
December 2017, Volume 4, Issue 12                                                                                         JETIR (ISSN-2349-5162)  

JETIR1712026 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 127 

 

AN IMPLEMENTATION ON EYE BALL DETECTION 

BASED WHEELCHAIR CONTROL USING MATLAB 

AND ARDUINO PLATFORM FOR A PHYSICALLY 

DISABLED PERSON 
1
Deepmala Kurrey, 

2
Rahul Gedam 

1
M. Tech Scholar, 

2
Asistant. Professor 

1
Digital Electronics, 

1
Electronics and Telecommunication,  

1
Chouksey Engineering College, Bilaspur, India 

2
Chouksey Engineering College, Bilaspur, India 

 

Abstract— This result paper includes the electronic wheelchair that is implemented for the disabled person who cannot walk. Our system 

implemented eye ball controlled  wheelchair  is  to  eliminate  the  assistance required  for  the  disabled  person.  In this system we are 

controlling the wheelchair by eye movements and central switch. A good resolution camera is mounted on wheelchair in front of the 

person, for capturing the image of eye and tracking the position of eye pupil by using any image processing techniques using Matlab 

platform.  According to eye pupil position of disabled person, motor will be moved in required direction such as left, right, backward and 

forward with the help of Arduino. We are also using Ultrasonic sensor. It is mounted in front of wheelchair for safety to detect static 

obstacle or mobile barriers and to stop the wheelchair movement automatically.  A central button switch is also mounted on wheelchair 

handle for emergency purpose and to stop movement in require direction if any one call to stop and someone require attention on 

themselves. This is independent and cost effective wheelchair system. An Arduino board is used to control whole system.  

 

Index Terms— Arduino, Computer vision library, Image Processing, Matlab, Eye gauge, Arduino. 

 

 

I. INTRODUCTION  

There are number of persons who are paralyzed or physically handicapped, therefore they depend on other people due to loss of self-

mobility. This dependency is growing day by day with the population. The development of the wheelchair for paralyzed and disabled person is 

surprisingly increasing recently starting with the conventional manually powered wheelchairs and advancing to electrical wheelchairs. 

Conventional wheelchair use tends to focus exclusively on manual use, which assumes users still able to use their hands which excludes those 

unable to do so. Diseases or accidents injuring the nervous system also makes people to use wheelchair because people lose their ability to 

move their voluntary muscle. Because voluntary muscle is the main actuator enabling people to move their body. Paralysis may cause a person 

to not move their loco-motor organ such as arm, leg and others.  Paralysis may be local, global, or may follow specific patterns. Most paralysis 

are constant, however there are other forms such as periodic paralysis (caused by genetic diseases), caused by various other factors. In our 

project the advance level of Image Processing open computer vision library is used for Face and Eye detection [1]. And several application and 

algorithms are used to find out accurate pupil location detection and tracking of that. One of them is Haar cascade like features detection 

algorithm used to detecting the exact Eye pupil and locate its center point is ultimate goal of this system. For automatically finding out eye 

pupil and tracking eye pupil, many computer vision library of Image processing are used like object detection, motion detection, image color 

conversion, edge detection, pattern matching etc. For eye pupil tracking there are several number of other techniques available [6] [15]. But 

they have its own limitation. One of them ECG, EEG and EOG sensor based eye pupil detection technique is available [6] [8], where voltage 

variation based output assumed to decide the location of pupil [9]. But for different paralyzed user, different output voltage will be generated, 

which will result in faulty location of the eye pupil. The head movement based system have limitation, where user cannot be able to access the 

system physically [11] [10]. 

 
(a)                                                     (b) 

Figure 1: (a) Block diagram of the Eye-Tracking System (b) System prototype architecture 

 

The  idea  was  to  create  a  generalized  tool  that  can  be easily  interfaced  with  other  systems  like  electric  wheelchair, movable 

patient bed, eye controlled alerting mechanisms for disabled ones etc. To validate the proposed idea, a motorized platform  was  interfaced  
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with  the  eye-tracking  system  via microcontroller  and  specified  motor  drivers.  The block diagram of the proposed system (figure 1) shows 

the system hardware and software integration. 

 

Objective: 

    The main objective here is designing a GUI to capture or load an image and also establishing a system that can track the position of eye 

ball and recognize with respective movement. Thus, we can summarize our project as follows: the main objective of this project is ―to design 

a vision based wheelchair system‖, using the camera to acquire disabled person's eye pupil position images and analyzing disabled person 

movement detection. 

 

II. IMAGE PROCESSING BASED EYE BALL TRACKING 

       In this research work a pupil has been identified via image processing in 2D domain to determine various required parameters [4] [3]. 

For this purpose MATLAB has been used which is more précised and accurate for image processing of tracking application [12]. A graphic 

user interface or GUI based eye  tracking  environment  is  developed  in  MATLAB  that  is able  to  detect  pupil  of  an  eye  following  the  

design steps  as mentioned below.  

1)  Image acquisition: The image processing starts with the frame acquisition through a webcam that transferred data serially to MATLAB. 

The resolution was adjusted to 320x240 to speed-up the procedure and to make data processing simpler. An infinite triggering event for the 

camera is initiated for continuous stream of data whereas. 

2)  Plane  separation:  The  stored  RGB  frame  is  then separated  into  its  respective  planes  i.e. red, green and  blue.  

Among the three planes, red plane was selected for the feature extraction step because it had appropriate values of brightness, contrast and 

gamma presets that resulted in a clear identification of pupil.  

3)  Segmentation:  Logical threshold function was applied on the red plane image.  The  GUI  is  capable  of performing  real  time  

threshold  of  the  continuous data stream.  The value of threshold varies with amount of ambient light which needs to be tuned in the 

beginning of the GUI. 

 

Algorithm: 

      We use viola-jones algorithm for detection of drowsy driver detection. It is based on machine learning approaches, where we can train 

many positive and negative images using cascade function. This algorithm is use to detect the object from the real time capture images and 

video. We need extract feature images from it.  Each of feature [17] having a single value which is obtained by subtracting the sum of pixels 

under custom rectangle from the sum of pixels under black rectangle.  

The function of this proposed system contains various stages such as skin color detection, face detection, mouth detection and eye detection 

etc. We will discuss all the blocks one by one to understand the complete process of detection of eye and mouth. So that the road accident 

due to drowsiness [10] can be avoided. For the proper detection of the status of eye and mouth or the facial expression a web cam is installed 

with are the controlled by computer vision. 

 

Eye tracking  

     The high speed processing, to eliminate the processing of each frame to detect the position of eye from the captured image, to obtain this 

a new function is used [20]. This function is used in such a manner that the actual position of the eye can be tracked by recognizing the area 

which becomes impossible to track without using this function. [8] The eye tracking is a concept which defines the area of the facial image 

where eye search is made as per the central coordinated of the eye. This is necessary for this tracking system is to track the data from the 

captured image and compare it with the reference image. To track the actual position of the eye, [19] by detecting the next frame so that 

actual information can be obtained. The degree of openness will decide the tracking of the eye whether it is correct or not. If the degree of 

openness of eye varies between the specified range. Similarly, if eye remains out of range which means it is not traced correctly. The region 

of eye will start from some initial points so to detect [21], [25] this points a coordinate system is required. Once the image is captured, at 

specific distance from the head and mouth the position of the eye are located. Let this distance is (0.5 * height of captured image) from the 

top and (0.25 * width of captured image) from the left. The size of window is (0.35 * height of image) in height and (0.58 * width of image) 

in width. Before detecting the eye, the conversion is done. The specified configuration represents a complete frame of the image which are 

capture and over which all the operations are need to be performed. 

 

III. SYSTEM APPROACH 

     Viola-Jones algorithm is basically used for object detection framework and it is very first object detection framework techniques which 

provide competitive object detection rates in real-time. Basically this technique is developed for detecting variety of objects and further this 

technique gets expanded. To solve the problems in face detection. Algorithm can be developed in open-cv as well as Matlab. Basic problem 

is to detect the face and object, and as we know that it is very easy for human but it is very hard and difficult for a computer as computer 

required constraints and instruction so to make this task easy viola-Jones algorithm come to existence as Viola Jones requires full view 

frontal upright faces. Thus in order to detect all coordinated the entire face must be covered and pointed towards camera. Basically viola-

Jones does the work of taking pictures of different objects and it convert them in coordinates system so that the computer can understand the 

data, once the coordinates are get plotted we can access the position and movement of any object and so on. Viola-Jones algorithm can 

applied on stilled objects as well as moving objects.in case of face detection our different objects like nose, ears, mouth are stilled but in case 

of eye the pupil moves here and there so for that viola-Jones algorithm can be applied and can detect the relative motion and position of eyes 

pupil. As viola-Jones algorithm face problems in detection of pupil in low lighting condition or in accurate and insufficient data. Detector 

used in this algorithm device are mostly effective in frontal images of faces.it can hardly cope up with 45 face rotation both around the 

vertical and horizontal axis. Highly sensitive to lightning conditions as pupil is black and cannot be recognize low light conditions. Feature  

types and evaluation:-  

     The characteristics of Viola–Jones algorithm which make it a good and accurate detection algorithm are: Robust – very high detection 

rate & very low false- positive rate always.  

 

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

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



December 2017, Volume 4, Issue 12                                                                                         JETIR (ISSN-2349-5162)  

JETIR1712026 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 129 

 

Algorithm follows some stages:-  

i.) Haar Feature Selection  

ii.) Creating an Integral Image 

 
(a)                                                                       (b) 

Figure 2: (a) Viola Jones algorithm process (b) Flowchart of system working 

 

     Initially, all we do is monitor if any eye feature points have been detected or not. If not set a flag and display it on the debug screen. To 

increase the detection accuracy, we wanted to neglect all other points on the screen except the actual eye of the person. The reason being, if 

anyone except quadriplegic person comes in front of the camera, the person should not affect the system. Also certain things seemingly 

looking like eyes should be rejected as well. The way we incorporated this is taking into account the height and length of the eye. After 

repeated testing, we decide a length and height of a valid eye, sets a range around the threshold and reject everything which is outside it. 

The blink detection section is not compute intensive. We use a flag which is set each time no valid eyes are detected.  If  in  corresponding  

frames  the  flag  value  sets,  it  indicates  a  blink.  A series of 3 such blinks command the motors to freeze, halting the wheel chair. What is 

assumed is that the position of the camera is fixed, relative to which the left and the right eye approximate positions can be estimated. Using 

this, we try to distinguish and store left and right eyes in different matrices. This helps getting a clear discrimination between both the eyes, 

helping in easy movement detection. 

     The movement detection is done with a very basic principle. We take in the feature points for both left and right eyes and save it.  

Thereafter take the difference in pixels of the left eye position and right eye position in the current snapshot from the previous snapshot. We 

define the threshold for the minimum movement of the eye required to be qualified as a valid attempt. In each  snapshot  the  difference  is  

evaluated,  and  if  this  difference  above  the  threshold  in  any direction  left  or  right,  the  flags  indicating  left  movement  or  right  

movement  are  set.  If the difference is not above the threshold, the flag which says that no movement has occurred is set. 

     Sometimes due to non-linarites, both the eyes are not detected.  At such instances while evaluating the difference for detecting movement, 

we would give a bias to the eye which was detected in the previous snapshot. After detecting the eye movements, we can proceed to 

determining and sending serial signals to the Arduino. After determining which direction the wheel chair has to be moved in, the decision is 

transmitted to the Arduino via the serial port. The only thing sent is a one digit decision, saying right, left or straight movement. 

     Today the ability to measure and analyze eye movements is increasingly important for  the  on-task  assessment  of human  factors in  

operating vehicles,  interacting  with  products  or  in  ergonomics.  Since hand  and  eye  coordination  is  the  key  issue  in sports  and  in 

professional  training,  eye  tracking  can  play  a  major  role  in analyzing  and  improving  performance  of  the  players. Eye tracking also 

allows market researchers to pre-test their clients' designs by measuring what the target audiences see and so improve the impact before the 

launch [4]. 

 

IV. TESTING AND IMPLEMENTATION 

        Although the performed tests are repeatable and provide objective quantitative results, the  subjective  appraisal  of  the  algorithms  by  a  

user  operating wheel chair  using  eye controlled interaction  system  could  be  completely  different.  Therefore  we  created  the  Eye 

Tracker  application using Matlab platform,  which is  a  part  of  eye  driven interface  and  allows  testing  eye pupil  location  algorithms  on  

real time  person images. The main objective of this  system  is  to  enable  wheel chair movement  operation  based  just  on  eye  movement.  

The movement of eyes changes the position of wheel chair. The application settings allow for the selection of one of the described eye pupil 

location methods.  Therefore  users  are  given  possibility  to  test  and  assess  usefulness  of  the chosen algorithm in their own conditions. 

 

Experimental Setup: 

     To evaluate the performance of the face detector and eye detector of the eye gauge system under variations in lighting conditions, viewing 

angle and distance to the experimenter, the experimental set-up was as follows. The experimenter was situated in front of a 15-inch laptop. The 

screen of the laptop was put in the upright (vertical) position. The top of the screen contained a webcam, built into the laptop. The eyes of the 

experimenter were positioned at the same level as the webcam. The initial distance between the experimenter and the screen was 60 cm. The 
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initial horizontal angle (α-hor) and vertical angle (α-vert) of the experimenter with respect to the screen normal were 0 degrees. Figure 6 

displays a schematic illustration of (a) a top view and (b) a lateral view of the experimental setting. 

 

 
Figure 3: Schematic illustration of the experimental setting showing (a) a top view and (b) a lateral view. The black disk marked “person” 

represents the experimenter. The black dot in the grey rectangle represents the webcam in the laptop screen. 

 

     We design a customized GUI model which having the various function, can be detect and track the real time face and eye of the disabled 

person. Our system is easy to handle and installation process. 

 

 
Figure: A schematic GUI model of our implemented system 

 

V. RESULTS 

       Experiments have been carried out on different person and different time. These indicate the high correct detection rate which is indicative 

of the method’s superiority and high robustness. In the experimental set up two different colors of LEDs —Red and Green are used to indicate 

left side condition and right side condition respectively. A buzzer is also incorporated whenever static obstacle is detected.  

 

Experiment Background Left Direction Right Direction Straight Overall 

1 Day time Light Background 93% 91% 95% 93% 

2 Night Time Dark Background 82% 83% 92% 85.7% 

3 White Background 91% 94% 96% 93.7% 

4 Low Brightness Background 87% 85% 94% 88.7 

5 Maximum Brightness Background 94% 95% 96% 95% 

Table 1: Accuracy of our system in different background 

 

     The experimental results for image sequence of eye tracking are given at table 1, and these observations show that the model can track eye 

region robustly and correctly and can avoid the accident as well. As from the table our system can work more efficient in maximum brightness 

and white background. Dark background and low quality camera is the limitation of our system because tracking and detection of eye on dark 

background is not be easy. 

 

VI. DISCUSSIONS 
        We compared three algorithms for eye pupil location. Currently, all of them can be effectively used for gaze tracking and contactless 

computer operation.  Although the other still lacks ergonomics, the technological progress will probably overcome that issue quickly.  With 

better webcam images quality in terms of noise, sharpness and resolution, as well as growing computing power, operating wheel chair using 

eye gauge. 

 

VII. FUTURE WORK 

         In future to develop an interactive software method for detection of the eye-blinks in photo sequences for automated face detection, 

template matching based totally eye tracking and eye-blink detection which acts as right and left click on of the mouse and head/nostril as a 

mouse pointer, which easily gives on hand systems for human-laptop interaction for bodily disabled persons or others. To make the system 
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more interact with patient we need to add some additional sensors. Delay time may be further reducing to a second. Operation of system 

depends on eye movement of totally paralyze patients. Thus wheelchair moves in all required direction with good response. 

 

VIII. ACKNOWLEDGMENT 

           I would like to acknowledge my gratitude to a number of people who have helped me in different ways for the successful completion 

of my paper work. I take this opportunity to express a deep sense of gratitude towards my guide Mr. Rahul Gedam, Assistant Professor 

(Electronics and Telecommunications), Chouksey Engineering College, Bilaspur for providing excellent guidance, encouragement and 

inspiration throughout the project work. Without his invaluable guidance, this work would never have been a successful one. I am thankful to 

Mr. Rahul Gedam, HOD (Dept. Of Electronics and Telecommunications), and Ashish Jaiswal, Director, Chouksey Engineering College, 

Bilaspur for their kind help and cooperation. I feel immensely moved in expressing my indebtedness to my parents whose sacrifice, guidance 

and blessings helped me to complete my work. 

 

REFERENCES 

[1] Andrew  T.  Dchowski,  ―A  breadth-first  survey  of  eye-tracking applications‖, Behavior  Research  Methods,  Instruments,  & 

Computers ,2002, 34 (4), 455-470.  

[2] R.T. Kumar, S.K. Raja, A.G. Ramakrishnan, "Eye detection using color cues and projection functions", IEEE International Conference 

on Image Processing, 2002, ISSN: 1522-4880. 

[3] Preethika  Britto,  Indumathi.J,  Sudesh  Sivarasu, ―Automation  of  wheelchair  using  ultrasonic  and  body  kinematics‖,  Lazar  

Mathew,  CSIO Chandigarh, INDIA,2010 19-20. 

[4] Al-Haddad, A.  A. Sudirman. R and Omar. C,  "Guiding  Wheelchair  Motion  Based  on  EOG  Signals  Using  Tangent  Bug  

Algorithm"  IEEE Conference on Computational Intelligence, Modelling, and Simulation,, 2011, Pages(40-45). 

[5] Rascanu G C, Solea R, ―Electric Wheel Chair Control for People with Loco motor  Disabilities using Eye Movements‖, IEEE 

Conference on System Theory Control and Computing, 2011, Pages (1-5). 

[6] Betul Sahin, Barbara Lamory, Xavier Levecq, Fabrice Harms and Chris  Dainty,  ―Adaptive  optics  with  pupil  tracking  for  high 

resolution  retinal  imaging‖,  Biomedical Optics Express, 2012, 225 Vol. 3,  No.  2.  

[7] J.A.  Nagel, C.  Kutschker, C.  Beck, U.  Gengenbach, H.  Guth, G. Bretthauer, ―Comparison of   different algorithms for robust 

detection of pupils in real-time eye tracking experiments‖, Biomed Tech; 58 (Suppl. 1), 2013 by Walter de Gruyter, Berlin.  

[8] Tabasum  Shaikh,  Naseem  Farheen  Sayyed,  Shaheen  Pathan,  ―Review  of  Multilevel Controlled  Wheelchair‖,  4th  National  

Conference  On  Electronic  Technologies, 2013,  pp.  275-279. 

[9] Hossain Mahbub Elahi, Didar Islam, Imtiaz Ahmed, "Webcam-Based Accurate Eye-Central Localization", IEEE Second International 

Conference on Robot, Vision and Signal Processing (RVSP), 2013, ISSN: 2376-9807. 

[10] Shang-Lin Wu, Lun-De Liao, Shao-Wei Lu, Wei-Ling Jiang, ShiAn Chen and Chin-Teng Li, "Controlling a HumanComputer Interface 

System With a Novel Classification Method that Uses Electrooculography Signals", IEEE transactions on biomedical engineering, 2013,  

vol. 60, no. 8, pp. 2133-2141. 

[11] Sima Soltani and Amin Mahnam, "Design of a Novel Wearable Human computer Interface based on Electrooculograghy," Proceedings 

of the 21st IEEE Iranian Conference on Electrical Engineering, 2013,  pp. 1-5. 

[12] Gunda Gautam, Gunda Sumanth, Karthikeyan K C, Shyam Sundar, D.Venkataraman, "Eye Movement Based Electronic Wheel 

ChairFor Physically Challenged Persons‖, International Journal of Scientific & technology research, 2014, Volume 3, Issue2, ISSN 

2277-8616. 

[13] Li Ma, Tieniu Tan, Yunhong Wang and Dexin Zhang [2014], ―E_cient Iris Recognition by Characterizing Key Local Variations‖, IEEE 

Transcations on Image Processing, Volume 3, Issue 2. 

[14] Aji Joy, Ajith P Somaraj [2014], Amal Joe, Muhammed Shafi, Nidheesh T M,  ―Ball  Tracking  Robot  Using  Image  Processing  and  

Range Detection‖,  International  Journal  of  Innovative  Research  in Computer and Communication Engineering, Vol. 2, Issue 3. 

[15] A. Lopez, 1. Rodriguez, FJ. Ferrero, M. Valledor and lC. Campo, "Low-Cost System Based on Electrooculography for Communication 

of Disabled People," Proceedings of the IEEE II th International Multi Conference on Systems, Signals and Devices, Feb 2014, pp. 1-6.  

[16] Pierluigi Cigliano, Vincenzo Lippiello, Fabio Ruggiero, "Robotic Ball Catching with an Eye-in-Hand Single-Camera System", IEEE 

Transactions on Control Systems Technology, 2015, Volume: 23, Issue: 5, ISSN: 1558-0865. 

[17] Osama Mazhar, Taimoor Ali Shah, Muhammad Ahmed Khan, "A real-time webcam based Eye Ball Tracking System using MATLAB", 

IEEE 21st International Symposium for Design and Technology in Electronic Packaging (SIITME), 2015, ISBN: 978-1-5090-0332-7. 

[18] Osama Mazhar, Taimoor Ali Shah, Muhammad Ahmed Khan, "A real-time webcam based Eye Ball Tracking System using MATLAB", 

IEEE 21st International Symposium for Design and Technology in Electronic Packaging (SIITME), 2016, Electronic ISBN: 978-1-

5090-0332-7. 

[19] Md. Moin Uddin Atique, Sakhawat Hossen Rakib, Khondkar Siddique-e-Rabbani, "An electrooculogram based control system", IEEE 

International Conference on Informatics, Electronics and Vision (ICIEV), 2016, Electronic ISBN: 978-1-5090-1269-5. 

[20] Dianchun Bai, Zhicheng Liu, Qing Hu," Design of an eye movement-controlled wheelchair using Kalman filter algorithm", IEEE 

International Conference on Information and Automation (ICIA), 2016, ISBN: 978-1-5090-4103-9. 

[21] Jianbing Xiahou, Hao He,Ke Wei [2016],"Integrated Approach of Dynamic Human Eye Movement Recognition and Tracking in Real 

Time", IEEE International Conference on  Virtual Reality and Visualization (ICVRV), ISBN: 978-1-5090-5188-5. 

[22] Marcio V. Figueira, Dario F. G. de Azevedo, Thais Russomano, "Improvements on a Fast Algorithm for Real Time Eye Movement 

Quantification", IEEE Annual International Conference on Engineering in Medicine and Biology Society, 2016,  ISBN: 1-4244-0032-5. 

[23] Prashant Salunkhe, Ashwini R. Patil, "A device controlled using eye movement", IEEE International Conference on Electrical, 

Electronics, and Optimization Techniques (ICEEOT), 2016,  ISBN: 978-1-4673-9939-5. 

[24] Yi-Hong Lin, Hsiau Wen Lin, "Face Detection Based on the Use of Eyes Tracking", IEEE International Computer Symposium (ICS), 

2017, Electronic ISBN: 978-1-5090-3438-3. 

[25] Youming Zhang, Martti Juhola, "On Biometrics with Eye Movements", IEEE Journal of Biomedical and Health Informatics, 2017, 

Volume: 21, Issue: 5, ISSN: 2168-2208. 


