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ABSTRACT  

 

 In this paper, we study the human behavior towards sleep and how computer vision can 

be used to detect a sleepy driver. With the rapid increase in the number of accidents day by 

day, a need arises to design a system that keeps the driver focused on the road. A real-time 

drowsy driver warning system was implemented which estimates the driver alertness based on 

extracted features from the data acquired by a camera facing the driver & the normal eye 

blinking rate of humans and alarms if the driver is sleepy. By constantly monitoring the eyes, 

it can be seen that the symptoms of driver fatigue can be detected early enough to avoid an 

accident. Since a large number of road accidents occur due to the driver drowsiness, this 

system will be helpful in preventing many accidents, and consequently save money and 

reduce personal suffering 

  
Key words: Fatigue Detection Vehicular Safety Automation Image Processing Raspberry Pie 

 

 

 

Corresponding Author: Harish S.S. Velingkar 

 

1. INTRODUCTION  

 

Driver fatigue is a huge traffic safety problem and is widely believed to be one of the largest 

contributors to fatalities and severe injuries in traffic today, either as a direct cause of falling 

asleep at the wheel or as a contributing factor in lowering the attention and reaction time of a 

driver in critical situations. Accidents with commercial heavy vehicles are not only dangerous 

but also very costly and so the counteraction of driver fatigue is highly important for 

improvement of road safety. Recent statistics estimate that annually 1,200 deaths and 76,000 

injuries can be attributed to fatigue related crashes. Majority of the accidents caused today by 

cars are mainly due to the driver fatigue. Driving for a long period of time causes excessive 

fatigue and tiredness which in turn makes the driver sleepy or loose awareness. Drivers who do 

not take regular breaks when driving long distances run a high risk of becoming drowsy a state 

which they often fail to recognize early enough according to the experts. Studies show that 

around one quarter of all serious motorway accidents are attributable to sleepy drivers in need 

of rest. Drowsiness infact causes more road accidents than drink-driving. According to the 

Road Safety Authority, driving tired is as lethal as driving drunk. Up to 20% of fatal crashes 

may be linked to driver fatigue. Latest research indicates that driver fatigue could be a 
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contributory factor in up to a fifth of driver deaths in India. It also means that this silent killer 

could have been a contributory factor in al-most 200 driver deaths in a five year period. The 

critical points at which driver fatigue related collisions happen are between 2am and 6am and 

mid-afternoon between 2pm and 4pm when our "circadian rhythm" or body clock is at its 

lowest point. Males aged 18 to 30 are in the high risk category. They tend to be over con dent 

about t heir driving ability and believe they can handle the situation. Women are less likely to 

be involved in sleep related crashes. If a driver persists in fighting sleep while driving, the 

impairment level is the same as driving while over the drink drive limit. Eventually a driver 

will drift in and out of consciousness and experience "micro sleeps" which can last for up to 10 

seconds. In this time a driver has no control of the vehicle. Drivers can experience such a micro 

sleep with their eyes wide open. This paper demonstrates a system which would detect the 

human eyes using an IR camera placed on the dash board of the car. Using the normal blink 

rate of the human eye, the controller would detect any abnormalities in the same and would 

buzz an alarm to alert the driver 

 

2. LITERATURE REVIEW 

 A system that deals with using information obtained for the binary version of the image to find 

the edges of the face, which narrows the area of where the eyes may exist is discussed in [1]. 

Once the face area is found, the eyes are found by computing the horizontal averages in the area. 

Taking into account the knowledge that eye regions in the face present great intensity changes, 

the eyes are located by finding the significant intensity changes in the face. Once the eyes are 

located, measuring the distances between the intensity changes in the eye area determine whether 

the eyes are open or closed. However this system fails to detect faces with a dark skin tone. In 

[3] the system driver has to wear a USB EEG headset which is connected to mobile device. EEG 

will capture live brain signals and send to mobile device. Mobile device has an application 

installed in it which classifies these live signals and capture sleep/drowsiness related signals. 

Also, if mobile device finds a drowsiness signals it will activate alert in it. This enables the 

driver to wake up or be alert. However measuring EEG signals using wet EEG electrodes in 

hairy region is a critical factor. In [2] a method for detecting drivers drowsiness and subsequently 

alerting is proposed based on eye shape measurement. The Local Successive Mean Quantization 

Transform (SMQT) features and split up snow classifier algorithm is used to detect drivers face 

and the shape measurement algorithm is used to find the eye blink. Different criterion's such as 

duration of eyelid closure, number of groups of continuous blinks and frequency of eye blink are 

used to find drowsiness of the driver. Experimental results show that this new algorithm achieves 

a satisfied performance for drowsiness detection. The proposed algorithm in [4] first the neural 

network is trained to reject the non-eye region based on images with features of eyes and the 

images with features of non-eye using Gabor filter and Support Vector Machines to reduce the 

dimension and classify efficiently. In another algorithm, first the face is segmented using 

transform colour space, then eyes are detected using HSV and Neural Network approach [5]. 
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3. SYSTEM MODEL 

 

 

 

 

 

 

 

 

 

 

 

            

 

                                      Figure 1: Block Diagram of the proposed System 

 

In the proposed method an IR camera module compatible with Raspberry Pie model A and B 

was implemented. It provides high sensitivity, low crosstalk and low noise image capture in an 

ultra small and lightweight design. The Camera Module connects to the Raspberry Pi board via 

the CSI connector designed specifically for interfacing to cameras. The CSI bus is capable of 

extremely high data rates, and it exclusively carries pixel data to the BCM2835 processor.Once 

the camera starts it will start taking images of the face every second. The camera was placed on 

the dashboard of the car. This snapshot will be used by the face detection algorithm [1] to detect 

the face of the driver. Once the face is detected, it will be cropped and the face region will be 

localized. The localized face region will now be given as an input to the eye region detection 

algorithm where the region of the eyes will be detected and hence localized, the localized eye 

region will be used to detect the iris in the circle detection algorithm and hence the eyes can be 

continuously tracked. If the iris cannot be detected for 5 consecutive frames, it was concluded 

that the driver is fatigued and so was is alerted. If the eyes cannot be detected or when detected 

and concluded to be open, the system will take a new snapshot and repeat the procedure. 

 

4. ALGORITHMS USED 
 

Computer vision is a field that includes methods for acquiring, processing, analyzing, and 

understanding images and, in general, high-dimensional data from the real world in order to 

produce numerical or symbolic information. A theme in the development of this field has been to 

duplicate the abilities of human vision by electronically perceiving and understanding an image. 

 

 

4.1 Viola-Jones Framework 

 

The Viola-Jones object detection is the first object detection framework to provide competitive 

object detection rates in real-time proposed in 2001 by Paul Viola and Michael Jones. Although 

it can be trained to detect a variety of object classes, it was motivated primarily by the problem 
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of face detection 

 

     4.1.1 Feature types and evaluation 

 

The characteristics of Viola-Jones algorithm which make it a good detection algorithm are: 

1. Robust - very high detection rate (true-positive rate) very low false-positive rate always. 

    2. Real time - For practical applications at least 2 frames per second must be processed. 

 

3. Face detection only (not recognition) - The goal is to distinguish faces from nonfaces 

 

4.1.2  Stages Involved 

 

(a) Haar Feature Selection: 

All human faces share some similar properties. These regularities may be matched using Haar 

Features. 

A few properties common to human faces are: 

I. The eye region is darker than the upper-cheeks. 

II. The nose bridge region is brighter than the eyes.  

III.  Composition of properties forming matchable facial features. 

IV. Location and size: eyes, mouth, bridge of nose.   

V. Rectangle features: 

 Value = (pixels in black area) - (pixels in white area) 

      For example: the difference in brightness between the white black rectangles over a specific 

area. Each feature is related to a special location in the sub-window 

 

   (b) Creating an Integral Image: 

An image representation called the integral image evaluates rectangular features in constant time, 

which gives them a considerable speed advantage over more sophisticated alternative features. 

Because each feature's rectangular area is always adjacent to at least one other rectangle, it 

follows that any two rectangle feature can be computed in six array references, any three-

rectangle feature in eight, and any four-rectangle feature in nine. The integral image at location 

(x, y), is the sum of the pixels above and to the left of (x, y). 

 

 

(c)Adaboost Training: 

The speed with which features may be evaluated does not adequately compensate for their 

number. However, for example, in a standard 24x24 pixel sub-window, there are a total of 

162,336 possible features, and it would be prohibitively expensive to evaluate them all when 

testing an image. Thus, the object detection framework employs a variant of the learning 

algorithm Adaboost to both select the best features and to train classifiers that use them. This 

algorithm constructs a \strong" classifier as a linear combination of weighted simple \weak" 

classifiers. 
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  (d)Cascading Classifiers: 

 On average only 0.01% of all sub-windows are positive (faces) equal computation time is spent 

on all sub-windows 

 Must spend most time only on potentially positive sub-windows. A simple 2-feature classifier 

can achieve almost 100% detection rate with 50% FP rate. That classifier can act as a 1st layer of 

a series to filter out most negative windows 

 

 2nd layer with 10 features can tackle harder negative-windows which survived the 1st layer, and 

so on. 

 

A cascade of gradually more complex classifiers achieves even better detection rates. The 

evaluation of the strong classifiers generated by the learning process can be done quickly, but it 

isn’t fast enough to run in real-time [7]. For this reason, the strong classifiers are arranged in a 

cascade in order of complexity, where each successive classifier is trained only on those selected 

samples which pass through the preceding classifiers. If at any stage in the cascade a classifier 

rejects the sub-window under inspection, no further processing is performed and it continues on 

searching the next sub-window. The cascade therefore has the form of a degenerate tree. 

 

In cascading, each stage consists of a strong classifier. So all the features are grouped into 

several stages where each stage has certain number of features. The job of each stage is to 

determine whether a given sub-window is definitely not a face or may be a face. A given sub-

window is immediately discarded as not a face if it fails in any of the stages 

 

5. IMPLEMENTATION & RESULTS 

  
 

 

 

 

   

 

                                               Figure  5: Images Captured by the IR Camera 
 

 

 

 

 

 

                                              

                                        Figure 6: Detected Faces & Eyes using Viola & Jones 
 

                            

                                                    Figure 7 : Cropped Eyes after Detection 
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                                                             Figure 8: Iris Detection 
 

 

 

 

 

 

 

 

       

                                                       Figure 9 : Captured Images with Eyes Closed 
 

 

 

 

 

 

 

 

 

                         

 

                                                     Figure 10 : Detected Eyes with Eyes Closed 
 

 

 

 

                              

                                                                           Figure 11: No Iris Detected 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

              

           

 

Figure 12: Snapshot of the terminal Screen 
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                                            Figure 13: Snapshot of Terminal When Alarm Was Buzzed 
 

 

                                                     
 

                                                  Figure 14: Position of the camera on the Dashboard 
 

The above figures show the results that were observed. The camera was mounted on a mobile 

holder attached to the dash board of the car. As can be seen from the figures, the eyes are first 

detected, followed by cropping of the detected regions. Using Viola-Jones [7] algorithms the iris 
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is detected. The processor (Raspberry Pie Model-B) would take 5 consecutive frames and check 

is the pupil has been detected. On detection of the pupils the 5 frames would be over written by 

the next 5 frames. However if the pupils are not detected for 5 consecutive frames, the processor 

would turn on the buzzer. A piezo buzzer was used to alarm the driver. Multiple readings were 

taken by considering all possible car/dashboard vibrations & angular tilt of the head. A success 

rate of 85% was recorded. 

 

6.  LIMITATIONS AND FUTURE SCOPE 

 

6.1 Limitations 

The following are some of the limitations of the proposed system. 

1. The system fails, if the driver is wearing any kind of sunglasses. 

2. The system fails to detect faces during head rotations of more than 40. 

3. The system is not very accurate with people wearing spectacles. However it works if 

there are no reflections in the spectacle glasses. 

 

6.2 Future Scope 

 

There are a number of areas in this project that could be developed further: 

A real time clock could be integrated into the system which would allow the system to increase 

its sensitivity during peak times for fatigue. The specification of the project could be broadened 

to include a tracking and learning element into the system. This would track and monitor the 

body movements of the driver and build up a database of their normal behavior to which the 

system could reference against fatigued behavior as abnormal and warn the driver they may be 

fatigued. 

 

The integration of the system with a mobile data network would allow a central once to 

monitor their workers attentiveness and vigilance. The system can be interfaced with alcohol 

sensors to detect a drunk driver. The system can be used to monitor the outside environment of 

the car, the relative proximity of other vehicles and the road positioning of the subjects car to 

predict the onset of fatigue and warn the driver of a lapse in concentration. 

 

CONCLUSION 

 

1. A non intrusive approach for monitoring driver fatigue, based on computer vision 

techniques were installed in a realistic driving environment to localize the eyes. If the 

eyes were found closed for too long during monitoring fatigue, an alarm was triggered 

hence alerting the driver and preventing road acc-dents. . 2.  
2 The proposed drowsiness detection method has demonstrated to be valid, showing an 

85% success rate considering. So we also conclude that image processing achieves highly 

accurate and reliable detection of drowsiness. 
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