideline devel opment

RepOort Section Objectives Addressed Page
Description of ATISCVO system objectives System/project description only 9
functions, and configurations
Review of ATISCVO empirical evauations with | Empirical findings 28
human factors implications
Comparable System empirical evaluations With Empirica findings 54
ATISCVO human factors implications
Review of emerging technology and 1tstmpact on | Technological and cost consiraints 61
ATISICVO systems and human factors design
Preliminary guideline summary EXisting principieSand guidelines 69
Research issues, hypotheses, and experiments Gaps in existing research 97




DISCUSSION
ATISICVO SYSTEM CONFIGURATIONS, FUNCTIONS, AND OBJECTIVES
Overview of ATIS Systems

According to Perez and Mast (1992), the mgjor goal of ATIS isto improve the information
that is provided to travelers. Thisincludesinformation for traveling in normal and poor
weather, congested, and emergency conditions. In the early stages of ATIS development, the
emphasisis primarily on providing travel ers with information to improve their planning and
decision making. In the later stages of ATIS development, the emphasis will be on
supplementing static on-board information with dynamic traffic information that is collected
and transmitted from other segments of the I TSto optimize individual travel time.

During our literature search, several papers were found that define maor concepts and
problems of ATIS systems (Rillings and Betsold, 1991; Haselkorn, 1992; Ratcliff and Behnke,
1991; Rothberg, 1990; Rutherford and Mahoney, 1989; Mast, 1991; Hancock and Caird,
1992). Rillings and Betsold (1991) discuss a 20-year plan for the evolution of ADIS
developed at a series of workshops sponsored by Mobility 2000 (1990, 1991). The evolution
of these systems is anticipated to progress through three stages:

1990 to 1995: This stage will focus on providing each driver with information to improve
individual planning and decision making. Most of these systemswill rely on the vehicle's
own resources, such as dead reckoning, on-board data bases, and static route selection.

1995 to 2000: This stage will focus on supplementing the static information of the
information stage with data obtained from the infrastructure. The vehicle information systems
will advise the driver of the correct routes and guide the driver step by step over those routes.

2000 to 2010: This stage will focus on automatic exchange of information between the
infrastructure and vehicles. Vehicles will be used to report traffic conditions and the
infrastructure will combine the data from these reports and use it to control traffic signalsand
inform drivers of aternate routes.

Rillings and Betsold (1991) suggest that a major goal of the near-term advisory stage of ITS
IS to provide automatic minimum travel-time route selection and guidance using
up-to-the-minute traffic information. During the middle-term coordination stage, the vehicle
equipment and the infrastructure should also support an automatic mayday feature.

To accomplish the overal ATIS goal, there have been several classes of systemsidentified
within the ATIS program: In-vehicle Routing and Navigational Systems (IRANS), In-vehicle
Motorist Services Information Systems (IMSIS), In-vehicle Signing Information Systems
(1S1S), and In-vehicle Safety Advisory and Warning Systems (IVSAWS) (Perez and Mast,
1992). Thusfar in the evolution of ATIS, the vast majority of developed systems and
empirical research has centered around IRANS applications. IMSI S functions are empirically



represented in afew instances, and ISIS and IVSAWS are greatly under represented in early
system development. A summary of the functions of recent ATIS projects provided by
Rillings and Betsold (1991) illustrates the emphasis on IRANS to date. These projects
include Pathfinder, TravTek, Advanced Mobile Information and Communication System
(AMTICS), RACS, AUTOGUIDE, Acquisition par T& diffusion de L ogiciels Automobiles
pour les Services(ATLAS), CARMINAT, Car Information and Communication System
(CARIN), Media Intelligent pour 1’ Environnement Routier du Vehicule Europeen (Minerve),
Highway Assistance Readout (HAR), Army Research Ingtitute (ARI), and Radio Data System
(RDS). The basis functionality of the systems associated with each of these projectsis
summarized below:

- Pathfinder provides drivers with navigation and real-time traffic congestion information.

- TravTek provides drivers with navigation, route guidance, real-time traffic congestion
information, general traffic information, trip services, pre-trip planning, and emergency
communication.

- AMTICSprovidesdriverswith navigation, real-time traffic congestion information, trip
services, and personal and emergency communication.

- RACS provides drivers with navigation, real-time traffic congestion information, trip
services, and personal communication.

- AUTOGUIDE provides drivers with navigation and route guidance.

- ATLAS provides drivers with general traffic information and personal communication.
- CARMINAT provides drivers with navigation.

- CARIN provides drivers with navigation and trip services.

- HAR provides drivers with generd traffic information and trip services.

ARI and RDS provide drivers with general traffic information.
These systems (and others) are described in greater detail in the following sections.

As illustrated above, existing IRANS systems and conceptual designs vary greatly with
respect to functionality, driver information, and design. In fact, some systems (e.g., TravTek)
incorporate IRANS and IM SIS functionsinto a single device. Although no determination has
been made regarding available functions on most systems under development (Lunenfeld,
1990), a number of features will likely be useful and integrated as part of future systems.
These features include the following:

. Route planning functions based on multiple criteria for route selection (e.g., fastest or
fewest turns).
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. Real-time display of traffic information and route replanning.

. “Yelow Pages’ functions allowing selection of specific destinations based on severa
features (e.g., moderately priced Chinese restaurants within a given travel time).

. Emergency services functions (e.g., police, ambulance, towing).

The number of potential benefits and the perceived marketability of IRANS isamajor reason
for the devel opment activity centered around IRANS applications. Navigation to an unknown
destination without passenger assistance is a difficult task and, in most cases, is performed
inefficiently or unsuccessfully. Outram and Thompson (1977) and Jeffery (1981) estimate
that between 6 percent to 15 percent of all highway mileage is wasted due to inadequate
navigation techniques. Thisresultsin amonetary loss of at least $45 billion per year (King,
1986).

A traffic delay can aso be potentially reduced by widespread use of navigation systems.

Severa systems under development are designed to interface with advanced traffic management
centers that will eventually be based in metropolitan areas. Once such systems arein place,
real-time traffic delays can be broadcast to in-vehicle systems. These systems can then be used
to continuously calculate the fastest route to a destination during travel. That capability, if
widely used, could increase efficiency for an entire infrastructure network.

Given the level of development effort and the benefits of navigation systems, widespread
development will continue. Thus, it will be critical that systems are required to be designed
with human factors objectives to ensure system safety, efficiency, and usability. Dingus and
Hulse (1993) specify human factors-related objectives for such systems. These objectives are
listed below.

. Navigate More Effectively.

The primary purpose of electronic automobile navigation assistanceisto alow the driver
to locate unknown destinations and assist in error-free planning and route following. In
addition, systems will, in the near future, have the capability to provide detailed, relevant
information about traffic, obstacles, and roadways. The driver will be able to navigate
more effectively only if the system provides the information necessary for navigation in
an accurate and timely manner.

. Navigate More Easily.

Researchers have found that memorizing aroute, either through lists or from maps, is
difficult and not done well. Remembering spatial map configurations or mentally
reorienting amap is also difficult for people and it conflicts with the spatial task of
driving (Wetherell, 1979). Other navigation tasks are difficult because theinformation is
not always available or is obscured (e.g., street signs). Therefore, providing drivers with
an easy-to-use navigation system is a worthwhile design objective.
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Navigate and Drive Safely.

Drivers should be able to navigate without jeopardizing driving performance. ATIS
systems should be designed to minimize the demands imposed by the system and leave
sufficient driver attention, information processing, and response resources for driving in all

situations.

In addition, information regarding upcoming obstacles or traffic congestion could warn
drivers of potentially dangerous conditions. This feature could reduce risk, particularly in
low visibility circumstances. Thus, with prudent design, navigation information systems
could make driving safer and more secure.

Optimize Roadway Use Effciency.

Since traffic congestion is a problem encountered by many drivers and is expected to get
worse, some systems try to distribute traffic more evenly throughout a system using
navigational assistance. If driversare advised of congestion while planning their route, it
is expected that they will avoid congested roadways. Thus, they would be able to avoid
traffic congestion and not contribute further to the congestion problem. Also, if drivers
are informed of obstacles or congestion that occur while they are en route, they may be
willing to detour and avoid the congestion. The feasibility of this objective depends, in
part, on the amount and detail of information provided to the driver while driving.

While the mgjority of effort to date has been expended on HANS devel opment, the other
ATISsubsystems, namely IMSIS, ISIS, and IV SAWS, hold promise for improving driving
efficiency and safety. A paper by Green, Serafin, Williams, and Palke (1991) rated the
relative costs and benefits of ATIS features. Based on ratings by four human factors ITS
experts regarding the costs and benefits associated with accidents, traffic operations, and
driver needs and wants, several 1VSAWS features were found to be most desirable in
future systems. Several in-car signing features were also highly ranked. In contrast, some
IRANS features were ranked relatively low, primarily due to the potential safety cost of
using such systems (Green, et a., 1991).

Description of U.S.-Based ATIS Projects/Systems

Most available reports of U.S.-based ATIS systems and projects are of a descriptive nature.
With the exception of TravTek and Pathfinder, field or laboratory evaluations were lacking.
Pathfinder was of limited scope (25 cars) and was the first domestic ITS project. Iltsmain
purpose was to demonstrate the feasibility of ITS and promote further study. The TravTek
operational testing phase was completed in March 1993. By the third quarter of 1993,
significant information on TravTek should be available from Orlando testing. Therefore, the
data that are currently available to support the development of human factors guidelines are
limited, but will continually improve for the duration of this project.
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A description of each of the planned or completed U.S. ATIS projectsis presented below.
TravTek

“ Travel Technology,” a demonstration system developed by General Motors (GM) that
involved the City of Orlando, the Florida Department of Transportation (DOT), the Federa
Highway Administration (FHWA), and the American Automobile Association (AAA), is
nearing completion. The TravTek system was acomplete I TS infrastructure, including a
Traffic Management Center (TMC), traffic monitoring and sensing, and route guidance
information. The goal of TravTek was to reduce congestion and provide information on
geographic attractions and services. The TravTek interface linked drivers of 100 test vehicles
to real-timeinformation viadigital data broadcasts. Avisrental car customers and solicited
subjects participated in the testing.

- Themajority of ATISreportsdiscuss TravTek. If the constructsinvolvedin TravTek are
understood, the constellation of in-vehicle navigation systems is roughly represented.
Using the latest technology, the driver is aided in various navigation tasks, route selection,
route guidance, local information, and system interface. Human factors design
considerations have been used since the inception of the system. The driver accesses
information through three vehicle modes: pre-drive (park), drive (vehicle in motion) and
zero speed, which are both visual and auditory sensory channels. Extensive research into
the needs and functions of both driver interface modalities was accomplished prior to the
start of data collection. In addition, two visual display formats were available to the
driver (Fleishman, Carpenter, Dingus, Szczublewski, Krage, and Means, 1991):

— A turn-by-turn graphic “guidance screen.”
— A color route map.

Severa reports and publications are available describing the system. For system architecture,
see the report by Rillings and Lewis (1991). Information on task analysisisin a paper by
Krage (1991). Human factors design aspects are described by Fleishman, et al. (1991) and
Carpenter, Fleishman, Dingus, Szczublewski, Krage, and Means (1991). Finaly, the design
of the auditory interface is described in Means, Carpenter, Fleishman, Dingus, Krage, and
Szczublewski (1992).

ADVANCE

The largest operational test of ITSwill be based in Chicago and its northwestern suburbs.

The Advanced Driver and Vehicle Advisory Navigation Concept (ADVANCE) brings together
the efforts of major ITS manufacturers Ford, Toyota, Nissan, Saab, Volvo, Peugeot, ETAK,
Navigation Technologies, DonTech, Motorola, and Sun Microsystems. Institutionsin Illinois
are dso involved, including Illinois Universities Transportation Research Consortium, City of
Chicago, and the Illinois DOT.
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This project is still in the planning stage, but is nearing operation. The ADVANCE
operational test isvery similar to TravTek, but it also focuses on reducing congestion on
arterial roadways, as well as on highways.

Pathfinder

As the first in-vehicle navigation system project in the United States, Pathfinder involved
Caltrans, GM, and FHWA. This project focused on a 20.9~km (13~mi) stretch of the Santa
Monica Freeway, where 25 vehicles were equipped with ETAK-modified displays.
Information on accidents, congestion, highway construction, and route diversion was presented
to the driver, either on the map display or through digita voice. The final phase of
evaluation took place in spring 1992.

Pathfinder is one of the few projects with a publication describing human factors aspects of
system design. Mammano and Sumner (1989) make the following design observations:

. Voice messaging intelligibility was improved by digitizing common words and
synthesizing less common ones. This also saved computer memory.

. Lesscritica information was filtered prior to being displayed (depending on the scale of
the map) to avoid display clutter during peak traffic times.

Travelpilot

Travelpilot, ajoint project of Bosch and ETAK, isan after-market navigation system. This
device formsthe core of the Pathfinder system and is also used in over 400 emergency
vehiclesin Los Angeles. The system consists of wheel sensors, compass, microcomputer with
Compact Disc-Read-Only Memory (CD-ROM) map data base, and an 11.4~mm (4.5-in)
vector-drawn monochrome display. In addition, Travelpilot can be linked to communication
systemsfor real-time data display.

DriverGuide

Pre-trip out-of-vehicle route guidance is conducted using this system. Users enter
origin-destination pairs and receive a printed set of instructions. The system was tested on
French air travelers visiting San Francisco.

FAST-TRAC

The Ah-Scout system, developed as a joint project of the Federal Republic of Germany,
Siemens, Volkswagen, Blaupunkt, and others, is used as part of the FAST-TRAC project in
Oakland County, Michigan. Thedisplay isasimple Liquid Crystal Display (LCD) readout
that shows driving instructions with arrows at appropriate intersections. Infrared
communication occurs at beacons located at key intersections to update the vehicle
information systems. FAST-TRAC isrelatively low cost on a per vehicle basis, but requires
intersections to be equipped with transmitting beacons.
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ROGUE

Navigation Technologies Corp. has developed the route guidance expert system, ROGUE, for
daily in-vehicle navigation. The ROGUE software draws on the NavTech digital street map
data bases. Embedded in the CD-ROM data base is information that simulates human
intuition about routing, such as time of day (e.g., rush hour). The system can run on a
stand-alone basis or with an infrastructure updating its information. The stand-alone optioniis
used as aselling point since the global positioning system (GPS) and communication
infrastructures can be cost-prohibitive. Points of interest are also coded into the data base.
ROGUE uses an in-dash cathode ray tube (CRT) display.

The expert system for the ROGUE in-vehicle route guidance is described in areport by
Silverman (1988). There are six design concepts specified in the report. These concepts are:

» Providing route planning expertise (e.g., tell how to get to the nearest florist, not just
where the florist is located).

» Providing effective and efficient directions (i.e., information about the street network, road
and traffic conditions, and points of interest).

» Providing navigation guidance during travel. Thisis an analog of a knowledgeable
passenger.

» Detecting driving errors (i.e., wrong turns need to be detected and corrective guidances
need to be provided).

« Operating without external equipment (i.e., high cost and dependence on communications
signals can be avoided; the ability to use external data sources should be built in, if
available).

* Maximizing driver comfort and safety (i.e., the system must not distract or degrade
driving safety; simple spoken and graphic directions, along with automated driving-error
detection, achieve this goal).

The driver interface is aso described in the Silverman report. A video display terminal
(VDT) mounted in the instrument cluster delivers requested navigation information. The
display is monochrome, but provides line graphics as well astext capability. Also, a speech
synthesis unit aurally provides directions. The driver can toggle the system to give spoken
directions or chime when directions are updated on the screen, beckoning the driver to glance
at them. Driver input is provided via an a phanumeric keyboard.

CARIN
Philips Corporation’s CAR Information and Navigation (CARIN) system isan early

implementation of the Compact Disc-Interactive (CD-1) format of storing digital maps
(Thoone, Dreissen, Hermus, and van der Vak, 1987). Vehicle location is accomplished by
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dead reckoning and map matching. Included in the system design is aradio datalink for
traffic information. The driver is guided with synthesized speech in conjunction with a
pictogram display (similar to the Ali-Scout).

The system requires akeyboard for driver input, while a supplemental color touch screenis
optional. A flat-panel display is used in the basic configuration, which shows stylized map
graphics to supplement the audio. Maps are presented “heading up.”

SmartRoutes

Liebesny (1992) discusses the SmartRoutes system that will service the Boston metropolitan
area. The system will use real-time data from a traffic information center. Drivers will be
able to access this information through the use of a land line, cellular phone, cable television,
direct fax, or computer modem. Various automated mechanisms, such as interactive
audiotext and video graphics, have been developed to disseminate the information. Liebesny
(1992) recommends that the information bekept current and the system design updated
continuously with a maximum acceptable aging period of 15 min. He also suggests
developing a coordinated public/private partnership to handle the full aspects of incident
management.

TRIPS

TRIPS includes dispatching of single-trip carpooling or parataxi systems, enabling drivers and
riders to use touch-tone telephones, personal computers, and videotext terminals to obtain
information on local traffic information and alternative route information (Ratcliff and
Behnke, 1991).

Overview of ATIS Systems/Projects Outside the United States

Other countries are more advanced in I TS technology than the United States due, in part, to
their traffic congestion. The traffic congestion in Europe, and especialy Japan, is considerably
worse than in this country. However, the United States should follow the rest of the world's
example and implement a structured system of traffic management before its problems get
worse. The systemsin other countrieswere all formed as joint operations between government,
industry, and research institutions. Without this collaborative effort, projects of this magnitude
would have had little chance of success.

The reason for combining the operations of government, industry, and research institutions
was to get a global perspective on current problems and solutions. In this way, resources
could be put to use on citywide or country operational systems. This scale of organization
has not been adopted in the United States. In addition to traffic flow and route navigation
information, developments from other countries include driving aides such as collision
avoidance and driving condition monitors. Human factors guidelines can be drawn by the
study of these programs, their individual systems, and their direct research findings.
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European ATIS Projects/Systems

Europe has several large-scale programsin progress under the umbrellaof Road Transport
Informantics (RTI), which is the equivalent of the U.S. ITS. Their main programs are
dedicated road infrastructures for vehicle safety in Europe (DRIVE) and the program for
European traffic with highest efficiency and unprecedented safety (PROMETHEUS). These
two programs are separated by the organizations that formed them, but their goals are largely
the same. DRIVE is under the control of the Commission of European Communities (CEC),
while PROMETHEUS is part of the European Research Coordination Agency (EUREKA)
platform, an industrial research initiative involving 19 countries and European vehicle
manufacturers. While the projects are separate, close cooperation between the two is needed to
reach acommon goal. Actual system development isthe primary goal of the PROMETHEUS
project, while DRIVE tends to focus on human behavior issues and implementation of systems
into the entire European community. Detailed program material can be found in: McQueen
and Catling (1991), Kemeny (1990), Hellaker (1990), and Transport Canada (1992).

DRIVE

Theintention of DRIVE isto move Europe towards an I ntegrated Road Transport
Environment (IRTE) by improving traffic efficiency and safety and reducing the adverse
environmental effects of the motor vehicle. It focuses on the infrastructure requirements,
traffic operations, and technologies of interest to public agencies responsible for the European
road transport systems. DRIVE aso focuses on the human user and related issues that will be
addressed in the implementation of in-vehicle systems.

DRIVE | was the first phase of the project and was started in 1989. It was funded for 3
years with an operating budget of $150 million. The pre-competitive research program
consisted of 60 individual projects undertaken by members from the private sector,
government agencies, and research institutions. The goal was to establish the overall work
plan from which a European IRTE could be developed. The program has been highly
successful and is now moving on to the demonstration phase.

The DRIVE program was seen only as a feasibility study in the beginning. However, as
DRIVE progressed, it became apparent that there was arealistic opportunity for system
development. Thisresulted in DRIVE I, which emphasized the implementation of pilot
projects that had been developed as aresult of DRIVE |. Funding was increased to about
$250 million in order to construct and test hardware. DRIVE Il is scheduled to end in 1995,
and the release of productsinto the marketplace is expected at that time. The DRIVE Il work
plan identifies seven pilot project areas:

. Demand management.
. Traffic and travel information,

. Integrated urban traffic management.
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Integrated interurban traffic management.
Driver assistance and cooperative driving.
. Truck fleet management.
. Public transit management.
For detailed individual project descriptions, see Keen and Murphy (1992).

PROMETHEUS

PROMETHEUS was started in 1986 and was initiated as part of the EUREKA program, a
pan-European initiative aimed at improving the competitive strength of Europe by stimulating
development in such areas as information technology, telecommunications, robotics, and
transport technology. The project isled by 18 European automobile companies, state
authorities, and over 40 research institutions. The budget for the project is over $800 million
and the project is scheduled to last 7 years. PROMETHEUS is a pre-competitive research
project, with the output being a common technological platform to be used by the
participating compani es once the product devel opment phase begins. The overall goals of
PROMETHEUS fall into four categories:

. Improved driver information - providing the driver with information from new sources of
technology that were not previously available. Currently, the lack of information or the
inability to assess a hazard is often the primary cause of accidents.

. Active driver support - when the driver failsin some way at the driving task, the system
may aid the driver in an informative way or by active intervention.

. Cooperative driving - establishing a network of communication between vehiclesin order
to provide drivers with relevant information for areas en route to their destination.

. Traffic and fleet management - systems for the efficient use of the road network, ranging
from highway flow control to fleet operations.

The emphasis of PROMETHEUS, however, is on systems having a large in-vehicle
component to their design. The ultimate aim isfor every vehicle to have an on-board
computer to monitor vehicle operation, provide the driver with information, and assist with
the actual driving task. A centralized communications network will also be a component of
the system in order to provide two-way communication between each vehicle and a control
center.

Within the PROMETHEUS program, there are seven subprograms; three are carried out by
the motor industry, and four are carried out by the research community.

The industry subprograms cover the following:
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. In-vehicle systems for vehicle monitoring and driver assistance.
. Vehicle-to-vehiclecommunicationsnetworks.

. Road-vehicle communicationsfor traffic control.

The research subprograms cover the following:

. Development of required microelectronic components, including sensors and on-board
computer systems by the PRO-CHIP researchers.

. Useof artificial intelligence in the vehicular system and software development by the
PRO-ART research group.

. Communication within the system vehicle and driver, vehicle and vehicle, plus vehicle
communication to the overall road network by the PRO-COM group.

. Vehicle change effects on the traffic environment will be studied by traffic engineersin the
PRO-GEN group.

The research phase, covering the past 4 years, has largely been completed. The current move
is towarathe definition phase, where the emphasis has shifted to field tests and
demonstrations. Ten common European demonstrations have been identified to evaluate
systems in each of the following areas.

. Vision enhancement.

. Emergency systems.

. Proper vehicle operation.

. Commercial fleet management.

. Collision avoidance.

. Test sites for traffic management.

. Cooperative driving.

. Dual-mode route guidance.

. Autonomousintelligent systems.

. Travel information systems.

. Cruise control.
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These demonstrations are scheduled to be completed by 1994; however, it is likely that
PROMETHEUS will continue beyond that date. The second phase will be somewhat
modified to reflect the near-market status of products under development, and will move
away from the program’s non-competitive origins.

In order to bring products to market more quickly in Europe, European Road Transport
Telematics Implementation Coordination Organization (ERTICO) was created in November
1991. Its objectives are to pool the information from the many individual projects and
identify strategies in order to exploit the results of DRIVE, PROMETHEUS, and other
individual programs. ERTICO's goal isto create a climate for market-driven investment in
order to ensure European dominance in advanced-vechicle technologies.

Individual system descriptions

Many individual RTI/ITS systems are now being tested throughout Europe. A short
description of some individual systems is presented below to enhance the reader’s
understanding of devel opments taking place in Europe. System descriptionswill be limited to
the driver interface, as opposed to actual system hardware and communications network
information.

Autoguide and the Ah-Scout are dynamic in-vehicle route guidance systems; that is, the
system gives routing recommendations to drivers who are dependent upon real-time traffic
conditions. The display unit is mounted on the dashboard of the car and controlled with a
hand-held remote control (similar to a television remote). At the start of ajourney, the driver
can enter agrid reference or a preprogrammed destination. The system uses dead reckoning
and roadside infrared-transmitter/receiver beacons to guide the driver to the selected
destination. The beacons serve the system by correcting cumulative errors and updating
traffic inormation. The navigation information presents directions to the driver through the
use of icons and arrows. There is also a digitized speech unit that supplements visual
directions. The Autoguide system has undergone extensive testing in London, while the
Ah-Scout system has over 700 units being tested in Berlin. For more information, refer to
one of the following articles: Catling and Belcher (1989), Jeffery, Russam, and Robertson
(1987), Jurgen (1991), or Morans, Kamal, and Okamoto (1991).

TrafficMaster from the United Kingdom (U.K.) wasthe first commercially available
in-vehicle system to provide dynamic traffic information to the driver. It is a map-based
system that only provides traffic flow information; it does not actively suggest routes. The
display screen isa 101~mm by 82-mm (3.9-in by 3.2-in) in-liquid crystal display that provides
the map information. “Hard” push buttons for control of guidance functions are mounted next
to the display (Jurgen, 1991).

TRAVELPILOT is a German autonomous navigation system based on the American ETAK
Navigator sold by Blaupunkt Bosch Telecom. This system displays vehicle location on a
dashboard-mounted CRT map that is stored on CD-ROM. The maps move relative to the
vehicle's position, which is determined through the use of dead reckoning and map matching.
A small CRT can display mapswith highlighted routes or driving instructionsthat have
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intersection maps and street names. Hard buttons mounted on either side of the CRT are
changeable function controls. The system has reportedly sold over 1000 unitsin itsfirst year
on the market and will be available soon in the United States for certain areas. For more
information, refer to the following references. Suchowerskyj (1990), and Mot-arts, Kamal, and
Okamoto (1991).

Many other individual systems already exist or are in the prototype testing phase. Systems on
the market currently tend to be navigation systems, but other driver information systems, such
as collision warning systems, are nearing completion. These will most likely be marketed by

the automobile manufactures and not by after-market suppliers.

Japanese ProjectsSystems

Japan is leading all other countries in the implementation of a large-scale traffic control
system that uses in-vehicle technology. The reason for their lead is due to their need for such
systems. Over vast portions of metropolitan areas in Japan, the average speed is below 16.1
km/h (10 mi/h) during much of the daytime hours. The small geographic area and large
population has led the Japanese government to install traffic control systemsin all thelarge
citiesand on most urban and interurban freeways. These systems employ the latest
technology, such as fiber-optic communications and in-color light-emitting diode (LED)
changeable message signs displaying both text and graphics. Japan hasinvested in the
development of driver information systems. Over 50 corporations have collaborated to
develop in-vehicle systems that are marketed as units to be purchased by individuals who use
the governmental road network system. The main ITSinitiatives currently are
road/automaobile communication system (RACS), advanced mobile traffic information and
communications system (AMTICS), and vehicle information and control system (VICS).
Within RACS, the Ministry of Construction (MC) promoted and funded the Digital Road Map
Association. This group was given the task of preparing and maintaining a national digitized
road map data base. The results of thiswork are available on compact disc in a standard
format. Thisformat is used by both RACS and AMTICS, as well as by the various
manufacturers of autonomous vehicle navigation systems (Ervin, 1991).

RACS

RACS s sponsored by the Public Work Research Institute of the MC, the Highway Industry
Development Organization (HIDO), and 25 private companies. The system consists of
vehicles equipped with dead reckoning navigation systems, roadside communication units
(beacons) that are distributed throughout the road network (about 2 km (1.24 mi) apart), and a
control center. There are three types of roadside beacons. Type 1 transmits location to the
vehicle to zero-out cumulative navigation errors, Type 2 transmits, in addition to location,
congestion and other traffic information; and Type 3 provides two-way communications with
the vehicle so that information about the vehicle (e.g., location, automatic debiting of tolls,
etc.), aswell as emergency calls, can be transmitted to the control center. The MC recently
announced a major beacon installation program, consisting mostly of Type 1. At present,
there are about 1,000 beacons around Tokyo. Beacon installation is scheduled to proceed
throughout Japan at arate of about 10,000 beacons per year until 1994, with a gradua
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increase in the number of Type 2 and Type 3 beacons. Travel-time savings of 3to 5 percent
are expected, representing a significant reduction in fuel consumption and air pollution.

AMTZCS

AMTICS s sponsored by the National Police Agency (NPA), the Ministry of Posts and
Telecommunications (MPT), the Japan Traffic Management and Technology Association
(JSK), and 59 private companies. |t employs in-vehicle equipment similar to that of RACS,
with the exception of the communication interface. The AMTICS datalink is essentialy a
one-way means of broadcasting traffic data from a cellular system of terminals. It isintended
to convey a wide variety of information, including congestion information, travel-time
predictions, traffic regulations, railway timetables, and specia events advice. This
information is available at static terminals at railway stations, hotel lobbies, etc., as well asin
the vehicle. A large-scale test of AMTICS was held in Osakain 1990, and the results
suggest that an individual travel-time reduction of about 7 percent could be achieved with
in-vehicle navigation systemsthat provide congestion information to the driver. Thiswould
amount to individual travel-time savings of about $300 millionif al carswere equippedin
the Osaka area, with similar savings to the community because of reduced congestion. For
more information on the AMTICS system, see papers by Okamoto (1988), Okamoto and
Nakahara (1988), or Okamoto and Hase (1990).

VICS

VICSisanew program formed under the combined direction of the MPT, MC, and NPA,
with the goals of resolving the competition between RACS and AMTICS and defining a
common system using the best features of both. This venture is meeting with some
opposition by those who feel that the competition between the two systems is improving both.
A digital micro cellular radio system has been proposed to provide two-way road-vehicle
communications and location information, essentially combining the tools used by each
respective system. Although VICS may have along-term future as part of an integrated
driver information system for Japan, it will take some years to implement. In the meantime,
acommon RACS-AMTICS system using RACS Type 1 beacons and the broadcast of
information to drivers via their FM car radios (like Radio Data System-Traffic Message
Channel (RDS-TMCQC)) is the likely direction for further development.

Until now, traffic condition information was fed to drivers over the radio or through a
supplemental system such as those mentioned above. However, most Japanese prefer to plan
their own navigation routes rather than blindly follow directional arrows on an in-vehicle
display (asisthe case for the Autoguide systems used in the U.K.). The trend of opposition
to blind direction following was researched by Schraagen (1990). The effect of “planning”
routes while the vehicleisin motion on road safety has not yet been investigated in depth by
the Japanese. This lack of investigation seems to be atrend in the development of Japanese
systems.
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Japanese systems tend to be put on the market with displaysthat are very detailed s mply
because the technology exists to do so. The litigation system in Japan gives some leniency
for this type of system development and even for unsafe designs.

A Nissan system

A digital map-based system is sold with the Nissan Cedric, Gloria, and Cimamodelsin
Japan. It issimilar in design to the ROGUE and TRAVELPILOT discussed in the previous
section. A paper by Tanaka, Hirano, Nobuta, Itoh, and Tsunoda (1990) describes some of the
interface aspects of this system. These aspectsinclude:

. Three available scales of map display: 1/25,000 (street grid by blocks), 1/100,000 (default
arteria roads), and 1/400,000 (macro).

. The ability of the map heading to be toggled either “north up” or “direction of travel” at
the top.

- Vehiclelocation, which is always positioned in the center of the scrolling map display.

. Thereduction of eye glance time by not displaying minor roads while the vehicleisin
motion. Also, whiledriving, the system inhibits all switch operation, except for “changing
of scale” and “display rotation mode.” It is not clear what the “display rotation mode”
feature entails from the research described.

DESCRIPTIONS OF CVO-SPECIFIC PROJECTS/SYSTEMS

CVO'sinclude any motor vehicle of public or private ownership, regularly used to carry
freight and passengers, used in commerce, or used to provide emergency response.

Functional areas that are currently being addressed for ITS CVO applications include the
following:

. AVI.

. WIM.

. Automatic Vehicle Classification (AVC).

. Electronic Placarding/Bill of Lading (EP).

. AVL.

. Two-way Real-time Communication (TWC).

. Automatic Clearance Sensing (ACS).
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ADIS.
On-board Computing (OBC).

These areas are being addressed to achieve three basic goals. (1) improved productivity;

(2) improved efficiency and effectiveness of traffic management and administration by transit
agencies, State, and local governments; and (3) improved safety for CVO's and others
affected by them. The key technologies to improve local CVO are ADIS (similar in concept
and functionality to ATIS) and TWC because of the increased productivity from real-time
traffic routing and schedule information they will provide. Improvement of interstate
operationsrequires AVI and use of the OBC concept to monitor vehicle systems and serve as
an interface for communication between a vehicle system and external sources.

In general, ITS technologies are emerging as the key toolsthat carriers have available to
reduce costs and improve productivity. New I TS technol ogies are making faster dispatching,
fuel-efficient routing, and more timely pick-ups and deliveries possible. These ITS
technologies will also have an impact on safety. Devices such as blind-side and near-obstacle
detection systems can make highways safer and more productive. The cost to regulate CVO's
can a so be reduced with the use of AVI and WIM scales.

There are severa specia considerations that must be made when addressing ITS technologies
and CVO'’s. These considerationsinclude the following:

. Not al roadways are accessible to CVO’ s for reasons such as restrictive geometry and
substandard bridges. Trucks carrying hazardous materials are also restricted to certain
roadway use. Therefore, these vehicles must have accurate, detailed information about any
proposed aternatives to the routes they normally travel. They will aso require
standardized electronic map data bases capable of covering the entire Nation.

. Equipment and communications standards are important to CVO’s. For example, they
must be able to access dl tune-in traffic information broadcasts without having to carry
severa different kinds of radio receivers.

CV O research conducted to date focuses on three key technologies: AVI, displays, and
communications. In general, as with automotive aspects of ATIS, CVO literature to date
primarily includes planning and feasibility evaluations of proposed systems or projects.

One study that assessed promising areas of CV O research was a case study of trucking needs
in lowa (Midwest Transportation Center, 1992). Six of the “ most promising” CVO
applications are discussed in the lowa study. Briefly, these applications are: (1) WIM using
AV, (2) pre-clearance for safety inspections, (3) “one-stop shopping” for regulatory
compliance, (4) electronic toll and traffic management, (5) automated apportioned fuel tax
administration, and (6) audits of apportioned fuel tax. Hazardous cargo identification and
navigationa aids are also promising.
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Feasibility studies and assessments of specific AV technologies have also been accomplished.
Florida, in particular, isin theinitiation phase of projectsusing AVI, WIM, and
communications systems. Two Florida DOT reports describing these assessments are
Assessment of Benefits of Advantage 1-75 (Center for Urban Transportation Research, 1992),
and Analysis of AVI Technology and Its Potential Application to Florida Turnpike Summary
(Center for Urban Transportation, 1992).

Displays are amajor focus addressed in CV O assessment papers. A general assumption is
that any in-cab device diverts valuable attention from the road and should be accepted with
critical consideration of the safety impact. An internal memo from FHWA summarizesthe
weakening of the 1952 Federal Motor Carrier Safety Regulations on the location of a video
display terminal (VDT) in the cab. These regulatory findings bode well for future use of
in-cab displays. Another study inventoried over 50 supplemental in-cab devices (Burger,
Smith, and Ziedman, 1989). Six categories of systems were discussed:

. Single/integrated displays.
. Vehicle information.

. Vehicle navigation.

. Vehicle positioning.

. Text communication.

. Vehicle safety.

Burger estimates that a broad proliferation of these devices could pose a significant safety
problem. Plans to model current truck driver workload are presented as key to the safety
evauation of future systems.

Communication systems are also of significant interest for CV O applications. The University
of Pennsylvania is conducting communication research on interdisciplinary topics ranging
from signal bandwidth to artificial intelligence. A review of applicability of Advanced
Vehicle Monitoring and Communications (AVMC) systems for bus transit has been done by
the U.S. DOT. AVMC systems are projected to be cost-effective from both agency and
passenger satisfaction vantage points. A method of AVMC feasibility evaluation is presented
as part of the DOT report.

Evaluations of Existing CVO Systems

In general, existing systemsfall into the categories of AVI and related systems, WIM, and
dispatching and routing navigation. A substantial review of existing AVI/AVL and WIM
technologies is provided in the Florida DOT studies referenced in the preceding paragraphs.
Two additiona reports, Nakamura, Inoue, and Kanasaki (1984) and the Texas Transportation
Institute (1989), also describe AVI and WIM issues and technologies. These reports, however,
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contain little information of direct interest to human factors design, particularly with respect to
in-vehicle systems.

Several dispatching and routing navigation systems are in existence for CVO applications. A
report by French (1987) summarizes various fleet management technologies, such as Loran-C
AVL, Geostar Positioning, ETAK’s Dispatch System, and Routeware’'s ARCS system (no
longer in use). Most system designs are centered around ETAK’ s Navigator data base
technology and have an ETAK-style user interface. The utility of vehicle navigation systems
and an interface design using the ETAK Navigator for fleet management applications have
been described by Honey, White, and Zavoli (1987). Interface aspects are summarized below:

. Destinations may be entered manually or received automatically from the dispatch center.
The destination appears on the screen as a flashing star. Distance and direction are shown
in case amap scale is chosen that does not include the destination. Status codes can be

sent to the dispatch center at the press of a button; a hidden switch can be used asa
mayday function for emergencies in the field.

. Thedisplay isoriented “heading up” as the driver sees the road out the window.
. Scale of the map is selectable from 0.2 to 64.4 km (1/8th mi to 40 mi).

. The dispatcher unit uses different colorsto represent different street priorities (e.g.,
freeway, residential, and arterial).

« A mouse and on-screen menus are used on the dispatcher’s station for map manipulation.
In addition to the interest in ITS technology for truck fleet applications, there has been some
interest in public transit applications. A study by Morlok, Bruun, and Blackman (1991)
describes the usefulness of advanced monitoring and communication systems for bus transit.
The authors list nine AVL technologies with potential transit applications. These technologies
include:

. Loran-C.

. GPS.

. Radio Data System (RDS).

. Dead Reckoning.

. Radio Signposts.

. Passive |D.
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. Infrared Detection.
« “Telerider.”
CVO Operational Field Tests

“ Advantage |-75" isthe primary U.S. implementation of AVI. Over 3219 km (2000 mi) of
roadway are encompassed by the Advantage network, including a stretch of HWY 401-20 in
Canada from Montreal to Detroit. The |-75 portion ranges from Sault St. Marie, Michigan, to
Miami, Florida.

The program testing data collection and WIM aspects of the Advantage project are called
“HELP-Crescent.” The States involved in research include Arizona, California, Idaho, lowa,
Minnesota, Nevada, New Mexico, Oregon, Pennsylvania, Virginia, Washington, New Y ork,
and New Jersey. The implementation is taking place along a highway “crescent” in the
western United States.

Crescent program
The Crescent program is designed to:

- Evaluate one-stop shopping and transparent State borders to help reduce the number of
required stops, and to use the OBC concept reporting capability to replace manual record
keeping insofar as registration, fuel tax, and driver’s hours-of-service requirements are
concerned.

. Show that the technology applications, i.e., WIM, AVC, AVI, and on-board data
management, will work reliably from a system standpoint in the highway environment.

. Demonstrate the potential for increased efficiency in governmental administration of
selected motor carrier regulations and highway planning.

Crescent is expected to show that technology applications can be successfully combined into a
system, institutional barriers can be minimized, and both commercia operations and public
agencies can successfully share in the collection and use of data.

TRANSCOM

TRANSCOM (1991) is a codlition of transportation and traffic enforcement agencies in the

New Y ork-New Jersey region. These agencies conducted a study using CVO's working with

17 New York metropolitan area trucking companies from July 1989 to August 1991.

The study was conducted such that when an incident (e.g., accident or disabled vehicle) occurred,

the affected agency would notify TRANSCOM. TRANSCOM sent messages concerning
significant incidents to the affected CVO companies via pagers supplied as part of the project.
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ATISCVO HUMAN FACTORS EMPIRICAL EVALUATIONS

When considering the implementation of new user-centered systems within an automobile, a
number of issues must be addressed. According to Franzen and Ilhage (1990), these issues
relate to driver mental workload, driver capacity, and the driving task analysis. Individual
experiments have been accomplished worldwide, examining the implementation of in-vehicle
systemsin an environment where the user is already loaded with demanding tasks. These
research findings often relate directly to the establishment of human factors guidelines for
ITS. Researchers tend to study the differencesin performance while using different systems
or ssimulations. From this research, specific guidelines to support system design can be
developed. In the following sections, specific research findings are reported in aformat
conduciveto gleaning guideline material. Findings have been categorized based on the types
of empirica studies reported and include driver information processing (i.e., attention and
workload), visual display considerations (i.e., sensory and perceptual aspects), auditory display
considerations, tactile displays, controls, user demographics, and user behavior and
acceptance. While not all of the studies have findings that directly lead to guidelines, the
majority are pertinent to future system design.

Driver Information Processing Demands. Attention and Workload

The driving task does not require a constant level of attention demand since some driving
conditions require more attention than others (Mourant and Rockwell, 1970). For example,
two-lane streets require more attention than interstates; curved roads require more attention
than straight roads; heavy traffic requires more attention than light traffic (Hulse and Dingus,
1989). Dingus and Hulse (1993) hypothesized that when the difficulty of the composite
driving task exceeds the resources of the driver, no amount of expended effort will keep
performance constant. At this point of overload, performancein driving (and ATIS-related
tasks) beginsto decline. Thus, itisimportant to keep driver attention below the point of
overload.

The majority of the systems under development (or planned for the future) will be demanding
enough to warrant the designation of tasks to be performed by the driver as “pre-drive” and
“Iin-trangit.”  “Pre-drive” consists of the complex planning and attention-demanding tasks.
“In-transit” consists of a relatively small subset of tasks that are necessary for efficient system
usage while the vehicle isin motion (Lunenfeld, 1990). Such a delineation is necessary due
to the attention and information processing constraints present in the driving environment.

Thein-transit functions should be limited to necessity and convenience. For example, the
only functions that are required for navigation while the vehicle is in motion are those
associated with point-by-point decisions while traveling from a current location to a
destination. Proper selection and design of in-transit functions can allow successful
navigation to destinations without substantial driving task interference (Dingus and Hulse,
1993).
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With respect to valuable functions present while the vehicleisin maotion, all efforts must be
made to limit the functionality of the in-transit mode to those tasks that:

. Do not significantly interfere with the driving task.

. Have convenience benefits that outweigh the cost (i.e., required driver resources) of
including the function.

. Will be used relatively frequently.

Some navigation functions that meet these criteria include providing only necessary
information (distance to next turn street, direction of next turn, and name of next turn street)
and providing information regarding proximal traffic congestion or obstacles(Dingus and
Hulse, 1993).

An option available to increase in-transit functionality without compromising driving safety is
the allocation of functionsto a“zero-speed” category (Carpenter et a., 1991). Zero speed
refers to when the vehicle is stopped, but is till in “drive.” The navigation system could
alow a certain subset of functions (e.g., orientation information) to be accessed under these
circumstances without concern for overload. However, once the vehicleisin motion again,
the display and control configuration would return to its previous in-transit state.

Another argument for minimizing in-transit information is the problem of “out of the loop”
loss of familiarity (Dingus and Hulse, 1993). Presently, the driver is required to obtain most
information from the outside driving environment (i.e., street signs, stop lights, etc.). The
more information readily accessible within the car, the lesslikely the driver will obtain the
same information from the driving environment. Thus, any problem, deficiency, or
inconsistency that requires the driver to shift attention to the driving environment will
potentially result in delay and increased effort since the driver will have become accustomed
to having the information provided within the vehicle. Thus, there is a tradeoff; the more
powerful and informative the system, the more the driver will rely on it to provide
information, rather than search the driving environment for it (Dingus and Hulse, 1993).

Attention demands

Inquiriesinto the driver’ s ability to perform the driving task arise with any addition or change
in the task, such as those associated with in-car ATIS systems. It isimportant not to overload
the driver at critical times during the driving task (Perel, Brewer, and Allen, 1990; Smiley,
1989; Walker, Alicandri, Sedney, and Roberts, 1991j. Walker et a. (1991) reported that
subjects using complex navigation devices drove more slowly than those using less complex
devices. These effects were also more prevalent in older drivers (55 years and older) than in
younger drivers. If the driver istraveling at afaster speed or on aless complex road (i.e.,
fewer curves), shorter viewing time of any display will be required as compared to traveling
at a slower speed or on less complex turns (Senders, Kristofferson, Levison, Dietrich, and
Ward, 1967). Dingus, Antin, Hulse, and Wierwille (1989); Plude and Hoyer (1985); and
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Madden (1990) also report that driving attention demands for older drivers are increased due
to decreased capacity.

To limit attention demands, Smiley (1989) recommended that signs outside of the vehicle
should contain no more than six key words if the content is to be remembered. Dingus et al.
(1989) recommended that in-vehicle systems increase the proportion of time that critical
information is available on avisual display and limit information that is not needed at agiven

time.

The ability to convey information to the user is important in the development of ITS systems.
Incorrect display formats, styles, and colors can make the system all but unusable to the drivers.
Studies have shown that certain types of warning symbols, signing material choices, and
lighting conditions affect the user’s perception of the importance of display information
(Zwahlen, 1988; Zwahlen, Hu, Sunkara, and Duffus, 1991).

Visud attention is particularly important to assess in driving since most information is
gathered visually by the driver (Rockwell, 1972). Despite the amost sole reliance of driving
on the visual modality, between 30 percent and 50 percent of visua attention, in most
circumstances, may be devoted to tasks other than driving (Hughes and Cole, 1986). It isthe
availability of this spare resource that makes the inclusion of in-transit visual display
information feasible. Designers must make displayed information usableto driverseven
under extenuating circumstances, since the visua attention required by the driving task can
change drastically at any given time (e.g., including a curve, the presence of traffic, or a
change in type of roadway) (Dingus and Hulse, 1993). Therefore, displayed information must
be usable under the most demanding circumstances.

A visua display that requires frequent and lengthy glances may prevent adequate monitoring
of the driving environment. In fact, research has shown that deviation from the roadway lane
center increases with longer eye-off-the-road time (Zwahlen and DeBad, 1986).

It appears that the presentation of auditory navigation information is superior to visua
presentation of information in many circumstances. A major advantage of auditory
presentation is efficient alocation of information processing resources. Allocating
supplemental tasks to the auditory modality (particularly in situations of high visual
attentional demand) has the potential for making the composite task of driving easier and
safer (Dingus and Hulse, 1993).

Cognitive attention is another attention demand. The driver may be concentrating on one
thing while his’her eyes are directed toward something totally unrelated (Cohen, 1971). For
example, the driver could be daydreaming, listening to the radio, or attending to an auditory
display and not attending to the road. Therefore, if navigation information is presented to the
driver auraly, it will require cognitive attention even though the driver’s eyes are on the road.
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Workload

Workload is acomplex, multi-variate construct that is an important consideration for ATIS.
As stated by Kantowitz (1992), the practical benefit of measuring driver workload is a means
to assess safety. Workload overload will result in unsafe circumstances. Since safety cannot
be proactively and directly measured in driving (i.e., without installing a system and
measuring accidents), human factors professionals must rely on indirect measures such as
workload assessment. Kantowitz (1992) discusses the application of workload techniques
traditionally used for aircraft applicationsto driving heavy vehicles. A summary of existing
driving workload research can be found in areport by Smiley (1989). According to Smiley,
systems could be designed to automatically avoid overload. For example, if the cellular
phoneisin use, then the map details are reduced on a navigation display. Workload can also
be reduced by programming the system’s “smart cards’ to determine user characteristics such
as reaction time, age, experience, and so on. In thisway, a support system could be tuned to
the particular needs of each driver. Information should also be prioritized within the system
to match the environment. For example, map information could be reduced when the driver
is actually driving through an intersection. This allows the driver to devote full attention to
the road at the appropriate time and not to the display.

An experiment conducted by Noy (1989) used the secondary task method of workload
measurement to determine what effects added tasks and task complexity have on driving
performance. This study showed that as visual tasks in automobiles increase, headway and
speed control suffer and lane deviation increases. Each of these elements cannot be
compromised since the safety costs are too great. Therefore, Noy recommended that
workload testing must be conducted before allowing systems to be produced and used by the
general public. A tool being developed in Japan may aid in the ease of this testing. Atsumi,
Sugiura, and Kimura (1992) have devel oped a method of workload testing based upon heart
rate analysis.

General Visual Display Considerations
Basic display characteristics

Information legibility, whether text or graphic, is a major design concern for automobile
visual displays. A delineation of all appropriate display parameter options (e.g., resolution,
luminance, contrast, color, glare protection) isacomplex topic that is beyond the scope of
this section. Actual guidelines for determining the proper color, contrast, and luminance
levelsto be used in CRT displays within vehicles can be found by using the formulas derived
by Kimura, Sugira, Shinkia, and Nagai (1988). In addition, a number of legibility standards
arein existence for visual displays, including those developed for aircraft applications (Boff
and Lincoln, 1988). Severa of these standards are reviewed for ATIS/ICVO applicable design
guidelines in the Conclusions section. Since the automobile has many of the same difficulties
asthe aircraft environment (e.g., glare), many of the same standards apply. However, note
that the selection of an automotive display will be more constrained by cost and perhaps have
limitations well below the state of the art.
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There are minimum acceptable legibility standards that must be met or the display is unusable. It
is critical that these minimum standards be met in spite of constraints for a given application. In
addition, selecting display parameters is a problem, since viewing distance is limited due to the
configuration constraints present for an automotive instrument panel. Driver constraints pose
another problem. Older drivers with poorer visual acuity and/or bifocal lenses must be carefully
considered during the specification of the display parameters. To overcome this combination of
limitations, the display parameters must be optimized within practical control. For example,
Carpenter et a, (1991) used a “special high-legibility font” in a color CRT application to ensure
that drivers could glance at the display and grasp the required information as quickly as possible.
Other design aspects that aid in legibility include the upright presentation of text information
(even in map applications), maximizing luminance and/or color contrast under all circumstances,
maximizing line widths to increase luminance (particularly on map displays), and minimizing the
amount of displayed information, in general, to reduce search time (Dingus and Hulse, 1993).

Additional legibility design considerations include contrast, brightness, and character size.
The greater the degree of contrast, the quicker the detection and identification time for any
target (up to apoint). The brightness of the instrumentation panel has been shown to have an
effect on reading performance when character size is relatively small (1.5 and 2.5 mm)
(Imbeau, Wierwille, Wolf, and Chun, 1989). Character size also plays an important rolein
response time. Imbeau et al. (1989) found that older drivers performed poorly when smaller
character sizes were used. Schwartz (1988) suggested that further research must be
considered on overall density and information grouping characteristics when evaluating
displays where human performance is the paramount design criterion. Schaeffer and
Campbell (1988) looked at vertical disparity of displays on performance accuracy. Vertical
disparity ranging from 0 to 17.5 mrad did not show any effects on performance accuracy.
However, large disparities did result in diplopia, double images, and possibly suppression of
one of the visual images.

The use of color

Another basic visual display concern deals with the presence of color deficiency and color
blindness. Approximately 8 percent of the male population have some degree of color
deficiency or color blindness. It is, therefore, important in consumer product applications
(including ATIS displays) to avoid reliance on color coding of critical information.

Additional color issues include avoiding selected color combinations (Boff and Lincoln, 1988)
(e.g., blue lines on a white background, since this combination causes the line to appear to
“swim”). They also recommended using color coding of information sparingly, since too
many colors create more information density and an increase in search time.

Brown (199 1) found that color-highlighting techniques resulted in quicker and more accurate
recognition of targets on avisual display. Although instrument panel color has been shown to
have no significant effect on reading and driving performance (Imbeau et a., 1989),

Brockman (199 1) found that color on a computer-display screen can be distracting if used
improperly. Brockman recommended several guidelinesto avoid confusion when using color
to code information. First, color codes should be used consistently. Colors from extreme
ends of the color spectrum (i.e., red and blue) should not be put next to each other since
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doing so makesit difficult for the reader’s eye to perceive a straight line. Second, familiar
color coding, such as red for hot, should be used. Third, color alone should not be relied on
to discriminate between items. Brockman recommends designing applicationsfirst in black
and white, then adding color to provide additional information.

Display location

A major component of the driving task is scanning the environment and responding
appropriately to unexpected events. Fortunately, humans are sensitive to peripheral
movement. An object moving in the periphery often instantly gains attention. In fact, some
human factors professionals believe that periphera vision is as important as foveal vision for
the task of driving (Dingus and Hulse, 1993).

Given the above considerations, the placement of an information display becomes critical.
The information contained on even a well-designed display system will require a relatively
large amount of visual attention, Therefore, if the display is placed far from the normal
driving forward field of view, none of the driver’s peripheral vision can be effectively used to
detect unexpected movement in front of the vehicle. Increased switching time is another
disadvantage of placing a display far away from the forward field of view. Typical driver
visual monitoring behavior involves switching back and forth between the roadway and the
display in question. Dingus, Antin, Hulse, and Wierwille (1990) found that while performing
most automotive tasks, switching occurs every 1.0 to 1.5 s. The farther the display is away
from the roadway, the longer switching takes, and the less time can be devoted to the
roadway or the display (Weintraub, Haines, and Randle, 1985).

The position of a visual display was aso studied by Popp and Farber (199 1). It wasfound
that a display positioned directly in front of the driver resulted in better driver performance
than one mounted in a peripheral location. However, performance on asymbolic navigation
presentation format was hardly affected due to the change in position, and results for
peripheral location were still quite good. Tarriere, Hartemann, Sfez, Chaput, and
Petit-Poilvert (1988) reviewed some ergonomic principles of in-vehicle environment design
and agree that the CRT display should be near the center of the dashboard and not too far
below horizontal. The paper suggested that the screen be mounted 15 degrees bel ow
horizontal, but should not exceed 30 degrees for optimal driver comfort.

According to the discussion above, the display should be placed as close to the forward field
of view asispractical. The most desirable display locations are high on the instrument panel
and near the area directly in front of the driver. Thereis, however, another automotive option
that is currently just beginning to be explored: head-up displays (HUD’s). Briziarelli and
Allan (1989) tested the effect of aHUD speedometer on speeding behavior. Although no
significant difference was found between a conventional speedometer and the HUD
speedometer, most subjects (70 percent) felt that the HUD speedometer was easier to use and
was more comfortable to read than a conventional speedometer. Subjects also reported being
more aware of their speed when using the HUD speedometer. Campbell and Hershberger
(1988) compared HUD and conventional displays in a simulator under different workloads.
Under both low and high workload conditions, steering variability was lessfor driversusing a
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HUD display than for those using a conventional display (Campbell and Hershberger, 1988).
Also, steering variability was minimized when the HUD was low and centered in the driver’'s
horizontal field of view. In another simulator study, Green and Williams (1992) found that
drivers had faster recognition times between a navigation display and the “true environment”
outside the vehicle when the display was a HUD over a dash-mounted CRT.

Given the above arguments, a HUD providing navigation information on the windshield could
be agood choice sinceit isthe forward field of view. Besides the arguments described above,
another advantage of a HUD (at least most HUD's) is that they are focused at (or near) infinity,
thus eliminating (or reducing) the time required for the driver’s eyes to adjust between the
display and the roadway. However, anumber of concerns have been raised by Dingus and
Hulse (1993) about the use of HUD's:

Luminance may be alimiting factor in the automobile due to the presence of glare and
stringent cost constraints. A HUD that was too dim and hard to read could be worse than
an in-dash display.

Issues regarding display information density and distraction must be carefully addressed
for HUD’s and could result in a different set of problems.

I ssues regarding the division of cognitive attention with HUD's. The fact that adriver is
looking forward does not mean that roadway/traffic information is being processed. The
importance of this division of attention to driving task performance has yet to be
determined,

Visual Information Display Research Specific to Navigation Systems

Thereis significant research being conducted on the use of visual presentation information
and appropriate formats for that information. As previously discussed, the navigational
display information should be limited to only that which is absolutely necessary. When
following a pre-specified route, Streeter (1985) recommended that the necessary information
should consist of the next turn, how far away the turn is, which street to turn on, and which
direction to turn. Streeter found that people who are familiar with an area prefer to be given
the cross street of the next turn, whereas people who are unfamiliar with an area prefer to be
given distance information.

In addition to proximal (i.e., next turn) route-following information, notice of upcoming
obstacles or traffic congestion would also be beneficial. Such information could conceivably
make the composite task of driving safer, given that it can be displayed without requiring
substantial driver resources (Dingus and Hulse, 1993).

The use of traffic information was studied by Ayland and Bright (1991). The study shows that
drivers wanted reasons for suggested route changes. |If anin-vehicle system tellsadriver to
deviate from a normal path, or take an unfamiliar turn, the driver wants information about the
reason for the change, such as “exit left, accident ahead.” The same conclusions were made
in the Bonsall and Joint (1991) report with regard to reasoning for route changes. This study
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pointed out the need for accurate information. It was found that drivers would rather follow
their own “best” route perceptions than the system’s, especialy if the user has experienced a
high rate of inaccurate information.

Information provided to the driver should be timely. Sufficient time must be allowed for the
driver to respond to any information. The driver needs time to hear and/or see the
information, decide whether it is relevant, and act upon it. An above-average human response
time is required-most (i.e., 95 percent or 99 percent) of the drivers should have ample time
to respond under most driving circumstances. The time required by the driver to process
information and respond is dependent upon a number of factors, including the task and the
type of display format selected, which is beyond the scope of this paper. A discussion of
driver response time requirements can be found in several sources, including the National
Highway Traffic Safety Administration (NHTSA) Driver Performance Data Book (1986).

The value of automatic route selection in navigation

Severa research studies (e.g., Dingus, Antin, Hulse, and Wierwille, 1989) have tested systems
that do not provide aroute to a destination. These systems provide a current location, area
streets, and a pre-selected destination. There are several technological advantagesto these
systems, including less complex data base requirements and no route-algorithm requirement.
However, such systems require the driver to perform trip planning tasksin transit instead of
pre-drive (Antin, Dingus, Hulse, and Wierwille, 1990). Almost invariably, the information
displays for navigation information systems are (and probably will continue to be) quite
small. Thus, arequirement for non-route systemsisto provide “zoom-in,” “zoom-out,” and
pan features, in conjunction with prioritized streets, to avoid unreasonably high screen
information densities. A person could “zoom in” to asmall-scale map (e.g., 0.4 km (0.25
mi)) and see a detailed view of all area streets. However, if one “zooms out” (e.g., to a
32.2~km (20mi) scale), many of the secondary streets disappear to maintain a reasonable
perspective. Therefore, it is often difficult to see all of the secondary streets along aroute,
particularly if the routeislong. A person must zoom in/out and pan to various locationsin
order to plan aroute prior to starting the drive. However, particularly for complex or long
routes, it isdifficult and time-consuming to plan aroute like this. After inputting a desired
destination, what generally happens is that people drive immediately and plan the route as
they travel. This strategy increases the driver’ s attention demand, since pre-drive planning
has now been allocated as an in-transit task (Antin et a., 1990). Therefore, Dingus, Antin,
Hulse, and Wierwille (1988) recommended that a provision for route selection be provided as
part of the navigation and information systems.

Another advantage to providing a route-selection algorithm as part of navigation system
featuresis that many more options are available for information presentation. If no route'is
provided, an area map must be displayed to navigate accurately. If aroute is provided, the
navigation information can be displayed aurally and/or visualy, textually or spatialy, in a
turn-by-turn graphic format or an entire route graphic format.
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Information format trade-offs for navigation systems

There are many information presentation formats that are being considered for navigation
systems. Driver navigation behavior is akey consideration in format selection. Schraagen
(1990) suggested that map-based displays do not give the driver information in a needed
form. Drivers need to look for street names, landmarks, and road signs on the map to make
navigational decisions. Verbal instructions such as*“turnright” or “follow signswith
directionsto Amsterdam” would be the most usable format for the driver. Maps should be
used only as an additional information source, not as the sole navigationa tool.

Bartram (1980) tested subjects on planning a bus route using alist or a map. The results
showed that subjects who used a map had faster decision timesthan those using alist.
Another study conducted by Wetherell (1979) found that after subjects studied a driving route,
either using amap or alinear list of turns, those using a map made more errors while en
route. Wetherell concluded that these findings could have been caused by two factors: (1)
the spatial processing demands of driving, seeing, and orienting interfere with maintaining a
mental map in working memory; and (2) subjects had a harder time maintaining a mental
model of a map learned in a north-up orientation when approaching an intersection going east,
west, or south. In astudy conducted by Streeter, Vitello, and Wonsiewicz (1985), subjects
who drove a route through neighborhoods using a route list (i.e., series of verbal directions)
were faster and more accurate than those who drove using a customized map with the route
highlighted. Popp and Farber (1991) found that symbolic presentation of route guidance
information was superior to other visual presentation modes, such astext or maps. Symbolic
presentation had the lowest driver workload rating and best traffic safety behavior. Green and
Williams (1992) compared the viewing perspective of different navigation displays, using
either amap like “plan view,” aforward “perspective view,” or acombination of thetwo in an
“aerial view.” Green and Williams found that drivers recognized the presented display as
match& the environment outside the car when an “aerial view” was used. The map like
“plan view” was a close second.

The studies above indicate that either symbolic guidance displays or textua lists are easier to
use than maps while navigating to unknown destinations. Note, however, that maps provide
additiona information (e.g., orientation information such as cross streets) that textual lists do
not. Therefore, whether a map, symbolic guidance screen, or list is selected should depend
on the desired task and required information. One approach to in-vehicle information display
isto visually provide theinformation to the driver either in agraphical or textual format,
depending on preference (Lunenfeld, 1989).

Dudek (1979) reported that information display format and style can affect driver’s processing
time and information perception. Familiarity of messages, messages arranged proportionally
within the horizontal and vertical dimensions, and optimal message lengths (i.e., less than
eight words for high speeds) have been shown to permit appropriate processing times for
drivers. Drivers familiarity with the locality and perception of such vague terms as
“congestion” can affect the drivers perception of the en route guidance system information.
When dealing with local drivers, particularly commuters, studies have shown that drivers want
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to know the location of cross streets or landmarks; while non-local drivers prefer distances
(Dudek, 1979).

Regardless of format type, an information display must be designed such that all in-vehicle
information can be received in short glances and displays must not distract the driver (i.e.,
Lunenfeld, 1989). It is clear that less attention will be required for awell-designed turn-by-turn
visual display format than for afull-route format. Little information is required for agraphic
turn-by-turn screen, including only direction of turn, distance to turn, and turn-street name.
Such information can be easily displayed in a legible, low attention-demanding format.
McGranaghan, Mark, and Gould (1987) have characterized route following as a series of
“view-action” pairs. A view-action pair refersto the sequential set of requirements where
information isrequired for an upcoming event (i.e., turn), the event is executed, or the
information for the next event is displayed. McGranaghan and his associates believe that only
the information for the next view-action pair should be displayed for route following. In their
view, any additional information is “extraneous’ and “potentially disruptive’ to the
route-following task.

However, there are advantages to providing an entire-route display. One advantage is route
preview. In circumstances of required low driving-task attention, the driver has the option to
plan upcoming maneuversin advance. Whileit isfeasible and reasonabl e that pre-planning
could aleviate the need for in-transit preview (i.e., map shown while the car is stopped,
turn-by-turn configuration when the car is in motion), for complex routes, preview
information may be valuable to recall and plan for upcoming maneuvers (Dingus and Hulse,
1993).

Route information provides a second advantage during circumstances of close proximity
maneuvers. Many circumstances exist in the driving environment for which two (or more)
quick turns are required. In the turn-by-turn symbolic screen case, the information for the
second turn may come up too soon (and under circumstances where attention is needed for
driving) to comfortably execute the second maneuver. In the route-map case, such an event
can be planned in advance (Dingus and Hulse, 1993).

A trade-off must be made when selecting a route-map display format as to whether or not the
map should be presented “heading up” (i.e., the direction that the vehicle is traveling is
always up on the display) or “north up.” The most significant issue regarding heading up
versus north up is the speed and accuracy with which the displayed information is interpreted
by the driver. With a north-up orientation, the driver must often mentally rotate the map
image (e.g., if the heading is southeast) to determine whether to turn right or left. This
additional operation requires additional attention and processing time and results in more
errors for the population as awhole (Dingus and Hulse, 1993).

One advantage to north-up map presentations is that they do not “ move’ (Dingus and Hulse,
1993). For a heading-up format, the map must constantly rotate as the vehicle heading
changes to maintain heading-up. Thisrotation, particularly when presented in the visual
periphery, can be somewhat distracting. Antin et al. (1990) found that driver visual scanning
behavior was adversely affected by a moving-map system. The authors stated that the novelty
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of the display (the subjects were novices and therefore interested in the display) had the effect
of pulling spare driver resources toward the display. However, other factors, such as
distraction induced by movement in the periphery, probably contributed to thisfinding. It
should be noted, however, that a study by Hulse (1988) indicated that although visual
scanning patterns are affected by the introduction of a moving-map system into the
automobile, drivers can adapt their visual scanning behavior to account for changes in
driving-task attention demand when required. Hulse found that the probability of aglanceto
the roadway center increased from 0.51 in light traffic conditions to 0.61 in heavy traffic
conditions. Therefore, while some degree of distraction occurs because of these displays,
apparently drivers are able to ignore it (at least to some extent) if required by the driving
situation.

In astudy of the ETAK Navigator, Antin et al. (1990) found that it took, on-average,
approximately twice as long to plan aroute using a paper map. They also noted that a
moving-map display was moreintrusive to driving behavior than the paper map, but it was still
within driver capabilities. Several studies evaluating the general effectiveness of in-vehicle
information systems have been reported (Al-Deek and Kanafani, 1989; Dingus et al., 1988;
Dingus, Hulse, Krage, Szczublewski, and Berry, 1991; King, 1985; Lineberry and Martin, 1990;
van Vuren and Watling, 199 1).

Auditory Display Considerations

Auditory information, including voice-based systems, is an aternative medium to visual
information display. Tumage and Hawthorne (1984) found that drivers did not respond as
well to synthesized speech as to natural speech. Thomas, Gilson, Ziulkowski, and Gibbons
(1989) found that the processing of synthetic speech can produce increased demands on the
short-term memory as compared to human speech. They noted that the performance
decrements observed were attributed to memory capacity and not to misperception of
synthetic speech. Davis and Schmandt (1989) also reported that driving instructions are more
hel pful when modeled after natural language. The Back-Seat Driver system (Davisand
Schmandt, 1989) and the DIRECT system (Gilbert, DeFrain, and Underwood, 1991) have
examined the use of voice-based in-vehicle information systems.

Walker et al. (1991) reported that drivers using auditory navigation devices drove more safely
than those using visual devices. Subjects using visua devices missed more gauge changes,
had longer reaction times, and drove more slowly than subjects using auditory devices.
Presenting the same information both aurally and visually was also suggested.

Additional research assessed the workload differences between visual and auditory
information. Labiale (1990) found that workload islower when using auditory presentation of
navigation information as opposed to avisua presentation. This study also showed that
drivers preferred auditory information because they felt it was a safer system.

Despite the apparent advantages of voice systems over visual displays for in-vehicle

applications, Dingus and Hulse (1993) pointed out that aural