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Abstract—A new cost effective, eye controlled method was 

introduced to guide and control a wheel chair for disable people, 

based on Electrooculography (EOG). The guidance and control is 

effected by eye ball movements within the socket. The system 

consists of a standard electric wheelchair with an on-board 

microcontroller system attached. EOG is a new technology to sense 

the eye signals for eye movements and these signals are captured 

using electrodes, signal processed such as amplification, noise 

filtering, and then given to microcontroller which drives the motors 

attached with wheel chair for propulsion. This technique could be 

very useful in applications such as mobility for handicapped and 

paralyzed persons. 

 

Keywords—Electrooculography, Microcontroller, Signal 

processing, Wheelchair.  

I. INTRODUCTION 

RESENT industry is shifting towards automation by using 

Programmable controllers and robots in industrial 

automation. Today’s life, there is a need to develop an 

intelligent system to serve the mankind. People with physical 

disabilities face a lot of problems for mobility and new devices 

with sophisticated technologies are needed to help them for 

comfortable mobility. Various types of research groups at a 

world level have begun to set up cooperation projects, projects 

to aid communication and mobility of elderly and/or disabled 

persons with the aim of increasing their quality of life and 

allowing them a more autonomous and independent lifestyle 

and greater chances of social integration [1], [2]. In recent 

years, the applications for developing systems to help people 

with several disabilities have been increased. The ability of 

people to control their gaze direction can be used for mobility 

with use of wheel chairs. There are many applications 

developing help systems to people with several disabilities. 

They are videooculography systems (VOG) or infrared 

oculography (IROG) based on detect the eye position using a 

camera [3]. Many systems have been produced in 

communication from machines to human hands using 

keyboard, mouse, joy sticks, and touching screen etc. But all 

these need normal human hands to operate. For physically 

challenged peoples with paralyzed muscles and not having 

normal functions of hand, these techniques will not help. 

EOG based wheel chair system is one of the popular 

techniques for physically disabled. Many research papers have 
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published for various types of wheel chairs based on eog 

signals. Robotic wheel chair system [4], eye movement based 

human computer interaction technique [5], EOG guidance 

using neural network [6], head mounted eye –gaze input 

interfaces [7] and stereo vision based wheel chair [8] etc. 

These are all highly sophisticated techniques and expensive. 

We have tried a new micro controller based eog guided wheel 

chair which is cost effective and simple with an economic and 

functional feasibility that would enable them to improve their 

quality of life. Electrooculography is a method to sense eye 

movement and is based on recording the steady corneal-retinal 

potential that is due to hyperpolarization and depolarization 

existing between the cornea and the retina and is commonly 

known as an electrooculogram (EOG).  

II. MATERIALS AND METHODS 

A. EOG Signal Acquisition and Electrode Placement 

Electrooculographic potential (EOG) presents a good face 

access, good accuracy and resolution, great range of eye 

displacements, works in real time and is cheap. The eye act as 

a dipole in which the anterior pole is positive and the posterior 

pole is negative. In left gaze of the eye, the cornea approaches 

the electrode near the left eye, resulting in a positive going 

change and for right gaze, negative going change in the 

potential difference recorded from it. Three pairs of ocular 

muscles around the eye namely, superior rectus, inferior 

rectus, superior oblique, inferior oblique, medial rectus and 

lateral rectus are responsible for the eye ball movement to 

generate electric potentials to obtain EOG. EOG ranges from 

0.05 to 3.5 mV in humans and is linearly proportional to eye 

displacement and frequency range of about 100 HZ. The 

human eye is an electrical dipole with a negative pole at the 

fundus and a positive pole at the cornea [9]-[11].  

Its behavior is practically linear for gaze angles of ±30 

degrees. The corneo-retinal potential, which is aligned with 

optic axis and hence rotates with the direction of gaze, can be 

measured with the surface electrodes placed on the skin around 

the eyes. Many artifacts affect the EOG signal acquisition such 

as bio electric potentials EEG, EMG and artifacts due to 

positioning of electrodes, skin electrode contacts, head 

movements and blinking etc. To eliminate or minimize these 

defects, various studies were made of the accuracy and 

precision of the EOG in tracking the eye gaze [12]. For 

electrode placement, to detect vertical motion, one electrode is 

placed 2cm above the eye whereas another electrode is placed 

1cm below the left eye. As two eyes are moving in conjunction 

in vertical direction, electrodes are placed for only one eye, 

say left eye for vertical motion. For horizontal motion 

detection, an electrode is placed on outer side of each eye with 
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2cm distance from the eye. A reference electrode is placed on 

the subject’s forehead or any other parts like limbs known as 

ground electrode. Fig. 1 shows the electrode positions around 

eyes for horizontal and vertical motion of eye. The EOG signal 

changes approximately 20µV for each degree of eye 

movement [13].  

 

 

Fig. 1 The electrode positions around eyes for horizontal and vertical 

motion 

B. Schematic Diagram of Wheelchair 

Fig. 2 shows the schematic diagram of wheel chair design. 

At first the EOG signal is captured via the surface electrodes 

placed near the surrounding of the eye. The potential so 

developed by the movement of the eye ball generates variable 

voltages at different positions namely when the eyeball at rest 

(straight), Left, Right, Up, Down. The eye muscles are 

responsible for the eye movement or eye gaze thereby 

generating the small mill volt of bio-potential. This bio-signal 

is amplified and converted into digital signal. The PIC 

microcontroller (PIC 16F877) is the heart of the device, the 

signal is then fed to the input of the micro-controller. An IC 

program (MP lab) is done for the given input values for left, 

right, up, down and stationary or stop conditions. The 

corresponding voltage values from EOG signals results in the 

movement of wheel chair in the respective direction.  

An object sensor is also used to detect any obstacles and 

results in the stop condition by the microcontroller. The output 

from the PIC controller is fed to the LCD display and also to 

the relay of the driver motor in the wheel chair. 

C. PIC Microcontroller 

Various microcontrollers offer different kinds of memories. 

EEPROM, EPROM, FLASH etc are some of the memories of 

which FLASH is the most recently developed. The FLASH 

technology is used in PIC 16F887 microcontroller, so that data 

is retained even when the power is switched off. Due to the 

features of easy erasing and programming, the PIC 

microcontroller was used here. Fig. 3 shows the circuit 

diagram for the LCD interfacing with PIC microcontroller and 

Fig. 4 shows the photograph of the actual wheel chair fitted 

with motors. 

 

Fig. 2 The schematic diagram of wheel chair 

 

 

Fig. 3 Circuit diagram for the LCD interfacing with PIC 

microcontroller 

 

 

Fig. 4 The photograph of the actual wheel chair fitted with motors 

D. Relay Driver Circuit 

The circuit is designed to control the load. The load here is 

motor to drive the wheels of the wheel chair. The motor is 

turned ‘ON’ and ‘OFF’ through the relay. A relay is nothing 

but electromagnetic switching device which consists of three 

pins namely common, normally close and normally open. Fig. 

5 shows the circuit diagram of connecting a relay to PIC 

microcontroller.  
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Fig. 5 The circuit diagram of connecting a relay to PIC 

microcontroller 

E. DC Motor Circuit for Forward and Reverse 

Fig. 6 shows the circuit diagram for forward and reverse 

direction control. It consists of two relays called relay 1 and 

relay 2, The ON and OFF control of this relays are controlled 

by a pair of switching transistors. The relays are connected in 

the collector terminal of Q2 and Q4 as shown in the figure. 

When relay 1 is in the ON state and relay 2 is in the off state, 

the motor is running in the forward direction and vice versa for 

reverse direction. 

 

 

Fig. 6 The circuit diagram for dc motor for forward and reverse 

direction 

F. IC Program 

The PRO MATE II is a microchip microcontroller device 

programmer. Through interchangeable programming socket 

modules, PRO MATE II enables you to quickly and easily 

program the entire line of microchip PIC microcontroller 

devices and many of the microchip memory parts. A program 

written in the high level language called ‘C’ which will be 

converted into PIC micro MCU machine code by a compiler. 

Machine code is suitable for use by a PIC micro MCU or 

microchip development system product like MPLAB IDE. 

III. RESULT 

The wheel chair thus developed will move in the focused 

direction based on the eye movement. The wheel chair is 

attached with two motors for the movement of wheel chair for 

different conditions. When the eye is focused left, one motor 

rotates the left wheel backward and another motor rotates the 

right wheel forward, so that the wheel chair moves towards left 

and vice versa for right movement. When the eye is focused 

up, both motors running forward and move the both wheels 

forward so that the wheel chair moves forward similarly when 

the eye is focused down the wheel chair moves backward as 

both motors move the wheel backward. While looking straight, 

the wheel chair will be in stop condition. The conditions can 

be altered in the IC program according to the user’s choice. A 

LCD is used to display the conditions of left, right, up, down 

and stop. Fig. 3 shows the circuit diagram of liquid crystal 

display (LCD) interfacing with PIC microcontroller. An alarm 

system is also used in this proposed system to warn if there are 

any obstacles. Fig. 4 shows the photograph of the actual wheel 

chair used fitted with motors for forward and reverse direction.  

IV. DISCUSSION  

Some of the disabled community finds it difficult to use 

wheelchairs independently. To solve this problem for those 

people, researchers have used technologies originally 

developed for mobile wheel chairs. There are many types of 

wheel chairs already developed to meet the requirements of the 

sable people’s mobility. Majority of the wheel chairs were 

developed based on heavily modified, commercially available 

power wheelchairs (e.g., NavChair [14], Office wheelchair 

with high Maneuverability and Navigational Intelligence [15], 

Mobility Aid for elderly and disabled people [16] and smaller 

number of smart wheelchairs [17]. These wheel chairs are not 

helpful for some disabled people; those cannot operate the 

wheel chair. Especially for these peoples, many EOG based 

wheel chairs with different techniques are developed [18]. An 

improvement in the conformability, cost and simplicity of this 

kind of wheel chairs can be of great utility because it provides 

a lot of possibilities. 

Simple and cost effective micro controller based EOG 

signal guided wheel chair was developed for disabled people. 

In this work, we designed a system that allows the 

handicapped, especially those with only eye-motor 

coordination, to live more independently. Higher value of the 

EOG signal is obtained when eyes move upward and lower 

value obtained when eyes move downward, similarly for left 

and right movement. Whenever the signal crosses the 

threshold value in each direction, the microcontroller sends 

pre-determined values in voltages to the motors attached to the 

wheel chair for movement of forward and reverse direction. 

Even though the developed wheel chair has advantage of low 

cost, good reliability, simple circuitry and easy to 

implementation, it is not yet fully developed for commercial 

use. The movement of the wheel chair direction is restricted 

for particular direction based on horizontal and vertical 

movements of the eye only. But practically, eye will move not 

only horizontal and vertical, some oblique movements also 
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there. For oblique rotation of the eye, the will chair is not 

satisfactorily responding for movement in particular direction. 

Further research in design and development is needed and the 

progress is going on for all possible movements of the eye. 

The very important problems of rolling resistance, internal 

friction, Inertia are also to be considered to rectify or reduce to 

have a smooth movement of the wheel chair. But comparing 

the simplicity in circuitry, cost, easy to use, this design will be 

in very much useful for further development in eog based 

wheel chairs. 

V. CONCLUSION 

The microcontroller based wheel chair using EOG signal is 

successfully implemented and demonstrated. The final 

application of this wheel chair is it can be used in medical 

application for paralyzed and handicapped people. If the eye 

gaze is known, it is possible to develop different user 

interfaces to control different tasks. This technique can be 

applied in future for the mobility of automatic mobile bed for 

patients and in military services for missile projections and 

gun firing. 
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