ISSN 1346-7328
ERraEs #4145
TRkl 9% 8 B

| EEHAERRR A TR

: TECHNICAL NOTE of
National Institute for Land and Infrastructure Management

No.414 | August 2007
SERY 18 48 BE B 22 i il (L AR SRR S R R B e

EREMEECHRE

Annual Report of Advanced Road Design and Safety Division in FY 2006

Advanced Road Design and Safety Division

EiBE  ERREORR AR

National Institute for Land and Infrastructure Management
Ministry of Land, Infrastracture and Transport, Japan



E X MTBCRR S ERER Technical Note of NILIM
% 4145 200145 8 A No.414 August 2007

AR 18 4R EETE S 22 ] e B (LA FE BRI FERIUR E MR

Mo
mE &
Al
R E—
e R

e we

#y B

Vg AT 8
Ka H 0
N a0

Annual Report of Advanced Road Design and Safety Division in FY 2006

Kunihiko OKA*!
Susumu TAKAMIYA *2
Shinsuke SETOSHITA*®

Keiichi IKEHARA**
Takeshi IKEDA*’
Hiroki HASHIMOTO*
Osamu MINOSHIMA *’
Hisaji KONDO**
Noboru INUKAT*
Makoto KOIDE*'?

ZE

AHFZERCRERHERIL, B 22 M LA FEE DN Rk 18 SRR ITAT » T2AZEDRER, EIRNAF OREFRE:
H=ICED ﬁﬁ?ﬁi/*\@%ﬁf’%f“%\éi% Lf:ﬁj"ﬁ&ﬁjt%tljb WCELEDTHLDOTH D,

F—U— b ELENR, ELERR, ERRE. BEBESE, AWhEREH

Synopsis

In this note, the study results in Advanced Road Design and Safety Division in FY 2006. This note includes some
reports for the lecture in FY2006.
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Study of environment to contribute to preventing human errors (WA SRk 17~19 25)
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Study on traffic security at the time of heavy snowfall (WFFEHA SR 18~19 )
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Conduct of free mobility project (WFFEHA SR 17~19 )
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Study on Policies and Measures for Road Safety (WA SRk 16~20 4REE)
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Study on Improvement of Road Safety Measures at Hazardous Spots (WFFEHIA SRR 16~20 )
ERTFZTER  E K2 e A AT e Wi R
B A

=t
i 7%

[BF%E B R VR4 ]

ERRREIZ IV TE, HIIER D 6% D XIZFEGHFLD 53% 1 AET 270 L FEDEINCET L THFMMNIEAL
TAHEANHDZ D, YEBTERE L ETRBELENREERL T ZERNEDTH S,

Z T, BUTOEREFTHIH B OW T, BHROXBIER S —E T RWeD, IERPEWEAITIE, EBRIC
R D 22N DICFEENE < R D KBBIAHE L, FOEREZBEUIFTHECE TWRWiBobbH D,

Z ZCAME T, RERREFT R O @l I a1 T, B EONE G ER . EHERETTIHIC BT 5
MEEME 2 T, fERETTE X SN T 5 e D O RKBRED B L 21T o7,

ZOFER. 50m KON KEIT XD 10% 7035 3%RE L 700 | KEIERAE W E 2 A TRImIZF R & <
7o DAEm B S e, Fo, RHEEIZOWTIE, H13~16 ORGSR & BT F R AL EE S &
(S A RE U -RE R, 11,812 KM RIS S 772 Z L 3o T, Atk H20 705 a9 2 IR bR & o7
KPR DOEFTRE AT T, HHIFHE CIEM T EHITEICS U T, iIHEEOTRFZ 5 k& L T <,



(6) ITSZFRALEBITEDREMEAKRICEHT H4&ET

Study on the application of ITS to improve road safety measures for pedestrians ~ (WFZC#ii]  FRk 17~18 4£E)
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Research on rational winter road and winter sidewalk management standards (BRI Rk 16~20 42EE)
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Evaluation of Road Safety Facilities using Road Traffic Accident Database (W2l ik 16~19 4E)
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Conduct of free mobility project
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Road Department
Advanced Road Design and Safety Division
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Head Kunihiko OKA
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Senior Researcher Shinsuke SETOSHITA

This study was about corroborative experiments of eight locations in total done to technically
corroborate a free mobility support system and the summarization of the new knowledge obtained by
those experiments to improve and revise proposed technical specifications.
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Study of Policies and Measures for Road Safety

(PAZRHARE  ERK 16~19 E£E)
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Investigation with regard to the method to calculate amount of human body loss in 21 foreign countries

TE AT FEHRE B 22 1 e BE AL g = = Kk ] =
Road Department, Advanced Road Design and Safety Division Head Kunihiko Oka
MR oAttt

Researcher Hiroki Hashimoto

A value of amount of human body loss used for cost-benefit analysis in Japan is low in
comparison with many foreign countries. This is because of the differences of valuation method
between in Japan and in foreign countries. In this study, the valuation methods of human body loss and
the methods of presuming the traffic accident reduction benefit are investigated in 21 foreign countries.
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Study on Improvement of Road Safety Measures at Hazardous Spots

(FFRHART TR 16~19 /)
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Study Regarding Extraction Method of Hazardous Spots to Promote More Effective Road Safety Measures

TEHEMFIEED B R AL e g
Road Department
Advanced Road Design and Safety Division

= K il F=

Head Kunihiko OKA
WHEE WA st
Researcher Hiroki Hashimoto
A ZE R g AZ

Guest Research Engineer Hisaji Kondo

On arterial roads, fifty-three percent of traffic accidents are concentrated in sections equal to 6%
of their total length, and accidents are concentrated at specified locations. In this study, the method to

extract hazardous spots was examined.
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Examination of the Method to Evaluate the Effectiveness of Road Safety Measures
Based on Change of Movement of Vehicles
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When road safety measures are taken, it's needed to grasp the effect of road safety measures
early and to examine the necessity of additional measures as soon as possible. In this study, the
method to evaluate the effect of measures is examined based on change of movement of vehicles
before and after road safety measures have been taken.
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Study on improvement of road safety measures at hazardous spots

(FRAREAR TR 16~19 )
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Processes of road accidents concerning elderly people and road safety measures

TERRAFIEER B K22 [ A B e s
Road Department
Advanced Road Design and Safety Division

£ & ] FR=

Head Kunihiko Oka
TAEWIIEE mE
Researcher Susumu Takamiya
ARAIFSE B /AN

Guest Research Engineer Makoto Koide

In recent years, the ratio of accidents caused by elderly people is expected to increase.
Processes of road accidents that described person's behavior in accident are essential. In this study,
distinctive accidents in elderly people were explained by processes of road accidents. And road safety

measures for elderly people were discussed.
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Study on improvement of road safety measures at hazardous spots
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Traffic safety measures through links with advisers
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Road Department
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Senior Researcher Shinsuke SETOSHITA

This research clarified the state of activities of prefectural advisory committees, and created
a collection of cases of initiatives to be used as a reference to establish advisory committees, by
collecting advisory committee documents and interviewing advisory committee managers.
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A study on the application of ITS to improve road safety measures for pedestrians
(AREE TR A7~18 F£E)

—HEEREEGREVATLIZEBLT
A study which focused on the system applying digital road maps

TH I AIF SR 5 B 2 [ v B (LA g = = e FRZ
Road Department Head Kunihiko OKA
Advanced Road Design and Safety Division FALAFIEE WET Ry

Senior Researcher Shinsuke SETOSHITA

This study focused on one type of safe driving support system—a system applying digital
road maps that are used for car navigation systems etc.—to clarify fundamental conditions necessary
for its establishment.
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Research on Rational Winter Road Management Standards

(FRAREAR TR 16~19 )
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Study on Goal Achievement Type Winter Road Management
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Road Department
Advanced Road Design and Safety Division

This research project summarizes con

= R il F=
Head Kunihiko Oka
WHEE R =
Researcher Keiichi Ikehara
=t ®=E A

Research Engineer Osamu Minoshima

cepts applied to establish rational winter road

management standards corresponding regional and road traffic characteristics in order to switch to
winter road management based on a specific standard.
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Evaluation of Road Safety Facilities using Road Traffic Accident Database

(FRAREAR TR 16~19 )
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Analysis of Traffic Accident Reduction Effects by Implementation of Road Safety Measures

TE PRATF ST 5016 B 2 ] s B AL ot =
Road Department
Advanced Road Design and Safety Division

= R [ 95

Head Kunihiko Oka
WHIEE WA st
Researcher  Hiroki Hashimoto
IR =SS iV /N

Guest Research Engineer Hisaji Kondo

In this study, how road safety facilities reduce road traffic accidents was evaluated using
before/after analysis, in order to make it possible to predict effects of installing road safety facilities
before their installation. The analysis derives differences of accident rate between before and after

installation of each road safety facilities.
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Measures and effects of improving road space suitable for pedestrians
(AZREE TR 16~19 )
K BLOAHAEI—VONROAE - DT —
Study on effects of zonal road development for a daily life

EE: XIS B G R I = R [ e E=S O (9=
Road Department  Advanced Road Design and Safety Division Head Kunihiko Oka
FAEMEE &
Senior Researcher  Susumu Takamiya
ZHMFEE R
Guest Research Engineer  Makoto Koide

In recent years, it is expected that existing road space is used properly and that safe and
comfortable road space is provided. Therefore, zonal road development for a daily life and/or transit
mall is being promoted in 52 areas in Japan. It is essential to grasp a process of planning measures
and effects of the measures and to accumulate technical knowledge. In this study, the states of the 52
areas were surveyed and effects of measures were discussed.
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Measures and effects of improving road space suitable for pedestrians
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Study on processes of road accidents
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Guest Research Engineer  Makoto Koide

In order to plan road safety measures against road accidents effectively, it is important that
planners recognize processes of road accidents as well as results of them. In this study, the processes
were described through referring to road accident data that is possessed by ITARDA. And, actual
processes were summarized through interview survey for professional drivers (taxi drivers).
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Measures and Effects of Improving Road Space Suitable for Pedestrians

(FFRHART TR 16~19 /)

—ERZEEOAMETREHICET HAE—
Survey of Cases of the Effective Use of Road Space

TEHEMFIEED B R AL e g
Road Department
Advanced Road Design and Safety Division
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Head Kunihiko OKA
FAEWIEE mE

Senior Researcher Susumu Takamiya
A= ¥k 1A

Research Engineer Osamu MINOSHIMA

Changing social problems such as the falling birth rate, aging of the population, and environmental
problems are accompanied by the diversification of the needs of road users. Under such circumstances,
existing road space should be used more effectively in the future. In this study, road space reallocation,
uses for outdoor cafes and other examples of the effective use of road space were surveyed.
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Study on Road Traffic Environments for Various Road Users

(FFRHART TR 16~19 /)
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Study of the Revision of Road Lighting Facility Installation Standards
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Road Department
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Head Kunihiko Oka
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Research Engineer Osamu Minoshima
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Guest Research Engineer Noboru Inukai

This research was a survey of the reflective properties of paved road surfaces and existing documents
and a study of applicability of lighting conditions and performance standards to road lighting in order to

revise road lighting equipment installation standards.
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Study on road traffic environments for various road users

(FRAREAR TR 16~19 )
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Survey study of the introduction of roundabouts
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Road Department
Advanced Road Design and Safety Division
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Head Kunihiko OKA
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Senior Researcher Shinsuke SETOSHITA

This study focused on small size mini-roundabouts that have been introduced in residential
neighborhood streets to clarify foreign technical standards introduced to Japan, accompanied by a
study of the accident reduction effects of constructing roundabouts.
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Study on road traffic environments for various road users

(FRAREAR TR 16~19 )
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Survey of colored indicators on signs and road surfaces
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Road Department
Advanced Road Design and Safety Division
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Head Kunihiko OKA
FALAFSEE WA Ry

Senior Researcher Shinsuke SETOSHITA

This research included a nationwide fact-finding survey to clarify the state of colored
indicators on signs and on road surfaces that were placed as accident countermeasures,
accompanied by the survey and analysis of the effectiveness of colored indicators.
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Research on Winter Road Management
(AEEARM TR 16~19 )
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Study on Goal Achievement Type Winter Road Management
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This research project summarizes con
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Head Kunihiko Oka
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Researcher Keiichi Ikehara
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Research Engineer Osamu Minoshima

cepts applied to establish rational winter road

management standards corresponding regional and road traffic characteristics in order to switch to
winter road management based on a specific standard.
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Research on Winter Sidewalk Management

(FFRHART TR 16~18 /)
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Making of manual of setting service level for the winter season sidewalk
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Road Department
Advanced Road Design and Safety Division
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Head Kunihiko Oka
WHEE R =
Researcher Keiichi Ikehara
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Research Engineer Osamu Minoshima

This project summarizes concepts to be applied to establish a rational winter sidewalk
management standard based on characteristics of the way that sidewalks are used and the region,
and to select appropriate snow removal methods in order to switch to a rational standard winter

sidewalks.
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Study on the way of setting guard fence

EE: XIS B G R I = R [ e
Road Department
Advanced Road Design and Safety Division
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Head Kunihiko OKA
/=S s E=—
Researcher Keiichi IKEHARA
WHEE ¥ 18

Research Engineer Osamu MINOSHIMA

Although road administrators set guard fences on the guideline for setting guard fences, car struck a guard fence
and fell from the road that year. This study was undertaken to study improved way of setting guard fences and
future countermeasures, surveying the occurrence of similar accidents, and performing some experiments to

confirm the guidance of performance of the curb.
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RESEARCH ON ACCIDENT REDUCTION BY
INTERSECTION LIGHTING

Osamu MINOSHIMA, Kunihiko OKA, Keiichi IKEHARA, Noboru INUKAI,
National Institute for Land and Infrastructure Management, JAPAN

ABSTRACT

On roads in Japan, fatal accidents that take the lives of pedestrians tend to occur frequently at
night. Every year, approximately 20% of all fatal accidents (about 1,500) occur at intersections
at night, despite the low traffic volume at that time. The government has announced the goal of
reducing the annual traffic accident fatalities to less than 5,000 per year by 2012, so fatal
accidents that occur at intersections at night consists an extremely serious problem because
they comprise such a high percentage of all fatal accidents.

The goal of this research is to clarify the conditions that intersection lighting must satisfy in order
to reduce nighttime traffic accidents by appropriately installing intersection lighting. The research
began with a survey of overseas standards for the brightness of lighting. This revealed that
overseas, the brightness of intersection lighting is stipulated in terms of road surface illuminance,
and is set in a range from 7.5 Ix to 50 Ix according to road traffic conditions at each installation
location.

Based on the results of the survey, evaluation testing was done to obtain the minimum
necessary illuminance and concept of luminaire layout to ensure safety when lighting is installed
at intersections. The test hypothesized an intersection that is not influenced by road traffic
conditions and roadside conditions to evaluate how visible pedestrians are to drivers and the
impression of the lighting on drivers as they pass through the intersection. The results show that
it is necessary to ensure average road surface illuminance of 10 Ix or more at an intersection at
night, and demonstrated that to obtain average road surface illuminance of about 10 Ix, the
layout stipulated by the commentary to the Road Lighting Facility Installation Standard (JRA,
1981) efficiently distributes illuminance and is the desirable layout.

Next, a field survey focused on intersections where many accidents occur was performed to
identify causes of accidents related to road traffic conditions and roadside conditions. Then
factors that impact effectiveness were analyzed by comparing the optical properties at locations
where the accident reduction effects of lighting are high and locations where these effects are
low. The results have shown that at locations with high nighttime accident rates, in addition to
inadequate brightness at the intersection, road traffic conditions and roadside conditions cause
problems, and at locations where nighttime accident reduction effects are high, vertical
illuminance above the crosswalks is high. Next a study of the illuminance necessary to reduce
accidents at intersections where many nighttime accidents occur was carried out focusing on
the relationship between the occurrence of accidents and the illuminance at intersections. The
results revealed that ensuring an average road surface illuminance of 30 Ix and uniformity ratio
of illuminance of 0.4 reduces accidents even more efficiently.

INTRODUCTION

According to traffic statistics from 2004 (ITARDA, 2005), 56.4% of all accidents caused by traffic
accidents occurred at intersections. Of all accidents that occurred at intersections, 27.8% of
accidents causing death or injury and 47.7% of fatal accidents occurred at night. Of fatal
accidents occurring at night, many were pedestrian — vehicle accidents, and serious injury
accidents involving pedestrians crossing streets occur frequently. That year, 1,539 fatal
accidents occurred at intersections at night, accounting for about 21.7% of the total of 7,084
fatal accidents that occurred in Japan. The government has announced a goal of lowering the
number of traffic accident fatalities to less than 5,000 per year by 2012, and considering the
high percentage of all fatalities caused by nighttime fatal accidents at intersections, they are an
extremely serious problem.



As an existing traffic safety countermeasure for nighttime intersections, the Road Lighting
Facility Installation Standard (JRA, 1981) stipulates the layout of intersection lighting facilities,
but this standard does not include standard values for brightness; only simple intersection
examples are presented in The Road Lighting Facility Installation Standard Explanation (JRA,
1981) (below called the “standard explanation”) for the layout of luminaires. Considering the
increasing complexity of intersection structures that has appeared in recent years as a result of
the enlargement of intersection areas by road widening, the construction of grade separated
intersections, and addition of right-turn lanes, in order to obtain appropriate accident reduction
effects through future lighting facility installation, the standard brightness values and concept of
luminaire layout must be clarified. The research obtained the conditions that intersection lighting
must satisfy in response to this situation.

DOCUMENT SURVEY AND RESEARCH GUIDELINES

This research begins with a survey of overseas standards for the brightness of intersection
lighting to study a method of confirming specific required lighting conditions. A report by the CIE
(1995) stipulates the brightness that intersections require as illuminance, specifying the lowest
average road surface illuminance to be maintained in an intersection within a range of 7.5 Ix to
50 Ix and uniformity ratio of illuminance of 0.4 according to the functions of the road and the
complexity of the traffic (Table 1).

Table 1. Lighting Categories in Areas Where Orderly Traffic is Disrupted (CIE)

Lighting Category Min. Maintained llluminance Uniformity Ratio of llluminance
Co 50Ix 04
C1 30Ix 04
Cc2 20Ix 0.4
C3 15Ix 04
C4 10Ix 04
C5 7.5lx 0.4

Lighting category judgment standard
(DRoad type @Traffic volume (3Complexity of road structure

@®Separation of road users from other forms of transportation

Based on the results, evaluation testing was done to obtain the minimum necessary illuminance
and concept of illuminaire layout to ensure safety at an intersection that is not influenced by
road traffic conditions and roadside conditions. The testing evaluated how visible pedestrians
are to drivers in the intersection and the impression of the lighting on drivers as they pass
through the intersection. Next, a field survey focused on intersections where many accidents
occur was performed to identify causes of accidents related to road traffic conditions and
roadside conditions, and at the same time, factors that impact effectiveness were analyzed by
comparing the optical properties at locations were the accident reduction effects of lighting are
high with that at locations where these effects are poor. Later an analysis focused on the
relationship between the occurrence of accidents and illuminance at intersections was carried
out, obtaining the requirements to reduce accidents at intersections where accidents occurred
frequently.

ILLUMINANCE AND LUMINAIRE LAYOUT REQUIRED AT
INTERSECTIONS NOT INFLUENCED BY ROAD TRAFFIC
CONDITIONS AND ROADSIDE CONDITIONS

This obtained the minimum illuminance necessary to ensure safety at intersections not
influenced by road traffic conditions and roadside conditions. It investigated the impacts on
drivers of the locations of luminaires to clarify luminaire layout concepts. Then evaluation testing
was performed focusing on the impression of both factors on the visibility of pedestrians to
drivers and the impression on drivers as they pass through the intersection.



Setting lighting conditions

Based on the results of the survey of overseas standards, lighting conditions confirmed by the
evaluation testing were set as shown in Figure 1. The illuminance values were set in four
categories, 15 Ix, 10 Ix, 5 Ix, and no lighting, according to the purposes of the study of the
minimum necessary illuminance. The luminaire layout includes three layouts; the layout shown
in the Standards Explanation (Layout A), corner layout (Layout B), and a layout combining the
two former layouts (Layout C). By combining these luminance levels and these layouts, a total
of 10 types of lighting conditions were set. Outside the intersection is a dark area with measured
level of 0.2 Ix where there is no lighting (below, the lighting conditions are indicated by the
symbols shown in Figure 1).

Testing method

The testing was done at a full-size intersection of two roads with two lanes in each direction and
a lane width of 3.25m to hypothesize the patterns shown in Figure 2. In the standing testing,
drivers sighted pedestrians from inside their stopped car in 1 second, and in the driving testing,
drivers sighted pedestrians while driving straight at 60km/h, and when turning left and right while
turning at normal left and right turning speeds to evaluate their visibility. Drivers also evaluated
the impression they obtained when passing through the intersection based on “danger to the
pedestrian”, “driving ease”, “brightness of the intersection”, and “safety”. Each evaluation was
done using the five-step evaluation shown in Table 2 to score the testing results from 1 point to
5 points. The test subjects were 15 non-elderly people and 5 elderly people, and the
pedestrians wore clothes in colors with low reflectance.

Table 2. Grading Terms used for the Evaluation

Evaluation score. 1. 2. 3. 4. 5.
Visibility. Invisible, Barely visible, Somewhat visible, Clearly visible, Extremely visible,
Danger to the Dangerous, Little dangerous, Permissible, Little safe,  Not dangerous,
pedestrian.

Driving ease. Difficult, Little difficult, Permissible, Little easy,  Easy,
Brightness of Dark, Little dark, Permissible, Little bright,  Bright,

the intersection.

Safety. Dangerous, Little dangerous, Permissible, Little safe, Safe,

Results of optical measurements

Figure 3(a) shows the results of measurement of vertical illuminance at an elevation of 0.8m
above the crosswalk at set illuminance of 15 Ix. And “Outside” shown here is a case where a
luminous flux from outside the intersection was measured, and “Inside” means a case where a
luminous flux from the intersection was measured. As the results, the outside vertical
illuminance was highest in layout A followed by layout C and lowest in layout B, and this gap is
particularly large on the “side where a luminaire were laid out in layout A and layout C” that is on
the left side of the figure. Turning to the inside vertical illuminance, differences based on layout
are smaller than in the case of the outside vertical illuminance, but near the center of the
crosswalk, the difference is larger than in the other part, with the difference largest in layout B
followed by layout C and smallest in layout A.

Figure 3(b) shows the results of measurements of the illuminance distribution on the road
surface of the intersection at set illuminance of 15 Ix. The results reveal that in all layouts, the
road surface illuminance near the crosswalk is higher than at other parts. And in layout A, the
road surface illuminance is high along the vehicle lane, but in layout B and in layout C, it is high
where pedestrians wait to cross the road and is lower than it is at and around the center of the
intersection.

Evaluation testing results

Visibility of pedestrians



Figure 4 shows the average evaluation score and permissible rate (%) of the evaluation of the
visibility of pedestrians at each of the set illuminance levels. And the permissible rate shown
here is the percentage of test subjects who gave evaluations of “3. Somewhat visible” or higher.

1) Impact on evaluations by differences in illuminance

The higher the average road surface illuminance, the higher the evaluation, and at average road
surface illuminance of 10 Ix or higher, the average score was 3 or more regardless of luminaire
layout. But the higher the illuminance, the smaller the percentage of improved scores, and at an
average road surface illuminance of 10 Ix and 15 Ix, the results do not fluctuate very much.

2) Impact on evaluations by differences in luminaire layout

At set illuminance of 15 Ix, the evaluation of layout C was higher than that of other layouts. In
layout C, the visibility was higher because, even in a case where the set illuminance was high,
the uniformity ratio of illuminance was higher than in other layouts and the road surface
illuminance close to the crosswalk was higher than it was at other parts. At set illuminance of 10
Ix and 5 Ix, the evaluations of layout A are higher than those of other layouts. In the case of
layout A, visibility was improved by the fact that a pedestrian can be seen as a silhouette,
because the road surface illuminance was high from the crosswalk to the vehicle lane outside
the intersection and the inside vertical illuminance above the crosswalk was low.

Impression as the drivers pass through the intersection

Figure 5 shows the evaluation scores and the permissible rate (%) obtained as evaluations of
drivers’ impression as they passed through the intersection at each illuminance.

1) Impact on the evaluation by differences in illuminance

In the layout C case, the average score was highest at set illuminance of 15 Ix, but in layout A
and layout B, it was highest at the set illuminance 10 Ix, and it fell at 15 Ix.

2) Impacts on the evaluation by differences in luminaire layout

Like the evaluations of the visibility of pedestrians, at set illuminance of 15 Ix, evaluations of
layout C, and at set illuminance of 10 Ix and 5 Ix, evaluations of layout A were higher than those
at other layouts. A reason for low evaluations cited is the abrupt change of brightness near the
intersection, and it is presumed that the uniformity ratio of illuminance in the intersection has a
great impact on the psychological state of drivers.

Study of conditions lighting must satisfy

The following are the results of a study of conditions that lighting must satisfy at intersections
that are not influenced by road traffic conditions and roadside conditions.

1) Average road surface illuminance that is required

Even at an intersection that is not influenced by road traffic conditions and roadside conditions
such as the intersection confirmed by this testing, the average road surface illuminance within
the intersection should ensure 10 Ix.

2) Concept of luminaire layout

If the average road surface illuminance inside an intersection is set at 10 Ix, the layout shown in
the standard explanation (layout A) should be used, because it is the most efficient. When the
illuminance is set at a high level in a large intersection, the illuminance is often lower in the
center of the intersection than around it, so the uniformity ratio of illuminance of the overall
intersection should be increased by adding more lighting at the corners of the intersection as it is
done in layout C.

REQUIRED ILLUMINANCE AND LUMINAIRE LAYOUT AT
INTERSECTIONS WHERE ACCIDENTS OCCUR FREQUENTLY

This survey focused on intersections where many accidents occur was performed to identify
causes of accidents related to road traffic conditions and roadside conditions, and at the same
time, factors that impact effectiveness were analyzed by comparing the optical properties at
locations were the accident reduction effects of lighting are high with that at locations where
these effects are poor. Later, the relationship of the state of occurrence of accidents with



intersection illuminance at 367 intersections designated as frequent accident locations was
analyzed to obtain the intersection illuminance that efficiently reduces accidents.

Analysis of the causes of accidents according to the field
survey

Because it was necessary to identify causes other than insufficient illuminance at the
intersections that were surveyed, the survey was done at a total of 12 intersections: at six where
the daytime - nighttime accident ratio (nighttime accident rate/daytime accident rate x 100%) is
high even though adequate illuminance is ensured in the intersection (category X) and at six
where the daytime - nighttime accident ratio is low even though the illuminance is relatively low
(category Y). Figure 6 shows the relationship between the daytime - nighttime accident ratio with
the illuminance within the intersection at the intersections that were surveyed. The following are
characteristics of accidents at each of the survey locations in category X (table 3). Photo 1
shows the road traffic conditions and the roadside conditions that caused problems at these
locations.

Table 3. Characteristics of Accidents at the Surveyed Locations
Survey Number Characteristics of Accidents

X1 Many accidents involving cars entering and leaving a convenience store parking
lot and cars traveling straight on the road.

X2 Many accidents involving cyclists crossing the road and cars traveling straight on
the road.
Many accidents occurring when cars are turning right.

X3 Many accidents involving cars turning right and pedestrians crossing the road
Many rear-end collisions

X4 Soaring accident rate in recent years.
Many rear-end collisions
Many accidents involving two cars turning right

X5 Many rear-end collisions

X6 Many accidents involving two cars turning right

The survey clarified the state of road traffic during the nighttime at the surveyed locations and it
included optical measurements of the vertical illuminance above the crosswalk and the road
surface illuminance. Figure 7 shows the vertical illuminance above crosswalks at various survey
locations. Based on the results, in category Y, regardless of the low road surface illuminance,
vertical illuminance above the cross walk is ensured, suggesting that a high level of vertical
illuminance above crosswalks is an important element in obtaining the effects of improving
lighting systems.

llluminance that efficiently reduces accidents at Hazardous
Spots

For Hazardous Spots, actual accident data and lighting conditions were abstracted, and based
on these, the relationship of the illuminance inside the intersection with the accident reduction
effects were analyzed. The nighttime - daytime accident ratio was used as an index to
quantitatively represent accident reduction effects. The locations where these data were
abstracted were 367 locations registered as Hazardous Spots in the Kanto Region, these were
sampled for two three year periods—1996 to 1998 and from 1999 to 2001—with those where no
accident had occurred during the daytime or nighttime omitted from the samples.

Figure 8 shows the relationship of the illuminance and the illuminance symmetry within the

intersections with the daytime - nighttime accident ratio. A tendency for the daytime - nighttime
accident ratio to fall as the illuminance rose was observed, and near 30 Ix in particular, the



inclination of the daytime - nighttime accident ratio increases. It is assumed that the
effectiveness of lighting was clearly represented because, in addition to the effects of increasing
illuminance, the uniformity ratio of illuminance approached 0.4 (CIE, 1995) that is among values
recommended by the CIE to obtain a good lighting environment.

Study of conditions that lighting must satisfy

The conditions that lighting must satisfy at intersections where accidents occur frequently under
the influence of road traffic conditions and roadside conditions were studied. The study obtained
the following results.

1) Required average road surface illuminance

At intersections such as Hazardous Spots where accidents occur readily, average road surface
illuminance of 30 Ix and illuminance symmetry of about 0.4 should be ensured.

2) Concept of luminaire layout

At locations, where frequent car — pedestrian accidents occur, the layout of luminaires and
luminous intensity distribution should be those that increase the vertical illuminance above the
crosswalk.

CONCLUSION

This research has clarified concepts of illuminance and luminaire layout that are necessary at
intersections not influenced by road traffic conditions and roadside conditions and at
intersections where accidents occur frequently.

The National Institute for Land and Infrastructure Management (NILIM) has carried out many
surveys and research projects concerning intersection lighting. In the future, the NILIM will study
the appropriate provision of intersection lighting that provides safety and comfort to road users
and the enactment of standards that can be fully applied by the newest lighting technologies.
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Locations
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ABSTRACT

The free mobility project is being implemented using information and communication
technologies to develop a system that removes obstructions to the movement of all people. By
2005, a corroborative experiment had been carried out to survey route guidance services with
visually impaired people and wheel-chair users acting as the monitors, to survey multi-lingual
store information provision services with foreigners acting as the monitors in order to develop
a general purpose system and to survey the performance of communication equipment. These
results have been summarized to prepare technical specifications as standards for future
development throughout Japan.

The technical specifications include overall guidelines that specify the configuration of the
overall system and system operation guideline and written technical specifications prepared
separately for each element necessary to standardize the equipment that makes up the Free
Mobility System.

KEYWORD
Assistance for the elderly and physically impaired, RFID tag, location based service,
ubiquitous computing

FREE MOBILITY PROJECT

The Ministry of Land, Infrastructure and Transport of Japan began to carry out the Free
Mobility Project in 2004 in response to the demand for action to deal with the rapid aging of
the population, the rising number of foreigners visiting Japan, the growing participation of
women and disabled people in social activities, and the falling birthrate. This project uses
ubiquitous network technology to create an environment in which everyone can, at any time,
anywhere, access information such as route, transportation method, destination etc. that are
needed by disabled and elderly people to participate in society and employment and to
develop the Free Mobility System through field experiments.
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FREE MOBILITY SYSTEM

The following diagram shows the overall configuration of the Free Mobility System.

gEE:%?%?%?%?%?%?%?%?%?%?%?%?%?%?%KKKKKKKKKK&;EE

 Server

s

GIS map information

Portable terminal

Place information
transmitter marker

Guide block equip h an IC tag

Figure 1. Overall Configuration of the Free Mobility System

In this system, the guide blocks used by visually impaired people installed on road surfaces
and tags installed along streets do not contain detailed information that must be provided; they
contain only unique ID codes (place ID codes) that distinguish individual locations. Detailed
information is obtained by using a portable terminal to submit an inquiry through a
communication network based on the place ID code.

The following is the flow of information through this system.

(1) Place codes transmitted by place information transmitters—the tags embedded in the

guide blocks for visually impaired people and markers attached to facilities etc.—are read
in (or received) by white canes or portable terminals.
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(2) The portable terminals use the place code to ask the service provider’s server to search for
information.

(3) The service provider’s server converts the place code to a URL and uses this URL to
search for information and map data in the information provision system, then responds to
the portable terminal.

(4) The portable terminal displays the information it has obtained.

Using this method, only a small quantity of information need be stored in the tags embedded
in road surfaces and streets. This reduces the cost of the tags and permits the information to be
changed in real time rather than separately at each location.

Users can obtain information that meets their individual needs by using their portable
terminals to submit requests including user attributes (type and degree of disability, role as
facility manager, etc.) and terminal attributes (screen size, multimedia function, and other
terminal features).

The method of accessing the network is not specified so that it can be selected from among
wireless LAN, cell-phone network etc. according to the location and type of terminal, but no
matter which method is used, there is a time delay as it resolves the place code and obtains the
desired information. Therefore, in anticipation of cases where a delay in providing
information would be critical—when providing a visually disabled person of approaching
danger for example—another method is added: caching data within a fixed range in the
portable terminals in advance so that it is not necessary to access the network.

CORROBORATIVE EXPERIMENT IN THE KOBE REGION

Course of the experiment

The Free Mobility Project included a preliminary corroborative experiment in 2004 followed
by the main corroborative experiment beginning in 2005. The model location chosen for the
experiment is Kobe, a tourist city with a long-established trading port that has been
recovering since the Hanshin Awaji Earthquake (January 17, 1995), and a center of land,
marine, and air transportation services where a new airport opened in 2006.

= Procurement and
L]
Evaluation and selection of = installation of Analysis and
® :
experiment equipment % equipment : i evaluation | .

= - Enacting
® Experiment ficati

Preparation of specifications « | Preparation of Study of specitications
B p

for the experiment equipment ¥ contents i # |_specification

Figure 2. History of the Corroborative Experiments

Experiment period
June 2005 to March 2006

Experiment district

The experiment was performed at places with different features such as roads, railways, large
event facilities, airport, port and harbor facilities etc. in various parts of Kobe, to study
problems unique to each type of place.

— 105 —



Technical specifications of the free mobility system

Sanchika and former
residential districts

L v
Fashion Mart Building
Island Center Station |~

Shimin-Hiroba
Station

Eidsa s g i1kl
§  moir
§ WP

KOBE City

Figure 3. Corroborative Experiment Districts

Photo 1. Seal Tag Photo 2. IC Tag Equipped Guide Block
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Ph(;to 3. Infrared. Marer | Photo 4. Radio Marker

Photo 5. Intelligent Reference Point Photo 6. i-Box

Description of the experiment

The Free Mobility System consists of the elements: tags, markers and other information
transmitters and portable terminals. In order that private companies can freely enter this field
to manufacture mutually compatible products, standards for the interfaces between the
constituent equipment and constituent elements of the system must be established.

Therefore, a corroborative experiment was done in the environment of the experimental use
ubiquitous place information system constructed in Kobe City to prepare technical
specifications to be introduced nationwide. The service experiment was a monitor survey
performed to corroborate the route guidance method and the multi-lingual information
provision method based on the Free Mobility System. The technological experiment made the
fullest possible use of the tags and markers installed at the experiment sites and the network
infrastructure to corroborate equipment installation and maintenance plus communication by
the ubiquitous network. Part of this experiment is introduced below.

Experimental downloading of surroundings data

In the Ubiquitous Place Information System, the contents are basically in information servers,
but when guidance is provided to visually disabled people and in other cases where it is
necessary to reduce the time lag from the point that ucode is obtained until information is
obtained, data should be recorded in terminals in advance. This experiment verified the
practicality of a method of allowing pedestrians to place information about their surroundings
in their portable terminals at street information stations installed so that terminal users can
read in new data about the area surrounding each place they reach.

As a result, the time that passes between the request for download until the contents are
displayed ranges from 3 to 5 seconds, that is considered to be adequate for practical use.
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Experimental transmission of contents through the ucode resolution server

The major goal of this experiment is to evaluate the practicality of the Ubiquitous Place
Information System on the hypothesis that information linked to the ucode in IC tags installed
at shops and tourist attractions is obtained.

After ucode had been obtained from a tag, the ucode (obtained by requesting information
about the location of the contents server with the information linked to the ucode that was
obtained) was resolved, and the time required to obtain shop information from a contents
server and display it on the UC screen was an average of about 5 seconds. It is possible to
evaluate the results as adequately practical if it is shop information, tourism information or
other information that need not be provided instantly.

TECHNICAL SPECIFICATION

In order that private companies can freely enter this field to manufacture mutually compatible
products as the constituent elements of the Free Mobility System, standards must be
established. So based on the results of the corroborative experiments, factors that must be
specified were organized to clarify the interfaces between each constituent element in order to
summarize technical specifications for the Free Mobility System. Figure 4 and Tables 1 and 2
show the items in the written specifications and the contents of the major descriptions entered.
The draft technical specifications that were prepared as a proposal for common specifications
used by all companies and managers stipulated the equipment configuration of the Free
Mobility System, and the functional conditions, environmental conditions, and reliability of
the equipment, and methods of inspecting it as required items and common items of all
systems.

To distinguish places, a ubiquitous ID architecture with general applicability to other services
including private sector services and expandability is the foundation. And as place
distinguishing codes, ucode with code length of 128bits was used. The specifications will
continue to be based on the concept of keeping the system up-to-date while holding down its
future total cost by keeping the specifications open, and will comply with JIS and ISO.

The draft technical specifications that were prepared through this research are based on the
trial operation of the Free Mobility System held in model regions in various parts of Japan
since 2006. In the future, knowledge obtained from the trial operation will be collected, and
the technical specifications will be improved to finally introduce a working system.
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Ubiquitous ID architecture

Overall/system standards

General concept and overall
specifications

ucode and ucode tags

ucode system

ucode tag’s identification standards

ki

ucode resolution

- - - Information presentation using ucode
ucode information service

Opverall specifications of the ucode relation
model

Human-machine interface (HMI)

Vocabulary to represent ucode relationships

pecifications of application technologies of the free mobility support system

Application technology specifications

k4

Specifications of the overall ubiquitous place information system

Specifications unique to the free mobility system

Figure 4. Configuration of the Technical Specifications of the Free Mobility System

Table 1. Contents of the Descriptions of Technical Specifications (Basic Technologies)
of the Free Mobility System

Basic - . - Outline of the ubiquitous ID architecture, ucode, information presentation using ucode, ucode
y Ubiquitous ID architecture . . : )
concepts/ov resolution and ucode information service
crall
specificati Description method for ubiquitous ID . " L
specificatio S 'p o! 0‘ or bq ? S - Description method for formally describing protocol and description format
ns architecture specifications
Overall/system
ucode . . . . . . . .
standards resolution ucode resolution protocol specifications | - ucode resolution architecture, ucode resolution mechanism, ucode resolution protocol
ucode ucode contents transfer protocol
information i P! - Role and positioning of contents provision service, protocol for obtaining contents
service specifications
HMI Human machine interface specifications | - Interface that a ubiquitous communicator should provide
ucode Lo . . . . .
system Ubiquitous code: ucode specifications | - Uses of ucode and definition of metacode, specification of code structure of ucode
Tag recognition standards - Standards for case of recognition as ucode standard tag (concerning category and class)
“C("‘jjc f‘“d ucode tag’s Category 0 recognition standards - Standard for a case where a printed tag is recognized as a ucode standard tag
ucode tags . A . - o " " "
g identificatio Category | recognition standards - Standard for a case where a passive RF tag is recognized as a ucode standard tag
n standards Category 2 recognition standards - Standard for a case where an active RF tag is recognized as a ucode standard tag
Category 3 recognition standards - Standard for a case where an active infrared tag is recognized as a ucode standard tag
Lo - Specification to represent the ucode Relation model (model that represents information
ucode Relation format L
Overall related to ucode based on relation between ucodes)
specificatio . - Specification to serialize the graph that represents relation with ucode
ns of the XML-based UCR (ucode Relation) hecthc tic grap P p -
T el 2 Serialize means converting data handled by the software so that it can be stored in a file or
ucode description specifications

can be transmitted and received in a network.

relation - - — - —
R N . - - Specification to expand to ubiquitous computing of existing SVG
model Specifications for embedding UCR Sp JIcation {o expand to b quitous compuling ol existing S (" . .
N 8 2 SVG (Scale Vector Graphic) is specification to describe two-dimensional vector drawings
(ucode Relation) in SVG ! >
N . in XML format.
Information
presentation Standard vocabulary definition - Specification of the assignment of the meanings of basic theoretical ucode that must be
using ucode specifications commonly understood by a variety of applications

- Method of codifying place information or physical properties specifications, and simple

abula atures i specification . . .
Vocabulary | Natural features attribute specifications longitude/longitude and clevation ucode

to represent

ucode Spatial network specifications - Method of embedding specifications for spatial network data used by route guidance
relations p P software etc. and spatial network data in SVG map contents

- Vocabulary that represents types of physical conditions and hand baggage etc. related to the
Spatial accessibility specifications ability of people and goods to move. Vocabulary to describe accessibility when moving in
actual space.
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Table 2. Contents of the Descriptions of Technical Specifications (Application Technologies)

of the Free Mobility System

Application
technologies of
the Free Mobility
System

Specifications
concerning the
overall ubiquitous
place information
system

Intelligent reference point
specifications

- Air interface of tags

Tag hardware performance: description capacity/information contents other than ucode
External specifications: shape, material, labels

Durability: Environmental conditions and required service lifetime at the hypothesized
equipment installation location

Maintenance: hardware management and information management

Utilization and operating method: functions as a terminal, limited/unlimited users, usage fees

Basic specifications of street
information stations

- Case design: basic shape of the case, range of dimensions, basic coloring, case structure
Functions: essential functions and supplementary functions

Durability: Environmental conditions and required service lifetime at the hypothesized
installation location

Evaluation standards: Evaluation standards to satisfy the service lifetime

Specifications
unique to the Free
Mobility System

Guide blocks specifications

- System configuration: Description of the system configuration when using guide blocks.
Shape of guide blocks, types and structures of guide blocks: Basic structural communication
functions for each type of guide block (concrete, synthetic rubber).

Air interface, communication protocol, communication distance, communication range,
communication properties and other basic performances

Durability: Environmental conditions and years of service at the hypothetical guide block
installation location.

Evaluation standards: Description of evaluation standards to satisfy the service lifetime under
the installation environment conditions

Installation and maintenance
standard specifications

- Installation plan: Installation location and installation standards for each type of equipment
Execution: Execution method by type of equipment installed and installation environment
Maintenance: Standard for maintenance according to the equipment installed and installation
conditions

ucode storage container
specifications (optical code)

- Air interface, communication protocol
Basically complies with ucode tag interface recognition standard (Category 0)

ucode storage container
specifications (IC tags)

- Air interface, communication protocol
Basically complies with ucode tag interface recognition standard (Category 1)

ucode storage container
specifications (radio markers)

- Air interface, communication protocol

Basically complies with ucode tag interface recognition standard (Category 2)

The basic communication range of the equipment and type of equipment used (wide arca
communication type and narrow area communication type)

ucode storage container
specifications (infrared
markers)

- Air interface, communication protocol

Basically complies with ucode tag interface recognition standard (Category 3)

The basic communication range of the equipment and type of equipment used (wide area
communication type and narrow area communication type)
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