
  

  

Abstract—A new method is proposed to measure the 
visibility when one is driving a automobile at night. Since the 
size of visual object is strength of visual stimuli, a procedure 
to measure the visibility is discussed in this paper where the 
psychometric curve is obtained by the statistical estimation 
using staircase methods. The proposed method enables one to 
estimate the threshold of recognition with probability that 
means the recognition-probability-based visibility. 
Furthermore, the proposed method illustrates the effect that 
color temperature of automobile headlights and color 
difference between the illuminated object and background 
have on visibility. For color difference between the 
illuminated object and background, colors were represented 
as points in three-dimensional space using the LCH color 
system, and color difference was quantified with respect to 
luminance, chroma and hue. 

I. INTRODUCTION 
The expansion of motorization in recent years has been 

accompanied by an explosive increase in the proportion of 
automobile traffic together with a sharp increase in number 
of traffic accidents, with a notable increase in the 
proportion of accidents involving an elderly person as the 
main party [1]. In addition, although nighttime accidents 
account for only about 30% of total accidents, the number 
of fatal accidents is similar to daytime rates [2]. This 
indicates that major accidents are more likely to occur at 
night [3-5]. 

In this study we conducted experiments to assess 
visibility during nighttime driving. A clearer understanding 
of visibility properties during nighttime driving may make 
it possible to develop guidelines for designing a safer and 
more comfortable road environment for all drivers, not only 
the elderly. To assess visibility, we propose a method in 
which stimulus intensity is defined as size of the visual 
target to be recognized by the subject, and the psychometric 
function is a recognition probability curve. According to 
this method, the probability point is defined by the physical 
response threshold to sensory stimuli, and this threshold 
value can then be used for quantitative and normative 
estimation of visibility with respect to each individual. 
Furthermore, the proposed visibility assessment method 
illustrates the effect that color temperature of an automobile 
headlight and color difference between the illuminated 
object and background have on visibility. For color 
 

K. Yamanaka is with Faculty of System Design, Tokyo Metropolitan 
University, Asahigaoka 6-6, Hino, Tokyo 191-0065, Japan (corresponding 
author to provide phone: +81-42-585-8696; fax: +81-42-585-8696; e-mail: 
kiyamana@ cc.tmit.ac.jp).  

S. Yamamoto is with Graduate School of System Design, Tokyo 
Metropolitan University, Asahigaoka 6-6, Hino, Tokyo 191-0065, Japan 
(e-mail: 06892524@sd.tmu.ac.jp). 

M. Kawakami is with Faculty of System Design, Tokyo Metropolitan 
University, Asahigaoka 6-6, Hino, Tokyo 191-0065, Japan (e-mail: 
kawakami@tmit.ac.jp). 

 

difference between the illuminated object and background, 
colors were represented as points in three-dimensional 
space using the LCH color system [6-8], and color 
difference was quantified with respect to luminance, 
chroma and hue. 

II. EXPERIMENT 

A. Experimental Layout and Procedure  
In this experiment, 10 university students aged 21 to 23 

years were selected as subjects who fulfilled the candidate 
criteria of having a regular class automobile license and 
normal vision or corrected normal vision.  Following the 
instructions of the experimenter, subjects tried to recognize 
a visual object in a university gym, and the response 
category was measured. The experimental layout is shown 
in Fig.1. A Landolt ring as visual object, of size from 0.5’ to 
2.0’, was displayed at 22 m distance from the eye of the 
subject and was located 0.5 m above the ground. Based on 
inspection of automobiles, the headlight was located 0.9 m 
above the ground. 

This study examines the visibility due to variation in the 
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Figure 1 Experimental layout 

 
 

Table 1 Color difference between Landolt rings and 
black background 
 



  

color temperature of automobile headlights and the color 
difference between the visual object and the background. 
Accordingly there were two different experimental factors: 
the color temperature of an automobile headlight and the 
color difference between the visual object and background. 
The color temperature of the halogen headlight was set to 
two different levels: 3100 K and 4700 K. The mean 
illuminance at the Landolt ring presentation position in 
each color temperature condition was 40.56 lx in 3100 K 
condition, and 23.95 lx in 4700 K condition. The colors of 
the visual objects were set to five different levels. 
Luminance, chroma and hue of the five chosen foreground 
colors were measured by a color meter. Table 1 shows the 
color differences between the black background and the 
values of these five colors. 

B. Measurement of Visibility 
The aim of this study was to measure visibility. In the 

experiment, the two response categories of “possible to 
recognize” or “impossible to recognize” for the size of 
visual object were measured. As shown in Fig.2, the 
strength of stimuli is defined as size of visual object, which 
constitutes the psychophysical quantity. The visual object 
is possible to recognize when large, but impossible to 
recognize when small. In other words, the larger the visual 
object, the greater the strength of stimuli. This experiment 
was designed to measure the threshold of recognition when 
the response category changed from “possible to 
recognize” to “impossible to recognize” or vice versa. It is 
well known that the function relating probability of 
recognition and the strength of stimuli can be obtained by a 
psychometric curve that is equivalent to the cumulative 
distribution function of normal distribution. Since the 
threshold between “possible to recognize” and “impossible 
to recognize” constitutes the threshold of recognition, this 
threshold of recognition can be estimated by psychometric 
curve as the point of subjective equality (PSE) [9-11]. It is 
also known that the stimulus threshold can be obtained as a 
percentile of this psychometric curve. A stimulus threshold 
of 50% probability corresponds to the PSE, which is 
equivalent to threshold of recognition. 

III. PSYCHOMETRIC CURVE AND STAIRCASE METHOD 
The psychometric curve is defined by the strength of 

stimuli  
)(xfP =                                    (1) 

Eqation (1) can be derived easily from the relationship [12]. 
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In Eq. (2), )(•Φ  and )(•φ  are cumulative distribution 
function and probability density function of the 
standardized normal distribution 
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where xμ  and xσ  are mean and standard deviation of the 

strength of stimuli x . 
The probability obtained by psychometric curve by Eq. 

(1) means the probability that one can perceive the visual 
object in Fig.2 at that strength of stimuli. Therefore, this 
probability is also calculated by Eq. (2) as a probability that 
a visual object with a particular stimuli strength can be 
recognized with 50% of the probability of Fig. 2. From this 
discussion, suppose that this probability is defined by  

)( ii EPP =                                   (4) 

where )(•P is an occurrence probability of probability 

event • . iE denotes the probability event of being unable 
to recognize the visual object. Thus the relationship 

1)()( =+ ii FPEP                               (5) 

consists of iE  and iF  that are the probabilistic events of 
being able and unable to recognize the visual object at 
strength of stimuli ix . 

In this paper, the staircase method [13,14] is used to 
estimate the parameters of the psychometric curve as a 
recognition probability distribution. Figure 3 shows the 

0

0.5

1.0

C C C C C C

Visual Threshold

Strength of stimuli x

PSE

Psychometric Curve

Possible to recognize Impossible to recognize

R
ec

og
ni

tio
n 

pr
ob

ab
ilit

y

0

0.5

1.0

C C C C C C

Visual Threshold

Strength of stimuli x

PSE

Psychometric Curve

Possible to recognize Impossible to recognize

R
ec

og
ni

tio
n 

pr
ob

ab
ilit

y

 
Figure 2 Strength of stimuli and psychometric curve

 
 

 
Figure 3 Example of result by staircase method 

 
 

Table 2 Table of stair case method 
 

 
 



  

example of results of the staircase method, where “+” 
means a successful result for recognition and “-” means a 
failure of recognition. )(ix is the size of visual object at the 
i -th trial )( ix= . Symbol d means step value of strength 
of stimuli. In this experiment, step value of strength of 
stimuli is 0.1’. From the frequencies of the results if  as 
shown in Table 2, the estimates of mean value and standard 
deviation of the threshold of recognition x and rs  are 
obtained by Eq. (7). 

⎟
⎠
⎞

⎜
⎝
⎛ −+=

−

2
1

0 C
Adxx                        (6) 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

−
= 029.062.1 2

2

C
ACBdsr                (7) 

where )0(
0 xx =  [15], 

∑∑∑ === iii fCfiBifA ,, 2          (8) 

IV. EXPERIMENTAL RESULTS AND DISCUSSION 
Figure 4 shows the relation between the color 

temperature of the headlight and the visibility. In this figure, 
the vertical axis shows the size of visual threshold with 
50% recognition probability, while the horizontal axis 
shows the color temperature of the headlight. In this 
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Figure 4 Relation between visual threshold and color 
temperature of headlight 
 
 

Table 3 Table of ANOVA 
 

**: p<0.01
 
A: Color difference between the visual object and 
background 
B: Color temperature of headlight 
DOF: Degree of freedom 
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Figure 5 Difference among subjects for color difference



  

experiment, when subjects were able to recognize a small 
visual object, visibility was good. From this figure, it can be 
seen that there was no difference between color 
temperatures of 3100 K and that of 4700 K. However, there 
was a characteristic tendency for the size of visual 
threshold stimulus to become smaller as color difference 
between the visual object and the background became 
greater. 

Table 3 shows the result of an ANOVA [16-18] on size 
of visual threshold with visibility defined as 50% 
probability of recognition. In this table, the color 
differences between the visual object and the background 
are significance factors (p<0.01). On the other hand, the 
color temperature of the headlight is not a significant factor. 

Figure 5 shows probability distributions for visual 
threshold size in five colors of visual object for all subjects. 
There are two kinds of characteristic tendency apparent 
from these figures. The first is that the visual threshold 
became smaller as the color difference between visual 
object and the background became greater. The second is 
that individual differences became smaller as the color 
difference between visual object and the background 
became greater. 

V. CONCLUSION 
This study examined visibility due to variation in the 

color temperature of a headlamp and the color difference 
between the target object and the background in night 
driving. The results of this experiment revealed the 
following.  

(1) It is shown that the proposed method using 
recognition probability to evaluate visibility is 
effective in terms of both accuracy and efficiency.  

(2) There is no relation between visibility and the color 
temperature of a headlight. 

(3) As color difference between the target object and the 
background increases, not only does visibility 
improve but individual differences diminish. 
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