
Development of an Autonomous Wheelchair for The
Disabled and Performance Analysis Using ANFIS
Model
Modestus O. Okwu  (  okwu.okechukwu@fupre.edu.ng )

Federal University of Petroleum Resources Effurun https://orcid.org/0000-0002-7761-9659
Lagouge K. Tartibu 

University of Johannesburg
Michael Ayomoh 

University of Pretoria
Daniel Ighalo 

Federal University of Petroleum Resources Effurun

Research Article

Keywords: Wheelchair, automated system, ANFIS, microcontroller, joystick.

Posted Date: August 20th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-59617/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-59617/v1
mailto:okwu.okechukwu@fupre.edu.ng
https://orcid.org/0000-0002-7761-9659
https://doi.org/10.21203/rs.3.rs-59617/v1
https://creativecommons.org/licenses/by/4.0/


1 | P a g e  

 

Development of an Autonomous Wheelchair for the Disabled and Performance Analysis 

Using ANFIS Model 

Modestus Okwu1,3, Lagouge Tartibu1, Michael Ayomoh2, Daniel Ighalo2,3  

        1 Department of Mechanical Engineering Technology, University of Johannesburg, Doornfontein 

Campus, Johannesburg 2028 

2Department of Industrial and Systems Engineering, University of Pretoria, Hatfield 
Campus, South Africa. 

3Department of Mechanical Engineering, Federal University of Petroleum Resources 
Effurun, Delta State, Nigeria 

 

ABSTRACT 

Navigation for persons with physical disability very often poses a major challenge to both the victims 

and their dedicated navigation assistance-provider. This age-long problem has been a major concern 

in diverse research fields in the literature ranging from assistive medicine to applied intelligence 

amongst others. This research work is a build-up to the literature, hence, has presented an automated 

wheelchair system designed, fabricated and enhanced with joystick capability for obstacle detection 

and autonomous stoppage. A microcontroller unit known as Arduino uno was built into the system 

architecture to synchronise the entire set-up by driving the DC motor for directional and linear motion 

of the wheel chair. The developed system would greatly improve the community of people who have 

lost some means of independent mobility thereby leading to an improvement in their self-esteem 

enabling them pursue their vocational and educational goals. Conclusively, the developed system was 

tested using Adaptive Neuro-Fuzzy Inference System (ANFIS), the sensitivity rule viewer  at the first 

trial gave a total intelligence of 63.8%, further improvement was made and a second trial gave  a 

rating of  75% and the final gave a value of  approximately 80%. This shows that the system is 

efficient, effective and of excellent performance. 

Keywords: Wheelchair, automated system, ANFIS, microcontroller, joystick. 

 

1.   Introduction 

Wheelchairs have evolved from just being chairs with wheels to completely automated personal 

mobility vehicles to assist the physically challenged. Wheelchairs as mobility systems are useful not 

only to support the movement of physically challenged persons but vital for ease of movement of sick 

patients within and out of the hospitals, aged persons at home, sporting activities for the disabled and 

usage in diverse of emergency situations ranging from road accident rescue operations to fire 

accident, air accident, maternity emergency and a host of other emergency rescue operations. Self-

propelled wheel-chairs with some form of intelligence such as ability to measure and regulate 

velocity, sense the presence of obstacles amongst others is gradually becoming the focus of the 

literature on interactive wheel-chairs. According to [1] there are certain categories of people who have 

not been able to fully benefit and fit into the social groups since they cannot easily access basic skill 

acquisition centres due to unavailability of self-mobility devices. This has somewhat affected quite a 

number of paraplegics who very often take to street begging for survival in most developing 

countries. This in no doubt has totally reduced the gross domestic product (GDP) of such affected 

nations [2]. Independent mobility is however very important to individuals both children and adults 

[3].  Unavailability of independent mobility places these categories of people at a disadvantage, with 

limitation on their vocational and educational goals [4].  

 

A smart wheel chair aims to provide aid to those physically challenged and aged persons by providing 

them with some sort of mobility which would greatly improve their living [5].  A smart wheelchair 

extends the navigation capabilities of the traditionally controlled manual and electric wheelchairs. 

One of the smart attributes of the designed wheel chair in this research is the integration of a systems 

input control via a joystick device for enhancement of navigational intelligence i.e. obstacle detection 

and avoidance system. Once the input instruction is completed, the controller unit then synthesizes the 
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command and effects the required action by navigating the wheelchair to the specified position.  

Smart mobile systems can ease the lives of several disabled persons, particularly those with severe 

walking impairment by increasing their range of mobility [6]. A self-propelled system will give 

individual(s) a remarkable physical and psychological sense of well-being and promote feelings of 

self-sufficiency which can lead to a better self-esteem [7]. This research is focused at the design and 

development of a smart wheel chair for the physically challenged and aged individuals. The 

microcontroller and sensor were programmed using Arduino while ANFIS was used to test the 

functionality of the developed system. 

 

 

2     Previous Research Works on Wheel Chairs 

There are various types of wheel chairs, categorized based on the mode of control or power source for 

mobility. According to [8] , wheel chairs can be categorized into two types namely: manual driven 

wheel chairs and electric powered wheel chair.  

 

2.1   Manually Driven Wheel Chair 

 

[9] made intensive investigation while designing a traditional wheel chair. They observed that a good 

number of disabled persons find it somewhat tough sitting on a wheelchair and manually propelling 

its wheels. In their proposed design, a lever mechanism was introduced to aid with the transmission of 

forces for effective propelling of the developed wheel chair. The developed wheel chair is cost 

effective and requires less effort to navigate. [10]  developed a wheelchair to support the physically 

challenged persons in sporting activities. For safety purposes, they incorporated a self-adjustable 

cushion to the system. This further served for other purposes such as effectiveness, ergonomical 

balance, reliability and comfort of the players. [11] considered the need to factor in biomechanical 

features such as frame and tyre design, propulsion type and a host of other factors in a wheel chair 

design to support the social participation and physical activities of the disabled persons. [12]  looked 

at the design and construction of a reconfigurable wheelchair to assist disabled children. The chair 

was developed such that it has the capability to simultaneously position a patient at the standing and 

sitting positions. The system functioned as a dual purpose device i.e. (rehabilitation and mobility). 

2.2    Electric Powered Wheelchair 

Quite a number of researchers have conducted research works on wheel chairs powered via electrical 

means. [13] proposed a paradigm shift from the use of hand propelled wheel chairs to the use of 

electric powered wheel chairs for the physically challenged persons. The chair has a simple design 

feature capable of supporting a physically challenged person to move along a staircase with the aid of 

an inbuilt automatic control system. The designed chair is useful for easy navigation in any 

environment especially in hospitals and homes. [14] highlighted the importance of utilising non-

conventional energy sources such as solar and other related sources. The research presented an 

electrically controlled wheelchair with user-selectable manual/electric propulsion mode and an 

auxiliary solar power supply system. [15] ergonomically designed an electric wheelchair for domestic 

use by aged Indians. This machine was equipped with stair climbing functionalities amongst other 

features. [16-18] also focused Some on electrical powered wheel chair system design for the disabled. 

2.3   Autonomously Controlled Wheelchair 

Smart Wheelchairs are sensory controlled systems designed to have self-governing mobility 

facilitated by the user’s instructional set coming in as input commands. This reduces drudgery 

associated with navigating the wheelchair. Some wheelchairs are often provided with obstacle 

detection aids aimed at reducing the chances of collision during navigation. It must be noted that 

recent generations of wheelchairs are designed and developed with integrated features of artificial 

intelligence [5]. [19] asserted that holonomic wheelchairs are popular for their ability to move in 

constrained spaces due to their omnidirectional mobility. They developed a 4 wheel drive Omni-

directional wheelchair suited for indoor navigation with reduced wheel slippage and vibration. The 

result and analysis of their proposed design showed less wheel slippage and vibration in comparison 

with existing smart controlled wheelchairs. An android platform was integrated to the design to 
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facilitate the necessary motions. In a related research, [20 and 21] developed a wheelchair also 

premised on an android control platform.  

 

[22] developed an Intelligent Wheelchair (IW) premised on three distinct functionalities viz: user 

intention recognition, obstacle detection and avoidance and situation awareness. In their work, [23] 

asserted that users with severe motor impairment may find it difficult to operate a wheelchair when 

they are in a tight space such as a passing doorway. They proposed a framework which can assist 

users to overcome such circumstances using a hierarchical semi-autonomous control strategy. [24] 

developed a wheelchair with sensor networks that detects dangers from an approximate distance of 

2meters, distribute awareness and suggest suitable actions to both users and caregivers. [3] carried out 

several studies and survey which showed that both children and adults benefit substantially from 

access to a means of independent mobility. They designed and developed a smart wheelchair that uses 

a voice recognition and head gesture control system with an efficient and user friendly interface. [25] 

developed an application which made use of smart driving assistance algorithms to support the 

operator of an automated wheelchair in complex navigation circumstances. They experimented on 

translational and rotational velocities in situations where an obstacle is positioned along the 

navigation path. The driving assistance module significantly improved the users performance by 

preventing all collisions along the way. [26] designed an intelligent wheelchair that helped overcome 

the challenges faced by physically challenged persons. They employed obstacle detection and 

avoidance system through a sensor unit. Research on wheel chair with interactive capabilities to 

overcome the difficulties of manual systems has also been designed [27,28]. Other related research on 

design and development of smart wheel chair with joystick for easy maneuverability and integrated 

user voice recognition system, obstacle detecting ultrasonic or infrared sensing systems are contained 

in [29-37. Research on Omni-directional wheelchairs which possess special manoeuvrability due to 

the omni-wheels that allows translational and lateral mobility were reported [38, 39,19]. [40]  

designed a solar-powered motorized wheelchair with a detachable roof incorporated to the design of 

the wheelchair to support the solar panels. The wheel chair was portably designed and can be folded 

for easy conveyance by vehicles. [41] proposed the design of a smart solar powered wheel chair with 

integration of different sensor types to facilitate the navigation of physically challenged persons. So 

far, good research work on wheel chair has been presented in literature of autonomous systems. The 

originality in this research is the implementation of ANFIS algorithm in determining the performance 

of the developed autonomous wheel chair.  

 

3.   Materials and Method 

The design and fabrication requirements for the proposed intelligent wheelchair comprises three 

major parts viz: input and control unit accessories, body support framework and a power unit. A 

handful of the hardware resources were indigenously sourced. These include the mild steel and 

galvanised pipe for framework, wood and foam for seating unit and tyres amongst others. Specific 

details of the utilised materials include: Two 12V motors; two 8 inches front wheels, two 5 inches 

caster wheels, micro-controller unit, a 1 inch galvanised pipe; a 1  inches galvanised pipe; Angle 

bars; Capacitors; Four relay modules, Resistors, and, joystick. The seat is a tubular structure made up 

of angle bars, two galvanised steel pipes of 1-inch and 1½ inches respectively for the conveyance of 

the seating unit chair and a wheel. The seat consist of four angle bars positioned on the galvanised 

steel pipe that acts as the support framework. Ergonomical considerations were prioritised in the 

design process using anthropometric measurements for adult paraplegics as investigated by [2] (See 

Appendix iii and iv). Parameters considered along with their measurements are as presented in Table 

1. The standard architecture of the support frame of the designed wheelchair is as presented in an 

isometric view in Figure 1. 

3.1 The Load Carrying Capacity of the Wheel Chair Frame 

This section presents the modelling and analysis procedure utilised in the design of the seat frame. 

The values obtained for the design of the seat frame are presented in Table 2.  
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Assumptions: The maximum weight carriage of the framework considering the factor of safety 

adopted is about 100kg. 

Recall that Weight,       (1) 

This implies that the frame must be able to carry a load of 981 N 

, (Khurmi & Gupta, 2005)    (2) 

For a good design consideration, the factor of safety (ŋ) must be greater than 1, therefore a factor of 
safety of 4  was considered for the selected seat frame material made of (mild steel), [42]. The yield 

strength for mild steel is  [42]. 

Hence, Maximum allowable stress = Yield strength/Factor of safety     (3)

          

Determination of wheelchair induced stress based on seating cross sectional area is given as: 

Area of frame = length x breath            (4)                          

Stress induced on sitting frame,        (5)

       

The stress induced on the seating frame  is lesser than the maximum permissible 

stress  .  

 

 

3.2 Speed calculation of wheelchair 

This sub-section presents the speed of the wheelchair. The values obtained for speed calculation of the 

wheel chair are presented in tabular form as presented in Table 3. 

Current of the motor (I) = Motor power/Motor voltage       (6) 

Torque of the motor = Power x 60/2πN       (7) 

Front wheel periphery = 2πR        (8) 

     

Speed of wheelchair = periphery of front wheel x motor speed          (9) 

     

 

3.3 Mode of Operation of  the Wheel Chair 

The wheelchair operation starts by stimulating the joystick for input command. Movement of the 

joystick sends a signal to the Arduino board which automatically convert the analog inputs to its 

digital equivalence via the Analog to digital converter (ADC) mechanism. Once the conversion is 

done, a signal is sent to the motor driving IC which results in the two DC motors being driven 

simultaneously in either a forward, reverse, left-turning or right-turning direction. A flow diagram of 

the operational setup is as presented in Figure 2. 

An exploded view of the wheelchair design is presented in Figure 3. Apart from giving a 

better insight into the design, this integrated view shows connectedness of the system’s 
components. A detailed list of all the materials utilised in the wheelchair design is presented 

in table 4. The quantity of each material and unit price is also itemised. 
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The smart wheel chair is controlled via the use of an analogy joystick device which moves in the 

forward, backward, left and right directions as the input is feed in by the users. An obstacle avoidance 

ultrasonic sensor was incorporated into the system to stops the wheel chair at a distance of 120cm 

from any obstacle. This is to prevent accident and promote effective navigation of the system. Due to 

limitations in the performance of these system such as in their mobility, perception, obstacles 

avoidance.  

 

4.0   Performance and Evaluation Metrics  

 

Evaluating the performance of any system can be technically challenging due to multiplicity and 

complexity of component parts interacting both physically and functionally. To effectively evaluate 

the performance of a smart wheelchair, the following performance objectives were considered: 

Movement of the wheelchair from one location to another; time to accomplish the task; obstacle 

avoidance along the path of the system; precision in task accomplishment with limited error; strength 

in task operation i.e. conveyance of a disabled person from one point to another without a breakdown 

and energy efficiency of the system. The metrics considered in this research are aimed at giving 

objective estimations of the smart wheelchair’s performance. The metrics include: Goal and objective 

(GO); time efficiency (TE); path navigation (PN); precision (P), strength (S) and energy efficiency 

(EE). The metrics were first weighted and the weights were used to show the order of importance of 

each specific metric in relation to the the design with the aid of ANFIS.  

 

4.1  ANFIS Input Selection and Training 
ANFIS input selection was implemented using MATLAB 2016a Toolbox for ANFIS. Figure 4 show 

the ANFIS architecture for the entire system which denotes a 4(46) network of rules required to 

produce a good output. The network training was performed repeatedly using the triangular 

membership function (MF). The sigmoid function served as the controller for effective performance 

and selection process. Triangular MF for six input variables were plotted based on measurements 

assigned to input values (See Appendix V). The goal herein is to test the system performance and 

functionality of the developed wheelchair via sensitivity rule viewer. Table 5 shows the ANFIS 

linguistic scale for system intelligence attributes. This ranges from a value of 1 representing very poor 

to 5 which represents very high. Following this in Table 6 is the performance rating distribution for 

the smart wheelchair which includes: 0-20 for the poorest rating, 21-40 for low performance rating, 

41-60 for good performance rating, 61-80 for satisfactory performance and 81-100 for excellent 

performance. 

4.3 Results and Discussion 

As shown in Figures 5-7, the best output response was achieved by taking alpha-cuts represented in 

yellow colours from variable maps. By adjusting the red lines, the system automatically generated the 

best output values as displayed at the right hand side of the figures. The three dimensional surface plot 

for input-output response is as shown in Figure 8a-d. Figures 8a-d represent a graphical illustration of 

the alphacuts and sensitivity analysis of the output response or rating generated by varying the ruler at 

the left hand side of the ANFIS toolbox shown  in Figure 5-7.  To determine the general performance 

of the wheelchair with regards to system intelligence attributes, the solution response was obtained by 

refining the weights via alpha cuts and observing the rule viewer platform established in Figures 5-7 

and graph 8a-d.  The system intelligence attribute used in defining the Gussian MF are categorized 

into: very high, high, moderate, low and very low. The analysis was done using the ANFIS solution 

rule viewer developed. Based on the information provided, the ANFIS rule viewer was tuned and 

adjusted using the red lines from figure 5-7. At the first intelligence test, the rule viewer showed a 

total system intelligence of 63.6% (satisfactory group). The second test showed a rating of 75% 

(satisfactory) and the final test showed a rating of 80% (excellent). 
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 Conclusion  

The wheel chair was successfully designed, fabricated using the aforementioned component parts and 

validated. The research was designed to offer assistance to disabled and aged persons while they go 

about their various activities with ease as the system provides an automated means for its navigation 

via a joystick using Arduino as the microcontroller unit. The system intelligence test was conducted 

using ANFIS. The sensitivity rule viewer premised on ANFIS predicted a total system intelligence of 

80% which demonstrated excellent performance of the system.  Further improvements could be 

carried out in these areas: Incorporating head gesture sensor for individuals unable to operate a 

joystick controlled wheelchair, adopting voice controlled feature and a charging system to recharge 

the battery when depleted. 
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Figures

Figure 1

Chair Frame Design



Figure 2

Block diagram of operational set-up

Figure 3



Exploded View of Wheelchair Design

Figure 4

ANFIS Structure Showing Six Input Variables with Sigmoid Function as Controller

Figure 5

ANFIS Rule Viewer for First Test



Figure 6

ANFIS Rule Viewer for Second Test

Figure 7

ANFIS Rule Viewer for Final Test



Figure 8

ANFIS Surface Plot Showing Input to Output Responses
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