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Abstract- One of issue of road traffic safety is reduction of the number of traffic accidents. Currently preventive safety 
technologies of vehicle are highlighted to be one of solution of reducing the number of traffic accidents. Out of its 
technology, diver’s state adaptive safety system may be one of promising candidates. Therefore, identifying driver’s 
psychosomatic states is indispensable to establish those kind of safety functions. A state of anger often has happened in 
traffic jam or aggressive driving which may result in severe traffic accidents. This research adopted Kohonen neural network 
as classification algorithm to identify anger state of driver by using six facial expression. Six types of facial expression are 
ordinary,anger, drowsiness, sorrow, delight and surprise which is thought to express almost human emotions. Therefrom this 
research established to identify anger state of driverby using six facial expressions. Then we proposed driver’s anger state 
safety function which is one element of driver’s psychosomatic state adaptive safety system in cooperation with artificial 
intelligence function. Finally, this research calculated reduction effect of the number of traffic accidents by using function of 
detecting driver’s anger. Finally, this research verified validity of calculation by referring reduction rate of ESC. 
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I. INTRODUCTION 
 
One of issue of road traffic safety is reduction of the 
number of traffic accidents. The number of traffic 
fatalities in Japan as of 2015 has declined under 4,200 
and the number of traffic accidents have declined as 
shown in Fig. 1. However, the number of traffic 
injuries has still exceeded 0.6 million [1]. Reducing 
the number of traffic accident is 
anindispensablechallenge to create sustainable mobile 
society. Developing technologies which may reduce 
the number of traffic accidents remains one of the 
highest ranked issues. 
 

 
Fig. 1. Road traffic accidents trends in Japan as of 2015 

 
Currently preventive safety technologies of vehicle 
are highlighted to be one of solution of reducing 
traffic accidents. One of promising candidate 
technologies may be driver’s state adaptive safety 
function which has potential to enhance safety 
performance of vehicles [2] [3]. From the previous 
research, around 90% of traffic accidents was caused 
by human factors [4] [5] [6]. This research assumed 

that dominant causeof traffic accidents might be same 
as traffic incidents including near-miss accidents.By 
using our previous research[7], this research revised 
the data of Internet survey which used questionnaire 
because of its easiness of collecting real world 
experiences on big data basis. From the analysis of 
the collected data, anger is one of major factors of 
traffic incidents just before traffic incidents. Anger is 
often seen in a traffic congestion situation [8] [9] or 
aggressive driving. Therefore, this research focused 
driver’s anger which mayresult in severe traffic 
accidents. From the previous research, human 
emotion may be presented by six facial expressions 
[10], which are “ordinary”, “anger,” “drowsiness”, 
“sorrow”, “delight” and “surprise”. Facial expression 
is identified by using Kohonen neural network 
(hereinafter; KNN) following previous research [11] 
[12]. The authors have classified six emotions by 
using six type of facial expressions by using 
KNN[13]. Accordingly, this research adopted six 
types of facial expression as alternative 
characteristics to classify driver’s anger state by using 
KNN. This research defined six types of facial 
expression including anger [10] as a self-organized 
map. Normalization of orientation and size of face 
was done by coordination of eyes and nose. Facial 
expression was judged by using both similarity 
distribution and Mahalanobis' distance [14]. 
Then this research established to detect anger of a 
driver in high accuracy [15]to comprise driver’s 
angry state adaptive safety functionin cooperation 
with artificial intelligence (hereinafter; AI) function 
[16]. Finally, this research estimated reduction effect 
of the number of traffic accidents by using function 
of detecting driver’s anger.  By referring reduction 
rate of ES, this research verified validity of 
estimation. Consequently, this estimation may help to 
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further penetrate driver’s psychosomatic adapt safety 
systems into production vehicle. 
 
II. FACTOR OF TRAFFIC ACCIDENTS 
 
From the previous research, around 90% oftraffic 
accidents were occurred by human errors [4] as 
shown in Table 1. According the research of Virginia 
Tech. (2006), inattention of driver caused traffic 
accidents by 80% [5]. However, ITARDA in 
Japan(Traffic accidentstatistics, 2001) reported that   
human factors caused 71% of traffic accidents 
[6].The Safety Engineering Committee of the Science 
Council of Japan (2000) has asserted that analytical 
survey of traffic accidents as well as traffic incidents 
is essential to identify root cause of traffic accidents. 
 

Table 1:  Human Factor in Traffic Accidents 
Implementing 

Entity Factor of Error Rate 

Indiana Univ., 
USA 

(Treat, 1977) 
General human error 90% 

NHTSA, US 
DOT   
and 

Virginia Tech. 
(Klauer, 2006) 

Inattention 
(includingDistraction, 

Drowsy) 
80%   

ITARDA in 
Japan 

(Traffic 
accident    

    statistics, 
2001) 

Recognition error 
(Inattentiveness, 
Neglect checking 

safety) 

71%  

 
This research assumed that root cause of traffic 
accidents may be same as that of traffic incidents 
including near-miss accidents. Therefore, Internet 
survey by using questionnaire was introduced 
because of its easiness to collect real world 
experiences. Seven traffic incidents model were 
defined by referring seven traffic accidents model 
used in the Advanced Safety Promotion Project Phase 
III in Japan [17]. 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 Fig. 2. 
  

 
Fig. 2. Survey area of traffic incidents 

Internet survey was done following the sequence 
which were, control of applicants, screening of proper 
respondents and pick up of effective answers. PC 
operating environment was Windows2000 in 
software and Microsoft explorer in browser [7]. 
 
III. ROOT CAUSE OFTRAFFIC INCIDENTS 

3.  
4. Analysis of the Internet survey was shown in Fig. 3. 

Top six psychosomatic states just before traffic 
incidents were “Haste” (26.6%), “Distraction” 
(26.5%), “Normal” (18.0%) and “Drowsiness” 
(4.6%) as well as “anger” (3.1%). 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 research focused a state of anger as 
driver’s psychosomatic state to reduce severe traffic 
accidents. 

 
Fig. 3. Analytical results of psychosomatic states 

 
IV. FACIAL EXPRESSION MAP CREATION 
 
4.1. Classification by Kohonen neural network 
Kohonen neural network is known as competitive 
learning 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 expressions. KNN may generate 
complementary picture among each facial expression. 
This research has introduced a method, which KNN 
classifies candidate picture by using both similarity 
distribution and Mahalanobis' distance. 
 
4.2. Acquisition of facial expression picture 
Previous research reported that facial expression of 
humankind were six types on emotion basis [9]. They 
were “ordinary”, “anger”, “drowsiness”, “sorrow”, 
“delight”, “surprise”. Accordingly, this research used 
six facial expressions. Six picture were taken for each 
six facial expressions.  One out of six of a facial 
expression was selected for a learning data of KNN 
following the previous research [12] [13] as shown in 
Fig. 4. 
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4.3. Generation of facial expression map 
Original face expression was in 512× 512 pixel of 24 
bit which 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 KNN neural network. Output 
picture of KNN unit was in 32 × 32 pixel. 
 

 
Fig. 4. Six type of facial expressions 

 
4.4. Learning process by KNN  
Learning by KNN was executed by giving four type 
of random number in initial stage. Then KNN learned 
each six facial expression maps as shown in Fig.5. In 
the process ukl was defined as similarity factor, where 
xklis input picture,wijklcombined load of KNN. 
Similarity factor was defined following equation (1).   
 

 
Fig. 5. Learning process 

 
Similarity factor was defined following equation (1).   
 
 
 

(1) 
 
 

Maximum of similarity factor ukl was defined as 
maximum unit of similarity. 
 
V. CLASSIFICATION OF FACIAL 
EXPRESSION 
 
This research evaluated accuracy of classifying state 
of anger of 6 voluntarily participants, who consented 
to join in this experiment. Distribution area of 
maximum similarity was acquired from generated 
map. Learning of facial expression map was 100 
times. Similarity between generated facial expression 
and unknown input facial expression was calculated 
by equation (1). Distribution area of maximum 
similarity was determined as classified recognized 
facial expression.By using Mahalanobis' distance and 
area of similarity distribution, this research calculated 
accuracy of detecting anger. Strongly reacted area to 
a maximum similarity data was extracted by a certain 
amount of Mahalanobis' distance. Then classification 
was done whether the area was included following 
equation (2). 

∑
iN

k
kli xxP )( min (2) 

In equation (2), 1idenotes class of facial expression, 
Pi denotes similarity of class of facial expression in 
the same distribution, xkldenotes similarity of data k 
in i class of facial expression, xmindenotes minimum 
similarity on similarity map. Consequently, accuracy 
of facial expression was defined by maximum value 
of facial expression class following equation (2). 
 
VI. CLASSIFICATION 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 KNN was executed. At 
the same time subjective evaluation for six facial 
expressions was executed by the same participant. As 
one of improved method, this research tried to 
introduce recognition by Mahalanobis' distancewhich 
results is shown in Table 2. 

 
Table 2:Classification Accuracy by KNN 

 

∑∑
∑

22
ijklkl

ijklkl
kl

wx

wx
u 

http://iraj.in


International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-5, Issue-6, Jun-2017 
http://iraj.in 

 Traffic Accidents Reduction by Facial Expression Identification 
 

111 

Classification accuracy of anger showed 85.0% in 
fourth top common. However, amount of subject 
evaluation of anger was in third top common. 
Average value of recognition accuracy of these 6 
facial expressions was 82.5% which was almost same 
amount as subjective evaluation done by 6 
participants. Consequently, this method by means of 
using  Mahalanobis' distance and similarity 
distribution was said as suitable to estimate a state of 
anger. Then this research selected the method which 
average accuracy was 88.4% for detection of anger 
state between facial expression and subjective 
evaluation.This method of detecting driver’s anger 
state may be applicable to driver’s psychosomatic 
adaptive safety function. 
 
VII. DRIVER’S ANGER STATE ADAPTIVE 
SAFETY FUNCTION IN COOPERATION 
WITH ARTIFICIAL INTELLIGENCE 
 
This research proposed a potential driver’s state 
adaptive driving support safety function in 
cooperation with artificial intelligence as well as 
autonomous driving unit as shown Fig. 6. 
 

 
 
Fig. 6. Driver’s state adaptive driving support safety function 

 
The function always watches driver’s psychosomatic 
states such as “anger” as well as surrounding road 
condition in cooperation with an artificial 
intelligenceunit. AI unit alwayswatches driver’s 
condition and vehicle condition as well as road 
conditions ahead of a vehicle by means of using 
mobile communicationbetween AI unit and road 
infrastructure. Driver usually looks frontal road 
conditions as well as peripheral of vehicle to safely 
drive. When driver’s anger detection function 
estimate that driver may be fallen in an anger state, or 
be provided imminent danger from the AI unit, safety 
functionmay deliver information or alert to the driver 
as well as providing the imminent risk. If driver’s 
adaptive safety unit estimate imminent danger is 
unavoidable, the AI unit could intervene the driver by 
activating an autonomous driving unit to avoid a 
traffic accident by using automatic braking 
system[18] [19] [20] or other safety devices. The 
function may reduce the risk of being involved in the 
traffic accident. 

VIII. REDUCTION EFFECT OF TRAFFIC 
ACCIDENTS 
 
This research calculated reduction effect of the 
number of traffic accidents by using above amount of 
average accuracy of classifying angerstate. Reduction 
effect of the number of traffic accidents by using 
preventive safety system (Advanced Safety Vehicle; 
ASV) was used as shown in Table 3. The amounts 
were released by the MLIT in Japan on vehicle type 
basis [21]. Overall reduction rate of preventive safety 
systems was calculated to 38.2% in weighted 
averageas of 2015. The amount derived in this 
research showed almost same as the number released 
by the US-DOT, which was 35% in overall for 
Intelligent Transportation Systems [22]. The number 
derived in this research may be judged as applicable 
to calculate reduction effect of the number of traffic 
accidents for preventive safety systems.  
 
Table 3: Reduction Effect of the Number of Traffic Accidents 

by Safety Systems 

Whole vehicle number as of 2015.12: 80,670,393 
 
Accordingly, reduction effect of the number of traffic 
accidents by incorporating the driver states adaptive 
safety function may be calculated by following steps; 
 

a) Define Ea as reduction effect of the number 
of trafficaccidentsderived by function of 
anger detection, where this research used 
average accuracy of anger by facial 
expression detection. 

b) RASV is defined as reduction rate of the 
number of trafficaccident by ASV system as 
shown in Table 3 (38.2%). 

c) Pa is defined as constituent ratio of the 
driver’sanger state (3.1%). 

d) Ca is defined as average detection accuracy 
of anger obtained by Kohonen neural 
network based on facial expressions 
(88.4%).  

 
Consequently Eacan be calculated following equation 
(3).   
 
    Ea = RASV × Pa × Ca                       (3) 
 
When the amount are set as RASV = 0.382, Pa = 0.031 
and Ca = 0.884, Ea can be calculated to 0.010 for  
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overall traffic accidents. Although some statistics for 
reduction effect of preventive safety devices have 
been analyzed, this research selected ESC analytical 
case. The reduction effect of the number of traffic 
accidents by ESC was identified as 0.036 from the 
research of National Agency for Automotive Safety 
& Victims' Aid (NASVA) in Japan [21]. This 
research defined Iesc as ESC installation rate in 
Japanese market. When let Eescas overall reduction 
effect of the number of traffic accidents by ESC, Eesc 
may be expressed following equation (4). 
 
Eesc = 0.36 × Iesc (4) 
 
WhenIesc was reported as 0.176 as of 2015 [22], Eesc 
becomes 0.063. Reduction effect of the number 
oftraffic accidents by using the driver’s anger 
detecting function was estimated as 1.0%, whereas 
that of ESC was 6.3%. As amount of reduction effect 
of driver’s anger detecting unction is approximately 
one sixth compared that of ESC, its effect of reducing 
the number of traffic accidents can be expected in a 
certain degree. 
 
CONCLISIONS 
 
This research identified root cause of traffic incidents 
by means of introducing Internet survey, which may 
have same root cause of traffic accidents. To 
calculate accuracy of anger state, this research 
introduced classification method which used six 
facial expressions, which algorithm was Kohonen 
neural network. Finally, this research established 
method of calculating reduction effect of traffic 
accidents by means of using driver’s anger detection 
function.The conclusions are the followings; 
 

1) Driver’s anger state is one of dominant 
psychosomatic states which is likely to be 
involved in severe traffic accidents. Internet 
survey of traffic incidents may be effective 
to collect real world experiences on a big 
data basis. 

2) Kohonen neural network has potential to 
classify anger state as well as other five 
psychosomatic states. This method can be 
available to comprise driver’s anger adaptive 
safety function. 

3) Reduction effect of traffic accidents by 
means of using driver’s anger detection 
function is expected in certain degree 
compared with that of ESC. Consequently, 
wider installation of drive’s anger adaptive 
safety function should be incorporated into 
production vehicle. 

 
Future issue includes further enhancing performance 
of detecting driver’s anger state as well as other 
psychosomatic states. Moreover, statistical 
investigation including Internet survey for reduction 

effect of the number of traffic accidentson real 
worldbasis would be widely researched. Those 
activity may help to promote introduction of 
preventive safety devices such as automatic 
emergency braking system as well as artificial 
intelligence for autonomous driving. Thus those 
activities would achieve reduction of the number of 
traffic accidents in the near future. 
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