
63 
 

International Journal of Advancement in Development Studies, Volume 17, Number 1, 2022 
ISSN: 2276-8246 

 
THE ANALYTICAL STUDY OF A PARAPLEGIC SYSTEM 

 
1Samuel Erhunmwunosehre Ogunbor and 2Madumeye, Hillary Sunday 

1Department of Electronic, Electrical and Systems Engineering, School of Engineering 
1University of Birmingham. Edgbaston, Birmingham. B152TT, United Kingdom 

2Department of Electrical/Electronic Engineering Technology, School of Engineering, 
2Delta State Polytechnic Otefe-Oghara, Nigeria 

 
ABSTRACT 

This paper is intended on developing technologies which would help improve the 
functions of physically challenged individuals. By creating and interface between 
the machine and the human operator. This system will consist of a wearable robot 
with joints and links corresponding to those of the human body integrating these 
capabilities of humans and robotic-machines into a unified will system offers 
numerous opportunities for developing a new generation of assistive technology. 
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INTRODUCTION 
Paralysis can be considered as malfunction of some part of the nervous system, resulting in 
disruption to or loss of motor and/or sensory function. According to a study done by the 
Christopher and Dana Reeve Foundation nearly 1 in 50 people today suffer from some sort of 
paralysis. Of their sample, about half are paralysed as a result of damage or disease in the 
peripheral nervous system (“Paralysis Facts & Figures, 2009). Each year, approximately 11,000 
people have spinal cord injuries that result in paraplegia. Since 2000, the average age of people 
with a spinal cord injury ranges from about 31 to 40. Paraplegia is a loss of the ability to move 
and/or feel both legs and generally, the lower trunk (stomach area and lower back).Paraplegia is 
often caused by an injury to the spinal cord, such as those resulting from a motor vehicle or 
motorcycle accident, gunshot wounds, and falls. There are various types of rehabilitation robots 
available to assist patients suffering from spinal cord injuries (Dollar and Herr, 2008). However, 
this project work is intended on developing technologies which would help improve the functions 
of physically challenged individuals. By creating and interface between the machine and the human 
operator. This system will consist of a wearable robot with joints and links corresponding to those 
of the human body Integratingthese capabilities of humans and robotic-machines into a unified will 
system offers numerous opportunities for developing a new generation of assistive technology. 
 
STATEMENT OF THE PROBLEM 
The ability to walk is an essential function of human beings, many paraplegic patients who are 
unable to walk, have had critical accidents that caused their paralysis, and the possibilities of 
accidents are quite high in modern society.The number of patients experiencing mobility 
impairment caused by spinal cord injury is increasing because of accidents and diseases, and 
patients with complete lose motor and sensory functions in their lower limb In addition, patients 
who have various diseases and injuries such as cerebral paralysis and orthopedic injuries have a 
dysfunction in the lower extremities. Impaired mobility would significantly reduce life expectancy, 
and thus rehabilitation training is needed to help these patients recover and regain mobility. 
Therefore, it is necessary and impactful to develop assistive devices that utilize state-of-the-art 
technologies to help disabled people regain the ability to stand and walk, and release therapists 
from the heavy work of rehabilitation training. 
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RESEARCH METHODS 
The hardware materials used for the development of the paraplegic system include 12V 5AH 
battery, a manual wheelchair, gear motor, discrete electronic components and mechatronics 
components such as Arduino Uno (microcontroller). 
The design specification of the project is: 

i. Battery (2 X 12V, 5Ah ) 

ii. Charging Time (7 Hours) 

iii. Motor (2 X 24V DC Gear) 

iv. Battery discharge time – 1hr 15 min. 

v. Support heavy load – 100kg 

vi. Max. Driving Speed (Forward: 7km/h, Backward: 4km/h) 

vii. Maximum distance till battery gets discharge – 20km 

viii. Well designed frame for comfortable riding 

ix. Total weight of system- <30kg (Including Hub motor, Chair, batteries) 

x. Safe, reliable, light weight(<30kg) 

System Load Design  
A weight limit of 100kg and a maximum height of 1.9mis taken into consideration for easy and 
effective use of the designed paraplegic system. 
 
ModelCalculations 
Normal Force (Fn) = Mass x Acceleration 

= 100kg x 9.81m/s2= 981 Newtons 

Frictional Force (Ff)=Normal Force x FrictionCoefficient 

= 0.2 x 981N = 196.2 Newtons 

Torque required (T)= Ff x rw 

= 196.2 x 0.18 = 35.32Nm 

Power = work done / time 

Work done is defined as force multiply by distance.  

Therefore, Power is force multiplied by distance / time= force x speed of movement 

Let’s say the paraplegic systemmoves at a rate of 1 meter per second;  
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So, power = 981 x 1 

= 981 watts 

Safety Factor of 150%, i.e. 1.5 

Power = 981 x 1.5 = 1,471.5 watts  

Power = current x voltage  

Voltage supply is given as 24v  

Current = power / voltage 

= 981 / 24 = 40. 875A 

 
PRINCIPLE OF OPERATION 
The paraplegic system is created to motorized wheelchairs and consequently realizes effective and 
trouble-free means of transportation for physically weak patients in the hospitals as well as 
elderly/aged or disabled/ physically challenged people. The system utilizes metal rods and pipe 
arrangement designed to be fastened to a wheelchair front rods and brace on the front wheelchair 
rods. It used a ball bearing integrated handle assembled with efficient support in order to perform 
directional movement. A chain based arrangement that connects a gear motor to the wheel 
arrangement in order to drive the attached chair. This system uses two 12v batteries (12v, +12v) 
linked together in series to be able to power the 24v gear motor and a making and breaking 
connection in order to start and stop the motor, control it and achieve desired movement. The 
movement of wheels is controlled by DC motors which are attached to the system. The two wheels 
located on left side of the system  are controlled by one motor and similarly the wheels on the right 
side are controlled by the second motor through an IR remote controller. The system is designed to 
provide easy, fast, and comfortable movement for the disabled instead of manually moving 
(pulling). The extension is mounted on the system with the help of mounting clamps. The extension 
is made in such a way that the two front wheels of the attached conventionally hand operated 
paraplegic system will be lifted in air thus achieving less pull force and high efficiency of the 
motor. Motor has a sprocket on its shaft which is fastened to the sprocket of the wheel with the help 
of a chain, by this arrangement the drive for the paraplegic system is made easier without any 
hurdles and without fuel based engine.  
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CIRCUIT DIAGRAM 

Circuit diagram of a paraplegic system  
 

TESTS CARRIED OUT 
After the design and development of the wheel chair with respective interfacing circuits, the 
technology will be tested for the motion of the system using remote control. The designed system 
was implemented using modern concept. This would be implemented for disabled people after 
having the smoothly furnished design of the paraplegic system. On the completion of the 
construction of this project work, various tests were carried out. 
1. Breadboard Performance Test: The circuit performance on a breadboard was carried out, to 

test and modified the circuit, to obtain desirable working result and stable circuit and to know 
if there is any need or respond to replace any component or change component value. 

2. Test on Material: This test was carried out on the material used for fabricating the system’s 
frame and based carrying the weight of the constructed work of this project, to ensure that 
metal material used for casing up this project work is in a good state and the strength of these 
material can last for as much period of time, when this device is under working condition. 
And also to check if there can be accessibility to the operation of the circuit, even though the 
circuit was cased. 
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3. Total Performance Test: The paraplegic system was used for some interval of hours to 

check on its performance when it is fully used to know if any problem may occur during use 
of this system. 

4. Total Resistance and Conductivity Test was also carried out after casing the circuit panel to 
make sure that everything is okay. 

5. Pre-test: a preview on how the paraplegic system will work was, carried out at different 
stages, before the final construction.  

 
RESULTS 
The important aspect of the wheelchair system is to find its velocity. While the voice controlled 
wheelchair moving in a straight line, the distance and time is noted for velocity. The velocity of the 
wheel chair needs to be experimented under two conditions. First the velocity is observed in 
unloaded condition. The wheelchair was made to move in a straight line and the velocity is found 
1.53ft/s. Secondly, with 15kg loads was allowed the wheelchair to carry the load and the velocity 
was found 1.24ft/s. Finally a person weighing 30kg was seated at the wheelchair. The voice 
controlled wheelchair was allowed to move in a straight line. The velocity of the wheel chair with 
this load is 1.21ft/s. Based on the above result, the velocity of voice controlled wheelchair is 
affected by the load. It is observed that the velocity of the wheelchair system will decrease 
proportional to the load that is carried by the system. 
 
CONCLUSION 
The design and implement a paraplegic system resulted into successful project which is cost 
effective & light weight. This minimized expense is pretty affordable for most of the medium class 
people & it can be even cheaper when taken for mass production.The project implementation will 
help all people who are dependent on wheelchair for their mobility. It reduces the manual effort for 
acquiring and distinguishing the command for controlling the motion of a chair. The speed and 
direction of the wheelchair now can be selected using the specified commands on the remote 
controller. Thus the only thing needed to operate the system is to remote control. Besides that, the 
development of this project is done with less cost and affordable. However this system requires 
some improvements to make it more reliable. This design could be improved by implementing 
wireless communication, using sensors to detect obstacle in the wheel chair. By improving this 
system, we directly enhance the life style of the disabled people in the community. Lastly, we hope 
that this kind of system could contribute to the evolution of the wheelchair technology. 
 
RECOMMENDATION 
It is recommended that, this project should be counted as a brilliant initiative for the betterment of 
physically handicapped & disabled people’s lifestyle. 
A map and GPS system can be added to Arduino and by naming the places, wheelchair can go 
automatically to required place without commands of directions.  
Ultrasonic and infrared sensors can be added to avoid obstacles in the way of the chair, and also 
joystick can be added to control the wheelchair manually in an emergency situation. A camera can 
be added to back of the wheelchair and a small LCD screen to let the user see without moving. 
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