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ABSTRACT  
 With the advancements in technology and healthcare 
facilities, the number of senior citizens have increased and 
thus number of elderly who find it difficult to walk. Hence 
there is a need for designing a wheelchair that is user 
friendly and involves fewer complexities. In this context we 
propose a mind controlled wheelchair, which uses the 
captured signals from the brain and process it to control the 
wheelchair. This wheelchair can also be used by the 
physically challenged who depend on others for locomotion. 
Rehabilitation centers at hospitals can also make use of this 
wheelchair. In this paper we explain the design and analysis 

of the thought controlled wheelchair. 
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1. INTRODUCTION 

Brain Computer Interface (BCI) is the technique that 
provides direct interface between the human brain and the 
computer. This is an emerging technology that is undergoing 
through a sea of research. It extracts signals directly from  

 

 

 
 
 
 

 
 
the brain thus circumventing the spinal cord and thereby 
giving spinally injured persons a go at normal life. In this 
paper the technology has been taken a step further with the 
design of the BCW that provides mobility to persons with 
motor immobility. Like any major technology, brain interface 
has its drawbacks, shortcomings and dangers but it is a 
technology for the future. BCI is an advancing technology 
promising paradigm shift in areas like machine control, 
human enhancement, virtual reality and etc. so it is 

potentially high impact technology. 

 

2. PROBLEM STATEMENT 

There are nearly 7 billion people in our world as in out of 
which there are a considerably large number of people who 
has at least one affliction. One of the most distressing one 
that anybody can have is paralysis of body parts. Paralysis 
can make the affected to seriously depend on others even for 
activities of daily living. A wheelchair is designed using BCI 
technique so that a person with any extent of disability can 
operate the wheel chair to attain self-independence at least 
in activities of daily life. 
 

 

 

 

 

 

  
 

 

 

 

 

Fig 1: Block Diagram of the Mind Controlled wheelchair 

3. WHEELCHAIR SYSTEM DESIGN 
The system is broadly classified into four blocks, thought 
acquisition block, thought transmission block, thought 
processing block and motor control block, each of which 
aims at acquisition of the EEG signals from the user scalp and 

processing it for controlling the wheelchair. EEG scalp 
potentials are amplified, digitized and transmitted to a 
processor and after processing the output of the processed 
signals are used to process the wheelchair.The wheelchair 
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system design consists of mainly 2 circuit boards: Signal 
Acquisition and Indication The circuit board consists of an 
instrumentation amplifier which eliminates the need for 
impedance matching and eliminates external noise. This is 
followed by a pulse width modulator; the PWM is used to 
reduce the noise levels and to transfer data without any loss. 
An isolator i.e. an opt coupler IC whose main function is to 
provide protection from electrical hazards. Concurrently 
followed by a PWM de-modulator. It also consists of an LCD 
display to indicate the current state and the signal levels. 

Finally, a 12V supply (2 nos.), one for signal acquisition and 
one for IC and components. The differential amplifier is 
being used here, the same is used in the differential amplifier 
mode, and here 3 op-amps are used. There are a total of 3 
EEG electrodes being used in the model. Out of which 2 
electrodes are used for collecting the EEG data and the 
remaining one as the reference or as ground. Wheelchair 
Driver Circuit It holds 4 relays and the driver. A 12V DC 
motor (2 nos.). Depending on the polarity, the clockwise and 
anti-clockwise direction of the motor is possible.

 

Table1: Resultant action from subsequent rotor inputs. 

 
Left Motor Right Motor 

Action 
Pin 1 Pin 2 Pin 1 Pin 2 

0 1 0 1 Forward 

1 0 1 0 Backward 

0 1 1 0 Left 

1 0 0 1 Right 

0 0 0 0 Stop 
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Fig.2: Schematic Outlining various stages involved in thought acquisition block 

 

3.1 Thought Acquisition Block 

This block primarily targets at the careful 
extraction of the EEG signal from the user scalp. It is made up 
of different blocks such as instrumentation amplifier, 
operational amplifier, high pass, low pass and notch filters. 
The purpose of the instrumentation amplifier is to extract 
the EEG signal. The extracted EEG signal is passed through 
the operational amplifier block for proper amplification. It is 
then, passed through the high pass, low pass and notch 
filters. The high pass filter, removes the noise in the signal. 
Low pass filter extracts the signal frequencies of interest. As 
DC power supplies are used, one common problem to 
encounter is the 60 Hz `power line signal. This 60 Hz power 
line signal will distort the EEG scalp potentials. Integration of 
a notch filter will filter out this undesirable power line signal. 
This block has been simulated and its details is been 
explained in the later sections of this paper. One of the 
disadvantages that can be considered about this system is 

that users with Slow Cortical Potentials (SCPs) cannot use 
this system. SCP is a state where the motor reflex of the 
patient is very slow and hence there is a delay between the 
mechanical input to the system and thereby a delay in the 
response of the system. 

 

3.2. Thought Transmission block 
This block focuses on the transmission of the acquired EEG 
signal (thought) to a processor. It consists of 12-bit A/D 
converter for digitizing the EEG signal. The ATMega644 
microcontroller is used for UART transmission. This 
microcontroller is having a 10-bit A/D converter peripheral, 
which cannot be used because of lesser resolutions. That is 
the reason we are using an external 12-bit A/D converter. 
The FTDI USB RS232 is an opto coupler used for electrical 
isolation to prevent electrical hazards during the 
transmission of the digitized EEG signal to a DSP as shown in 
Fig.3. It is also used for converting the RS232 signals to USB 
signals so that this setup can be interfaced to a processor. 
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3.3 Thought Processing Block 

This block consists of processor which processes the signal 
that is transmitted from the thought acquisition block to 
processor through the thought transmission block. 
 
 
 

3.4 Wheelchair Control System 

The wheelchair controller has the functionality of controlling 
the direction and speed of the wheelchair based on the 
output bits obtained from the signal processing block. 
Hercules motor driver is used in between the Permanent 
Magnet Direct Current (PMDC) motors. This module is used 
to control the motors in real time wheelchair. Two motors 
connected to the rear wheels of the wheelchair have to be 

controlled to define its motion. The PMDC motors can be 
controlled using Pulse Width Modulation (PWM) techniques 
that can be generated using the Board. The power 
wheelchair can be directionally controlled using suitable 
motor driver. Super Hercules 9V – 24V, 15A motor drivers 
are used to control the motors. These motor drivers can take 
up to 3A peak current load and can be operated up to 10 KHz 
PWM. The direction of the movement can be controlled using 
a separate pin on the motor driver which is used as direction 
pin. Hence the wheelchair can also be made to move in the 
reverse direction with the help of the direction pin on the 
motor controller. The control signals which include PWM 
and direction signals are given by the board to Hercules 
motor driver. The motor driver acts as a switch between the 
input 5V signal and required 24V output signals. The 
wheelchair moves a considerably good speed when it is 
given 15 volts.  

 
 
 

 

 
Fig3: Schematic of the mind controlled wheelchair. 

 
4. THOUGHT PROCESSOR-WHEELCHAIR 

CONTROL SYSTEM INTERFACE 
The thought processing block detects the brain signals for 
closing/shutting the eye and uses it to trigger the motor after 
passing through the various amplification stages. In the 
mean time, the LCD display will be showing the various 
movements such as ‘forward’, ‘backward’,’ left’ and’ right’. A 
timer is set which sets a limited time duration say 5 seconds 
for each movement or action i.e. the first 5 seconds will be 
displaying ‘forward’, then the next 5 seconds will be 

displaying ‘backward’ and so forth. Now the user can decide 
which action or movement to perform. If he wishes to go 
forward, then when ‘forward’ command is displayed on the 
LCD screen, he has to shut his eyes and the action is done by 
the wheelchair, thus without moving a single muscle. The 
user is asked to shut his eyes because it is during this time 
that there is maximum variation in the alpha waves 
produced by the brain. This signal is enough to drive the 
wheelchair. Now if the user wishes to move left, he has to 
wait until the time slot for left movement is active i.e. when 
the LCD screen shows ‘left’. Performing the same action will 
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lead to this movement. Likewise the movement of the 
wheelchair is carried out without even moving a muscle. 

 

 

 

5. CONCLUSION 
This paper provides a solution for the physically challenged that 

depends on others for locomotion. Different from previous 

researches and techniques, this control method uses the brain 

waves as the source input signal and the user is in no need to 

move a muscle in his body. By using two bipolar EEG channels 

with the right algorithms, high classification accuracy can be 

achieved. 
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