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Synopsis

In this note, the study results in Advanced Road Design and Safety Division in FY 2004 are reported. In addition, the
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Study on road network management from a viewpoint of road safety
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Research on rational winter road and winter sidewalk management standards
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Fundamental study for forming fine road scenes and comfortable road space
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Infrastructure provision projects will include consideration of scenery in future and existing fine
scenery will be conserved and maintained. Roads are infrastructure that people use almost every day
in some way as part of their daily lives, so that concern for road scenes not only provides people with
consciousness of beauty, but also lets them personally experience warmth and the attractiveness of
their surrounding in their daily lives. In this study, institutions and examples for forming fine road scenes

were surveyed and 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 built according to various kinds of road projects. However, there are not so many cases of consensus
on road scene. In this research, examples and methods of road scene consensus formation process are studied

through the interview survey.
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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 and views for

evaluating road scenes were surveyed and discussed.
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Study of Foreign Country's Policies and Measures for Road Safety
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In this study policies and measures for road safety in foreign countries are investigated in
order to make policies and measures in Japan. Traffic accident situation, each country's goals for road
safety measures are collected. Also, major measures for road safety such as Road Safety Audit and
measures in major countries' such as Britain are collected.
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Accident reduction by the optimal use of a road network
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The number of traffic accident is still in the worst level, and the reduction of traffic accident is
called for immediately. Although the intensive measures are implemented in hazardous spots, many
spots where intensive measures are inefficient also exist. Therefore, the measure against field-which
utilized the road network is demanded. The accident reduction effect of the development of safe walk

areas and community zones was evaluated.
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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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Research on rational winter road and winter sidewalk management standards
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IR B 22 A EE = R # 2

Road Department Head Nozomu Mori

Advanced Road Design and Safety Division = MR E—
Researcher Keiichi Ikehara
e R w5 1R

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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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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Study on road traffic environments for various road users
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Road Department
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Researcher Keiichi lkehara
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Guest Research Engineer

Advanced Road Design and Safety Division

Research Engineer
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Osamu Minoshima

Takashi Kawai

This study focused on intersection lightings which are bearing important role to improve visual
environment for drivers at night, and carried out traffic accident analysis and visibility evaluation
experiments to clarify required illuminance by intersection lightings.
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Measures and effects of improving road space suitable for pedestrians
(FAREAE TR 16~17 £E)

MR B 22 AR E ER & 2
Road Department  Advanced Road Design and Safety Division Head Nozomu Mori
FAENIEE @
Senior Researcher  Susumu Takamiya

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 development for a daily life and/or transit
mall is being promoted in 48 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 48
areas were surveyed and some issues and direction of provisions for them were discussed.
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Research on winter road management

(BAEHAR  FRL16~17 )

IR B 22 A EE = R # 2

Road Department Head Nozomu Mori

Advanced Road Design and Safety Division = MR E—
Researcher Keiichi Ikehara
e R w5 1R

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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Road Department
Advanced Road Design and Safety Division
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Researcher Keiichi lkehara

WHEE k1A
Research Engineer Osamu Minoshima

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

sidewalks.
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Study and Investigation into Free Mobility Assistance

1B RIS T S 2 ] v AL AT ZE =

Road Department, Advanced Road Design and Safety Division Head

(WA EAR Rk 16 )
= K o !
Nozomu Mori
TR E AT ERE

Senior Researcher Shigeo Murata

In this study, the original problem about the security policy of Free Mobility Assistance Project was
examined to reference in ISO/IEC 17799 which is the methodology of the standard security to
general-purpose computer systems. The technical-specifications of the system were examined being

based on the verification experiment on a real way.
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dangerous phenomena. And it was clarified that a vertical grade and a curve near an intersection limit drivers view and should be
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Analysis of Traffic Accidents on the Roadside Shop Entrance
Hideki FURUYA - Takeshi IKEDA + Michihisa TSUCHIYA - Tsuyoshi OOTA - Nozomu MORI

There is a lot of complicated moving of the vehicles in the front of roadside shop entrance. In this paper, we focused
on the traffic accidents on the roadside shop entrances. We firstly estimated the number of traffic accidents on such
places by police traffic accident data in Japan. In this data, there is no code to handle the traffic accident place. We set
the procedure to identify accident place on the front of the roadside shop. Secondly, variation trees are made to identify

the affected factors for the human decision error on some traffic accidents in Tsukuba city.
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A study on making and applying the map which records near-miss experiences*

By Susumu TAKAMIYA **

* Takeshi IKEDA *** » Nozomu MORI *#***

In order to implement road safety measures, 1) identifying the places where road safety measures are needed and 2) studying
measures are carried out. In this paper, the map which records near-miss experiences of road users on roads are studied, and some

issues to make and apply the map and solutions of the issues are discussed from the points of view of identifying the place and

studying measures. According to the results of the study, it is important not to summarize all answers of subjects merely and to

recognize the process and causes of near-miss experiences.
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A Case Study for Road Traffic Factors and Measures of Accidents Caused by Elderly Drivers
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SUMMARY

This is a report on visibility evaluation testing performed using both elderly and
non-elderly persons to clarify what influences differences in light source color (color
temperature) used for pedestrian lighting have on the visibility and comfort of
pedestrians.

The study clarified that the influences on pedestrians of differences in light source color
are sense of glare, sense of brightness, and the impression or atmosphere that
pedestrians feel in the space that is illuminated. But it also revealed that obstructions
and visibility of people on a sidewalk that are the most important factors for a
pedestrian moving on the sidewalk are not influenced by differences in light source

color and that it is vital to provide appropriate illuminance.
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1. INTRODUCTION

Today’s traffic safety facilities must be designed and installed to provide greater safety
considering the physical characteristics of various kinds of road users. And as road
users’ demands on road facilities diversify, a variety of auxiliary road structures must
be provided to meet their needs. This study focused on pedestrian lighting that plays an
important role in guaranteeing the safety of pedestrians using sidewalks at night to
study the influences of differences of the light source color of pedestrian lighting on

the visibility environment of pedestrians etc.

2. DESCRIPTION OF THE STUDY

This study was a visibility evaluation testing of elderly and non-elderly persons to
clarify what influences differences in light source color of light sources used for
pedestrian lighting have on pedestrians’ sense of safety, fear of crime, sense of comfort,
and the impression or atmosphere they experience. And the influence on road users of
differences in light source color, the characteristics of each light source color, and
appropriate places to use each light source color were studied based on the results of

the testing.

3. VISIBILITY EVALUATION TESTING

(1) Outline of the testing

A temporary sidewalk was installed on a test track in the National Institute for Land
and Infrastructure Management and used to perform the evaluation testing. Triangular
cones simulating obstructions and electrical wire rubber covers simulating level
differences were installed and other pedestrians approached from the opposite direction.
Light source colors with three color temperatures of 2,050K, 3,900K, and 6,500K were
used (the light sources were high pressure sodium lamps, fluorescent mercury lamps,
and metal halide lamps respectively). The test subjects were 10 elderly persons of 65 or
older and 10 non-elderly persons younger than 65. Four pedestrian lights were installed
to illuminate the test section that was 81m in length, In order to adjust the brightness of
the road surface, filters with varying transmissivities were combined and applied to the
front glass of the luminaires. The average illuminance on the road surface was set at
five levels: 1.5, 3, 5, 10, and 20(Ix). These five levels included four standard
illuminance values (3, 5, 10, 20 (Ix)) in Japan Industrial Standard (JIS Z 9111) " that is
most often applied to pedestrian lighting design in Japan and a value of 1.5(Ix) that is
the minimum illuminance level set by the International Commission on Illumination
(CIE (Commission Internationale de 1'Eclairage): Pub 115)? as a result of surveys of
illuminance standards for pedestrian lighting in various countries and international
organization. And in order to maintain the uniformity of the brightness of the road

surface, the target for the value obtained by dividing the minimum road surface



illuminance in the test section by the average road surface illuminance was set at 0.2°)
(Fig. 1, Photographs 1,2,3)

8Ilm
54m
Pedestrian lighting
13.5m 27m | 13.5m
—.-1¥ ! ..... -
®) 6 Q g f g ®)
Test @
subject
© ‘ Test subject @
Temporary curbstone Person evaluated ~ Triangular cone Electric wire rubber cover
(simulated obstruction) (simulated level difference)
| 10m | 34m | 10m
[ | People and obstructions placed in this zone |
Point A Point B

Fig 1. Map of the Test Sidewalk

Photograph 1 Photograph 2 Photograph 3

View of the Test at Color View of the Test at Color View of the Test at Color
Temperature of 2,050K Temperature of 3,900K Temperature of 6,500K

(2) Items evaluated

The test subjects responded to a questionnaire concerning sense of safety, fear of crime,
comfort, and the impression or atmosphere of the pedestrian space they experienced
when walking at normal speed under different levels of illuminance set for each
lighting light source in the test section. Table 1 presents the items evaluated using the
questionnaires and the evaluation criteria (Table 1).

(3) Results of the testing

The testing revealed that major influences of differences in light source color on
pedestrians are glare (Fig. 2) and brightness (Fig. 3) that are items used to evaluate
comfort, and the impression or atmosphere experienced by pedestrians in the
illuminated space (Fig. 4). The evaluations of visibility of obstructions or people, sense
of danger, sense of security, and sense of comfort revealed that although evaluations of
light sources with low color temperature tended to be low, the difference was small,
and that these were almost completely unaffected by differences in light source color.

The evaluation of sense of glare revealed that people’s sensitivity to glare rose as the
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Table 1. Evaluation Content and Evaluation Items

Evaluation Content

Evaluation Items

Evaluation Criteria

Safety

Visibility of existence of
obstructions

Visibility of level differences

Visibility
1. Very visible. 2. A little visible. 3. Barely visible. 4. Invisible
Sense of safety

Sense of safety

Crime protection

Visibility of existence of
persons

Visibility of faces of persons

Sense of danger

Comfort

Sense of comfort

Sense of glare

Sense of brightness

Impression and atmosphere
in the illuminated pedestrian
space*

(Do you feel that you might trip over an obstruction or level difference
or bump into an object or a person?)
1. I felt safe. 2. I felt a little danger. 3. I felt danger.
Sense of danger (Did you feel that a passing person might attack you?)
1. 1 did not sense danger. 2. I sensed a little danger. 3. I sensed danger.
Sense of security
1. 1 felt secure. 2. I felt a little insecure. 3. I felt insecure.
Sense of comfort
1. I felt comfortable. 2. I felt a little uncomfortable. 3. I felt uncomfortable.
Sense of glare
1. I didn’t bother me. 2. It bothered me, but didn’t interfere my walking.
3. The glare made walking difficult.
Sense of brightness
1. It was too bright. 2. The brightness was just right.
3. It was a little dark. 4. It was dark.

*Respondents selected three of the following 26 adjectives that classify the impression or atmosphere that respondents sensed in the
illuminated pedestrian space.
Warm, pleasant, unnerving, frivolous, showy, gentle, dynamic, refreshing, cold, lonely, fearful, solemn, plain, hard, static, squalid, calm,
bustling, safe, secure, cheerful, exciting, wretched, dangerous, scary, gloomy

Glare so
strong

Elderly persons

Non-elderly persons

it is difficult 3
to walk

——6500K
— 4 - 3900K

- = & - -2050K

Average evaluation
[\S)

.—--a
- A
It didn’t i
bother me 1.5Lx  3Lx 5Lx 10Lx  20Lx 1.5Lx  3Lx SLx 10Lx  20Lx
Fig 2. Evaluations of Sense of Glare
Too Elderly persons Non-elderly persons
bright
= /
S3 ~—m———1
S = e
5 =X |
o ‘
%0 2 _ ——6500K ‘
. i — & — 3900K
Dar
% | - --2050K
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illuminance increased and as the color temperature increased. Comparing the results
for elderly and for non-elderly persons shows that while non-elderly persons sensed

glare as the illuminance increased and the color temperature increased, elderly persons

Fig 3. Evaluations of Sense of Brightness

already sensed glare under relatively low illuminance. The evaluation of sense of




Color temperature

Low < » High
2,050K 3,900K 6,500K
Feeling of security 16 [Safe 12 |Safe 15
Bright 20Lx [Safe 11 |Feeling of security 11 |Worry free 13
4 Calm 11 |Calm 10 |Calm 7
Safe 9 |Feeling of security 12 [Safe 12
10Lx |Feeling of security 8 |Safe 11 |Worry free 11
Warm 8 [Calm 9 [Calm 10
g Calm 9 |Safe 8 [Safe 8
g SLx Warm 7 |Lonely 8 |Calm 8
K= Safe 6 |Calm 6 |Refreshing 6
g Refreshing 6 6
= Lonely 7 |Cold (cool) 7 |Cold (cool) 9
Warm 6 |Lonely 7 |Lonely 6
3Lx [Gloomy 6 |Calm 6 |Plain 5
Plain 6 |Safe 5
Refreshing 5
Lonely 11 |Lonely 12 |Lonely 9
Warm 6 |[Scary 7 |Cold (cool) 8
v 1.5Lx |Wretched 6 [Cold (cool) 6 |Gloomy 7
Dark Gloomy 6 |Scary 7
Plain 6

Numbers represent the number of responses

Fig 4. Evaluations of Impression of Atmosphere

brightness revealed that, like the sense of glare, sensitivity to brightness increased as
the illuminance increased and as the color temperature increased. But comparing the
results for elderly and for non-elderly persons shows that the way non-elderly persons
sense brightness is influenced by differences in light source color, but elderly persons
are not influenced very much by differences in light source color.

The evaluations of impression or atmosphere reveal that when the illuminance is high,
the test subjects often had an impression of a sense of security, safety, and calm
regardless of the light source color. But if the illuminance fell, many experienced an
unpleasant impression; fear, coldness, and gloominess if the color temperature was
high. When the color temperature was low, they felt a warm impression regardless of
the illuminance. It also reveals that a high color temperature gives a refreshing
impression.

(4) Considerations

The characteristics of each light source color and examples of their applications based
on the test results are summarized below.

[1] Color temperature of 2,050K

This light source color gives a warm soft impression and it does not tend to cause a
sense of glare as much as other light source colors, even when its illuminance is high.
It is better suited as lighting to appropriately illuminate calm spaces such as
community zones or roads around parks rather than on sidewalks in central downtown
areas where vigor is required. Seasonally it will be used in the winter.

[2] Color temperature of 3,900K
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Compared with the other color temperatures, this color temperature reveals no
particularly conspicuous trends regarding the levels of the evaluations and the
impressions. It is suited for ordinary sidewalks where there is no particular need for
special illumination effects.

[3] Color temperature of 6,500K

As its illuminance level rises, people’s sensitivity to glare increases, and if the
illuminance is lowered, people tend to sense more unpleasant impressions such as
frightening, cold, and gloomy. Therefore, using it on sidewalks with particularly dark
surroundings would cause problems: for example, people’s sensitivity to glare is high
in places with dark surroundings, and if the illuminance is set low to prevent glare,
people’s sense of discomfort increases. It has been concluded that it can be effectively
applied on sidewalks in cities centers where the surroundings have high illuminance
and where it is necessary for people to sense vigor and brightness. Because the light

color provides a refreshing and cool impression, it will be used in the summer.

4. CONCLUSIONS AND FUTURE CHALLENGES

The study revealed that visibility of obstructions and people on a sidewalk that are the
most important factors for a pedestrian moving on the sidewalk are not influenced by
differences in light source color and that it is vital to provide appropriate illuminance.
It has also shown that the impression created by light source color has considerable
influence on the comfort of pedestrians walking on a sidewalk. Additionally, it
revealed that the influence of differences in light source color on comfort is smaller for
elderly people than for non-elderly people. These results serve as basic reference
information that road managers will use to select light sources for pedestrian lighting
in the future.

The object of this study is pedestrian lighting, but it is assumed that a study with road
lighting for vehicles as its object would reveal that differences in light source color
have some influence on the traffic visibility environment experienced by drivers. Such

a study will be a future challenge.
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SUMMARY

This paper reports the results of a study on the influence of illuminance levels on
visibility and ease of walking (or riding) for various categories of pedestrian (elderly
persons, non-elderly persons, cyclists, and wheelchair users). Five illuminance levels
were employed in the study: 1,5, 3, 5, 10, and 20 Ix. It was found that at low
illuminance levels (1,5 and 3 1x), pedestrians were able to identify obstacles and other
pedestrians in their path but were not able to see the road surface properly or identify
details such as faces, and some difficulty was experienced in walking. At 5 Ix,
wheelchair users were still unable to identify the faces of other pedestrians approaching
from the opposite direction. It was concluded that 5 Ix represents the minimum
illuminance level required in order to enable pedestrians to identify salient visual
information at night. If wheelchair users are taken into consideration, then the minimum
illuminance level is 10 Ix, which ensures the safety of all pedestrian categories.

Keywords: illuminance, pedestrian, bicycle, elderly person, wheelchair
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1. INTRODUCTION

The population of Japan is aging much more rapidly than in other countries. Japan has
the highest rate of population aging in the world. It is important to ensure that elderly
people, wheelchair users, and those with visual or other physical impairments are able
to lead independent and autonomous lives by providing appropriate support and
encouraging participation in wider society. To this end, areas of pedestrian traffic
should be designed to minimize, as far as possible, the physical and mental burden on
these categories of pedestrians.

In this study, we considered the issue of pedestrian lighting from the perspective of
ensuring the safety of pedestrians, particularly elderly and physically disabled
pedestrians, at night. We investigated the level of illuminance at the road surface
required in order to ensure the safety and security of pedestrian traffic.

2. OBJECTIVES

The level of illuminance required in areas of pedestrian traffic at night varies depending
on the individual physical characteristics of each elderly or disabled pedestrian. A
visibility evaluation experiment was used to determine the level of illuminance required
to ensure the safety and security of all such pedestrians.

3. OUTLINE OF EXPERIMENT

In the experiment, the test subjects were asked to rate visibility while proceeding along
a test course lighted to a given level of average road surface illuminance. The test
subjects consisted of 10 elderly persons aged 65 years or over, 10 non-elderly persons,

Luminaires x 8(Height=5,2m, Lamp=HF250-D)
N &6 o999

dm

Evaluation zone

|

26mX7=183m

Figure 1. Experimental set-up

Triangular cones(=obstacles) Rubber strip(=step)

: L B e
4

i | 1 O%

Obstacle zone Approaching traffic zone
26m 26m
_ Start Finish

Wheelchair user

Figure 2. Close-up of evaluation zone
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and seven wheelchair users. The non-elderly subjects were asked to perform the
visibility ratings both on foot and on bicycle.

3.1 Methodology and conditions

Figures 1 and 2 show the experimental set-up. The test course was 182 m in length,
lighted by eight luminaires mounted at a height of 5,2 m and spaced at intervals of 26 m.
The evaluation zone was confined to the two middle spans of the test course, a length of
52 m, with a width of 4 m. The first span was designated the obstacle zone, and the
second span the approaching traffic zone. The obstacles in the obstacle zone consisted
of two black rubber strips measuring 60 mm in height and 180 mm in width laid out
across the road surface to resemble steps, and seven blue triangular cones of height 700
mm placed on the road surface to resemble obstacles. The test subjects were asked to
pass through both zones in succession. The fluorescent mercury discharge lamps
(HF250-D) were used as the source lamps in the luminaries. Road surface brightness
was regulated using a combination of optical filters of varying degrees of transmittance
attached to the luminaire globes.

Within each span of the test course, the illuminance level was defined as the average of
road surface illuminance readings taken at 55 measurement points on a grid created by
dividing the span (L. 26 m x W 4 m) into 10 sections in the longitudinal direction and
four sections in the transverse direction. Five illuminance levels were used in the
experiment: the four Recommended Levels of Illuminance (3, 5, 10, and 20 Ix) given in
Japanese Industrial Standard (JIS) Z 9111", which is used extensively for pedestrian
lighting design in Japan, and the minimum illuminance level of 1,5 Ix recommended by
Publication CIE 115-1995%, which is based on pedestrian lighting illuminance
standards from around the world. To ensure uniform illuminance across the entire test
course, the value derived by dividing the minimum road surface illuminance by the
average road surface illuminance was kept to a target of 0,2%.

3.3 Evaluation method

The test subjects were

asked to pass through the Table 1. Evaluation items
obstacls zone and Can see steps and obstacles
negotiating approaching
traffic (both pedestrians
and bicycles) in the
approaching traffic zone,
then answer yes or no to
the six-point checklist
shown in Table 1. This procedure was repeated at each of the five illuminance levels.

Can see road surface and proceed without difficulty
Can see faces of approaching pedestrians

Feel no danger from approaching pedestrians

Feel no glare by lighting

Lighting is uniform at road surface

| O M| W[ N =

Positive response rates were tabulated in each pedestrian category; thus, for instance, if
seven out of ten elderly subjects said that they could see the road surface and proceed
without difficulty, this translates into a 70% response rate for that item. Response rates
of 50% or more were deemed “high” and response rates of less than 50% were deemed
“low.”
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Figure 3. Visibility ratings by subject category
(The X-axis represents the positive response rate. The Y-axis represents the level of illuminance)

4. RESULTS

Figure 3 shows the visibility evaluation results by subject category. On each graph, the
Y-axis represents the level of illuminance while the X-axis represents the positive
response rate.

It can be seen that the positive response rate to the “can see steps and obstacles”
question was high irrespective of the illuminance level. Similarly, high responses were
obtained for the “felt no glare by lighting” and “lighting was uniform at road surface”
question at all illuminance levels, so these have been omitted from the discussion here.

— Pedestrians (elderly and non-elderly): At 1,5 Ix and 3 Ix illuminance, both elderly
and non-elderly pedestrians had a low response rate in the “can see faces of
approaching pedestrians” category. Non-elderly pedestrians also had a low response
rate in the “can see road surface and proceed without difficulty” category. Response
rates in other categories were high for all illuminance levels.

— Cyeclists: At 1,5 Ix, cyclists had a low response rate in the “feel no danger from
approaching pedestrians” category. Response rates in other categories were similar
to those for foot pedestrians.

— Wheelchair users: At illuminance levels of 5 1x and below, wheelchair users had a
low response rate in the “can see faces of approaching pedestrians™ category.
Response rates were high in all other categories irrespective of illuminance level.
Wheelchair users were not asked to do the experiment at 1,5 Ix.

5. DISCUSSION OF RESULTS

There was a pronounced difference in the response rates of elderly and non-elderly
subjects in the “can see road surface and proceed without difficulty” and “can see faces
of approaching pedestrians” categories. Whereas 70% of elderly subjects felt that an
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illuminance level of 1,5 Ix was sufficient to see the road surface and proceed without
difficulty, only 10% of non-elderly subjects agreed. Thus, elderly people are more
likely to be satisfied with a lower level of lighting than non-elderly people in order to
see the road surface and proceed without difficulty. The non-elderly subjects were all
able to see the faces of approaching pedestrians at a luminance level of 10 Ix, whereas
some of the elderly subjects were still unable to do so even at 20 Ix.

The threshold visibility level needed for pedestrians is influenced significantly by the
spatial frequency characteristics of the visual objects. It has been shown® that people
can usually walk without difficulty so long as it is possible to discern the general shape
of obstacles; this type of visual information is called “low spatial frequency band
information.” In order to determine a person’s gender and recognize a known face,
however, it is necessary to identify facial details such as the profile and the eyes and
nose; this is called “high spatial frequency band information.” Our ability to discern the
spatial frequency threshold of an object is governed by factors such as age and
surroundings brightness. Mitsui et al” studied the relationship between contrast
sensitivity and age for different spatial frequency bands and found that sensitivity in the
low spatial frequency band changes little with age, while sensitivity in the high spatial
frequency band declines rapidly. The “can see road surface and proceed without
difficulty” category in our experiment thus corresponds to the low spatial frequency
band, which is why elderly subjects were able to recognize objects and proceed without
difficulty even at low luminance levels. Meanwhile, “can see faces of approaching
pedestrians” corresponds to the high spatial frequency band, and this is why some of the
elderly subjects found it difficult to recognize faces even at high illuminance levels of
10 and 20 Ix. However, the link between spatial frequency characteristics and declining
contrast sensitivity with age does not adequately explain why elderly subjects had a
higher positive response rate than non-elderly subjects in the “can see the road surface
and proceed without difficulty” category at low illuminance levels. It may be that
concepts such as “can see easily” and “can proceed without difficulty” constitute
subjective evaluations of convenience, which are influenced by lifestyle differences and
past personal experience that can vary considerably with age. At this stage, we do not
know the sorts of factors that govern concepts such as visual comfort and brightness.
Further investigation is required in this area.

5.2 Foot pedestrians, cyclists, and wheelchair users

In the experiment, the non-elderly foot pedestrian subjects doubled as the cyclist
subjects. They reported that it was harder to discern the faces of approaching
pedestrians at low illuminance levels both on foot and on a bicycle. At 1,5 Ix, the
subjects did not feel any danger when walking but they did feel danger when riding.
Riding is faster than walking, which means that a rider has less time than a walker to
assess the traffic conditions ahead. In other words, an illuminance level of 1,5 Ix is
dangerous for cyclists because they are unable to determine whether evasive action is
required.

Wheelchair users, who travel more slowly than foot pedestrians, had trouble identifying
the faces of approaching pedestrians at illuminance levels of 5 Ix and under. This is
probably attributable to the fact that their eyes are at a lower level, which means that
they can’t see as far as foot pedestrians, and also the fact that propelling the wheelchair
involves a back and forth movement which means that they have less opportunity (in
terms of frequency and period) to look up and assess approaching traffic conditions
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such as the road lines and the direction in which others are moving. Wheelchair users
therefore require higher levels lighting than foot pedestrians in order to provide the
same degree of visibility of visual information.

6. SUMMARY BY ILLUMINANCE LEVEL

The findings discussed above can be summarized as follows:

At 1,5 and 3 Ix: Pedestrians can discern the presence of obstacles and approaching
pedestrians but experience difficulty seeing the road surface and recognizing details
such as facial features and are not able to negotiate their way forward with ease.

At 5 1x: Pedestrians are able to discern obstacles and see the road surface easily (the
basic prerequisites for pedestrian traffic at night), and can also recognize details
such as the facial features of approaching pedestrians. Wheelchair users are unable
to recognize the facial features of approaching pedestrians.

At 10 Ix and above: Pedestrians of all types are able to proceed safely and securely.

7. CONCLUSIONS AND FUTURE ISSUES

In this study, we evaluated five average road surface illuminance levels with respect to
six evaluation items in four pedestrian categories in order to determine the level of the
average road surface illuminance required to enable pedestrians of all types to proceed
safely and securely in area of pedestrian traffic. Future studies should look at the
influence of colour temperature and colour rendering of the source lamp on the
perception of visibility in the pedestrian area.
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