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Drowsiness is thought as crucial risk factor
which may result in severer traffic accidents. Recently
driver’s psychosomatic state adaptive driving support safety
function has been highlighted to further reduce the number
of traffic accidents. Consequently, reduction effect of
psychosomatic adaptive safety function should be clarified to
foster its penetration into commercial market. This research
clarified root cause of traffic incidents experiences by means
of introducing Internet survey. From statistical analysis of
the traffic incidents experiences, major psychosomatic state
just before traffic incidents was identified as haste,
distraction and drowsiness. This research focused
drowsiness of a driver while driving. By means of using the
Kohonen neural network, this research created estimating
accuracy to detect a state of drowsiness. As a self-organized
map, this research introduced six types of facial expression.
Finally, this research estimated reduction effect of driver’s
drowsiness in the traffic accident. Result of the estimation
was verified by comparing to the reduction effect of ESC.
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1. Introduction
The number of traffic fatalities in Japan as of 2014 has
declined under 4,200 and the number of traffic accidents has
declined as shown in Figure 1 [1]. However, the number of
traffic injuries has still exceeded 0.7 million, reducing the
number of traffic accident has become an inevitable
challenge to establish sustainable mobile society.
Consequently, creating technologies which may reduce
traffic accidents remains one of the highest ranked issues.
From the reason preventive safety technologies may play
more and more important role, one of candidates may be
driver’s psychosomatic state adaptive driving support
function, which has potential ability to enhance safety
performance of vehicle safety [2] [3]. Accordingly,
identifying root cause of traffic accidents may be
indispensable. The Safety Engineering Committee of the

Science Council of Japan (2000) [4] has asserted that
analytical survey of traffic accidents as well as traffic
incidents is essential to clarify root cause of traffic accidents.
Previous research reported that 71% to 90% of traffic
accidents were occurred by human factors [5] [6] [7].
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Figure 1. Trends of road traffic accidents as of 2014 in Japan

This research assumed that root cause of traffic accidents
may be the same as that of traffic incidents including
near-miss accidents. According to the previous research of
the author [8], this research revised the outcome of Internet
survey which used questionnaire because of its easiness to
collect real world experiences. In the previous research
seven traffic incidents model were defined by referring
seven traffic accidents model used in the Advanced Safety
Promotion Project Phase III in Japan (ASV) [9]. Survey
area of traffic incidents experiences was extended to
ordinary driving occasion which has potential accident risk
as well as apparent accident risk as shown in Figure 2.

Figure 2. Survey area of traffic incidents
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From the analysis of collected traffic incidents
experiences, major psychosomatic states were identified as
hasty, distraction and drowsiness. This research focused
driver’s drowsiness which may result in severer traffic
accidents. Lots of the research was done to detect
drowsiness. One approach is to relate physiological states
with drowsiness, which are percent eye closure (PERCLOS)
[10], [11], Electrocardiogram (ECG) [12], and blinking [13].
In the previous research of author, Herat rate variability
(HRV) was used to predict sleepiness onset [14]. However,
those methods are not enough to estimate detection
accuracy of drowsiness because accuracy of drowsiness
detection is essential to estimate reduction rate of traffic
accidents. Another approach is to use facial expression for
estimation of drowsiness. One previous research used facial
expression in combination with subjective sleepiness [15].
But this research could not directly estimate accuracy of
drowsiness detection. From the previous research [16],
facial expression is expressed by using Kohonen neural
network (hereinafter; KNN) [17]. In the previous research
of the author [18], recognition of six types of facial
expressions was identified by using KNN which created a
self-organized map of drowsiness. Normalization of
orientation and size of face was executed by coordination of
eyes and nose. Facial expression was judged by
minimization of Mahalanobis' distance as a recognition
algorithm. Then this research established to detect
drowsiness of a driver in higher accuracy. Finally, reduction
rate of the number of traffic accidents was estimated by
means of using amount of average accuracy of detecting
drowsiness. This research compared reduction rate of
drowsiness detection function with the reduction rate of
ESC by using database of National Agency for Automotive
Safety & Victims' Aid in Japan [19] and US-DOT [20].

2. Identification of Root Cause of
Traffic Incidents Experiences
In revised Internet survey of the author, the number of
respondents was 2,000 (1,117 males and 883 females), the
average age was 41.1 years, the average driving experience
was 19.9 years and the average number of traffic incidents
was 2.34. Statistical sampling error of the Internet surrey
was calculated by 2.2%. Revised analytical results of the
survey were shown in Figure 3.

Top four psychosomatic states just before traffic incidents
were “Hasty” (26.6%), “Distraction” (26.5%), and “Normal”
(18.0%) as well as “Drowsiness” (4.6%). This result of
drowsiness agreed with previous research [21]. From the
results detecting driver’s psychosomatic state just before
traffic incident is indispensable for establishing
countermeasures to reduce the number of the traffic accident.
This study focused a state of drowsiness as driver’s
psychosomatic state to reduce severer traffic accidents.

3. Creation of Facial Expression Map
Kohonen neural network is known as one of competitive
learning type neural network which only winning neuron
can learn input data set in learning stage. This learning may
have feature to create self-organized map which expresses
correlation among input data of facial expression.
Consequently, Kohonen neural network may generate
complementary picture among each facial expressions.
Previous research reported that facial expression of
humankind which shows emotion were six types [22]. They
were “ordinary”, “drowsiness”, “anger”, “sorrow”,
“delight”, “surprise”. Accordingly, this research used the
above six facial expressions. Six pictures were taken for
each six facial expressions. Original face expression in
512× 512 pixel of 24 bit was gray-scaled. Then both
orientation and dimension of face were corrected by
coordination eyes. A picture in 256 × 256 pixel of facial
expression was extracted by referring central point of nose.
Then this picture was compressed in 64 × 64 pixel.
Accordingly, self-organized map was created as input
vector of Kohonen neural network. Output picture of
Kohonen neural network unit was in 32 × 32 pixel.

4. Recognition of Facial Expression
By using Mahalanobis' distance as a recognition algorithm,
this research tried to estimate accuracy of detecting
drowsiness of voluntarily participants. The number of
participants was 8, who consented to join in this experiment.
Distribution degree of similarity was acquired from
generated map. Accordingly, strongly reacted portion to a
maximum similarity data was extracted by a certain amount
of Mahalanobis' distance. Then recognition was executed
whether the portion was included following equation (1).
Ni

Pi = ∑( xik
k

Figure 3. Psychosomatic states just before traffic incidents (Units: %)

x min )

(1)

In equation (1), 1i denotes class of facial expression, Pi
denotes similarity of class of facial expression in the same
distribution, xjk denotes similarity of data k in i class of facial
expression, xmin denotes minimum similarity on similarity
map. Consequently, accuracy of facial expression was
defined by maximum value of facial expression class derived
from equation (1).
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5. Recognition Results
This research obtained cooperation of 8 participants
who consented to join the experiment. This research took 6
pictures for 6 facial expressions per one participant. 240 out
of 288 picture of facial expression was selected. 40 facial
expressions were allocated for each facial expression. Then
recognition experiment by means of using Kohonen neural
network was executed. At the same time subjective
evaluation by six facial expressions was executed by the
same participant. Accordingly, average recognition accuracy
of facial expression was obtained as shown in Table 1.
Recognition accuracy of drowsiness showed maximum
value among 6 facial expressions, which was 93.8 % in top
common. However, amount of subject evaluation of
drowsiness was in fourth top common. Average value of
recognition accuracy of these 6 facial expressions was
almost the same amount as subjective evaluation.
Consequently, this method by means of using Kohonen
neural network was concluded as suitable in use to estimate
a state of drowsiness. Then this research selected 87.6% as
average drowsiness detection accuracy between facial
expression and subjective evaluation.
Table 1. Recognition accuracy of facial expression (Units; %)
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of recognizing drowsiness state. Reduction rate of the
number of traffic accident by using preventive safety system
(Advanced Safety Vehicle; ASV) was adopted as shown in
Table 2 from the research which number was released on
vehicle type basis by the MLIT in Japan [23].
Overall reduction rate of preventive safety systems was
calculated to 38.7 % in weighted average as shown in Table 2
as of Jan. 2015. The number derived in this research showed
almost the same amount as the number released by the
US-DOT, which is 35% in overall for Intelligent
Transportation Systems. The number derived in this research
may be judged suitable in use for estimation of reduction rate
of the number of the traffic accident for preventive safety
systems. Accordingly reduction rate of the number of the
traffic accident by incorporating the driver states monitoring
function as preventive safety unit may be estimated in
following steps;
A. Define Rd as reduction rate of the number of traffic
accident based on function of drowsiness detection,
where this research used average accuracy of
drowsiness by facial expression detection.
B. Rt is defined as reduction rate of the number of traffic
accident by ASV system as shown in Table 2 (38.7%).
C. Dr is defined as constituent ratio of the driver’s
drowsiness state (4.6%).
D. Dd is defined as average detection accuracy of
drowsiness obtained by Kohonen neural network
based on facial expressions (87.6%).
Consequently, Rd may be calculated following equation
(2).
Rd = Rt × Dr × Dd

6. Estimation of Reduction Rate of
Function of Drowsiness Detection
Table 2. Reduction rate of the number of traffic accidents by ASV system
(Units; %)

When the amount is set as Rt = 0.387, Dr = 0.046 and Dd =
0.876, Rd can be calculated to 0.016 for overall traffic
accidents. Although some statistics for reduction rate of
preventive safety devices have been analyzed, this research
selected ESC analytical case. The reduction rate of the
number of the traffic accident by ESC was identified as
0.036 from the study of National Agency for Automotive
Safety & Victims' Aid (NASVA) in Japan. This research
defined Iesc as ESC installation rate in Japanese market [24].
When let Resc as overall reduction rate of the number of
traffic accident by ESC, Resc may be expressed following
equation (3).
Resc = 0.36 × Iesc

* Whole number of owned vehicle: 80,320,157 as of Jan. 2015

This research estimated reduction rate of the number of
traffic accident by using above amount of average accuracy

(2)

(3)

When Iesc was estimated as 0.327 as of 2014, Resc is
calculated to 0.118.
Reduction rate of the number of the traffic accident by
using the driver’s drowsiness monitoring function was
estimated as 1.6%, whereas that of ESC was 11.8%. As
amount of reduction rate of driver’s drowsiness monitoring
function is approximately one seventh compared with that of
ESC, its effect of reducing the number of traffic accident can
be expected in a certain degree.
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7. Conclusions
This research identified root cause of the traffic incident
by means of conducting Internet survey, which may be the
same as root cause of the traffic accident. To estimate
accuracy of drowsiness state, this research introduced
picture recognition method which uses six facial
expressions, which used Kohonen neural network as
recognition algorithm. Finally, this research created novel
method of estimating reduction rate of the traffic accident
by means of using driver’s drowsiness detection function.
The conclusions are as follows;
A. Drowsiness is one of major driver’s psychosomatic
states just before traffic accidents which is likely to
be involved in severer traffic accidents.
B. Internet survey of traffic incidents in the real field
may be one of effective means to identify root cause
of traffic accidents on big data basis.
C. Kohonen neural network may be effective means to
estimate an accuracy of drowsiness state as well as
anger. The method by using facial expression is
unique means to detect accuracy of drowsy state.
D. Reduction effect by using driver’s drowsiness
detection function is expected in certain degree
compared with that of ESC. Consequently, wider
installation of drowsiness detection function should
be incorporated into production vehicle to avoid
traffic accidents.
Future issue includes further enhancing performance of
detecting driver’s drowsiness as well as anger. Moreover,
statistical investigation including Internet survey for
reduction rate of the number of the traffic accidents in the
real world would be widely executed to promote
introduction of vehicle safety devices for the reduction of
the number of the traffic accidents.
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