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The Brain-Computer Interface (BCI) is a field of research that studies the EEG signal in 
order to elevate our understanding of the human brain. The applications of BCI are not 
limited to the study of the brain wave but also include its applications. The studies of 
human emotions specific to the vehicle driver are limited and not vastly explored. The 
EEG signal is used in this study to classify the emotions of drivers. This research aims 
to study the emotion classifications (surprise, relax/neutral, focus, fear, and 
nervousness) while driving the simulated vehicle by analyse the EEG signals. The 
experiments were conducted in 2 conditions, autonomous and manual drive in the 
simulated environment. In autonomous driving, vehicle control is disabled. While in 
manual drive, the subjects are able to control the steering angle, acceleration, and 
brake pedal. During the experiments, the EEG data of the subjects is recorded and then 
analyzed. 
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1. Introduction 
 

The EEG research field was started in 1969 [1]. At first, Luigi Galvani of Bologna found that muscle 
contraction and nerve conduction produced the electrical pulse. The term Brain-Computer Interface 
(BCI) was first introduce by Professor Jacques Vidal in 1973 from UCLA in his paper “Toward Direct 
Brain-Computer Communication” [2]. Then, as the sensors and technology advance, the method of 
harvesting brain signals evolves from an invasive to a non-invasive method.  

The simulations can recreate the real experience with the least cost, time and can ensure the 
subject’s safety while driving the vehicle. There are certain rules in using simulation as a tool to 
stimulate the subject’s emotions. The elements of audio and visual stimuli must be present for 
immersion to happen [3,4]. As stated by previous study [5], different types of music/sound and traffic 
situations can affect driving characteristics. 
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Driving simulations are not widely used for EEG emotion classification. Aggressiveness [6,7], 
attention [8,9], sleepiness [10,11], and fatigue [12,13] are commonly studied for driver-related EEG 
research. Even though attention and focus are important for a safe driving experience, according to 
past study [14], unbalanced emotions can contribute to dangerous driving maneuvers. 

The EEG data analysis starts by reducing or removing the unwanted noise. The noise is from 
muscle movement signals, EOG, ECG [15], EMG, skin artifacts, or technical errors such as dry 
electrodes and loose electrodes [16]. Then, the features are extracted. To reduce the 
misclassification rate, the features are selected based on the most significant p-values. Then, the 
classification uses the selected features as input to classify the emotions. 

This paper discusses the proposed drivers’ emotion classification method which focuses only on 
5 different emotions (surprise, relax/neutral, focus, fear, and nervousness). The emotions of the 
subjects are analysed from the EEG signal during the simulated driving simulations. The simulated 
driving environment consists of two situations, manual and autonomous drive mode. During the 
experiments, the EEG signals of the subjects will be recorded and studied.  

The paper is organised into three main sections. Section 1 discusses past research related to the 
classification of emotions. Section 2 discusses the proposed method for studying emotion 
classification while subjects drive in a simulated environment. Section 3 discusses the expected 
outcome of the proposed method. 

 
2. Methodology  

 
The flow chart for the design of the proposed methodology is shown in Figure 1. The research 

starts with develop a suitable research protocol by referring to related past research. There is a 
requirement from Universiti Malaysia Perlis (UniMAP) that all related research using humans as 
subjects needs to get ethical approval from the university ethical community. The experiments are 
conducted in two situations, autonomous and manual. In the autonomous drive, the simulation runs 
without any intervention from the subjects, and the EEG signals of the subjects are recorded during 
the experiments. In the manual drive, the subjects will control the simulation environment using the 
steering wheel, acceleration, and brake pedals provided. The EEG signals of the subjects were also 
recorded during the manual drive. The emotions of the subjects during the experiments were studied 
and classified. The classification of emotions is limited to only five emotions: surprise, relaxation, 
focus, fear, and nervousness. The classification performance of two classifiers (KNN and PNN) will be 
compared. 
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Fig 1. Flow chart for the proposed research 

 
2.1 Design of Experiment Protocol 
 

The process flow for the proposed experiment protocol is shown in Figure 2. There are two driving 
conditions developed for the experiments: autonomous and manual drive. The additional condition 
develops within the simulation environment in order to stimulate the driver’s reaction and emotions, 
as mentioned in Sub-Chapter 2.2. If the developed driving situation is monotonous, the studied 
emotions cannot be stimulated. 
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Fig 2. Process flow for the proposed experiments protocol 

 
The experiment protocol is shown in Figure 3. First, the Emotiv Epoc X and Head Mount Display 

(HMD) which is the Oculus Quest 2 are attached to the subjects. Then, the subjects were given a 
series of instructions about the flow of the experiments in the form of a video tutorial. After that, the 
subjects are instructed to rest for 3 minutes. While resting, the relax EEG signal baseline is recorded. 
The experiments begin with autonomous driving and progress to manual driving. In between the 
experiments, the subjects are instructed to rest for 3 minutes. The electrode placement of the Emotiv 
Epox X follows the 10-20 system as shown in Figure 4. 
 

 
Fig 3. Experimental protocol [17] 

 

 
Fig. 4. Emotiv Epoc X electrode placement 
[18] 

 
Figure 5 and Figure 6 show the proposed hardware setup for the experiments. The experiments 

use Oculus Quest 2 as a display for the fully immersive experience. The data from Emotiv Epoc X was 
transmitted wirelessly to the main computer. The experiment was conducted in two conditions: 
manual and autonomous drive. In the manual driving experiments, the subjects can control the 
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steering wheel, acceleration, and brake pedal of the simulated vehicle using the Logitech G29 Driving 
Force Racing Wheel. The vehicle controls are disabled while driving autonomously.  
 

 
Fig 5. The proposed hardware architecture for the research 

 

 
Fig 6. Proposed set-up of the experiments [19] 

 
2.2 Simulation Design 
 

The simulation was designed using Unity software. The simulation was designed to imitate and 
include real life situations. The situations added were chosen because it can stimulate the subjects’ 
reaction/emotions. The simulation was designed with additional conditions added. Four situations 
were added into the simulation to trigger the driver’s emotions and actions. The situations added are 
shown in Figure 7. 
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There are several factors that can contribute to traffic accident, one of it was the sudden braking 
and unexpected change lane maneuver [20]. The accidents that occur at the zebra are due to the 
uncertain and unpredictable passerby [21]. The phrase "traffic violation situation" refers to a scenario 
in which other vehicles break the rules of the road and may collide with the dummy vehicle. The 
simulation is intended to mimic the conditions of urban traffic, including the presence of pedestrians, 
following cars, and approaching vehicles.[22] also stated that improper overtaking maneuver 
increase the chances of road accidents. These circumstances were chosen so that the research could 
track and examine the subject's response to the abrupt change. 

 

 
(a)  

 
(b)  

 
(c) 

 
(d) 

Fig. 7. Simulated situation added in the driving simulation (a) The sudden braking situation by the lead 
car (b) Dangerous maneuver by the nearby vehicle (c) Pedestrian suddenly cross the zebra crossing (d) 
A vehicle violates the traffic light and may cause accident to the simulated vehicle 

 
2.3 EEG data analysist 
 

The raw EEG data amplification method is used to increase the amplitude of the raw EEG signal. 
To reduce signal noise, the amplified EEG signal was then filtered with a 6th order Butterworth filter. 
The signal between 0.5 Hz and 49 Hz was used for the analysis. The time domain signal is then 
converted to the frequency domain by using the Fast Fourier Transform method. The power 
spectrums of delta (1-3 Hz), theta (4-7 Hz), alpha (8-13 Hz), and beta (14-30 Hz) were used as features. 
The redundant features are reduced to decrease the classification error. The features with a p-value 
less than 0.05 are selected for the classification stage. The classification performances of the KNN 
and PNN classifiers will be compared. The classification only focuses on 5 emotions, which are 
surprise, relax/neutral, focus, fear, and nervousness. 
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3. Expected Results  
 

The simulation that was designed (Figure 8) was expected to stimulate the drivers’ emotions by 
combining the visual (from the display on the HMD) and audio (the surrounding sound) as close as 
possible to the actual environment. The classification rate of the designed system is expected to 
achieve  more than 80% of emotion classification accuracies [18,23]. 
 

 
Fig. 8. The designed simulate environment  

 
The emotion classification of the proposed method only focuses on several emotions (relax, fear, 

surprise, focus, and nervous). The expected EEG brainwaves for these emotions are shown in Figure 
9. The EEG brainwaves of the emotions were referred to by the previous researcher. 
  

 
(a) 
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(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 9. Expected emotions classification from EEG signal (a) 
Relax/neutral emotion [24] (b) Fear [25] (c) Surprise [25] (d) 
Focus[26] (e) Nervous[27] 

 
4. Conclusions 
 

For the conclusion, the experimental protocol that were developed specifically to study the 
drivers’ emotions. The emotions are triggered by create the suitable situations in the virtual 
environment. The situations designed were based on past research to study the driver behaviour. 
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The EEG signal analysis of the subjects can give new insight about the emotions occur during driving 
in autonomous and manual mode. In the autonomous mode experiments, the perception and 
emotions during the experiments are examined. While in the manual mode experiments, the 
emotions occur when certain situations occur are examined. 
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