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Proposed Candidate Staff Research
- for . ‘
_ Cooperative Japanése/United States
Human Factors-Highway Safety Research Program

Driver Compliance with In-Vehicle Signing Versus Standard Signing

In-Vehicle Signing (IVS) is an ififrastiucture/vehicle system designed to provide
accurate regulatory, warning and advisory information in a uniform manner to the
driver at the right time, location, and for the right duration. Currently, thére
are human factors questions regarding’ the design of -the IVS system relative to
enhancing highway safety and’ improving-driver performance. - ‘ '

A study is planned for the Department of Transportation/Federal Highway
Administration Highway Driving Simulator (HYSIM) that will investigate the
effects of IVS on driver compliancé and’performancé. Indépendent variablées 'will
include sign location and driver age. Sign Tocation values will include standard
highway signing, -ih-vehicle signing, and ‘in-vehiclé signing’ with’ auditory
alerting. Dependant variables will include compliance with $peed 1imits, Tateral

placement’ during sign presentation, and driver preferences.

The Effect of In-Vehicle informatipn_systems on Useful Field Of View

The'capacity to perceive “afid:résond ‘to visual’ stinili in the periphéral field
while focusing”on tasks in the“forward view (referred to as the Useful Field of
View, or"UFQV) dégrades with age and under conditions of increased workload. An
age-related decline in UFOV may contribute to the vulnerability of older drivers

-and partially eXplain their relatively high accident rates. The introduction‘of
in-vehicle information systems raises the question of whether these systems might
degrade UFOV. v
A study is planned for the Department of Transportation/Federal Highway
Administration Video Driving Simulator (VIDSIM) to assess the effects of in-
~vehicle information systems on UFOV. This study will use dash-mounted and head-

- up display modalities and include a variety of navigation tasks. In order to

determine the extent of UFOV, the Tocation of the peripheral targets will be
systematically varied. Older and younger drivers will be included in this study.



Study of Intersection Cues Used by Drivers

Research and accident data have shown that intersection maneuvers, especially
left turns, are particularly problematic for older drivers. Both specific
intersection features,andtage&he]até@#dgcjjﬁésjin3perCQp§ya1 and cognitive
abilities have been impTicated in this issue. A clear understanding of the
relative importance of specific perceptual and cognitive abilities in performing
maneuvers at intersections will allow highway designers to select intersection
features that maximize the strengths and minimize the weaknesses of older
drivers.

A VIDSIM study is planned to examine the relationship between ‘perceéptual and
cognitive abi]itiesy-aﬁd.intersection,Edggjsipnse$o~progeed?Hdudgementsuas:a
function ofA1ntersectionffeatUreg;,:Pprceptuélﬂand,cgﬁnitivé$a§ilities_tQ(be
evaluated -include dynamic visual:  acuity, static. visual acuity, selective
attention, peripheral vision, Useful. Field. of. View, and angular vision,
Intersection features such as geometry and signing-will be evaluated. ‘

The Effectiveness.of "Overview’ fisplays in Navigational Devices —

Many. navigational displays planned for in-vehicle use: display information in a

low level, turn-by-turn fashion.. Although some displays allow.the driver. to

select aﬂhigh-leVe11viewatbat&shdwﬁjthe;ghtire-routgzlmahxgdc‘hot»;gThéglacknof

an "overview" of a large portion of the circuit being traveled could Tead some

drivers to disregard or lose trust in navigation systems.

A HYSIM StudyfiSfpfaﬁﬁéd5t6”1ﬁVé§Ti§ﬁté?1hé‘éf?éét&fdfﬁdi%ﬁ]ﬁ?ﬁﬁ@“waﬁTéVéljﬁhd
ntal.representation of the geographical

3

follow a route; and the driver’s

high:level information on the driver’s.mental.
area being navigated; . the driver’s abiTity.to follow a route; and the driver’s
ability to.find his or her way wheri the system malfunctions. . The interaction of
display .type with -age and . spatial ability of ~the. driver will also be

investigated. -
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Draft of the Joint Research Progran

1. Objectives

The object of the work is to estimate the indicating method of information
presented on the on-board display. To estimaté this indicating method, we use
driving performance, glance duration time, etc. as an indicator. To measure
these indicators, the highway driving simulator is used as an experimental
equipment. This year, to inspect the applicability of the highway driving
simulator at Public Works Research Institute, we cempare the expepimeht-on the
highway driving simulator with the experiment on the vehicle operating on the

actual road.

2. Contents. , o o

To estimate the applicability of the highway driving simulator, We compare
an experimeht on the highwey driving simulator nith an experiment .on the test
course. For both experiments, we use the same test course at Public Works
Résearch Institute. We also use the vehicle with the on-board information
display. |
(1) Experiment Condition

1) On-board Display

- We use characters as information presented on the on-board display. To
estimate the driving performance according to the amount of information,
we cdnduet an expériment in the case that the various number of
chardeters are presented on the on-board displayand no informtion is
presented. _

- To estimate the driving perforiance according to the sizé of the on-
board display, we conduct an experiment for various size of the on-board
display. _ | '

+ To estimate the driving performahce5according to the position of the on-
board display, we conduct an experiment for various position of the on-
board display. ;

+ To estimate the driving performance achrding7to the operating method of
the on-board display, we conduct an experiﬁent for various eperating
methods. |



2) Subject

- Aged people and un-aged people

* Men and women

+ Persons with various driving history
3) Operating Velocity

 The range of the operating velocity is around 40~ 140km/h.
4) Weather Condition

+ day and night

« fine and rain

(2) Measuring Items ‘ ‘ : ‘ 4
1) Operating Performance S
* Measuring the lateral position deviation from the operating ‘céntér line,
+ Measuring the velocity change while driving
2) Glance Duration Time
+ Measuring the required time in the case of glancing the on-hoard
information-display. = . '
+ Measuring ‘thé ‘eye movement ‘while driving "
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Overview: The Status of IVHS in Japan

‘Makoto Nakamura _
Public Works Research Institute
of the Ministry of Construction,
Chief of Traffic Engineering
Division

1. Introduction

 “The ITS development efforts in-Japan' 'a're:sled'-'b‘y'ﬁvé govemnment administrative organizations,
‘the Ministry of Construction:(MOC),: the: Ministry ‘of: International ‘Trade -and Industry (MITI),
THE Ministry of Posts and’ Telecomthunications (MPT), The Ministry of Transpott (MOT) and
the National Police Agency (NPA). Each of these five organizations is headed by the Parliament
Cabinet ‘Minister  who participate the Cabinet meetings régularly. There are 20 Parliament
-ministers excluding the Prime Minister, this means a’ large portlon of Government organizations
are engaged in the ITS developments S

2. Japanése Projeécts -

- The major: projeéts curréntly- bei‘ng'de'\/élopedby Goveétnmerit Administrative Organizations are:
‘the ARTS led by MOC playmg a major role as the Roadway Adniinistrator;: the SSVS led by
MITI stlmulatmg the machme industry development MOT i 1s involved in the ASV to establish the
vehlcle s type standards-and: the: safety -standards; NPA. promotes the: development of the UTMS in
terms: ‘of the: publlc secunty ‘and the. trafﬂc accident: preventlon MPT; playmg a-leading role in
“radio’ Wave ‘control and" broadcastmg adminiStratlon promotes the VICS 1n‘ coopération with MOC
and NPA. e e e e e e : g

However the way in whlch each Government Admmlstratlve Orgamzatlon separately takes an
initiative and promotes each prOJect independently sometimes causes an inconvenience to each
other. The idea of setting up an integrated- orgamzatron was forged unammously to elimifate such
inconvenience and ‘adverse effects, enablmg them to work smoothly toward the openmg of the

:planned ITS:World’ Congress» T R LI IRt E RS LU LI N

2R TIRE S DU

RIEY ISR RDEAS RIS S P TR R AT O RS A P
l3,"5:1"18, R R R AT AR T AR S S ML AN Db AR S LR 532 RN SR

Under-these citcumstances, the organization, referred to as VERTIS was established in January,
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1994 with the participation of academia and industries, and backed up by the five related
government administrative organizations. |

The VERTIS will represent Japan at the first World Congress in Paris of this year and will take a
major role in the following 2nd ITS World Congress in November, to take place in 1995 in

Yokohama.
Shoichiro Toyota, Chairman of Toyota Motor Corporation presides over the VERTIS.

4. VICS

A brief synopsis of the cooperation among the projects and the relations between government
administrative organizations is presented here. The VICS, is the project developed by MOC, NPA
and MPT. The Ministry of Construction and the National Police Agency will cooperate with each
other to gather the traffic data into the VICS Center which will be established later but they
distribute traffic information from this data source using different information media. The user can
-receive the information from the radio wave beacons installed by MOC and from optical beacons
installed by NPA. The information through FM multiplex broadcasting is distributed by the FM
multiples radio station conducted by MPT. : , : ‘

Because the MOC and NPA promote the beacon system, this causes confusions on the user
side. The organizations have made an agreement that NPA installs the optical beacons to provide
their information along the ordinary road and the radio wave beacons are installed by MOC on the
expressway and the ordinary road where NPA will not install.

The coordinations “are arranged between related orgamzatlons toward embarkmg the fullfledged

VICS prOJect in spring, 1996..

In' Japan, currently six hundred- thousand foving automobiles and: trucks, which is equivalent to
1%-of the total number of vehicles; are equipped with Navigation Systems with digital foad map.
When ‘the  VICS -system is "introduced, it will enables them -to: receive not only :the - static
information but the dynamic information so that the system will become pervasive. '

5, ARTS & SSVS -

The ARTS project, which will be presented later in detaxl is one- of the functlons provnded in

‘mtermmlstnes cooperative system. _ v
Regarding the joint study on the collision prevention function with the related entities of the

SSVS which is led by MITI, regular meetmgs are held to identify the possnble joint working ‘items

in this function.




6. Electronic Toll System

The research and development for the Electronic Toll System -are the unique efforts which
MOC is currently involved in. The toll roadway system was introduced more than 30 years ago in
Japan.

Japan Highway Public Corporation now menages a total mileage of 6,000km of toll highways.
About five million vehicles utilize these highways in a day and the earnings out of this is one
trillion 600 billion yen on an annual basis.

The target total mileage to be achieved is 14,000km, according to national plan.

Metropolitan Expressway  Public Corporation’s total operational mileage is 230km and about one
million 100 thousand vehicles use the highways per day.

The annual earnings out of the toll roadways is 220 ‘billion yen, and the target mileage to be
extended is 300km.,

Hanshin Expressway Public Corporation menages a total mileage of 200km and expects to enlarge
to 250km. The current total eamings on the annual basis is 120 billion yen, obtaining 800
thousand vehicles'in a-day. ’ ’

There are some other highways which are managed by Road Corporations under the control of
each prefectural and municipal government body.

Total earnings for all the toll road bodies are around 2 trillion yen a year.

Now a day, all toll collection on these roadways are manually conducted but the introduction of
Electronic Tolling Collection System is a move towards more practical operation. The system is
supposed to provide both users and roadway administrators with the advantages that can eliminate
a halt and save manpower.

The research and development for this system is planned to carry out on the public and industry
cooperation basis. We are now appealing for the industries to join in this R&D.

On the existing operational roadways of the forementioned Public Corporations, the vehicle
classifications and whether the tolling system is based on the mileage or the flat tolling vary with
what Public Corporation manages. The concrete system architecture remains to be further studied
b_ut- the concept for it tis to allow the system to enable every roadway administrator to conduct
Electronic Tolling via radio wave across the country.

7. Budget
Among the discussed five projects, only the ARTS project is invested 100 million yen for R&D

as the National Budget by the Government and also investment is made by the 24 industries,



ot

forming a joint research and development group. The total investment amount is boosted by
several million yen. Each total investment amount other than the ARTS is not known, as
industries involved in the projects are taking the initiative in the R&D, receiving advice from the
government organizations concerned;

AR S

8. Postscript.

Lastly, I would like to explain Japan’s international cooperation in ITS field. We hope to make
international contribution and: cooperation on every possible occasion. On this principle, we have
participated in almost all subcommittees under 1SO, TC204, as well as PIARC, OECD and so on
through’ cooperatlve activities in international conferences. The bilateral cooperation with foreign
countries such as the U.S., Canada and Germany is underway in parallel.

I hope my speech has brought you up-to-date on the status quo of ITS in Japan.

May I conclude by expressing my hope that through international cooperation such as information
exchanges, joint study, exchange visiters etc., we can continue to make contnbutlons to the
worldwide development ‘of ITS. ‘

O —

s %%,.,‘;L?) L rwtv ey

Japan will continue the role as a one of the leading countnes in the study -and | development of
ITS; now and in the future. : '
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VERTIS & Ot‘her Related Organizations

IMC/VERTIS

NPA

NITI

MOT

MPTC

NOC

UTHS
JSK
JASIC .-
RCR
HiDo

VERTIS
President;Dr S .Toyoda

Wor!d Congress -

Japan Committee |

_IVHS World Congress

Board of Directors

<

121 Nembers

(19 Personal Members)

P
™\

Worid Congress
Organizing Committee
of Japan

UTMS:Universal Traffic Management Society of _J’apan

J S K ;Association of':E'lectr_onic Technology for Automobile Traffic and Driving

JASIC;}Japan Autonobile V'Stan’dards Internationlization Center

R C R ;Reserarch &.Devel‘dpnéh’t Center for Radio Systess

HI1DO;Highway Industry Developaent Organization




VICS

MOC (Mlnlstry of Constructlon)
Radlo Beacon

N P A (Natlonal Police Agency)
| Optlcal Beacon

hﬂF’1'C)

(Mnnlstry of Post and Telecommunlcatlons)
FM Multlplex Broadcast |




ETC

Electronic Toll Collection

- Schedule (draft)
1 st ” Nov.f 94 :Sz'tar’t of Appl.i;cation |

| 2:“'8th Feb.”’9 5 Dead line of Application

15 Jn 95 Joint Research start

'5.-;41- .



Date on Japan Highway Public Corporation

Length of road in service
(as of Mar.31,1994)

‘(ﬁnit:kn)

Length of road under construction
(as of Mar.31,1994)

(un1t km)

Average dally Trafflc volume
(as the end of 1993 F.Y)

(unit:thousand vehicles)

Average daily toll revenue
(at the end of 1993 F.Y) -

(unit:million yen)

Number of toll gate
(as of Mar.31,1993)

Number of traffic lane at toll gate NE
(as of Mar.31, 1993)

.;4‘2%“.




Date on-

Metropolltan Expressway Public Corporation

(in Tokyo area)

Length of road in service

(as of Mar.31,1994) . s
o ¥ (unit:km) 231.4
Length of road under construction

(as of Mar.31,1994)

(unit:kl)‘

Average daily Traffic volume
(as the end of 1993 F.Y)
(unit:thousand vehicles)

Average daily toll‘revenue
(at the end of 1993 F.Y)"
' - (unit: nllllon yen)

|1 Number of toll gate
; (as of Mar531 1993)

; Number of trafflc lane at toll gate
| (as of Mar. 31 1993) ,

—43~



Date on Hanshin Expressway Public Corporation
(in Osaka area)

Length of road in service:
(as of Apr.28,1994) e
: (unit:km)

Length of road under constructlon
(as of Apr.28, 1994)
, (unlt kl)

Average dafly Traffic volume
| (as the end of 1993 F.Y) .
1 (unlt thousand vehlcles)

j Average dally toll revenue
(at the end of 1993 F.Y)!
o . (unit: lllllon yen)

j Number of toll gate
(as of Apr:28 1993)

| Number of trafflc laneé at toll gate
| (as of Apr. 28 1993) SR
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Status of IVHS in the U.S.

including Architecture, Automated Highway System, and Operational Field Tests
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The ITS R&D
Program at
TFHRC...

A ER

VDG UBUGUELER e nLbuban il aay

W U D e a

| 0verv1ew

lMaJor R&D a part of ITS
= Long-term involvement
mWorld class experts and corporate
memory
~mDesign and perform R&D program for
customer needs
mBroad program scope

;;aaaaaauaudauu ddﬂﬁdiﬁduqdmuﬁﬁ@

Con-
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Major R&D Program Areas

R AT R R R R R RE R R R R PR R R e R R R

[ I I T O R B T S T R R T RS R R R T PR R A R

Program Areas

L SAURGELAHR:

IMajor System Advances
m Traffic management
= In-vehicle signing
- mAHS
mEnabling Research
m Communications technology
m Traffic management Iab
= Human factors
mMission Supporting Research
m IDEA’s
= RCE’s .
= Operational test evaluations
T 'mw%%a@%%a%%@a&*um%wum%auauu,
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AHS PROGRAM GOALS:

10 PROVIDE THE BASIS FOR, AND

- TRANSITION TO, THE NEXT MAJOR

- PERFORMANCE UPGRADE TO u.s
VEHICLE HIGHWAY SYSTEI\/I -

"POTENTIAL PERFORMANCE GAINS

- ENHANGE SAFETY
. INCREASED CAPACITY
- REDUCED POLLUTION
' IMPROVED TRIP QUALITY & MOBILITY
INCLEMENT WEATHER OPERATION
INCREASED USER COMFORT/CONVENIENCE




Ev PARGET SYSTEMS
" CHARACTERISTICS ~

- AFFORDABILITY |
- USER DESIRABILITY '
CONSISTENT WITH OPERATION OF NON-AHS ROADS
DUAL MODE VEHICLE INSTRUMENTATION
* HIGHLY RELIABLE, MODULAR SYSTEM TECHNOLOGY .

EVOLVABLE FROM TODAY’S VEHICLE/HIGHWAY
SYSTEMS ) |
USEABLE BY CARS, BUSES, & TRUCKS

"~ FREEWAY-TYPE ROADWAYS |
| 'CONVENIENT WITH OTHER TRANSPORTATION |

15 PRECURSOR SYSTEM ANALYSES $14M |
1 AHS HUMAN FACTOR STUDY $5M |
NHTSA COLLISION AVOIDANCE ANALYSES

. 2. SYSTEM DEFINITION PHASE -

WiILL: ‘ -
| . ESTABLISH AHS PERFORMANCE OBJECTIVES

. IDENTIFY/EVALUATE ALTERNATIVE AHS CONCEPTS

. PROVIDE A DEMONSTRATION IN 1907 |

. SELECT A PREFERRED SYSTEM Al “ROACH

. DEMONSTRATE/TEST/EVALUATE PREFERRED SYSTEM
. DOCUMENT PREFERRED AHS SYSTEM

3. OPERATIONAL EVALUATION PHASE -

1 OR MORE PREFERRED AHS SYSTEM
INSTALLATION AT SELECTED U.S. LOCATIONS

;50_




PF?ECURSOR SYSTEMS ANALYSES S
OF -

AUTOMATED HIGHWAY SYSTEMS
(AHS) | N

NATIONAL AHS CONSORTIUM
~ ADVERTISED: DEC. 15,1993

PURPOSE: TO FORM A COOPERATIVE 2
RELATIONSHIP BETWEEN THE U.S. DOT AND
- PRIVATE ENTERPRISE, STATES, ACADEMIA,
AND OTHERS TO PROVIDE MANAGEMENT
AND TECHNICAL SKILLS TO CONDUCT THE
SYSTEMS DEFINITION PHASE FOR AHS




'3(’“‘. ,-' ?‘%({E t‘ ; ~._,1‘_"‘,

HEAHS :CONSORTIUM WIL

. PROVIDE LEADERSHIP AND FOCUS

| : REPRESENT THE MAJOR PARTICIPANTS
~ WHO WOULD DESIGN, BUILD, DEPLOY, &
- OPERATE AN AHS B .

: .PURSUE THE VISION GOALS & COOPERATIVE

| EFFORTS OF THE PROGRAM

© 4. MANAGE THE NATIONAL EFFORT

~ IVHS ARCHITECTURE

DEVELOPMENT

_52_..
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IVHS ARCHITECTURE

bl AR

_ NATIONAL COMPATIBILITY
m SERVICE INTEGRATION

m ACCOMMODATIVE

'» SERVICE OPTIONS

»GROWTH
» MODERNIZATION

 mOPEN

ARCHITECTURE- DEVELOPMENT

I o A *'tv'r- TN ANt T R T T I NG Y T T R AN T T e i e g

= MULTIPLE TEAMS, MULTIPLE
- CONCEPTS |

- mTECHNICAL REVIEW o
- STAKEHOLDER INVOLVEMENT

=34 MONTHS SEPTEMBER 1993 -
JUNE 1996 '

= TWO PHASES
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PROGRAM STRUCTURE

C oy G T T S VL S NI R T SRR AL G DAY A e
o e B’ﬁ?&m- st R NS =*'f“#",/*-ﬁl?f-%-é-'f‘i’\’,‘(%l«.-!?.‘.-.-?éc-‘--'s‘»'-‘.f* (S TR R S A R A LR

| ConSeths' . - Architecture 'Ma.nagerl B Teohni’c‘a‘l
Building Team (Jet Propulsion Laboratory) - Review Team

Stakeholder Forums
- Consensus Task Force
- Regional Forums
- Focus Groups
-IVHS AMERICA. Commlttees

'LoraI;IBM_ | Rockwell . Westin_g.hous,e'
Team -~ Team Team

SCHEDULE'-'E' |

‘*PHASEI
INTERIM REVIEW IVIARCH 1994 -

FINAL REVIEW ‘OCTOBE'1994
DOWN SELECT 'DECEMBER 1994

gj
%
S
S
¥

PHASE Il  JANUARY 1995-
 JUNE 1996
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EXISTING IVHS

Sterm Warning| -

i‘, arTraveler
<)
®

[:]T) i‘rahsif"

, Satelljte
- Travel Jime Feasibility { € nvc Travel Into.
. o) : - e (] o TRANSMIT
Travintg : Dyr’xamt: Truck - : o g)é DE Smait DART
: - Speed arning | , ‘ OmaC-Réppahannock
\ L i A Para-Transit
To R piive s&gnol ‘Gontiol )
Smart Coit  infygrated Melerthg ) )
s Spn:‘d. 39&0:: I8 )+ Mopile Communidations r—l\‘A
ignal COnN . . P
. ~—\_ HELP/Crescept
Smant CallBox " — =
o ©
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\.\\thl*‘a INSE TO SOLICITATION

kY

L L e N A e e

* 63 Offers Received

* 17 Sites Selected for Operational Tests

1994 IVHS OPERATIONAL TESTS |

Puget Sdufid Help Me I . A
Seattle ﬂ dvue '

red Communlications/Bell

NERN ,l- of “Tmpacts
Adi i al Frans.Info/TRILOGY

—y o . INE - :
. ld2:10] Qut-of-Servic : NENEN iuyot-Stxice

Ada Gounty Emissigp

Mg MAYORH R : ATHSTAR

N A bt e e
\ ,\ % ,:; ’.'.;: . . /‘-
\ %ﬁ = 3 DARY Persona ":f ?d:_":::;

" Public Transit

HERALD (GO - 1a)

Multi-State Orie-Stop Purchase™
(IA - MN - SD - NE -'KS ¢ MO - IL- WI)

HELP One-Stop Purchase
>~ (CA - AZ - NM)

Southwest Electronic One-Stop Shopping
(AR - CO « WM)

_..56_.



«. USER SERVICE AREAS

3 o .

+ Commercial Vehicle Administrative Processes,
and Automated Roadside Safety Inspection
Personalized Public Transit

En-route Traveler Advisory and Traveler
Services Information

+ Emergency Notification and Personal Security
+ Travel Demand Management

*
0.0

*
0.0






Status of Navigation Systems in Japan
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Comparison of Road & Traffic
Between US and Japan

United Siates Japan
Population | 258,000,000 124,000,000
Land Area (kin2) 9,373,000 - 378, 1000
Licenced Driver 173,000,000 62 000,000
Registered Vehicles 190 000, 000 65, 000 000
Expressway (Km) 72 000 6 000
Traffic ratalities o 39,200 10,900
Intersectlons
. Signalized 250,000 *135,000
Computerized 25,000 * 43,000
Traffic Centers 25 161

as of 1993, * as of 1991

Automoblle Navigation System
Sold in Japan "

50

o0 =53] [ ] - -
1987 1988 1989 1990 1991 1992 1093 1994

0 OEM O After Market B Projections
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'81 - '83 '85 '87 '89 '91 '93
l | | I l | |

ond G'en Ql‘d Gen. M.’. .........
. 1st Gen.j——" SE——
.muﬁh&ng ----- W ' . s D]gital map Map matc¢hing
O —— Dead- | (CD-ROM) GPS
Magrietic ‘| reckening TFT-LCD
fleld sensor - FLT | CRT ~ {Route guidance

Techinology . o Vi
evolution Vmcgeuidance

4,

PRODUCT 7o L3/ g | 57 | 9/  "
— . GPSVOICE
ELECTRO-MULTI  NAVIGATION

ELECTRO-AUTO - NAVICOM G,
COMPASS VISION SYSTEM

| ELECTRO-A UTO COMPASS
1980 Installed m TOYO’I A CROWN

r_

FUNCTION
Dlsplay of car dlrecnon

/ Ma n tlc
. : / i

._.62._
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NAVI-COM

1981, Installed in TOYOTA CROWN
FUNCTION

Current car direction

Direction to the destination
Distance to the destination (km,%)
Estimated arrival time

~ NAVICOM

Function of New Electro-Multivision

~ , ; ™

1) Navigation
2) Television
3) Audio control:
4) Air-cbndi’t‘idn c‘ontroi
5) Cellular Phorie control
' 6) CD-Craft’(multi-media soft) Interpreter

7) Diagnosis

8) Various mode Display, e.g., maintenance




Component Allocation

GPS antenna Audio

Magnetic compass
Main computer

GPS antenna

changer
for Digital Map

CD changer
for Audio

TV tuner

FEA TURES of New Nawgatlon System

f'

1) Route guidance in high-quality voice, usmg proper nouns, “
' such as the names of intersections and roads etc. :

2) Intersectlon sketches to permit simple = . .. .
ldentlflcatlon of intersection and car dlrectlon

3 Route Guidance to the V'C'“'ty of the destmatlon
based on phone numbers © - - ...

4) Route re-search via snmple one-touch key operation whlle
drlvmg :

._"6_4 -




NAVIGATION FEUNCTION

1) Calculation of current car location

2) Map retrieval and destination setting by
phone number and name of the place

3) Calculation and display of routes from
current location to the destination vicinity

4) Route guidance during driving o
- Map display presenting the desired route
and current location |
- Displaying intersection diagram
- Issuing route guidance voice

~ OVERALL GUIDANCE ROUTE DISPLAY

,:,-dyerall trip distance Narme of
o entrance
I b ST ) LC.

" Name of

" exit1.C.

position

‘ Destination

~ Route’change  “Start guidance



ENTRY OF DESTINATION

Specified by 24 parameters

~ ™ Phone Number = Park
® Address - -~ m Police station

- = Interchange = Public office
= Golf link = Railway station
w Airport | - = Hotel

‘v' etc

13
CURRENT POSITION-MAP

Bearing «

of the' map e fNamie of the

|intersection

ek Cutrent
position
i

Distance to

Guidance’ Y
g5 destination

route

d

‘Zoomin  Stopguidanice Zoom ou

' ;geu_

sﬁmwgkgammww

B




INTERSECTION DIAGRAM

1 Name of the

~ | intersection
Juidance | :
‘oute \ : i
.! / Land mark
| £ 50\ W gDistance to
, " \ KEGAFET ’lntersectuon
| -T:l:
|
surrent we
yosition

To current position map

, N N
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Status of Electric Toll and Traffic Management Systems(ETTM) in the U.S.
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MICHAEL CURTIS

| Program Manager
Research and Development
FHWA IVHS Division
November 19‘94' j |

Phone (703) 285-2991
o - Fax: 2264

.VERVIEW

4 Impresswe |
| OTRAVTEK o
. Electronlc Clearance - ;

* Short Srghted

‘ Pr OJeCtS SuPPOI‘tmg only some natronal
goals R +Hed

R Patch Work e
oMosarc of 1ncompat1b1e systems |
- ¢I~75 e |
n,oHelp R
SO -1



EVOLUTION

¢ Vehicle to Roadside Comm (VRC)
¢ ETTM (Electronic Toll&Traffic Mgmt)
¢ Toll .
- Traffic Management
¢ Electronic Clearance
# Vehicle Data

+ Maintenance
-+ Freight Management

¢
- SYNERGY

¢ Single Projects are good
# Sell IVHS o
¢ Advance State-of-the art |

R Real Beneflts come from Synergy
o Toll with Commerc1a1 Vehlcle Ops (CVO)

¢ Allows electronlc clearance Wlthout tag

¢ Traffic mfo frorn toll and CVO

- Reader installed at key commuter routes -

=g -




'CREATION TO
ORGANIZATION

¢ IVHS is no longer a concept to be
proved |
- # Project from drawing board to roadway
+IVHS no longer transportatlon sector term

o Articles i in newspapers and ; magazmes
common

+ National polltlcal leaders refer to smart
hlghways -

Systematzc and Orderly
1V cmner

. PrmCJ_ples to follow |
R Pro]ect requlrements supplled by users
~ & User/supplier partnership designs system
¢ FHWA: leadershlp accelerates development
.4 Freé market makes final selectlon

R



2 KEY COMPONENTS ARE
/' BEING IDENTIFIED

¢ In-Vehicle Systems

o Information
- ~¢ Content
¢ Format |
. Commun1cat1on L
+ Wide area (FM subcarrler)
e Medium area two- “way. (cellular, PCS)
e Short range two- way hlgh data (VRC)

zv«ma)aRDSARE -
 REQUIRED

. Partic1pat1on by user requires them

& Users don’t Want to 1nvest in: obsolete
- technology |

\\\\\\

¢ Those: 1nvested res1st change

- ¢ Won/ t acCept multlple redundant systems
¢L1ghts S |
- Sounds =

4 ;74;,




;.\’/ "HWA is pursuing standards
N/ in these key areas

¢ VRC (ETTM)

o Performed analysis

+ Natl Instltute of Standards and Technology -
NIST '

+ Lawrence Livértore Natl Laboratory LLNL
- ¢ Frequency Aglhty |
¢ Data Rate |
. Mounting
. Dcpendablhty and Rellablhty

\‘/ Short Range Vehicle to Roadside

Communzcatzon ( VRC)

- Evaluated the Leadmg Alternatlves
¢ No Common Tag T,
+ Caltrans (Own Spec Back Scatter)
... #Interagency (Mark IV, Active)
ipie i oBL (IVHS America, Actlve 2 4GHz)
o Dulles (Saab; 2. 4GHz)
e llinois (AT COM, 9.61<b) |

=



'No Clear Winner |

¢ No Reason to Change Ex1st1ng
Technologies
¢ Different Tags are superiot in
~ different applications |
¢ Backscatter provided frequency aglhty-

¢ Actively powered for wide-area -

No Clear Wznner

& Toll uses actlve and’ backscatter

¢ Active Tags are Bemg Used for CVO
“ Electronic Clearance =

. Probably COntmue for Several Years

“+No' Short-Terrh Effort to Change in FHWA
IVHS . o

. Long Term Solutlon Bemg Addressed -

—-76—




Long Term Solutions

¢ Supporting IVHS America
Standardization

¢ Working with Several Organlzatlons

+ Users (Toll CVO)

- & Standards Orgamzatmns (IEEE SAE, ISO,
ASTM) |

¢ Vendors o ‘ | |
¢ Government Agenc1es (FCC N TIA)

K)  Courseof Action

o ITS America selected to develop
requirements e

¢ Institution de81gned to support ITS in the
~United States S

_ # Public/Private partnership
0 Internatlonal membersh1p

K Utlhzed Federal Adwsory Commlttee to
Us DOT o -

-1M-



ITS America

¢ Board of Directors included:
¢ California DOT (Caltrans)
¢ Florida DOT
¢ New ]ersey DOT

¢ Lack of standards a major deterrent to
wide-scale ETTM deployment

¢ Prompt development of ETTM
standards o |

\'é—— Electromc Toll & Tmﬂzc
N/ Management e

* Strong need for ETTM

¢ Early winner !
- e Installed ona falrly ]1m1ted geographlc'
basis
. Characterlzed by several dlfferent

technologles, most proprletary and not

N 1nteroperable with each other

f78“-




% Future National Interoperability

¢ Users must jointly define common
- requirements for next generation
technologies

¢ Development of ETTM spec1f1cat10ns
must allow transition period for
agencies with existing technology

B S 1 mpo‘rtanc‘é‘ Dfln teroperability

¢ The National ITS Program Plan reqmres
¢ Initial 1nfrastructure e
. Support other ITS apphcatlons o
¢ Commercial Vehicle Operatmns (CVO)
.. ¢ Increased mobility
¢ Reduced downtlme

—-79“‘-‘



}--\'/ CVO Applications of ET I'M
' Technologies

# Electronic payment of tolls

¢ Electronic credéentials and clearance

¢ Weigh-in-motion (WIM) |

¢ Owners monitor and manage fleet
¢ Real-time status and schedule information
¢ Vehicle and container diagnostics

\’/ cTimely Establishment of User
Requzrements |

~ & Allows the market to rés‘pdnd |

¢ Provides time for developmg, testmg,
‘and providing next generatlon
" technologies SR

¢ Limit prohferatlon of non-mteroperable
technologies "

¢ Will result in a far broader market and
economies of scale in manufacturing

.;.80_




Multi-Phase Process

¢ Phase I - Core Group
"¢ Develop initial requirements draft
¢ Phase II - Toll Agencies/DOT’s
¢ Review and refine initial draft
¢ Phase Il - ETTM Industry Commentary

¢ Finalize user requirements

7 ¢ PhaSe I Partz‘cipation - Core
™ - Group

. Large, geographlcally diverse, multi-
jurisdictional public agencies:

Caltrans NJTA  PTC
FDOT NYSTA  TBTA
NJHA . PANYNJ |
¢ Each addressmg mteroperablhty on a
regional basis -

. FHWA supplymg expertlse

- 81 —



®'x Common User Requirements

¢ Frequency : ¢ Technology

- Allocation ¢ RF Characteristics
¢ Data Rate(s) ¢ Protocol
¢ Minimum Capture ¢ Tags _

~ Rate A oReader;v

o Error Rates

¢ Data Security/
Encryption

Phase g Partzczratzon Toll |
venczes/DOTs L

¢ Core Group expanded to mclude other
toll agencies and DOTs:" 3

¢ Georgia DOT

¢ Massachusetts Tumplke

. Massachusetts Highway Department |

e Texas Turnplke Authority]
¢ Transportation Corridor .Agenc:les ¥

—~ 82 -




x ETTM Stéer‘ing Committee

¢ ITS AMERICA

¢ Thirteen governmental agencies

¢ Eight states represented

¢ Applied Physics Lab ]ohns Hopkms
Umver51ty R

Addztzonal Phase II Sup‘}@ort

o State DOTS R
Colorado Maryland N. Carolma ‘Utah
Malne . Mississippi Wlsconsm Texas

. Oklahoma Turnplke Authorlty
- Ontarlo Mmlstry of Transportat1on
. R—Ural IVHS issues 1

. e



._Q‘Z Phase I1I - ETTM Industry
" Commentary

industry-at-large for comment |

¢ Obtain ETTM Steering Committee
consensus | -

o Deliver user requireménts to standards
developing organization(s)

Industry Commentary 5

- ¢ Delco Electronics - ¢ Mark IV -
‘¢Hughes & MITRE

o Intellitag oTex PR
~Products Instruments

¢ Kimley-Horn & | 5’0 WELC. |
Assoc. SUGEERFR I R I SRR

_.84_.

¢ Draft requirements distributed to ETTM
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R
9 ETTM Technologies

¢ User support for ETTM standards
shows demand

| . Vendmg /Manufacturing community
~ paying attention

¢ Evolving off-the-shelf technology
capable of deployment today

# Future interoperability requirements
- soon supported

¢ Florida DOT and other will procure

~Tags

¢ Memory
- # Read-Only data
+ 256 bits minimum to identify tag, vehicle, and
sensitive "application spec'ific‘:\i information
¢ Read-Write data |

+ 1 Kb minimum of RAM with partitioning

capablhty for general application and error and
- diagnostic information

._85_



~ Tags (continued)

¢ Field of View ,‘
¢ The tag antenna’s field-of-view shall be a
90 degree conical cone pointed 45 degrees
upwards and parallel with the roadway

¢ Slze

¢ Wmdshleld mounted 1nterlor
* Thlckne’ssr sha_ll not exceed 15mm
o Length plus ’widt‘h:r}Ot to exceed 15cm

N % Tags (continued)

& Size (continued) o
. Dashboard mounted (Above steering
column) et
¢ Width shall not exceed 10Cm

‘¢ Height shall not exceed 5cm' -
~# Depth:shall not ‘exceed 5cm

. Exterlor tags may conform to llcense plate
mountmg S | |

~# Centerline mountmg behmd rear~v1ew
mirror | | |
- 86~
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W Tags ( continued)

¢ Driver Interface - Data displays, status
lights, and audible signals are optional

¢ May develop recommended practices

¢ Security such as data encryption and
password protection is being addressed

¢ Digital Interface is RS-485 4 pin to on-
vehicle devices

Reader

¢ Reader

¢ Antenna position must accommodate all
‘tag mounting locations

. Frequency assigned by FCC; minimum co-
primary status

o All message packets for toll and CVO
defined

‘¢ Reads multiple tag types

._87 =



- Conclusion

¢ National Interoperablhty will llkely
evolve around ]omt IEEE, ASTM

standards based on ITS AMERICA
generated requlrements

e A reader that reads mu1t1ple technology
tags |

¢ FCC has not ruled on frequehéy’ - «f
authorization; Large scale deployment
is continuing in 902 - 928 MHz band

BT
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Status of VICS Project
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CURRENT STATUS of VICS PROJECT
Second USA-JAPAN ITS Workshop

November 14 & 15, 1994

NOBUHIRO IMACHO
. Traffic Engineering Division
Public Works Research Institute
Ministry of Construction

JUN SHIBATA

Intelligent Transport Systems R&D Dept.
Vehicular Technology l.aboratories
Sumitomo Electric Industries, LTD.

Vies

Current. Status of VICS Project

VICS: Vehlcle information- & Con‘imunicatlon System |

L. Purposes of VICS

T, Background ofvics ™
2. Goals of VICS
3: Direction for’ ‘Realization of ! VIgS T P
4, Hlstory of the VICS Promotion Councnl S ST

. Current Status of VICS
RREY: General ConCept of: VICS AT i
2. lmportant Points " Concemmg the Practical Use of VICS
3. Information Service Items
4. Service Images
5. Overview of VICS Media
6. VICS Demonstration

I Beneflts and Costs of VICS
IV.Future Plan (10 years)

|



Vies-

L. Purposes of VICS

Vu;sf

1 Background of VICS
(1) Road traffic demand has ‘in‘C'réa“s"e‘d very ‘r’épidiy

(2) It has been gettlng harder to lmprove road trafflc
envnronment T I ST DR T LRSI

(3) Road traffic condltid}xé‘: havebeengettmg ‘i(vérée

—9 -




Vies

e Trend of Traffic Status in Japan

Ind Road traffic demand
ndex (no. of cars) 64 million

300 [~

Improvement of road traffic L
environment Road traffic
(Traffic control center) condition (deaths)
‘ : ' thousand1s1 5

75

| I |
'89'90 '91 '92

_ Vms
- 2. Goals of VICS

| Accurately and approprlately utlllze mformatlon

° Decentrallze traffic .. =
- Mltlgate or ellmlnate trafflc jams o

® Reduce the |Ike|lh00d of becomlng Iost or takmg
the wrong route o
» Reduce the amount of trafflc

@ Stablllze drlverzr-psychologyﬂ_ .
=» Prevent accidents - |

- 93~
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Vies

e Improvement of Information System

Number of .
Centers Z AMTICS ) muni\_bt?r of
Experiment on Road & Uﬁ;g on
i Traffic lnformatlon Serwce '
80 ('] [ | RACS 75
300,000 | 4 300,000
4l PR
- ( Traffic Control Center ) o
In-vehicle / ‘ | 1200,000
4l Nawgatlon 1
System /
| | 100,000
20 ] — _ /
(Dlgltal Road Map)i?
®
1 I | I hd : ] | S|
g A pd ‘ L 7L 7
70 75 '80 85 90 91 92 year

3. Direction for Realization of VICS
(1) Information services which correspond to
drivers’ needs
® Realization of mexpenswe systems Wthh are
easy to use

[1] Integrated management of mformatlon

IZI Systematlzmg information service medla
(2) Harmony with publlc pollcy

Harmony with the radio wave policy
(Effective use of radio waves) :

[2] Harmony with the road and traffic.policy .
(3) Unification of efforts by private enterprises

_.94_
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4. History of the VICS Promotion Council
(1) Establishment of the VICS Promotion Council

® Sep. 1991: Establishient meeting of promoters
10 corporations and organizations
Representative: Dr. Shoichiro Toyoda
President of Toyota Motor Corporation
® Oct. 1991: Inaugurai general meeting
201 corporations and organizations
- Chairman: Dr. Hiroshi Inose
Director General of the National Center
| for Science Information Systems
® Apr. 1993 Created Optical Beacon Subcommittee
® Sep. 1894 Opening of Preparatory Office

® Mar. 1995 Schedule of Establishment of VICS Center
® Mar. 1996 Start of Service (All media; in Kanto, Aichi, Osaka)

Vies

(2) Objectives and Operation Plans of the Council

[1] Objectives: To promote the adoption of VICS
into practical use within a
reasonably short period of time

[Z] Operation plans:

- a) Conduotmg mvestlgatlons, research and
development aimed at puttmg VICS into

practical use

b) Activities to spread the use of VICS

c) Other activities necessary to achieve the
purpose of the organization



(3) Organization

General Mesting |

' Board of Directors

Meeting -

Advisory Staff

- Board of Dlfectors

Chalnn_’an ‘ -F Auditors

WICS Chairman

Vics

Steering Committee [  Secretarlat |

Managérs Meeting e -
e |, International Llalson Office I

Research Committee |

| Commerce Committes l | '. |

l L

]

, IExperInjeﬁnt_

al CommitteeJ

System Safety Database Beacon

Subcommittes| {Subcommittee] |Subcommitise] |Subcommittee

FM& Multiplex] [Téle - Terminal
Subcornmittée| [Subcommittee|

General
Experimental
Subcommittee

Kansal Deménstration
Subcommittes

Experimental -

Subcsmmittée

ST




Vies

1. Generel Concept of VICS

Information Editing and

collection processing = Dletributlng media Information use
VICS ————,

: — VICS Subsystem — 1

VICS Center * Boacon ‘ ?afety %

(tentative ) * Eﬁgﬁgg;ex * Improvement of
driving safety

* Teleterminal » Smoothing road

' transportation

¢ Environmeéntal
protection

¢ Improvement of

economical efficlency
Others [=> N .
T

i
A

sa|ucyIny

-Vies:

2. Important Points Concerning
the Practlcal Use of VICS

(1) Careful cons:deratlon to safety N
(2 Somal mfrastructure of the future

(3) The structure of the organlzatlon to spread

the use of VICS
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3. Information Service ltems (Tentative)

(1) Traffic congestion : Area and level of
: congestion

(2) Temporary regulation : Area, time, and
causes under control

(3) Traveling time : Traveling time between
two points
(4) Parking : Parking locations and

their availabilities, etc.

4. Service Images
(1) Map display
""}fﬁ%]# @mm_/

100m QIEB
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5. Overview of VICS Media

Telecommunication media
@ Cellular telephone

@ Teleterminal

@ Private mobiléradio

Vies

~ Tratfic information media
@ MF roadside radio

Broadcasting media
@ AM (MF) broadcasting
® FM (VHF) broadcasting
@) Television: :

@ FM data mu’ltiplexlng
broadcasting :

® Quasi-microwave
beacon

() G—bﬂcﬂ.@ &Qxcon

Position determmatlon
— Static lnformatlon —

@ UHF slgnpost
® Mlcrowave signpost

Package media
— Stand- alone —

@ Printed Medla : ® Electric Medla AR R
Road Map Digital Road Map Database

e b et o e o o s s s P By G By o Ve e Y PR B P W O = T P e P SR S M S L Y S R e s e

(1) Quasi-microwave beacon

Vies

¢ 64 Kbps, approx. 70m/1 zone

] Management
office
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(3) Opt

* 1Mbps (downlink
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Ica

64Kbps (uplink); approx. size 3.5m x 3.5m

)

(width x le‘n‘gth)f

~ 101 —



22 Vies

6. VICS Demonstration

® Area : Tokyo area

(Slightly greater than 20Km x 20Km)
® Media : Beacon and FM multiplexing
® Schedule : 2-Day Demonstration in Becember

1993

Novewum ber

Vies

Outline of the Experimental System
(__mpp_ ) (_xrcB )

JARTIC

) l":'.:’—’tllll!‘ﬂl;. AN

1
- Optical Beacon
. Center System

i Beacons

® 00006090 ¢

Vehicle and On-board Equipment
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Vies

[1I. Benefits and Costs of VICS

Provision of VICS information

Y

Understanding
of traffic
conditions

|

Selection of
optimal route

Y

25— \/|i;;
Benefits of VICS

Reduction of
strayed driving and
roote errors

Mental
stabilization

while driving

™ |mproved
»| safety

Y

Diversion of
traffic flow

Reduction of
fuel consumption

.y |
=1 Improved
»l traffic flow

Improved )
environmental
quality

Reduction of
travel time

Improved
economic

Appropriate
parking

Ty

Reduction of
traffic
congestion
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Vies

Costs of VICS

¢ Information collection: - - (existing) .

* Information processing and editing: ¥30 billion
* Information provision: ¥370 billion (shared) .
¢ Information utilization: ¥900 billion (purchasers of on-board equipment)

Required operating expenses : 1.3 trillion [ ]
(10 years) = VICS Center : ¥30 billion

1L

Benefits : 5 trillion (10 years)

* Reduced driving hours: ¥4.7 trillion (all drivers/society)

* Reduced fuel consumption: ¥0.3 trillion (all drivers/society)
e Improved safety: fewer and less serious accidents (society)

* Environmental protection: reduced exhaust emissions (society)

¢ Other benefits: expansion in domestic demand/technologlcal
development etc. (soclety)

Vies

lV . F LItUI‘ e P Ian (1 0 years)

Sep. 1993 |  Feb. 1994

Equipmentsold | ... . | o ..
” 1,805 433
#):lusaua( (ﬁ&ﬂhﬂﬂ umts) , - SRS N R
Operatmg expenses B R S N ,
(bllllon yen) ' Sl D 30 T 85 7

Beneﬂt , .;' o g 1
(trllllon yen) 1o 50 : O.Q :
Number of prefectures B .
(10th 'year) AR SRR

% whole country |
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Status of Rural IVHS in the U.S.
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June 1994
1 Study S d by th

fA'eggrg/lI(}filxthgllu:;OXgml:;llst)r(aupo(::wom v e Rural ATIS

FHWA’s

Rural ATI

Interim Findings:
User Needs and
Technologies

M ost Intelligent

—— Vchlcl(,/nghwa
System (IVHS) invest-
ments to date have been
concentrated in major
urban areas, where
congestion is most sevére
and population densities
are highest. IVHS:technol- | 'L;
ogy, however, also offers  §
substantial potential ben-
efits to both hlghway users -
and operator's in rural and
small urban areas,

In early 1993, the
U.S. Federal nghway
Administration (FHWA)
began a 30 month study of
rural applications of Ad-
vanc¢ed Traveler Informa-’
tion Systems (ATIS). This
pamplilet déscribes some
of the preliminary results
of that Pproject.

K

JHK & Associates, with assistance from Virginia Tech, ‘ ‘ JHK & Associates
Hughes Aircraft, and Bell Allantic. An SAKG Compary :

This study is being condiicted by a research téiim led by
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Scope of Stady
The stady covers seven major topics:

1) a detailed assessment of user
needs;

2) areview of relevant technology
both in existence and under
development;

3) on evaluation of the national
significance of rural problems
which might be addressed by ATIS
technology;

4) the development of a range of rural
ATIS concepts;

5) selection of a samplé of promising
concepts and preparation of
detailed sy ‘stem specifications;

6) implementation of ficld tests of
these systems; and

7) documentation of guidelines for
use by state and local government
agencies in implementing rural ATI
systems.

The Rural
Environment

The rural environiment presents
significantly different challenges to
IVHS deployment than does the typical
urban area: ‘
. dlstances are loncor and traffic
volumes lowor
safety is a major issue;
. congestlon is primadrily non-
recurrent;;
. altematc Youtes are fesver;
*  many travelers are unfamiliar with
- their surroundings;
‘»  rural highways frequently wraverse
rugged terrain ‘in remote areas;

Public Road and
Street Mileage

.By.Are‘a Type .

Rural 8%

Small Urban 4%

Urban 15%F]

LSO

Vehicle
Miles

'l?aveled
NS, .

al_,_w
-Accldents

Vehicie-Mies Traveled

¢ climate conditions are often -
cxtreme;

* cmergency medical services (EMS)
take louger to respond to rural
incidents;

¢ the lack of existing surveillance
and comnmunication infrastructure
in sparsely populated axcas make
the implementation of cost effec-
tive systems more difficult; and

e therc are significant
multijurisdictional issues involved.

User Needs

Survey Program

An extensive series of surveys were
undertaken o identify the top pnormos
placed by travelers, highway agencies,
police departiments, and other organi-
zations on the avm]abnht) of travel
related information in rural arcas. For

purposss of definition, the term “rural” -

was asjumed to mcludc parts of the
U.S. outside urban arcas of 50,000
populatmn OF Mmore.

The surveys were nalwnal in scope, °

mcludmg

* cighteen focus group sessions with
15 - 20 members of the general
~ public;

¢ a pational telephone survey of 525

~ households;

e three focus group; sessions w1th
repircsentative highway ofﬁclals

- and toll authoritics;

*  eight fociis group sessions with -
flcet operators, dispatchers, EMS -
providers, and law cnforcemem
officials.; '

*  sixty-one ong-on-one interviews
with senior highway, police, EMS,
tourist, commercial operator, and
travel organimﬁon executives,

Fatal Accidents

Major Findings

General Travelers  Survey respon-

dents were asked to consider the types

of information they needed in each of
three stages of a trip:

1) Pre-uip planning, before setting
out;

2) Eu-route (no problem), while
traveling and everything is okay;
and , .

3) En-route (with problem), while
traveling aid a problem has
arisen.

Two national telephone surveys
were conducted to verify the quantita-
tive results of focus group discussions

“with general travelers. The first

national telephone survey interviewed
a sample of 525 urban and rural

Average | EMS
‘Elapsed Times;
‘Rural vs, Urban
Fatal Crashes

e




§828¢8

10% 4 -
0% : —
Pre-tip En route, En route,
planning no problem with problem
lVory Somowhat Somewhat m Not At AN Deon't Know/
mportant important Unimportant A Important Ho Opinlon

residents regarding their long distance
travel (more than 150 miles) informa-
tion needs. The second national
telephone survey of 500 respondents
addressed only local rural travel
information nceds.

The bar chart above swimmarizes
the survey respondents’ prioritics for
long distance travel with respect to
these three eategories of information.

Not surprisingly, by far the highest
priority was placed on information
relating to problems encounteréd while
traveling. Second was pre-trip plan-
ning. General “en-route” information
placed a distant third,

This chart relates to rural resi-
dents. Virtually identical findings
were discovered for urban residents
when considering rural travel.

When the respondents’® answers
were analyzed in more detail it became
clear that the top priority information
nced was related to safety. The three
105t important issues were all related
to safety problems encountered en-
route: ’ ‘ ,

* the ability to call for help in an
emergency (Mayday);

¢ warning of rapidly approaching
hazards isamediately ahead; and

® asignal to “wake-up” a drowsy

driver. o

Of secondary importance were
two other warninig raessages, related
respectively to road closure ahead and
an advance warning of a hazardous
situation.

Information regarding trip routing,
road and weather conditions, and
travel time was considered particularly
important (o pre-trip planning, but of
substantially less importance than the
safety-related information deseribed
above. Similarly, general information
was considered useful while en-route
but became of concern only when a
problen: arose.

The results of the “local rural
travel” telephone interview supported
the findings of the “long distance
travel” telephone interview. The only
exception was that local travelers
placed lower priority on the informa-
tion regarding alternate routes, en-
route facilitics, and construction and

Trip Stages

P bro-trip
Planning

Trip routing/directions
Weather :
Road conditions

i En-route facHities

En route
{no problem)
Alcmate routes
Weather ahead
A Road conditions ahead
fl Traveler services

Advisory (amh conditions)
Driver waming {(danger)
Emergency (mayday)
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maintenance. This was anticipated, as
local travelers are usually familiar with
local roadways and facilitics.

Other Users Other users surveyed
regarding the types of information they
needed when traveling in rural arcas
included trick drivers, truck flect
managers, school bus flect operators,
and paratransit managers. Key findings
include:

* the primary need of weather and
road condition information;

¢ safety as a concern;

*  concern for road regulations and
obstacles when rerouting; and

¢ sensitivity to the cost versus henefit
of ATIS technologies.

Service Providers Service providers
include highway agencies and toll
authorities, EMS providers, economic
development and tourism departments,
National Park Service, county and
public works officials, law enforcement
officials, and various other groups.

The perspéctives of these providers
on traveler information needs and
technologies were collected through
hoth foeus groups and onc-on-one
interviews:

* highway agencies consider emer-
gency, safety, and warning infor-
mation as most important;

*  EMS providers are concerned with
reducing accident notification and
response time;

* ATl systems are seen as instru-
ments (o promote tourism and,
hence, economic development;

* at the county level, major concern
is highway safety; and ,

¢ there is concern for traffic manage-
ment during highway construction,
accidents, and adverse weather
conditions,

It was stressed that the information
disseminated through ATI systems he
timely, accurate, relévant, and reliable.
Providers also voiced concerns regard-
ing driver information overload.

Technology

An extensive investigation was con-

ducted to identify technologics that are

likely'to-support rural ATIS applica-

tions. “Several major conclusions were

drawn from this investigation:
(continued on back page)



@ Qeneral Travelers
@ Fioet Operators, Dispatchers, EMS, Law Bnt

t Officials

B 1:stways offictals and Toll Authoritios

E Other Interest Gioups

¢ substantial proven technology
is available to support basic
rural AYIS applications;

¢  significant potential for
piggybacking rural ATIS
applications on other, non-
transportation related invest-
ments exists;

s infrastructure costs and the
nature of user priorities make
in-vehicle and targeted
roadside systems a high
priority;

e communication is a major
challenge;

More Important

Locations of Focus .
Groups and Interviews

* non-safety/non-emergency appli-
cations must be commercially
viable; and

¢ legal liability is a key concérn.

Next Steps

A series of 20 rural ATIS concepts are
under developmént. These will be
evaluated and a lesser number will be
selected for detailed development. In
parallel with this analysis, the project
team is compiling a list of potential test
sites. If you or your organization are
jnterested in participating, please let

us know.

Relative
Importance
of Information

- 110 —

YA

ST ARSI S
D FNG Y

LSS ¥ s A

¥ »

IExpert Panel
o Joo Armijo,

Montana State University

. Gene Bergofien,

National Private ‘Truck Council
Douglas Bovin, National
Association of County Officials
Paul Cunningham,

East Garolina University
Medical Center

David Gehr, Virginia DOT
Frank Horne, Motorist
Information Services
Association

Mary Ingels,

National Park Service .
John Kiljan, Colorado DOT/
ENTERPRISE

James McLary, Commmunity
Transportation Association of
America -

Susan Pikrallidas, AAA
Annett Sandberg,
Washington State Patrol
Mike Sobelewski,
Minnesota Guidestar

John West, Caltrans

JHK & Assoclates
An SAIG Compeny '




Experience on the Headway and Lateral Control System
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- Experimental System on the Headway and Lateral Control Systems
Yutaka Yamada o
Advanced Road Transportation Systems Reseach Committee

1. Overview

The series of radio wave propagation experiments using leakage coaxial
cable(LCX) and quasi-microwaves have been. conducted ‘through. the year
1993 and the satisfactory results for a use as communication media of the
Headway and Lateral Control Systems have been obtained.

.. 'To check and verify the functions in the. Headway ‘and Lateral Control
‘Systems, the experimental system is planning to be insta]led on the test
course set up in the Public Works Research Institute of the Ministry of
Construction.

A brief synopsis is discussed.

2. Outl‘lhe of the.Experirnental_System

The entlre length of the test course in the Pubhc Works Research Inst1tute
1s approxunately 6.2 km-and the EXpenmental System will be 1nstalled on
' along 4.5 km of the course. The system installed test course'is divided into
nine sections. Each sect1on is 500m in length The leakage coaxial cables
are la1d in the sections to create: the -area where consecutive communication -
can’ be 1mplemented _The length of the leakage coaxial cable for each
section is assigried on the basis of ' the experiment results with the
propagation features,... . | |

| In each sectlon a radlo transmtter / rece1ver and a. local processor 1S
connected with a leakage coaxial cable. The roles of the local processor are:
communication with vehicles moving in;the section where the leakage coaxial
cable;is, connected with the- local processor; relay of the data whmh is received
from vehlcles andis transmltted to other vehicles; commumcatmn W1th other
local processors, commumcatmn with the central processor and so on.

The local proce_ss'ors are.h'nk'ed with communication lines so that- they can

13-




commutiicate with the vehicles while passing information of the moving
vehicles to the other local processors located in rear and front sections. The
local processors glean information detected by sensors installed on the
roadside and distributes it to the vehicles and other local:processors in
ongoing direction.

The central processor supervises the local processors in a way that the
central processor monitors information detected in the each LCX sections,
implements forced information intervention, controls the local processors and

sSo on.

The unusual conditions on the test roadway are detected by the video
camera image processor installed on the test course.

3. The contents of experiments
The Headway and Lateral Control System is classified into three levels in

its development: the Warning and Information 'DisseminétidnfLevel;' the
Driving Assisting level, the Automatic Driving Level. Currently, the

development éfforts are mainl inly focused on the very'bés'ié“lé“v’ei‘ the Wa"'r'ning ‘

and ' Information Dissémination, and the’ experlments are planing regardmg
the following threé items: - ' - S

® Warning -and' ‘information’ dissemination function which allow: the
motorist to identify an incident before that comes into his visible'field, - -
e Information display function on the vehicles in the viéinity of the ‘sgo-
vehicle, e.g. information on too small daylight between the rear vehicle

and sudden deceleration of a’ front vehlcle '

® Collision” prevention function which identify an- appropriate daylight

between a front vehicle. - when: the dayhght ‘becomeés too small; warmng ‘

'is generated and’ brakmg control i is unplemented if nedessltated
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The schedules of the experiments are as follows:
1995 Check and verification of basic communication functions,
‘Check and verification of functions using a single vehicle.
Check and verification of functions using plural number of
vehicles.
Check and verification of performance on the LCX boundary
areas.
To itiform the location of other vehicles to the test vehicle.
To inform the intention regarding driving tasks to the roadside.
The vehicle location identification and drive tracking by an
on-board sensor(a radar and so on) and an infrastructure sensor.

1996 Man-machine interface for information display .

1997 Check and verification according to the roadway structure types.
Check and verification of the warning and vehicle location display

function.
1998 Revise "and set up thesystem functions and component

specifications.
4. Data Format Example

* The System is ¢onfigured ‘on’ the assumption that the maximum of 36
vehicles exist in a single LCX ‘section:” This maximum number of vehicle is
acquired under the condition that each vehicle is moving at 100km/h and
passing by at intervals of 1.5 second through a 500m section, Three lanes are

assumed in a section.

The communiéation types are‘classified ‘into two cydle ‘types: a small
comimunication’ cycle (At:a'cycle of 0.1 second) and long: communlcatlon cycle.
The information with a ‘high order of emergency ' priority is assigned to the
‘small communication cycle and information other than emergency is assigned
to the’ long‘ commumcatlon Cycle The'*transmission ‘rate for’ signals is
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1) Small Communication Cycle Data Contents

The following are the typical example of the small communication cycle
data. '

contents:
® Vehicle — Roadway

The vehicle ID, Vehicle length, Vehicle width, Vehicle Position,
Daylight, u level, Vehicle speed, A driver's intention in terms of

the driving tasks, an abnormal condition of a vehicle, and so on.

® Roadway — Vehicle
The relayed data transmitted dlrectly form other vehicles, The
location of the vehicle in abriormal conditions, Warning generated
by other vehicle, The location of the vehicle which generates

warning and so on.
2) Long Communication Cycle Data Contents:

® Ve}ucle - Roadway : o
Vehicle's attribute, Destination, Road Condltlons
® Roadway — Vehicle L ,
Information on Emergency Vehicles in the far off distance, 'I‘rafﬁc
information, Informatmn_ on unusual 1n(;1dents such . as accidents

and natural disasters, Emergency message:
3) Vehicle Registration and Cancellation

When a vehicle goes into a new LCX section, the vehiélev registration is
nnplemented and a communication - slot .is ass1gned The reglstratlon is
valid through the each test sections 1f 1t has- been-done once: The reglstrat.mn
is performed usmg a‘tentative seven-digit ID nuinber.. : S

When the' true ID 1s mformed via the long Commumcatlon cycle, the '
corresponding local processor informs the processor in rear LCX sectlon next
to it and information that the vehicle has goes out of the section is passed.
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5. Conclusion

We are now starting the preparation of the experimental facilities. 'The
installation and fundamental tests will start from next spring. The
experiments will be espected to dedicate the useful results to the
implementation of next generation road transportation systems.
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Reqistration Timing: Signal

Data of Long Communication Cycle

Registration Acknowledgement

X oK V4
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A (Data distributed to each Car) (Relaved Data received from each Car)
\ Registration from each Car
4

Vehicle to Road Side

N

Data of Long Communication Cycle

Data of Small Communication Cycle

0.1 Second

Fig4 Example of communication Format







Effect of In-Vehicle Information Display on Driving

by the Highway Driving Simulator
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' Effect of On-Board Information Display on Driving
by the Highway Driving Simulator

"

Takeshi .Kishima
Traffic Engineering Division
Road Department, PWRI

1. Introduction ‘

~ For advanced road traffic systems like the vehicle information and
communication system, the information'display screen installed in the car (in
the following called on-board display) plays an important role. In the future,
more information will likely be proyided;by‘the on-hoard display to the driver.
[t is desirable to develop a more easily understandable on-board display with a
simple operation. As the foundation for this, the effect of the operation and
understanding of-the on-board display on the driver while driving is examined in
this research, -

2. Research Purpose , _

.This research is.conducted. to estimate the effect of the operating and
understanding of the on-board. display on the driver vhile driving, and to
estimate the amount of information presented on thé on-board display
quantitatively: In order to find the upper limit for the amount of 1nformation
on the on- board display,  the 1nformat10n was presented on the display inside the
highway. dr1v1ng simulator.: _ , I . .
at the Public. Works Research Institute, and test persons were used for simulated
driving tests.

3. Research Methods- . .

3.1, Situation Setting: ‘ e
For these tests, the Metropolitan Expressway No. 3 leading to Tokyo was
used as shown in Fig. 1. The test persons were assumed to drive the expressway
'fromlsangenjaya Ramp “to Edobashi'Ramp through the ringroad. The Metropolitan
Exbressway'No. 3 was assuned to be congested. The test person: was continuously
7 acceleratlng and. deccelerating with an average speed of 30 kn/h due to a car
in front of hll “This test endéd with the selection of. the lnner track or_ the
outer track at Tan11ach1‘lnterchange, the entrance. to the. rlngroad -As shown
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in Fig. 1, three heacons are installed along the Metropolitan Expressway No. 3,
and they supply the information from the vehicle information and communication
system (VICS) shown in Table 1,

2. Test A (Qualitative Estimation of the Effect of the On-board Display)
First, the test person drove the course shown in Fig. | with no

infornation presented on the on-board display (test Al). Next, the information
shown in Table 1 was presented on the on-board display. The test person read
the time to Edobashi Ramp successively by this information, and judged which
of the inner or the outer track was less congested, and selected the less
congested route (test A2).. In the tests Al and A2, the driving performance,
the GSR appearing number, the pulse rate, etc., and the glance duration time
0f the on-board display by an eye-mark recorder were recorded.

.3. Test B (Quantification of the Displayed Information)

The use frequency of on-board displays will be likely increasing in the
future. The information volume will also be increasing. It is necéssary to
estimate the amount of information presented on the on-board display
quantitatively, because of avoiding a situation where an excess of information
presents an obstacle for driving. However, no method for quantitative
estimation of the amount of information presented on the on-board:-display has
been established so far. Accordingly, we conducted the following test B as a
trial for quantification. | |

In test B, the test persons drove ‘thé same course as in test A. Random
numbers instead of visual information from the vehicle information and:
comrunication system were displayed on the on-board display as shown in’

Fig. 2. The test persons drove while reading these characters out. In:the
tests Bl, B2 and B3, 10, 20, 30 numbers were given respectively.. The driving;t
performance, the GSR appearing number, the pulse rate, and the glance duration
time of the on-board display were measured in the same Wway as in test A. The
attempt was made to express the amount of information presented oh the '
on-board display as the character numbers on the basis of the glance duratiOn
time, the driving position and the following distance, etc. ‘

. Experiment Results
V1. Results on Test A .
Test A is” conducted to estimate the qualitative effect  of information

presented:bn“the:in—Vehicle‘disblanyh:dr&vingyeTable?2_shbws{théaaqgragé .
values and the ‘standard deviations of'the:lateral-diSt&nﬁehfbohkfhe'diiViﬁg*
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center position and the following distance, where the case of information
supply is compared with the case of no information supply. The values are

“larger in the case that the information is presented on the on-board display.

Fig. 3 shows the difference of the pulse rate as the multiples of the normal
rate and the GSR appearing number between the information supply case and the
no information supply case. According to this figure, these values for
information supply onto display are not quite different from those for no
information supply. In this test, it was recognized that the test persons’
driving performance are affected by the information supply and that the
psychological effect on driving was not so appearing. According to the
experiment results of eye movement, 16.9% of the total driving time is
required to glance the in-vehicle display. For the driving speed, the test
person drove ordinarily at the slower speed in the case of information supply.

2. Results on Test B
Test B is conducted to estimate the quantitative effect of information

presented on the on-board display on driving. Table 3 shows the average
values and the standard deviations of the lateral distance from the driving
center position and the following distance, in the case that 10, 20 and 30
characters are presenfed. Theses values are not so increasing with the
increasing number of the characters presented on the on-board display. Fig. 4
shows the difference of the pulse rate as the multiples of the normal rate and
the GSR appearing number in the case that 10, 20 and 30 characters are
presented. According to this figure, these values are not changing with the
increasing number of the characters. The difference between the various
character number supply is not observed, according to the driving performance,
the pulse rate and the GSR appearing number. The glance duration time of the
on-board display is in¢reasing with the increasing number of the characters
presented on the on-board display. From this point of view, this value is
affected by character number. The regressive expression between the
character number and the glance duration tome of the on-board display can be
obtained as shown Table 4. _

In the test B, the effect of information presented on the on-board
display on driving is not clearly observed, in the case that up to 30

characters are presented on the in-vehicle display.

Future Themes
In test A and test B, it is assumed that the highway driving simulator at

Public Works Research Institute reproduces the real field accurately. The
highway driving simulator is useful to measure the indicators, driving
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performéhce, speed change and glance duration' time of the on-board display. To
estimate the indicating method of information on the on-board display using the
highway ‘driving simulator, we need to confirm that the highway driving simulator
reproduced’ the real field. To estimate ‘the: applicability of the highway driving
simulator, ‘the experiment on the highway'drivingvsimulator is compared with the
experiment’ on the test course. The same' test course at Public Works Rescarch
Institute is used in both experiments. The experiment conditions and the
measuring items are as follows.
(1) Experiment Conditions -
a) Subject
aged and un-aged
men and: women
“persons with various driving history
b) Operating speed
speed range with around 40~ 140kn/h
¢) Weather ‘condition
day and night
fine and rain -
(2 ) Measuring Itenms
a) Operating performance
Tateral distance ‘from the ‘operating ‘cénter line
" speed ‘chanige ~indriving.
b)“Glance”duratﬁoﬁVtime"*
required ‘time in glancing the on=board display

o eye movement in driving i ot
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Table 2. (a) Lateral

Distance from Driving Center Position

information supply

no information supply

standard average standard aQerase
deviation devisation
Nen 0.297 1.420 0.678 “1.788
Yonen 0,385 1,166 0.673 1.612

Table 2 (b) Following Diitance

informatfon supply

no information supply

ataﬁdard average standard} ‘ a?eraxe

deviation  deviation | :
Men 24:126 40,972 32,239 49,746
Women 22,1781 42,600 28,046 46,143

Table 3 (a) Lateral Distance trom Driving Center Position

10 characters supply

20 characters supply

30 characters supply

standard average standard average standard average
deviation deviation deviation
| Men 0.232 1.671 0.157 1.208 0.222 1.498
| ¥omen 0.176 < 1,044 0.153 1.086 0.174 1.227

Y

Tabléi? (b) Following Distance °

] !

{
§

10 characters ?upp)&

Zovéhiractifh supply

Y

yésofchéracters,ggpply

5::5 %Table 4-'lexres$ion ixiréaslon

Z
z

4

?botueen (lance Du

stindard | 'average standard | sverage sténdArd average
deviation o deviation ’ deviation
“Nen 8.586 ‘40,110 10,441 31.497° | “10.603 32.632
i H E ) RS P Sy
Yoxen 3.593 138.466 9.314 33.409° | 7 12,241 39.613

Fﬁtion Tine and Chirncter Numrbérs

Y o
glangqﬂggration time (sec) ) 4 U
‘,; :A ;t‘ ;: » “regresdsion expression
10 CHs | 20 CHs | 30 CHs
Total 20,66 | 35,99 | 48,06 = 1.3696X + 7.312
Nen 22,22 | 36.66 | 60.87 = 1,4328% + 7,69
Yomen 19.10 36.13 45.23 = 1.3062% + 7,03
Y : Character number
X : Glance Duration Tine
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