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ABSTRACT. A novel technique is implemented for the eye controlled based independent and cost effective
system. The purpose of Eye movement based control electric wheelchair is to eliminate the necessity of the
assistance required for the disabled person. And it provides great opportunity of the disabled to feel of
independent accessible life. The implemented system will allow the disabled person to control the wheelchair
without the assistance from other persons. In this system controlling of wheelchair carried out based on Eye
movements. The sensor is mounted in front of the user, to monitor the Eye blink of the user and to decide the
movement (either forward or backward). According to the position of the eye, wheelchair motor will be directed
to move left, right and forward. In addition to this, for the safety purpose ultrasonic sensor is mounted in front of
wheelchair to detect the obstacles and automatically stop the wheelchair movement. To make system cost
effective for monitoring, a PIC controller board allowed accessing the system without displaying unit.
INTRODUCTION
The Wheelchair is dependent system used by elderly and physical disable persons. Here introducing the design
implementation models of totally independent Eye control electric wheelchair. As per requirement of the
disabilities deferent kind of automatic systems are available in market such as voice control or joystick control
system. Sometime for totally paralysis person may be have very difficult to use that type of systems. Here the
Eye control system provides the independence to make their life easy and more convenient. And also they save
the huge amount of energy or external man power. Sensor is used captured the blink in real time and analysis the
signal as input to set the commands for interface the motor driver IC through sending the commands to GPIO
pins. The motor driver circuit is used to perform the different operationsuch as left, right, forward and stop. For
the advance level of Image Processing open computer vision (OpenCV) library is used for Face and Eye
detection. 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 detects single or multiple
face and detection of both eye. To detecting the exact Eye pupil and locate its center point is ultimate goal of
this system. For automatically find 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. But they have its
own limitation. One of them ECG, EEG and EOG sensor based eye pupil detection technique is available, where
voltage variation based output assumed to decide the location of pupil. But for different user, different output
voltage will be generates, which will result faulty location of the eye pupil. The head movement based system
have limitation, when user can not able to access the system physically. Moreover, voice activated power
wheelchair which works properly, when user speak the command system works according to it like left, right,
forward, back, stop. But a noisy environment distracts the system, and system cannot respond properly. And
other infrared reflection based eye pupil detection system providing accurate detection of the eye pupil centre
location, as well as system can track the eye movement. But the infrared radiations affected the eye and user
may loss the eye visibility.
It is difficult for patients with severe physical disabilities to communicate with others, such as amyotrophic
lateral sclerosis and serious paraplegia. Owingto the illness in which they lost their limb motor function and
language function, they cannot move even their muscles except eye. In order to provide an efficient means of
communication for those patients, in this paper we proposed a system that uses EOG-feature based methods and
Learning Vector Quantization algorithm to recognize eye motions. According to the recognition results, we use
API (application programming interface) to control cursor movements.
The recognition part consists of four steps. First, we measure EOG signals by every 1.8 seconds. Next, we make
a judge whether eye motion subsists in the 1.8 seconds EOG data, if any, we extract the data of each motion
from the 1.8 seconds EOG data. After that we use Fast Fourier Transform to obtain the frequency features of the
extracted motion. Finally we use Learning Vector Quantization network and characteristics of EOG features at
each motion to recognize eye motions. The LVQ network is trained beforehand. In this paper we recognized
motions of rolling eye upward, rolling downward, rolling left, rolling right, blink and diagonal eye motions
which contain rolling up-left, rolling up-right, rolling down-left, rolling downright ( the angle of the diagonal
motion is 45°) and blink string of three times motion. 8 directions motions correspond to 8 directions cursor
movement in this system. We regard blink motion as invalid signal and define blink string motions as double
click action. Using this system we have obtained a high recognition accuracy of eye motions(The average
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correct detection rate on each subject was 97.8%, 97.6% and 92.7%). This EOG Mouse interface would be used
as a means of communication to help those patients as ALS.
SYSTEM DESIGN
The problem of the utmost importance of a proposed EBEWC system is the robustness against different user
types, illumination changes, user's movement, vibration, and accuracy. In order to consider these as vehicle
system, if the user changes, the system should be works without any input parameter changes. In accordance
with EWC movement, illumination condition may change. Also, disturbances due to EWC vibration is
potentially problem.
In the conventional EWC control system with human eyes only, camera is mounted on EWC. This may cause a
vulnerable when EWC is vibrated. Also, when user moves their head, gaze estimation is difficult. Furthermore,
illumination condition may change during EWC movement. The proposed EBEWC system utilizes IR camera
which mounted on user's glass. This way will eliminate problems of illumination changes, user's movement, and
EWC vibration. Furthermore, the pupil detection based on pupil knowledge will improve the robustness against
different users.
The purpose of this project is to develop a wheelchair that will be controlled by the eyes of the person seated in
the wheelchair. This will allow people without full use of their limbs the freedom to move about and provide a
level of autonomy. The project will consist of three main parts. The eye tracking module consists of a camera
that captures the image of eye ball. The setup is designed so as to cause minimum stress to the user. A webcam
is fixed on to a spectacle like set up to capture the image. The camera is placed so as to capture the movement of
one eye allowing clear vision to the other eye. The camera will take an image of the eyes that will be sent to the
laptop where the images are being processed. Once the image has been processed it moves onto the second part,
the microcontroller.
A functional block diagram of the system is given in fig. 1. The microcontroller is used to produce the logic
signals to the H-bridge. The burner circuit of the microcontroller can be used if any editing of the
microcontroller program is required. A microcontroller with the required number of input and output pins of
PIC. The RF receiver is connected to the microcontroller. The microcontroller receives the serial data through
the RF receiver. The input ports of the microcontroller are connected to the RF receiver and its output ports are
connected to the logic input of the H-bridge to control the direction of rotation of the motor. 4 output ports are
used to control two motors using their respective H-bridges. The PIC microcontroller converts the serial data
received from the RF receiver to logic signals and these signals are given to the input port of the H-bridge. Ports
RB4- RB7 are used to control the H-bridge.

Fig.1. PIC Based Wheel Chair Controller
In order to control EWC using Netbook PC, custom micro controller circuit is used to modify standard control
of Yamaha EWC. Default control of the EWC is made by joystick. Micro controller is replaced to the joystick.
Command is delivered by Netbook PC, and then micro controller works to move EWC. USB interface on
Netbook PC is used to connect with the other peripheral. The interface of the micro controller circuit is RS232.
To connect between Netbook PC and the micro controller, USB to Serial converter is used. The micro controller
is driven by the relay equipped with the EWC. Micro-controller connection is shown in Fig.3.
In order to estimate gaze, eye should be detected and tracked. Fig. 4 shows the process flow of eye detection and
tracking. The proposed EBEWC system detect eye based on deformable template method [32]. This method
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matches between eye template and source images. We create eye template and apply Gaussian smoother.
Deformable template method detects rough position of eye. Benefit of deformable template method is that it
takes less time than classifier methods. Although this method is faster than the other classifier methods, the
aforementioned robustness is not good enough.

Fig.2. PIC connects to other peripheral through serial communication. Serial communication type should be
converted to USB communication using USB to serial converter
In order to control EWC using Netbook PC, custom micro controller circuit is used to modify standard control
of Yamaha EWC. Default control of the EWC is made by joystick. Micro controller is replaced to the joystick.
Command is delivered by Netbook PC, and then micro controller works to move EWC. USB interface on
Netbook PC is used to connect with the other peripheral. The interface of the micro controller circuit is RS232.
To connect between Netbook PC and the micro controller, USB to Serial converter is used. The micro controller
is driven by the relay equipped with the EWC. Micro-controller connection.
In the proposed EBEWC system, the well known Viola- Jones classifier in the OpenCV library [21] detects eye
when the deformable template fails to detect eye position. The Viola- Jones classifier employs Adaboost at each
node in the cascade to learn a high detection rate the cost of low rejection rate multi-tree classifier at each node
of the cascade. The Viola- Jones function in OpenCV is used for the proposed EBEWC system. Before using the
function, we should create XML file through learning processes. The training sample data (face or eye image)
must be collected. There are two sample types: negative and positive samples. Negative sample corresponds to
non-object images while positive sample corresponds to object image. After acquisition of image, OpenCV will
search the face center location followed by search the eye center. By using combination between deformable eye
template and the Viola- Jones method, eye location will be detected. Advantages of this proposed method is fast
and robust against circumstances changes.

Fig.3.Flow chart for wheel chair movement
After the roughly eye position is founded, eye image is locked and tracked. Therefore, there is no need to detect
eye any more. The detected eye position is not going to be changed because the camera is mounted on the glass.
Eye gaze is estimated based on pupil center location. Because of this system rely on the pupil center location;
pupil detection has to be done perfectly. Pupil is detected by using its knowledge. Process flow of the pupil
detection is shown in Fig.3. Three types of knowledge are used. We use pupil size, shape, and color as the first
knowledge. First, adaptive threshold method is applied for pupil detection. Threshold value T is determined by
the average pixel value (mean) of eye image μ.
The eyeball is assumed to be a sphere with radius R. Although the typical eyeball shape is ellipsoid, sphere
shape assumption does not affect to the pupil center location estimation so much that spheroid shape of
assumption of eyes ball shape does not affect too much to the pupil center location estimation accuracy. The
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pupil is located at the front of eyeball. The distance from the center gaze to current gaze is assumed to be r.
Gaze is defined as angle θ between normal gaze and r. The relation between R, r and θ is as follows,

Fig.4. Eye moment

CONCLUSION
The concept of the eye controlled wheelchair is not only represents the alternative resources but more important
to help physically disabled persons to make their life independent. The aim of implementing an autonomous eye
controlled wheelchair is to highlight the features of digital Image processing. There are some real time design
constants measured like a system takes some time (4second) to execute the system for processing the video in
Real time Environment. Therefore the system performs the Wheelchair movement operation with some delay
time. It’s very hard to track the Eye pupil in dark light places, so the system works perfect on environmental
light and in a room light with fluorescent mercury vapor lights, which is low in infrared.
REFERENCES
[1] Microsoft Research patents, http://www.engadget.com/2010/01/03/microsoft-research-patents controllerfree-computer-input-via-em/.
[2] Culpepper, B.J, Keller, R.M: "Enabling computer decisions based on EEG input", IEEE Trans on Neural
Systems and Rehabilitation Engineering, 11, 354-360, [2003].
[3] United States Patent, http://www.freepatentsonline.com/4677569.html.
[4] David L. Jaffe: "An ultrasonic head position interface for wheelchair control", Journal of Medical Systems,
6, 4, 337-342, [1982].

Volume 03, Issue 01, Jan 2019

ISSN 2581 – 4575

Page 81

[5] K. Abe, S. Ohiamd M. Ohyama: ”An Eye-gaze Input System based on the Limbus Tracking Method by
Image Analysis for Seriously Physically Handicapped People”, Proceedings of the 7th ERCIM Workshop ”User
Interface for All” Adjunct Proc., 185-186, [2002].
[6] http://www.creact.co.jp/jpn/por.pdf
[7] Kuno, Yagi, Fujii, Koga, Uchikawa”Development of the look input interface using EOG”, the Information
Processing Society of Japan paper magazine C39C5, 1455-1462, [1998].
[8] D.A. Robinson,”A method of measuring eye movement using a sclera search coil in a magnetic field”, IEEE
Trans. on Biomedical Electronics, 10, 137-145, [1963].
[9] http://webvision.med.utah.edu/
[10] Ito, Nara:”Eye movement measurement by picture taking in and processing via a video capture card, an
Institute of Electronics”, Information and Communication Engineers Technical Report, 102, 128, 31-36, [2002].
[11] Kishimoto, Yonemura, Hirose, Changchiang:”Development of the look input system by a cursor move
system”, Letter of the Institute of Image Information and Television Engineers, 55, 6, 917-919, [2001].
[12] Corno, L.Farinetti, I. Signorile,:”A Cost-Effective Solution for Eye-Gaze Assistive Technology”,
Proceedings of the IEEE International Conf. on Multimedia and Expo, 2, 433-436, [2002].
[13] Abe, Ochi, Oi, Daisen:”The look input system using the sclera reflection method by image analysis”, Letter
of the Institute of Image Information and Television Engineers, 57, 10, 1354-1360, [2003].
[14] Abe, Daisen, Oi: “The multi-index look input system which used the image analysis under available light”,
Letter of the Institute of Image Information and Television Engineers, 58, 11, 1656- 1664, [2004].
[15] Abe, Daisen, Oi: “The look input platform for serious physically handicapped persons”, Human Interface
Society Human interface symposium 2004 collected papers, 1145-1148, [2004].
[16] Barea, R., Boquete, L., Mazo, M., Lopez, E.: ”System for Assisted Mobility using Eye Movements based
on Electrooculography”, IEEE Transaction on Neural System and Rehabilitation Engineering, 10, 4, 209-218,
[2002].
[17] Sarangi, P., Grassi, V., Kumar, V., Okamoto, J.:”Integrating Human Input with autonomous behaviors on
an Intelligent Wheelchair Platform”, Journal of IEEE Intelligent System, 22, 2, 33-41, [2007].
[18] Wang, H., Ishimatsu, T.:”Vision-based Navigation for an Electric Wheelchair Using Ceiling Light
Landmark”, Journal of Intelligent and Robotic Systems, 41, 4, 283-314, [2005].
[19] P. Jia and H. Hu: ”Head Gesture based control of an Intelligent Wheelchair”, Proceedings of the 11th
Annual Conference of the Chinese Automation and Computing Society in the UK [CACSUK05], 85-90, [2005].
[20] D. Purwanto, R. Mardiyanto, K. Arai: ” Electric wheelchair control with gaze direction and eye blinking”,
Proceedings of The Fourteenth International Symposium on Artificial Life and Robotics, GS21-5, B-Con Plaza,
Beppu, [2008].
[21] Gary Bradski, AndrianKaebler:”Learning Computer Vision with the OpenCV Library”, O’REILLY, 214219, [2008].
[22] Haro. A, Flickner. M, Essa, I:”Detecting and Tracking Eyes by Using Their Physiological Properties,
Dynamics, and Appearance”, Proceedings of the CVPR 2000, 163-168, [2000]
[23] Zhiwei Zhu, QiangJi, Fujimura, K., Kuangchih Lee: ”Combining Kalman filtering and mean shift for real
time eye tracking under active IR illumination”, Proceedings of the 16th Pattern Recognition International
Conference, 4, 318- 321, [2002].
[24] Takegami. T, Gotoh. T, Kagei. S, Minamikawa-Tachino. R:”A Hough Based Eye Direction Detection
Algorithm without On-site Calibration”, Proceedings of the 7th Digital Image Computing: Techniques and
Applications, 459-468, [2003].
[25] K.M.Lam, H.Yan, Locating and extracting eye in human face images, Pattern Recognition, 29, [5], 771779, [1996].
[26] G.Chow, X.Li, Towards a system of automatic facial feature detection, Pattern Recognition 26, 1739-1755,
[1993].
[27] Rajpathaka. T, Kumarb, R, Schwartzb. E: Eye Detection Using Morphological and Color Image
Processing”, Proceedings of the Florida Conference on Recent Advances in Robotics, [2009].
[28] R.Brunelli, T.Poggio, Face Recognition, Features versus templates, IEEE Trans. Patt. Anal. Mach. Intell.
15, 10, 1042-1052, [1993].
[29] D.J.Beymer, Face Recognition under varying pose, IEEE Proceedings of the Int. Conference on Computer
Vision and Pattern Recognition [CVPR’94], Seattle, Washington, USA, 756- 761, [1994]

Volume 03, Issue 01, Jan 2019

ISSN 2581 – 4575

Page 82

[30] Shafi. M, Chung. P. W. H:”A Hybrid Method for Eyes Detection in Facial Images”, International Journal of
Electrical, Computer, and Systems Engineering, 231-236, [2009].
[31] Morimoto, C., Koons, D., Amir, A., Flickner. M:”Pupil detection and tracking using multiple light
sources”, Image and Vision Computing, 18, 4, 331-335, [2000].

Volume 03, Issue 01, Jan 2019

ISSN 2581 – 4575

Page 83

