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Abstract— The main objective of this paper is to build a Brain 

control wheelchair for patient of Amyotrophic Lateral 

Sclerosis(ALS).The method are used in this project is the 

Brain computer interface(BCI),which enables direct 

communication between the brain and electric wheelchair. 

The best method for recording the brain’s activity is 

electroencephalogram (EEG). EEG signal also known as 

brainwaves signal. The device that used for capturing the 

EEG signal is the Brain sensing headset. This headset is able 

to transmit the EEG signals wirelessly via Bluetooth to the 

microcontroller. By the using microcontroller software. The 

EEG signal are processed and converted into mental 

command, obtained the output electrical signal is sent out to 

the electrical wheelchair to perform the desired movement. 
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I. INTRODUCTION 

Millions of people around the world suffer from mobility 

impairments [1]. People having mobility impairments need 

new device with sophisticated technologies to help them for 

comfortable mobility. Many patients are unable to control the 

powered wheelchair using conventional interface and also 

they are deemed incapable of driving safely [1]. Brain 

controlled wheelchair is being developed  to provide mobility 

to the individuals who find it impossible to use a powered 

wheelchair due to motor, sensory, perceptual, or cognitive 

impairments. Advancements in robotics, sensor technology 

and artificial intelligence promises enormous scope for 

developing an advanced wheelchair. Brain computer 

interfaces (BCI) are systems that communicate between 

human brain and physical devices by translating different 

patterns of the brain activity into commands in real time. The 

electrical activity of the brain is monitored in real time using 

an array of electrodes, which are placed on the scalp in a 

process known as electroencephalography (EEG). Traditional 

EEG sensors are expensive and their use is limited only to 

hospitals and laboratories.  The electrodes  of EEG  sensors 

require conductive  gel  on  skin  in  order  to  facilitate  

reading  signals[2].  The  advantage  of  using  a  portable  

EEG brainwave headset  is that  it uses a dry active sensor  

technology to  read brain electric  activity. Traditional gel 

based EEGs can take up to 30 minutes to start acquiring data 

while the Neurosky headsets are ready to go in seconds. For 

this reason, headset based on Neurosky technology is cost- 

effective and easy to handle. The on board Think Gear IC 

processes raw signals, filters the noise and digitizes the signal 

[2-5]. The multipurpose manual wheelchair is designed to 

serve various purposes of the patient as well as elderly people 

[6]. The proposed work deals with engineering an interface 

between the human brain and an electric wheelchair using a 

portable EEG brainwave headset and firmware signal 

processing and filtering. 

II. OBJECTIVES AND SCOPE 

A common feature between all BCIs is that, since the 

recorded brain signal is very noisy and has a large variability, 

either the uncertainty on the command will  be high,  or the 

time between consecutive commands will be long, in the 

order of seconds. Can such a poor signal be used to safely and 

efficiently control a wheelchair that requires a real-time 

specification of its position within the three-dimensional 

space of planar motion? This is the challenge we address in 

this report. Numerous applications of BCI’s are reported in 

the literature, mostly for communication or computer control. 

 However, a brain-controlled wheelchair implies 

more considerations: 

 Safety: especially since it transports a particularly 

vulnerable person. 

 Ergonomy: the wheelchair should provide intuitive and 

efficient navigation with a minimum of effort. 

 Low cost: so that people who need it can afford it. 

 Our goal in this work is to propose a strategy to 

control a wheelchair from a BCI. This requires a robotic 

wheelchair able to assist the user with the navigation task, and 

a BCI together with a control scheme adapted to the task. All 

of these requirements should be achieved while respecting the 

above constraints. While the signal processing part of the BCI 

was based on previous developments at the Institute for 

Infocom Research (I2R) in Singapore, it was adapted here to 

the purpose of controlling a wheelchair safely and 

comfortably. Its specific properties were evaluated 

experimentally and analyzed, and the overall control 

integrated different modalities to yield an efficient solution 

for controlling the wheelchair. 

A. Block Diagram 

 
Fig. 1: Block diagram of Brain sensing computer interface 

 Firstly, a dry electrode is used to record the brain 

waves. These raw waves are sent via Bluetooth to a data 

processing unit whose output is serial data. Subsequently, this 
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data is sent to microcontroller. Furthermore, the 

microcontroller is connected to a LED display and two 

motors which rotate according to the commands of EEG 

sensor. Figure 1 shows the proper function of brain sensing 

interference. 

B. Flow Chart 

Initially, Bluetooth should be turned on. Next, the brain wave 

sensor acquires the EEG signals from the brain using a dry 

electrode. Subsequently, these values are transmitted to 

Microcontroller using Bluetooth. Now, these values are sent 

to the DC motor and moved the wheelchair according to the 

command (Figure 2). 

 
Fig. 2: Flow chart 

1) Existing Method 

In the existing system, patient must depend on other person 

for moving wheelchair. It is more time consuming task and it 

is less effective [7]. Moreover, the normal person may not be 

available all the time. As a result, it becomes uncomfortable 

for both patient and his/her helper. Furthermore, pushing a 

wheelchair is a mundane task and it requires lots of 

concentration. In the end, the hospital may be crowded due to 

increased number of visitors [8, 9]. 

2) Proposed Method 

In this system, the disabled people needn’t call others to move 

their wheelchair. Instead, a robotic module that consist of 

various components like Microcontroller, Brainwave Sensor, 

and Bluetooth will take care of the task. In other words, the 

nerves of the patient are bypassed using this wireless 

technology and move accordingly the command [10]. 

III. DESIGN AND IMPLEMENTATION 

A. Methodology 

An electrical wheelchair is required for this project. The 

electrical wheelchair structure is built from scratch and the 

electronic circuits are designed in order to control the electric 

motor on the wheelchair. The electronic circuits include the 

microcontroller and motor driver. The connections of the 

electronic boards are connected as shown in the block 

diagram in Figure 3. 

 
Fig. 1: Electrical Board Connection in Electrical Wheelchair 

System 

 The whole BCI system consists of several devices. 

These devices are known as Neurosky mindset headset, 

laptop or PC with Windows operating system and electrical 

wheelchair with a microcontroller.  

B. Hardware 

1) DC Motor 

 
Fig. 2.1: DC motor 

A DC motor is any of a class of rotary electrical motors that 

converts direct current electrical energy into mechanical 

energy. The most common types rely on the forces produced 

by magnetic fields. Nearly all types of DC motors have some 

internal mechanism, either electromechanical or electronic, to 

periodically change the direction of current in part of the 

motor. 

 DC motors were the first form of motor widely used, 

as they could be powered from existing direct-current lighting 

power distribution systems. A DC motor's speed can be 

controlled over a wide range, using either a variable supply 

voltage or by changing the strength of current in its field 

windings. Small DC motors are used in tools, toys, and 

appliances. The universal motor can operate on direct current 

but is a light weight brushed motor used for portable power 

tools and appliances. Larger DC motors are currently used in 

propulsion of electric vehicles, elevator and hoists, and in 

drives for steel rolling mills. 

2) HC-05 Bluetooth Module 

The HC-05 is a very cool module which can add two-way 

(full-duplex) wireless functionality to our projects. we can 

use this module to communicate between two 

microcontrollers like ARM or communicate with any device 

with Bluetooth functionality like a Phone or  Laptop. There 

are many android applications that are already available 

which makes this process a lot easier. The module 

communicates with the help of USART at 9600 baud rate 

hence it is easy to interface with any microcontroller that 

https://en.wikipedia.org/wiki/Electrical_motor
https://en.wikipedia.org/wiki/Universal_motor
https://en.wikipedia.org/wiki/Brush_(electric)
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supports USART. We can also configure the default values 

of the module by using the command mode. So if we looking 

for a Wireless module that could transfer data from our 

computer or mobile phone to microcontroller or vice versa 

then this module might be the right choice for us. However 

do not expect this module to transfer multimedia like photos 

or songs; we might have to look into the CSR8645 module 

for that. 

 
Fig. 2.2: HC-05 Bluetooth Module 

3) ARM Microcontroller 

 
Fig. 2.3: ARM Microcontroller 2148 

The LPC2141/42/44/46/48 microcontrollers are based on a 

16-bit/32-bit ARM7TDMI-S CPU with real-time emulation 

and embedded trace support, that combine microcontroller 

with embedded high speed flash memory ranging from 32 kB 

to 512 kB. A 128-bit wide memory interface and a unique 

accelerator architecture enable 32-bit code execution at the 

maximum clock rate. For critical code size applications, the 

alternative 16-bit Thumb mode reduces code by more than 30 

% with minimal performance penalty. 

 Due to their tiny size and low power consumption, 

LPC2141/42/44/46/48 are ideal for applications where 

miniaturization is a key requirement, such as access control 

and point-of-sale. Serial communications interfaces ranging 

from a USB 2.0 Full-speed device, multiple UARTs, SPI, 

SSP to I2C-bus and on-chip SRAM of 8 kB up to 40 kB, make 

these devices very well suited for communication gateways 

and  protocol converters, soft modems, voice recognition and 

low end imaging, providing both large buffer size and high 

processing power. Various 32-bit timers, single or dual 10-

bit. ADC(s), 10-bit DAC, PWM channels and 45 fast GPIO 

lines with up to nine edge or level sensitive external interrupt 

pins make these microcontrollers suitable for industrial 

control and medical systems. 

4) Node MCU (Microcontroller Unit) 

Node MCU is a low-cost open source IoT platform. It 

initially included firmware which runs on the ESP8266 Wi-

Fi SoC from Espressif Systems, and hardware which was 

based on the ESP-12 module.  

 
Fig. 2.4: Node MCU 

 Node MCU is an open source firmware for which 

open source prototyping board designs are available. The 

name "Node MCU" combines "node" and "MCU" (micro-

controller unit). The term "Node MCU" strictly speaking 

refers to the firmware rather than the associated development 

kits . Both the firmware and prototyping board designs 

are open source.[9] 

 The firmware uses the Lua scripting language. The 

firmware is based on the eLua project, and built on the 

Espressif Non-OS SDK for ESP8266. It uses many open 

source projects, such as lua-cjson and SPIFFS. Due to 

resource constraints, users need to select the modules relevant 

for their project and build a firmware tailored to their needs. 

Support for the 32-bit ESP32 has also been implemented.  

5) EEG Headband:- 

In 1924, Hans Berger, a German psychiatrist, performed the 

first electroencephalographic (EEG) recording in humans 

(Berger, 1929), a discovery that was initially greeted with 

great skepticism by the scientific community. By recording 

from one electrode placed over the forehead and one over the 

occipital cortex, Berger discovered the existence of rhythmic 

activity oscillating at approximately 10 Hz, particularly 

during relaxed wakefulness and in the absence of sensory 

stimulation or mental activity. In this landmark discovery, 

Berger described for the first time what would become known 

as alpha waves. As a result, Berger was among the first to 

suggest that the periodic fluctuations of the human EEG may 

be associated with mental processes, including arousal, 

memory, and consciousness. Over the years, developments in 

data collection and analyses transformed EEG into one of the 

prime techniques for studying the human brain. 

 
Fig. 2.5: EEG Brain wave sensor 

https://en.wikipedia.org/wiki/Internet_of_Things
https://en.wikipedia.org/wiki/Firmware
https://en.wikipedia.org/wiki/ESP8266
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/System_on_a_chip
https://en.wikipedia.org/wiki/Prototyping
https://en.wikipedia.org/wiki/Node_(computer_science)
https://en.wikipedia.org/wiki/Micro-controller
https://en.wikipedia.org/wiki/Micro-controller
https://en.wikipedia.org/wiki/Development_kits
https://en.wikipedia.org/wiki/Development_kits
https://en.wikipedia.org/wiki/Open_source
https://en.wikipedia.org/wiki/NodeMCU#cite_note-9
https://en.wikipedia.org/wiki/Lua_(programming_language)
https://en.wikipedia.org/w/index.php?title=SPIFFS&action=edit&redlink=1
https://en.wikipedia.org/wiki/ESP32
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 For our proof of concept, we have used an EEG 

headset called Neurosky Mobile 2. The headset is Bluetooth 

capable and transmits brainwave data with negligible latency. 

The EEG data is transmitted to a processor which uses neural 

networks to determine intent of thought and sends the 

command. 

1) EEG Module: Consists of the BCI headset and is 

responsible for detecting the P300 waves and sending the 

serial data to the processing unit. Any open source 

headset can be used as long as the latency and accuracy 

are limited to reasonable amounts. 

2) Control Module: The software-based processing unit 

which translates the raw EEG serial data pertaining to a 

particular thought. 

IV. RESULT & DISCUSSION 

As result, an electrical wheelchair which is able to function 

as a common electrical wheelchair is developed. 

 The program is able to read and process the EEG 

data from the Nurosky headset into mental command. After 

processing, this program sends out the command signal to the 

connected HC-05 Bluetooth on the microcontroller board of 

the wheelchair. In the end, the electrical wheelchair is able to 

move according to the user's command. 

 
Fig. 6: Wheelchair prototype 

 By using this application, the electrical wheelchair 

can be directly controlled by human brain. The results shows 

that the processed EEG data does not provide 100% accuracy 

according to the human mental command. However, it can 

achieve up to 90% of accuracy. The testing result for mental 

commands which conducted by 5 users are shown in table 

below: 
Command/ 

User 
1 2 3 4 5 Total 

Forward 5/10 6/10 8/10 8/10 4/10 31/50 

Backward 9/10 8/10 9/10 9/10 7/10 42/50 

Left 6/10 7/10 9/10 8/10 8/10 38/50 

Right 8/10 9/10 7/10 9/10 8/10 41/50 

Total 28/40 30/40 33/40 34/40 27/40  

 Therefore, this shows that the BCI (brain-computer 

interface) for the electrical wheelchair is successfully 

established. 

V. CONCLUSION 

The mind wave headset records the electric activity of the 

brain and the wheelchair moves according to the mind 

attention or meditation level. This project deals with 

engineering an interface between the human brain and an 

electric wheelchair using a portable EEG brainwave headset 

and firmware signal processing and filtering. This project 

aims at creating a cost efficient solution, later intended to be 

distributed as an add-on conversion unit for a normal 

wheelchair. 
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