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Abstract 
In order to study the influence of drivers with different driving tendencies on vehicle 
lane changing behavior under different emotions and improve the lane changing safety 
of drivers. The number of lanes of conservative, normal, and risky drivers in excitement, 
normality, sadness and anger were calculated according the driving data of 60 subjects 
by driving simulation experiments. And their speed, number of overtaking and steering 
wheel rotation times were compared and analyzed. Finally, the multi-factor fuzzy 
comprehensive evaluation method was used to evaluate the risk degree of lane-changing 
behaviors of drivers with different driving tendencies in different emotions. The results 
show that drivers with different driving tendencies have different influences on lane 
changing behavior under different emotions. Drivers with risky driving personality have 
the greatest influence on the lane changing under the condition of anger, while drivers 
with conservative driving personality have the least influence on lane changing under 
the condition of sadness. It is concluded that drivers with different driving tendencies 
will show different driving characteristics during the lane changing, and drivers with 
different driving tendencies have different control effects on different emotions. 
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1. Introduction 

Lane-changing is a key link in driving behavior. Reasonable lane changing is beneficial to driving 
safety. Drivers show abnormal behavior characteristics due to emotions, driving tendencies and other 
factors during lane change, which will bring greater safety risks to driving. 

Most studies have been conducted on the effect of anger on driving behavior. The literature [1] , based 
on driving behavior characteristics, to establish an angry driving condition detection model; 
Literature[2] by designing induced pilot scheme of anger, explore the change law of driving behavior 
under the anger; As for the cause of anger, some scholars explore it by simulating traffic scenes [3], 
and some find the answer by using the driving anger scale [4-8]. Many other scholars have carried 
out further studies, discussing the relationship between anger and driving behavior through the design 
of driving anger scale[9-12], simulation analysis [13] and other methods, and studying relevant 
intervention measures, which provide great reference value for later safety warning. As for the 
influence of different driving tendencies on driving behaviors, literature [14-16] shows that drunk 
driving behaviors under different driving tendencies have different characteristic parameters, which 
is conducive to accurate identification of drunk driving. Literature [17-20] used the probability of 
orientation shift to predict the orientation of car drivers, with an average accuracy of over 80%. 
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Therefore, it is of great significance to study driving behavior by taking driving personality into 
consideration. 

Lane-changing process is a dynamic process based on human-vehicle-environment, and the driving 
state is easily affected by the dynamic changes of drivers' emotions. Of course, the static 
characteristics of driving personality can not be ignored. Therefore, this paper will study the lane 
changing process of drivers with different driving tendencies under different emotions, and use the 
multi-factor fuzzy comprehensive evaluation method to evaluate the risk degree of lane changing 
behavior of different emotions with different driving tendencies, so as to obtain the influence degree 
of lane changing behavior of drivers with different driving tendencies under different emotions. 

2. Data Acquisition and Processing 

2.1 Data Acquisition 

2.1.1 Implementation of the Experimental Scheme 

Step 1: Complete scene construction and route design through multi-person interactive driving 
simulator. 

Step 2: Before the experiment, 60 subjects with different genders, ages (between 20 and 50 years old), 
driving ages (between 0.5 and 10 years old) and occupations (mostly students and teachers) were 
scored by a questionnaire survey on their driving tendencies. 

Step 3: Let the subjects watch the video, audio and picture themes [11-12] that can arouse relevant 
emotions for emotional induction. (The order of emotion induction was excited, normal, sad and 
angry.) Normal emotion was used as the reference group, and the other three emotions were used as 
the experimental group. Here the emotional Self rating scale (Self – Assessment Manikin, SAM) was 
revised in 1994 based on the Self assessment tool of emotional state of nonverbal communication, is 
available in the different cognitive and cultural level of the crowd, such as children and adults, has 
set up a file in the dementia people abroad study use, including arousal (arousal), valence (valence), 
dominance (dominance), and other three dimensions, each dimension has five different levels of small 
figure represented, also have score points between each small figure, so a total of 9 comments on ". 
SAM can quantify emotional states on three dimensions in a fast, non-verbal way. It is universal in 
terms of age and culture, and is easy to operate. In addition, in the process of driving, the surrounding 
vehicles were intentionally overtaking, frequently changing lanes, suddenly decelerating, braking and 
other driving behaviors to create driving obstacles for the drivers, thus causing the angry emotions of 
the subjects. 

Step 4: After each emotional induction, with the help of SAM self-emotion report scale [11], the 
emotion is projected on a two-dimensional plane composed of valence effect (reflecting the positive 
or negative degree of emotion) and arousal degree (reflecting the intensity of emotional induction) 
(Figure 1). This is used as the basis for the judgment of four emotion categories, namely emotion 
detection method, when the driver is induced excited, normal, sad and angry emotions in turn.  
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Figure 1. – SAM(Self-Assessment Manikin) subjective emotion scale 

 

Step 5: Repeat Step 3 and start the driving test with the help of the driving simulator, and finally 
collect the relevant driving data. The whole driving simulation test process is shown in Figure 2. 

 

 
Figure 2. – Flowchart of driving simulation test 

 

In order to avoid data missing as much as possible and increase the reliability of the experimental 
data, each group of participants was repeated three times, and there were four groups: the excited 
group, the normal group, the sad group and the angry group. That is, from step 3 to step 5, a total of 
12 experiments. (figure 3) 

 

 
Figure 3. – Flowchart of emotion introduction 
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2.1.2 Collection of Experimental Data 

This experiment can get data including: subjective emotional scale analysis results, lane changing 
times, speed, number of overtaking, steering wheel rotation number, etc. 

2.2 Data Processing 

The relevant statistical results of SAM Subjective Emotion Scale were retrieved, and a scatter plot 
was made to analyze the validity of the experiment. Here, the horizontal axis (X axis) represents the 
level of valence and the vertical axis (Y axis) represents the level of wakefulness. The statistical 
results are shown in Figure 4. 

 

 
Figure 4. –SAM subjective emotion scale scatter analysis chart 

 

As can be seen from Fig. 4, the valence effect level of drivers under excitement is between 2 and 4, 
and the mood is positive. The arousal level is generally above 1, and the overall arousal is well 
induced. The valency level of drivers in normal emotions is between 0 and 2, which may be induced 
by the excitement in the previous experiment, but the mood is not completely calm, and the arousal 
level is between 0 and 2. Compared with the other three emotions, the arousal level of normal 
emotions has no great significance in scoring. The valence level of the drivers' sadness was between 
-4 and -1, but -1 and -2 were the majority, which successfully induced negative emotions. The arousal 
level was between -3 and -1, indicating that the induction result of sadness was not obvious, and the 
induction method of sadness was not very easy. The valence efficiency level of drivers' anger is 
between -1 and -4, and the distribution of each interval is relatively uniform, which may be related to 
the temperament of each person. However, the evoked anger is very successful, and the arousal level 
is basically all above 1. Among the four emotions, the evoked effect of anger is the best. 

2.2.1 Analysis of Lane Change Results of Drivers with Different Driving Tendencies under 
Different Emotions 

According to the scoring results of the driving personality questionnaire of 60 subjects, 26 
conservative drivers, 19 ordinary drivers and 15 adventurous drivers were finally obtained. The lane 
changing data of drivers with different driving tendencies under different emotions were obtained by 
combining the relevant driving data of the subjects under four different emotions: excitement, normal, 
sadness and anger, as shown in Table 1. 
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Table 1. –Statistical table of lane changing of drivers with different driving inclination under 
different emotions 

Driving personality Emotion case number average median minimum maximum 

 Excited 26 5.19 5.00 1 10 

 Normal 26 3.85 4.00 1 7 

conservative Sad 26 2.85 3.00 0 5 

Type Angry 26 5.02 5.50 1 10 

 Total 104 4.45 4.00 0 10 

 Excited 19 10.53 11.00 8 14 

 Normal 19 8.63 9.00 6 13 

Normal Sad 19 5.26 6.00 1 9 

Type Angry 19 11.16 11.00 8 14 

 Total 76 8.89 9.00 1 14 

 Excited 15 15.47 15.00 12 19 

 Normal 15 11.60 11.00 10 14 

Adventure Sad 15 10.07 10.00 8 12 

Type Angry 15 17.07 17.00 13 20 

 Total 60 13.55 13.00 8 20 

 Excited 60 9.45 9.00 1 19 

 Normal 60 7.30 7.00 1 14 

In total Sad 60 5.42 5.00 0 12 

 Angry 60 10.37 10.00 1 20 

 Total 240 8.13 8.00 0 20 

 

According to the mean and median of lane change times under different emotions, the number of lane 
change times for drivers with all driving tendencies has little difference when driving in anger and 
excitement, and is greater than the number of lane change times under normal emotions; When driving 
in sad mood, the number of lane changes was the lowest and lower than that in normal mood. 
Therefore, it can be inferred that drivers in excited and angry moods are more inclined to pursue 
greater speed and greater driving space than drivers in sad moods. In the free lane change, the 
influence is more likely to occur. Here, because the number of free lane changes in anger and 
excitement is similar, the induction of anger in the emotional experiment is more successful, and in 
the actual driving process of drivers, bad driving behaviors (such as "road rage") caused by anger are 
more common. Therefore, considering the length of the paper and the accuracy of the experimental 
data, this paper focuses on the study of anger. 

From the mean and median of total lane changes of drivers with different driving tendencies, 
adventurous drivers have the highest number of lane changes, while conservative drivers have the 
lowest number. Therefore, it can inferred that adventurous drivers are more inclined to pursue greater 
speed and greater driving space than adventurous drivers, and the influence is more likely to occur in 
the free lane change. 

Adventure type driver under the sadness of changing lanes averages 10.07 times, slightly smaller than 
under normal mood to change his ways the averages of 11.6, the number of even greater than the 



International Core Journal of Engineering Volume 8 Issue 6, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202206_8(6).0112

 

852 

normal number of drivers under normal mood changing lanes of averages 8.63; Conservative driver 
under the anger of lane change number 5.02 on average, slightly greater than his under normal 
emotions in a way the average number of 3.86, compared with the other two groups in terms of driving 
personality, the smallest difference. This may be because the induction of drivers' dynamic emotions 
such as sadness and anger is short-lived, and drivers can eventually recover to normal emotions 
through self-regulation in the process of driving. In the end, the static factor of driving personality 
plays a leading role in lane changing. 

According to the average number of lane changes, median, maximum and minimum values in the 
table, it is concluded that adventurous drivers have the greatest influence on lane change under anger, 
while conservative drivers have the least influence on lane change under sadness. 

The influence of drivers with different driving tendencies on lane changing in different emotions is 
related to driving speed, number of overtaking and number of steering wheel rotation, etc. Lane 
changing under normal emotions is not considered here, and the specific analysis is shown in Section 
2. 

3. Methodolgy 

According to the comprehensive consideration of the data processing results in Section 1.2, this paper 
mainly analyzes the influence degree of free lane changing under the conditions of adventurous 
drivers' anger, adventurous drivers' sadness, ordinary drivers' anger, ordinary drivers' sadness, 
conservative drivers' anger, and conservative drivers' sadness. By classifying the participants into two 
categories: mood (anger and sadness) and driving tendencies (risk-taking, normal and conservative), 
the fuzzy evaluation was performed by comparing the participants' average speed, average number 
of overtaking, and average number of steering wheel turns. 

3.1 Speed Analysis based on Different Emotions and Driving Tendencies 

According to the analysis of relevant experimental data, the average maximum speed of drivers in 
anger is 110 km/h, and the average maximum speed of drivers in sadness is no more than 90 km/h. 
The average driving speed of the adventurous driver is 120 km/h, the average driving speed of the 
ordinary driver is 107.5 km/h, and the average driving speed of the conservative driver is no more 
than 85 km/h. Figure 5 and figure 6 for an ordinary pilots in the anger and sadness traveling time 
under the two emotions - velocity diagram and adventure type driver driving under anger, ordinary 
workers under normal mood driving, conservative drivers under sadness the of time - speed of train 
diagram. 

 

 
Figure 5. –Time-speed diagram under different emotions 
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Figure 6. –Time-speed diagram with different driving tendencies 

 

Figure 5 is a normal driver in a time of anger and sadness - speed diagram, abscissa as time (unit: s), 
the vertical for driving speed (unit: km · h - 1). At that time, the driver under the anger the driving 
speed of the basic is on the rise, up to 120 km/h, initial guess, if the risk type of driver driving speed 
under the anger will be higher; Driving speed under the condition of sadness presents the downward 
trend after rising first, up to 90 km/h, this may be because under the sadness, expect the speed is low, 
when the speed reaches a certain value, the slow down in short time and to a certain extent, is not 
conducive to the normal running of vehicles, the initial guess conservative drivers under sadness may 
be lower, the speed of the greater speed down may be a short time. 

Figure 6 for the risk under the anger type pilot, ordinary drivers under normal mood, sadness 
conservative under the driver's driving time and velocity diagram, the abscissa (unit: s) of time, 
ordinate for driving speed (unit: km · h - 1). During this time, the risk-taking drivers in anger typically 
drove at speeds of up to 140 km/h. The driving speed of ordinary drivers in normal mood increases 
with time, and the upward trend is relatively gentle. The driving speed of conservative drivers in sad 
mood is only 60 km/h, which is consistent with the above conjecture. 

3.2 Overtaking and Steering Wheel Analysis based on Different Emotions and Driving 
Tendencies 

 
Figure 7. –Statistics of overtaking times and steering wheel rotation times under different emotions 
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Figure 8. –Statistics of overtaking times and steering wheel rotation times under different driving 

tendencies 

 

By analyzing the indicators related to lane change, such as the number of overtaking and the number 
of steering wheel angles (in this case, the steering wheel Angle is greater than 10 degrees, it is counted 
as one time), the lane change risk analysis of drivers with different emotions and driving tendencies 
is conducive to the following, as shown in Fig. 7 and Fig. 8. 

The average number of steering wheel rotation of different emotions and driving tendencies is greater 
than the average number of overtaking. This is because the driver needs to rotate the steering wheel 
before overtaking, but the driver may not complete the overtaking action by rotating the steering 
wheel, which is in line with the actual situation. As can be seen from Figure 6 and Figure 7, the 
number of overtaking and steering wheel rotation of drivers with different emotions and driving 
tendencies are different, and drivers with anger and risk-taking emotions are relatively high, while 
drivers with conservative and sad emotions are relatively low. Therefore, the relevant lane change 
characteristics are related to drivers' emotions and driving tendencies, and the number of overtaking 
and steering wheel rotation can be used as the risk evaluation indexes for lane change of drivers with 
different driving tendencies under different emotions. 

In conclusion, speed, number of overtaking and number of steering wheel rotations can be used as 
the relevant evaluation indexes of lane change risk, and their positions are basically equivalent.     

4. Assessment 

The evaluation of a thing often involves multiple factors or indicators. The overall evaluation is 
carried out by comprehensively considering things affected by multiple factors, and when the 
evaluation factors are fuzzy, the evaluation method is fuzzy comprehensive evaluation. In this paper, 
the risk of lane change of drivers with different driving tendencies under different emotions is 
evaluated by combining relevant indicators of speed, lane change and steering wheel.  

4.1 Mathematical Model of Fuzzy Comprehensive Evaluation   

In general, the basic steps of a fuzzy comprehensive evaluation are as follows[13]: 

The first step, the establishment of the n factors influencing the evaluation objects of collection, which 
determine the evaluation factor set: 

 

U={u1,u2,...,un} (1) 
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In Equation (1),ui(i=1,2,…n) is the evaluation index. 

The second step is to establish an evaluation set composed of m evaluation results, namely to 
determine the evaluation level set: 
 

V={v1,v2,...,vm} (2) 

 

In Equation (2), vi(i=1,2,…m)is the evaluation object. The third step is to determine the weight set 
of the evaluation index system, that is,  
 

A={a1,a2,...,an} (3) 

 

In Equation (3), A is an indicator representing the importance of each indicator in the indicator system, 

where, ai>0, 
1

1
n

i
 , and the weight is usually normalized. 

The fourth step, determine the evaluation membership matrix R, namely set of evaluation index of 
the ith a ui: 
 

Ri={ri1,ri2,...,rin} (4) 

 

In Equation (4) : R is a fuzzy subset on V. rij represents the membership degree of the ith index to 
the jth grade. The evaluation vector Ri(i=1,2,…m).Constitute the first-level evaluation matrix: 
 

R=

11 12 1

21 22 2

1 1

...

...

... ... ... ...

...

m

m

n n nm

r r r

r r r

r r r

 
 
 
 
 
 

 (5) 

 

The fifth step is to obtain the comprehensive evaluation model by using the synthesis calculation of 
fuzzy matrix: 
 

B=AR=( b1,b2,...,bn) (6) 

  

Among them, Fuzzy operation can choose ( , )M   , (  , )M   ( , )M   , (  , )M   and other operators. 
When evaluating the risk of lane change for drivers with different driving tendencies under different 
emotions, the operator is adopted because of the M, all factor set and the great disparity in the 
following statistical data of Fuzzy matrix. Therefore, the salience algorithm of main factors is 
temporarily considered. That is: 
 

B=AR     
1 1

= r = max min , r , j 1,2,...,
m

i ij i iji i m
n 

  
    (7) 

4.2 Risk Assessment 

The evaluation set should be used to evaluate the risk degree of lane change behavior under risk-
taking anger, risk-taking sadness, ordinary anger, ordinary sadness, conservative anger and 
conservative sadness. 
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V={risk-taking anger emotion, risk-taking sadness emotion, ordinary anger emotion, ordinary 
sadness emotion, conservative anger emotion, conservative sadness emotion}, the fuzzy subset of 
each single factor is: 

Speed R1=(0.28, 0.19, 0.2, 0.13, 0.12, 0.08). 

Number of overtaking R2=(0.31, 0185, 0.19, 0.15, 0.105, 0.06). 

number of steering wheel rotations R3=(0.33, 0.19, 0.2, 0.12, 0.1, 0.06). 

Composed fuzzy matrix of the fuzzy subset: 

 

1

2

3

0.28 0.19 0.2 0.13 0.12 0.08

0.31 0.185 0.19 0.15 0.105 0.06

0.33 0.19 0.2 0.12 0.1 0.06

   
       
      

R

R R

R  

(8) 

 

According to the analysis of relevant data, the weights of each factor were distributed, and the results 
were 0.35 (speed),0.35 (number of overtaking) and 0.3 (number of steering wheel rotation). The fuzzy 
vector was used to express the weights as A={0.35,0.35,0.3}. The fuzzy comprehensive evaluation 
B of this evaluation object is written as: 

 
0.28 0.19 0.2 0.13 0.12 0.08

(0.35,0.35,0.3) 0.31 0.185 0.19 0.15 0.105 0.06

0.33 0.19 0.2 0.12 0.1 0.06

 
    
  

B A R =(0.31, 0.19, 0.2, 0.15, 0.12, 0.08) 

 

The sum of each weight value in the fuzzy comprehensive evaluation result B is 0.31+0.19+ 0.2+ 
0.15+0.12+0.08=1.05≠1, so the results are normalized. 

 
0.3 0.19 0.2 0.15 0.12 0.08

, , , , ,
1.05 1.05 1.05 1.05 1.05 1.05
 
 
 

=(0.286,0.181,0.190,0.143,0.115,0.076) 

 

For a more intuitive expression, the final result is shown in Figure 9:      

 

 
Figure 9. –Result analysis chart of lane changing influence degree under different driving types 
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The evaluation results showed that the influence degree of lane change under six different emotions 
based on driving tendencies was, from high to low, adventurous anger, ordinary anger, adventurous 
sadness, ordinary sadness, conservative anger, and conservative sadness. 

5. Conclusion 

As for analyzing the influence of different emotions of drivers with different driving tendencies on 
the degree of lane change, based on the method of fuzzy comprehensive evaluation, through in-depth 
analysis and discussion of relevant data, the appropriate evaluation factor set is selected, the 
appropriate factor weight is determined, and the appropriate synthesis operator is selected, and then 
the risk evaluation results of lane change of different types of drivers are obtained. The main 
conclusions are as follows: 

Adventurous drivers are easy to change lanes under anger, and the influence is the highest; The lane 
change frequency of conservative drivers in sad mood is relatively low, and the influence is the lowest. 

When the vehicle changed lanes, the risk type driver and the driver in the angry mood drove the 
highest speed; Conservative drivers and sad drivers drove the lowest speeds. 

The safety factor of lane change for drivers with different driving tendencies under different emotions 
is negatively correlated with speed, number of lane changes and number of steering wheel angles. 

Due to the limited sample size and the analysis results from the data obtained from the simulation 
driving experiment, there are certain differences between the data obtained from the actual road 
experiment, such as speed and number of lane changes, etc., but it can provide some theoretical 
reference for the analysis of the different influence degrees of different driving tendencies on lane 
changes under different emotions.        
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