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Abstract 

This work presents the development of a robotic wheelchair that can be commanded by users. It provides flexibility to choose 

different modalities to command the wheelchair, in addition to be suitable for people with different levels of disabilities like 

partially paralyzed, by birth disabilities, accidental injuries etc. Users can command and control the wheelchair based on their 

head movements. Also, the user can control some home appliances. As a trial, we work on the lighting system in a room that is 

ON and OFF mechanism of a light. The wheelchair can also operate like an auto-guided vehicle, with the help of obstacle 

sensors, which detects the obstacles in front of it, and it either stops or takes deviation. A main door detection section is provided 

with a magnetic sensor in the wheelchair and a magnet fixed at the main door for safety and then the wheelchair stops. A security 

as well as a safety alarm is provided in the device, which beeps when the device may hit somewhere or an emergency situation 

occurs. Head movements are used for both moving the device and for controlling directions of the device. This device is capable 

of lighting the room by eye movements.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Robotic technologies have the potential to improve the lifestyles of people suffering from one or more disabilities. Related 

developments are often grouped under the terms Rehabilitation Technologies or Assistive Technologies. They attempt to restore 

human abilities that have been reduced or lost by disease, accident, or old age. Mobility is one such function. Robotic 

wheelchairs extend the capabilities of traditional powered devices by introducing control and navigational intelligence. These 

devices can ease the lives of many disabled people, particularly those with severe impairments, by increasing their range of 

mobility. Without   wheelchairs, many disabled people can become prisoners in their own homes, unable to access education or 

employment. That is why the estimated 25 million people in the world who need a wheelchair, but do not have one, are often 

among the most disadvantaged and poor in society. A suitable wheelchair can be a vital means of mobility, enabling participation 

in family and community activities, from income generation to advocacy of human rights. There are many reasons why a person 

may not be able to travel freely, including motor control problems, spinal injuries, and amputation[3]. A wheelchair is a 

mechanical device that can often assist. Now the researches are aimed at creating ‘intelligent’ devices that can sense information 

from their environment and respond in useful ways. The designing robotic wheelchair use head tilt movement to steer the 

wheelchair. In addition, we can give more independence to the disabled person by using the eye blink to communicate with the 

devices in a room like operating a light or a fan. This communication is done using a RF transmitter and receiver[2]. The overall 

framework of this work is to restore autonomy to severely disabled people by helping them use independently a power 

wheelchair. The amount of work that the rider chooses to do and how much control is taken by the chair is decided by the rider 

and his or her care. 

II. LITERATURE SURVEY  

Many groups have proposed or developed robotic wheelchairs. Most robotic wheelchairs are implemented by modifying existing 

Powered Wheelchair systems. One such project, the Tin Man wheelchair, uses servomotors to control the host chair through an 

unmodified joystick. Wheelchair equipment has also been designed from scratch. These devices enhance traditional designs in 

order to increase the possibilities of travel in challenging environments. Some of the earliest work in the development of 

intelligent wheelchairs was a system implemented by Connell and Viola in which a chair is mounted on top of a robot to make it 

mobile. Mr. Ed, as the chair was called, could be controlled by the user using a 

 Joystick[4] mounted on the arm of the chair and connected to the robot. The user could also delegate control to the system 

itself to perform certain functions such as avoid obstacles or follow other moving objects. In addition to the joystick, input to the 

robot comes from bumper switches at the front and rear of the robot, eight infrared proximity sensors for local navigation and 

two sonar sensors at the front of the robot for following objects. Control is passed from the user to the robot through a series of 
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toggle switches[5]. A set of layered behaviors were used to control the chair’s movement. These were broken into competencies 

with each small set of rules becoming a toolbox to achieve a particular goal. These groups could be enabled or disabled by means 

of switches controlled by the operator. It worked as a partnership in which the machine took care of the routine work and the user 

decided what needed to be done. 

 The KIPR[1], located in Virginia is a non-profit educational corporation performing R&D on the integration of robotics in 

assistive technology, space robotics and autonomous underwater vehicles as well as education in robotics and related fields. 

David Miller and Marc Slack at KISS Institute have developed TinMan I and II. CALL Centre at the University of Edinburgh 

has developed the CALL[1] Centre Smart Wheelchair. It was originally developed as a motivating educational and therapeutic 

resource for severely disabled children. The chairs were designed to assist in the assessment and development of physical, 

cognitive, social and communicative skills. Thirteen chairs have been built and evaluated in three local schools, one in a 

residential hospital and three others in pre-vocational establishments. The chairs are adapted, such as switches, joysticks, laptop 

computers, and voice-output. Wheelesley[1] is the name given to the chair used for experimental development by Holly Yanco, 

first at Wellesley College and now at MIT.  

     This research is to design a simple and user friendly robotic wheelchair that moves and change directions based on head 

movements of the user. The user can operate the electrical appliances in the room with eyes. This is a very safe and secure device 

with an obstacle sensor, main door detection system and an alarm system. This device is also very simple to implement with a tilt 

switch, eye blink sensor and other components with in associated with two PIC microcontrollers. The research methodology is 

developed under the following assumptions: 

1) To use wheelchair automatically for moving forward, backward, Left & Right through head movements. 

2) Our project Automatic wheelchair basically works on the principle of tilt switch and sensors. 

3) When person tilt his head in forward direction above 20 degree angle chair will move in forward direction. 

4) If person tilt his head in backward direction above 20 degree angle chair will move in backward direction. 

5) If person tilt his head in left direction above 20 degree angle chair will move in left direction. 

6) If person tilt his head in right direction above 20 degree angle chair will move in right direction. 

7) An eye blink sensor attached to a spectacle helps to operate the home appliances such as light and fan by the user. 

8) An obstacle sensor, magnetic sensor and an alarm system is providing to achieve maximum safety. 

III. DESIGN AND IMPLEMENTATIONS 

To design the system and to implement it, a circuit has to be followed, for that it requires a number of hardware components 

including microcontrollers. These components are assembled on a PCB board. Software is very important to make a 

microcontroller working. For this project two microcontrollers are used. The prototype chair is implemented with a small chair, 

here we use a simple demonstration vehicle with two wheels and considering that the real wheelchair will works same as that of 

the demonstration. We use 60rpm or a 45rpm motors as our speed requirement to move the chair. 12V rechargeable battery is 

used to run the motors. A microcontroller is an ‘all in one' processor, the processor, RAM, ROM, IO all on the one chip. 

Microcontroller is specific purpose device. PIC16F877A - is the microcontroller being used to operate the wheelchair. 

PIC16F676 is the microcontroller used to manage the operation of home devices according to the commands from master unit. 

 
Fig. 1: (a) Mercury tilt switch. (b) a cap that place  tilt  switch on head. 
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Fig. 2: Placing of an eye blink sensor on a spectacle. 

 Microcontroller is used to control the device. The rest of the modules are controlled by the microcontroller. The wheelchair 

can be operated in two modes wheelchair control mode and home appliance control mode. The tilt switches are programmed to 

control the movement of the wheelchair in wheelchair control and eye blink sensor is programmed to control home appliances in 

home appliance control mode. In addition, we are tried to give more independence to the handicapped people 

by using the eye blink sensor to control home appliances. This communication is done using a RF Transmitter/Receiver[2]. 

 Using this disabled person can control various devices easily. RF module comprises of a transmitter and a receiver. It operates 

at a frequency of 434MHz. RF transmitter receives serial data and transmits it wirelessly through RF through its antenna. The 

transmission occurs at the rate of 1Kbps - 10Kbps. The RF module is often used along with a pair of encoder/decoder. The 

encoder is used for encoding parallel data for transmission feed while reception is decoded by a decoder. The obstacle sensor is 

placed at the bottom of the wheelchair. It is used to stop the wheelchair in case there is an obstacle. The obstacle sensor stops the 

wheelchair completely and it must be reset to operate again. Mercury tilt switch is used for the direction selection. Four switches 

are aligned parallel to horizontal surface and bind it, this is attached either to a cap or to a headphone and can fix on the user’s 

head. To control the home appliances like light and fan an eye blink sensor attached to a spectacle is used. As wide varieties of 

wheelchairs are available we tried to develop one with easy implementation, user friendly and affordable for everyone. Four 

control commands were implemented, namely ‘going forward’, ‘turning right’, ‘turning left’ and ‘reversing ’[1]. In both control 

modes, the user does not have to maintain the head movement during the control command. Experimental results show that the 

proposed HMI is reliable for controlling a wheelchair. 

 Wheelchair Controlling A.

Fig. 3. shows a simplified block diagram for the working and controlling of wheelchair with head movements and other features 

of the system. PIC16F877A microcontroller unit is used to control the entire working. Head movements are analyzed with the 

movements of tilt switches attached on the head using a head phone or a cap as shown in fig.1 and thus the programmed 

microcontroller runs and send commands to the motor drivers and then wheelchair moves that direction. Power supply, a 12V 

DC power supply is used to turn the vehicle ON. Instead of 12V DC, a 230V, 50Hz AC can be used with an adapter of 1A, 12V 

SMPS. A voltage regulator of 12V to 5V is used, as 5V is sufficient for all components except the motors. For driving the motors 

12V is required. An LED is given to indicate the power. This is to detect whether the connection is perfect and supply is there, 

which indicates the circuit is power ON. Wireless transmitters, an RF transmitter of 433MHz of either ASK or FSK is used to 

send commands. An encoder is used associated with transmitter. A magnetic sensor is provided for main door detection to avoid 

the unexpected accidents for the user. A strong magnet is placed at the floor of the main door, when the wheelchair reaches the 

main door the magnetic sensor attached in wheelchair sense the magnet then it automatically stops and security alarm beeps. An 

obstacle sensor is provided to detect the obstacle and device stops with beeping alarm. This device is designed very precisely 

with more security and safety systems and very comfort and easy for using. 

 As a plan or a sketch is necessary for every work, in terms of electronics this sketch is known as circuit diagram. For this 

research it requires two circuits as explained in the block diagram one for the wheelchair controlling and other for home 

appliances controlling. This research use a simple circuit with less complexity and less components. As shown in fig.4. the 

circuit is constructed using a microcontroller PIC16F877A, a wireless serial data encoder HT12E, a motor driver L293D, voltage 

regulator 7805, mercury tilt sensors, IR proximity sensor, eye blink sensor, magnetic sensor, gear motors and a buzzer. L7805 is 

used to regulate the voltage from 12V to 5V. The circuit uses 12V supply for the motors and 5V for the rest of the circuit. 

PIC16F877A manages all the operations. A 12MHz crystal gives the oscillation for the clocking circuit of microcontroller. Pins 

37 to 40 i.e. RB4 to RB7 of PORTB are connected to the output pins of HT12E. The transmit enable pin of HT12E is connected 

to pin 36 i.e. RB of PORT B. Microcontrollers control the home devices through HT12E and the wireless transmitter connected 

to  
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Fig. 3: Block diagram for controlling wheelchair. 

 HT12E’s 17th pin. Pins 1 to 8 of HT12E are the address pins. Here theses are kept high. For the oscillator circuit a 750K 

resistance is constructed by connecting 270K, 470K and 10K in series. Pin 33 of microcontroller i.e. RB0 of PORTB is 

connected to an eye blink sensor. Lower nibble- RC0 to RC3 - of PORTC is used to control motors. A driver IC L293 is used to 

amplify the current and voltage of control signals from MC. Pins 2, 7, 10 and 15 are the input pins of L293. Pins 3, 6, 11 and 14 

are its corresponding outputs. Pins 1 and 9 enables the circuit sections by connecting to VCC and pins 4,5,12 and 13 are the 

grounded. Pin 8 is connected to 12V supply and pin 16 is connected to 5V supply. PORTD receives the signals from head 

movement sensors, obstacle sensor and door sensor. This port is pulled up with a 10K resistor pack. Door sensor is connected to 

RD2, obstacle sensor[1] is connected to RD3 and direction sensors using head movement are connected to the higher nibble. 

 Home Appliance Controlling B.

Home appliances are controlled by using the eye blinks with the help of an eye blink sensor, which senses the blink and then it is 

transmitted to the receiver. The RF receiver receives the command and runs the microcontroller, for home appliance controlling a 

PIC16F676, microcontroller is needed. The decoder decodes the encoded signal which is transmitted by the RF transmitter 

received by RF receiver[2]. A power supply is required for operating overall device. The eye blink sensor[1] is attached on a 

spectacle as shown in fig.2. When an obstacle and an eye blink with a specified delay occurs then the light turns ON. When an 

eye blink with a specific delay occurs the fan turns ON. The block diagram is illustrated in fig.6. 

 As illustrated in fig.5, it is the designed circuit diagram for controlling the home appliances. A simple PIC16F676 is the 

microcontroller used to manage the operation of home devices  

 
Fig. 4: Circuit diagram used for the designing of wheelchair controlling. 
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Fig. 5: Circuit diagram used for controlling the home appliances. 

 
Fig. 6: Block diagram for home appliance controlling. 

 according to the commands from master unit. MC receives the commands through the decoder IC HT12D and RF receiver 

connected to the pin 14 of the decoder. Pins 10 to 13 of the decoder are connected to the pins 7 to 10 of MC. Pins 1 to 8 of 

decoder are connected to VCC to make the address high. A 33K resistor is connected on pins 15 and 16 to complete the circuit of 

oscillator. Pins 2 and 3 of MC drive the electric equipments through the relay and the driver transistors. BC547 transistor 

amplifies the voltage and the current of the signal from MC and drives the relay. Relay provides isolation between the circuits 

using AC 230V power and DC12V power. A regulator IC L7805 is used to regulate the 12V to 5V. The capacitors associated 

with the regulator filters noises. 

IV. ADVANTAGES AND APPLICATIONS 

The main advantages of the designed wheelchair system are, it is user friendly, especially helpful for the paralysis stroke people. 

It reduces the human activity, increases mobility, increases maneuverability, increase disabled people’s ability to live 

independently and increase the number of disabled people in employment while providing support and security for those unable 

to work. The security alarm in the device beeps when it faces an accidental situation also the user can control the home 

appliances with his eye blinks. The main areas where the wheelchair can be implemented are, hospitals, health care centers, old 

age home, physically handicapped individuals, home, in industries as robot to carry goods, automatic gaming toys, 

communication researches, control of mechanical systems sports, feedback in computer based learning environment etc. 
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V. CONCLUSION 

We have described a smart wheelchair equipped with sensors and driven by head movement control that allows the rider to 

interact with and command the system at various levels of abstraction. We are tried to develop a device which could make a 

handicap one independent and can on other for his/her day to day work by using this project. There are several barriers that must 

be overcome before smart wheelchairs can become widely used. Automated wheelchair can be used to help handicapped people, 

especially those who are not able to move. Along with making the movement and control of the wheelchair easy for a 

handicapped person we also try to give more independence to these people by provided a way to communicate with the various 

devices in the room again using head tilt motion and through a RF transmitter receiver. This device is developed by providing 

more attention to safety of the user, with an obstacle sensor, main door detection system with a magnetic sensor and a security 

alarm in cooperated with all functions of the wheelchair. 

VI. FUTURE SCOPES 

New implementations can be introduced into this such as implementation of live monitoring system and a smart phone alert for 

providing safety. Another measure to adopt safety is implementation of the device traveling through a pre-determined path. 
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