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Abstract 

 

Drowsy driving is one of the main causes of traffic accidents that lead to the death or 

injury of many people. A study conducted by the (National Commission for Sleep 

Disorders) in UN in 2020 prove that 36% of all fatal road accidents are related to 

drowsiness, also contributes to about 25% of losses of insurance companies in the heavy 

vehicle industry. Many vehicle companies give great attention to safe driving at the 

present time, as they put safety elements at the forefront of vehicle designers' priorities 

due to the increasing rates of accidents. Driver drowsiness detection is one of the most 

important vehicle safety technologies that help to prevent accidents caused by slept 

driver during driving. It has recently been used in a variety of sectors, including 

monitoring driver visual attention and tracking driver activities. Drowsiness system can 

be identified through a variety of methods that use the driver's face monitoring such as 

the use of a smartphone to monitor the driver's physiological signs.  

This approach system has been trained and evaluated on dataset created and prepared 

from many datasets to be robust accuracy with minimum preprocessing, the system 

starts from enquiring images from webcam sequency, each frame going to track face 

detection as a firstly and then through the flow algorithm. If previous step was true then 

the eyes region will be done and segment for the next step.  The main step is here to find 

best feature extraction from eyes region, the bag of feature algorithm has been done by 

250 variants for each eye’s region segment frame. Last step to classification open and 

close eyes depends on previous step by using Support Vector Machine (SVM), which 

this approach reached 99.6%. Finally, this proposed system works in real-time, alarm 

warning sound used when eyes were closed during driving under limit time, as well as 

short code applied to avoid delay and responsibility to detect eyes, also dashboard of 

car as used to increase illumination of driver face. 
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Chapter One 

INTRODUCTION 

 

1.1 Background 

 

This section provides background information on the Real-time development of an 

adaptive driver's face/eyes monitoring algorithms and computer vision challenges, 

topics of research, goals and the statement of problem and the recommended remedy. 

With the cooperation of one commercial transportation company, a Naturalistic Driving 

Study (NDS)in [1] was conducted, and NDS data from thirty-four middle-aged drivers 

were selected for analysis. With regard to the circadian rhythms, commercial drivers 

operated the vehicle and started driving at around 09:00, 14:00, and 21:00, respectively. 

Participants’ time of sleep before driving is also surveyed, and a range from 4 to 7 hours 

was selected. e-commercial driving route was the same for all participants. After getting 

the fatigue level of all participants using the Karolinska Sleepiness Scale (KSS), the 

discrete KSS data were converted into consecutive value, and curve fitting methods 

were adopted for modeling. results demonstrated that fatigue prediction results are 

significantly relevant to driving performance.  Figure 1.1 represents the percentage of 

accidents caused by drowsiness in all of America, Canada, Australia European and 

Chine. 

 

Figure 1. 1: National Driving Time Regulation [1]. 
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In order to minimize accident rates, there are nevertheless numerous ways to determine 

whether or not pay attention to everything. On the contrary, the transient motive force 

causes an outsized range of road accidents. Therefore, the development of a system to 

measure the attentiveness of the driver becomes a key problem within the subject of 

active safety analysis. A driver's awareness is detected via several techniques. There are 

some significant approaches to driving monitoring[2]: 

• Monitoring of Steering Models: It is widely established to analyze steering wheel 

motions to determine weariness and sleepiness. The major features of this procedure 

are economical effectiveness, ongoing and unsustainable working even under harsh 

environmental conditions. 

• Vehicle Lane Monitoring Location: This procedure monitors the position of the 

vehicle on the lane using cameras continually. To track the wheel and lane lines, by 

cameras positioned below car. The image taken is analyzed to determine the position 

of the vehicle. The procedure might notify the driver about driving safety 

improvements. 

• Physiological measurements: a different sensor type is necessary for this procedure. 

The major features of this procedure are the sensor measures brain activity, skin 

conductivity, muscle activity, heart rate etc. The values measured are compared to 

the values of a drowsy individual. But such a system is expensive and complex. 

• Driver Eye/Face Monitoring: This means that a camera must capture the image of 

the driver's face continuously. Various areas of the face can be utilized to detect the 

state of awareness. Analysis of the blink of the eye, the look ratio, duration of closing 

the eye. are some prominent approaches. This type of technology can send alarm if 

the results obtained are unusual. In this research, this approach will be employed. 

The detection of consciousness by image processing is an ancient issue. Many studies 

have been carried out from time to time. But some of the earlier studies lack precision 

and extraction characteristics. This technique is not widely used by drivers, and virtually 

no drivers know this method. 
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Some key techniques in terms of working with eye movement and gaze tracking are 

discussed. Our subjects of discussion were particularly focused on eye blink systems 

and its applications. A driver aiding system (DAISY) assists the driver with observation 

and warning. This is now use on German highways. However, this method does not 

detect whether or not the driver is conscious. DAISY technology only helps inattentive 

drivers to avoid accidents. The Android mobile phone-based eye-blink detection 

technique is being investigated by [3] [2]. 

The researches in [4] proposed a Real-time system for tracking gaze and detecting eye 

blinks. In [5], they identified and processed face by using the Viola-Jones algorithm in 

a facial recognition-based surveillance system, then suspicious loitering is identified and 

video surveillance is investigated. 

Convolutional Neural Network (CNN) models’ multi-task is utilized for Real-time 

detection of driver tiredness. Using the Dlib Algorithm, the driver's eye and mouth 

information is correctly recognized. The system is then training for the identification of 

fatigue parameters with multi-tasking CNN models. Finally, according to the fatigue 

characteristics tiredness is rated as extremely weary, less fatigued and not exhausted. 

This technology may shape the interaction link between eye, mouth and substate. The 

system can shape the interaction relationship of the eye, mouth and sub-states [6]. 

In the first part of this chapter, various methods for evaluating the sleepiness of the 

driver are discussed, including vehicle-based measurements, physiological measures, 

and behavioral measures. An intelligence system that would notify the driver in case of 

a sleepy condition and avoid accidents can be built using such approaches. The 

advantages and disadvantages of each method are outlined. The best technique is 

selected and recommended. The strategy for full system development is then presented 

via a flow chart, which involves continually collecting the image in Real-time and 

splitting it into frames. Then, each frame is examined to determine which face appears 

first. If the face is detected, the next step is to find the eyes. Following a positive 

detection result, the quantity of eye closure is calculated and compared to the reference 
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values for the sleepy state eye. If drowsiness is detected, the driver is alerted. Otherwise, 

the search loop is repeated. 

1.2 Objectives of the Research 

The goal of this study is to create a strategy for an adaptive drowsy system for safety 

driving using Viola-Jones Algorithm that employs a neural network classifier to identify 

driver sleepiness. 

Below are the main objectives of the study: 

I. Investigate the existing approaches for Real-time development of an adaptive 

driver face / eyes monitoring algorithms for a vehicle safety using Machine 

Learning. 

II. Choose the best algorithms for detecting driver sleepiness in Real-time. 

III. Test the proposed system to determine the shortest time of implementation with 

high accuracy. 

IV. Compare the proposed system with related drowsy detection systems. 

1.2 The Problem of the Study 

Traffic accidents are a phenomenon that threatens humans. Driver inattention can be 

caused by drowsiness and driver distraction. Driver distraction occurs when something 

or an event diverts a driver's attention away from a driving task. Driver drowsiness and 

distraction may have the same effects, that is impaired driving performance, delayed 

reaction time, and an increased risk of crash involvement. Driver drowsiness is not 

characterized by a dramatic event, but rather by a gradual withdrawal of attention from 

the road and traffic requirements. 

The most important points that must be taken into account to solve this problem: 

 

• The most significant problem is the response Real-time and accuracy, which must 

be fast in order to avoid an accident and get highest accuracy to detect eye state. 
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• The proposed image processing algorithms should be trustworthy and function 

for diverse ethnicities, particularly those with varied skin colors and types of eyes, 

such as Korean people's eyes, dark and white people's skin color eyes, and so on. 

• Improved drowsiness detection accuracy rate and reducing the error rate 

• The system cost should not be expensive. The detection method requires the use 

of special hardware, such as a webcam and a high-quality computer to expedite 

case identification. This specialized hardware will be used to replace existing 

low-cost hardware devices. The fatigue detection system with these new devices 

will be more suited and accessible to everybody. 

1.4 The Significance of the Study 

The main concept behind driver drowsiness detection systems is to monitor the driver 

invisibly using a dependable system that can identify when the driver is impaired by 

tiredness. This system detects different driver eyes-related variables Open-Close and 

evaluates the time of eye blink, eyeline, black spot, and white spot, and then uses the 

measurements alone or in combination to identify when sleepiness occurs, and more 

significantly, to anticipate the beginning of drowsiness. Measures are integrated since 

no single inconspicuous operational measure appears to be suitable for detecting 

sleepiness reliably. 

1.5 The Scope of the Research 

• Research investigation: This subsection deals with previous studies conducted 

to find out which algorithm is utilized and how, the strongest one was chosen to 

work on the proposed system. 

  

• Methodology: This section deals with images from the webcam are captured in 

sequence, face detection is performed, eye detection, features are extracted from 

binary images, and finally, the features are classified using Machine Learning. 
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•  Data Collection: Database  that used in this research was created from several 

database sites. 

 

• Experimentation Documentation: The obtained average classification for 

dataset contains 750 images of different people to maximum correct class which 

was overall equal 99.6%. 

1.6 System Requirement 

The proposed system needed training and testing process, detection model and 

classification model. This thesis used MATLAB R2020a with some toolboxes such as 

deep learning, image processing and image labeler toolbox that used to train the 

purposed system on face dataset. Moreover, the MATLAB software package installed 

on HP laptop with Core i7 single CPU, 8 Gaga byte RAM and internal GPU. 

 1.7 Thesis Organization  

• Chapter One: The first subsection of this chapter covers the background 

information of driver tiredness and drowsiness and computer vision challenges. 

The goals are then addressed. Also, a description of the problem and the optimal 

solution is provided. 

• Chapter Two: Review the literature on relevant research topics. The discussion 

of the computer vision and face and eye detection, the images processing and 

associated concepts, including types, procedures and classifications of facial and 

eye detection. Benchmarking tools for extraction of features are also presented.  

The needs of the systems and the compensation of these requirements are also 

explored. Similar existing approaches are finally summed up and contrasted. 

• Chapter Three: This chapter includes two parts, methodology and 

implementation process. First, describe the research approach that has been 

utilized. The corresponding words are explained. There are also other approaches 

for the identification of tiredness used for benchmarking during implementation 

and testing. The technique is represented via flowcharts and diagrams. In this 
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research, the primary software is also displayed. Second part, describes the use of 

the approach created for the research to identify tiredness eye. The application of 

the method is presented with a thorough description. Figures and flowcharts were 

utilized to demonstrate the implementation process. 

• Chapter Four: Discuss the test phase and analysis of each test results of the 

suggested method. The results are presented using figures, tables and graphs 

compared with the other related works results. 

• Chapter Five:  Conclude the thesis and explain if the fatigue system of the driver 

has met the study goals. The research's main contributions are highlighted. The 

main contributions of the research analyze the benefits and disadvantages of the 

suggested system. Proposals are also provided for future system improvements. 
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Chapter Two 

LITERATURE REVIEW  

2.1 Introduction  

The topic of face-detection is a basic problem in applications such as video monitoring, 

assistance driving and facial-recognition [7] [8] [9]. Clearly, because of differences in 

look, human face recognition is a difficult task. The location and position of human face 

in the image, the appearance of glasses, beard, hat or any other items that partially mask 

the face and its expression are due to these variations. Moreover, it is essential to detect 

faces in many of these applications in the shortest possible time [10] [11]. Face detection 

is the first  stage in identification of the object, for example, for recognition, orientation, 

modeling, verification and monitoring [12] [13]. Facial images or videos data containing 

different locations, dimension and backgrounds are often searched for or indexed [14] 

[15]. All the problems mentioned above are a challenge for the researcher to reach a 

clear result for detecting the human face [16] [17]. 

The essential goals of Intelligent Transportation Systems (ITS) are enhancing the public 

safety and reducing the number of accidents. The most common causes of accidents, 

especially on rural roads, are driver tiredness and drowsiness. Fatigue impairs a driver's 

senses and decision-making skills when it comes to controlling a vehicle [11] [18] [19]. 

The driver face monitoring system in [10] [13] used a Real-time system that uses the 

analysis of driver face images to analyze the driver's physical and mental state. Eye 

closure, blinking, eyelid distance, yawning, head rotation, and gaze position, head 

rotation can all be used to determine the driver's state. Figure 2.1 depicts a system that 

has been designed will alarm in the hypo-vigilance states including fatigue and 

distraction [7]. 
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Figure 2. 1: Drowsiness Detection (General Architecture) [7]. 

In general, face detection algorithms are classified into two groups [20] : first, Feature-

Based methods and the second, Learning-Based methods. The first group algorithms are 

based upon the premise that the face of the image is recognizable on the basis of certain 

basic characteristics, regardless of environmental illumination, facial rotation or pose. 

To detect faces, a basic method employs image projection, assuming that the base is 

uniform and the facial location is defined by the vertical projection of the Gray-Level 

image [3].  Another Feature-Based face detection method is based on a skin color model 

that uses the distribution of chance in a color context. The face is detected in the image 

with a threshold on the modelled distribution as shown in [10] [21]. The second category 

algorithms are more robust, but they require greater machine effort.  

A number of training samples are used Learning-Based Methods and mathematical 

models and algorithms are used to learn machines. Viola-Jones face detection method 

is among the most commonly employed in this group. It is possible to expand the 

detector to other objects [11]. 
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The convergence of this algorithm's training process relies heavily on trained data. The 

front detector Viola-jones can be execute on the basis of the paper [12] in Real-time: 

• Quick calculation by using the integral image of Haar-like features. 

• The AdaBoost classified to choose the most best features. 

• The attention-based cascade structure, which rejects the majority of subscribers 

in the early layers of the detectors to ensure an extremely successful detection 

process [20]. 

Because of the relevance of symptoms associated to the eyes in all driver face 

monitoring systems, the eye area is always analyzed for symptom extraction. As a result, 

eye recognition is necessary prior to processing of the ocular area [22]. Methods for 

detecting eyes can be classified into three broad categories: 

•  Imaging in the Infrared Spectrum-Based Methods: The approach based on imaging 

in the infrared IR band is one of the quick and generally accurate methods for eye 

detection [12]. The physiological and optical characteristics of the eye in the IR 

spectrum are employed in this approach. When the angle of the IR source and 

imaging device is appropriate, the eye pupil reflects IR rays and appears as a bright 

spot. The pupil and eye are detected by this intriguing feature. 

• Feature Based Methods: Various techniques are used in the feature-based eye 

detection approach. Two feature-based eye identification approaches, image 

binarization and projection [23], these are based on the assumption that the eye is 

darker than the face skin [11] [17]. Because these approaches are basic and have a 

significant mistake rate in comparison to researchers [23], more complex processing 

is usually required to determine the proper position of eyeballs. 

•  Some other methods: There are a few ways for detecting eyes that are based on other 

methodologies used in driver’s face monitoring systems. To detect eyes mentioned 

in [16], a geometrical face model with several feature-based techniques was 

employed. Furthermore, certain systems, such as [24], employed hybrid techniques 

for eye detection. For eye recognition during the day and at night, elliptical gray-

level template matching and an infrared imaging system were employed. 
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In general, for detecting the face/eye, the whole image is searched. Searching the whole 

image increases the system's computational complexity. As a result, face/eye tracking 

is often conducted in the following frames after early recognition of the face/eyes [25]. 

The Kalman filter [26] [10] or expanded variants of the Kalman filter, such as the 

Unscented Kalman Filter UKF [27], were utilized in the majority of driver face 

monitoring systems. In certain studies, however, the search window [18] and the Particle 

Filter PF were utilized for monitoring [28] [29]. 

In several studies in previous years, the topic of face detection in two-dimensional 

images was studied. As ever, the researcher was a great achievement in [8] due to the 

fact that it was the first algorithm with a high accuracy rate and fast. Its main 

contributions were a cascade of classifiers for quick computation time, by employing a 

mixture of basic classifiers to build a boosted classifier, as well as simple rectangular 

Haar-like features that could be retrieved and computed in a few steps owing to an 

integral image. This study was so important that it served as the foundation for a lot of 

later studies [12]. 

Biometric is a technology that identifies and verifies a person by using only a few 

sources. Based on their physical and facial actions, such as color, voice, facial 

expressions, etc., it is a specific measure of an individual person[30] [7]. 

2.2 Related Works 

The symptoms of fatigue and distraction appear in Eye as it is the most important area 

of the face. Therefore, many of the driver face monitoring systems detect driver fatigue 

and distraction only based on the symptoms extracted from the eyes. The symptoms 

related to eye region include PERCLOS [10] [7] [31] [32], eyelid distance [13] [33], eye 

blink speed [7] [31], eye blink rate [7] [25], and gaze direction [34]. 

The driving state must be identified once the symptoms have been extracted. The 

categorization challenge is the determination of the driving status. The most basic 

approach for detecting driver weariness or attention [22] [35] is to apply a threshold to 

the extracted symptom. 
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Knowledge-Based Methods are another option for identifying the driving state. In a 

knowledge-based approach, decisions concerning driver tiredness and distraction are 

made based on an expert's knowledge, which is typically expressed in the form of if-

then rules. Fuzzy expert systems were utilized as a knowledge-based technique to 

estimate the driving state in [13] [25]. 

For determining driver state, more complex methods such as Bayesian network [34] and 

nave dynamic Bayesian network [36] [37] were employed. These methods are typically 

more accurate than threshold- and knowledge-based methods, but they are also more 

difficult. 

Work on identifying drivers' diseases is a problem when it comes to low light sleepiness. 

The process in [38] consists of four phases, including nose, head, mouth, and head 

closure identifiers. The system output test was performed with 3760 images. In the field 

of eye closing and yawing identification respectively 98% and 92.5% were correct. The 

experimental findings demonstrated the success of the approach. The advantage of this 

work is that the eye closure and yawning can be detected in low light. It is extremely 

dangerous for the driver to fall into a momentary somnolence [38].  

Previous tests to prevent this focus mainly on functionalities in cases of driver disease. 

Currently, the state of the driver is not evaluated with insufficient information on only 

one data (physical information, visual data), are proposing a deep learning system multi-

model in which changes in visual and physiological somnolence are recognized. Since 

the use of different data types is an issue with heterogeneity. The phenomenological 

model of representations is therefore employed as a transition that takes time to 

minimize the heterogeneity between data as sleepiness [39]. 

In the study of [40], firstly the strategies already in use are divided into three categories: 

mental, vehicle and physiological. Secondly, supervised methods of learning to 

recognize drowsiness at the highest level are also studied. Thirdly, the advantages and 

disadvantages, as well as comparative analysis of the various methods, are discussed. In 

addition, diagrams are developed to better understand the research frameworks. Finally, 

the overall results of the study are based on a detailed survey that will enable young 

researchers to identify future potential work in a given field [40]. 
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2.3 Face Detection Methods 

Face detection is one of the most researched problems in all sub-directions of target 

detection at present, and it has strong application value in security monitoring, witness 

comparison, human-computer interaction, social and entertainment, etc. [9]. The aim of 

the face detection is to locate all of the faces in an image's associated locations. The 

algorithm output is the image's coordinates for the rectangle that surrounds the face, and 

it may also include information such as the position, and also the angle of inclination. 

The face detection algorithms are presented in the following subsections. are the face 

detection algorithms of an image [41] as mentioned in Figure 2.2: 

 

 

Figure 2. 2: Different Types of Face Detection Methods [9]. 

2.3.1 Feature-Based Methods 

The Feature-Based method  finds faces by eliminating structural characteristics of the 

face. It is trained first as a classification system and then used to distinguish facial and 

non-facial regions [42]. The idea is to transcend the boundaries of the instinctive facial 

awareness. There are a several steps approach and even images with many faces show 

a 94% rate of success [8]. Several points that Feature-Based Method depend on: 
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2.3.1.1 Facial Features 

These features depend on the system of position to the segmentation of a face for facial 

recognition from a confused background [8] [42]. The edge map Canny detector [24] 

and heuristic devices are applied to delete and group edges in order to retain only the 

edges in the contour. The boundary between the head and context is then fitted with an 

ellipse. In a 48 images database with cluttering backgrounds, this algorithm achieves 

80% precision. 

2.3.1.2 Skin Color 

In several cases, from face detection to hand tracking, the color of human skin has been 

exploited and shown to be an effective function. Despite the fact that various people 

have varying skin tones, several investigations have revealed that the primary distinction 

is to a large extent between their intensity and their chrominance [29] [17] [8].  

2.3.1.3 Texture 

There is a distinct texture to human faces that can be used to distinguish them from other 

objects. A technique was established by [21] that detects face-like materials and infers 

the presence of a face. Textures to computed using Spatial Grey Level Dependence 

(SGLD) [42] on 16 x 16 pixel sub-images. There are three categories of characteristics 

considered: skin, hair, and others. They utilized a cascade correlation neural network 

for supervised texture classification and a Kohonen Self-Organizing function map to 

create clusters for distinct texture groups [43]. 

2.3.2 Appearance-Based Methods 

The appearance-based approach relies on a selection of delegated face images for facial 

models to be found [41]. The look-based approach is better than other efficiency 

approaches. In general appearance-based methods the related characteristics of face 

images depend on methods of statistical analysis and machine learning. This approach 

is also used for facial recognition extraction [44] [7]. 

In a probabilistic system, several appearance-based approaches can be introduced. An 

imagery or feature vector extracted from an image is seen as a random (x) variable, and 

the class-conditioning density functions p (x | non face) and p (x | face) and this random 



Page | 15  
 

variable should be defined for both faces and non-faces. A candidate's image position 

can be categorized in face, or as nonface with Bayesian classification [26] . 

2.3.2.1 Distribution-Based Methods 

A distribution-based face detection system has been developed, this shows how the 

distribution of image patterns from a single object class may be learnt from positive and 

negative instances (i.e., photos) of that class. This system consists of two parts, 

Distribution-Based Methods and a Multilayer Perceptron Classifier for face and nonface 

patterns. Each face and non-face instance are first normalized and converted to a 

(19×19) pixel image before being handled as a vector or pattern with 361 dimensions. 

Next, the patterns are then classified using a modified K-means algorithm into six 

clusters of faces and six nonfaces, as seen in Figure 2.3. Every cluster is a 

multidimensional group [45]. 

 

 

Figure 2. 3: Clusters For Face and Non-Face Sample [45]. 

2.3. 2. 2 Support Vector Machines 

Support Vector Machines (SVMs) were first used by the researchers in [45] for face 

detection. A modern paradigm for training neural networks, Radial Basis Function 
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(RBF) or polynomial function classifiers can be considered as SVMs [21] [42]. 

Although most classifier training methods e.g., neural networks, Bayesian and RBF are 

focuses on reducing training error, i.e., empirical risk, SVMs operate on another concept 

of induction, called structural risk mitigation, which aims to minimize the upper bound 

on the predicted error of generalization. SVM classifier is a linear classifier chosen to 

minimize the predicted unseen test pattern categorization issue by the separating hyper-

plane [24] [7]. 

2.3.2.3 Hidden Markov Model 

The HMM Model underlying assumption is that patterns may be represented as a 

parametric random process and that it is possible to estimate the parameters of this 

process in an accurate, well-defined way. When building an HMM for a pattern 

recognition issue, a number of hidden states must first be identified in order to shape a 

model. Then, using the instances, each of them which is given as a sequence of 

observations, one may train HMM to learn the transitioning probabilities between states. 

The objective of the HMM training is to optimize the likelihood of examining the data 

for training by modifying the parameters of the standard Viterbi segmentation method 

and Baum-Welch algorithms [45] [34] in an HMM model. The performance probability 

of an observation specifies the class it belongs to after the HMM has been trained. 

2.3.3 Knowledge-Based Top-Down Method 

The method based on knowledge depends on the set of laws, and the detection of faces 

is based on human knowledge. Figure 2.4, is an example of the geometry of face that a 

nose, eyes and mouth must have a face at certain distances and positions. The biggest 

problem with these methods is that a suitable set of rules needs to be defined. If the rules 

are too general or too specific, several false positives can be identified. This method is 

not enough on its own and cannot find multiple images of many faces [46] [27]. 

Researchers use a hierarchical system for detecting faces [47], which is based on 

information. Their scheme is composed of three laws. On the highest level, a scan 

window over the input image and the application of a set of rules at each position would 
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find all potential facial candidates. The higher rules are general explanations of the 

appearance of a face, while the lower rules rely on facial characteristics in detail. 

A rules-based system of localization was presented [48]. Face characteristics are first of 

all located with a projection system. Canada used to locate a face's boundary [45] [48]. 

Let’s I (x, y) be the strength of an image of [m, n] (x, y), the image projections horizontal 

and vertical are described as: 

HI(x)= ∑ I(x, y)
𝑛

𝑦=1
                 (2.1) 

VI(y)= ∑ I(x, y)
𝑛

𝑥=1
                (2.2)  

First, the horizontal profile of the input image will be reached, and then, by detecting 

sudden shifts in HI on the left and right sides, the two local minima will correspond. 

The vertical profile and local minima for the mouthpieces are also determined, nose tip 

and eyes are calculated. The applicants are subsequently validated by eyebrows/eyes, 

nose and mouth detection rules. The approach proposed was checked using the frontal 

views derived from the European Actions Multi -modal Verification for Teleservices 

and Security Applications (M2VTS) databases [45] containing the video sequences of 

37 separate individuals with a series of faces. Only one face in a single context is present 

in each image sequence. In all tests, their approach offers right face candidates as shown 

in Figure 2.4. 

 

Figure 2. 4: Face Shape Used In Top-Down Knowledge-Based Approaches [45]. 
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2.3.4 Template Matching Method 

Template Matching approach uses a predefined, or parameterized face templates for the 

connection between the templates and the input images to locate or detect the faces. The 

eyes, facial contour, nose and mouth can be separated into a person's face. In addition, 

the edges of a face model can just be created by edge detection. It is easy to use but 

insufficient for the detection of the face. Deformable templates to solve these problems 

have nevertheless been suggested [27] [47]. 

The benefit of this method is that it is easy to execute. However, facial identification 

has proven insufficient because the variety in size, posture and form cannot be dealt 

with effectively. The subsequent proposal to achieve invariance in size and shape was 

multi-resolution, multi-scale, sub-templates and deformable templates. The matching 

template studies can be divided into two subcategories: studies using Predefined 

Templates and other using Deformable Templates. The two steps consist of a general 

concept to use predefined models. First, face with templates separate face, and second 

step candidate positions are shown. And these areas are concentrated in depth in the 

second step to assess a face's existence [49] [21]. 

While, the Deformable Templates approach parameterized templates define the facial 

features. A function of energy is described in the image to connect edges, peaks and 

valleys with their corresponding template parameters. By minimizing the energy 

function of the parameters, the most appropriate Elastic model fit. Although their 

experimental findings show good success in the monitoring of non-stiff features, one 

downside is that a deformable prototype needs to be initialized near the object of the 

interest [21] [44] [27]. 

2.4 Eye and Gaze Detection Methods 

Eye-gaze monitoring has become one of the most important human-computer interfaces 

and has been shown to be useful in a variety of applications. The way to calculate the 

point of view or the move of the eye with regard to the head is known as eye-gaze 

tracking. Eye tracking is a technique for determining eye location and movement [37]. 



Page | 19  
 

There are several places that have benefit from eye monitoring systems. Specific 

applications include such systems in the fields of language reading, music reading, 

understanding of human behavior, advertisement interpretation, sporting 

activities,  especially for people with disabilities suffering from diseases human-

Computer Interaction (HCI), medical research and other areas [37] [34]. 

In the field of cognitive language, psychology, visual systems and product design, eye 

trackers are employed. There are a variety of techniques for tracking eye movements. 

The most widely used method employs video images from which the location of the eye 

is obtained [50] [12]. Eye studies can be classified as follows: 

• Eye detection: Given an arbitrary image of the face, the goal of eye detection is to 

identify the position of the eyes. Simply said, eye detection identifies the locations 

where both eyes are situated, or two eyes are independently positioned. As a result 

of the procedure, the ocular regions are often represented by a rectangle [18] [34]. 

• Detailed feature extraction: The purpose of this category, on the other hand, is to 

provide details such as the visible eyelid region's contour, the circle formed by the 

iris and pupil, the position of the pupil in the visible eye area, and the state of the eye 

(blink/not blink). This form of work is more challenging in the computer vision field 

because small detail detection or Real-time tracking is highly influenced by changing 

environmental conditions, and the results may easily fail [37] [13]. 

A great deal of work has been done in the field of eye detection, includes the detection 

of pupil movement in the eyes, eye state detection, eye feature extract, and detecting 

eye gaze in still images and video sequences for Real-time applications utilizing 

multiple approaches [51] [52]. Eye/gaze detection can be done in a variety of ways; in 

some cases, a simple webcam is all that is needed. Several eye detection methods are 

described in the following subsections. 

2.4.1 Electrooculography 

Electrooculography (EOG) is a method of determining the retina's resting potential. The 

region around the eyes may capture low voltages, which vary as the eye location 

changes, due to a permanent potential difference of approximately 1mV between the 
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cornea and the fundus. Above and below the eye, or to the left and right of the eye, 

electrode pairs are mounted. It is possible to monitor horizontal and vertical movements 

separately by carefully positioning electrodes [53]. As the eye is shifted from the middle 

position to one electrode, that electrode sees the positive side of the retina, while the 

opposite electrode sees the negative side. As a result, there is a potential difference 

between the electrodes. The recorded potential is a measure of the eye location, 

assuming that the resting potential is constant. When there is no eye movement, 

however, the signal will shift. It is caused by metabolic changes in the eye and is 

dependent on the condition of dark adaptation used clinically to determine the Arden 

ratio as a measure of retinal health [53]. 

2.4.2 Infra-Red Oculography 

The amount of light reflected back to a fixed detector varies with the location of the eye 

when a fixed light source is aimed at it. A variety of commercially available eye trackers 

make use of this concept. Infrared light is used because it is invisible to the naked eye 

and does not distract the subject. The ambient lighting level has no effect on 

measurements because infrared detectors are not affected by other light sources [54] . 

This technique has good spatial resolution the size of the smallest movement that can 

be reliably detected, on the order of 0.1, and temporal resolutions of 1ms can be 

achieved. Horizontal eye movements are easier to measure than vertical eye movements. 

Blinks can be problematic because not only do the lids cover the eye's surface, but the 

eye also retracts slightly, affecting the amount of light reflected for a brief period of 

time after the blink [55]. 

2.4.3 Image Based Methods 

Different methods for automatically extracting the eye location from photographs of the 

eye have been developed as video and image processing technology has progressed. A 

bright light source is used in some systems to create Purkinje images, which are 

reflections of the light source from different surfaces in the eye the front and back 

surfaces of the cornea and lens. An eye location signal can be obtained by tracking the 

relative movements of these images [56] [57]. To measure the location of the pupil and 
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its middle, Typically, video images are integrated with computer software. This allows 

for the measurement of both vertical and horizontal eye motions. Image-based methods, 

on the other hand, have lower temporal resolutions than IR techniques. It's also possible 

that spatial resolution will be reduced. The resolutions that these systems can produce 

will increase as technology advances [57] [58]. 

2.5 Analysis of Several Facial and Eye Detection Methods 

The purpose of this section is to compare and determine which of the methods for face 

and eye detection are highly effective and feasible for implementation in the face 

monitoring framework depending on previous studies. The accuracy of the feature 

implementation and the ability to function in Real-time were given special attention. 

The chosen methods are evaluated in the dark, light and complex background scenery 

with web-camera sequences [10] [35].  

2.5.1 Face Detection  

Multiple approaches are used to incorporate facial detectors, these methods include 

facial detection using ellipses searching, SIFT detection and SURF characteristics [48] 

[27]. Viola-Jones facial detector application [44] [18] and the use of the feature 

extraction module mentioned in [15] [21]. 

Due of the human head's proximity to an ellipse, attempting to find this ellipse by 

looking for ellipses in a specific image is easy. Generalized Hough Transform [27] can 

be found for ellipses, but this method is intensive computationally. The method for 

ellipse detection has recently been proposed in [59], which Reduces Circle Hough 

Transformation to the entire issue. However, running in Real-time is not quick enough. 

Often, considering the several false positive variables, certain learning protocols have 

to be applied, which further slows down the process of identification. 

SIFT and SURF are known object matching algorithms. Both of these techniques work 

in a slightly faster way to fit facial characteristics on template and target images. 

Unfortunately, both have a huge disadvantage, even minor changes in natural lighting 

conditions are extremely sensitive to them. In this case the detection is much slower 
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than in other cases, a preliminary attempt was made to eliminate this problem by 

employing histogram equalization and histogram fitting [60]. 

The Viola-Jones detector is known for it using in different applications involving face 

determination. It performs well in terms of the precision and speed required to process 

it in Real-time. An additional task of facial detection is the facial feature detector 

mentioned in [12] which integrates some feasibility of the Viola-Jones detector.  

2.5.2 Real-time Eye Detection 

Many techniques are used to detect eyes, these techniques include the Viola Jones eye 

detector, this algorithm was described by researchers Valenti and Gevers in [27], the 

approach proposed by the researchers in [57], and the feature extraction proposed by the 

researchers in [50]. All of these methods rely on the face previously detected and the 

Viola-Jones detector is used for the purpose of detecting the face as it performs best. 

The exception is the method because he employs his own facial detector [50]. 

The Viola-Jones works fairly well but produces a slightly greater quantity of false 

positives, particularly in the mouth corner regions.  

In terms of both speed and accuracy, the detector described by the researchers in [27] is 

excellent. It is never ineffective to locate the eyes, but it is also not perfect for the exact 

position of the eye centers, since the eye corner is more often than not mistaken for the 

eye center. 

The researchers in [57] detector performs the best of all four eye detectors. It runs 

slightly slower [27] than the detector, but almost never fails to locate the center of the 

eye correctly. 

Finally, the feature extractors are not as good for the eye detection task as they are for 

the face detection task. The cause of this lies in the dependency chain of detected 

functions. The defined face is a prerequisite for the identification of in face rotation. The 

detection of out of face rotation involves in face rotation previously observed, and 

ultimately the detection of mouth and eyes takes place after the detection of out of the 

face rotation. In each stage of this cascade, the error detection thus grows larger and the 

greatest value is found towards the end of the chain, i.e., when detecting eyes and mouth 

[50]. 
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The Real-time approach currently presents an important challenge for driver drowsiness 

recognition studies. In general, the Real-time method combines images collected from 

entrance devices as well as static studies for preprocessing, feature gathering, and 

classification, such as a normal web cam's Real-time eye detection sequence. Faster 

algorithms and minimum memory and Central Processing Unit (CPU) should be applied 

to the Real-time eye detection. ENCARA2 a system proposed by [61] which includes 

facial and eye detection Real-time. The eyes will be identified pair-wise, as is shown in 

Figure 2.5, which indicates the eye pair detection process [61]. 

By using the skin color model, the frontiers of the face are detected. The components 

that are not a part of the face are heuristically removed and the ellipse is attached to the 

blob so that it can be rotated vertically [62]. Once the blobs have been found, the eyes 

are detected using different options. Due to the darker eye pixels than the pixels in the 

environment, dark areas have been searching [63].  

 

Figure 2. 5: Eye Detection Process [63]. 
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In Viola-Jones, a minimum eye detector is used to find eyes, which are estimated to 

deliver fast performance. The eye position is roughly estimated. If the eyes have not yet 

been found, a Viola-Jones-based minimum size eye pair detector [16] need to be used. 

Determined eye positions are then used to standard-size the face region. After 

normalization, the major component analysis Principal Component Analysis (PCA) is 

projected and reconstructed around both eyes of the normalized face image. Incorrect 

detections of the eye are identified and eliminated [62] as a result of the reconstruction 

error. The PCA is an orthogonal space made up of your own eyes. 

The pros and cons of each Face/Eye detection methods are summarized in Table 2.1 and 

2.2. 

Table 2. 1: A Comparative Table of Existing Algorithms for Driver Drowsiness Using 

Face Detection Methods. 

Ref Year Author Name Face 

Methodology 

Accuracy Pros. Cons. 

[19] 2019 
Lim William  

et al. 
Viola-Jones 98% 

good training and 

testing accuracy 
Costly 

[20] 2015 
Elena Alionte et 

al. 
Viola-Jones 90-94% 

Adjust the layer 

number and false alarm 

rate of the cascade. 

-------------- 

[65] 2019 Kowsalya et al. 
Advance 

Open CV 
80% 

Save time and effort, 

automatically record 

student attendance, 

user safe system. 

can detect the 

face only from a 

limited 

distance, may 

produce false 

results in poor 

light. 

[17] 2018 
Srikrishnaswetha 

et al. 
Skin Color 92.7% 

Represent pixels in the 

appropriate color space 

Low accurate in 

dark light 

[42] 2019 Richhariya et al. PCA 85.71% 

provides good 

performance with 

lower costs of 

computation 

Incorrect 

selection of 

universe points 

leads to a 

deteriorating 

model 

performance 

[41] 2015 Palash Dutta et.al 

Generic Eye 

Template 

Matching 

99.25% 

The face is found by 

matching genetic 

components of the left 

and right eyes. 

Problem in the 

calculation of 

classification 

performance 

[29] 2018 Yaman et al. 

Building 

Security 

System 

99% 

The faces of CCTV 

cameras are 

recognized from 

different directions and 

can record up to 5 

meters and an angle of 

up to 15 degrees. 

No enough data  

[8] 2018 Vikram.k. et.al 
Pattern 

reorganization 
92% 

particularly each part 

of a face 
illumination 
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[86] 2016 GUAN-CHUN 

LUH et.al 

ECU face and 

skin 

Database 

 Skin for nonskin pixel 

identification is 

recognized using 

hybrid model RGB-

CBCGCR. 

-------------- 

[30] 2020 Yao et al. PCNN 99.5% Improves CNN 

performance over 

existing methods of 

pooling. 

Single 

functionality 

and lack of 

autonomy, 

loosing 

information 

[66] 2017 Yusuf et al. Skin color 97.22% Basic color spaces 

nullify the differences 

in brightness between 

pixels. 

The 

fundamental 

color spaces 

give high 

positive and 

negative rates. 

[21] 2020 Vijayalaxmi et 

al. 

SVM & 

Gabor filter  

 

96 % Determine driver 

tiredness 

Rotation  

 

[24] 2017 Sun et al. Line edge 

map  

 

91.67% economical design The nearest 

pairs contain 

numerous 

spurious 

corresponding 

points. 

[27] 2013 Markan Lopar 

and Slobodan 

Ribarić 

Valenti and 

Gevers 

80% Reliable and very fast May eyes are as 

centers of the 

eye 

[57] 2011 Timm et al. Timm and 

Barth 

93.4% Very accurate in eye 

center detection 

Less speed than 

Valenti and 

Gevers 

detectors 

[50] 2010 Ribaric et al. Ribarić, 

Lovrenčić, 

Pavešič  

97.3% Fast detector Low precision 

owing to the 

dependence 

chain 

characteristics 

 

Due to the previous researches mentioned to in this chapter, face monitoring technique 

Viola-Jones is quick and strong because of the simplicity of the processes extracting 

characteristics and the choice of the most effective features. OPENCV has been 

successfully deployed. Viola-Jones face monitoring method provides a complete 

algorithmic definition with a learning code and a studied face detector. The Viola-Jones 

Algorithm also contains six distinct types of feature images to enhance their 

performance.  
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Table 2. 2: A Comparative Table of Existing Algorithms for Driver Drowsiness Using 

Eye Classification Methods. 

 

Few research studies attempted to detect driver sleepiness by merging various methods 

[59] [74]. When reviewing previous studies, it was found that there are many ways to 

Ref Author 

Name 

Drowsiness 

Measurement 

Eye Detection 

Methodology 

Feature Extract Classification Accuracy 
Lightening  

[10] 
Reddy et 

al. 

Facial 
landmark 

MTCNN & 

DDDN 

Eyelid closure 

& Eye blink 

Use 

MTCNN& 

DDDN for 

the eye state 

detection 

91.6% day 

[67] 
Zhang et 

al. 

Eye blink 

HMM CMOG 

Used for 

detect eye 

state 

95.9% ----------- 

[68] Manu 

Eye closure 

and Yawning 
Binary SVM 

with linear 

kernel 

PERCLOS 

features 

Uses Binary 

SVM with 

linear kernel 

to detect Eye 

closure & 

Yawning  

94.5% 
Different 

lights 

[69] 

Pauly 

and 

Sankar 

 

Eye blink 
HOG & SVM 

HOG is a 

feature 

extraction 

algorithm 

SVM is used 

to detect the 

current state 

of the eye 

91.6% 
Normal 
lighting 

[70] 
Shen, W 

et al. 

 

 

Pupil 
Ada-boost 

Red eye effect, 

Method of 

Texture 

Detection 

Eye-height, 

 Eye-width 

Ratio 

 

92% 
Low Light 

Level 

[71] 
Knapik & 

Cyganek, 
Yawning 

Gravity-center 

template & 

projection in 

grayscale 

Gabor 

wavelets 
 LDA 91.97% 

Day & 
Night 

[72] 
Vural et 

al. 
Facial action Gabor filter 

Wavelet 

Decomposition 
SVM 96% ---------- 

[73] 

D’Orazio 

et al., 

2007 

Eye Closure 

Duration & 

Frequency of 

eye 

closure 

Hough 

Transform 

Discrete 

Wavelet 

Transform 

Neural 

Classifier 
95% 

Different 
Lights 

[74] 
Flores et 

al. 

Advanced 
Driver 
Assistance 
System 
(ADAS) 

Gabor filter 
Condensation 

algorithm 
SVM 93% 

Diurnal 
and 

Nocturnal 
driving 

[75] 
Ursulescu 

et al. 
Eye blink 

Face and 

Diamond 

searching 

algorithms are 

detected to 

trace the face 

Eyelid closure 

duration, No. 

continuous 

blinks, Eye 

Blink 

Frequency 

Region Mark 

Algorithm 
98% ------------ 

[76] 
Zhang and 

Zhang 
PERCLOS 

Haar 

Algorithm (to 

detect face) 

Unscented 

Kalman 

filter algorithm 

SVM 98% 

Diurnal 
and 

Nocturnal 
driving 
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detect and determine the state of the eye in the state of the fatigue through high-accuracy 

algorithms, which were chosen as the best algorithms for detecting and determining the 

state of vehicle  driver’s  drowsiness these are SVM and Region Mark algorithm, which 

obtained the highest accuracy by 98 % with lowest Real-time. 

2.6. Summary of the Chapter 

In this chapter, a number of techniques for facial and eye detection are reviewed to find 

out which techniques are most useful for the facial and eye monitoring system. Of the 

facial detecting methods, the face Viola-Jones was the fastest and confidence-built, with 

most of the eye detectors exceeding the proposed algorithm Timm and Barth. Face and 

eye detection technologies implemented more effectively in various databases but the 

excellent results give from Viola and Jones is up to 98% percentage. In the future, each 

face detection technique, i.e., even Electronic Voting Machine based on facial 

recognition maybe utilized in one application. According to the mentioned studies, the 

best eye classification algorithms is SVM, while the poorest algorithms in terms of 

accuracy and time consumption are MTCNN and DDDN. 

  



Page | 28  
 

Chapter Three 

METHODOLOGY AND  IMPLEMENTATION 

 

3.1 Background 

This chapter describes the technique used to establish the standard for developing the 

suggested algorithms for driver drowsiness detection. This chapter clarifies the 

procedures and approaches utilized throughout the study's development and 

implementation. 

Through the literature review in Chapter 2, Section 2.3, it was shown that Viola-jones 

algorithm is one of the best face identification algorithms in terms of accuracy, 

implementation and flexibility in use. This algorithm determines the geometry of the 

face, such as the eye, nose and mouth, an important and needed feature in the proposed 

system. 

In terms of eyes detection, there are also several algorithms used by researchers, such 

as Tree, SVM, naïve bayes, Cubic SVM … etc., which were mentioned in Section 2.4. 

It was concluded that the most accurate algorithm for eye detection and feature 

extraction is SVM. In this research, these two algorithms were applied to find 

appropriate face parts needed in determining driver drowsiness. 

People's face datasets were used in testing the system because the face is the main factor 

for identifying the eyes region and also the webcam is stationary to the head. 

Consequently, the work is based on the face in its basic form, and from the face's 

geometry, it is possible to extract the facial regions based on the proposed system, which 

is the eyes region. 

3.2 Facial Image Datasets  

The initial step in this study is to choose or create suitable image dataset to use for 

classification. The image dataset might be formatted in (.bmp, .tiff, .jpeg or other 

formats). The proposed system used dataset in .JPG format. 
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The proposed system is tested on more than one dataset to get a satisfactory result. The 

dataset1 [77] contain 106 images in size (260 𝑥 360), some of them are open and others 

are closed eyes images, whereas the dataset2 [78] was contained 960 images with size 

(178 𝑥 218) also between open and closed eyes images. While dataset3 [79] was 

contained 202599 images in size (640 𝑥 480) open and closed eyes images. As a 

consequence, the proposed system used these three datasets to produce a particular 

organized dataset, which was formed by integrating the above-mentioned datasets for 

testing and training on the network. The number of images presented in dataset is 700 

images in size (178 𝑥218) all in type JPG. Figure 3.1 show some datasets images. 

 

Figure 3. 1: Sample of Image Datasets. 

3.3 Proposed Driver Drowsiness System 

The driver's face condition and the production of sleepy eyes were identified by 

watching the driver face by a camera mounted in the car opposite to the driver's face. 

Figure 3.2 shows the proposed system model. 
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Figure 3. 2: Proposed Driver Drowsiness System. 

The typical PC Webcam used and OS support for such devices is utilized for capturing 

images. MATLAB runs on Microsoft Windows and provides the video input function 

for image capture (Acquisition) from devices. The remaining system components 

should work together to derive the output characteristics from a digital video stream. 

The segmentation of the face selects the region that matches the open or closed eyes. 

This region is examined to create model parameters according to the feature extraction 

technique. The steps of working system are designed as shown in figure 3.3: 
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Figure 3. 3: Real-time Driver Drowsy System. 

3.4 Pre-processing 

The preprocessing stage ensures that the classification network receives a consistent 

input. This stage comprises image segmentation that bounding the face from the rest of 
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the image. This step also determines the final form of the face and draw a pounding box 

around it.   The preprocessing stage can be divided into two parts: 

3.4.1 Computer Vision 

Computer vision is the study of how computers can replace the human visual system. It 

is a subclass of artificial intelligence that collects and analyses information from digital 

images or videos to determine characteristics. The entire procedure entails gathering 

images, screening, analyzing, recognizing, and extracting information. This intensive 

processing enables computers to comprehend any visual material and respond 

appropriately. 

To collect multidimensional data, computer vision projects convert digital visual 

material into clear descriptions. This information is then converted into computer-

readable language to help in decision-making.  

However, the design and memory management of OPENCV are the most beneficial 

features. OPENCV provides a framework for working with images and video in any 

fashion using OPENCV or search-specific methods, without having to worry about 

allocating and real locating image memory. OPENCV packages and functions are highly 

tuned for Real-time image and video processing. The highly efficient image processing 

feature of OPENCV was utilized in this work to handle Real-time images of a live video 

feed from a webcam as introduced in the following subsections:  

i. Face Detection 

Object detection is a computer technology related to image processing and computer 

vision. It is focused on detecting occurrences of an item such as human faces, buildings, 

trees, automobiles, and so on. The basic goal of face detection algorithms is to assess 

whether or not a face exists in an image  

The purpose of this thesis is not only to visually monitor the face. It is an essential source 

of information for the component for eye detection based on analysis of main 

components. It gives two key facts: 

1) Face area position. 
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2) Facial image center with the entire image. 

Initially, depending on the light intensity of the environment and the captured image 

from the camera may have a very small range of contrasts between the driver's face and 

the background. After obtaining the image, the system normalizes the brightness level 

and enhances the contrast of the image using histogram equalization. Then, it applies 

Viola-Jones robust Real-time face detection. This method among the numerous 

algorithms developed for face identification is more suitable for interactive applications 

in Real-time due to its low false positive and low computational. Subcode 3.1 display 

the Viola-Jones algorithm code that used in the proposed system to detect the driver 

face. 

 

Snap 3. 1: Viola-Jones Code for Face Detection 

The algorithm uses face boundaries and area to choose the most accurate eye detection 

among the candidates identified. The input of the face detector system is a frame 

extracted from a video segment, and its output is the identified face region. The Viola-

Jones can detect many faces in the same used image   as shown in figure 3.4.  

 

Figure 3. 4: An Example of Viola-Jones Face Detection Algorithm. 
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Figure 3.5 displays a simplified block diagram of the proposed system face detector 

module. 

 

Figure 3. 5: Block Diagram of Face Detection. 

ii. Geometry of Face 

The analysis of the face position is the process by which the camera's coordination 

system determines where the face is and how the face is oriented and then the face 

analysis is based on the information provided. A typical face pose analysis system 

determines the head pose using facial model geometry s, i.e., relative position models 

in facial sites such as the nose, mouth and eye and/or facial appearance model intensity 

and color variation models across face image. Figure 3.6 shows the determination of the 

basic geometry of face using Viola-jones algorithm. 
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Figure 3. 6: Determining Geometry of Face Using Viola-Jones Algorithm. 

So, the first step before implementing to the system is the face detection which is detect 

by face geometry features these are eyes, nose and mouth. If those main parts of face to 

be determined especially eye region, the drowsiness will be detected by classification 

model using eyes region.  The proposed system depends on both eyes at the same time 

for detecting driver drowsiness.  

3.4.2 Image Resizing 

In computer vision, a RGB digital image is an image of which every pixel carries 

intensity information. RGB images are also known as (Red, Green and Blue) images. 

From previous step, the output was resized to be suitable for Real-time that makes less 

time processing as possible as beside that makes highest accuracy.  

In this study, the eyes detection depends upon once the face had been identified and the 

key geometry was extracted, as eyes were the major feature in the face to detect whether 

or not the driver is drowsy. After locating the face, the features of the face were 

recognized, and the image of the eyes was cropped off. 

The act of fitting an image to a specified size is known as resizing, and the value that 

pixels will take is determined by several methods. The most basic among these methods 

is nearest-neighbor interpolation, which takes the value of the pixel that falls inside as 
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the output pixel value. Bilinear interpolation is another technique in which the output 

pixel value is determined as the weighted average of pixels in the adjacent 2-by-2 

neighborhood. While bi-cubic interpolation method computes the output pixel value as 

the weighted average of pixels in the adjacent 4-by-4 neighborhood. Table 3.1 shows 

some instances of scaling a frame taken from video data. 

Table 3. 1: Some Tested Examples of Resized Eye Image Region. 

Samples Dimensions Resized 

 

1 

 

[69,279] 

 

2 

 

[100,250] 

 

 

3 
[100,400] 

 

 

 

In this step, in deciding the percentage of accuracy to be acquired in this project and the 

duration of implementation it will be mentioned in chapter (4), the size of the images 

taken plays an important role, taking Real-time as a key factor to the needed process 

after identifying the condition of drowsiness this work uses SVM to decide if the eye is 

open or closed in the suggested approach. First, some frames of video segment to be 
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applied to the training and the area of both eyes right and left are identified for each 

frame. Then the images in the eye area, cropped from the frames, will be resized and 

then inputs the new image to the classification for training purposes. The below code is 

how to detect and resizing the eye region.  

 

Snap 3. 2: Matlab Code of the eye resizing. 

Figure 3.7 shows some examples of scaling frames derived from video data to resize 

the eye region. 

 

Figure 3. 7-(a) Original Image Size [69, 279]. (b) Resized With [100, 100]. (c) Resized 

With [100, 250]. (d) Resized With [150, 400]. 
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3.5 Extracting Features 

Before presenting important features, it is necessary to examine feature aggregation 

techniques in order to minimize the number of samples in the feature space, which is 

the space holding all extracted features. The explanation for this is that sleepiness is a 

phenomenon that grows with time. As a result, clear characteristic changes between 

sleeping and eye blinks are unlikely to be seen. And there is a statistical measure for 

each feature. 

Regardless of the accuracy, a fairly broad collection of features is retrieved in each case. 

This large number of features need more time to evaluate the level of drowsiness. There 

must be a balancing case of features that provide great accuracy in a reasonable amount 

of time. 

Figure 3.8 explain extracting the total number of features from RGB image then store it 

in Bag of Feature. 

 

Figure 3. 8: Image RGB Feature Extraction [80]. 

To obtain a satisfactory and clear result, the features must be equal in number for each 

image in the datasets used, so to achieve this step, a resizing process was carried out to 

obtain an eye image equal in dimensions and number of pixels and it was applied to all 

images inside the dataset. The RGB input image is sent to the MATLAB engine, along 

with the identified face positions. This technique employed two methods for extracting 

features from the input image: 
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• Crop the user's detected face. 

• Crop the area where the eyes are most likely to be found. 

Because physiologically based characteristics are extremely individual and vary from 

subject to subject, this thesis proposes a baselining technique to address this problem. 

Following that, it is discussed which characteristics could be useful in characterizing 

the driver's level of vigilance. Previous studies have not always characterized some of 

the characteristics consistently. 

To recognize places successfully, an efficient representation of the features of an image 

is required. Which may then be grouped together and searched for comparable ones. 

Obviously, location recognition may be used for other purposes, such as image 

recovery, where one wish to discover photos that are similar to a particular image. 

Bag of feature is a technique that save the features extracted from the images. It uses 

the concept of text classification (Bag-of-Words) to extract numerous representative 

keywords from the image, creates a dictionary, and then records the number of 

occurrences for each image to generate the feature vector of the image. 

After extracting the features, they will be utilized to generate a large number of cluster 

centers using a clustering method. Typically, these cluster centers seem to be very 

representative. Then, these cluster centers are combined to build a dictionary as shown 

in subcode 3.3. 

 

Snap 3. 3: Code of Creating Bag of Features. 

For each feature in the image, it can locate the most comparable cluster centers in the 

database, find a number of occurrences of these cluster-centers, and generate a vector 

representation named bag. As a result, for images of various categories, this vector 
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should have a higher degree of discriminating. Based on this, the system can train and 

utilize classification models to categorize images. 

To obtain a good feature, there must be a sufficient amount of data to have a large 

dataset. The features and descriptors are then retrieved for each image, often using 

SURF, and mapping into the descriptor space, which relies on the representation of the 

descriptor. 

Taking into account these criteria, 1376 features are introduced and extracted for each 

observed event in this study. According to this, this work is one of the most thorough 

types of research on eye sleepy detect characteristics for vehicle applications and real-

world driving circumstances. A comprehensive literature analysis is provided for SURF 

features, and the proposed system findings on feature development owing to sleepiness 

are compared to those of previous researches. 

3.5.1 Speeded Up Robust Features (SURF) Method 

The SURF technique is a quick and reliable approach for representing and comparing 

images in a local and similarity invariant manner. The major attraction of the SURF 

method is its ability to compute operators quickly using a bag of features, allowing for 

Real-time applications such as tracking and object detection. Figure 3.9 is an illustrative 

example of feature extraction. 

 

Figure 3. 9: SURF Feature Detection and Description [81]. 
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In this section, the eye is treated as a texture. Although the appearance of one person's 

eyes does not exactly match that of another, they appear to be extremely similar. To 

identify significant characteristics derived from various eye areas, the proposed method 

is based on supervised learning. Obtaining training pairs is the initial stage in the 

learning procedure. 

A feature description and its class label are included in each pair. The features are 

retrieved from the collection of training images. The matching manually segmented 

images provide the class labels. Each of the training images is processed to extract 

strong characteristics that have been Speeded Up Robust Features. The proposed system 

used SURF features because of their resistance to variations in brightness, quick 

calculation, and the comparability to other feature detectors. The method for detecting 

interest points is based on a basic Hessian matrix approximation. 

• Hessian matrix-based interest points 

SURF employs the Hessian matrix due to its superior performance in terms of 

calculation time and accuracy. SURF depends on the determinant of the Hessian matrix 

for both location and scale, rather than a separate measure (Hessian-Laplace detector). 

Given a pixel, the Hessian of that pixel is as follows: 

𝐇(𝐟(𝐱, 𝐲)) = |

𝜕2𝑓

𝜕𝑥2
 

𝜕2𝑓

𝜕𝑥𝜕𝑦

𝜕2𝑓

𝜕𝑥𝜕𝑦

𝜕2𝑓

𝜕𝑦2

|                              (3.2) 

It filtered the image using a Gaussian kernel to adapt any scale, thus given a point 𝑋 =

(𝑥, 𝑦). The Hessian matrix H(x, 𝜕) in x at scale 𝜕  which referred to variance (𝛛) is 

specified as: 

𝐇((𝐱, 𝜕)) = |
𝐿𝑥𝑥(𝑥, 𝜕) 𝐿𝑥𝑦(𝑥, 𝜕)
𝐿𝑥𝑦(𝑥, 𝜕) 𝐿𝑦𝑦(𝑥, 𝜕)

|             (3.3) 

𝐿𝑥𝑥(𝑥, 𝜕) is the convolution of the Gaussian second order derivative with the image I 

in point x, and 𝐿𝑥𝑦(𝑥, 𝜕) and 𝐿𝑦𝑦(𝑥, 𝜕) are similar. Gaussians are ideal for scale-space 

analysis, but they must be discretized and cropped in practice. Under image rotations 

around odd multiples of 𝜋/4, this results in a loss of repeatability. This flaw is present 
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in all Hessian-based detectors. Nonetheless, the detectors function admirably, and the 

minor loss of speed does not outweigh the benefits of rapid convolutions brought about 

by discretization and cropping. 

To compute the determinant of the Hessian matrix, must first perform convolution with 

a Gaussian kernel, followed by a Second Order Derivative. Following Lowe's success 

with log approximations SIFT and SURF uses box filters to push the approximation 

both Convolution and Second Order Derivative even farther. The approximate Second 

Order Gaussian derivatives may be calculated at a very cheap computing cost utilizing 

integral images and independently of size, which contributes to SURF's speed. 

 

(a) Gaussian Partial Derivative in 𝑥𝑦 

 

(b) Gaussian Partial Derivative in 𝑦 

 Figure 3. 10: Interest Points of Hessian Matrix [81]. 
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The Figure 3.10 images (9*9) box filters are approximations for Gaussian Second Order 

derivatives with 𝛛= 1.2. These approximations are denoted by determination of (D𝑥𝑥), 

(D 𝑦𝑦), and (D𝑥𝑦). We can now estimate the Hessian determinant as follows: 

 

𝑑𝑒𝑡(𝐻𝑎𝑝𝑝𝑟𝑜𝑥) = 𝐷𝑥𝑥 𝐷𝑦𝑦 − (ɯ𝐷𝑥𝑦)2             (3.4) 

Where ɯ = 0.9 (Bay’s suggestion) 

 

3.5.1.1 Feature Description 

The development of a SURF descriptor occurs in two phases. The first step is to set a 

repeatable orientation based on data from a circular region surrounding the key-point. 

Then, create a square region that is aligned with the chosen orientation and extract the 

SURF descriptor from it. SURF attempts to find a repeatable orientation for the interest 

points in order to be rotationally invariant. In order to do so, you must do the following 

steps: 

• SURF initially computes the (Haar-wavelet) responses in the 𝑥 and 𝑦 directions, in 

a 6s radius circle around the key-point, where s is the scale at which the key-point 

was detected. Furthermore, the sampling step is scale dependents and has been set to 

be s, and the wavelet responses are computed at that current scale s. As a result, the 

wavelets are large at large scales. Finally, instead of this, integral images are 

employed for rapid filtering once more. 

• Then, in a scanning region, add the total of vertical and horizontal wavelet responses, 

then alter the scanning orientation (add 𝜋 /3), and recalculate until we find the 

orientation with the highest sum value, this orientation is the primary orientation of 

the feature descriptor as shown in figure 3.11. 
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Figure 3. 11: SURF Feature Description [81]. 

3.5.2 K-Mean Clustering 

Clustering is a popular exploratory data analysis approach for gaining an understanding 

of the data's structure. It is described as the challenge of identifying subgroups in data 

so that data points within the same subgroup (Cluster) are extremely similar while data 

points between clusters are substantially dissimilar. In other words, we seek 

homogeneous subgroups within the data so that the data points in each cluster are as 

comparable as feasible according to a similarity metric such as Euclidean-based distance 

or correlation-based distance. The choice of the similarity metric to employ depends on 

the application. 

The analysis of the clustering can be performed on the basis of features, attempting to 

discover sub-groups of samples based on features, or on the basis of samples, attempting 

to find sub-groups of features based on samples. This study will look at feature-based 

clustering. Data clustering algorithms are useful tools for academics dealing with big 

multivariate databases. 

K-means is one of the most often used clustering methods due to its simplicity, is an 

iterative method that attempts to divide the dataset into K separate non-overlapping 

subgroups clusters as shown in figure 3.12, with each data point belonging to just one 

group. It aims to maintain the intra-cluster data points as comparable as feasible while 

keeping the clusters as distinct far as possible. It allocates data points to clusters so that 

the sum of the squared distances between the data points and the cluster's centroid the 

arithmetic mean of all the data points in that cluster is as little as possible. The less 
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variance we have within clusters, the more homogenous or similar the data points are 

inside the same cluster. 

 

Figure 3. 12: Data Before and After Clustering by K-Mean [82]. 

The K-means algorithm operates as follows: 

• Determine the number of clusters K. 

• Create centroids by shuffling the dataset first and then picking K data points at 

random for the centroids without replacing them. 

• Continue iterating until the centroids do not change. i.e., the clustering of data points 

does not change. 

• Determine the sum of the squared distances between all data points and centroids. 

• Assign each data point to the cluster that is closest to it (centroid). 

• Calculate the centroids for each cluster by taking the average of all data points in 

each cluster. 

The system uses certain clustering techniques to group the feature vectors after 

extracting them. The k-mean clustering algorithm was employed. It attempts to identify 

the natural category of the sample in k clusters, so that each point is within the cluster 

that corresponds to the closest cluster center. The class used as the clustering criterion 

minimizes the square distance between the cluster center and the center data points. 
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3.6 Classification 

Classification between objects is a complicated process, and hence this is an important 

goal of the field of computer vision. The classification of images refers to the image 

labeling in one of several preset. The classification process's goal is to group all pixels 

in a digital image into one of many groups. Multi-spectral data are often utilized to 

conduct classification, and the spectral pattern contained within the data for each pixel 

is used as the numerical foundation for categorization. The goal of image classification 

is to identify and represent the features in an image as a distinct gray level or color in 

terms of the object these features really represent on the ground. The most essential 

aspect of digital image analysis is image categorization.  

A given image might theoretically be categorized into (n) different classes. Manually 

reviewing and classifying photos may be a time-consuming operation, especially when 

there are a large number of them, therefore it would be really beneficial if someone 

could automate the entire process using computer vision. Developing real-world image 

rating in the realm of autonomous driving. Classifiers are needed to achieve maximum 

accuracy in applications such as automatic image organization, stock photography and 

video websites, visual search for better product discoverability, big visual databases, 

image and face identification on social networks, and many more. 

3.6.1 Unsupervised Classification 

The results of pixels grouping with similar features of unsupervised categorization are 

based on software analysis of an image without the user supplying example classes. The 

computer uses algorithms to identify which pixels are linked and classify them 

accordingly. The user may tell the program which method to use and how many output 

classes they want, but it doesn't help with the categorization process otherwise. When 

the computer's groups of pixels with similar characteristics have to be connected to 

actual features on the ground, the user must have knowledge about the region being 

categorized. 

Unsupervised learning uses some of the most prevalent methods like cluster analyzes, 

abnormal detection, neural networks, and approaches to latent models for learning. 
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3.6.2 Supervised Classification 

The theory behind Supervised Classification is that a user may pick sample pixels in an 

image that are indicative of particular classes, and then instruct image processing 

software to utilize these training sites as references for the categorization of all other 

pixels in the image. Training sites also known as Testing Sets or Input Classes are 

chosen depending on the user's expertise. The user also specifies how similar other 

pixels must be in order to be grouped together. These limits are frequently established 

depending on the spectral properties of the training region. The user also specifies the 

number of classes into which the image is categorized. 

Once each information class has been statistically characterized, the image is 

categorized by evaluating the reflectance for each pixel and deciding which of the 

signatures it most closely resembles. 

Supervised classification creates prediction models by combining classification 

algorithms with regression procedures. There are many algorithms of classification such 

as Linear regression, logistic regression, neural networks, decision trees, support vector 

machines, Naïve Bayes, random forest and k-nearest neighbor. 

3.6.2.1 Support Vector Machines 

Each classification algorithm produces an output for the specified characteristics 

retrieved from a single frame. Many favors of the support vector machine deliver 

substantial precision with lower computing power. A SVM support may be utilized both 

for regression and classification applications. But it is extensively utilized for purposes 

of classification.  

However, the proposed research evaluates a collection of these grading results from the 

series of frames of pre-determined window size when making the ultimate conclusion 

on the condition of the driver. This makes the system strong and trustworthy. The system 

mainly addresses an issue of two-grade categorization Drowsy or Non-drowsy. Support 

Vector Machines have been chosen for their robustness and the relative rapid training 

time when compared to the other approaches as an elegant and powerful algorithm 

above other algorithms. The accuracy of classification of each technique had been 
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assessed and its results were compared using the developed system for various 

extraction and selection criteria. 

• SVM is not affected by the dimensionality of the input space. 

• It is less susceptible to over-fitting. 

• It always provides the best overall solution throughout training. 

The support vector machine algorithm's goal is to find a hyperplane in an {N-

dimensional space} which N = the number of features that clearly classifies the data 

points. 

 

Figure 3. 13: Separating Hyperplane of SVM Algorithm [84]. 

The SVMs' functioning is based on determining a hyperplane ß that divides the classes 

by the smallest possible distance. (Xi, Yi) where (Xi ∈ Rp), where (p) is the no. of input 

variables or features and the output (Yi ∈ {-1,1}) representing the class label Equation 

(3.9) [84]. 

𝑚𝑎𝑥
1

‖ß‖2
2 

𝑠. 𝑦𝑖(ß0 + 𝑋1
2ß) ≥ 1 − 𝜉𝑖          (3.9) 

𝜉𝑖 ≥ 0 
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∑ 𝜉𝑖

𝑛

𝑖=0

≤ ß 

Here, the variable (ξi) is a slack variable and a control variable. One of the principal 

differences of the SVMs with regard to methods of learning is the minimization of 

structural risk rather than the minimization of empirical error when the choice of 

hyperplanes is taken into account, the separation of the closest samples from each 

hyperplane class is equidistant, with a limit on each side of the hype. 

The greatest distance between samples of each hyperplane cluster is therefore required 

for the introduction of the concept of margin. As defined in figure 3.15, the distance of 

the sample closest to each of the two classes of the hyperplane. Equation is obtained 

from the geometric distance between an average sample X  ՛ and the hyperplane. 

|𝐷(𝑥′)|

‖𝜔‖
                   (3.10) 

Now that each of the samples is beyond the range specified, Equation (3.11) is compliant 

[84]: 

𝑦𝑖𝐷(𝑥)

‖𝜔‖
≥ 𝜏              (3.11) 

Finding the best hyperplane entails finding (ω) that maximizes this distance; however, 

the solution to this issue is infinite since there exist values of (ω) that only differ in size, 

that is, there are 𝜆 ∈ R such that 𝜆 (< ω, x > +b), they represent the same hyperplane; 

hence, using 𝜏ω= 1, we get Equation (3.12) [84]. 

𝑦iD(X)⩾ 1                           (3.12) 

 Therefore: 

        𝑦i (<ω, X>+b) ⩾ 1          (3.13) 

The solution of finding the optimal hyperplane is determined with the solution of 

obtaining the appropriate values of ω and b that minimize the functional ||ω||, subject to 

the constraints of Equation (3.13), that is Equations (3.14) and Equation (3.15) [84]. 
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Min  𝐹{𝑊} =
1

2
‖ω‖2 =

1

2
⟨ω, ω⟩            (3.14) 

            𝑠. 𝑎𝑦𝑖(< 𝜔, 𝑥 > +𝑏) − 1 ≥ 0        (3.15) 

The idea of quadratic programming should be used to develop Equation (3.14), this can 

solve a dual problem, since the original problem known as primary functions and convex 

limits. The method to the dual issue is based upon calculation of the equation's 

Lagrangian function of equation (3.14) as indicated equation (3.16) [84]. 

𝐿(ω, 𝑏, 𝑎) =
1

2
‖ω‖2 − ∑ 𝑎𝑖[𝑦𝑖(<  ω, 𝑥 > +𝑏) − 1]𝑛

𝑖=1       (3.16) 

 

Figure 3.14: Quadratic SVM Algorithm [85]. 

Where αi is referred to as multipliers of (Lagrange). Now, from the conditions of 

Karush-Kuhn-Tucker (KKT), we have equation (3.17), (3.18) and (3.19) [86]: 

𝜕𝐿(ω∗,𝑏∗,𝛼)

𝜕ω
= ω∗ − ∑ 𝛼𝑖𝑦𝑖𝑥𝑖

𝑛
𝑖=1 = 0       (3.17) 

𝜕𝐿(ω∗,𝑏∗,𝛼)

𝜕b
= ∑ 𝛼𝑖𝑦𝑖

𝑛
𝑖=1 = 0                         (3.18) 

𝛼𝑖[1 − 𝑦𝑖(< 𝜔∗, 𝑥𝑖 > +𝑏∗)] = 0                (3.19) 
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(a) Input space                                    (b) Feature space 

Figure 3.15: Kernel Trick in SVM Algorithm [86]. 

As a result, that shown in figure 3.15, the primal issue may be recast by its dual problem, 

which only depends on αi as shown in equations (3.20) and (3.21) [86]: 

𝑀𝑎𝑥 𝐿(𝑎) = ∑ 𝛼𝑖 𝑛
�̇�=0 −

1

2
∑ 𝛼𝑖𝛼𝑗𝑦𝑖𝑦𝑗

𝑛

𝑖=0
< 𝑥𝑖𝑥𝑗 >    (3.20) 

𝑠. 𝛼 ∑ 𝛼𝑖
𝑛
𝑖=0 𝑦𝑖 = 0                  𝑎𝑖 ≥ 0                            (3.21)  

The benefit of addressing optimization problems by means of the dual problem is that 

this scale with the number of samples n whereas the dual problem involves the input 

number p, which will have much reduced computation costs even for high-dimensional 

databases [86]. 

3.7 Predictive Modeling 

Predictive modeling is a statistical approach that employs machine learning and data 

mining to anticipate and predict likely future events using historical and present data. It 

operates by evaluating current and historical data and then projecting what it discovers 

onto a model built to anticipate future events. Predictive modeling may be used to 

forecast anything such as TV ratings to a customer's next purchase to credit risks and 

company profitability. As well as other applications. In this case, the model was utilized 
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to protect the driver from traffic accidents that occur while he is fatigued or asleep 

during driving. 

Central to our approach is a training-and-test regimen. Where the sample data is divided 

into training and test sets  a ratio of 80 and 30, and build this system model on the training 

set before testing it on the test set as shown in Figure 3.16. 

 

Figure 3.16: System Training and Testing Process. 

As an example, that shown in subcode 3.4 and figure 3.17, simulating a time series, 

estimate a model based on the first half of the data, then assess the four steps forward 

predictions on the second half of the data. 

 

Snap 3. 4: Matlab Code of Time Serios Prediction. 
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Figure 3. 17: The Output of Predictive Modeling Example. 

3.7.1 Machine Learning 

Machine learning algorithms usually have a certain pipeline or data-learning stages for 

case image Processing, in order to learn and predict extremely accurate results, ML 

algorithms first need a significant number of high-quality data. This thesis must ensure 

that the images are properly processed, noted and generalized to process the ML image. 

Computer Vision, a field that machine can comprehend the visual data, enters the image. 

Using CV, images may be processed, loaded, transformed and manipulated to create an 

optimal machine learning algorithm dataset.  An overview of the procedure for the 

processing of image data by a classic machine learning as shown in figure 3.18.  

 

Figure 3.18: Classic Machine Learning Process in Image Processing. 
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An algorithm is created in this research, which predicts if the image of the eyes is open 

or close. To do so, images of the eyes must be collected and pre-processed using CV. 

The phases of preprocessing include: 

• Convert all images into the same size. 

• Crop the eye region from the input image. 

• Converting them into numbers so that algorithms may learn from them (array of 

numbers). 

An input image is seen by computers as an array of pixels, with the number of pixels 

varying depending on the image resolution. It will see height 𝑥 width 𝑥 dimension based 

on the image resolution. For example, an image of a (6 𝑥 6 𝑥 3) array of an RGB matrix 

that 3 is refer to RGB values and a (4 𝑥 4 𝑥 1) array of a grayscale image. 

These characteristics are then utilized in the following phase, which involves selecting 

and developing a Machine-Learning algorithm to classify unknown feature vectors from 

a large database of feature vectors with established classifications. In this case, SVM 

was chosen as the ideal machine learning algorithm based on accuracy and execution 

time. 

The proposed system needed the training process; detection model and classification 

model. This training under system requirement as explained in section (1.6). 

The detection process of the proposed system comprises two phases figure Training 

(Learning) and Classification (Testing). The steps included in each phase are described 

as follows: 

A. Training phase: 

• Collation of the image datasets.  

• Image segmentation to separate the face from the image and background. 

• Extracting feature. 

• Saving feature extracted image as a training pattern. 

• Learning using neural networks with SVM Quadratic algorithm. 
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B. Testing phase: 

• Capture images from the webcam video stream. 

• Segmentation to separate eyes from the face. 

• Extracting feature. 

• Artificial neural network (ANN) detection. 

 
(a) Training Phase. 

 

(b) Testing Phase. 

Figure 3. 19: The Block Diagram of The Proposed Face/Eye Detection System: (a) 

Training Phase (b) Testing Phase. 
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Chapter Four 

RESULTS AND DISCUSSION 

4.1 Introduction 

In this chapter, the system's performance is studied and analyzed. First and foremost, 

the properties of the system pertaining to the performance of the test are presented. The 

performance of each phase is also provided in detailed, and finally the overall 

performance of the system is discussed. 

At each stage of the system, the data obtained by the proposed system is 

captured(acquired) and recorded, and the results are recorded for each stage separately. 

Thus, the accuracy is obtained based on all of the stages that the system has went through 

and given the final accuracy of the system. In order to track eye characteristics, for 

example, the system must position the face accurately initially, eye regions in the facial 

area will be sought following location of the face. Finally, the eye characteristics are 

established following the location of the eye regions. 

4.2 Results of Test  

This section separately visualizes the results of each step and then evaluates every phase 

by using the significance measurement. As mentioned in section 3.2, the dataset used in 

the proposed system is a mixture from three difference dataset and each of these datasets 

produce different precision of accuracy in the test phase as shown in Table 4.1. 

Table 4. 1: Used Image Dataset. 

Dataset No. Images Test Algorithm Accuracy 

Yawn eye dataset | Kaggle 

[77] 
106 Quadratic SVM 93.3% 

Real and Fake Face 

Detection | Kaggle [78] 
960 Quadratic SVM 96% 

(CelebA) Dataset | Kaggle 

[79] 
202599 Quadratic SVM 97% 

Presented Dataset 700 Quadratic SVM 99.6% 
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4.2.1 Face Detection Phase 

At this stage, the position and size of the driver’s face in the recorded image frame are 

automatically identified. Similarly, conduct face identification on incoming frame 

sequences then, apply Viola-jones algorithm to find and capture the face over time. The 

recorded face image coordinates will be utilized subsequently to pick the face region 

and extract key characteristics for further processing. Some tested examples for face 

detecting are shown in Figure 4.1. 

 

 

Figure 4. 1: Face Detecting by Using Viola-Jones Algorithm. 

Figure 4.1 shows the bounding box surrounding the facial region in the input image for 

all dataset that used in this system as a first step in detection. The algorithm used in the 

proposed system to detect and identify the face in the image is Viola-Jones, after 

applying the algorithm to the dataset used, perfect detection accuracy was obtained, 

equal to 100%, as the error rate was zero for the used dataset compared with the other 

algorithms for determining the face. 



Page | 58  
 

4.2.2 Eye Detection Phase 

In the phase of eye detection, the system needs to identify the face geometry which 

contains three basic face parts mouth, nose and eyes region. To analyze the typical face-

parts, information typically determined by a facial detection system, eyes region will 

crop from the image to be ready to the next step of the system as shown in Figure 4.2. 

 

Figure 4. 2: Cropped Eye Region After Detecting Eyes Using Viola-jones algorithm. 

Because all images are different in size relative to the dataset used, the system needs to 

round all the images in the dataset to a certain size to reduce the error rate in determining 

the eye position and extract accurate features from the images. After performing the 

resizing operation on the images, empirical tests of proposed system were showed that 

the appropriate size for the images is [100,200,3] to take into account the real time and 

reduce the space in the memory and also reduce the load on CPU. Figure 4.3-a shows a 

resizing closed eye region, while Figure 4.3-b shows resizing open eye region. 

 

(a) 
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(b) 

Figure 4. 3-(a) Resizing Closed Eye Region. (b) Resizing Open Eye Region. 

Table 4.2 introduce the difference in accuracy percentage in cases of eye dataset resizing 

for the number of clusters = 250 with encoding 260 images, randomly selected 130 

images for training and 90 images for testing from each category of eyes.  

Table 4. 2: Comparative Accuracy After Resized Image Dataset Using Quadratic 

SVM algorithm. 

File name Dimensions 
Time of training 

(msec) 

Accuracy 

(%) 

Samples (1) Original 22.621 84.6 

Samples (2) [70, 90] 23.237 93.1 

Samples (3) [100, 100] 22.826 95.4 

Samples (4) [100, 200] 23.211 99.6 

Samples (5) [100, 300] 24.62 99.2 

Samples (6) [150, 250] 24.828 98.5 

 

As demonstrated in Table 4.2, altering in the image size has an impact on accuracy and 

Real-time performance. When the image size increased, the accuracy may also increase, 
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but Real-time must be considered since time delay is not in the project's best interests 

because it deals with milliseconds. It also uses more memory space and delays the CPU's 

execution. As a result, there must be a good balance between Real-time, accuracy and 

storage space according to Table 4.2, [100,200] is the most reliable size for determining 

the state of the driver's eye. As a result, this is a balanced size that provides high 

accuracy equaled 99.6% as shown in figure 4.4 while training in Real-time and also 

taking up less memory space. 

 

Figure 4. 4: Percentage of Eye Detection Results After Resizing. 

The research challenge is that from the geometry of the face, this research depends only 

on the eye  to identify drowsiness.  The proposed system is depending only on two 

strongest categories Open and Close eyes using detector methods for selecting feature 

points location. Initially, SURF method is used to extract features from the selected eye 

feature extraction. Total number of extracted features are 1376 features from 260 trained 

images from each class of dataset contain 700 images 350 for open class and 350 for 

close class. Since, the number of features varies from one image to another, there must 

be a balancing in the number of features across all image categories within the dataset 

that has been trained on the system to improve clustering. 

So, image category 1 which is Close case has the least number of strongest features 

equal 401 features, besides that, using the strongest 401 features from the category 2 
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which is Open case. The total number of feature extraction is 802. Then using k-mean 

clustering algorithm to optimize or balancing the number of features. 

As described in sections 4.2.2, the number of features acquired when applying the 

training to each image within the dataset utilized differs from image to image. After 

using the K-mean technique, the number of features extracted from each eye image, 

which is 1376, it makes a balancing of features for all images, which is equal to 250 

features stored in a unified bag named Bag-of-Features. Table 4.3 show some samples 

of stored image data in Bag of Features in the proposed system: 

Table 4. 3: Eyes Image Data. 

Sample 1: Image 180 (Open)  

Column 5 30 91 111 114 Other wise 

Image 

data 
0.4472 0.4472 0.4472 0.4472 0.4472 0 

 

Sample 2: Image 20 (Open)  

Column 64 111 118 170 212 Other wise 

Image 

data 
0.4082 0.4082 0.4082 0.4082 0.4082 0 

 

Sample 3: Image 123 (Close)  

Column 5 78 104 155 223 Other wise 

Image 

data 
0.3333 0.3333 0.3333 0.3333 0.6667 0 

 

Sample 4: Image 4 (Close)  

Column 33 177 194 245 Other wise 

Image data 0.5000 0.5000 0.5000 0.5000 0 
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4.2.3 Classification Phase 

In the system testing phase, some of the algorithms employed in the classification 

process achieved a high rate of accuracy, while others achieved an unacceptable rate, 

and others failed to detect or categorize the driver's position.  Table 4.4 and table 4.5 

displays some of classification algorithms tested on the proposed system.  

Table 4. 4: Eye Classification Algorithms. 

NO. Classification Algorithm Result 

1 Fine Tree 88.5% 

2 Coarse Tree 69.2% 

3 Logistic Regression 73.8% 

4 Kernel Naïve Bayes 50.8% 

5 Linear SVM 99.2% 

6 Quadratic SVM 99.6% 

7 Cubic SVM 99.2% 

8 Fine Gaussian SVM 60.4% 

9 Fine KNN 66.2% 

10 Ensemble Subspace Discriminant 93.8% 

 

As shown in figure 4.5, each of Quadratic SVM, Cubic SVM, Linear SVM, and 

Ensemble Subspace Discriminant algorithms can be classified under a high-

performance classifier with over 90% of accuracy rate. While the other categorize under 
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the low performance classifiers. In fact, each of Quadratic SVM, Cubic SVM, and 

Linear SVM algorithms shown a comparable accuracy rate which indicates that all can 

perform well with created dataset that mentioned in section 4.2, while the Ensemble 

Subspace Discriminant algorithm can also consider as a high performance since it 

shown above 90% of accuracy. Meanwhile, the rest classifiers have been categorized 

under the low performance with less than 90% of accuracy. 

 

Figure 4. 5: Percentage of Applied Algorithms to Detect Eye State. 

Table 4. 5: Algorithms Failed in Classifying Eye. 

NO. Classification Algorithm Result 

1 Linear Discriminant Failed 

2 Quadratic Discriminant Failed 

3 Gaussian Naïve Bayes Failed 
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The Quadratic SVM algorithm was selected as the best and fastest classification method 

with 99.6% of accuracy from a variety of classification techniques according to the used 

dataset, based on 250 features for 700 images dataset divided between training and 

testing process. Below figure display the correct and error rate from the system code for 

training phase.  

 

Figure 4. 6: Confusion Matrix of Quadratic SVM Classification. 

The system initially collects the frames of the video segment to be tested for the test 

stage, and then eye regions are identified and cropped from the original frame. The 

system resizes the cropped eye area images and then feeds these eye region images into 

the machine learning that the system has learned shown in figure 4.7. 
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Figure 4. 7: Open/ Closed Eye Classification with Frequency. 

 Figure 4.8 and 4.9 show some samples of testing dataset for the actual detection model 

on the Close and Open eyes. 

 

Figure 4. 8: Classifying the Closed Eye State. 

 

Figure 4. 9: Classifying the Open Eye State. 
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The eye state is estimated simultaneously for both eyes by machine learning. The 

assessment of each eye state and the overall estimation of the eye state are completed. 

The error rate which classifies the opposite case to the actual eye state that is 0.4% only 

from total accuracy shown in Figure 4.10. 

 

 

Figure 4. 10: Classifying the Error Rate of Open Eye State. 

There are 130 True Positives (TP) out of 130 images for each class in the first row, 

indicating that the inputs were properly categorized as closed eye. As a result, there are 

no False Positives (FP). The second row for open class is justified in the same way; 

there are 129 TP and 1 FP that shown in figure 4.11. The model, on the other hand, 

obtains a total accuracy of 99.6%. Figure 4.12 show the parallel coordination plot for 

the proposed system. 
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Figure 4. 11: True/False Position Rate of Open/Close Eyes. 

 

Figure 4. 12: Parallel Coordinates Plot. 

The average eye state point for sleepy instances exceeds a threshold value, but it does 

not exceed that threshold value for alert videos. As a result of these observations, a 

threshold value has been determined for 5 sec. Video segments with an average eye state 

point of more than 5 sec are considered drowsy, then the system will alert the driver by 
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alarm sound. Whereas, video segments with an average eye state point of less than 5 sec 

are considered not drowsy and the system should continue. 

4.3 Comparative Analysis of The Proposed System 

The suggested system demonstrated its capacity to accurately identify and classify 

driver drowsiness. Each phase of the system is assessed separately. The detection model 

performed well on the face detection dataset, achieving accuracy on the 700-image 

dataset. The suggested model is evaluated and compared to similar works models of 

face detection in Table 4.6. 

Table 4. 6: Comparative Analysis of Face Detection Proposed System with the Related 

Studies System. 

System Year Algorithm 
Average 

Precision 

Automotive Start-Stop 

[19] 
2019 Viola-Jones 98% 

micro-sleep patterns [13] 2020 Viola-Jones 100% 

Proposed System 

 
2021 Viola-Jones 100% 

 

As shown in figure 4.13, the Viola-jones algorithm shown a comparable accuracy rate 

which indicates that all compared related works can be classified under a high-

performance classifier. In each of [13] and the proposed system, the accuracy rate 

performed with 100% according to the used dataset. 
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Figure 4. 13: Percentage of Proposed System of Face Detection with the Other Related 

Studies. 

In addition, some essential measures, including global accuracy, precision, recall and 

specificity, are assessed in the classification model. The detection model shows that the 

datasets of the eye region are highly efficient and effective. And the model also obtained 

highly accurate classification of the classification dataset drowsiness detection. The 

assessment and comparison of the model suggested with others is provided in the table 

4.7. 

Table 4. 7: Comparative Analysis of Eye Classification Proposed System with Others. 

System Year Algorithm 
Average 

Precision 

Driver drowsiness detection 

using Infrared Camera [38] 
2020 yawning detection 92.5% 

Driver drowsiness detection 

based on eye analyses [75] 

  

2018 
CNN SoftMax layer 

 
98% 

Proposed System 

 
2021 Quadratic SVM 99.6% 
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Figure 4.14 show the difference in accuracy rate between the proposed system and the 

other compared system, that the proposed system used a created dataset that mentioned 

in section 3.2 with a simple webcam depends only on the eye region. 

 

 

Figure 4. 14: Percentage of Proposed System of Eye Detection with the Other Related 

Studies. 
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Chapter Five 

CONCLUSION  AND FUTURE WORKS 

 

5.1 Conclusion 

This study created a system to detect the vehicle driver drowsiness by using specific 

detection algorithms that got a high-performance classifier of accuracy rate in a specific 

Real-time. The eye region was used only as an indicator to determine the driver's 

drowsiness condition by using Webcam to detects drowsiness in day and night mode. 

In night mode, the dashboard light helps to detect the situation 

Extracted frames from video data, then applied Viola-jones algorithm to detect driver 

face then extract eyes region. Following this, sending these images to Machin Learning 

for the purpose of training and testing the system. 

In order to evaluate the state of the eye, the outputs of Machine Learning depended on 

both eyes at the same time. The system divides the frames into two classes: Open and 

Closed. Videos in which the time of the closed eye exceeds 5 sec are categorized as 

drowsy using Quadratic SVM classification algorithm and got a 99.6% accuracy rate. 

Then the system will take the required action to alert the driver by alarm. While videos 

in which the time of the eye closing does not exceed 5 sec are classified as non-drowsy. 

In this case, the system will continue. 

5.2 Future Work Suggestions 

develop a safety system that is substantially more compact in the future so that it can be 

space-friendly. To do this, the following safety system must be added: 

• Work on detecting sleepiness at night, through the use of a night vision camera.  

• Build a smart network that will allow information to be transmitted quicker to 

driver`s relatives using 5G technology. 
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 ملخص ال

من  العديد  إصابة  أو  وفاة  إلى  تؤدي  التي  المرور  لحوادث  الرئيسية  األسباب  من  خمول  حالة  في  القيادة  تعتبر 

المتحدة عام   النوم( في األمم  أثبتت دراسة أجرتها )اللجنة الوطنية الضطرابات  ٪ من 36أن    2020األشخاص. 

٪ من خسائر شركات التأمين في صناعة  25كما تساهم في حوالي    بالنعاس،جميع حوادث الطرق المميتة مرتبطة  

الوقت   في  اآلمنة  بالقيادة  كبيًرا  اهتماًما  السيارات  العديد من شركات  تولي  الثقيلة.  حيث تضع   الحالي، المركبات 

عناصر السالمة في مقدمة أولويات مصممي المركبات بسبب ارتفاع معدالت الحوادث. يعد اكتشاف نعاس السائق  

مة المركبات التي تساعد على منع الحوادث التي يتسبب فيها السائق النائم أثناء القيادة. تم استخدام  أحد أهم تقنيات سال

بما في ذلك مراقبة االنتباه البصري للسائق وتتبع أنشطة    القطاعات، اكتشاف النعاس مؤخًرا في مجموعة متنوعة من  

من األساليب التي تستخدم مراقبة وجه السائق    السائق. يمكن التعرف على نظام النعاس من خالل مجموعة متنوعة

 .مثل استخدام الهاتف الذكي لمراقبة العالمات الفسيولوجية للسائق

تم تدريب نظام النهج هذا وتقييمه على مجموعة بيانات تم إنشاؤها وإعدادها من العديد من مجموعات البيانات لتكون 

  الويب،ويبدأ النظام من االستعالم عن الصور من تسلسل كاميرا    المسبقة،دقة قوية مع الحد األدنى من المعالجة  

  صحيحة، إذا كانت الخطوة السابقة    التدفق.حيث يقوم كل إطار بتتبع اكتشاف الوجه أوالً ثم من خالل خوارزمية  

خالص  فسيتم عمل منطقة العيون وتقسيمها للخطوة التالية. تتمثل الخطوة الرئيسية هنا في العثور على أفضل است 

متغيًرا لكل مقطع إطار منطقة    250فقد تم إجراء مجموعة خوارزمية الميزات بواسطة    العيون،للميزات من منطقة  

باستخدام  ال السابقة  الخطوة  على  تعتمد  والمغمضة  المفتوحة  العيون  لتصنيف  األخيرة  الخطوة   Supportعين. 

Vector Machine (SVM)،    الفعلي، مل هذا النظام المقترح في الوقت  يع  أخيًرا، ٪.  99.6والتي وصلت إلى  

باإلضافة إلى    محددة،حيث يتم استخدام صوت تنبيه التنبيه عند إغالق العينين أثناء القيادة في غضون فترة زمنية  

اكتشاف   والمسؤولية عن  التأخير  لتجنب  المستخدمة   العينين،تطبيق رمز قصير  السيارة  القيادة في  لوحة  وكذلك 

 وجه السائق. لزيادة إضاءة  
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 ە وختپ

ێ   ێ خوادن هاژوتنەکا باش ،  هاژوتنا    نا نامێ دانەنیاسینا  وەستیائارمانج ژ ڤ  ر
ن شوفیێ ی یە، دیسا زانینا کاودانیر شوفیر

ێ ێترومب  ێ ئەوێن دبنە ئەگەرێ مرنن ن هاتن و چوونن ر
ن رویدانیێ ر

ن د تژی خەو ئێکە ژ ئەگەرێن سەرەیک ییێ ر
لێ و چاڤیێ

ان .ڤەکولەرێن کەفن ب   ر
یا گەلەک شوفیێ با تەکەزی کریە ل سەر سیستەمێ  یان برینداریەکا سەخت  شیوەیکێ 

ن ب کارئینان دگەلەک کەرتان دا وەیک چاڤدیریکرنا هشیاریا   ن دوماهیکێ هاتیر ر
ان و لڤان دەمیێ ر

دیارکرنا خەوا شوفیێ

ێ   ن 
ن ب رێکا کومەکا جوراوجور یا   چاڤ  ن خەوێ بدەینە نیاسیر ر

ی.و ئەم دشیێ ر
ی و دویڤچوونا چاالکیا شوفیێ ر

شوفیێ

ی بو نمونە ب کارئینانا موبائیال زیرەک  کو دهێنە ب    انواز ێ ش ر
ن شوفیێ ر

کار ئینان بو سیستەمێ چاڤدێریا سەرو چاڤیێ

ێ ئاریشەک هەیە ئەگەر خەستی بهێتە کرن ل دەڤەرا چاڤان   ی، ل ڤیر ن شوفیر ر
ن فیسیوجی ییێ ر

بو چاڤدریا نیشانیێ

ێ چەندێ ، راهێنان هاتە کرن بو سیستەمێ پێشن ێ ، و زێدەباری ڤ  یارکری و هاتنە هەلسەنگاندن  بو دیارکرنا کاودانن

دانان ب هاتە  و  داتایان  ن سێ کومەل  لسەر   کومەال  ر
هاتیە    یێ ئەوا  ئاریشی  وێ  بو  تایبەت  ن  ر

ییێ جیهانن  داتایاین 

نە ژ کورتە  بریتی  ێ  ن هاژوتتن ر
داتاییێ  ، وێنەیان  بو  پێشەیک  ن  ر

یان چارەسەرییێ ن کەفن  ر
پارڤەکرنیێ ێ چ  چارەسەرکرن نی

ن پ ر
نێتی و رێکیێ ن ئەنیی ر

ن  کیشنیارکری  ڤیدیویاییێ  ڤیدیون  بو ئاشکرا کرنا کاودانیر
ن ر
و پێک  دهێت ژ کومەکا چارچوڤیێ

ی ب رێکا دیتنا   ر
ا  شوڤیێ ن بنەرەت  کامیر ر

ان دوو کاودانیێ ر
 خەو . د: یان هشیارا یان دیار دکەتکومپیوتەری و بو شوڤیێ

پێشن  سیستەمێ   . پێدڤ   ێ کرنا کارێ  بەجی ێ  جی بو  دەمێ کارا  و  ن  هویربیر فاکتەرێ  ب  دەت پالپشتی  ێ  بزاڤ  یارکری 

ێریت بو ئاشکرا کرنا ناڤچاڤان ی هاتیە بکائینان بو  ،   Viola-Jones  وەک خوارزمیا   خوارزمێت ئەداء بلند هەلیی

ی هەر وەسا بکارئینانا خوارزمیا   ر
بو ئاشکرا   Support vector Machine   (SVM)دیارکرنا دێمێ شوفیێ

ی ن شوڤیر ر
ێ هاتیە ئامادەکرنکرنا چاڤیێ ێ دا    بو بکارئینانا    ، ئەف سیستەمە ن  ێ دا، ددەمێ شەڤ  د دەمێ روژێ و شەڤ 

ێ    ا روناهی نامە هاتە ب     ەهاریکار   تابلویا هاژوتتن ن چاڤا، و ئەڤ  ر
ئاشکرا کرنا کاودانیێ برێکا  بو  ئەنجامدان   هاتە 

MATLAB2020a   کرنا    دگەل  وەک پروگرام ر
ان وەک فیێ ێن ب    ئایلهندەک ئامیر و چارەسەرکرنا وێنەیان و ئامیر

ن ب مەرەم ،کورتە ڤیدیوێن تومارکری دهێنە شلوڤەکرن ناڤ ر
کرنا وێنەیان ئەوێن دهێنە ب کارئینان بو سیستەمیێ

کرنا ئ ر
،   ایلبو ئاشکرا کرنا دەڤەرێن ناڤچاڤان ب رێکا فیێ  دێ جاڤ هینە جودا کرن دفەکرینە یان گرنی

ی
و پشتی هینک

ی کو ماوێ هاتیە تومار   رابیت ب هژمارتنا دەم بو فیدیویا و دێ سیستەم   پێنچ چرکەنە بو    دیارکریکرن بو شوڤیر

ن خەوێ،و پاسی دی سیستەمێ پێشنیارکری رابیت ب کارێ پێدڤ  ئە ر
ی  و دیارکرنا کاودانیێ یە ژی هوشداریکرنا شوفیر

 
ی

. و ئەڤ ٪٩٩.٦تە  بو دیارکرنا خەوێ کو د گەهی  خوڤە ئینا   هویربینەکا بلند ب دەست   ڤ  سیستەم,برێکا دەنک

ن پەیوەندیدار ئەنجامە  ر
ن خواندێن دی ییێ ر

 دشیاندانە بهێنە بەراورد کرن دگەل ئەنجامیێ

 

 



 

 

 

 

  

 

 

 

 

 

ئارام ب    کاەبو هاژوتن یگونجا  يێ ێ وەخ  ێکەمەست يس کرناەئاماد

ايوارزمەخ نانا ي کارئ  Viola-Jones 

 
 كا ەنام
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