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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 B , # Llr
Tf

were as shown in Table 1. Four Foston ofghing 1 N 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
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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 s
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.
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(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
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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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