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ABSTRACT 

This work presents a technology to assist disabled people, by tracking eye movement using low cost equipment. A large section of 

our society suffers from one or the other kind of disabilities due to accidents, neurological disorders, brain damages etc. Paralysis 

is one amongst the major neural disorder that causes loss of motion of one or more muscles of the body, wherein depending on the 

cause, it may affect a specific muscle group or region of the body, or a larger area may be involved. These disabilities force these 

patients to depend on their family members or care givers for day-to-day activities including mobility, communication with the 

environment, controlling the household equipment etc. Wheelchairs are important mobile aids for elders and patients suffering 

from extremely limited peripheral mobility like paraplegia and quadriplegia. The current idea focuses on a low cost wheelchair 

controlled by users’ eye movement. 
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1. INTRODUCTION 

 Medical Electronics is not a replacement of the doctor, nurse   

or the lab technicians. It is an extension of the physicians’ 

ability to diagnose an ailment or treat it. The human body is a 

source of numerous signals termed as Biomedical signal. Its 

internal communication system, provided by the nervous 

system, is based on the transmission of electrical impulses 

which results in co-ordinated activities of the human body.  

Biomedical signal centres on the acquisition and processing of 

information bearing signals that emanate from living systems. 

They are classified based on the body subsystems: EEG, EOG, 

ECG, ERG, EMG etc. 

2. ADVANTAGES AND DISADVANTAGES 

Advantages are as follows, 

 Independence is encouraged for mobility among 

paralyzed and disabled wheelchair users.  

 This approach is applicable even with closed eyelids. 

 Cost effective. 

Disadvantages are as follows,  
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 Extremely low voltage acquired at the skin surface, in 

order of microvolts. 

 System being wired limits the application for long 

distance. 

2.1.  Human Eye 

The human eye is an organ that reacts to light and has several 

purposes. As a sense organ, the mammalian 

eye allows vision. Rod and cone cells in the retina allow 

conscious light perception and vision including colour 

differentiation and the perception of depth. The human eye can 

distinguish about 10 million colours and is possibly capable of 

detecting a single photon. 

 
Fig-1:  Anatomy of Human Eye 

The eye is made up of three coats, enclosing three transparent 

structures. The outermost layer, known as the fibrous tunic, is 

composed of the cornea and sclera. The middle layer, known 

as the vascular tunic or uvea, consists of the choroid, ciliary 

body, and iris. The innermost is the retina, which gets its 

circulation from the vessels of the choroid as well as the 

retinal vessels, which can be seen in an ophthalmoscope. 

Within these coats are the aqueous humour, the vitreous body, 

and the flexible lens. The aqueous humour is a clear fluid that 

is contained in two areas: the anterior chamber between the 

cornea and the iris, and the chamber between the iris and 

the lens. The lens is suspended to the ciliary body by the 

suspensory ligament (Zonule of Zinn), made up of fine 

transparent fibers. The vitreous body is a clear jelly that is 

much larger than the aqueous humour present behind the lens, 

and the rest is bordered by the sclera, zonule, and lens. They 

are connected via the pupil. 

 

3. BIOMEDICAL SIGNALS 

A handicapped person with locomotive disabilities needs a 

wheelchair to perform functions that require him or her to 

move around. He can do so manually by pushing the 

wheelchair with his hands. However, many individuals have 

weak upper limbs or find the manual mode of operating too 

tiring. Hence, it is desirable to provide them with a motorized 

smart wheelchair that can be controlled by bio-signal & non 

bio-signal approach. Since the motorized wheelchair can move 

at a fair speed with minimum efforts. There are different types 

of wheelchairs available now days which are discussed below.  

3.1 EEG based 

The Electroencephalography (EEG) records electrical brain 

signals from the scalp, where the brain signal originates from 

post-synaptic potentials, aggregates at the cortex, and transfers 

through the skull to the scalp. BCI is a device that extracts 

EEG data from brain and converts it into device control 

commands using signal processing techniques. EEG 

techniques are non-invasive and low cost. However, it brings 

great challenges to signal processing and pattern recognition, 

since it has relatively poor signal-to-noise ratio and limited 

topographical resolution and frequency range.  

3.2 EMG based 

EMG measures electrical currents that are generated in 

muscles during its contraction. A muscle fibre contracts when 

it receives an action potential. The EMG observed is the sum 

of all the action potentials that occur around the electrode site. 

In almost all cases, muscle contraction causes an increase in 

the overall amplitude of the EMG. EMG signals can be used 

for a variety of applications including clinical applications. 

 

4. PRINCIPLE OF ELECTRO-

OCULOGRAPHY 

Electroocculography (EOG/E.O.G.) is the recording of the bio 

potentials generated by the movement of the eyeball. A record 

of cornea-retinal potentials associated with eye movements is 

called the electroocculogram(EOG). This is simpler to record 

than the electroretinogram.  

The EOG potentials are picked up by small surface 

electrodes placed on the skin near the eye. One pair of 

electrode is placed above and below the eye, to pick up the 
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voltages corresponding to the vertical movements of the 

eyeball. Another pair of electrodes is positioned to left and 

right of the eye, to measure the horizontal movement. 

5. METHODOLOGY 

 

                    Fig-2: Block diagram  

The block diagram has three parts signal conditioning, signal 

classification, and application. In signal acquisition part the 

EOG signals from eye are acquired with the help of Ag/Agcl 

electrode which are placed at the different position near eyes. 

After the signals are acquired from the eyes they are amplified 

with the help of the AD620 instrumentation IC for the 

convenient voltage enough for the device to move.  Then the 

amplified signals are then filtered and are segregated into 

variable frequency range with the help of the variable gain 

amplifier. In signal classification part the  signals are divided  

depending upon how the signals has to be used, whether it has 

to used blinking purpose or  for detection of eye movement . 

After classifying the signals, they are used for the specific 

application.  

5.1. Instrumentation Amplifier 

Instrumentation amplifiers are important integrated circuits 

when dealing with low voltage situations. 

An instrumentation amplifier is an integrated circuit (IC) that 

is used to amplify a signal. This type of amplifier is in the 

differential amplifier family because it amplifies the difference 

between two inputs. The importance of an instrumentation 

amplifier is that it can reduce unwanted noise that is picked up 

by the circuit. The ability to reject noise or unwanted signals 

common to all IC pins is called the common-mode rejection 

ratio (CMRR). Instrumentation amplifiers are very useful due 

to their high CMRR. Other characteristics, such as high open 

loop gain, low DC offset and low drift, make this IC very 

important in circuit design. 

Instrumentation amplifiers are used in many different circuit 

applications. Their ability to reduce noise and have a high 

open loop gain make them important to circuit design.  

5.2. Filter 

A Low pass and High pass filter response is characterized by a 

frequency band  FL < F < FH, called the pass-band, such that 

the input signals within this band emerge un-attenuated, while 

signals with F< FL or F> FH are cut-off. The frequency range 

is set as 0.1Hz < F < 100Hz. 

 

Fig-3: Low pass Filter Response. 

 

Fig-4: High pass filter response. 

5.3. Variable Gain Amplifier 

Variable gain amplifier is needed because each subject has 

differing dipole strengths and attenuation due to skin. It 
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provides the final boost to the conditioned signal. The gain can 

be varied using a preset from 1-10. 

5.4. NI USB-6008 DAQ card 

The NI USB-6008, as shown in figure 14 is a basic data 

acquisition card by `National Corporation that has provisions 

for analog input, output as well as digital output ports, and 

uses the USB communication protocol. 

 

                                            Fig-5: DAQ Card 

 

 

5.5.Arduino UNO Board  

The Arduino Uno is a microcontroller board based on the 

ATmega328 as shown in figure 17. It has 14 digital 

input/output pins (of which 6 can be used as PWM outputs), 6 

analog inputs, a 16MHz crystal oscillator, a USB connection, a 

power jack, an ICSP header, and a reset button. It contains 

everything needed to support the microcontroller.  

The Arduino Uno can be powered via the USB connection or 

with an external power supply. The power source is selected 

automatically. External power can come either from an AC-to-

DC adapter or battery. The board operates on an external 

supply of 6 to 20 volts. If supplied with less than 7V, however, 

the 5V pin may supply less than five volts and the board may 

be unstable. If using more than 12V, the voltage regulator may 

overheat and damage the board. The recommended range is 7 

to 12 volts.  

6. TEST 

The product development, as in the norm, is accompanied by 

testing at various levels and various configurations as detailed 

in the respective sections. 

Throughout the hardware testing procedure, devices and 

measurement systems available in the department laboratories 

were used. The results were observed using the Scientific 

30MHz Oscilloscope SM203G.The test signal used at the 

input was a 15mV𝑝−𝑝 signal at 20Hz generated using a 

SM5072, 5MHz General Purpose Function Generator from 

Scientifi𝑐®. The TP0200 1M, 13pf high quality passive probes 

were utilized. The System was powered at ±12V from the 

PSD3304 Multiple Power Supply also from Scientific. 

The power supply was tested on the breadboard before 

implementing the circuit on the copper clad, as shown below. 

Fig-6: Power supply Testing. 

 

7. RESULT 

All the stages explained above were combined to form the 

complete amplification and conditioning circuit. The complete 

labelled schematic for the EOG conditioning circuit designed 

for the project is shown in figure 10. The schematic contains 

all the details of the different stages and their individual 

topologies.  

7.1 Signal Conditioning Stage 

 
Fig-7: Schematic of the conditioning circuit 
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Fig-8: Frequency Response of Conditioning circuit 

 

The EOG signal received from the electrodes are of extremely 

weak amplitude affected with large noise. To get the desired 

signal, the electrode outputs are subjected to the 

instrumentation amplifier which helps in rejecting the common 

mode signals and amplifying the signal to a larger extent with 

a gain of 1000, for proper analysis and operation. The design 

of the amplifier is done in such a way to reduce the number of 

gain varying components.  

With 1000 gain , the amplified signal is given to the High pass 

and Low pass cutoff frequencies of 0.1Hz and 100Hz. This 

helps in suppressing the electrical interferences from the 

surrounding and the power line interference. 

The filtered signal is then supplied to the variable gain 

amplifier where the instrumentation amplifier output is 

amplified with a gain varying from 1 to 10. This amplifier uses 

a non-inverting amplifier with a variable resistance. 

At the output of the variable gain amplifier stage we get our 

EOG signal ready for the various eye movement detection and 

software application for the control device. 

 

7.2. Power Supply 

For the safe operation of the initial important instrumentation 

amplifier, we employ a +-12V POWER SUPPLY designed as 

shown below. 

 

Fig-9: Power supply. 

 
The above power supply is designed using a bridge rectifier, 

involving four diodes, a single step down transformer, two 

voltage regulators and a set of capacitors. 
 

 
Fig-10: Power Supply PCB 

 

8. CONCLUSIONS 

 
The main motive behind the research has been the aim of 

making a contribution towards satisfying the technological 

needs of paraplegic and quadriplegic patients unable to use 

their limbs for locomotion and controlling the environment 

around them. 
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