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 

Abstract: Disabled people in the world population were 

increasing constantly, So need of rehabilitative system also 

increasing every day. To overcome such wretched condition, we 

can use the biosignal techniques to device the rehabilitative 

devices. Rehabilitative devices may be called as Brain Computer 

Interface (BCI) or Human Computer Interface (HCI). We studied 

the performances of ten male subjects between the age group of 18 

to 25 using mean features and Elman Recurrent Neural Network 

(ERNN). We conducted our study with two different age group 

from 18 to 21 and 22 to 25. The average classification accuracy of 

91.00%, 93.57% were attained for the age group of 18 to 21 and 22 

to 25.  From the individual analysis we identified that 

performances from the age group 22 to 25 were appreciated then 

that of the age group from 18 to 21.  In between the study we 

analyzed that subject s from the age group 22 to 25 performed all 

the following five tasks neatly and accurately without any 

deviation and disturbance compared with age group from 18 to 21. 

Finally from the obtained result we concluded that subject from 

the age group 22 to 25 was higher than that of age group from 18 

to 21. 

 
Keywords : Locked in State, Mean, Spinal Cord Injury, Brain 

Computer Interface, Human Computer Interface, Elman 

Recurrent Neural Network. 

I. INTRODUCTION 

First Spinal Cord Injury (SCI) was caused in vertebral 

column or backbone column extending from neck to tail 

which was responsible for transmitting the body weight in 

standing and walking. The people affected with Spinal Cord 

Injury (SCI) were unable to communicate the messages from 
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the brain. So the affected areas were unable to perform motor, 

control sensory, muscle voluntary actions and make the 

muscles inactive below the level of injury [1]-[2]. There are 

two types of Spinal Cord Injuries they are 

1. Tetraplegia or quadriplegia Spinal cord affected 

near to the neck area is called Tetraplegia or 

quadriplegia. It causes loss of muscles activities 

in both hands and legs. 

2. Paraplegia Spinal cord affected near to the thoracic 

or lumbar areas are called Paraplegia. It causes 

muscles activities in legs and lower part of the 

body. 

Several devices have been developed for persons with Motor 

Neuron Disease (MND) using bio signals to overcome the 

Locked in State (LIS).  Some of the well known rehabilitative 

devices were listed here they are Eye Writing System [3], 

Game Controller [4], Home Appliances [5], Virtual 

Keyboard [6]-[7], Intelligent Car Driving Controller[8],  

Joystick Controller [9] and Vowel Recognition System [10]. 

So we planned to make preliminary study to develop 

communication device using rehabilitative device. 

Rehabilitative devices replaced the communication channels 

in the lack of biological channels. Initially we start our 

experiment with five tasks to perform five state device using 

five movements to ensure the potential of developing control 

signals to control the external device using classification 

techniques. 

II.  BACKGROUND STUDY 

Locked in State (LIS) affected individuals were growing 

rapidly,  So there is a  need of  assistive devices    and its 

technologies to beat such problem. Some of the important 

studies related to this researcher were listed below. 

Ramkumar, et.al (2019) designed the HCI using Neural 

Network and Power Spectral Density from ten subjects and 

obtained 91.38% for all the right handed subjects and 93.38% 

for all left hand subjects [11]. Qiyun Huang,  et. al (2019) 

modeled robotic arm  for spinal cord injury persons using 

blink detection algorithm  and obtained the accuracy of  

99.3% and 97.3% [12]. S.Fang, et. al (2019) created a 

rehabilitative device for ALS affected persons from  ten 

subjects using neural network with periodogram features and 

obtained the maximum accuracy of 93.67 % and 92.28% for 

male and female subjects[13]. Y.Li,  et. al (2018) designed 

EOG based wheelchair control and tested with normal and 

spinal cord injured persons using blink detection algorithm 

with steady-state visual evoked potentials (SSVEPs)  and 

gained the accuracy of 

96.7%  and 91.7% [14].  
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Gu Jialu, et. al (2018) designed EOG controlled wheelchair 

from twenty subjects Layered recurrent neural 

network (LRNN) model with convolution and Plancherel 

features and obtained the accuracy of 90.72% and 91.28% 

respectively[15].  

S.He and  Y.Li,(2017) modeled EOG based Speller from 

wave detection algorithm and support vector machine 

techniques from eight healthy subjects and obtained the 

accuracy of 93.43% and 94.4% [16]. K.R.Lee, et. al (2017) 

developed eye writing system from twenty subjects  using 

vertical and horizontal eye movement tasks and obtained an  

average accuracy of 87.38%  for twenty nine symbolic 

patterns respectively [17]. N.Barbara and T.A.Camilleri, et. 

al (2016) designed EOG glass  based Speller using wet 

electrodes by implementing threshold algorithm and obtained 

the accuracy of 90.59% [18]. A.Rakshit, et. al (2016) 

designed  digit recognition system for speech disabled 

patients using twelve healthy subjects by applying the Power 

spectral density feature with support vector machine to 

categorize the different tasks and obtained the accuracy of 

90% [19]. From the latest survey we confirmed that EOG 

based HCI was possible in the real time environment to direct 

the external devices. So we planned to conduct preliminary 

study to discover the acquired movement to activate the 

external devices by means of two different age group subject 

s from 18 to 21 and 22-25 using five tasks. 

III. METHODOLOGY OF THE RESEARCH 

A. Experimental Setup 

Two points were on the wall with a distance of one meter.  

Subject was placed one meter away from the two marked 

points. The room was not covered with any sound proof 

materials and lighted with tube lights. Initially the subjects 

were requested to perform the five movements prior to 

collecting the signals. All the subjects participated in the 

events were trained for five minutes before acquiring the 

signals. 

B. Data Collection 

All the subjects were requested to perform the five tasks 

individually in one session as per protocol followed in our 

prior study [20]-[22]. Each task was recorded for ten times 

and each trial was recorded for two seconds. Totally two 

hundred samples were acquired for one trial. Fifty trials were 

recorded for five tasks per subjects. Totally master dataset of 

500 samples were used to extract the features to analyze the 

individual task. 

C. Feature Extraction 

Feature extraction is a technique of removing the irrelevant 

data and extracting the most prominent features from the 

original dataset to encourage the classification accuracy. In 

this study we applied the mean method to extract the features.  

Mean is otherwise called arithmetic average which states that 

number of input values divided by the total number of sample 

items [23]-[25] which was shown in the equation.1 

                                               1 

 represents Sample Mean 

 Indicates the summation (add up) 

 Number of current Input value 

N Total number of sample item 

From the feature extraction method sixteen samples from 

each trial was given as an input. Follow the same procedure 

for fifty trials for the following five tasks per subjects to 

classify the data. 

IV. NETWORK MODEL 

For performing classification we used Elman Recurrent 

Neural Network (ERNN) with sixteen input features and four 

output neurons.  During 1990 ERNN was developed by 

Jeffrey L.Elman. It was two layered back propagation 

network with the accumulation of feedback connection from 

the output of the hidden layer to its input. There was a 

feedback connection from the first layer output to the first 

layer input, a recurrent connection was entrenched, which 

grant the Elman network to sense and generate time varying 

patterns. The feedback tracks allow an Elman network to 

learn to distinguish and generate temporal as well as spatial 

patterns. The weights on the feedback connection to the 

context units are fixed, and information processing is 

sequential in time, therefore training in this network is more 

difficult than for a standard back propagation network. The 

delay in this connection stores values from the previous time 

step, which can be used in the current time step. Here a 

specific group of units called context units receives feedback 

signals from the previous time step. The weights from the 

context units to the hidden units were trained in exactly the 

same manner as the weights from the input units to the hidden 

units. At the time the activation of the context units imply the 

activations of the hidden units at previous time step. This 

improves the classification rate and training time of the 

network in comparison to a feed forward neural network. The 

hidden neuron was fixed as eight using trial and error method. 

The maximum number of training will stop after 1000 

iteration and the error tolerance rate was fixed at 0.1 

[26]-[37]. The architecture implemented in this study was 

represented in the fig.1. 

V. EXPERIMENTAL RESEARCH 

In this study we mainly focused to develop the five states 

HCI using five tasks collected from ten subjects. Master 

Dataset was created by executing five tasks from ten subjects. 

Age group was in between 18 to 25. During the data 

collection we divide the subjects in to two levels (Age group 

of 18 to 21 and Age group of 22 to 25) to analyze the 

performances of the different subjects individually by using 

Mean features with ERNN model. From the Table.1 and 

Table.2 we identified that network model using Mean 

features showed the maximum performances for the age 

group of 22-25 then that of the subjects with age group of 

18-21. The maximum and minimum performances of the two 

age groups were illustrated in the fig.2 to fig.5. From the 

Table.1 and Table.2 we interpret that maximum 

performances of 94.32% and 95.68% were obtained for the 

subjects S3 and S10 from two different age groups. From the 

same Tables we obtained the minimum performances of 

88.19% , 89.13% for subjects S5 and S6 which was shown in 

the fig.2 to fig.5 respectively. The average classification 

accuracy of 91.00%, 93.57% were attained for age group of 

18 to 21 and 22 to 25.  Individual highest and lowest 

classification accuracy of 92.44% , 91.70% for age group of 

18 to 21  and 94.32%, 93.12% for age group of  22 to 25 for 

the subjects S3, S4 and S10, S8 were obtained  which was 

illustrated in the fig.6. Finally from the analyzed result we 

concluded that subject from the age group 22 to 25 

performances were higher than that of age group from 18 to 

21. 
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Fig.1. ERNN Architecture Implemented in this Study
 

Table I. Classification accuracy using Mean features and ERNN model for the age group 18 to 21 
 

 

 

 

 

 

 

 

  

 

 

 

 

 
Fig.2. Maximum accuracy of five subjects for the age group between 18 to 21 

Subjects 

Mean 

Training 

Time (sec) 

Mean 

Testing 

Time (sec) 

Average Performance (%) 

SD MAX MIN MEAN 

S1 13.45 

 

0.51 

 

1.71 

 

93.28 

 

88.48 

 

92.11 

 
S2 13.76 

 

0.54 

 

1.78 

 

93.90 

 

88.42 

 

91.86 

 
S3 14.01 

 

0.52 

 

1.82 

 

94.32 

 

88.76 

 

92.44 

 
S4 13.55 

 

0.56 

 

1.81 

 

93.65 

 

89.24 

 

91.70 

 
S5 13.89 0.57 1.77 93.85 88.19 91.88 
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Fig..3. Minimum accuracy of five subjects for the age group between 18 to 21 

 

Table II. Classification accuracy using Mean features and ERNN model for the age group 22 to 25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.4. Maximum accuracy of five subjects for the age group between 22 to 25 

 

Subjects 

Mean 

Training 

Time 

(sec) 

Mean 

Testing 

Time 

(sec) 

Average Performance (%) 

SD MAX MIN MEAN 

S6 13.23 

 

0.68 

 

1.78 

 

95.14 

 

89.14 

 

93.18 

 
S7 13.39 

 

0.64 

 

1.76 

 

94.89 

 

89.28 

 

93.49 

 
S8 13.65 

 

0.63 

 

1.73 

 

94.67 

 

89.67 

 

93.12 

 
S9 13.60 

 

0.61 

 

1.82 

 

95.17 

 

89.42 

 

93.76 

 
S10 13.22 0.53 1.79 95.68 89.96 94.32 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-9, Issue-2S2, December 2019  

 

846 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: B11311292S219/2019©BEIESP 

DOI: 10.35940/ijitee.B1131.1292S219 
 

 

 

 
Fig.5. Minimum accuracy of  five subjects for the age group between 22 to 25 

 
Fig.6. Overall Percentage for two different age groups (Subject S1 to S5 belongs to the age group between 18 to 21 and  

Subject  S6 to S10 belongs to the age group between  22 to 24). 

 

VI. CONCLUSION 

We conducted our experiment with ten subjects with 

different age groups between 18 to 25 to analyze the 

performances using EOG signals collected using bio 

amplifier (Analog Digital Instrument) ADI T26 with five 

electrodes from five tasks to identify the performances in 

various age group subjects respectively. From the study we 

obtained the maximum classification accuracy of 92.44% for 

subject S3 and 94.32% for subject S10 were obtained and 

also we obtained the minimum classification accuracy of 

91.70% for subject S4 and 93.12% for subject S8 using 

Euclidean features with ERNN model.  The average 

classification accuracy of 91.00%, 93.57% were obtained for  

the age group of 18 to 21 and 22 to 25.  
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Finally from the analyzed result we concluded that subject 

from the age group 22 to 25 performances were higher than 

that of age group from 18 to 21. In the upcoming study we 

prepared to perform our testing in online with more tasks in 

real time environment with naive users. 
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