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Abstract— This paper illustrates a novel topology for the conditioning of electro-oculogram signals. The system is composed of a second 

order amplification chain and assures stability, speed and accuracy. The proposed configuration has been developed in order to make 

signal acquisition of biological signals such as electro-oculogram simpler and robust with low cost.  The filters between the pre-

amplification and the amplification stages eliminate the out-of-band frequencies before amplification. This reduces the possibility of 

interferences from high frequency noises and maximizes the dynamic power consumption. The presented topology holds clinical and 

rehabilitative control applications. 

Index Terms— Elctro-oculogram (EOG), Corneal-retinal potential (CRP), Signal conditioning, Biopotential amplifier, Instrumentation 

amplifier, Embedded system, Ophthalmoscopy.   

——————————      —————————— 

1 INTRODUCTION                                                                     

he eye movements have attracted many researchers in the 

past. A seminal review of major types of eye movements 

[1] illustrates the advantages and the disadvantages of 

various types of eye movement detection methods. To list a 

few, magnetic field search coil technique [2], Video Oculogra-

phy (VOG) system and Infrared Oculography (IROG) are 

some of the commonly used eye movements’ detection sys-

tems [3]. However since the electro-oculography (EOG) pro-

vides an effective, low cost and non-invasive method for de-

tection of full range of eye movements it has been a frequently 

used system in ophthalmoscopy. It is commonly used in for 

the diagnosis and prognosis of several diseases such as best’s 

disease [4] and multiple sclerosis [5].  Besides the clinical ap-

plications of EOG, it has been the theme of research for devel-

opment of assistive technologies by human-machine interface 

[6, 7]. 

The electro-oculogram is the measure of potential between 

the cornea and the retina of the eye called the corneal-retinal 

potential (CRP). This potential is generated due to the hyper-

polarization and depolarization of retinal cells. During the 

process the cornea establishes a relatively positive potential 

with respect to the retina. Information about the changing po-

sition and the speed of the eye movement can be acquired by 

the placement of electrodes around the eyes. The EOG is ac-

quired using a bi-channel electrode placement system, namely 

horizontal and vertical channels. The strength of the EOG sig-

nal varies from 10- 30mV [8] with frequencies in the DC-10Hz 

band [9]. 

The recording of the EOG has been associated with several 

problems [10]. In addition to EOG signal produced from the 

eyeball rotation and movements it is also affected by different 

sources of artifacts like head movements, electro-

encephalogram (EEG) signals, electrode placement, etc. Hence, 

it becomes necessary to develop an amplifier which eliminates 

the shifting resting potentials arising due to these artifacts and 

simultaneously avoid saturation. Most of the commercially 

available EOG amplifiers are costly and uses intricate design. 

Hence, the development of dedicated topology for the max-

imization of overall circuit performance in a cost effective 

manner has been the motive behind this study. Additionally, 

this system follows the trend of integrating real-time embed-

ded systems with wireless transmission for diagnostics [11, 

12], making it more practicable to implement on newer and 

smaller platforms. 

2 METHODOLOGY 

2.1 Design of Biopotential Amplifier 

Two channels EOG amplifier was developed for the 

acquisition of horizontal and vertical eye movement signals. 

For the electrode placement scheme as shown in Fig. 1, the 

positive horizontal channel electrode (H1) was placed on 

the right canthus of the right eye and the negative 

horizontal channel electrode (H2) was placed on the left 

canthus of the left eye. And the positive vertical channel 

electrode (V1) was placed 2cm above the cornea and the 

negative vertical channel electrode (V2) was placed 1cm 

T 
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below the cornea of the eye. The common reference signal 

was taken from the reference electrode (R) placed on the 

forehead. 
 

 

 

 
 

Fig 1. Electrode placement scheme used in the study. 

 

     The methodology for the designing of EOG biopotential 

amplifier has been explained in Fig. 2. For the study, instru-

ment amplifier IC AD620 having an adjustable gain was used. 

Initially, out-of-band frequencies were removed by band pass 

filtering in the cutoff range between same that of the useful 

EOG signal range i.e., 0.1-30Hz. The pre-amplification stage 

followed another instrumentation amplifier with the adjusta-

ble gain maintained between 0-500. Further, suppression of the 

low frequency components was done by implementation of 

10Hz low pass filter. Since, all the circuitry used DC sources 

and the frequencies above the 10Hz were rejected so the role 

of ambient noises due to 50Hz power line interference was 

neglected. The analog output available was digitized by using 

analog-to-digital converter IC ADC0804 and its output was 

provided to the input of the encoder IC HT640. The parallel 

digitized data was hence converted to serial data and feed to 

the ASK Transmitter module TX 01 433MHz. The ASK Receiv-

er module RX 02 was kept at the receiver end for the reception 

of the serial data. This serial data was decoded to its parallel 

form by the use of decoder IC HT648. The analog signal was 

recovered to its original form by use of digital-to-analog con-

verter IC DAC0800.  

2.2 Subjects 

The experiment was conducted on 8 healthy right handed sub-

jects (4 F, 4 M) of age between 20-26 years (with mean age= 

22.25 years). Before each experiment, the subject was asked to 

comfortably sit on a chair in a relaxed position with eyes 

closed while the electrodes were placed according to the illu-

strated scheme.  

2.3 Experiment paradigm and data acquisation 

Typically, the EOG signal consists of eye movements in the 

vertical, horizontal, diagonal directions and blinks. The blink 

can be involuntary blink having amplitude around 50mV or a 

voluntary forced blink with amplitude of 500mV 

approximately [8]. The experimental tasks involved the 

execution of various combinations of eye movements by each 

subject. The eye movement combinations used for the present 

study are as follows: 

1. Continuous Right (R) and Left (L) eye movements 

for 5sec. 

2. Right (R) and Left (L) eye movements for 10sec 

followed by central eye-gaze or hold for 10sec 

followed by Up (U) and Down (D) eye movements. 

3. Continuous forced blinks and normal blinks. 

4. Right (R) – Up (U) and Left (L) – Down (D) 

diagonal eye movements each with 5sec hold. 

     The output of the EOG amplifier was feed into the NI USB 

6008 DAQ card. The signals were then visualized on the com-

puter screen after the creation of sub vi in the LabVIEW soft-

ware. The screen shots of the images seen while the acquisi-

tion of the EOG signals during the execution of different tasks 
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Fig 2. Methodology for design of EOG amplifier. 
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by a subject has been shown in the results.  
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3 RESULTS AND DISCUSSION 

The red lines in the figures shows the signal acquired from the 

horizontal (H) channel and the black lines show the signal 

acquired from the vertical (V) channels. The Fig. 3 shows the 

R-L eye movements executed by the subject for 5sec. The phe-

nomenon involved behind this resultant is that during the 

straight ahead eye-gaze, equilibrium is established in the eye 

dipole and EOG output is zero. While when the eye-gaze is 

shifted to right, the positive potential is picked up with respect 

to the second electrode and similarly, the reverse is resultant 

when the eye-gaze is shifted to left. The visualization of the 

acquired signals on the computer screen confirmed the occur-

rence of well-defined EOG peaks. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 

The Fig. 4 shows the resultant when the subject executed R-

L eye movements for 10sec followed by 10sec central eye-gaze 

followed by U-D eye movements for 10sec. It is evident from 

the observation that the U movements produces positive peaks 

while the D movements produces negative peaks. 

The Fig. 5 which shows the continuous forced and normal 

blinks clearly indicates that the two blinks are segregated due 

to production of positive potentials with different amplitude. 
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U

D
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L

Fig 4. Methodology for design of EOG amplifier. 

Fig 3. Continuous Right (R) and Left (L) eye movements for 5sec. 
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Fig 5. Continuous forced and normal blinks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6. Right (R) – Up (U) and Left (L) – Down (D) diagonal eye movements each with 5sec hold. 

 

     The Fig. 6 showing the R-U and L-D diagonal eye 

movements each with 5sec hold shows the production of 

another interesting result with different combination of eye 

movements. This resultant demonstrates that even further 

combinations of eye movements could be made which could 

holds grounds for the development of intelligent assistive 

technology based upon implementation of classification 

algorithms on the EOG signals [8, 13, 14]. 

4 CONCLUSION 

The purpose of the present study was to develop a cost effec-
tive and accurate EOG amplifier. The novel part of this device 
is its processing speed, size and low power consumption (just 

±9V DC power supply). The wireless module further makes it 
ideal for the real time implementation. More sophisticated  
 
signal processing and parameter setting can further improve 
the accuracy, speed and usability. This system could be com-
prehensively applied for the development of systems requir-
ing real time EOG signals as primary input. Additionally the 
pivot research topology can be used as a model for the devel-
opment of other biopotential amplifiers. 
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