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Abstract: This paper focuses on the design of a motorized wheelchair based on brain 

computer interface specially designed for the people with physical impairments. The system 

design is based on signal acquisition, processing and classification of the signals and then 

sending the classified signals as a command to the wheelchair. The classification of the 

signals is based on fuzzy neural networks. Training of the data is used for the designing of 

the system and the data is used to measure the performance of the control system. Real 

conditions are used to control the speed and directions of the wheelchair. 
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Introduction 

The human brain signals are measured and converted into control signals requires an 

interface to be developed between the computer and the brain[1]. This interface is provided 

by the BCI i.e. Brain computer interface. This interface works on the brain activity of the 

humans or on the rhythms of signals generated by the human brain. These generated signals 

are processed and commands are generated which are used for controlling the wheelchair[2]. 

The extracted signals are based on the change of amplitudes and frequencies. BCI lets to 

improve the quality of the human life by offering them the platform to interact with the 

environment.  
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Proposed Method 

The system is based on the control of wheelchair which further consists of headset that is 

connected to the computer. The motorized wheelchair moves in all four directions and its 

speed is kept constant[3]. The system uses certain commands for moving the wheelchair as 

well as switch on and off the switch. The overall system consists of four units: signal 

acquisition, pre-processing, feature extraction, classification and action unit controls the 

motor of the wheelchair[4].  

Electrodes are implanted in a wearable cap on the basics of 10-20 positioning of the 

electrodes. The cap is worn by the patient and the electrodes extract the signals from the 

human brain. This process is called signal acquisition[5]. This paper focuses on the use of 

upper face gestures for actuating the commands as most relevant signals can be detected. The 

input EEG signals are sent to the signal pre-processing module for removing the noise in the 

signals and improving the signal to noise ratio. The signal undergoes feature extraction in 

order to extract the important features for classification. Extraction of signals is performed 

using Fast Fourier Transform[6]. The input signals are divided into windows or segments of 

particular time period. The focused system uses hamming window for eradicating the 

mismatch of signals. FFT is applied to each channel for finding out the frequency 

components of the signal. The improvised signals are sent to the classification unit and these 

classified signals are used as instructions and sent to the motors of wheelchair[7]. The 

classifier used in the proposed system is FNN which classifies the signals into six classes: 

backward, forward, left, right, switch on and off. The FNN follows if-then logic

 

Xi is input, Yj is output, i=1, 2, 3…m no. of input signals and j= 1,2,3…r is the number of 

rules. Aij refers to input fuzzy sets, bj  and Aij as coefficients[8].  

Out of the six layers present in the FNN, the first layer distributes the Xi where i=1,2,..,m. 

Second layer is the Gaussian membership functions.  
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Cij and бij are centre and width of Gaussian membership functions 

Membership of the ith input variable for jth function. The 3rd layer is rule layer 

where R1, R2,.., Rr represents behaviour of the regions[9]. The fourth layer is applied with 

gradient descent algorithm for updating the parameter of each parts. 

 

Uk
d and Uk are the desired and current output values of the system. K=1,…,n[10]. 

Results 

The EEG signals were measured with signal acquisition unit and were processed. The 

features were extracted and the noise was removed using filters. The classification of signals 

was performed through FNN model. These model is adopted to increase the performance of 

classification system. Initial parameter values of FNN are generated randomly. For training of 

FNN, 1000 epochs are used and the values of parameters are determined.  

Conclusion 

The paper relates to the design of FNN based BCI wheelchair. The control logic is 

based on the emotional thought of the user. It works on six mental activities: turn right, left, 

forward, backward, switch on and switch off. The classification system works on using fuzzy 

logic which provides 100% classified results.  
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