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Synopsis

In this note, the study results in Advanced Road Design and Safety Division in FY 2005 are reported. In addition, the

history of the division and a brief summary of test laboratories that belong to the division are also stated.
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The corroborative experiment was conducted under the environment of the ubiquitous place
information system built in Kobe-city, and the technical-specification was adjusted based on result of

the experiment.
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Evaluation methods of road scenes and promotion methods for sustainable road scenes
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Infrastructure provision projects will include consideration of scenery in future. And concern
for road scenes will also be considered in road projects. So it is important to summarize views and
methods for forming fine road scenes and to improve roads along them. And it is also essential to
summarize how to evaluate road scenes. In this study, examples of fine road scenes were surveyed
and a document that summarized them was discussed.
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Research on Road Scene Formation through Citizen Participation
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It is important to make a consensus among citizens before road construction, and many kinds
of consensus were built according to various kinds of road projects. However, there are not so many
cases of consensus on road scene. In this study, the main point that should have been considered
about a consensus making concerning road scene improvement was compiled, and a guideline was

made.

F-1 EEEBIOEOEMEOKE

(AR B R U EHR]

[EBIE ] ORET (2004, 12) 2721 . A% I REICR ORE T~ & MBI L
L7 AR D LD Z L LD, M ORI LA I 3 A T LD s
SO FERUTBE LTI, HUS RSO RS & O AR O3E B S BLOAIE 3 D FA) 70 FNGHA < B 25 A
FHD D EREETHY . DIULEBEB OIS OB SBLOROTHRAOE B 7271
WTHHSA TRV, HURER & 0S8 BEFRIT I E Ot RSO I iR O

THHEMTER A RBEGRAN RSN TEY . SEKIC
B2 0E. / OADIEREISATETNDLN, #E

KRBUEROBLE b B BEERIZ OV T, RE
+aicELOLNTWWRNEEZBND,
AWFTRIL, A% OER SBIERR O A B RIS
T 5L, FHTORERFRE b LITHEIEKEHC
BofE L CID AT R EBLAZEEL, MV ELDHD
HDTh D,

RIEASESN

17 AR, 16 AR ORI R Z b &2, B
TRz Hf 9 TS 256 TREIEAUCIRY METefRIc, %
(CELE LTI e~ NAER T DB 2T, BARR
BRI EZ L Th b B S H R
R L9 WK D | DEBRBUZ KRBT 2 5 EF
RTEDFGIE] LLTLED EL,
1. BERFRBEEKEOSEREAEZDOEZ S DEE

B FBULHZ O B8 OB IR ORHEIL, &
BEBIER &2 DR VAT LT, B RBLOTE
Bk s PRAEIZTNT T O R RARHOTRED MDD 5 i TH
Do ZTDH, EHFEBIKRFOGER TIZ, K
D 3ODOBLRICEE LI R Y MABLETH D,

X-1 AR —r o6



(n EHSEBORMEOSHE
BB OMEHS kWTi 2 Hiek 12 fé%ﬁ

ﬁ%%iztkf FBLOH Y HTOHIE,
%%%ﬁ?éﬁ%%&ﬂm %@ﬂ#é%%#%éo
ZO7w, GBI L CERRB B OHME L
ﬂﬁéﬁ:ﬁlurf& ZH-THH I Z ENER
Lipn, £lo, BREBOHFEMEOSEIZLY | iFF
Lwﬁuaﬁ%ﬁﬁﬁé T TIEAR L BMAm
WA FITICH 0B AR - a1 T ZENEE
Th s,

(2) MRy —1LOEH

AEBAGEEICBW T, EREEE, TR, BF
FICL DB - i a il U GERFBLO K B
DNAA=TVEBEDO TN ZERBYVIEIND, ZDL
THRLEN VA AV EIFETLEBLETHY
FDEORRAY —VOIERABEN TH D, HREL>
— L OF -1 2R, SRR — A OTE I
NENDOY —LVRRBTELINAECHE S, THAE
R D72 O FIERLTHENSIIN U T, miby —n
ZHUICRET HAMENH D,

(3) EBRBLREICINIT T2 HAESY

EEEB OB - (REOT=OICIE, BRI ORE
BMELEOT-RYEANLETH L0, 22D
ﬂi ‘Eﬁﬂmﬁ%ﬁipi’%éﬁ xS EENA SO TR
<, EEREHEZERLEELZWEW I INETTROE

£-2 F51E 0 HKHERK

1 RESZOHM
2 RFF| & OMERKL
1.3 AF5| & DV
552—% ﬁﬂ%mﬁﬁzﬁiﬂ#l %lfén%’ﬁzﬁk':lﬁ LTD
EXMEZH
2.1 GBI THIET R & B & EARNBZ 2 FH
Oxtitnd & 3 2OBA
1) JEERBOFMAEOSH
2) MEALY —/LDIEH
3) ESBREICET IS Y
OBLEmMDOIEARNE 2 )5
2.2 RN E B SGRTE
OFZEERE L BRI & ORISR
BERROERRT » 7
OREBIRKOT-ODOFE %
2.3 EKEBIERE OB BB B X%G
Okt - it TEME OSBRSS HIZ BT Dl (Blaifs)
2.4 iy —
Oﬁ%kv~»@@ﬁ\ﬁ@\ﬁMﬁ&%
%&aL%Eﬁhmﬁl&H ERBBIED A
1 B%EE - M TEEREIC BT D Aﬁ%ﬁﬁ&
Oéﬁﬁ&ﬁ& ST R SITNEEREN
3. 2 BRI 1T B A R EGE R
Ofth B 3B T D% IS
F4E EREHEEBICET528EEBDOES
4.1 F=H) 1
4.2 Fp) 2
4.3 FH 3

B1E AFS|ZDEMEER
L.
1.2

PREERR S E D=2 LTHE Lo TL B, DTz
W, TREDOEERWMGIOL LIZEBEEKREZXKY | &
BADEELZBETHIIICTDHZ L0, NETHROE
FREERL A X D T2 D OB LA (GEE B M E T
PE, PRATES O SEHEFHIFE O F IR &) 2D D
ZEnEBZHNS,

2. FE|IEDEK

ERFEFICBIT 26 BBRO FIESCEARN 2 ED
FIZOWTIE, INETHHRARETELHLNTE
D, BBEEKOEA LTSN, EEEEE
& D Gt EHEDIRNGE TR D O TIER,
T, BEGRO FIESLIEARN et D 712201 T
IO SCHRICFES Z & & L, KAFFI& Tik, EKE
TER A 9 B FEEOGERIZHB N T, FHTELE L
THRYMHL_REAREFLICHE - T,
FHEOHRMR AR -2I1TRT, 22 TIEES. 2.1
I THIGTRE 3 OOBAER L, ZOFROEARN
BAFEMH LT, TNEZTT, 2.3/ T, 3 -0
KIS REBEEIC, BERAEEORSGEIZHBVT
EIRINTRENER LT, T 2T, GEBEHEE,
TR, BREFMOBEARBREN KDL BV EEND
EEBZONDFRGE - METERBEEZ LI E LDz, B3
ETIE, BEFRRO —EHOFNOH TORY A% F

g 572, Bk 3 SOBEICNZ ., EREETD
*hm@A% SHUCEE D DR & CEBRBIF K
BRI BEIEMRIBTEOFMAE R~ 5 4 2T,

_h%@mﬁéﬁ<it RN ERRET 2579, {3
LT VT L TCEEDTEFEREREN L, B,
EM/%W&OPT . TP IREK R E O A EIEAK
WLT%&%L#D%% CEHETLHICHIZ-T

AHRTHY ., 2.4 EICHERCRA, 16523
ERR oY

[(FAZEMR]

17T EEOMTIC LY | ROF AT,

O KHLOWE L 5 ﬁ%ﬁ%#oA%ﬂﬁ$W#E\m
BL TR M _E 3 0B MEZEHL7Z,
©® ZopFREblic NERFEBERECRBT AR
R OF5 & ZER LT, F5l& T, B
BUE A ) B FETOEERMITB N T, F
IZELE L THD M R & R A LT, ZFOF T
A EEREE TO BN A, 25 HEH)
LEhER LTz,

[REDERA]
‘%%ﬁ%%ﬁ’% LEBROFFIEIZONT
. B CORICESEOB AN DEE L, BERHFED

%\fﬁ% THEAT L, i u,aéﬁﬁ/ﬁk ZET D,



RBEHORIBEICET 2 A AMEHAE

Study of Policies and Measures for Road Safety
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In this study present state of road traffic accident in Japan was investigated in order to make
policies and measures for road safety. The road traffic accident data were analyzed if necessary, and
the accident that the measure had to target, the accident that had to be dealt with by the road side, and
the method of selecting accident black spot was examined.
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To Improve effects of the countermeasures in hazardous spots
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In this research, in order to accumulate the information about planning and evaluation of the
road safety measures, the system of the accident countermeasures data base was built. By utilizing
this system, road administrators are enabled to acquire the information about the countermeasures in
main hazardous spots, and examination of their countermeasures will be performed more efficiently.
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Study on road network management from a viewpoint of road safety

TE PR AT S 2 3 2 e BE A LA 7
Road Department
Advanced Road Design and Safety Division
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Head Kuniihko OKA
FAEMFIEE WA T R

Senior Researcher Shinsuke SETOSHITA

By changing the charge of a toll road flexibly, the experiment which traffic converts into a toll
road is conducted. The accident reduction effect by road network management became clear by the
analysis of traffic and accident data of the road which is parallel with the road where charge discount

was carried out.
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Research on rational winter road and winter sidewalk management standards

EPRATEES B AR [ E B gE
Road Department
Advanced Road Design and Safety Division
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Head Kunihiko Oka
WHIEE MR E—
Researcher Keiichi lkehara
WHEE #E IR

Research Engineer Osamu Minoshima

This research project summarizes concepts applied to establish rational winter road and winter
sidewalk management standards corresponding regional and road traffic characteristics in order to
switch to winter road and winter sidewalk management based on a specific standard.
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A study on safety measures for pedestrians by use of ITS
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Head Kuniihko OKA
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Senior Researcher Shinsuke SETOSHITA

A study of ITS from a viewpoint of protecting pedestrians from a traffic accident was not fully
performed. The possibility of services using ITS for improving a pedestrian's safety was examined

based on a questionnaire survey.
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A study on the construction of a walking network for free mobility
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Senior Researcher Shinsuke SETOSHITA

Promotion of the administration based on the view of universal design and a pedestrian's
more effective traffic safety policy must be pursued. The subject about installation and maintenance of
outfits, used by the free mobility system, especially a visually impaired person guidance block was

examined.
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Evaluation of Road Safety Facilities using Road Traffic Accident Database
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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

(FARHAR TR 16~18 F &)

BRI BB ZE [ B LT ERE M ORE
Road Department Head Kunihiko Oka
Advanced Road Design and Safety Division FEMEE &F i

Senior Researcher  Susumu Takamiya
TR T EFE
Guest Research Engineer  Keisuke Nakanao

In resent years, it is desired that an existing road space is used properly and that a safe and
comfortable road space is provided. Therefore, zonal road developments for a daily life and/or transit
malls are being promoted in 52 areas in Japan. It is essential to grasp a process of planning measures
and an effect of measures and to accumulate technical knowledge. In this study, the states of the 52
areas were surveyed and some issues and direction of provisions for them were discussed.
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Study on Road Traffic Environments for Various Road Users
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Road Department
Advanced Road Design and Safety Division
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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 examined two subjects related to the improvements of roadside facilities which
are mainly for arterial roads. One is a research on the size of character and volume of information in
traffic signs. Another subject is clarifying the requirements and revising the standard for road lightings.
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Research on winter road management
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Research Engineer Osamu Minoshima

This research project summarizes concepts 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
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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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Research on Metal Pieces Stuck on Guardrails

(FAREARM TR 1T EF)
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Research Engineer Osamu MINOSHIMA

In May, 2005, a junior high school pupil was injured by a metal piece attached to a guardrail. The
Advanced Road Design and Safety Division analyzed the way that these metal pieces were attached
and performed material analysis and corroborative testing of the metal pieces to clarify the reason why
they were attached to the guardrail.
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Analysis of Correlation between Roadway Alignment and Traffic Accidents
ABSTRACT

As roadway alignment has a significant impact on the drivers on roads, careful consideration must be given to road
alignment in order to reduce road accidents. Sharp curves and steep grades, for example, are known to increase the
potential for accidents, and should be avoided wherever possible. In addition, the frequency of traffic accidents may
vary even on roads with the same alignment if their facilities or the configuration of their cross sections etc. differ.
Thus, in designing the road alignment to minimize road accidents, it is necessary to also consider the placement of
facilities and the configuration of the roadway cross-section. This report seeks to provide valuable information for
use in the road alignment design process by analyzing correlation between road alignment, traffic conditions and
road accidents. One example of the findings of this study involved a comparison of the lane deviation accident rate
on curves on four-lane roads and two-lane roads. The comparison revealed a higher accident rate on two-lane roads,
and also found that the smaller the radius of curvature, the higher the accident rate, particularly on two-lane roads. In
this way, a great deal of new knowledge has been obtained.
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1. INTRODUCTION

As roadway alignment has a significant impact on the drivers and drivers' behavior on roads, careful consideration
must be given to road alignment in order to reduce road accidents. Sharp curves and steep grades, for example, are
known to increase the potential for accidents, and should be avoided wherever possible.

Compared to curves in non-urbanized districts where there are no roadside facilities, drivers may be less attentive on
curves in urbanized districts where there are shops and other roadside facilities. As a result, drivers tend to enter
these curves at higher speeds. Thus, accidents may occur more frequently on the latter type. In this way, the
frequency of traffic accidents may vary even on roads with the same alignment if their facilities or the configuration
of their cross sections etc. differ. This means that in order to select a road alignment that will not increase the
potential for traffic accidents, it is necessary to pay attention to the way that facilities are placed and on the
configuration of their cross sections. This study focused on the impacts of roadside situations, number of lanes, and
the placement of traffic safety facilities to analyze the relationship between road alignment, its plane alignment in
particular, with the occurrence of traffic accidents so that designers can design road alignments considering these
points. This paper reports its results.

2. THE DATA USED AND THE ANALYSIS METHOD

The analysis was performed using the Integrated Traffic Accident Database and the MICHI Data Base (Road
Management Database).

The Integrated Traffic Accident Database was created by combining the Traffic Accident Statistical Data and Road
Traffic Census Data. The Traffic Accident Statistics Data are records of data concerning each traffic accident
causing death or personal injury: for example, the type of accident, type of people involved, time period (daytime,
nighttime). The Traffic Accident Statistics Data include data concerning all accidents that caused fatalities and/or
personal injury in Japan. The Road Traffic Census Data are records of the traffic volume, percentage of large trucks,
degree of congestion, and roadside situations in road sections, etc. The Road Traffic Census Data includes
information about all sections on national highways and on prefectural roads. The MICHI Data Base records data
concerning the geometrical configurations of roads and the placement of road side facilities in all road sections. The
MICHI Data Base records data concerning roads managed directly by the Ministry of Land, Infrastructure and
Transport (21,828km in 2001).

The above data are integrated using location information (road numbers, kilometers from the origin points of each
road) as the key data. This data base can be used to clarify the correlation of the state of the occurrence of traffic
accidents, traffic volumes, roadside situations, geometric configurations of roads, placement of road side facilities,
and so on. Intersection accidents have been omitted because the characteristic of intersection rather than roadway
alignment affects the cause of traffic accidents at intersection.

Data for the four-year period between 1998 and 2001 was used for analysis. In addition there is no data of Property
Damage Only (PDO) accident statistics in Traffic Accident Statistical Data in Japan. Thus, the analysis was based
on accidents involving death and injury, not PDO accidents.

In this report, the state of the occurrence of traffic accidents is, the accident rate. This eliminates the effects of
differences in traffic volumes. The accident rate AR (accidents/100 million vehicle km) is calculated as shown in the
following equation when the number of fatal and personal injury accidents is NA (accidents/year), the traffic volume
in the same section is Q (vehicles/year), and the length of the section is L (km):

_ NA
R 0O xL
3. RESULTS

3.1 Correlation of radius of curvature with the accident rate

As the basic analysis, the correlation of the radius of curvature with the accident rate was analyzed (Figure 1). It
revealed that the smaller the radius of curvature, the higher the accident rate. But if the radius of curvature is equal
to or above a certain value, even if the radius of curvature increases, the accident rate tends to rise instead of falling.
An analysis of the correlation of the radius of curvature with the accident rate by type of accident has revealed that
the smaller the radius of curvature, the higher the accident rate of the accidents caused by the deviation of a vehicle
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from its lane such as head-on collision, vehicle alone (Figure 2). When the total number of accidents caused by
deviation of a vehicle from its lane (vehicle to person walking facing/parallel to vehicle (not on the roadway), head-
on collisions (except while passing or overtaking), collisions with structures, and running off the road) is examined,
this tendency is even more pronounced. This is presumably a result of the fact that the smaller the radius of
curvature, the more likely a vehicle is to deviate from its lane under a physical effect such as centrifugal force.

In contrast, the larger the radius of curvature, the higher the rear-end collision accident rate, presumably because
when the radius of curvature is large, drivers feel safe, and are consequently less attentive. If drivers’ attentiveness
declines, accidents caused by vehicles deviating from their lanes should also increase, but they actually decline. It is
assumed that lowering the centrifugal force sharply reduces lane deviation accidents, and that this reduction exceeds
the rise of the number of accidents caused by drivers’ inattentiveness. So it is assumed that this markedly increases
only those accidents not caused by a vehicle lane deviation, particularly rear-end collisions.

3.2 Correlation of radius of curvature with accident rates by roadside situations

The correlation of the radius of curvature with accident rates by road side situations was analyzed (Figure 3). The
roadside situations were categorized as “DID”, “other urbanized districts,” and “non-urbanized districts” (See Table
1 for the definition of each category). Regardless of roadside situations, the smaller the radius of curvature, the
higher the accident rate. It also clarified that regardless of the radius of curvature, the accident rate in DID is highest,
and the accident rate in non-urbanized districts is lowest.

Next, the correlation of the radius of curvature with the accident rate was analyzed by roadside situations by type of
accident (Figure 4). It revealed that in DID and other urbanized districts, the percentage of all accidents that are rear-
end collisions is extremely high at about 50%. This high rate is a result of vehicles suddenly decelerating when other
vehicles enter or leave the many facilities accessible along roads in DID and other urbanized districts. Signboards
etc. along roads are assumed to also lower drivers attentiveness to their driving.

In non-urbanized districts on the other hand, the percentage of all accidents that are rear-end collisions is not as high
as it is in DID and in other urbanized districts. The rate of accidents caused by a vehicle deviating from its lane is
higher and the tendency for the accident rate to rise as the radius of curvature declines is more marked than in DID
and other urbanized districts (Figure 5). This is result of the fact that in a non-urbanized district, the percentage of
two-lane roads is higher and the percentage of roads with a central median is lower than in a DID and other
urbanized districts (Table 2, 3).

3.3 Correlation of number of lanes and radius of curvature with the accident rate

The correlation of the radius of curvature with the accident rate was analyzed for road sections with two-lanes
(including 3 lanes) and road sections with four or more lanes (Figure 6). The analysis revealed that regardless of the
number of lanes, the smaller the radius of curvature, the higher the accident rate. It also clearly shows that at almost
all radii of curvature, the accident rate is higher on roads with four or more lanes than on two-lane roads.

Next, the correlation between the radius of curvature and the accident rate was analyzed by number of lanes by type
of accident (Figure 7). It revealed that on roads with four or more lanes, the percentage of all accidents that are rear-
end collisions is extremely high at more than 50%. This is assumed to be a result of the fact that many sections with
four lanes or more are located in DID regions (See Table 2 above). On two-lane roads on the other hand, the
accident rate of accidents caused by vehicles deviating from their lanes is higher than it is on roads with four lanes
or more. This trend is more marked where the radius of curvature is small (Figure 8). This is assumed to be a result
of the fact that because there is more waiting space on roads with four lanes or more, there is a high probability of
vehicles stopping in adjoining lanes without leaving the road or entering the oncoming lane. It is also thought to be
an impact of the fact that a high percentage of sections of roads with four lanes or more have center medians.

3.4 Correlation of the presence/absence of a center median and the radius of curvature with the accident rate

The correlation of the radius of curvature with the accident rate was analyzed by presence/absence of a center
median (Figure 9). And here, even in cases without a center median, cases where there is a dividing line or zebra
pattern that is 50cm or wider are included in “with center median.” It is assumed that the installation of a center
median prevents head-on collisions do not occur so at first the study focused on head-on collisions. It revealed that
on all roads, regardless of the radius of curvature, the accident rate is lower with a center median than without a
center median. And the smaller the radius of curvature, the greater the gap in the accident rates between roads with a
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center median and without a center median. This means that the smaller the radius of curvature, the greater the head-
on collision prevention effect of installing a center median.

Next, an analysis was done by roadside situations and by number of lanes (Figure 10). Regardless of the roadside
situations and regardless of the radius of curvature, the accident rate is lower with a center median than it is without
a center median. On roads with both two lanes and with four lanes or more, regardless of the radius of curvature, the
accident rate tends to be lower with a median than without a median.

Looking at the statistics by type of accident on the other hand, reveals that accident rates of vehicle to people
collision, crossing collision, and collision while turning right tend to be lower with a center median than without a
center median when the radius of curvature is large (Figure 9). This is assumed to be a result of the fact that
installing a center median prevents pedestrians from crossing a street outside of pedestrian crosswalks and also
prevents drivers from entering and leaving road side facilities (right turns from the main road and right turns from
the roadside space).

4. CONSIDERATIONS AND CONCLUSIONS

This research, the analysis of data concerning traffic accidents and road traffic conditions, was carried out so that
designers can select road alignments considering the impacts of roadside situations, number of lanes, and the
placement of traffic safety facilities in order to design safer roads. It clarified the quantitative correlation of the road
alignment, roadside situations, the number of lanes, and the placement of traffic safety facilities with the state of
occurrence of traffic accidents. The results can be applied to perform management to reduce traffic accidents
through road projects and road operation. For example, it is possible to apply the results presented in this report to
predict the safety of a road before it is opened to service or before any accidents have occurred, or to implement
advance countermeasures in dangerous sections. It can also be used to select locations to improve the road alignment,
install a center median, or to take other traffic safety measures, or to perform an advance evaluation of the
effectiveness of their implementation. The results also can also be applied to calculate traffic accident reduction
benefits and to design optimum roads considering the cost-benefits ratio.

A study of the results of the analysis has provided the following knowledge. This knowledge is counted on to
contribute to safer road design as a check list used to select road alignments.

(1) The results of simply analyzing the radius of curvature — accident rate correlation revealed that as expected, the
smaller the radius of curvature, the higher the accident rate. In other words, it has shown that a small radius of
curvature should be avoided.

(2) It was observed that if the radius of curvature is higher than a specific value, even if it continues to increase, the
accident rate does not decline, and in fact, tends to rise as the radius of curvature nears the linear. But examining the
results by type of accident revealed that the accident rate for many kinds of accidents, those caused by a vehicle
deviating from its lane in particular, declines as the radius of curvature increases. This means that the radius of
curvature should be as large as possible to reduce physical impacts (centrifugal force) to prevent lane deviations.
(3) Analysis revealed that the larger the radius of curvature, the higher the rear-end collision accident rate. It is
assumed that rear-end collisions are not closely related to the physical impact of the plane curve. This means that
regardless of the radius of curvature, the rear-end collision accident rate ought to be almost constant. Despite this,
the rise in the rear-end collision accident rate may be a result of a decline of drivers’ attentiveness because the more
nearly linear the road alignment, the safer they feel. Where the radius of curvature is large, measures should also be
taken to stimulate the attentiveness of drivers.

(4) Analysis revealed that the rate of accidents caused by vehicles deviating from their lane is higher in non-
urbanized districts than in DID and other urbanized districts. And the tendency for the accident rate to be higher
when the radius of curvature is smaller is more pronounced. It is, therefore, assumed that the radius of curvature in
non-urbanized districts should be set as large as possible.

(5) The analysis revealed that in DID and in other urbanized districts, the percentage of accidents that are rear-end
collisions is high. This is assumed to be a result of the fact that there are many facilities that vehicles enter and leave
along roads in DID and other urbanized districts, and that vehicles decelerate suddenly to avoid colliding with
vehicles entering and leaving these facilities. Another reason is that signboards of roadside facilities reduce the
attentiveness of drivers to their driving. This means that under the effects of the high rear-end collision accident rate,
if the radius of curvature exceeds a stipulated value, the larger the radius of curvature, the higher the accident rate.
As stated in (3), if the radius of curvature is large, measures to stimulate the attentiveness of drivers should be
implemented at the same time. The accident rate is lowest near a radius of curvature between 400m and 500m in
DID (in other urban districts, 400m to 1,000m). It is assumed that the radius of curvature in DID and other urban
districts might be better to set at such values.
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(6) On two-lane roads, the accident rate for accidents caused by lane deviation is higher than it is on roads with four
or more lanes, and the smaller the radius of curvature, the greater this difference. This is assumed to be a result of
the fact that because there is more waiting space for vehicles on roads with four or more lands, vehicles do not leave
the road or deviate into the oncoming lane. When a small radius of curvature is unavoidable, an effective
countermeasure might be increasing the number of lanes near the curve. An effective solution might be to provide
shoulders etc. wide enough that the number of lanes cannot be increased.

(7) Analysis revealed that regardless of the radius of curvature, the head-on collision accident rate is lower where
there is a center median than where there is no center median. The smaller the radius of curvature in particular, the
larger the gap between the accidents rate with a center median and without a center median. This means that the
smaller the radius of curvature, the greater the effectiveness of constructing a center median.

In this study, we analyzed the correlation between roadway alignment and accident rates. A more detailed study of
the correlation between roadway alignment and accident severity should be undertaken in future. Also the difference
between daytime crashes and nighttime crashes should be undertaken in future.
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Table 1 Definition of Roadside Situations

R.oad.51de Definitions

situations
Region in cities, wards, towns, and villages where there

DID are adjoining surveyed districts with high population
density (about 4,000 people/km’ or more) and with total
population of 5,000 people or more.
Other urbanized | Region with continuous occupied buildings on both sides
districts of the roads, forming an urbanized district.

Non-urbanized
districts

Region with 'flat land' or with 'mountainous land'.
Flat land is the region without continuous occupied
buildings and with gently graded roads. Mountainous
land is the region including mountains, hills, and
foothills.
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Table 2 Number of the sample by roadside situation by the number of the lane

4 or more Percentage
2 lanes of two-lane| Total
lanes .
sections

DID 2,279 3,248 41.2% 5,527
Other urbanized

districts 3,523 685 83.7%) 4,208
Non-urbanized

districts 24,251 1,658 93.6%) 25,909
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Table 3 Number of the sam

without |Persentage
With center| center with
median median center Total

DID 2,460 3,067 44 .5% 5,527
Other urbanized

districts 583 3,625 13.9% 4,208
Non-urbanized

districts 1,530 24,379 5.9% 25,909
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Figure 1 Correlation of radius of curvature with accident rates.
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Figure 2 Correlation of radius of curvature with accident rates by type of accident.
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Figure 4 Correlation of radius of curvature with accident rates by roadside situation by type of accident.
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RESEARCH ON THE REQUIREMENTS FOR INTERSECTION LIGHTING
Takashi KAWAI, Kazuhiko ANDO, Nozomu MORI
National Institute for Land and Infrastructure Management,
Ministry of Land, Infrastructure and Transport

1-Asahi, Tsukuba-city, Ibaraki-prefecture 305-0804, Japan

1. Introduction

Some 57% of all casualties in traffic accidents in Japan in 2003 occurred at or near
intersections according to the Traffic Accident Statistics. For traffic accidents at and near
intersections at night, injury accidents account for 29% of all traffic accidents whereas fatal
accidents account for 48%. Accidents involving pedestrians at crossings and cars account for
the majority of fatal accidents at night. Thus, intersections are places where traffic accidents
frequently occur and, particularly at night, serious accidents are likely to occur involving
pedestrians at crossings.

The authors focused on lighting at intersections, which is one of the intersection safety
measures for nighttime, by analyzing the conditions of traffic accidents and carrying out a
visibility evaluation experiment to clarify the requirements for intersection lighting in order to

reduce traffic accidents.

Table 1 Lighting conditions

2. Setting of Lighting Conditions —
mercury | MCN30 MCNI15 MST15 MCE30 MCS30

Lighting lamp

The lighting conditions to be tested in  coniions [
igh-pressurel  \1\[3() NCNI15 NST15 NCE30 NCS30

sodium lamp

the visibility evaluation experiment
B T N , # Llr
Tf

were as shown in Table 1. Four Foston ofghing 1 TN QT =

installation locations of lights were . Laidontar - lLfC;]ZiﬁST
selected for comparison: [1] the - Nos;tmg senypars | Oy
“standard layout” of lighting as per R PP et 0

the Japanese road lighting installation standard, [2] the corner layout, which places lights at
corner cuts of an intersection to improve visibility of pedestrians, [3] the corner layout with
additional lights at the entrances of the roads to improve visibility of vehicles traveling

straight into the intersection, and [4] the standard layout plus the corner layout. The average
illuminance set for the experiment was 30 Lx determined based on the past study "D and the

standards of major foreign countries and local standards "2 while 15 Lx was set for evaluation

Copyright 2005 by International Road Federation



for the corner layout. The set average illuminance covers the internal area of the intersection

including the crossings. High-pressure

sodium lamps and fluorescent mercury lamps

were used as light sources for comparison.

3. Visibility Evaluation Experiment

3.1 Experiment

The visibility evaluation experiment was

conducted at the test intersection to check

the effect of lighting conditions set as
shown in Table 1. The experiment
conditions are shown in Table 2. The
following five experiments were carried
out. The schematic diagrams of the

experiment are shown in Fig. 1.

(a) Visibility of pedestrians, (1) through
(4), at the intersection seen from the
observing vehicle.

(b) Visibility of a car waiting to turn right,
(5), seen from the observing vehicle.
(c) Visibility of pedestrians at the crossing,
(6) through (8), seen from the vehicle

turning left.

(d) Visibility of pedestrians at the crossing,
(9) through (11), seen from the vehicle
turning right.

(e) Visibility of a vehicle traveling straight
from the opposite direction, (12), seen
from the vehicle waiting to turn right.

The monitors evaluated the visibility of

the subjects, seen from the driver's seat in

the vehicle, at the intersection illuminated

Table 2 Experiment conditions
Type of crossing 4 lanes x 4 lanes
Carriageway width 13 m
Monitor 20 people (including 14 men and 6
women) aged from 19 to 38
Black jacket and trousers

Clothes of pedestrians

Front light of vehicle [[Low beam
@ @ 3 &
; | o
Observing vehicle k -'\ ﬁ
o N
Waiting to the right

Distance to each
subject of
observation: 75 m

< >

Sm

(a) and (b) Schematic diagram of experiment

Pedestrians (1) and (2) are crossing the street at the crossing. Pedestrians (3) and (4) are

jaywalking 5 m away from the crossing. The vehicle waiting to turn to the right (5) is

turning to the right. The monitor is in the observing vehicle in a stationary position and

evaluates the visibility of each subject. The display time for each subject is one second.
(6)

SmT(g) } ' (11)*
M

(©)]

kY

O 2ive

]
iy —]

Observing vehicle

==

Observing vehicle

I
]

(c) Schematic diagram of experiment

— —
(d) Schematic diagram of experiment

Pedestrians and cyclists (6) through (10) are crossing the street at the crossing. Pedestrians (8) and (11)
are standing in a stationary position at the shoulder 5 m away from the pedestrian crossing. The monitor
is driving the observation vehicle, turning to the left or right, to evaluate the visibility of each subject of
observation.

Measure the shortest distance with which

i}t g‘s considered possible to turn to the ri;.'.ht:

30 or 60 km/h

12) —
Observing vehicle

Area in which the
illuminance at the vehicle
entry part is to be calculated

» 50m _

The monitor is in the observation vehicle, which is in a stationary
position waiting to turn to the right, and evaluates the difference in
speed from that of the vehicle coming from the opposite direction (12)
and the distance sufficient for turning to the right.

(e) Schematic diagram of experiment

Fig. 1 Schematic diagram of experiment

under each lighting condition, and rated the visibility on a scale of four (3: very visible; 2:
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visible; 1: barely visible; 0: not visible) in experiments (a) to (d). For experiment (e), the
minimum distance from the monitor’s vehicle to the vehicle, which is traveling straight from
the opposite direction at 60 km/h and 40 km/h from afar, that enables the monitor vehicle to
turn right (“distance which allows turning right”’) and the difference in speed were evaluated.
For the difference in speed, the monitors chose the vehicle that appeared faster than the other
and evaluated the difference on a scale of three (2: clearly recognizable, 1: barely
recognizable, and 0: not recognizable). Since the distance which allows turning right was
expected to vary depending on the individual monitors, the same experiment was conducted
during the day and the differences in scores between the daytime preliminary test and the
actual test at night were used to properly evaluate the results.

3.2 Experiment Results

1) Experiments (a) through (d)

Figures 2 to 4 show the results of experiments (a) to (d) for lighting condition NST15, which
is the most frequently employed for current road intersections in Japan, comparing the scores
by the lighting layout, illuminance and light sources. Installing lighting equipment at corners
of the intersection improved the visibility of pedestrians walking at the intersection crossing,
or (3) to (4), as seen from the vehicle moving straight toward the intersection and the
visibility of pedestrians walking at the crossing, or (6) to (11), as seen from the vehicle
turning right or left (Fig. 2). But in the case with lighting only at corners, the visibility of
pedestrians at the crossing closer to the straight-moving vehicle, (1) and (2), was poorer than
the case of the standard layout, and no major improvement in visibility was achieved even by
increasing the illuminance (Fig. 3). For the location of lighting with the same illuminance,
fluorescent mercury lamps provided better visibility of the pedestrians, (6) to (11), for the

vehicle turning right or left, than high-pressure sodium lamps, as shown in Fig. 4.

—101—

L2 rverep ey 1.2 =CERNOREIENESRSING ] 12
1 : R E 0 é - —4&— NCN15(15Lx)-NST15 0 ;
e — || e |
g . . 0.4 A . y Sy g
A B A aAnaSc| I | Ry /AN = |
£ 2 0 $le-0o 9|5 0
[} - anyn
= 8 -0.2 = g -02
§ _gi \é —&— NCN30 (Laid out at comer cuts)-NST15 % _0.4 & - ¥ A % 04 H —e— MSTI5 (Fluorescent mercury lamp)— 1
%’ .():6 —@— NSTI15 (Laid at standard locations) %) 'gg sEEw ": g) 0.6 1 NSTI15 [
A -0. A -0.8 H 3 . ; 5!
-0'? —A— NCS30 (Laid out at standard locations -1 = -1 H ~@— NSTI5(High-pressure sodium lamp) 4
1’2 plus corner cuts)-NST15 12 1.2
’ Q@G @6 6 @6 O d0)an 1@ G @G © (D@ © 10y H @ G @ 6 O 0 @ 9 q0an
Subject of visual observation Subject of visual observation Subject of visual observation
Fig. 2 Comparison by the Fig. 3 Comparison by the Fig. 4 Comparison by the
location of lighting degree of illuminance Light sources
2) Experiment (e)




The experiment on the difference of speed produced the results shown in Fig. 5. No monitors
gave the wrong answers for the difference in speed. Lighting condition MCN30, with no
lighting at the vehicle entry parts, was given the lowest score by the monitors. The
relationship between the distance which allows turning right and the illuminance at the

vehicle entry part is shown in Fig. 6, which plots the distance on the left y-axis, the average

illuminance at the entry part on the right y-axis 5 .
and the lighting conditions on the x-axis. As s /\‘\’
indicated, the lower the illuminance at the entry o ' S:/Ore
part, the sooner the monitors tended to abandon 3 'k clearly recognizable

o 05 |_|1: barely recognizable
turning right. 0: unrecognizable

0
4. Summary and Future Tasks M Lihgdﬁgfé coﬁfiﬁi(:ls e
Structural features greatly vary from intersection Fig. 5 Results of experiment
to intersection, and so the location for " (dhiference 111: speejjdm
placing lighting needs to be decided based § ij I | 12 —— 60k/m
on each structure. Our research revealed, as g g ;g’ 2 r | yp (A Mluminance
basic data for determining lighting layout, g % g 2 1: ;O % é
that installation of lighting on corners at § g é; - i j % Eg 3
intersections effectively improves the : é s 3 I ] é g‘g
visibility of crossing pedestrians seen from ’ 2 2
left- or right-turning vehicles and that the 47%0 %OJ 47%0 AVQ??O
Lighting conditions

illuminance of lighting at the entry parts of : : :
Fig. 6 Relationship between the

the roads significantly affects the behavior difference in distance sufficient for
turning right, between daytime and

of right-turning drivers. nighttime and the degree of illuminance

Regarding light sources, it was found that

fluorescent mercury lamps are more suitable than high-pressure sodium lamps in terms of
visibility.

Since this study did not identify the necessary illuminance for intersection lighting, the
authors intend to work on this issue in the future.

This research produced useful findings on visibility depending on the lighting environment at
intersections at night. However, the findings need to be compared with the actual conditions
of intersection traffic accidents in order to clarify the relationship between night-time

visibility at intersections and the effect on reducing traffic accidents.
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Form of Sidewalk-Roadway Boundaries Considering Their Use by Wheelchair Users and
Visually Impaired Persons

ABSTRACT

In Japan, at the boundaries of mount-up type sidewalks and pedestrian crosswalks, the level
difference between the sidewalk and crosswalk surface is 2cm and a gentle slope links the
sidewalk and crosswalk surfaces so that wheelchair users and visually impaired persons can
cross the boundary. But in recent years, there have been cases where the level differences and the
gradient of the surface of curbs have been lowered excessively. This solution makes it more
difficult for visually impaired persons to recognize the sidewalk-roadway boundary, causing
them anxiety. So experiments were done to study a form of sidewalk-roadway boundary that
contributes to safer road use by both wheelchair users and visually impaired persons.

The experiments were performed by having experimental subjects cross 16 types of sidewalk-
roadway boundary made by varying the shape of curbs installed on the boundary. The curb
shapes were created by varying the shape of the edge, the level difference of the edge, height of
the back surface, and surface gradient. The experimental subjects consisted of wheelchair users
and visually impaired persons, all of whom normally go out alone. The experiments showed that
wheelchair users found that the higher the level difference of the edge, the more difficult it was
for them to cross the boundary. The visually impaired persons reported that when the backs of
the curbs were high, it was easier for them to recognize the boundary.
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1. INTRODUCTION

Two types of sidewalks have been used in Japan and these are either mount-up type or flat type.
The mount-up type sidewalk is a level higher than the roadway and is divided from it by curbs.
The flat type sidewalk is the same level as the roadway although it is also divided by curbs. The
boundary between a mount-up type sidewalk and the roadway is clear because of the level
difference between their surfaces, so it is easy for a visually impaired person to distinguish
between the sidewalk and roadway. But because of this level difference or gradient at the
sidewalk-roadway boundary of a mount-up sidewalk, it is not convenient for wheelchair users
who want to cross the boundary.

In Japan, at the boundaries of mount-up type sidewalks and pedestrian crosswalks, the level
difference between the sidewalk and crosswalk surface is 2cm and a gentle slope links the
sidewalk and crosswalk surfaces so that wheelchair users and visually impaired persons can
cross the boundary. Figure 1 shows an example of this structure. But in recent years, the aging of
society has increased the number of elderly people using wheelchairs, resulting in cases where
the level differences and the gradient of the surface of curbs have been lowered excessively. If
this is done, it is more difficult for visually impaired persons to recognize the sidewalk-roadway
boundary, making them anxious. So experiments were done to study a form of sidewalk-roadway
boundary that contributes to safer road use by both wheelchair users and visually impaired
persons.

2. BACKGROUND AND PURPOSE OF THE STUDY

2.1 The Law Concerning the Promotion of Accessibility of Public Transport Systems to the
Aged and the Physically Disabled (Transport Accessibility Improvement Law)

Japanese society is aging at a pace faster than any other country in the world. It is predicted that
the population aged 65 or older will reach 26.0% of the total population in 2015 (1) and Japanese
society will become a society in which one fourth of its members is elderly. To prepare for a
society of this kind, it is necessary to provide social infrastructure that will allow everyone
including the elderly and the physically disabled to lead independent lives according to each
person’s desires. So in 2000, the Law concerning the Promotion of Accessibility of Public
Transport Systems to the Aged and the Physically Disabled (usually called the Transport
Accessibility Improvement Law) was enacted, and road space has been provided in line with its
provisions.

The Transport Accessibility Improvement Law was enacted to encourage the more
convenient and safer movement of people by removing all barriers to accessibility in railway
stations, bus terminals, airports, passenger ship terminals, etc. and removing all barriers to
movement on roads in districts surrounding these facilities out of consideration for the
movement of the elderly, physically disabled people, pregnant women, and others who use
public transportation systems. Under this law, municipal governments designate relatively
unified areas centered on specified passenger transportation facilities as “Priority Improvement
Areas”, and sidewalks constructed in Priority Improvement Areas must comply with “the
Standards for Road Structure Required for the Smooth Movement of People in Priority
Improvement Areas”.

In Japan, at the boundaries of mount-up type sidewalks and pedestrian crosswalks, the
level difference between the sidewalk and crosswalk surface is 2cm and a gentle slope links the
sidewalk and crosswalk surface so that wheelchair users and visually impaired persons can cross
the boundary. Measures for sidewalk-roadway boundaries are similarly stipulated in the above
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Standards. But in recent years, the aging of society has increased the number of elderly people
using wheelchairs, resulting in cases where the level differences and the gradient of the surface
of curbs have been lowered excessively. If this is done, it is more difficult for visually impaired
persons to recognize the sidewalk-roadway boundary, making them anxious. It is, therefore,
necessary to develop a sidewalk-roadway boundary form that wheelchair users can cross easily
and that permits visually impaired persons to easily recognize the sidewalk-roadway boundary.

2.2 Past Studies of Sidewalk-Roadway Boundaries
A sidewalk-roadway boundary should be shaped so that wheelchair users can cross it easily and
visually impaired persons can easily recognize the boundary. Past studies of sidewalk-roadway
boundaries undertaken to provide such a form include that by FUJII et al (2) and by ISHIZUKA
et al (3). Both studies were conducted by preparing sidewalk-roadway boundaries by varying the
shape of the curb installed on the boundary and performing experiments to evaluate how easily
this boundary could be crossed. A curb shape consisted of the following elements.
Shape of the edge: Refers to the shape of the roadway side edge of the curb, and it can be
rounded or sloped.
Level difference of the edge: Refers to the level difference on the roadway side edge of the
curb.
Height of the back surface: Refers to the level difference between the surface of the
sidewalk side edge of the curb and the roadway.
Surface gradient: Refers to the gradient from the sidewalk side to the roadway side formed
by the surface of the curb.

FUJII et al (2) used 14 kinds of sidewalk-roadway boundaries created by varying the
shape of the edge, the level difference of the edge, and surface gradient, then had wheelchair
users, visually impaired persons, and elderly people cross the boundaries as an experiment to
evaluate how easily they could cross the boundary and how easily they recognized it. The results
showed that wheelchair users gave good evaluations to shapes with low level difference of the
edge, and visually impaired persons gave good evaluations to those with a relatively steep
surface gradient. And ISHIZUKA et al (3) similarly prepared 10 types of sidewalk-roadway
boundaries by varying the level difference of the edge and the surface gradient, then had
wheelchair users and visually impaired persons perform the experiment, obtaining almost
identical results.

But both of these studies used curbs with the height of the back surface lowered to about
2cm and the level differences between the sidewalk and roadway were smaller than those with
the curbs that have been used in Japan in the past. So these studies obtained the result that
wheelchair users evaluated the sidewalk-roadway boundaries as easy to cross, but the results of
evaluations by visually impaired persons show that they may be difficult for them to recognize.

2.3 Purpose of This Study
This study was conducted with reference to the above circumstances by considering the
following points.
(1) In addition to a variety of new curb shapes, the experiments evaluated curb shapes that
have been used in Japan in the past. It also evaluated these curb shapes comparatively.
(2) Under the above Standards for Road Structure Required for the Smooth Movement of
People in Priority Improvement Areas, the mount-up and flat type sidewalks
traditionally used in Japan were to be replaced with a semi-flat type sidewalk with a

3" International Symposium on Highway Geometric Design June 29-July 1, 2005

—148—



Takamiya, Hatakenaka, Monma, & Mori 5

level difference of Scm between sidewalk and roadway. Therefore an evaluation of
curb shapes with a height of the back surface of S5cm was also performed.

(3) In Japan, Tactile Ground Surface Indicators (TGSI) for visually impaired persons have
been installed extensively at boundaries between sidewalks and roadways in order to
make the boundaries easier for visually impaired persons to identify. Figure 2 shows
the TGSI and a sample installation pattern (5). However, TGSI have not been installed
at every sidewalk-roadway boundary throughout the country, and it is unlikely that they
ever will be. For this reason, a case in which TGSI were not installed was assumed in
this study, and the characteristics of the curb shape only were evaluated.

3. STUDY METHOD

3.1 Sidewalk-Roadway Boundary

The experiments were performed by, as in the case of the past studies, having experimental
subjects cross 16 types of sidewalk-roadway boundary made by varying the shape of curbs
installed on the boundary. The experiments were performed at an outdoor test site at the National
Institute for Land and Infrastructure Management (NILIM). The shapes of the curbs consisted of
the following elements (See Figure 3), and the details of each element of the 16 curbs are shown
in Table 1 and Figure 4.

Shape of the edge: Refers to the shape of the roadway side edge of the curb. There are two
types: rounded or sloped. The sloped type uses a 100% gradient over the edge height
differential, up to 2 cm. This is both higher and steeper than the slope required under
the Americans with Disabilities Act (ADA) (6).

Level difference of the edge: Refers to the level difference on the roadway side edge of the
curb.

Height of the back surface: Refers to the level difference between the surface of the
sidewalk side edge of the curb and the roadway.

Surface gradient: Refers to the gradient from the sidewalk side to the roadway side formed
by the surface of the curb.

So the level differences of the edge that were tested were, in addition to the 2cm that is
the level used on curbs in the past, 0cm and 1cm cases included to make them easier for
wheelchair users to cross. The heights of the back surface included in the experiment were lcm,
2cm, and Scm in order to compare how easy it is for visually impaired persons to recognize each
boundary. Setting the height of the back surface of some curbs at S5cm was done for reasons
explained in 2.3 (2).

The curb shape that was used most often in the past in Japan is curb shape 15 in Table 1
and Figure 4, and the second most commonly used curb shape is curb shape 3.

3.2 Experimental Subjects
The experimental subjects were 32 manually operated wheelchair users and 34 visually impaired
persons, and all were people who regularly go out alone. The following shows the degree of
disability of the experimental subjects.
Wheelchair users: 32
Breakdown by type of injury Spinal cord injuries: 17
Cervical vertebrae injury: 6
Cerebral paralysis: 3
Others: 6
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Breakdown by age 20-29:5
30-39:4
40-49:9
50-59:11
60+: 2
Unknown: 1
Visually impaired persons: 34
Breakdown by condition Profound blindness: 23
Weak eyesight: 11 (visual acuity 0.001 to 0.04)
Breakdown by age Upto 19:2
20-29:2
30-39:3
40-49:7
50-59:11
60+: 8
Unknown: 1

3.3 Study Method
The experiment was performed by having the experimental subjects cross the curb, then
afterwards, answer questions about how difficult it was to cross or how difficult it was to
recognize the sidewalk-roadway boundary. The contents of the questions are shown in Table 2.
Each subject was asked to cross each curb four times, descending from the sidewalk to
the roadway (below called “descent”) twice and ascending from the roadway to the sidewalk
(below called “ascent”) twice. Subjects were asked to attempt the curb crossings as they
normally would, and without assistance. When each visually impaired person crossed curb, the
subject’s starting position and the distance to the curb were varied on each repetition to prevent
the subject’s memory of the distance to the curb from helping them to recognize the boundary.
The different curbs were presented in random order. Each subject was asked Q1 and Q2
immediately after each crossing. They responded to these questions with evaluations in five
levels. The following points were given for each level.

Not difficult: 2 points
Not very difficult: 1 point
Cannot say: 0 points
A little difficult: -1 point
Difficult: -2 points

Then each was interviewed to obtain their other impressions.

3.4 State of the Study
A state of the study is shown in Figure 5 and Figure 6.

4. RESULTS AND CONSIDERATIONS

4.1 Handling the Data

The data was handled as shown in a) to c¢) according to the state of the experimental subjects
during the experiment and the answers they provided. Beginning in part 4.2, the results of
handling them in this way are treated as the evaluations of the sidewalk-roadway boundaries.
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a) Handling Data that Considers the Characteristics of Wheelchair Users
During the experiment, about half of the wheelchair users raised the front wheels of their
wheelchairs higher than the curb and let them down after they crossed the curb so that the front
wheels did not touch the curb. Doing this reduced the difficulty caused by the sidewalk-roadway
boundary, and the experimental subjects who did this during the experiment normally cross this
way. But not all the wheelchair users are able to cross the boundary this way. So evaluation
results were obtained using data for 14 other subjects who did not use this technique.
Breakdown of 14 subjects by type of injury
Spinal cord injuries: 7
Cervical vertebrae injury: 2
Cerebral paralysis: 2
Others: 3
Breakdown by age
20-29:2
30-39:2
40 -49: 4
50-59:5
Unknown: 1
Wheelchairs were subject to far more resistance by the sidewalk-roadway boundary
during “ascent” than during “descent.” So the average of the answers concerning “ascent” after
the experimental subjects had already crossed the boundary once, or in other words, the answer
about the “second ascent” was treated as the evaluation result.

b) Handling Data Considering the Characteristics of Visually Impaired Persons
This experiment was conducted by having visually impaired persons cross the curbs, but some of
visually impaired persons with weak eyesight could visually recognize the sidewalk-roadway
boundary. And data for 23 visually impaired persons with profound blindness were treated as the
evaluation results.
Breakdown of 23 subjects by condition
Profound blindness: 23 (all subjects)
Breakdown by age
Upto 19:2
20-29: 1
30-39:1
40-49:3
50-59:8
60+: 7
Unknown: 1
The experimental subjects ascended twice and descended twice, and the average of all
answers obtained was the evaluation results.

¢) Handling of Data Concerning the Shape of the Edge

Two edge shapes were used for the experiments: rounded edges and sloped edges. But there were
few differences between the evaluations of curbs with identical level difference of the edge,
height of the back surface, and surface gradient, even if the shape of their edges differed (for
example, shape 10 and shape 11, shape 13 and shape 14, etc.). So in a case where the level
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difference of the edge, height of the back surface, and surface gradient are identical, the answers
concerning the curbs with rounded edges were used as the evaluation results.

4.2 Evaluations by Wheelchair Users
Figure 7 shows the results of the evaluation by wheelchair users of how easy it was to cross the
curbs. The following can be concluded from the evaluation results.
e The evaluations vary widely according to differences in the level difference of the edge.
The lower the level difference of the edge, the more easily they crossed the curb.
o Ifthe level difference of the edge was Ocm, it was evaluated as easy to cross even if the
height of the back surface was Scm (shape 6, shape 7).
e Differences in the height of the back surface and surface gradient had no direct impact
on how easily wheelchair users crossed the curbs.
e Evaluations of shape 15 and shape 3 that have been used in Japan in the past were low
and more desirable shapes were obtained.

The above results show that the level difference of the edge should be as small as
possible for the benefit of wheelchair users, and that the sidewalk-roadway boundary with a level
difference of the edge of 2cm that has been used in Japan is given a low evaluation by
wheelchair users. This is assumed to be a result of the fact that road surfaces should have no
level differences so that they could be used by wheelchair users, and even if the level difference
of the edge was 2cm, this level difference would represent a considerable obstruction to
wheelchair users.

The results also show that differences in the height of the back surface and the surface
gradient make little difference to the ease of crossing by wheelchair users. This can be attributed
to the fact that the curbs used in the experiment were no greater than Scm in height, with a
surface gradient length of around 20cm, which is easily enough to eliminate difficulties for
wheelchair users.

4.3 Evaluations by Visually Impaired Persons
Figure 8 shows the results of evaluations by visually impaired persons of how easily they
recognized the sidewalk-roadway boundaries. The following can be concluded from the
evaluation results.
e The evaluations vary greatly according to differences in the height of the back surface.
The higher the height of the back surface, the easier it was for visually impaired persons
to recognize the sidewalk-roadway boundary.
o At a height of the back surface of Scm, it was evaluated as easy to recognize even if the
level difference of the edge was Ocm (shape 6, shape 7).
¢ A height of the back surface of S5cm obviously required a larger surface gradient, which
meant that the boundary was easily recognized even with the larger surface gradient.
¢ In a case where the level difference of the edge was 2cm but the height of the back
surface was low, the evaluation was low (shape 3). The surface gradient was 0% in this
case.
e The higher the level difference of the edge, the easier it seemed to be to recognize the
boundary, but only slightly easier.
e Evaluations of shape 15 and shape 3 that have been used in Japan in the past were high
for shape 15 but low for shape 3.
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The above results indicate that visually impaired persons can more easily recognize a
sidewalk-roadway boundary if the height of the back surface is about Scm than if the level
difference of the edge is simply 2cm (shape 3). This is assumed to be a result of the fact that
visually impaired persons can recognize the existence of a sidewalk-roadway boundary by
contact with the ground by their feet or by their white cane most easily when, because of the
height of the back surface, there is a level difference between the sidewalk and roadway of about
Scm. Not only should the policy of guaranteeing a level difference of the edge of 2cm that is
stipulated by Japanese standards be followed, but a high height of the back surface should be
high so that visually impaired persons can easily recognize sidewalk-roadway boundaries.

The results also indicate that visually impaired persons can easily recognize the sidewalk-
roadway boundary at larger surface gradients. Based on a curb width of approximately 20cm, as
commonly employed in Japan, and a height of the back surface of 5cm as stipulated in “the
Standards for Road Structure Required for the Smooth Movement of People in Priority
Improvement Areas”, the surface gradient would be in the range 20% — 25%. Thus, the surface
gradient is correlated with the height of the back surface, so above results were obtained. The
validity of surface gradients greater than 25% was not able to be confirmed in this experiment.

4.4 Overall Evaluations
Figure 9 shows the overall evaluation results obtained using evaluations by both wheelchair
users and visually impaired persons. The following can be concluded from the evaluation results.

e There are sidewalk-roadway boundaries that were evaluated highly by both wheelchair
users and visually impaired persons (shape 6, shape 7, shape 8, and shape 10).

e These shapes have a low level difference of the edge of Ocm and 1cm, and the height of
their back surfaces is S5cm.

e A comparison of evaluations of shape 15 and shape 3 that are shapes used in the past in
Japan shows that shape 15 received high evaluations by visually impaired persons but
low evaluations from wheelchair users, while shape 3 was given low evaluations by
both wheelchair users and by visually impaired persons.

Based on the above results, it is possible to propose that the sidewalk-roadway boundary
desirable for both wheelchair users and visually impaired persons is a level difference of the
edge of Ocm or 1cm with a height of back surface of S5cm. These shapes are more highly
evaluated than the sidewalk-roadway boundaries used in the past in Japan.

5. CONCLUSIONS
The following conclusions can be made based on a summarization of the above study results.

(1) For wheelchair users, the lower the level difference of edge, the easier it is to cross a
sidewalk-roadway boundary.

(2) Under Japan’s standards, “the level difference of the edge shall be 2cm,” but for
visually impaired persons, even if the level difference of the edge is 2cm, if the height
of the back surface is low, it is not very easy for them to recognize the sidewalk-
roadway boundary.

(3) For both wheelchair users and visually impaired persons, the desirable sidewalk-
roadway boundary that can be proposed is a shape with level difference of the edge of
Ocm or lem and a height of the back surface of Scm. These shapes were evaluated
highly because they are more easily crossed and more easily recognized than the
sidewalk-roadway boundary that had been used in Japan.
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This study succeeded in collecting information about sidewalk-roadway boundaries desirable for
both wheelchair users and visually impaired persons. But the study obtained results at an outdoor
test site at the National Institute for Land and Infrastructure Management (NILIM); not
evaluations that comply with conditions of actual roads. The environments surrounding the test
site and actual roads differ somewhat. For example, the boundary between a sidewalk and a
roadway on an actual road is not necessarily linear, which means that wheelchair users encounter
new obstacles to crossing this boundary. Visually impaired persons recognize sidewalk-roadway
boundaries not only from the shape of the sidewalk-roadway boundary, but from the situations of
other pedestrians or vehicles. In the future, it will be necessary to conduct studies and
evaluations considering the state of actual roads, and ultimately, to include standards stipulating
desirable sidewalk-roadway boundaries in Japan’s standards.
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FIGURE 1 Example of a sidewalk-roadway boundary on a mount-up type sidewalk.
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TABLE 1 Details of Elements of 16 Types of Curbs

Shape | Shape of edge Level difference | Height of back Surfgce
of edge (cm) surface (cm) gradient (%)

1 Round 1 1 0
2 Slope 1 1 0
3 Round 2 2 0
4 Slope 2 2 0
5 | - 0 2 12.5
6 | - 0 5 20
7 | - 0 5 25
8 Round 1 5 20
9 Slope 1 5 20
10 Round 1 5 25
11 Slope 1 5 25
12 Round 2 5 12.5
13 Round 2 5 20
14 Slope 2 5 20
15 Round 2 5 25
16 Slope 2 5 25

15

Note) The shape of the edge defined as “Round” has a rounded edge and the shape of the edge
defined as “Slope” is sloped.
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TABLE 2 Questions Answered by the Experimental Subjects

Questions for wheelchair users

Q1: Degree of difficulty of crossing (5-level evaluation)

Q2: Degree of difficulty when the curb that you crossed is used as a sidewalk-roadway
boundary (5-level evaluation)

Q3: Others, impressions etc.

Questions for visually impaired persons

Q1: Degree of difficulty of recognizing the sidewalk-roadway boundary (5-level evaluation)

Q2: Degree of difficulty when the curb that you crossed is used as a sidewalk-roadway
boundary (5-level evaluation)

Q3: Others, impressions etc.

3" International Symposium on Highway Geometric Design June 29-July 1, 2005
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FIGURE 5 State of the study (experiment by wheelchair users).
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FIGURE 6 State of the study (experiment by visually impaired persons).
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FIGURE 8 Results of evaluation of ease of recognizing the sidewalk-roadway boundary by
visually impaired persons.
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ABSTRACT

Japan now faces a decline in its population of young people as a result of the aging of the
population and a falling birth rate plus a shortage of care givers for elderly people, creating a
demand for measures to establish a Universal Society in which everyone uses their own
capabilities to assist each other.

In response, the Ministry of Land, Infrastructure and Transport has, with the support of
companies in various industries, combined their knowledge and set its sights on society ten
years in the future to undertake the Free Mobility Assistance Project: a project to construct an
environment permitting free mobility necessary to participate in society.

This report presents an outline of the free mobility assistance system and the state of progress
of the project.

KEYWORDS
Elderly and physically impaired people, RFID tag, location based service, ubiquitous
computing

CONCEPTS OF THE SYSTEM STRUCTURE

The following are the three principal concepts of the system being developed by the Free
Mobility Assistance Project. The system will be developed and introduced by combining the
knowledge of industry, academia, administrative bodies and citizens to achieve the goal of
firmly establishing the system in ten years.

[1] Open system
As the technologies are refined by a series of corroborative experiments, the system
specifications will be released to the public to construct it as an open system.

[2] A general purpose expandable system
It will be a highly general purpose and expandable system so that it will not only assist the
free mobility of elderly and physically impaired people, but contribute to the creation of
services for non-handicapped people, foreigners, and so on.
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[3] A system intended to establish an international standard
The goal will be for the entire system and its constituent technologies to become
international standards.

INFORMATION PROVISION FOR FREE MOBILITY

The purpose of the free mobility assistance system is not only to be able to assist elderly and
physically handicapped people, but all pedestrians including non-handicapped people,
foreigners, and so on. It is, therefore, necessary to understand what kind of information should
be provided and in what form to people who actually move in pedestrian spaces. When these
questions have been answered, it will be possible to construct a system and develop its
components that will satisfy users' needs. The first step was, therefore, to clarify the
information provision items and forms of information provision required to assist free
mobility.

Information required for free mobility

The following tables show the results of classifying situations were users require information
as before and after departure, then extracting examples of items required by visually
handicapped, wheelchair users, and by foreigners. But there is one precaution that must be
followed when performing such a classification. There are individual differences between
people in each of these classes, and the type and degree of detail of the information that each
person requires vary. It is, therefore, necessary for the system to perform profiling to set the
information level according to the state of each person. To take wheelchair users that is one
item on the table as an example, the information that should be provided will vary between
users of electric wheelchairs, physically strong wheelchair users, and those who cannot travel
without assistance from another person.

Table 1 - Information Required by Pedestrians

Before departure

Physically handicapped Wheelchair users Foreigners
people
Information | Require audible and tactile | Obtain information | Require information in
characteristics | guidance identical to that obtained | foreign languages
by non-handicapped
people (they can see and
hear)
Information | Route and time required to
reach destination
Usable transport systems, time
required, and fees
State of operation of public Same as on the left Same as on the left
transportation systems
Information about the
destination and locations along
the route
2
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During travel

?hysmally Wheelchair users Foreigners
handicapped people

Information | Require audible and | Obtain information | Require information in
characteristics | tactile guidance identical to that obtained | foreign languages

by non-handicapped

people (they can see and

hear)
Information | ¢ Relief information * Relief information . Explanations of

. Explanations of | » Explanations of | conditions and substitute

conditions and substitute
mobility methods during
emergencies and disasters
e Present location and
direction (guidance)

. Boundaries
sidewalks, obstacles
the road

* Location of crosswalks,
signals

* Entrances to stairways,
elevators, and vehicles

* Entrance to destination
(location, shape, etc.)

* Information about the

of
on

conditions and substitute
mobility methods during
emergencies and disasters
e Information about the
interiors of facilities

* Passable routes

. Locations and
descriptions of barrier
free facilities

* Roadside guidance
(facilities, shops)

. Bus operation
information

(Non-stop, lift-equipped

busses, etc.)

mobility methods during
emergencies and disasters
. Present location
information

* Destination

* Information about public
transportation systems

* Communicating desire
to taxi drivers

interiors of facilities

* Roadside guidance
(facilities, shops)

» Edges of platforms etc,,
proximity of trains

State of information provision by free mobility assistance

The forms of information provision for free mobility were considered by clarifying how
people usually provide and obtain information

As an example, consider a case where information is provided to people as they are preparing
to leave their home to shop or dine. One way they obtain information before departing is to
listen to the TV or radio. In this case, a person just operates a switch to obtain information that
has been transmitted in one direction by broadcast media. In almost all cases, the receiver
only receives information (there are methods of participating in a broadcast by submitting
requests by telephone, but these are special cases.). This is because just like a loudspeaker
announcement inside a store or at an event venue, it is transmitted regardless of the desires of
the receivers.

Information transmitted in this way in one direction from a transmitting side such as a
broadcaster is called “push type information.” This type of information is convenient because
it can be received automatically, but on the other hand, if the information is of no use to
people, it is just noise. So a filtering function that enables each person to receive only
information relevant to that person is necessary.
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In contrast, the desires of users of information play an active part when they willingly
purchase a magazine or book and selectively read parts of if they are interested in. This type
that users obtain or refer to intentionally in this way is called “pull type information.” This
information lacks the convenience of being obtainable automatically, but its benefits are that
each user is not disturbed by noise and obtains only information that each one wants.

A process that combines features of these can be called a conversation. There are cases where
the provider of information starts a conversation with the other person (push type) and cases
where a recipient of information obtains it by asking the other person a question. Figure 1
shows a figurative image of these types.

Push type Pull type

Figure 1 - Classification of Information Exchange Methods

It has recently become impossible to overlook the existence of the internet. This can be called
“pull type information”, because receivers search web sites to obtain information that they
want. The internet contains every kind of information about people’s destinations; not only
store, restaurant, and tourist information, but schedule and route guidance, weather
information and much more. The spread of cell phones now permits people to receive these
services as they travel and at their destinations.

Considered this way, it is clear that we now live surrounded by information. But, this vast
quantity of information includes not only that which we truly need, but incorrect information,
stale information (information about past events), etc., so that if people cannot use it skillfully,
they are drowned in a flood of information and their lives may even be endangered. This may
actually obstruct free mobility. It is, therefore, vital to create a ubiquitous network
environment where anyone can obtain only the information they need from this flood of
information, where they need it, and in a form suitable to each person.
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BASIC ARCHITECTURE

To consider the basic architecture of the system, openness is an extremely vital element.
Procurement specifications will be written in the public domain. At the stage where the
system is actually constructed, this may be done by a unique method that takes advantage of
each developer’s expertise, but the content that is discussed at the external specification level
will be open. It will not be done dependent on specific hardware or a specific maker.
Establishing an information system to serve society dependent on a specific organization
would endanger the security of the system. The future sustainability of the system and its
potential to evolve will be emphasized.

The following are concrete examples of what elements are suitable as basic architecture.

[1] T-Engine architecture
This architecture will be compatible with each type of CPU in the built-in system and have
a high level of software portability. This means if a different CPU is installed, all that is
necessary is to recompile the software. And its OS (T-Kernel) is completely open so that
anybody can obtain it and use it for development.

[2] Ubiquitous Communicator (UC)
It is the terminal created by the Free Mobile Assistance Project to be carried by pedestrians.
It is a general purpose communication terminal based on the T-Engine architecture, and
future cell phones will include the UC functions, simplifying portability of software.

[3] Place identification technologies (markers)
If ucode is transmitted, the type does not matter. Markers include infrared markers, weak
radio wave markers, Zigbee, and RFID tags.

SYSTEM CONFIGURATION

The free mobility assistance system will consist of the following basic components.

[1] Tags and markers (ucode transmitters)

-- RFID, infrared markers, weak radio wave markers, Bluetooth, Zigbee, etc.
[2] Portable terminals (receivers)

Ubiquitous Communicator, UC-Phone etc.
[3] Servers

-- Information servers (for providing place information)

-- Ucode resolution servers

Item [3] servers are essential for a ubiquitous networking environment, but they can be
omitted at locations where the information is in tags and in cases where it is possible to cache
data in portable terminals in advance. Because regarding the latter, it is necessary to download
data, it is necessary to connect with servers at hot spots.

It 1s possible for there to be differences in configuration depending on the environment where
is actually operated, but the following is the basic configuration. First the user obtains ucode
from a transmitter. When a user has entered a zone with infrared and radio wave markers, the
user automatically receives the ucode and where there are attached tags, the user obtains
ucode by holding the portable terminal near a tag.

Next, the portable terminal obtains the address (corresponds to a URL on the internet) of an

information server that stores information corresponding to the ucode that the portable
terminal obtained by accessing the ucode resolution server at the UID center. Then it accesses
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the address that it has obtained to obtain place information. Because in a ubiquitous
computing environment, there are a vast number of ucode tags and information servers
scattered around the world, giant distributed directory databases called ucode resolution
databases will maintain a relationship with ucode and information service servers. And
according to the information that is accessed, there are cases where information will be
provided only to users with access rights.

As methods of accessing a network, it is necessary to use a wireless LAN or a PHS telephone
network, but these face access time problems. It is necessary to classify places as those that
are successively linked to the network and places where data is cached in the terminal in
advance and transmitted immediately. It is necessary to be extremely careful because it there
are any problems with the timing of the provision of information about an approaching
intersection to visually impaired people in particular, they may be seriously endangered.
Experimental connections to servers are the subject of research, because it is a problem
related not only to free mobility, but a common problem for all ubiquitous networking
technologies.

Server
Data base.
GIS map informa_‘fign ] |
) ==
- = = _,_,-F‘/
ucode resolution serve Information provision system.
2Rl ‘

3R

L
Information server
Lutoda \ <« / /

E" @Various types of information

""HJ
Portable terminal /--:?’ - -
o
3 3 » |
Place information '-_-. P
transmitter ) ue Infrared beam marker Low power radio marker
? N »
PN eas Zone position

Point position measurement

% = ,J . : :..‘.

Intelligent reference point My i g
Guide block equipped with an IC

IC tag

Figure 2 - System Image
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PROJECT PROGRAM

This project began in earnest with the organization of the Free Mobility Assistance Project
Implementation Committee in March 2004. The committee members who are conducting the
study include not only academic experts, social welfare specialists, and infrastructure
managers, but also physically handicapped people. The development has been conducted with
the help of more than 60 supporting private companies from the data communication, electric,
communication, map making, and many other industries and many regional governments.

In 2004, the services and component technologies were studied at the same time as
experiments were conducted at two locations, one above and one below ground level, to
clarify the performance of the place information transmission technologies—mainly the
hardware—in actual usage environments.

In 2005, the experimental range has been widened as shown in Figure 2 to include full-scale
corroborative experiments in Kobe. Many experimental subjects including handicapped
people evaluated the system and the services. During 2005, system technical specifications
will be enacted based on the results of corroborative experiments and the system will be
introduced and firmly established in various regions based on nationwide common
technological specifications.

SIGNIFICANCE OF THE CORROBORATIVE EXPERIMENTS

In order to complete the free mobility assistance system, we must conduct a series of social
experiments, and study problems while carrying out concrete improvements to overcome
them in order to introduce the system nationwide. The experiments are counted on to achieve
the following goals.
[1] Permit the construction of a reliable system based on technological refinements in
actual spaces.
[2] Permit the creation of a system with the participation of residents of regions where it
will be established and with members of the private sector.
[3] Permit the construction of an easy-to-use system by hearing the opinions of local
citizens.
[4] Permit the dissemination of information about the details of the system both inside and
outside Japan.

OUTLINE OF THE PRELIMINARY CORROBORATIVE EXPERIMENTS

* Experiment period
September 30, 2004 to March 4, 2005

* Location of the experiments

The model location selected as the site of the experiments is Kobe where reconstruction
undertaken since the Hanshin Awaji Earthquake (January 17, 1995) has concentrated land, sea,
and air transportation systems. Because it is a tourist city, the experiments were counted on to
be part of the activities of the Visit Japan Campaign.
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* Experimental range

The preliminary corroborative experiments were carried out in Sanchika that is an
underground shopping mall and in Kyomachi-suji that is an above ground shopping area (Fig.
2.2.2), both in the center of Kobe.

In Sanchika, the experimental range was a passageway extending about 70 meters from north
to south—from Yume-hiroba on the north side to the intersection just before block 5 and
block 6—and including the 40 meter long east-west passageway that intersects the longer
passageway. RFID tags were installed on the ceilings of the passageways along with guide
blocks for visually impaired people (enclosing RFID tags), infrared markers, and wireless
LAN.

At Kyomachi-suji, RFID tags, guide blocks for visually impaired people (enclosing RFID
tags), and weak radio wave markers were installed for about 150 meters from north to south
and 100 meters from east to west centered on the Nichigin-mae Intersection.

Yume-hiroba

Block2

Block5

Block6

Block3

Figure 3 - Sanchika Experimental Area
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Figure 4 - Kyomachi-suji Experimental Area

OUTLINE OF THE FULL-SCALE CORROBORATIVE EXPERIMENTS

The experimental range was expanded to perform full-scale corroborative experiments
beginning in June 19, 2005. An outline of the full-scale corroborative experiments will be
presented orally.
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ABSTRACT

In Japan, information communication technologies that have advanced remarkably in recent
years have been used to attempt to assist people whose mobility is restricted, mainly visually
impaired people. But because systems that only assist people with restricted mobility are too
expensive and that there are no established standards, advanced trials have only been carried
out locally.

On the other hand, the falling youth population and rising number of elderly caused by the
low birth rate in Japan has resulted in a shortage of care-givers, creating a demand for
measures to establish a Universal Society in which everyone uses their own capabilities to
assist each other.

So under the leadership of the Ministry of Land, Infrastructure and Transport, efforts have
begun to create the free mobility assistance system: a nationally uniform mobility assistance
system that can be used not only by visually impaired people and others whose mobility is
restricted, but by all pedestrians including the elderly and non-impaired people including
visitors from other countries.

This report presents an outline of technology that is the center of a free mobility assistance
system.

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

TECHNICAL FEATURES OF THE FREE MOBILITY ASSISTSTANCE SYSTEM

The principal feature of the free mobility assistance system is that the foundation of the
service is not “position” information, but “place” information.

The already widely used car navigation systems use satellite positioning systems (GPS etc.) to

establish the user’s “position”, or in other words, the users “latitude, longitude, and elevation”
as the foundation of its service. The position obtained using a satellite positioning system
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includes error, but because automobiles travel only on roads, map matching technology can
accurately clarify their positions.

But because pedestrians do not walk only on road networks that are recorded in data bases, a
system for pedestrians cannot always use map matching technology. A satellite positioning
system cannot measure positions inside buildings.

Another important consideration is that for pedestrians, information about their position, or in
other words latitude, longitude, and elevation information has almost no significance. In other
words, for pedestrians, information about the place: “sidewalk on the south side of street A,”
“platform to the north on subway line B,” or “No. 2 Internal Medicine Dept. Waiting Room at
Hospital C” are most significant.

A free mobility assistance system consists of RF-ID tags and various kinds of markers that
transmit “place” information, and portable terminals that users carry to obtain this information.
An outline of this is explained in this and the following chapters.

Server
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Figure 1 — Image of the basic system
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Figure 1 shows an image of a basic system.
The free mobility assistance system is basically constructed of the following elements.

Place information transmitter
-- RF-ID Tag, various markers

Portable information terminals (receiver)

Server
-- Place information code resolution server
-- Information server

Its structure may vary according to the environment where it is actually used, but the
following is the basic operation of the system.

First the user obtains the place information code from the place information transmitter. A
user obtains place codes by accessing a point type transmitter such as an RF-ID tag where
these are installed, or automatically obtains places codes from zone transmitters such as
various kinds of markers upon entering a zone where they are effective.

Next the portable terminal accesses a place information code resolution service to obtain the
address of an information server that houses information corresponding to the place
information code. This system is similar to that of a DNS service on the internet.

The portable information terminal accesses the address obtained from the place code
resolution server to obtain place information. A system that can add the attributes of the users
(type and degree of disability, or facility manager etc.) and the attributes of the terminal
(screen size, multi-media functions and other terminal performance) to the request, enabling
the portable information terminal to obtain information suited to each user’s needs is also
being studied.

The method of accessing the network is studied according to the place it is used and type of
the terminal—wireless LAN or cell phone network—and although not particularly specified,
it is assumed that in all cases, there will be a time delay until the place code is resolved and
the necessary information is obtained. Therefore, assuming cases such as those where danger
information is provided to visually impaired people so that a delay in provision of the
information would be critical, a method of storing a certain range of data in portable
information terminals in advance will also be used.

RF-ID TAG EQUIPPED GUIDE BLOCKS

Guide blocks (flat plates with tactile protrusions) have been used for a long time to guide
visually impaired people in Japan. These are paving use blocks or rubber sheets with
protruding spots or lines on their surfaces. Visually impaired people are guided by touching
these protrusions with their white canes or the sole. RF-ID tags will be installed either inside
or on the back surface of these guide blocks to transmit place codes to the portable terminal
held by visually impaired people through antennae on the tips of their white canes. Broadly
categorizing RF-ID tags by communication frequencies reveals they are 125KHz band,
13.56MHz band, and the 2.45 GHz band (the UHF band (860 — 960MHz band) is omitted, but
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RF-ID tags for use in guide blocks use the 125KHz band. Table 1 shows a comparative
outline of the frequency bands.

One essential function of guide blocks equipped with RF-ID tags is ensuring as wide a range
of communication by the tags as possible, so that visually impaired people can access the
information in the RF-ID tags by searching for the protrusions on the blocks with the white
canes as they have done in the past. It is, therefore, necessary for each antenna to be extended
over the entire guide block surface, so loop coil shaped antennae with angles of about 25cm
are used. The antenna of an RF-ID tag is sealed in a resin case that is embedded inside or
under concrete blocks. To install them on a rubber sheet type guide block, they are sealed
inside resin sheets that are applied to the back of the rubber sheets.

Table 1 - Communication Frequencies and Characteristics of RF-ID Tags

Communication | 15511y, pand 13.56 MHz band 2.45GHz band

frequency

Operating Electromagnetic Several 10s of | Radio wave

principle conduction method centimeters communication

method

Communication | Several 10s of | Several 10s of | ~2m

distance centimeters centimeters * Varies according

(passive case) * Varies according to | * Varies according to | to installation
installation installation environment, leader

environment, leader

properties, etc.

environment, leader

properties, etc.

properties, etc.

Environmental

resistance

(moisture O O A
tolerance, oil

tolerance)

Metal tolerance A A A
Noise tolerance AN JAN O

Figure 2 - RF-ID Tag Installed on the Back of a Concrete Block
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Figure 3 - RF-ID Tag Installed on the Back of a Rubber Sheet

RF-ID TAGS (STREET INSTALLATION TYPE)

These are sticker type or plastic plate type tags, each enclosing an RF-ID tag that is a small
approximately 1 to 4 square mm IC chip equipped with an antenna several centimeters long.
A user other than a visually impaired person can obtain place code information by holding the
leader installed in a portable information terminal close to it. A visible symbol is printed on
the sticker or plate, and according to conditions at the installation location, either a sticker
type or a plastic plate type—waterproofed—is used.

Unlike the barcode or two-dimensional barcode type that have been used for the same purpose
in the past and that can be optically read, its surface is resistant to dirt and it cannot be easily
copied. The price of the RF-ID tag itself is less than US. $1.-: an extremely low price that
allows many tags to be installed. Its communication frequency is 2.45GHz band. Table 2 is a
comparative outline of the frequencies.

Figure 4 - Sticker Type (Left) and Plastic Plate Type (Right) Tags

TYPES OF MARKERS

Markers include those installed on the ceilings of buildings, on street lights, etc. and those that
transmit the place codes to the portable information terminals by infrared beams or by radio
waves. Unlike RF-ID tags equipped guide blocks, the markers provide information
automatically as soon as a portable information terminal enters the effective range, even if the
user does not actively try to contact the tags.
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Either infrared or radio wave type can be selected according to installation conditions. Each
type of marker can be installed inside solar batteries to be used without electric wires.

PORTABLE INFORMATION TERMINALS

The portable information terminal now being used for corroborative experiments is the
Ubiquitous Communicator. The Ubiquitous Communicator is a portable information terminal
equipped with an RF-ID tag leader and multiple communication methods and it is used as tool
for communication between a ubiquitous computing environment and users. The free mobility
assistance system operates by obtaining place codes from RF-ID tags and various kinds of
markers and providing a variety of information to users.

Figure S - Ubiquitous Communicator

PLACE INFORMATION CODES

Place codes transmitted by RF-ID tags and markers are unique (not duplicated) ID codes with
maximum length of 128 bits but basically without any special significance.

A portable information terminal transmits an inquiry to a place information code resolution
server in order to resolve locations of information corresponding to the place information
code it has received. Its operation is similar to that of a DNS server used on the internet. This
permits users to obtain information suited to each user’s attributes with the same ID code.
And in a case where the information for a place has changed, where the owner of a shop has
changed for example, only information on the server needs to be changed, but information in
RF-ID tags and markers does not have to be revised. Consequently, this system is extremely
easy to maintain.

PLACE INFORMATION CODE RESOLUTION SERVER

The place code resolution server is a widely distributed type directory data base that stores the
addresses of information servers holding information related to a place according to the place
information code. In a manner of speaking, the place information code resolution server is a
system that links the “real world” represented by the place information code with an
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electronic “virtual world” inside the information system, and it is the important core system of
the free mobility assistance system.

The information associated with a place by an RF-ID tag or marker (place information code)
is read by the portable information terminal that transmits it to a place code resolution server
through a wireless network, the internet, or other network. The place code resolution server
searches for information about the place, then based on the results of its search, returns the
address of an information server that stores information to be actually provided to the portable
information terminal.

INFORMATION SERVER

The portable information terminal can then access the addresses of the information servers it
has received from the place code resolution server to obtain a variety of information about the
place and services at that place that are stored in the information server. Examples include
map information, navigation information, tourism information etc. and other kinds can also be
used. It can also vary the content of the information provided according to the user.

The services that should be provided by the free mobility assistance system, information
necessary to achieve each of these services, and the format used to represent the attributes of
users and terminals are all being studied at this time.

SUMMARY

Corroborative experiments of the basic communication technologies of the free mobility
assistance system were carried out in Kobe from late 2004 to March 2005 (preliminary
corroborative experiments). These have been followed by the final corroborative experiments
intended to broaden the range of the experiments at Expo 2005 Aichi Japan beginning in May
2005 and in Kobe beginning in June 2005. The final results of the final corroborative
experiments will be announced later.
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Abstract

In Japan, the aging of society is progressing rapidly, and in cold snowy regions in
particular, society is aging at a rate higher than the national average. The removal of snow
from sidewalks and from community roads formerly performed by households and regional
societies is now extremely difficult because of the aging, depopulation, and the resulting
weakened community consciousness of regional societies. Dependency on administrative
bodies for snow removal is gradually rising.

But because management standards for winter roads have not yet been
established for both vehicle lanes and sidewalks, there is fear that economically inefficient
road management will be performed in the future, as snow removal at locations with low
investment effectiveness is performed at the same level as that at locations with high
investment effectiveness.

In order to remove snow efficiently and effectively to achieve the final goal of
rational winter road management based on objective standards that conform to regional
characteristics, the setting of winter road management standards for both vehicle lanes
and sidewalks was studied.

KEY WORDS: Winter road management, management standards

1. CHALLENGES AND POLICIES FOR WINTER ROAD MANEGEMENT

1.1 State of services provided to road users

The state of the services that are now provided was studied using data obtained
by traffic counters installed on national highways (number of vehicles, traveling speed) and
weather telemeters (observations of air temperature, snowfall, wind speed, etc.). Here the
level of the service is represented by traveling speed.

1.1.1 Traveling speed according to whether snow is or is not falling

As shown by Figure 1, on roads with low traffic volumes, snowfall greatly reduces
the traveling speed, but it has been confirmed that as shown in Figure 2, on roads with
heavy traffic volumes, snowfall has little impact. The above has confirmed that the
tendency for traveling speed to fall varies not only according to weather conditions
(snowfall/no snowfall, snowfall quantity), but also according to the traffic volume.

1.1.2 Traveling speed according to road structure

As shown by Figure 3, at locations where the longitudinal gradient of the road is a
falling gradient (-5.2%), the rise of the continuous accumulated snow depth (cumulative
accumulated snow depth when snow falls continuously) is accompanied by a decline of
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the traveling speed. But as shown by Figure 4, at locations where the longitudinal gradient
is almost flat (-0.9%), until the continuous accumulated snow depth reaches 3cm, the
falling snow reduces the traveling speed, but above this depth, the traveling speed does
not decline. For the above reasons, it was confirmed that the road structure also causes
variation in the way the traveling speed declines.
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Figure 1 - Traveling Speed With and Without Figure 2 - Traveling Speed With and Without
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Figure 3 - Continuous Accumulated Snow Figure 4 - Continuous Accumulated Snow
Depth and Traveling Speed at a Location Depth and Traveling Speed at a Location
With a Falling Gradient (-5.2%) With a Flat Gradient (-0.9%)

1.2 State of present management

As shown by Figure 5, the quantity of anti-icing chemical spread nationwide is
scattered from year to year regardless of the annual snowfall (average accumulated snow
depth). And as shown by Figure 6, the cost of snow removal is not a cost that is dependent
on traffic demand (traffic volume).
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1.3 Setting the service level according to needs

The winter road management level for vehicle lanes should be determined by
setting the service level according to the state of use by road users in the section and the
level they demand. For example, on major arterial roads that are essential for daily life and
economic activities, roads that provide the essential service of allowing access to roadside
facilities, and also on roads that are used for public transport including commuter busses
carrying workers and students, it is, of course, necessary to remove snow according to a
high service level.

1.4 Snow removal: present state and challenges

The present snow removal crew deployment standard is to begin snow removal
work when snow is falling and the snow depth has reached between 5 and 10 centimeters.
But the service is scattered because regardless of the fact that snow removal standards
should be set according to regional characteristics, there are locations where snow
removal is inadequate and others where excessive snow removal is done, because snow
removal in various regions is done according to uniform standards.

Consequently, under present circumstances, although snow removal work should
be done based on judgments of the level of service that is provided and what degree of
investment is appropriate to meet what level of needs, the work is done based on
individual subjective judgments according to the deployment standards and there is fear
that snow removal costs will rise sharply in the future. Efficient and effective winter road
management standards must be set as soon as possible.

1.5 Study of improvement policies

Problems with winter road management have been organized based on actual
conditions from the perspectives of road managers and of snow removal contractors.

» The problem for road managers is the fact that under present conditions, the work is
based on deployment standards and that although the quantity of work is measured, it
is difficult to evaluate its effectiveness

» The problem for snow removal contractors is that in many cases, deployment
decisions are made and the actual work is done late at night, so that in fact, these
must often be based on subjective judgments. This encourages overwork by crews
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attempting to do better snow removal work.

Based on the above facts, as policies to improve present management methods,
road managers must set goals and management levels that have to be satisfied in addition
to deployment standards, perform monitoring appropriately to determine whether or not the
goals have been reached, and set indices that permit correct evaluations. In the future, the
trial performance of such goal achievement type winter road management must be done
accompanied by efforts to improve present management methods. And as the next step,
the following studies must be done.

» Under present circumstances, road managers pay snow removal contractors
according to the quantity of work, but contract methods that will allow snow removal
contractors to apply their creativity will be studied.

» Under present circumstances, cost is not dependent on traffic demand (traffic volume)
but prioritizing investment according to each road’s traffic volume, the position of each
road in the network, and roadside conditions etc. will be studied.

2. WINTER SIDEWALK MANAGEMENT: CHALLENGES AND POLICIES

2.1 Winter sidewalk management guidelines

Sidewalks are used by residents of each region for a variety of purposes including
commuting to school or work, shopping, strolling and other daily activities. Winter sidewalk
management standards should, therefore, be set so that the sidewalks of a region can
properly provide their required functions. This means that the snow removal areas and
service levels must be set according to the purposes of use of the sidewalks and demands
by the region.

2.2 Meeting new needs required according to the social background

Roads on which snow is removed from sidewalks are selected with priority on
those used for commuting to and from school or work. But in recent years, there has been
a rise in the priority of roads that give access to public transport, hospitals, and other
public facilities that conform with the need for the removal of barriers to access, and
services are now provided to a wide range of beneficiaries in wider areas than before. And
social factors that have recently influenced winter pedestrian space include a decline of
people's ability to remove snow as the birth rate falls and society ages, the advance of
severe aging and depopulation, and the hollowing out of center urban districts. It is,
therefore, necessary to add the following to the present services.

» Ensuring access roads to medical treatment and other public facilities in regions with
advanced aging and depopulation

» Carefully planned snow removal to make up for the fall of the people's snow removal
capability as a result of the low birthrate and aging of society

2.3 Clarification of the process of setting snow removal areas and service levels

The areas where snow is removed are now being expanded. Assuming that new
needs will be satisfied in the future, snow removal plans based on objective reasons for
requiring snow removal on each road will be necessary. The process of setting snow
removal areas and the service level that are now being studied are introduced (Fig. 7).

(1) Setting a pedestrian network.
The first step in setting a pedestrian network is to generally clarify the priority
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areas where pedestrian space will be ensured within the region. Next the roads to actually
be ensured are selected based on the pedestrian volume obtained from a road traffic
census and the pedestrian zones that will ensure pedestrian space according to the
destinations of pedestrians are set.

(2) Setting the time periods to ensure pedestrian space

Assuming that the time periods when pedestrian space is ensured vary according
to the pedestrian network that is set as explained above, it is assumed that on a single
road, there are peak characteristics that vary between business days and
holidays/weekends. Consequently, the state of sidewalk use in each area is surveyed in
order to decide whether or not to ensure pedestrian space in each pedestrian zone at all
times, only in the morning and evening or only during the mid-day hours.

(3) Setting the state of pedestrian space

The width and state of the road surface ensured as pedestrian space are
tentatively set for each of the following definitions of service levels with reference to
existing standards and guidelines.

» Ensured (ensuring pedestrian space, minimum value): 1.5m

» Safety (ensuring safe pedestrian space, standard value): 2.0m

» Smoothness and comfort (ensuring smooth and comfortable pedestrian space): 3.0 to
3.5m or more

The road surface state is set tentatively as the road surface state that can ensure
the following based on the results of past studies according to pedestrian attributes.

» Elderly and physically handicapped people: remaining snow depth of 5cm or less,
gradient less than 5%
» Wheelchair users: remaining snow depth of 2cm or less, gradient of 3% or less

(4) Setting the service level

The service level is set by providing the state of pedestrian space in (3) during the
ensured time periods in (2). Table 1 organizes the service levels and state of pedestrian
space, but the service level is set with the traffic volume at peak times as the yardstick. But
considering actual conditions, in the area around sidewalks, added items such as the
occurrence of accumulation, puddles of water, piled snow and other road surface
conditions around major bus stops etc. will reduce the level of the service that is provided.
It is possible that for people who walk with difficulty, safe walking may not necessarily be
possible. Therefore, the service level is corrected according to additional items.
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(1) Setting the pedestrian network

Setting priority areas for | | Roughly determining priority areas based on

ensuring winter pedestrian urban structure

space

Selecting ensured roads cessss Selecting roads where pedestrian space will
be ensured based on census data

Determining  pedestrian | «s¢<*** | gejecting winter pedestrian zones for

zones destinations (arrival points)

(2) Setting the time periods | eeeees Selecting cha'racfteristics of times

when pedestrian space will based on fact-finding surveys of

be ensured pedestrian networks

Full time: morning, mid-day, evening
Morning-evening: morning and evening

(commuting to school and work)
@ Daytime: mid-day (elderly, purpose of
use)
(3) Setting the state of

pedestrian space

Width of pedestrian-only space in winter:
Setting width of pedestrian | ess... | S€tting the width in conformity with a
space variety of walking speeds and walking
purposes based on 1.0m/person,
Ensured = 1.5m (1.0m: special values)
Safety = 2.0m

Smoothness and comfort = 3.0m to 3.5m

Setting road surface conditions that can
Setting the state of the |,..... | €nsure safety permitting the provision of
road surface traveling speed and purpose of travel
according to the attributes of pedestrians
(normal, elderly, physical handicapped,
children)

<>

Correction E> (4) Setting the service level

based on

added items @
Deciding the space ensuring Resident consensus
guidelines <:| formation

Judgment of :

work method |:> Determining the management Administration/citizen

cost method <:| cooperation method

Figure 7 - Process of Setting the Snow Removal Area and Service Level
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Table 1 - State of Service Levels and Pedestrian Space (Proposed)

State of pedestrian space
Basic traffic
. volume (traffic Road surface condition o
Service level volume at peak Ensured space Application
time) width (m) Remaining snow Road surface
depth(cm) gradient (%)
Unrestricted There are no pedestrians who have
Ensured 50 people/hour or | 1.5m (special difficulty walking
less value 1.0m) 5cm Less than 5% There are elderly and physically
° handicapped people
Safety 50to 400 2.0m 5cm Less than 5%
people/hour
5cm Less than 5% There are many elderly and physically
Smoothness | 400 people/hour 3.0 ~3.5m handicapped people
and comfort or more : i
2cm 3% or less There are wheelchair users

In the future, we wish to complete a practical concept by verifying the process of
actually setting the snow removal areas and service levels in the field. Study of its balance
with management cost is also scheduled.
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