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ABSTRACT 
 

In today’s world, there are many disabled persons who find it difficult to perform movements or perform daily 

activities. These types of persons are mainly dependent on others for their assistance. However, they can become 

self-independent and perform some daily activities on their own with the help of assistive devices. The most 

widely used assistive devices are Wheelchairs. Wheelchairs is basically a chair fitted with wheels, which can help 

people move around who cannot walk because of illness, disability or injury. But, there are many disabled people 

with weak limbs and joints who cannot move the wheelchair. Thus, Smart Wheelchair can benefit a lot to them 

and everyone in society. Smart Wheelchairs are electric powered wheelchairs with many extra components such 

as a computer and sensors, which help the user or guardian-accompanying wheelchair to handle it easily and 

efficiently. The recent development in the field of Artificial Intelligence, Sensor technologies and Robotics help 

the growth of wheelchairs with new features. This paper is to review the current state of art of Smart Wheelchairs 

and discuss the future research in this field. 
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I. INTRODUCTION 

 

Any condition of body or mind that makes it more 

difficult for the person with the condition to do certain 

activities and interact with the world around them is 

termed as disability. Census conducted in 2001 has 

revealed that around 21 million people from India i.e. 

2.1% of total country’s population are suffering from 

disability of some kind or another. In 2011, Census 

reported that there has slight increase from 2.1% to 

2.21%. Out of which people suffering from disability 

of movement is large. Disability of movement is 

deformity of body due to which person suffering finds 

difficult to move from one place to another and 

perform daily activities. Disability of movements can 

occur by birth or due to accidents or various other 

reasons. So, use of assistive devices can prove to be of 

great help to such peoples. Assistive device are any 

devices which help to overcome people suffering from 

disabilities. Most commonly used Assistive Devices 

are Wheelchairs. Wheelchair is nothing but a chair 

fitted with four wheels and can be easily moved from 

one place to another. Manual/Traditional Wheelchair 

require physical force by the user, which cannot be 

considered as the efficient way because, it may cause 

discomfort for the user with weak limbs and bones. 

This is why, Electric powered wheelchair are generally 

preferred over traditional and manual wheelchair. 

Electric Powered Wheelchair are easy to use and 

require minimal force to control the wheelchair. 

 

Electric and Traditional wheelchair often solve the 

problem of mobility for disabled persons. But, there are 

certain segment of disabled person who suffer from 

low vision, visual field reduction, spasticity, tremors, 

cognitive deficits, etc. These people largely rely on 

other people for controlling the wheelchair. Controlling 

wheelchair all by themselves is not safe. To solve this 

problem, researchers have come up with the discovery 

of “Smart Wheelchair”. 

 

Smart Wheelchair are nothing but an electric powered 

wheelchair which also consists of a computer and 

various sensors. Smart Wheelchair provides great 

safety of the user and are easy to use. 
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This paper consists of the development of Smart 

Wheelchairs over the years, current state of art and 

discussion about future research. 

 
 

TABLE I 

PERCENTAGE OF DISABLED TO TOTAL POPULATION INDIA, 2011 

Sr. 

No. 

Residence Male Female Persons 

1 Rural 2.43 2.03 2.24 

2 Urban 2.34 1.98 2.17 

Total 2.41 2.01 2.21 

 

 TABLE II 

PROPORTION OF DISABLED POPULATION BY TYPE OF DISABILITY INDIA : 2011 

 

Sr. 

No. 

Types of 

Disabilities 

Male Female Total 

1 In Seeing 17.6 20.2 18.8 

2 In Hearing 17.9 20.2 18.9 

3 In Speech 7.5 7.4 7.5 

4 In Movement 22.5 17.5 20.3 

5 Mental 

Retardation 

5.8 5.4 5.6 

6 Mental Illness 2.8 2.6 2.7 

7 Any Other 18.2 18.6 18.4 

8 Multiple 

Disability 

7.8 8.1 7.9 

Total 100.00 100.00 100.00 

 

 

II.  SMART WHEELCHAIR 

 

In recent years, Smart Wheelchair have been greatly 

considered over Power Wheelchair. Power Wheelchair 

are Traditional/Manual Wheelchair with battery or 

electric supply to power them. They largely lack 

functionalities and safety features. Unlike this, Smart 

Wheelchair have functionalities and safety features.  

 

Smart Wheelchair consists normally of electric 

powered wheelchair with a computer and many sensors. 

Continuous development in field of Artificial 

Intelligence, Computing and Robotics have led to 

growth in Smart wheelchair. Smart Wheelchair consists 

of computer, which is responsible for the movements 

of the wheelchairs with help of inputs from the sensors. 

Sensors collects the data through the input from 

environment and that data is processed by computer 

and necessary steps are taken. Smart Wheelchair can be 

also controlled manually by the user just like normal 

electric powered wheelchair 

 

III. CLASSIFICATION FACTORS OF SMART 

WHEELCHAIR 

 

Smart Wheelchair can be classified based on certain 

factors as follows 

 

A. Form Factor 

Some early Smart Wheelchairs developed were actual 

mini-robots that were attached to seats. These  

wheelchairs are expensive compared to other 

wheelchairs. For example Véhicule Autonome pour 

Handicapé Moteur [VAHM] [1], Mister Ed [2]. 

 

Other Smart Wheelchairs which are commercially 

popular are “add-on” units which can be purchased 

separately and can be easily attached to normal power 

wheelchairs. They are preferred because they are 

compatible with many electric power wheelchairs. The 

typical use of this “add-on” units are suitable for Kids 

because they go through many different sizes of 
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wheelchair due to their body growth. Some examples 

Smart Wheelchair Component System [SWCS] [10], 

Smart Power Assistance Module [SPAM] [11], 

Hephaestus [12], TinMan [13], Siamo [14]. 

B. Input Methods 

 There can be various input methods for the smart 

wheelchairs based on user specific preferences. Some 

Input methods for Smart Wheelchair are Biometrics, 

Cloud, Touch, Voice, Computer Vision, Brain 

Computer Interface (BCI), Haptic Feedback, etc. All 

Input Methods have their own use and should be 

selected based on the needs. 

C. Sensors 

Various Sensors such as Infrared Sensors, Ultrasonic 

Sensors, Laser Range Finder, Camera’s, etc. are used 

for providing inputs to the Smart Wheelchair. Sensors 

provide inputs from the surroundings and inputs in 

processed by the computer of the wheelchair. Sensors 

are generally used for providing safety features to 

Smart Wheelchair. 

 

Ultrasonic Sensors use Sonar Technology and are very 

good in terms of accuracy. Sonar Sensors use sound for 

obstacle detection. The sound is emitted from the 

sensors and the sound reflected from the surfaces is 

used for finding the distance between objects.  

 

Infrared Sensors are also used for obstacle and 

collision detection. Infrared Sensors use light instead of 

sound for distance finding. Both these sensors are 

cheap and are accurate in normal conditions. These 

Sensors can get wrong input if the floors, stairs, 

surfaces, etc. are smooth, sound absorbent and light 

absorbent. However, due to their limitations, they are 

still used because they are cheap, accurate and their 

technology is well known. 

 

Laser Range Finder (LRF) are very good alternative to 

Ultrasonic and Infrared Sensors. They use 180
0
 two 

dimensional scan for scanning the environment. Their 

cost is expensive and are more accurate compared to 

them. 

 

Cameras are considered to be very accurate. Due to 

technological advancement in cameras, they are have 

great accuracy rate in scanning the environment. They 

are smaller in size and can be easily fitted onto the 

Smart Wheelchair. 

 

D. Operating Modes 

Operating Modes of Wheelchair is another important 

distinguishing factor of Smart Wheelchair. Operating 

Modes of Wheelchair depend upon the user ability and 

according to the current situation. Smart Wheelchair 

system can be Autonomous or Semi-Autonomous. 

Users who cannot control the wheelchair safely on 

their own are benefited with Autonomous systems. 

Autonomous systems can travel to desired destination 

automatically and safely and they require pre-

knowledge of the environment .These systems uses 

Machine learning, Navigation, Localization and 

Mapping Techniques. Users which can control the 

wheelchair and travel to desired destination safely can 

use Semi-autonomous system. These systems contains 

collision detection and avoidance technique for safety 

measures. Additional safety measures can also be 

added depending upon the user. 

 

IV. FUTURE RESEARCH 
 

Smart Wheelchair will be an important necessity in 

future. Smart Wheelchair provide great opportunity for 

development of sensors and mobile robots technology. 

Development of these things can reduce the cost factor 

to a great extent. Hardware and Software Development 

are also an important part of smart wheelchair success. 

Working on reviews and feedbacks can help to 

improve the current issues of wheelchair system and 

also new ideas can be imagined. 

 

V. CONCLUSION 

 
There are several issues faced by the manufacturers and 

researchers which needs to be addressed so that, smart 

wheelchair becomes a commercial success and be widely 

used. One common main issue is cost versus accuracy. 

Inexpensive and advanced sensors can help to overcome 

this problem. Smart wheelchairs which can be used 

generally used for all types of disability are still not 

available. Smart Wheelchairs should also contain the 

ability to monitor the patient conditions and react 

accordingly. Currently available smart wheelchairs can be 

easily used in indoor conditions but, for outdoor 

environment it requires supervision by a companion for 

safety. Also, smart wheelchair for independent use by 

mentally challenged people should be researched. Smart 

Wheelchair have great scope in future and technological 

advancement in the field of robotics and sensors will lead 

to commercial success as well. 
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