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Pembangunan dan Pelaksanaan Pemandu Hypovigilance Sistem Pengesanan 

Berdasarkan EEG menggunakan DWT 

 

Abstrak 

 

Dalam tesis ini, analisis isyarat “electroencephalogram” (EEG) dalam bidang masa-

frekuensi dengan aplikasi untuk  pengenalan pengawasan-hiper pemandu telah 

dimajukan. Sebanyak lima stimuli telah dipertimbangkan dalam memajukan sistem 

pintar pengawasan-hiper ini. Dengan menggunakan sistem antarabangsa 10-20, 14 

multi-saluran EEG tanpa-wayar telah ditempatkan di permukaan kulit kepala. 

Pengkalan data EEG telah disediakan menggunakan 50 subjek (43 lelaki dan 7 

perempuan) dan pelbagai keadaan pengawasan-hiper (neutral, alih perhatian rendah, 

alih perhatian sederhana, alih perhatian tinggi, berjaga, mengantuk, mengantuk kuat, 

peringkat tidur) telah dirangsang menggunakan stimuli audio dan visual (pemain media, 

GPS, fikir mental, SMS, dan memandu untuk 1 jam). Indeks pengalihan perhatian, 

mengantuk dan pengawasan-hiper diperoleh dari jalur-jalur frekuensi EEG; delta (0-

4Hz), theta (4-8Hz), alpha (8-12Hz), dan beta (14-32Hz) menggunakan “Discrete 

Wavelet Transform” (DWT) dan “FFT” hibrid. Ciri-ciri statistik (“Spectral centroid” 

(SC), “Power Spectral Density” (PSD)) yang diperoleh dari jalur-jalur frekuensi EEG 

dengan menggunakan pelbagai ombak kecil (db4, db8, sym8, and coif5) telah 

digunakan untuk mengelaskan tahap pengawasan-hiper menggunakan tiga pengelasan 

“Probabilistic Neural Network” (PNN), “K Nearest Neighbour” (KNN) dan “subtractive 

fuzzy classifier”. Sebagai hasil kajian ini, kadar pengesanan indeks purata pengalihan 

perhatian dan indeks mengantuk adalah 88.75%  dan 85%, kedua-duanya berasaskan 

db4. Selain itu, klasifikasi mengantuk dan peralihan perhatian yang berasaskan 

“subtractive fuzzy classifier” mencapai kadar pengelasan maksimum 79.21%  dengan 

menggunakan sym8 dan 84.41%  menggunakan db4. Implementasi matematik 

penapisan pra-pemprosesan Butterworth, DWT dan FFT berasaskan kod bahasa C telah  

dilaksanakan melalui system terbenam masa sebenar  ( TS7800) menggunakan indeks 

pengawasan-hiper untuk pengesanan kerana kaedah indeks memerlukan masa pengiraan 

dan penggunaan memori yang rendah berbanding kaedah pengelasan. Kaedah bank 

penapisan konvensional telah disiasat dan dibandingkan dengan kaedah hibrid dalam 

istilah kepelbagaian indeks dan pengelasan. Kesimpulannya, sistem pengesanan 

pengawasan-hiper berasaskan db4 memberi kadar purata pengesanan yang terbaik 

menggunakan kaedah indeks. Hasil tesis ini adalah antaramuka grafik pengguna (GUI) 

yang dibanggunkan dalam platform Visual Basic dengan DWT sebagai aplikasi 

pemprosesan isyarat, sebagai tambahan kepada peranti keras sistem pengesanan masa 

sebenar. 
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Development and Implementation of a Driver Hypovigilance Detection System 

Based on EEG using DWT 
 

ABSTRACT 

 

 

In most real-time scenarios, it is highly essential to evaluate the level of 

hypovigilance in drivers, pilots, security guards and sportsmen to ensure efficient 

performance in their work. Driver hypovigilance is one of the major causes for road 

accidents. Drowsiness and distraction are two major components of hypovigilance. 

Most real time detection systems use the conventional classifier based approach to 

distinguish different levels and proposed the measurement index to differentiate lower 

numbers of hypovigilance levels (such as drowsy versus awake, distraction versus 

neutral, etc.). Furthermore, existing detection systems are bulky and costly. In this thesis 

electroencephalogram (EEG) signal analysis in the time-frequency domain with 

application to driver hypovigilance recognition is developed. Five stimuli are 

considered for devolving an intelligent hypovigilance detection system. 14 wireless 

multi channel EEG are placed over the entire scalp through international 10-20 system. 

The EEG dataset is developed with 50 subjects (43 males and 7 females) and the 

discrete hypovigilance states (neutral, low distraction, medium distraction, high 

distraction, awake, drowsy, high drowsy, sleep stage 1) are evoked by using audio and 

visual stimuli (media player, GPS, mental think, SMS, and driving for 1hour). 

Distraction, sleepy, and hypovigilance indices were derived from EEG frequency bands; 

delta (0-4Hz), theta (4-8Hz), alpha (8-12Hz), and beta (14-32Hz) using hybridization of 

Discrete Wavelet Transform (DWT) and FFT.  Two statistical features (Spectral 

centroid (SC), Power Spectral Density (PSD)) derived from EEG frequency bands using 

different wavelets (db4, db8, sym8, and coif5) are used to classify the hypovigilance 

levels using three classifiers namely; Probabilistic Neural Network (PNN), K Nearest 

Neighbour (KNN) and subtractive fuzzy classifier. As a result of this study, the average 

of distraction and sleepy index detection rate were 88.75% and 85% respectively, both 

based on db4. On the other hand, subtractive fuzzy classifier based distraction and 

drowsiness achieves maximum classification rate of 79.21% based on sym8, and 

84.41% based on db4, respectively. The embedded system (TS7800) has been used in 

this research as real time hypovigilance detection system based on hybridization of 

discrete wavelet transform and fast Fourier transform.  The conventional filter bank 

method had been investigated and compared with hybrid method. The Results of this 

research indicated that db4 based hypovigilance detection system gave best average 

detection rate using index method. While classification method showed that sym8 and 

db4 gave high accuracy results when they were applied for features extraction of 

distraction and drowsiness states, respectively. The output of this thesis is the newly 

distraction, drowsiness, and hypovigilance indices obtained by hybridization of DWT 

and FFT, in addition to hardware real time detection system based on embedded system.   
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 1 

CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background 

 

Driver hypovigilance is one of the major causes for road accidents. Drowsiness 

and distraction are two major components of hypovigilance. The Development of an 

efficient detection system is highly essential to reduce the number of road accidents in 

day-to-day life. Researchers have already developed many research tools to efficiently 

monitor the above factors using different modalities. Although researchers have been 

working in this area for the past several decades, many detection systems do not work 

efficiently in real-time scenarios. This is due to inefficient methodology on 

appropriately detecting the driver‘s hypovigilance levels. Hence, the development of an 

effective level measurement index is truly essential for reducing fatalities and economic 

losses due to vehicle accidents. Based on statistics from the Malaysian Institute of Road 

Safety Research (MIROS), the number of road accidents increased to 397,194 in 2009 

compared to 250,429 in 2000. Moreover, MIROS statistics revealed that 414,421 road 

accidents were reported in 2010 (Carskadon and Dement, 2011). 

The U.S.A National Highway Traffic Safety Administration concluded that 

drivers have a higher level of distraction by 30% during driving and about 100,000 

accidents cases are registered every year by the police due to severe driver fatigue 

(Stutts et al.., 2003). Thereby, an estimated 550 deaths, 71,000 injuries and $12.5 

billions in economic losses occur each year.  
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