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Synopsis

In this note, the study results in Advanced Road Design and Safety Division in FY 2001 are
reported. In addition, history of the division and brief summary of test laboratories that belong
to the division are also introduced.
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Study on driving characteristics of elderly drivers
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As getting old, various abilities required for driving a car will go down. In this study, changes in these
abilities of elderly people are surveyed, and driving characteristics of elderly drivers at intersections and
at curve sections are investigated through some experiments.
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Research on the Winter Road Management Standards
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In this research, in order to establish a winter road management standard, indices for effective
winter road management and there levels were studied.
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Design method of pedestrian area based on a concept of pleasantness
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Susumu Takamiya

Pedestrian space such as sidewalk has to have the space for passing and/or staying of
pedestrians. In recent years, the space where pedestrians can feel pleasantness is also required. In
this study, the method of deciding the width of pedestrian space based on these viewpoints is

examined.
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Research on design of intersections based on the characteristics of elderly drivers
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Road Department

Advanced Road Design and Safety Division

(AZHAR TR 13~15 FBE)

=k # €

Head Nozomu Mori
FERE =E &

Senior Researcher  Susumu Takamiya

With the progress of elderly society in Japan, it is forecasted that the number of elderly drivers
will increase in the future. Elderly driver has various characteristics for driving. For example, it is difficult
for him to drive adequately at intersections and at curve sections. In this study, these characteristics of
elderly drivers are analyzed and traffic safety countermeasures for them are examined.
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Road space reallocation and road structure based on new road functions
(RFHAR] TR 13~15 &)
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Head Nozomu Mori
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Senior Researcher  Susumu Takamiya
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Road Department  Advanced Road Design and Safety Division

In resent years, with improving road network in a region or change of the needs for roads,
there are some cases that existing roads must be reconstructed to fit to new arrangement of road
functions. Road space reallocation of existing road structure, as this case, will be necessary for road
construction and management in future. In this study, road space reallocation based on road functions

is examined.
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Research on Road Safety Audit
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Head Nozomu Mori
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Researcher Hideyuki Kanoshima

Road safety audit was institutionalized and has been carried out in the United Kingdom since 1990,
and introducing some effects on reducing the number of traffic accident. In this research, the
methodology of introducing road safety audit into our country is studied through investigation of

overseas research in the U.K. and Australia.
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Research on Shock Absorbing Measures for Roadside Facilities
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Head Nozomu Mori
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Senior Researcher Kazuhiko Ando
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Researcher Takeshi Wakatsuki

Traffic accidents in which vehicles collid at a diverging end/traffic barrier end become more
serious than at other roadside facilities. Although some crush cushions were developed in foreign
countries for those structures, those cushions are not suitable for Japanese narrow roads in Japan. In
this research, new crush cushion structures adapted to the Japanese roads were developed.
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Research on Supporting System for Pedestrians
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Head Nozomu Mori
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Senior Researcher Yuji Ikeda

This study investigates the development of equipment and systems of ITS for Pedestrian to
ensure safe walking for disabled and elderly people. As a first step, we surveyed the needs of
pedestrians, especially the disabled and elderly who are most likely to face difficulties when moving
around. This paper presents the results of surveys on the information services required by disabled

and elderly pedestrians, and the contents of ITS for pedestrian that will provide such services.
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Safer road traffic environments in the elderly society

EEEWTFLER BRI LR
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Road Department  Advanced Road Design and Safety Division Head Nozomu Mori
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Senior Researcher  Susumu Takamiya

With progressing of elderly society in Japan and spreading of the concept of normalization,
improvement considering accessibility of sidewalks and pedestrian spaces is promoted. However, a
viewpoint of pedestrian traffic flow and a viewpoint of quality as well as accessibility should be
considered, in order to provide desirable pedestrian spaces. In this study, these viewpoints for design

of pedestrian spaces are examined.
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Research on Road Safety Countermeasures based on Traffic Accident Data
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Researcher Hideyukl Kanoshima

On fiscal 2001 we produced “Hiyari Map” as the way of abstraction of dangerous spots and surveyed the

characteristics of spacial distribution. As a consequence of analysis, we realize that it is not little that some of

dangerous spots are influenced by road structures.
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Research on Roadside Facilities for Diverse Road Users
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Associated Researcher Kentaro Hayashi

This research aims at to establish design methods of roadside facilities that diverse road
users including elderly drivers and handicapped people are easy to use. As a first step, we cleared
visibility of diverse road users, elderly drivers and handicapped people, and grasped the relation
between visibility of traffic signs/traffic lighting and visual characteristics of those users.
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RESEARCH ON ITS FOR PEDESTRIANS

Yuji Ikeda and Nozomu Mori
Traffic Safety Division, Public Works Research Institute, Ministry of Construction, Japan
Asahi-1, Tsukuba City, Ibaraki Prefecture
Tel: (81) 298 64 4539  Fax: (81) 298 64 0178
e-mail: yu-ikeda@pwri.go.jp or mori@pwri.go.jp

Summary

There has been a growing call for support in recent years for helping the elderly and physi-

cally disabled to achieve independence and participate in social activities. To do this, it is neces-

sary to reduce the physical and mental burdens they experience when moving around. It is not enough
simply to upgrade walking spaces; rather, information to support safe and comfortable movement must
be provided.

In this report, we identify pedestrian needs as well as current situations and issues concerning equip-
ment which supplies information to pedestrians, in order to construct a Pedestrian ITS which pro-
vides services to improve pedestrian safety and comfort. We investigate the requirements for Pedes-
trian ITS and give an overview of the system.

Background of Studies

Japan’s population is aging faster than in any other country, and the social system must be adapted
accordingly. As exemplified by the enactment of the so-called Traffic Bar-

rier-free Law this year, the construction of a barrier-free society has become an urgent issue. Social
infrastructure that improves the safety and security of Japanese citizens needs to be built. Various recent
investigations have shown that people with certain handicaps such as the elderly and dis-

abled face difficulties when traveling outside, and awareness of this situation will grow as the popula-
tion ages in the future.

Although work on introducing ITS for motor traffic is well underway, the use of ITS for ensuring safe,
smooth pedestrian movement is attracting keen interest. Accordingly, in fiscal 2000 the Ministry of
Land, Infrastructure and Transport initiated joint studies on Pedestrian ITS. These investiga-

tions focus on developing equipment and systems for Pedestrian ITS to ensure safety and comfort
while walking for the disabled and elderly. This report outlines the system configuration of Pedes-
trian ITS. :

Existing Equipment and Systems to Support Disabled People

Various types of equipment to support the movement of the physically disabled as well
as the able-bodied have been developed and implemented, yet such equipment stifl
does not fully meet the needs of the physically disabled.

(1) Guidance and information systems for the visually disabled

Guidance and information systems for the visually disabled with unique features have been developed
by several private companies. These systems can be broadly classified into: systems incorporating a
white cane which vibrates when it detects a magnetic block, systems which provide voice-based
information when the button of a miniature transmitter is pressed, and systems incorporating a
miniature terminal to receive speech information carried by infrared rays. However, since such
system features have been developed by different companies individually, issues such as the follow-
ing have arisen:

* Users cannot use a single terminal in different areas.



* Since the systems are introduced on a small scale, they are expensive.
* The systems specialize in a single, specific function and so do not satisfy varying needs of users.

" (2) Pedestrian navigation system
Various navigation systems designed for pedestrians have been put into service to serve differ-

ent purposes and needs, based on core technologies such as GPS, mobile phone communications, and
digital mapping. The functions of these systems are largely classified into three categories: identifica-
tion of locational information, acquisition of information on surrounding areas, and route search-

ing. However, these systems face problems such as:
* Locational identification is not sufficiently accurate to support safe and secure walking.
* The amount of detailed road map data available is insufficient,

* There are dead zones where radio waves do not reach.

Examination of Services Requested for Pedestrian ITS

(1) Information required during walking
We obtained various opinions such as those listed below from interviews with the physically disabled
and able-bodied.
Table 1 _Pedestrians’ needs and services to be provided by Pedestrian ITS

ing the area”, "time re-
quired for the travel to the destination" and
"the current position".

Category  [Major information systems required Information provided by Pedestrian ITS
Visu- Point (warning) blocks present no informa- | Location of a safe walking area.
ally disable | tion on "what they warn people about". Location of a pedestrian crosswalk together
d Linear (guiding) blocks provide no explicit |with its length.
explanation about "what exists ahead". Location, shape and size of an obstacle or a
Unanticipated gaps in level or barriers, car gap. '
accidents, falling onto the rails at stations, Guidance on the route to the destination.
and so forth are problems for safe movement.| Information on the public transportation
Physi- Information on barrier-free routes and other | Guidance on a bar-
cally disabl | matters is required. rier-free route to the destination.
ed
Hear- In an emergency in particular, visual infor- Guidance by visual images and/or characters.
ing disable | mation helps hearing disabled people.
d
All pedestri| Information required for walking in an Information on the route and public transpor-
ans | unfamiliar place includes "a map show- tation.

Information
in foreign languages for foreign tourists,

(2)Services provided by Pedestrian ITS
Based on the results of the above investigations, we identified services to be provided

by Pedestrian ITS for the visually disabled, mobility impaired and hearing impaired.

We will also provide services for pedestrians who are not disabled but have certain handicaps such
as the elderly and those who use strollers, by modifying the services for the physically disabled.

In addition, the provision of route information and information on public transportation,

among the services listed below, will be useful for the able-bodied.

Olnformation services for the visually disabled

* To alert the visually disabled to steps, crossovers and
obstacles, locations of boundaries between the road and
sidewalk and safe walking areas

* To provide information on routes to destinations

* To provide information on public transportation such
as locations of bus stops and bus schedules. We will
also examine whether to provide in future information




such as which stops and stations to get off pub-
lic transportation and transportation junctions.

* To provide information on nearby facilities End of the . Start of a
B3 =

O Information services for the mobility disabled :

whose movement is impeded by steps and other

similar road conditions

* To provide information on alterna-

tive routes to sections which impede the passage of

wheelchairs such as sections with steps and staircases

* To provide information on barrier-free routes hav-

ing few obstacles \

O Information services for the hearing impaired who find it difficult to obtain voice-based information
* To provide information such as image and text-based route information

* To provide information such as image and text-based information on shelters and evacuation routes in
disaster situations

(3) Functional requirements for Pedestrian ITS

An analysis of the above services shows that the functions required
of Pedestrian ITS can be classified into the following three main
categories.

(1) Caution calling

Pedestrian ITS will provide pedestrians, particularly the visu-
ally disabled and wheelchair users, with information

on the location, type and shape (such as the vertical positions of v " (This s xox bus stop.
steps and whether the steps are ascending or descending) of - ? Ay :“i: ::;:':af,’l'ing
steps and staircases along the pedestrian routes, bounda-

ries between the road and sidewalk, and any other obsta-
cles to walking, in order to alert the pedestrians.

(2) Provision of location information

¥ Ex-
press xxx leaves from pl |
1 atform X,
Take clevator No.Y.

Pedestrian ITS will provide information on not only the present location of the user, but

also on facilities near the destination, and public transportation.

(3) Route information

Pedestrian ITS will search for the best route from the present location to the destination, and navi-

gate the pedestrian along the route. Route information which meets the user’s needs can be provided,
including the shortest route, barrier-free route and route having proper sidewalks. Whenever necessary,
Pedestrian ITS will guide the visually disabled to safe walking areas along roads having no sidewalk or
during road crossing.

Functions and System Configuration of Pedestrian ITS



Upon examining the system configuration to achieve the three types of services, we con-

cluded that the following technologies are required.

(1) Location identification technology

It is first necessary to accurately identify the user’s location when issuing prior

cautions and providing navigation services.

Particularly for issuing prior cautions to the visually disabled and helping them to navi-

gate, the locational accuracy of existing car navigation systems and similar systems is inadequate.

We must develop more accurate location identification technology, and so we will exam-

ine the accuracy required for Pedestrian ITS in a future study.

(2) Detailed digital maps

There are the following three methods of alerting pedestrians:

(1) Building sensors to detect obstacles to pedestrian traffic and alert the pedestrian.

(2) The pedestrian carries a sensor to detect obstacles in the way to alert the pedestrian.

(3) The equipment carried by the pedestrian detects the person’s location in relation to the locations of
obstacles, and alerts the pedestrian.

These three options were compared, and it was decided to study technologies for alerting the pedestrian
by detecting the pedestrian’s location in relation to the locations of obstacles. Reasons for this decision
included: the construction cost, the possibility of providing prior cautions in accordance with pedestrian
characteristics, and application of the technology to other services such as navigation services.

We will develop detailed digital maps which contain information required by the pedestrian such as on
obstacles near to the pedestrian’s identified location.

(3) Mobile terminals

We plan to develop a mobile terminal to identify the pedestrian’s location in relation to the locations of
obstacles on the digital maps, and to alert the pedestrian. In addition, this terminal will also en-

able communications with the center server explained below.

(4) Center server

Since the digital maps contain detailed data available to the pedestrian, the equipment carried

by the pedestrian cannot keep data on all pedestrian spaces. The mobile terminal must there-

fore access the digital maps of required areas whenever necessary. We plan to construct a center
server to provide such digital maps.

With regard to the price, weight and other aspects of the mobile terminal, it would not

make sense to equip the mobile terminal with functions to search routes in accordance with vary-
ing pedestrian requirements and to search for location information on nearby facilities, for instance.
We will therefore build these functions into the center server.

(5) Communications technology

We will examine a communication means that enables the mobile terminal carried by the pedes-
trian to download route information, digital maps and other information from the center server.

By combining the above elements, we will implement the following services.

(1) Caution calling

Pedestrian ITS will identify the pedestrian’s location and direction the pedestrian is facing, and
check the information against attribute information contained in digital maps on the mobile termi-
nal, then alert the pedestrian if nearby obstacles are blocking the pedestrian’s passage. Pedestrian ITS
may add an attribute indicating an obstacle to the location identification information in or-

der to issue prior cautions more directly.

(2) Provision of attribute location information

Pedestrian ITS will provide information on surrounding areas by identifying the pedestrian’s location
and checking the information against attribute information contained in digital maps. If the mo-

bile terminal does not have the required information, it will communicate with the center

server to download the attribute location information and digital maps.

(3) Route search and navigation

The mobile terminal will transmit information on the destination and pedestrian’s location in-

put to the center server. The center server will then search for a route, and transmit back appropri-
ate route information. Then, the mobile terminal will navigate the pedestrian accord-

ing to the route information received.



Investigations of Pedestrian Needs

(1) Necessity of investigating pedestrian needs

Our investigations into existing equipment for the physically disabled and inter-

views with them revealed that we must consider the following with regard to Pedestrian ITS ser-
vices and system equipment.

O Pedestrian ITS must continuously be used throughout the entire pedestrian space traveled

by the users (for example, on roads and sidewalks, at underground shopping malls, stations, station
squares and parks and within facility buildings), regardless of locational characteristics.

(O System performance must not be impaired by external factors such as whether road construction
work is underway, the presence or absence of objects along the road and motor vehicles parked or
stopped, the volume of motor, bicycle-and pedestrian traffic, time zone, season, weather and noise.
O Pedestrian ITS will not provide the same services to all the users, but will allow users to select
services according to their characteristics and needs.

O Pedestrian ITS must allow access to a diverse range of information such as voice, vibration and
image-based information and large-size information according to user characteris-

tics and needs and the type of information to be provided.

O The size and weight of terminals to be carried by users must be minimized to reduce the burden.
Particularly, the terminals must not present problems when carried by the visually disabled,

who use white canes or dogs for the blind, nor for the elderly and mobility impaired, who use walk-
ing aids.

To meet these requirements, detailed information on the following points is required:

1) What kinds of information are required by the physically disabled while walking, and when and
where is such information required by them?

2) What requirements do they have regarding the method and medium for information communication?
To clarify these points, we investigated the needs of pedestrians who will use the services of Pedes-
trian ITS, particularly the elderly and disabled who are considered more susceptible to restrictions on
movement.

Specifically, we have already investigated walking regarding pedestrians’ abilities to recog-

nize the speed, track, distance and angle of walking, as well as interviewed pedestrian groups regard-
ing their needs for (1) caution calling, (2) provision of attribute location information, and

(3) route information, all of which are services we aim to provide by introducing Pedestrian ITS.

We will now implement more practical, specific follow-up investigations of walking on streets, and
conduct questionnaire surveys to quantitatively assess pedestrian needs.

(2) Walking experiments regarding the visually disabled

We conducted walking experiments to ascertain the walking characteristics of the visually disabled, in
order to collect fundamental data on the key functions of Pedestrian ITS. We defined four items for
investigation: (1) Walking speeds under different walking environments, (2) Pedestrian abil-

ity to walk straight (investigations of the walking track), (3) Pedestrian ability to recog-

nize the walking distance, and (4) Pedestrian ability to recognize the walking angle.

Through these observations we identified the following main walking characteristics of the visu-
ally disabled.

* The average walking speed was between 0.8 m/sec and 1.8 m/sec. While the walking speed

of the totally blind largely varied depending on the walking environment, for example,

whether Braille blocks or sidewalks exist, the walking speed of the weak-sighted was rela-

tively consistent.

* With regard to the walking track, there was a tendency of veering toward either the left

or right. However, the weak-sighted maintained a more linear walking track using some visual
information.

* With regard to pedestrian ability to recognize the walking distance, the longer the dis-

tance, the larger the difference between the actual distance traveled and the distance recognized.
We also observed wide variations among individuals on this item.

* Pedestrians were able to turn 90 degrees to the left and right (making both left



and right turns). However, they found it difficult to make diagonal turns at 30, 45 and 60 degrees. In
general, they could recognize 45-degree turns.

(3) Group interviews

During group interviews with the visually disabled and wheelchair users, they indicated their require-
ments for the Pedestrian ITS services as follows.

(1) Regarding the caution calling function

* The visually disabled feel their safety is threatened by objects including open drainage channels,
motor vehicles parked on the road, bicycles parked outside parking zones and other objects block-
ing the sidewalk. The totally blind and the weak-sighted respectively feel their safety is threatened
by obstacles which cannot be detected by the white cane and obstacles which cannot be detected
with the help of minimal visual information, such as steps with no difference in brightness.

* The wheelchair users feel their safety is threatened at busy traffic intersections and along side-
walks with a steep transverse slope, although their requirements are not as clear

as those of the visually disabled.

(2) Regarding the function to provide attribute location information

* The visually disabled require information on the surrounding areas for checking their present location
when needed. Many wheelchair users indicated they need to find the locations of

stores and rest rooms which offer wheelchair access.

(3) Regarding the route information function

* The route information service can be classified into route searching to meet user require-

ments and route navigation during movement based on the route information searched. Regard-
ing route searching, the visually disabled greatly need routes complete with sidewalks and guid-
ing blocks, while wheelchair users need routes which ensure safe movement including vertical
movement with elevators, for example. However, there are likely to be wide varia-

tions among individuals regarding route search conditions.

* 'We found that the visually disabled and wheelchair users need route navigation information dur-
ing movement. However, they considered the service would not be useful unless they could re-
ceive information from mobile terminals during movement.

(4) Incorporation of the results of investigations of pedestrian requirements into the examination of
Pedestrian ITS

Pedestrian requirements were investigated as described above to incorporate the re-

sults into the examination of Pedestrian ITS. We identified the following key factors and

data for the system consideration.

* Wide variations in requirements were found even among individuals having the same category of
disability, for example, among the totally blind and weak-sighted, among those with congenital and
acquired visual impairment, and among users of manually and electrically operated wheel-

chairs. Individuals must therefore be allowed to select information provided by the system accord-

ing to their own characteristics.

* While the totally blind do not require warnings against minor obstacles such as steps and car

stops, the weak-sighted need warnings of these objects. We believe that this is due to the advanced
skills of the totally blind using white canes to detect obstacles on the road, in addition to the rea-

sons stated earlier.

* Since the totally blind rely on various information while walking such as surrounding sounds, wind
and the direction of the sun, the system should not provide them with too much oral information

as this may prevent them from obtaining such other information.

* The traveling pattern and ascending ability (longitudinal slope and ascending distance) vary be-
tween those using manually and electrically operated wheelchairs, so the definition of a bar-

rier-free route is likely to vary between them.

* The visually disabled are unable to walk straight along unguided sections, so the system must find out
in real time which direction the user is facing.

* Considering the recognition ability of users, users can recognize distances of up to about 5 meters and
angles of about 45 degrees.



Future Plans

We are presently developing technologies for Pedestrian ITS in collaboration with private-sector
companies. We will present the final planned system configuration of Pedestrian ITS and re-
port the latest results of each technology upon presenting the final paper.
We plan to complete the production of a prototype by September 2001, and to perform verification
experiments at the Public Works Research Institute. We will then perform public experiments on
actual roads to promote development toward commercial application of the system in fiscal 2003.

(key word: ITS, information, barrier-free)
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Objectives of the survey

In Japan, there has been a growing call for the establishment of social systems to cope with
the issue of rapid population aging. The construction of a barrier-free society through such
measures as the legislation of the Traffic Barrier Free Law has become an urgent issue. As
Intelligent Transport Systems (ITS) for motor traffic have been introduced, interest has risen
in using ITS for ensuring safety, security and smoothness of pedestrian traffic.

This study investigates the development of equipment and systems for Pedestrian ITS to
ensure walking safety and comfort for the disabled and elderly. As a first step, we surveyed
the needs of a sample of potential users of the services to be offered by pedestrian ITS,
especially the disabled and elderly who are most likely to face difficulties when moving
around. This paper presents the results of the survey on the information services required by
disabled and elderly pedestrians, and the contents of the pedestrian ITS that will provide such
services.

Information needed by pedestrians

Based on the results of surveys completed up to last year, it has been concluded that the
information services that should be achieved by pedestrian ITS are broadly classified into the
following three categories.

Warnings

Services that prevent pedestrians from falling off platforms or on stairways, colliding with
power poles, etc. and wandering into traffic lanes by attracting their attention to obstacles of
these kinds before they reach them. : '

Providing information about the surroundings

Services that provide pedestrians with information about their present location and nearby
facilities, for example, location of toilets, stations or bus stops.

Route guidance

Services that guide pedestrians to their destinations.

It is assumed that these three types of services can provide all the information needed by
pedestrians with impairments. But information is meaningless if it is not provided to people
- who need it, where they need it, exactly when they need it, in exactly the right quantities. It is,
therefore, essential to perform detailed surveys to clarify what kinds of information
pedestrians with impairments require and where they require each kind.



Warning

Information about Surroundings

Route Guidance

“Entered a traffic lane.”

“In front of XXX Department Store.”

Figure 1:Services by Pedestrian ITS -

“Turn left here.”

Survey of the information needed by pedestrians

The following survey was performed to identify the needs of pedestrians with impairments.
Survey of the characteristics of walking

Purpose of the survey
Pedestrian ITS is premised
on the provision of various
kinds of information by
transmitting either voice or
images to terminals carried
by pedestrians. In order to
learn to what degree people
with impairments,
particularly visual disabled
people, can respond to voice
route guidance, warning and
indications to avoid
obstacle, , the survey was
planned to measure
distance perception ability,
and direction modification
angle perception ability.
Survey results

The following were observed
to be the principal
characteristics of people with
visual impairments.

* Distance perception ability

varies  widely  between
individuals, but the
perception error was
generally +30%.

e They can accurately turn
90° to both the left and right
(left and right turns), but it is

40 1
Left  : Person totally blind
Middle : Person with weak sight ®
35 11 Right : Person without disability
(with blindfold)
30
—_
®
E
= 25 N
3 ¢ - 23.22%
5 $ 5 o004
e 20 % - s
§ H 19469“/ :
= - % =
B 15
S ° - 13.11; S
10.46 1014
10 % ¥ 2
1 =756 , ®
5 — 4 524 gsﬁ
$2393 7"7 203
[
2m S5m 10m 20m
Length directed
140
................. e F
................. 120
vvvvvvvvvvvvv i
B S S S (O I [
8 * 100! * -
ST AR T D 0 D AU [
5} F $ o
A LT ; b
I ‘i e
! & 7t &
& N s MR |
g NS U R SRR s SRS N
- L B L] e | S
© ; & . i & v -
at * S s K I
H R Rt SRS RS
........ e B a 2¥ R ..
. = L O A
Left :Permsontotallyblind |~ ANy, S ¢ “
Middle : Person with weak sight | | F S S N SR,
Right : Person without disability hd L3 10
(withblindfol) |- |- A
Left 90 60 45 30 30 45 60 Right 90

Angle directed (degree)

Figure 2:Results of survey of the characteristics of walking




difficult for them to distinguish between diagonal turns of 30°, 45°, or 60°, and it can only be
safely said that they can perceive 45°.

Refiection of needs in the design of Pedestrian ITS

* It is difficult for people with visual impairments to walk straight where there are no clues of
any kind. The system must, therefore, include a function that senses the direction the user is
moving.

* Considering the ability of users to recognize distance, a distance of about five meters and an
angle of about 45 degrees are numerical limits for valid guidance information.

Group interview survey

Purpose of the survey

An interview survey concerning the services that pedestrian ITS must provide was performed
in order to clarify the obstacles that people with visual impairments and people with impaired
mobility encounter outdoors and how they deal with these obstacles in order to study the
functions required by a pedestrian ITS system.

Survey method

People with varying degrees and kinds of visual impairments(31 persons) and people with
varying degrees and kinds of physical impairments(20 persons) were introduced to the general
functions of pedestrian ITS and interviewed using the free discussion style to obtain their
opinions regarding aspects of traffic and movement during daily life that they want to have
improved and the functions that pedestrian ITS should provide.

Survey results

The results are as follows.

for visual disabled * People with visual impairments sense danger from uncovered
people about roadside ditches, cars parked on the streets, discarded bicycles, and
“Warning” objects on top of sidewalks and guide blocks.

* The needs of people who are totally blind and those of people with
weak sight differ. Because people who are totally blind carry white
canes that give them high obstacle detection ability, they don’t need
information about obstacles they can detect with their white canes
(level differences etc.). On the other hand, People with weak sight
sense danger from obstacles they cannot detect with only a little
visual information(ex: level differences). '

* Too many warning information will disturb their attention to others.
It is, therefore, necessary that the system permit each user to select
the obstacles that each wishes to be informed of.

about “Provision of | * There is an extremely great need for functions that enable users to

information about obtain answers to questions such as, “Where am 1?” and “What is
surroundings” around me?”

about “Route * It is necessary to offer guidance to routes with good sidewalks,
guidance® advanced guide blocks, and similar facilities.

* In addition to information about turning angles and intersection
guidance, there is a great need for general route information to
destinations that pedestrians can obtain before they leave their homes,
where they get off trains, etc.

Table 1:Results of Interview Survey for visual disabled people



Ofor wheelchair users

about “Warning” * They sense danger from inconspicuous level differences, sidewalks
with steep lateral gradients, manhole covers (slippery), gratings on
roadside ditches (wheels catch in the gratings), and so on.

about “Provision of | * They have a great need to find shops or toilets they can enter in
information about | their wheelchairs. They must not only know if they can enter a toilet
surroundings” in their wheelchair, but if it is locked so that they must contact the
toilet operator, when they can use it, and similar related information.
 They have a great need to know if all parts of each specific facility
are wheelchair accessible, including whether its entrance doors are
automatic or not, if it has elevators, or if there are aisles wide

enough.
about “Route | * They have a great need for information about impassable locations:
guidance” ~ | intersections with pedestrian bridges but no crosswalks, sidewalks
with narrow effective widths, level differences without slopes, steps,
and so on.

* They want to avoid routes with railway crossings, many abandoned
bicycles, routes without sidewalks.

* Many of manual wheelchair users are able to cross small level
differences or low steps, but it is difficult for them to move on long
steep slopes.

* Electrically wheelchair users, on the other hand, sense that even
small level differences obstruct them, but they can easily climb
slopes and travel long distances.

Table 2:Results of Interview Survey for wheelchair users

Monitored walking survey

O Purpose of the survey

A monitored walking survey was performed
in order to learn what kinds of information
people with impairments require in what
situations while they walk alone.

O Survey method

The subjects included four visual disabled
people(with congenital and acquired, total
blind and with weak sight) and two
wheelchair users(manual and electrical
wheelchair users). They were sent to travel
from their home to a familiar nearby
destination and to a destination they had
never visited before in an urban area. When
the test subjects required any information,
they asked the navigator accompanying
them for the information. The test was Figure 3:Scene of monitored walking survey
videotaped to clarify dangerous situations.

O Survey results

It can be stated that situations where test subjects asked for information, or situations in which
they could not move smoothly are highly likely to be situations where pedestrian ITS must
provide information.




The following is a summary of the situations in which the test subjects requested information
and the content of their questions.
(Requests concerning attracting attention)

* Walking on steps: “Tell me what is around the steps.”

* On a platform: “How far am I from the edge of platform?”
* Beginning to cross a crosswalk: “How many lanes wide is the street?”

* At an intersection: “Is there a level difference?”

(Requests concerning surroundings)
* Wants to know what is there: “What is at XXX?/Is there something at?”
* Is looking for guide blocks etc.: “Where is the XXX?”

* on a stairway: “How many steps are there/How many steps does it rise?”
* At bus stop: “How many minutes until the next bus comes?”

(Requests about route guidance)

* Checking the route: “What is generally the best way to get there? /Which

direction is it?”
* Wants to know about landmarks etc.: “Are there any landmarks?”
* Is looking for another route: “Is there another route?”
* While walking: “About how far is it to XXX?”

These circumstances have been considered when studying the functions of pedestrian ITS in
order that pedestrian ITS support pedestrians by providing them with information.

Information Retrieval Functions Required by Pedestrian ITS

After conducting a survey of desired functions and examining the results, we have decided
that it is needed to provide the following information for pedestrians with disability.

Warnings
Warnings for preventing the occurrence of a serious fall
- Stairs going up (at top)
- Edges of platforms

- Areas beside ponds, ditches without covers, and waters
Warnings regarding vehicles
- Intersections and train crossings
- Entrance to parking lots
- Streets (extending from beyond walkways and crossings to outside the
pedestrian pathway)
Warnings concerning the danger of falling down
- Steps/elevations (at bottom)
- Obstructions located low on the pathway which may cause a fall
- Treed areas (including planters and planted shrubs/bushes)
Warnings regarding collisions with fixtures attached to the ground
- Poles and other obstructions (phone poles, sign poles, lighting poles, etc.)
- Overhead obstructions (behind pedestrian bridges, etc.)
- Other obstructions (signs, vending machines, phone boxes, mail boxes, walls,
guard rails, etc.)
Note: The user should be able to select which type of warnings to receive.

Provision of location information
Information of users current location
- Place names(address), intersection names



- Station names, train line names and landmark (facility) names
Lookup of facilities and buildings in area
- Station, Bus stop
- Toilets
- police boxes, etc.
Provide information necessary for use of the selected facilities
- Phone numbers, operating hours, time schedules, etc.
- Availability of wheelchair access

Route guidance(Route lookup)
Lookup of shortest route
Lookup of barrier-free route for wheelchair users
- Existence of steps and bumps
- Usable width of pedestrian walkway
- Existence of a wheelchair lift and its hours of operation
Lookup of barrier-free route for people with visual disability
- Existence of pedestrian path
- Existence of guide blocks
- Existence of pedestrian bridge

Route guidance
Provide directions on intersections
Provide information regarding stairs, entrances, and other areas which require special
action by the user
- Stairs, elevators, escalators
- Crossings, button-controlled traffic signals, etc
Corrected directions for when the user has strayed from the suggested path

SYSTEM CONFIGURATION OF PEDESTRIAN ITS

After examining a system configuration to achieve the three types of service mentioned above,
we concluded that the following constituent technologies are required.
Location identification technology
It is first necessary to accurately identify the user’s location when issuing prior cautions and
providing navigation assistance.
In view of the need to issue prior cautions to the visually disabled and provide them with
navigation assistance, the location identification accuracy of existing car navigation systems
and other similar systems is not adequate. We must therefore develop more accurate location
identification technology.
More detailed digital maps
There are three possible methods for calling the attention of the pedestrian:

- Building sensors to detect pedestrians and alert them to upcoming obstacles.

- The pedestrian carries a sensor to detect and alert him/her of obstacles in the path.

- The equipment carried by the pedestrian detects the pedestrian’s location in relation to
obstacles, and alerts the pedestrian.
We compared these three options and decided to promote the study of technology to alert
pedestrians by detecting the pedestrian’s location in relation to obstacles, from a range of
perspectives including: the construction cost, the possibility of providing prior cautions in
accordance with pedestrian’s characteristics and the application of technology to other
services such as navigation services.



For this reason, we plan to develop detailed digital maps which contain the information
required by pedestrians regarding obstacles near the pedestrian’s identified location.
Mobile terminals

We plan to develop a mobile terminal to identify the pedestrian’s location and alert the
pedestrian according to the locations of obstacles on the aforementioned digital maps. This
terminal will also be able to communicate with the central server (explained below).

Central server
Since the aforementioned digital maps contain detailed data available to the pedestrian, the
mobile terminal carried by the
pedestrian cannot store all data
on all pedestrian spaces. The
mobile terminal must therefore
be able to access when necessary
the digital maps of the required
areas. We therefore plan to
construct a central server to
provide such digital maps.

In addition, with regard to the
price, weight and other aspects of
the mobile terminal, the terminal
does not need functions to search
for routes in accordance with
varying pedestrian requirements,
or to search for attribute location
information regarding nearby
facilities, for example. These
functions will therefore be built
into the central server.

Communications
technology

We plan to examine
communication means to enable
the mobile terminal carried by the
pedestrian to download, from the
central server, route information,
digital maps and other information. Figure 4:System image of Pedestrian ITS

Method for Providing Services by Pedestrian ITS

By combining the above elements, we plan to deliver the required services as follows.

Caution calling
Pedestrian ITS will identify the pedestrian’s location and direction the pedestrian is facing,
and check the information against attribute information contained in digital maps on the
mobile terminal, then alert the pedestrian if there are nearby obstacles on the route in front.
Pedestrian ITS may add an attribute indicating an obstacle to the location identification
information in order to issue prior cautions more directly.

Provision of attribute location information
Pedestrian ITS will provide information on surrounding areas by identifying the



pedestrian’s location and checking the information against attribute information contained
in digital maps. If the mobile terminal does not have the required information, it
communicates to access the central server and downloads the attribute location information
and digital maps.

Route search and navigation
The mobile terminal will transmit information on the destination input and pedestrian’s
location to the central server, using communication means. The central server will then
search for a route, and transmit back appropriate route information. The mobile terminal
will then navigate the pedestrian according to the route information received.

Future Plans

We are presently developing technologies for the Pedestrian ITS system, in collaboration with
private-sector companies and aim to complete the production of a prototype in 2001, and
perform verification experiments. Following this, we will perform public experiments on
actual roads to promote development toward commercial application of the system in fiscal
2003.
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EXPERIMENTS BY WHEELCHAIR USERS
AT SLOPED SECTIONS

Susumu TAKAMIYA, Senior Researcher, Traffic Safety Division, Road Department
Nozomu MORI, Head, Traffic Safety Division, Road Department

Public Works Research Institute, Ministry of Land, Infrastructure and Transport

POSTER ABSTRACT

Japanese sidewalks are classified into either the mount-up type or flat type in terms of
shape. The mount-up type sidewalk has a curb which demarcates it from the roadway,
and is elevated a step higher than the road. The flat type sidewalk has a demarcation
between the road and sidewalk, but with no difference in elevation. Roads have been
constructed as motorization has progressed in Japan, but sidewalks have conventionally
been constructed as simple attachments to roadways and so are often narrow. As a result,
when driveway sections (where vehicles drive into private property along the road)
were built on mount-up type sidewalks, the sidewalks were lowered, causing slopes on
the sidewalks. This situation has hindered the passage of pedestrians, particularly
wheelchair users. In this study, we performed experiments on the passage of wheelchair
users on sloped sections, and obtained values of slopes which were not a hindrance to
them. We also proposed shapes of the driveway section based on the values of slopes
obtained and the viability of vehicle entry on the driveway section.

In this study, we set up sloped sections and performed experiments on the passage of
wheelchair users, in order to ascertain problems with slopes on sidewalks and obtain
values of slopes that do not hinder the passage of wheelchair users. Five values of
slopes were used, ranging from 2% to 10%. We asked wheelchair users to pass through
the sloped sections, and interviewed them immediately afterwards on points including:
1) problems during passage, such as whether they were deflected from their traveling
direction or were unable to move forward, and 2) any feeling of danger or instability
during passage. The test subjects comprised 33 regular manually-operated wheelchair
users, and they used their own wheelchairs. We conducted experiments on such
wheelchair users because we wished to obtain data on passage conditions, evaluations
and opinions from those who usually go out and are accustomed to using wheelchairs in

their everyday life.
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The experiments were performed on two passage patterns: 1) a slope in the direction of
travel of the wheelchair users (longitudinal slope), and 2) a slope perpendicular to the
direction of travel of the wheelchair users (cross slope). The section with longitudinal
slope was 3 meters long and that with cross slope was 8 meters long, in consideration of
the elevation of Japanese sidewalks (between 15 cm and 25 cm) and the shape of the
driveway section.

In the experiments on the section with longitudinal slope, more than half of the test
subjects responded that their traveling speed dropped on a 6% ascent and slightly less
than 40% of the test subjects responded that they were unable to move forward on a
10% ascent. With regard to the feeling of danger felt by the test subjects when they
ascended the longitudinal slope, the maximum slope on which 85% of the test subjects
did not feel danger was 6%. This suggests that longitudinal slopes of up to 6% will not
present major problems or create a feeling of danger for regular manually-operated
wheelchair users accustomed to going out, making the travel on sidewalks possible,
although their traveling speed may fall somewhat.

Similarly, in the experiments on the section with cross slope, the test subjects started
encountering problems such as "drop in speed" and "deflection in the traveling
direction" on a 4% slope. About half of the test subjects encountered problems on a 4%
slope and about 60% on a 6% slope. On an 8% slope, 20% of test subjects found
themselves unable to move forward. With regard to the feeling of danger felt by the test
subjects while crossing the section with cross slope, as in the case of a longitudinal
slope, the maximum slope on which 85% of the test subjects did not feel danger was 4%.
Based on these results, the evaluations made by those who regularly use
manually-operated wheelchairs when they go out were as follows: a longitudinal slope
of 6% or less and a cross slope of 4% or less will present few problems and not create a
feeling of danger for wheelchair users, thus making travel on sidewalks possible.

Next, based on the results of experiments on the passage of wheelchair users, we
proposed a concept regarding the slope on driveway sections. Although for wheelchair
users no slope on sidewalks at all is preferable, over-emphasis on ensuring the flatness
of sidewalks may actually prevent vehicular access to private property. Accordingly, we
proposed three shapes of driveway section with suitable slope to allow the passage of
wheelchair users as well as vehicle entry on the driveway section, as outlined below. We
also note that in September 1999, the Japanese criteria for road structures were revised
in view of the results of this study, situations overseas, and field feasibility of projects.
(Structure 1): If the sidewalk is wide, form a slope on the side where the sidewalk
borders the roadway to allow vehicle access, and form a cross slope of 2%
or less on the side closer to the private property used by pedestrians. This
secures sufficient space to facilitate the passage of wheelchair users.

(Structure 2): If the sidewalk is narrow the sidewalk must be lowered, but the cross
slope must be 4% or less.

(Structure 3): Another alternative for narrow sidewalks is to lower the entire sidewalk.
This structure makes it necessary for pedestrians to descend a longitudinal
slope of 6% or less, pass the drive-in section, and ascend another
longitudinal slope of 6% or less.
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Visibility of Road Information by a Full-Color Variable Message Sign Board

Kazuhiko Ando

Nozomu Mori

(Public Works Research Institute)

In this report, the experimental results on visibility of information by a full-color variable

message sign board in which blue, green and red Light Emitting diodes are used are described. The

experiment was conducted in test track of Public Works Research Institute. Sight distances were

measured by actual driving the test vehicle. As experiment results, these were found ; combinations

of legend colors and background colors were important for getting high visibility,‘ luminance of

legend/background was one of the most important factors for high visibility of informations.

Key Words: visibility, road/variable message sign, full-color, road information

1. WHi»ic
FZHETIE, AEERITB T HBIBHEETL THR
L7 A 5—tEmER (UTFLAREEBS) 2M0
T, INETRRTERDSEBHOLBEREEBRET
REELEBEO, HROMBE. BRELTETS-0E
TERETORDT, TOHKRIIDODVWTHRRS,

2. BRNGH®
2. 1 #EBRHHE
(1) E#ThH

TARRFTRBREBANOEZREN ERMR ISR 2R
BL. Figl ICRTERRM 2B T L, tHGORER
% Fig2 IZRT,

XFREFEREOME T L 2EBE OB ER TIT.
WBREIFEDALE D S 5 THRAKICEEL., XFHIY
HTELMNECREME L TR L. £, 200
WHTRETERCIORBERERAILE,  FTER
Tid, SEREMNAORRERICHBREB LU RHEN

Constant Speed Section
n 500m

3

Accelerating Section

Full-color VMS
Test Track

Test Vehicle I

Fig.1 Experimet Field

AR £ E=L11 - E:

, Fig.2 Full-color VMS for Experiment
RHEL., #HE 60kmh THHAKICEET 5L E, BREN

BEAKICRRTINTHAIABTEERLAEBAT NN &
BZ. ABCFARREBROR S LIA—F - —U %A
Hliee ROVA—Y K REEBL UMLK INT
BY, B VIA—-F—-RERIN-FHE. BREBID
BBRENNBEZERLERRATALENEI— I DEER
itk->T. HREEVSEHI NS,
ERICBITI2HROLKE L TiZ, OXFELHEHOED
Hetick o OERNEIZOWTERORRAEET
HREREREBTAVSATLAHBRINERGBIC DN
TORE. QRILHRABIIONTOXFDOH, BEDH,
XE+BRETORE. @—20WHE%: | BEETEETIE
BLEKERTERRT2HEORBRERTI DI, £
NENOHEAK Ho L HMEERLERICH W,
ERITAWHRE, EREROBHEBICRT.

— 139 —



2. 2 FrHH

(1) XFLEHOMEEGE
ERICHWEERIIFig3 DEBN ThH 3.

F—BOERIMOBERNEZXFEEZMOL SITERL.

TNTNOXFORBERZSRL -, ‘

. 3, 450mm

2, 88 0mm

B B

2, 500mm
920mm
et
450mm

1,

e,
~.}_._background

|
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Table.2 Pictures for Experimet (Snow RemovalWork )
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Fig. 4 Sight Disitance by Combination of letter and background color

Night

B white
Ored |

O green
i @ blue

Eé O orange:
;! B black ~

white
background

(dimension:m)

Table.4 Main Factors for Analysis

Factor Content Factor Content
LI [luminance of letter (cd/m’) Lb luminance of background (cd/m’)
A L |difference of luminance (cd/m’) C. luminance of letter - luminance of background
luminance of background (cd/m’)
X1 x value of letter by Y,x,ycolor coordinate Xb x value of background by Y,x,ycolor coordinate
vl y value of letter by Y,x,ycolor coordinate Vb y value of background by Y,x,ycolor coordinate
Ax {x1-xb Ay vVi-yb

Table.5 Main Factors which have high relation between
Sight Distance

Day / |luminance Condition |Main |Coefficient of
Night Factor |Correlation

‘ L1> Lb L1 0.63
Day Xb 0.80
Lb>L1 Vb 0.71
Lb 0.62
LI>Lb L1 0.74
Night Xb 0.93
Lb> L1 Lb 0.73
yb 0.64
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Table.6 Sight Distance of Road Signs (m)

Content Actual | Conventional | Test of hypothesis
Instruction of 273 298 non
Travel Direction
Under Road 148 222 5%
Construction
Stop 215 161 non
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Table.7 Sight Distance of Letter/Pictures {m)

Content Letter |Letter+ |Picture |Test of
picture hypothesis
Snow Removal Work [191 89 102 1%
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Table.8 Sight Distance by the Number of Images (m)

Content Single Two |Test of

Image |Images |hypothesis
Closed by High Wave|131 148 non
Crossing Road
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