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ABSTRACT 

Individuals with disabilities face limitations in their ability to carry out daily activities due to 

impairments in their body structure and function. To address these challenges, engineers have 

developed various assistive devices and technologies designed to support individuals with 

disabilities. These innovations range from prosthetics and mobility aids such as wheelchairs to 

assistive software and communication devices, that can greatly improve the quality of life for 

these individuals. The goal of this project is to design and develop a multi-controlled 

autonomous wheelchair for use by patients with mobility impairments. The multi-controlled 

wheelchair would be fully operational with voice command and there will also be an optional 

use of a joystick to control the wheelchair. 

The main objective of this project is to provide solutions to people who are paraplegic or 

tetraplegic and hence cannot operate a regular wheelchair without the help of a third party. The 

project also aims to provide an easier and better alternative to regular wheelchair users. Various 

research papers and projects related to this topic were reviewed with respect to their mode of 

operation, terrain-ability, braking system, modularity as well as cost, in other to design new 

strategies and improve the efficiency of our project. Objectives such as design for cost, 

assembly, manufacturability, sustainability, environment, and end of life were all taken into 

consideration in the designing process. Also, the design was made to follow necessary standards 

available for a power wheelchair. During the project, there were several constraints: the most 

significant ones being, the availability of the materials in TRNC, time, and financial constraints. 

The steps and processes in the design and manufacturing of this project will be discussed in this 

report with necessary graphical models. Verification plans of objectives and standards and 
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failure mode analysis were developed for the proposed design. Lastly, recommendations and 

future works were discussed in the last chapter of the report. 
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CHAPTER 1 - INTRODUCTION 

1.1 Detailed definition of the project 

The spontaneous growing gap between patients and caregivers necessitates numerous 

improvements in the types of wheelchairs currently in use. Therefore, the incorporation of smart 

systems into wheelchairs is called for to enable paraplegic and handicapped patients to move 

without the need for outside assistance. However, the costliness of several required 

improvements and upgrades explains the limited utilization of enhanced systems in smart 

wheelchairs today. 

To tackle this issue, a proposal was made for a smart multi-controlled wheelchair. This 

wheelchair can be controlled through voice, joystick, and smartphone interfaces. The chosen 

microcontroller is an Arduino Mega 2560 Rev3. The speech control and navigational 

mechanisms operate by receiving user-defined keywords and subsequently guiding the 

wheelchair's movement based on the received instructions. Alongside speech control, a joystick 

can be employed as an input method, and the design incorporates proximity sensors to ensure 

the wheelchair's safe operation. The primary objective of this system is to facilitate patients' 

navigation in different spaces and reduce the costs associated with caregivers. To ensure the 

affordability of the proposed autonomous wheelchair system, a cost analysis will be conducted, 

comparing it to other available options. The system is estimated to be cheaper compared to the 

available options. In addition to being cost-effective, the proposed autonomous wheelchair 

system also incorporates various safety features and measures to ensure the safety of the user 

and any bystanders. The manufacturing and testing of the proposed autonomous wheelchair 

system will be carried out in accordance with published standards, and a testing plan will be 

thoroughly revised. The testing plan includes testing on numerous terrain and different 
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conditions according to available standards of testing. Our goal is for the autonomous 

wheelchair to meet our expectations and effectively solve the problems discussed in this report. 

1.2 Significance of the project 

This project will be of great assistance to paraplegic and tetraplegic patients who are unable 

to utilize their hands for controlling a wheelchair. By incorporating various mechanisms and 

technological systems into the chair, patients' lifestyles will be significantly improved, 

promoting locomotion, mobility, and the prevention of pressure sores. The chair offers 

flexibility in control methods by enabling speech, joystick, and smartphone-based control 

options, providing individuals confined to wheelchairs with the freedom to choose their 

preferred mode of control. 

Furthermore, the wheelchair design proposed in this project exhibits modularity, allowing 

for easy implementation of different control modes that were not included in this project, such 

as brain control, eye blink control, and sip and puff control. Future wheelchair prototypes can 

leverage the insights gained from this project to incorporate multifunctional features, including 

autonomous navigation driven by artificial intelligence. 

1.3 Detailed project objectives 

The objective of this project is to create a functional autonomous speech-controlled 

wheelchair that can be operated in various environments. The wheelchair is intended to be 

controllable using speech, a joystick, and a smartphone. To ensure timely completion and 

maintain a high standard of production, materials and parts were outsourced and constructed 

remotely. The design took into consideration the following objectives. 

1.3.1 Design for cost 

The final product of the wheelchair should be designed in a way that ensures inexpensive 

mass production of the chair. The amount budgeted for production, which is $800, should not 

be exceeded by the cost of production. A well-refined and cost-effective production process 
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should be utilized for manufacturing the wheelchair parts. To cater to all markets successfully, 

the wheelchair should be made affordable to the average customer by the end of the production 

process. 

1.3.2 Design for manufacturability 

A manufacturing process will be designed to be robust and as efficient as possible to avoid 

material waste during production. The wheelchair design should also be kept as simple as 

possible while utilizing strong and easily alterable materials, aiming to reduce 

machining/manufacturing costs and save time. The outsourced parts should seamlessly integrate 

with locally manufactured parts without any additional issues, ensuring an inexpensive and 

manageable manufacturing process. 

1.3.3 Design for safety 

The design should be safe and should not pose any danger to the user. This includes ensuring 

that there are no sharp edges that could cause harm to the user, as well as properly insulating 

all electrical wires. To avoid uncontrollable actions while in motion, the wheelchair should have 

a stop/reset button. Proximity sensors should also be incorporated on the wheelchair to ensure 

the user’s and passers-by’s safety. 

1.3.4 Design for sustainability 

Another critical design consideration is ensuring that the final product has no negative impact 

on the natural world. Designing a project with a long-life cycle whilst reducing waste is a 

sustainable consideration. The design should be based on the Hannover principles, which assert 

human and natural rights to coexist in a supportive, healthy, diverse, and sustainable 

environment. 
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1.3.5 Design for environment 

Ensuring a negligible carbon footprint for the product is of utmost importance. To prevent 

environmental pollution, minimal energy should be used by the wheelchair. The manufacturing 

processes should also aim to utilize less energy and avoid causing environmental pollution. 

1.3.6 Design for end of life 

This includes measures taken after the product has served its purpose and how its 

components can be recycled to create new products. This entails disassembling the system into 

individual components to recover the materials used. End-of-life design also includes designing 

for disassembly, designing products with a longer life span, using fewer different types of 

material, and labelling components for easy material identification. After disassembling, the 

parts can be reused in a variety of other projects. Furthermore, the material used in the chair’s 

construction can be used for other industrial purposes. 

1.4 Detailed project constraints 

The conception and creation of a design are governed by constraints, which are limitations 

that vary depending on the design of the product. Product quality can be improved by 

identifying these constraints, as it helps in lowering costs and making the manufacturing process 

easier. The following constraints were faced during the project. 

1.4.1 Time 

The time constraint refers to the project's completion schedule, which includes deadlines for 

each step of the project as well as the date for the final prototype. Time is an important factor 

to consider in the design process because it determines how well the final product will perform. 

To ensure that the project is completed on time, proper planning, scheduling, monitoring, and 

control are required during the design process. 
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1.4.2 Cost 

This is the most important constraint to consider in the project because all work is done on 

the designed budget. This influences the decision to make or buy. Because the essential 

materials required for the best performance of our prototype are expensive, less expensive 

alternatives can be used to achieve the project objectives. The cost will vary from the initial 

estimate as the design phase progresses. 

1.4.3 Availability of resources & materials 

Since the resources are limited, the design should be created in such a way that the available 

resources are utilized effectively. This will also save money on purchasing the necessary 

materials. This includes resources such as the electronic components and other hardware 

components such as the joystick. Some of the materials required for the design are difficult to 

obtain in the country, necessitating material outsourcing. 

1.4.4 Manufacturability and Sustainability 

A well-revised manufacturing plan can be used to ensure the high quality of the prototype. 

This also extends the prototype's life cycle while reducing waste. Since some of the machines 

needed for manufacturing are not available in the workshop, low-cost alternatives will be used. 

Sustainability is important because it reduces the amount of energy consumed per cubic mm 

of material removed. Reduced energy waste also results in reduced energy consumption, 

making the manufacturing processes more environmentally friendly. 

1.5 Report Organization 

This report is divided into seven chapters. In Chapter 1, the significance, objectives, and 

constraints of the project are well described. 

Chapter 2 includes the review of various publications and research papers. The solutions for 

achieving the project objectives and the engineering standards of the reviewed research papers 

are provided. 
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Chapter 3 contains the selected design, analysis of the selected design, standards of the 

selected design, and the system breakdown structure of the selected design. Alternate designs 

made during the design process are also included. Decision matrices were drawn to select the 

best components for the design. Additionally, a cost analysis and bill of materials were created 

for the components required for the selected design. 

In Chapter 4, the manufacturing procedure used for the parts mentioned in Chapter 3 is 

discussed. The reasons for choosing each manufacturing process are also stated. The electrical 

layout of the wheelchair is also covered in this chapter. 

Chapter 5 highlights the testing process used to meet the project objective under the given 

constraints. This chapter also includes the Failure Modes and Effect Analysis (FMEA) to 

demonstrate the detailed performance of the wheelchair during use. Furthermore, the different 

verification plans of engineering standards carried out on the wheelchair are discussed. 

Chapter 6 reviews the results, engineering standards, and constraints of this project. 

Finally, in Chapter 7, suggestions are made for future works and improvements on the 

performance and functionality of the wheelchair. 
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CHAPTER 2 - LITERATURE REVIEW 

2.1 Background information 

One of the most popular assistive devices to boost mobility and improve the quality of life 

for those who have trouble walking is the wheelchair. A wheelchair as the name implies is a 

chair with wheels on it, used when walking is difficult or impossible to perform due to illness, 

disability, or problems related to old age and injury. Some of the problems of people aided by 

a wheelchair are spinal cord injuries (paraplegia, hemiplegia, and quadriplegia), brain injury, 

cerebral palsy, osteogenesis imperfecta, motor neurone disease, multiple sclerosis, muscular 

dystrophy, and spina bifida [1], [2]. Since people that use wheelchairs have different problems 

and needs, it is impossible to cater for all their needs with a single wheelchair. The two main 

types of wheelchairs are manual and electric-powered wheelchairs. 

Two big wheels at the back and two caster wheels at the front make up a manual wheelchair, 

along with a seat and footrest. A manual wheelchair is shown in Figure 1. Push handles are 

typically located at the top of the back of manual wheelchairs to provide manual propulsion by 

assisting individuals. People with lower limb disabilities are primarily reliant on manual 

wheelchairs. In a manual wheelchair that is driven by the user, the person with the disability 

controls and manoeuvres the wheelchair. However, compared to using your legs, hand activity 

is less productive and more taxing. It is not recommended to use manual wheelchairs regularly 

because doing so lowers the user's physical capability [3]. 
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Figure 1: Manual wheelchair [4] 

An electric-powered wheelchair (EPW), on the other hand, is any seating surface with wheels 

attached that is moved by a motor and a battery. Figure 2 shows a picture of an electric-powered 

wheelchair. EPW is useful for people who cannot propel themselves with a manual wheelchair. 

The most common control used in an electric wheelchair is a joystick. Since some people with 

disabilities cannot use a joystick for navigation, alternative control systems such as head 

joysticks, chin joysticks, sip and puff, and brain control is used [5], [6]. One of the advantages 

of EPW is that it maximizes the independence of the user without the need for much muscle 

work, energy, and effort. There are still people who lack motor skills, visual acuity and lack 

strength that cannot use electric-powered wheelchairs. These set of people rely on people to 

move them around. To solve this problem, several researchers have used technologies to 

develop a smart wheelchair [3]. 
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Figure 2: Electric powered wheelchair [7] 

A smart wheelchair (SW) typically consists of either a standard EPW base to which a 

computer and a collection of sensors have been added or a mobile robot base to which a seat 

has been attached [5]. Some of the technologies used in smart wheelchairs are proximity sensors 

such as LIDAR and ultrasonic sensors, infrared sensors, laser range finders and machine vision. 

These technologies aid in accident-free travel, autonomous driving, and even reduce the user’s 

responsibility to drive the wheelchair [3].  

Simpson et al. [8] conducted a study on how people will benefit from smart wheelchairs. 

They did a survey and found out that a huge number of wheelchair users find the operation of 

existing manual or powered wheelchairs difficult, and in some extreme cases, impossible to 

operate. It was estimated that 61 to 91 percent of wheelchair users will benefit from a smart 

wheelchair. This wheelchair could be brain, speech or joystick controlled. The different control 

methods used in smart wheelchairs will be discussed in the next session. 
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2.2 Concurrent solutions 

One of the problems with conventional wheelchairs with a joystick is that they cannot be 

used by people with upper extremities disabilities. To solve this problem, Riman [9] worked on 

developing a multi-controlled wheelchair for people with upper extremities disabilities. The 

two ways to control this wheelchair are by eye blinks and sip-and-puff. A wheelchair that can 

be controlled by eye blinks and another wheelchair that can be controlled with sip-and-puff 

were developed. A wheelchair with both control systems was not developed by the researcher, 

but the paper gives an idea of the possibility of multi-control. 

A wheelchair that has two control modes was developed by Shahin et al. [10]; automatic 

(using single-modal and multimodal approaches) and manual control. Signals such as EEG 

signals, head movements and facial expressions were collected using an Emotiv EPOC headset 

and used to control the wheelchair automatically. The single-modal approach uses only one 

signal while the multimodal approach uses more than one signal for control. In manual control 

mode, a four-button pad was designed to accept input from the user and control the wheelchair.  

Mirza et al. [11] proposed a wheelchair that can be controlled using thoughts. A Neurosky 

MindWave headset was used to measure electroencephalography (EEG) readings from the brain 

and convert them to attention, meditation, and eye blinks. The readings were then translated to 

movement commands by the Arduino microcontroller, which in turn moved the wheelchair 

using the motors. In the proposed design, there is no use of proximity sensors to stop the 

wheelchair when there is an obstacle in its way. 

Another brain-controlled wheelchair prototype was developed by Awais et al. [12]. The same 

system that [11] used for getting EEG readings was used in the prototype. In addition to brain 

control, a joystick and remote control through an Android application were included as 

secondary control in the prototype. A safety system that uses four ultrasonic sensors to detect 
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obstacles was also implemented. This work shows that more than one control for a wheelchair 

is possible. 

Most brain/mind-controlled wheelchairs rely on distracting external stimuli such as flashing 

lights and use expensive medical-grade EEG amplifiers. Xiong et al. [13] proposed a wheelchair 

prototype that uses consumer-grade EEG systems and electromyography (EMG) to collect hand 

motor imagery (MI) and jaw clench data. The data collected is passed through a logistic 

regression model to command the wheelchair to turn left, right and stop. Additionally, the 

wheelchair incorporated automated driving features, a location tracker, and a heart rate monitor 

to increase safety and usability. 

Tang et al. [14] presented a brain-actuated smart wheelchair system that consists of an 

omnidirectional wheelchair, a lightweight robotic arm, a target recognition module, and an auto-

control module (Figure 3). Auto-control mode is based on the you only look once (YOLO) 

algorithm. In the algorithm, the system recognises and locates targets in real-time, which is then 

confirmed using a P300-based BCI. An expert system plans a proper solution for the confirmed 

target. For example, the planned solution for a door is opening the door and then passing through 

it. The auto-control system then jointly controls the wheelchair and robotic arm to complete the 

operation. The system was achieved using modern technology equipment and the help of 

artificial intelligence. The wheelchair costs a lot, and it is not suitable to be a product in the 

future since the manufacturability and the assembly is very difficult as well as the 

programmability. Nevertheless, it is completely efficient. 
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Figure 3: The system structure of the smart wheelchair (a) System module of the system. (b) 

Photograph of the smart wheelchair [15] 

A wheelchair that can be controlled using a joystick and gestures was developed by Ahmed 

et al. [16]. Voice control was also implemented to assist people that have difficulty using a 

joystick. The voice control is meant to help the user to access different features of the wheelchair 

and it is not used to get commands for driving the wheelchair. A user interface was designed 

with the use of an LCD screen to cycle between different modes of the wheelchair. Voice 

training and accelerometer calibration are also one of the features of this wheelchair. Lastly, 

heart rate monitoring and an emergency response system with the use of a GPS module were 

integrated into the wheelchair. The wheelchair developed by Ahmed et al. does not have any 

safety features such as proximity sensors to prevent the wheelchair from hitting any obstacle. 

Also, the wheelchair cannot be used by people that are paralysed from the neck down since the 

methods of control are for people with hands. 

A head-controlled semi-autonomous wheelchair designed by Kader et al. [17] uses head 

motion in four axes to help paraplegic patients achieve motion without the need for external 

aid. When a head movement is detected, a wireless 3-axis accelerometer sensor (AD XL345) 

transmits the information to two DC motors that operate the wheelchair. In case of an accident 
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or fatal event, GSM is utilized to send information to any nearby help/emergency services 

through an SMS containing the location and information of the patient. The wheelchair also 

uses sonar sensors that identify impediments at the front and back of the wheelchair thus 

avoiding collisions. The head motion detection circuit and motor control circuit are all 

connected wirelessly due to the system's use of an HC-05 Bluetooth module, which also lowers 

the wiring harness. Mishra & Shrivastava [18] worked on controlling a wheelchair using head 

motion using an accelerometer. Other features such as obstacle detection, GPS tracking and 

pulse rate detection of the user were added to the wheelchair.  

Jameel et al. [19] also designed a wheelchair that is controlled using head motion. A 

gyroscope sensor was used to get the angular velocity of the head, and the data is then used to 

control the wheelchair. The wheelchair control system had an overall performance of 98% 

which outperformed previous research findings. The wheelchair also had ultrasonic sensors to 

prevent collision with obstacles. 

Different researchers have worked on developing a wheelchair that is controlled using a 

smartphone. An android mobile application was created with buttons for different directions 

and a stop button to control the wheelchair. Voice control is also implemented in the mobile 

application to control the wheelchair. Lastly, the wheelchair is kitted with an obstacle detection 

system which reduces the chances of collision [20], [21]. 

To improve navigation and achieve better performance in autonomous speech-controlled 

wheelchairs, Koložvari et al. [22] employed cloud-harvesting principles. The main concern of 

the study was aimed at solving the issues concerning word error rate and command error rate 

by proposing a better approach through engaging several cloud-based speech recognition 

systems such as Node, JS, and JavaScript that combined two cloud speech APIs namely IBM 

Watson, and Google Cloud Speech API. To do this, Node, JS, and JavaScript were used to 

develop a complete control system, PID algorithm and Fuzzy logic for navigation control. The 



14 

results obtained showed significantly better results in the speech recognition accuracy and 

command error rate compared to when the speech recognition APIs were used in solitary. 

D’Angelo et al. [23] devised two concepts for wheelchair mechanics with integrated transfer 

support features that would make it easier for caregivers to move patients onto wheelchairs or 

make it possible for the patients to stand without additional assistance. These concepts include 

seat-to-stand, which can help patients stand upright, and horizontal transfer, which facilitates 

patient transitions from bed to chair. To do this, wheelchair components are guided to move 

into the desired configurations using a four-bar and parallelogram linkage, as indicated in the 

figures below. The contributions of this paper include the choice of a passive actuator for weight 

compensation and simulation of the force it induces (static design), and the experimental 

assessment of the simulation using rapid prototyping functional models of the concepts. The 

outcome is two distinct design ideas, each of which results in easy transfer motion (Figure 4 

and Figure 5). 

 
Figure 4: (a) The wheelchair before the sit to stand mechanism is deployed and (b) after the 

mechanism has been deployed. [23] 

 



15 

 
Figure 5: The wheelchair before (a) and after (b) the horizontal transfer mechanism has been 

deployed. [23] 

Ruşanu et al. [24] proposed a system to provide training sessions for people with neuromotor 

disabilities so that they can use voluntarily eye blinks to control a mobile robot, which can be 

substituted for a wheelchair. National Instruments Virtual Instrument Software Architecture 

toolkit was then used to process the number of eye blinks and send the corresponding command 

to the microcontroller, which in turn moves the robot. This implementation is low-cost, 

portable, friendly, interactive, and convenient. The only disadvantage faced by the researchers 

is fluctuation in accurately detecting eye-blinking strength by the EEG device used. 

A wheelchair that can operate in different terrains such as pedestrian areas, schools, 

hospitals, and workplaces and can also change sitting posture depending on the user’s need was 

developed by Thai et al. [25]. This wheelchair was also made flexible to be able to climb 

staircases (Figure 6). A remote-control system that allows the user to control the wheelchair 

using a smartphone was also integrated into the wheelchair. Furthermore, a safety system that 

monitors the operating status of the wheelchair such as speed, temperature, tilt angle and the 

health status of the user such as heart rate was developed. 



16 

 
Figure 6: Wheelchair performing stair-climbing [25, Fig. 14] 

Aktar et al. [26] developed a voice-controlled wheelchair that detects obstacles on its way 

and has location tracking. To achieve voice control, an inexpensive ElecHouse voice 

recognition module v3 is used. This module is trained on the user’s voice and when input is 

given, it compares the received command to the trained commands. If it matches, the 

microcontroller moves the wheelchair in the specified direction or changes the speed. IR sensor 

is used for obstacle detection and a GPS module is used for location tracking. Lastly, a 

smartphone application was developed to enable the family members of the patients to know 

the location of the patient. 

In most of the research papers reviewed before, turning the wheelchair left/right is achieved 

by stopping one of the rear motors and leaving the other motor to rotate. Umchid et al. [27] 

developed a wheelchair that is controlled using voice. Voice control was achieved with the use 

of Geeetech model Voice Recognition Module V.3 (Figure 7). An electric actuator was 

attached to both front wheels to turn the wheelchair in the left and right directions. Ultrasonic 

sensors were also utilised to prevent obstacle collisions. 
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Figure 7: Geeetech model Voice Recognition Module V.3 [28] 

A voice recognition system using Convolutional Neural Networks (CNN) was developed to 

steer a wheelchair by Bakouri et al. [29]. This system uses a mobile application to get the voice 

input of the user and sends the input to a Raspberry Pi which uses the neural network model to 

evaluate what was said by the user. The Raspberry Pi then controls the motors of the wheelchair 

to move in accordance with the specified user commands. Performance metrics were performed 

on the developed model and the results were high. 

A smartphone can also be used to control a wheelchair using voice and gesture. The 

microphone of the smartphone will be used for voice input and the smartphone’s gyroscope 

sensor is used for gesture control. For recognising the voice of the user, Google’s Voice Search 

Engine can be utilised [30]. One of the problems with this implementation is network latency 

since Bluetooth is used for communication between the smartphone and the microcontroller. 

Figure 8 shows the interface of voice control in Android. The issue with this voice control 

interface is that the microphone icon must be tapped before the voice of the user is received by 

the application. This makes the interface unusable for people that cannot use their hands such 

as quadriplegics. 
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Figure 8: Voice control interface in Android [30, Fig. 5] 

2.3 Comparisons of the concurrent solutions 

Table 1 classifies different research work on wheelchair controls into control methods, 

sensors used and input methods, and the smart features incorporated in their designs. 

Table 1: Comparisons of various research works. 

Research 

Paper 
Control methods Sensors used and method of input Smart features 

[19] Head movement 
EMOTIV-based gyroscope, 

ultrasonic sensors 
Obstacle detection 

[18] 
Head movement or 

hand gestures 

ADXL335 accelerometer, 

ultrasonic sensor, heart rate sensor 

Obstacle detection, heart 

rate monitoring 

[10] 

Facial expressions, 

head movements, 

EEG signals and a 

keypad 

Emotiv EPOC headset  

[12] 

Attention and eye 

blinking, joystick 

control and Android 

application 

MindWave Mobile headset, 

ultrasonic sensors, smartphone, 

and a joystick 

Obstacle detection 

[17] Head movement 

ADXL345 accelerometer, 

ultrasonic sensors, SIM800 

module 

Obstacle detection. 

Location tracking and 

SMS notification. 
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[9] 
Eye-blink and sip-

and-puff 

IR sensors, absolute air pressure 

sensor, chin push button 
 

[26] Voice commands 
Voice recognition module, IR 

sensors, GPS module 

Obstacle detection. 

GPS tracking 

[13] 
Brain and jaw 

clenching 

EEG, ECG, and EMG sensors, 

ultrasonic sensors 

Wall following 

Fall prevention 

Obstacle detection 

GPS tracking and SMS 

notification 

[27] Voice commands 
Voice recognition module, 

ultrasonic sensors 
Obstacle detection 

[29] Voice commands 
Android application and a CNN 

model 
 

[30] Voice and gesture 
Android application, ultrasonic 

sensors 
Obstacle detection 

 

Riman [9] compared different types of wheelchair controllers. The comparison is shown in 

Table 2. 

Table 2: Comparison of different wheelchair controllers [9] 

Type Power use CPU Speed 
Causes user’s 

fatigue 

Used with 

upper limb 

disability 

Added 

controller cost 

Joystick Low Low Heavy use No No 

Eye-blink Avg. (IR) High Heavy use Yes 75 USD 

Sip-and-puff Avg. High Light use Yes 140 USD 

Voice High High Light use Yes 160 USD 

Head motion Avg. High Light use Yes 150 USD 

Chin Low Low Light use Yes 100 USD 

Hand Low Low Heavy use No No 

 

2.4 Engineering standards of the concurrent solutions 

The standards used were used in the research papers reviewed are the following: 

• EN 12183: Manual wheelchairs 

• EN 12184: Electrically powered wheelchairs, scooters and their chargers - Requirements 

and test methods 

• ASME B16.3-2021: Malleable Iron Threaded Fittings: Classes 150 and 300 
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• EC 1907/2006: Regulation (EC) No 1907/2006 - Registration, Evaluation, Authorisation 

and Restriction of Chemicals (REACH) 

• EU RoHS: Restriction of Hazardous Substances Directive 

• EN50581:2012: Technical documentation for the assessment of electrical and electronic 

products with respect to the restriction of hazardous substances 

• EN 62311:2008: Assessment of electronic and electrical equipment related to human 

exposure restrictions for electromagnetic fields (0 Hz - 300 GHz) 

• ISO/IEC Guide 37:2012: Instructions for use of products by consumers 

• IEEE 802.15.1: IEEE Standard for Information technology-- Local and metropolitan area 

networks-- Specific requirements-- Part 15.1a: Wireless Medium Access Control (MAC) and 

Physical Layer (PHY) specifications for Wireless Personal Area Networks (WPAN) 

• ISO 9001:2015: Quality management systems — Requirements 

• IEC 61496-1: Safety of machinery - Electro-sensitive protective equipment - Part 1: 

General requirements and tests 

• IEC 60034: Rotating electrical machines - Part 1: Rating and performance 

• IEC 60086: Primary batteries - Part 1: General 

• ISO 8373:2012: Robots and robotic devices — Vocabulary 

• ISO 7176: Wheelchairs (all parts included)  
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CHAPTER 3 - DESIGN AND ANALYSIS 

3.1 Quality Function Deployment (QFD) 

An organized method for identifying client needs or requirements and converting them into 

detailed plans for producing goods that would satisfy those demands is known as quality 

function deployment (QFD) [31]. A QFD was drawn to relate the customers’ requirements to 

engineering specifications. The QFD of the project is shown in Figure 9. 

The target customers of this project are disabled people and hospitals. From Figure 9, it can 

be observed that the cost of production carries the highest weight. Thus, it is essential that the 

components used must be moderately cheap in other to increase the wheelchair’s affordability. 

Other important weights include the use of a joystick, proximity sensors, and a voice recognition 

system. All these are necessary for the operation of the wheelchair. The joystick and voice 

recognition module both receive input from the user and send instructions to the wheelchair. 

The job of the proximity sensors is to detect obstacles and prevent the wheelchair from crashing. 

The features with the low scores are rechargeability, low power consumption and foldable 

design. Even though these features will be a great and advantageous addition to the project, they 

are simply not a priority. The low-scoring features will be worked on if all other important 

features are achieved and there are available resources. 
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Figure 9: Quality Function Deployment 

3.2 Design criteria with selection matrices 

The requirements for the wheelchair are: 

i. Obstacle detection 

ii. Battery powered. 

iii. Speech controlled. 



23 

iv. Joystick controlled. 

v. Rechargeable 

vi. Use of a lightweight and strong material 

vii. Smartphone-controlled 

There are a lot of options that can be selected to satisfy the requirements. To select the best 

material, method or module for the design, decision matrices was drawn for each feature. 

3.2.1 Obstacle detection 

An obstacle-detection feature is needed as a safety requirement for the wheelchair. Since the 

user of the speech-controlled wheelchair can command the wheelchair to move forward when 

there is a wall in front, the wheelchair should be able to stop and avoid crashing into the wall. 

There are different sensors available to achieve obstacle detection. These include ultrasonic, 

RADAR, LIDAR, and IR sensors. Different types of these sensors were compared using certain 

criteria and the highest-scoring sensor was selected. Table 3 shows the selection matrix for 

proximity sensors. 

Table 3: Selection Matrix for proximity sensors 

Selection 

Criteria 
Weights 

Ultrasonic 

sensor 

(HC-SR04) 

Time of Flight 

Distance Sensor 

(VL53L0X) 

TF Mini 

LIDAR 

sensor 

IR proximity 

sensor SHARP 

GP2Y0A21YK 

High range 2 6 4 10 7 

Low cost 5 10 9 4 7 

Low sensitivity 

to harsh 

environmental 

conditions 

3 10 3 4 4 

Total  92 62 52 61 

 

Ultrasonic sensors were selected for obstacle detection since they outscored the other 

alternatives. 
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3.2.2 Motor selection 

Motors are needed to move the wheelchair. There are different factors to consider when 

choosing a motor and there are different motors to choose from. To select the best motors for 

our design, a selection matrix was drawn. The selection matrix for motors is shown in Table 4. 

Table 4: Selection matrix for the motors 

Selection 

criteria 
Weights 

24 V brushed DC 

hybrid gearbox 

motor 

24 V brushed DC 

worm gear motor 

12 V brushed 

DC wiper 

motor 

24 V DC 

brushless hub 

motor 

Low cost 5 10 9 7 4 

Low noise 

generated 
4 5 4 3 10 

High power 3 10 10 6 9 

High 

availability 
5 10 7 10 3 

Good braking 

system 
3 6 3 3 8 

Total  168 135 124 117 

 

24V brushed DC hybrid gearbox motors were chosen for the design since it has the highest 

total score in Table 4. 

3.2.3 Battery selection 

A battery will be used to power the wheelchair. There are two types of batteries. These are 

primary (non-rechargeable), and secondary (rechargeable). 

Due to the requirement that the battery should be rechargeable, a secondary battery will be 

used for powering the electrical components of the wheelchair. Different secondary batteries 

were evaluated using different selection criteria and the highest scoring one was selected. Table 

5 shows the selection matrix of the batteries. 
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Table 5: Battery selection matrix 

Selection 

Criteria 
Weights 

Lead-Acid 

Batteries 

Nickel-

Cadmium 

Batteries 

Nickel – Metal 

Hydride 

Batteries 

Lithium – 

Ion Batteries 

Lithium 

Polymer 

Batteries 

Low cost 5 9 5 5 2 1 

Low toxicity 

level 
2 2 2 7 7 8 

High power 

discharge 
4 7 5 5 7 6 

Cycle Life 3 4 7 5 9 8 

Fast charge 

time 
2 2 7 6 6 7 

Total  91 84 86 91 83 

 

From the matrix, lithium-ion and lead-acid batteries have the highest score. The battery that 

was selected in this project is the lead acid battery because the main priority is low cost. 

3.2.4 Frame material selection 

Different materials can be used for the frame of the wheelchair. To select the best material 

for the frame, a selection matrix will be drawn. Table 6 shows the selection matrix for the frame 

of the wheelchair. 

Table 6: Selection matrix for the frame of the wheelchair 

Criteria Credit Aluminium Mild Steel Titanium 

Cost 5 7 8 4 

Durability 4 6 7 8 

Strength-to-weight 

ratio 
5 9 7 10 

Corrosion 

resistance 
4 9 6 10 

Availability 5 8 10 6 

Machineability 5 10 9 3 

Total  230 222 187 

 

From the matrix, the best material to select for the frame is aluminium. 
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3.2.5 Speech control 

There are a lot of ways that can be used to control the wheelchair with speech. These include 

the use of speech recognition modules, speech-to-text APIs provided by Google, Deepgram, 

AssemblyAI and libraries such as DeepSpeech, Kaldi and Wav2Letter. These available methods 

were compared using some criteria and the best one for the project was picked. Table 7 shows 

the selection matrix for speech control methods. 

Table 7: Selection matrix for available speech control methods 

Selection Criteria Weights Google API DeepGram API 
ELECHOUSE Voice 

recognition module 

Low cost of 

implementation 
5 7 3 10 

High accuracy when 

there is ambient noise 
4 10 10 4 

Total  85 55 66 

 

Google’s API for speech recognition was chosen in this project since it has the highest score 

in Table 7. 

3.2.6 Smartphone and controller connectivity 

Bluetooth and Wi-Fi are the available options for wireless control of the wheelchair using a 

smartphone. Wi-Fi control means that the smartphone and the Wi-Fi module must be on the 

same Wi-Fi network, or they must be both connected to the internet. Bluetooth control on the 

other hand means that the module and the smartphone will be connected using Bluetooth. A 

decision matrix will be used to know which is the best option for the project. Table 8 shows the 

decision matrix for phone connectivity options. 
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Table 8: Selection matrix for phone connectivity with the wheelchair 

Criteria Weights Bluetooth Wi-Fi 

High range 1 -1 +1 

Low power 

consumption 
5 +1 -1 

Ease of use and 

comfortability of the 

user 

4 +1 0 

Cost 5 -1 +1 

Total  3 1 

 

Range has the lowest weight because there is no need for long-range since the user will stay 

in the wheelchair to operate it. From Table 8, it is better to connect the smartphone to the 

wheelchair controller using Bluetooth. 

3.2.7 Motor driver selection 

A motor driver is needed to control the motion of a motor. There are different kinds of motor 

drivers available in the market. Four motor drivers that have the capacity to drive a 24 volts 

motor will be evaluated and the best one will be selected using a decision matrix. 

Table 9: Selection matrix for motor drivers 

Criteria Weights 
IBT 2 

BTS7960 
Sabertooth 2x12 

Sabertooth 

2x25 
SyRen 25A 

Availability 5 10 3 3 3 

Cost 5 10 4 2 4 

Ability to 

supply a 

continuous 

current up to 12 

A 

2 4 8 10 10 

Efficiency in 

heat dissipation 
3 4 8 9 9 

Total  120 75 72 82 

 

Table 9 shows the decision matrix for a motor driver. The selected motor driver for the design 

is the IBT 2 motor driver. 
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3.2.8 Controlling unit box material selection  

The controlling unit box unit box is the central hub or control module of an electric 

wheelchair. This box typically houses the components that are responsible for the operation and 

control of the wheelchair. It also features other components such as the heart sensor, buzzer, 

and the operation lights. Table 10 shows the selection matrix for the controlling unit box 

material. 

Table 10: Selection matrix for controlling unit box material. 

Criteria Weights Wood Aluminium PLA 

Availability 4 10 7 8 

Cost 5 8 5 8 

Manufacturability 5 8 7 10 

Corrosion 

resistance 
4 8 8 10 

Weight 3 9 8 9 

Total  179 144 189 

 

From Table 10, the selected material for the controlling unit box is PLA. 

3.2.9 Battery box selection 

This is a compartment or enclosure that houses the batteries used to power the wheelchair. 

The battery box is an essential component in electric wheelchairs, as it contains the electrical 

components that provides the necessary electrical energy for the wheelchair's operation. Table 

11 shows the decision matrix for the battery box material. 

Table 11: Selection matrix for battery box material 

Criteria Weights Iron wood Mild steel 

Cost 5 6 10 7 

Availability 3 7 10 8 

Manufacturability 4 6 9 6 

Corrosion 

resistance 
4 5 8 7 

Heat management 5 6 5 6 

Total  125 173 141 
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Wood was chosen as the material for the battery box.  

3.2.10 Arduino box selection 

An Arduino box refers to a physical enclosure or case used to protect and house an Arduino 

board and associated circuitry for the wheelchair project. This enclosure provides a way to 

neatly organize and protect the components while allowing access to necessary inputs, outputs, 

and connectors. Table 12 shows the selection matrix for the material of the Arduino box. 

Table 12: Selection matrix for Arduino box material 

Criteria Weights PLA Mild steel wood 

Cost 5 8 6 10 

Availability 4 8 7 9 

Manufacturability 5 8 7 8 

Corrosion 

resistance 
3 10 6 8 

Yield Strength 5 8 10 4 

Total  182 161 170 

 

The material selected for the Arduino box was PLA.  

3.3 Different Design Configurations  

In this project, a lot of designs were produced. Every design has some advantages and 

disadvantages. Therefore, all the design configurations will be discussed in this section and the 

most suitable one will be chosen by a decision matrix based on the availability, cost, 

manufacturability, assembly, time, durability, environmental footprint, safety, and end-of-life.  

3.3.1 Wheelchair Design A 

The design shown in Figure 10 is the first model drawn for the wheelchair. This design is a 

standard wheelchair design. The container at the bottom will be used to place the battery, 

microcontroller, motor drivers, wires, and any other electrical components. The tubes of the 

frame are 21.3 mm in diameter, the rear wheels are 24 inches in diameter and the front wheels 
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are 8 inches in diameter. The material selected for the wheelchair is steel. The motor used is a 

DC brushed motor with a chain connected to the rear wheels. 

 
Figure 10: Wheelchair Design A 

Advantages: 

- It is very big. 

- It is widely available. 

- The wheelchair has enough space for the electrical components.  

Disadvantages:  

- The wheelchair is not foldable. 

- There are so many unnecessary materials in the wheelchair.  

- It is heavy. 

- Lots of machining and welding are required. 

- There is no damper or spring. 

- It does not follow standards. 
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3.3.2 Wheelchair Design B  

The design shown in Figure 11 is design B. This design is a standard manual wheelchair 

design. As shown in Figure 11, the wheelchair can be transformed into a powered wheelchair 

by placing the battery in the side of the chair and putting 2 motors connected with wheels in the 

sides of the frame. The microcontroller, the motor driver, other electrical connections, and the 

wires are to be arranged anywhere in the frame. The tubes of the frame are 21.3 mm in outer 

diameter. The wheelchair is foldable. The joystick used is the Arcade joystick. The material 

used is aluminium. The front wheel is 8-inch, and it does not contain a damper or a spring while 

the rear wheels are 12 inches in diameter. The motor is a brushless DC motor.  

 
Figure 11: Wheelchair design B 

Figure 11 shows design B of the wheelchair. The armrests, the side cover and the footrest 

are shown in this figure as well as the joystick and the wheels. 
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Figure 12: Back view of design B of the wheelchair 

Figure 12 shows the back view of wheelchair design B. The electrical connections of the 

battery and motors are also shown in Figure 12. 

Advantages: 

- It is large. 

- The motor used is better than the previous design’s motors. 

- The dimensions are acceptable. 

- The wheelchair is foldable. 

- It can be easily assembled and manufactured. 

Disadvantages:  

- There is no damper or a spring. 

- The battery is not placed correctly. 

- The wheelchair design is not following standards. 

- The motors are not held in place well. 
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3.3.3 Wheelchair design C 

The design shown in Figure 13 is design C of the wheelchair. This design is not a standard 

manual wheelchair design. It has been edited by minimizing the tubes, removing unnecessary 

materials, and increasing the outer diameter of the tube to 24 mm in diameter. As shown in 

Figure 13, the wheelchair is well-designed to be a powered wheelchair. The battery is placed 

on the right side of the chair and two brushless motors are connected to the wheels on the sides 

of the frame. The Arduino, motor drivers, and other electrical connections are to be arranged 

anywhere in the frame. The wheelchair is foldable. The controlling unit was designed using a 

small Arduino joystick and a few push buttons. The material used is aluminium. The front wheel 

is 8 inches in diameter, and it contains a spring while the rear wheel is 12 inches in diameter. 

The frame is very light compared to the previous designs (A and B).  

 
Figure 13: Wheelchair Design C 

Figure 13 shows the design C of the wheelchair. The armrests, the side cover and the footrest 

are shown in this figure as well as the brushless motors and the wheels. Moreover, it shows the 

battery and the springs.   

Advantages: 
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- It is large.  

- It holds the motor well. 

- The wheelchair dimensions are standardised. 

- The rear wheels dimensions are suitable. 

- The wheelchair design is foldable. 

- It can be easily manufactured and assembled. 

- It is lightweight. 

- It contains a spring to reduce vibrations. 

- Less machining and welding are required. 

- It has a safe battery compartment. 

Disadvantage: 

- The motor has low availability. 

3.3.4 Wheelchair Design D 

The design shown in Figure 14 is design D. The battery is placed on the left side of the chair 

and two DC Hybrid Gearbox high torque motors are connected to the wheels in the sides of the 

frame. The Arduino, motor drivers, and the other electrical connections are arranged on the 

right side of the frame where the controlling unit is placed. The battery will be placed on the 

left side of the frame. The wheelchair is foldable. The controlling unit was designed using a 

small Arduino joystick and a few push buttons. The controlling unit is placed on the right side 

of the chair. The material used is aluminium. The front wheel is 8 inches in diameter, and it 

contains a spring while the rear wheel is 12 inches in diameter. Finally, the way of holding the 

motors was changed and anti-tipping tubes were added to avoid reversal issues and protect the 

user from possible tilting issues. 
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Figure 14: Wheelchair design D 

Figure 14 shows the following parts of wheelchair design E. It shows the rear wheels, the 

Arduino box, the armrest, the springs, and the front wheels. 

 
Figure 15: Back view of wheelchair design D 
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Figure 15 shows the controlling unit, the battery, the aluminium footrest, and the DC hybrid 

gearbox motors. 

Advantages: 

- The wheelchair design follows standard dimensions. 

- It is foldable. 

- It can be easily manufactured and assembled. 

- It is lightweight. 

- It contains a spring to reduce vibrations. 

- The battery is placed in a safe spot. 

- The motors are held perfectly. 

- Easy wiring and simple connections arrangements. 

- The design has an anti-tip mechanism. 

Disadvantage:  

- The motor selected is not as efficient as the one in design C. 

3.3.5 Wheelchair design E 

The design shown in Figure 16 is design F. This design is a modern wheelchair design. The 

main difference in this wheelchair is the container in the middle as well as the frame. Tubes 

were not used in this design. The container will contain the battery, microcontroller, motor 

drivers, and wires. The wheelchair is not foldable. The joystick used is an arcade joystick. The 

material used is aluminium. The motor is a brushed gearbox DC motor. The wheelchair is very 

heavy, and it needs a lot of machining.  
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Figure 16: Wheelchair Design E 

Figure 16 shows the following components of design E: the Aluminium footrest, the rear 

wheels, the front wheels, the container, the armrest, and the arcade joystick. 

Advantages: 

- It is large. 

- It is very comfortable. 

- The design has enough space for the electrical components. 

Disadvantages:  

- It is not foldable. 

- The design has a lot of unnecessary materials. 

- It is heavy and not durable. 

- Lots of machining and welding are required. 

- There is no damper or a spring. 

- It does not follow any standards. 
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3.3.6 Wheelchair design F 

This design is based on the prototype to be made. From the decision matrix in Table 13 

below, the design was ranked to have a better durability, availability of materials, safety and 

more cost effective compared to other design configurations. It has the batteries placed on the 

base just below the seat of the wheelchair which reduces the centre of gravity of the wheelchair. 

Another feature of this design is the five ultrasonic sensors (two in front, one on each side and 

one at the back) used for obstacle detection. The frame is made with hollow aluminium tubes 

which reduces the overall weight of the wheelchair. 

 
Figure 17: Wheelchair design F 

Figure 17 above shows the design that closely resembles the prototype to be manufactured. 

It consists of batteries, sensors, joystick, motors, Arduino, motor drivers, fan, etc. 
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3.3.7 Design selection 

A decision matrix that contains all the criteria required for selecting the design is shown in 

Table 13. 

Table 13: Design Selection decision matrix 

Criteria 
Importance 

weight 
Design A Design B Design C Design D Design E Design F 

Cost 9 10 5 8 8 2 9 

Time 10 10 8 10 10 2 10 

Availability 10 10 1 1 7 10 8 

Manufacturability 10 10 7 9 9 5 9 

Assembly 10 4 8 10 10 6 9 

Environmental 

footprint 

(10 = best) 

10 1 10 10 8 1 8 

End of life 9 2 6 9 7 4 8 

Safety 10 8 2 10 8 8 9 

Durability 10 2 7 10 8 2 9 

TOTAL  558 529 753 764 374 773 

 

From the results above, the best design based on criteria specified in the report is design F. 

3.4 Proposed/Selected design. 

The proposed design will be divided into two subsystems: mechanical and electrical 

subsystems. 
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3.4.1 Mechanical subsystem 

 
Figure 18: Design configuration 

Figure 18 shows the following parts of wheelchair design F: rear wheels, the Arduino box, 

the armrest, ultrasonic sensors, motors, controlling unit. 

Controlling unit 

Arduino box 

Ultrasonic sensors 

motors 

seat 

Battery box 

Arm rest 

Rear wheels 

Back rest 
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3.4.1.2 Frame 

 
Figure 19: Frame 

Figure 19 shows the frame and some of its subsystems connected to the folding mechanism. 

The frame is the first mechanical subsystem, and it is made of aluminium tubes. It was designed 

for safety, manufacturability, durability, cost, assembly, environment, and end of life.  

3.4.1.3 Armrest pad 

 
Figure 20: Armrest 

Figure 20 shows the armrest pad. It is connected to the frame by placing it in the hole shown. 

Frame 

Folding mechanism 
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The armrest pad can be made of different materials like leather, nylon, and plastic. In this 

project, the plan is to buy the armrest based on the best cost, assembly, availability, and safety. 

3.4.1.4 Motor holder 

 
Figure 21. Motor Holder 

Figure 21 shows two parts that are used to connect the motor to the frame. One is screwed 

to the motor and the other supports the main holder. The holes are 6mm in diameter. 

3.4.1.5 Rear wheels 

 
Figure 22: Rear wheels 

Figure 22 shows the rear wheel used in the project. The place where the wheel will be 

connected to the motor is shown. 



43 

The wheel (which is a subsystem of the motor) is to be bought and not manufactured. The 

wheel is made from plastic and covered by airfield tire, while the connector is made of steel. 

3.4.1.6 Arduino box 

 
Figure 23: Arduino box 

Figure 23 shows the Arduino box with some of the components that are going to be in the 

box as well as the exits of the wires. 

Safety standards were followed when designing the Arduino box. The box is designed for 

assembly, cost, safety, and durability. The material used for manufacturing the box is PLA 

material and it should be 3D printed. 

Arduino box cover 

Arduino box 

Trunking system 

Arduino Mega 

Motor drivers Buck converter 

Fans 
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3.4.1.7 Battery box 

 
Figure 24: Battery box 

Figure 24 shows the design of the battery container and the batteries used to power the 

wheelchair. The box has some space to allow for wires to be plugged to it. 

Battery box 

Batteries 
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3.4.1.8 Controlling unit holder 

 
Figure 25: Control unit holder 

Figure 25 shows the controlling unit holder which holds the controlling unit for joystick 

control movement. The controlling unit holder is movable, made from Aluminium, and is a 

subsystem of the frame. The function of this holder is to hold the controlling unit in a 

comfortable level for the user. It was designed based on durability, assembly, manufacturability, 

cost, and environmental footprint. 

3.4.1.9 Controlling unit 

 
Figure 26: Control unit 

Figure 26 shows the controlling unit with its components which are the microphone, the push 

buttons, as well as the mode screen which is designed to show the current control mode of the 

user. It also shows the joystick used in the project. 
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The controlling unit (which is a subsystem of the controlling unit holder) was designed to 

provide full comfortable control for the user based on the required power safety standards and 

based on durability, assembly, manufacturability, cost, and environmental footprint. The 

controlling unit was manufactured using PLA material and 3D printing was the preferred 

manufacturing method. 

3.4.1.10 Footrest 

 
Figure 27: Footrest 

Figure 27 shows the footrest design for the model. The footrest (which is a subsystem of the 

frame) is to be bought and not manufactured due to availability, cost, durability, and 

manufacturability. 

3.4.1.11 Caster fork 

 
Figure 28: Caster fork 
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Figure 28 shows the caster fork. The assembly of the caster fork subsystems is shown with 

the dimensions of the holes that are used for the wheel connection. 

The caster fork (which is a subsystem of the frame) was bought due to the availability, cost, 

durability, manufacturability, time, and environmental footprint. The caster fork is made from 

Aluminium material. 

3.4.1.12 Spring 

 
Figure 29: Caster spring 

Figure 29 shows the spring used in the caster fork with some of its information. The spring 

(which is a subsystem of the caster fork) is used to decrease the vibration impact on the 

wheelchair to increase the safety and durability of the wheelchair, and to make the wheelchair 

more comfortable. 
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3.4.1.13 Front wheels 

 
Figure 30: Front wheel 

Figure 30 shows the front wheel(caster) connected to the caster fork used in the project. A 

screw is used to connect the wheel to the caster fork and locked in place with a nut on the other 

side. The wheel (which is a subsystem of the caster fork) is to be bought and not manufactured. 

The wheel is made from plastic and covered by airfield tire, while the connector is made of 

steel. 

spring 

Caster fork 

Caster 
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3.4.1.14 Seat 

 
Figure 31: Wheelchair seat cushion 

Figure 31 shows the seat used in the project with its specifications. This seat is made from 

nylon, and it is removable and comfortable. The seat will be placed above the default leather 

seat and then removed when folding the wheelchair. The seat is following the standard 

dimensions and it was chosen due to its availability, durability, sustainability, time, and cost. 

3.4.1.15 Handle Grip 

 
Figure 32: Handle grip 
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Figure 32 shows the grip that is used in the wheelchair handle grip. The grip is to be 3D 

printed using PLA material. The grip is comfortable and durable. It is easy to be assembled, 

cheap and safe. 

3.4.1.16 Folding mechanism 

 
Figure 33: Folding mechanism 

Figure 33 shows the folding mechanism of the wheelchair and its components (the frame 

attachments and the beams). It is made from Aluminium, and it has a special kind of screw 

called “thickened folding screw”. The black components that connect to the frame are made 

from rubber. The design allows the user to fold the wheelchair to a minimum width of 29 cm 

as shown above. 
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Figure 34: Maximum folding 

Figure 34 shows the maximum folding distance from the most left to the most right.  

3.4.1.17 Ultrasonic Sensor Holder 

This component has three slightly varying configurations due to the location of the sensors 

on the wheelchair and how each holder connects to the frame. The front holders and the rear 

holder are similar, but the rear holder has more length. The holders on the sides are smaller and 

fits on the frame better than the other holders. 
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Figure 35: Ultrasonic Sensor holders (a) rear holder; (b) front holders; (c) side holders 

Figure 35 above shows the different ultrasonic holders used to connect the ultrasonic holders 

to the frame. Five ultrasonic holders are used in total (two in front, two on each sides, & one at 

the back) 

 

Table 14 below shows the mass of components as well as the quantity and materials of the 

parts. This is useful in estimating the overall weight of the wheelchair and number of parts used 

in the assembly. The mass values are based on the SolidWorks design. 

 

 

 

 

a 

b c 
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Table 14: Mass & Quantity & Materials of the mechanical subsystem 

Part no Mechanical subsystem Quantity Total Mass Material 

1-1-1 Frame 2 2 Kg Steel 

1-1-1-8 Armrest pad 2 1 Kg Leather & Plastic 

1-1-1-1 Motor holder 2 0.086 Kg Aluminium 

1-1-1-1-1 
Motor holder-frame 

connector 
2 0.01 Kg Aluminium 

1-1-1-1-1 Rear wheels 2 3 Kg 
(Plastic- rubber – 

aluminium) 

1-1-1-2 Arduino box 1 0.8 Kg Plastic 

1-1-1-2-1 Arduino box cover 1 0.6 Kg Plastic 

1-1-1-3 Battery box 1 1.5 Kg PLA 

1-1-1-4 Controlling unit holder 1 0.2 Kg Plastic 

1-1-1-4-1 Controlling unit box 1 0.2 Kg PLA 

1-1-1-5 Foot plate 2 0.2 Kg Rubber 

1-1-1-6 Caster fork 2 0.27Kg Aluminium 

1-1-1-6-1 Spring 2 0.02 Kg Steel 

1-1-1-1-2 Front wheels 2 0.5 Kg 
(Plastic- rubber – 

aluminium) 

1-1-1-9 Seat 1 0.085 Kg Foam 

1-1-1-7 Handle Grip 2 0.036 Kg Plastic 

1-1-1-10 Back rest 1 0.03 Foam 

1-1-2 Folding mechanism 1 0.475Kg Aluminium 

 

3.4.2 Electrical subsystem 

3.4.2.1 Motors 

The motor must be able to carry both the person and the wheelchair. The motors selected for 

the wheelchair design are a 24 V hybrid gearbox brushed DC motor with a braking torque of 3 

Nm. A picture of the motor is shown in Figure 36. The specifications of the motors are shown 

in Table 15. 
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Figure 36: Motor selected for the design [32] 

Table 15: Technical specification of the motors 

Voltage (V) 24 

No load speed (rpm) 138 

Rated torque (Nm) 12 

Rated speed (rpm) 130 

Rated current (≤A) 14.5 

Gear ratio 32:1 

Braking torque (Nm) 3 

 

3.4.2.2 Motor drivers 

A motor driver is used to control the motion of a motor and its direction by feeding current 

accordingly. The voltage, continuous current and peak current required by the motor are 

parameters used when selecting a motor driver. Using the information shown in Table 15, the 

motor driver selected for the design is the IBT-2 (BTS7960B). This motor driver is shown in 

Figure 37. This driver uses two high current half bridge BTS 7960 chips for motor drive 

applications. Interfacing with a microcontroller is made easy using this driver which features 

current sensing, slew rate adjustment and protection against overrun temperature, overvoltage, 

under-run voltage, overrun current and short circuit. This small-sized driver provides a cost-

optimized solution for protected high current PWM motor drives. 
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Figure 37: IBT-2 motor driver [33]  

3.4.2.3 Ultrasonic sensors 

Ultrasonic sensors use ultrasound for the detection of objects. Ultrasound is any sound wave 

with frequencies greater than 20 kHz. This sound wave is inaudible to humans since its’ 

frequencies are higher than the audible range of human ears. HC-SR04 ultrasonic sensors were 

selected to serve as proximity sensors. A picture of HC-SR04 is shown in Figure 38. 

 
Figure 38: HC-SR04 Ultrasonic Sensor [34] 

The width of the received pulse directly correlates to the time taken to receive the waves and 

it can be used to calculate the distance between the sensor and the object. This can be done 

using Equation (1). 
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 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑠𝑒𝑛𝑠𝑜𝑟 𝑎𝑛𝑑 𝑜𝑏𝑗𝑒𝑐𝑡 = 𝑆𝑝𝑒𝑒𝑑 𝑜𝑓 𝑆𝑜𝑢𝑛𝑑 ×
𝑇𝑖𝑚𝑒

2
 (1) 

Ultrasonic sensors will be placed at the front, back, left, and right of the wheelchair. These 

sensors will be used to detect obstacles along the path of the wheelchair. 

3.4.2.4 Battery 

From the conclusion of the interpretation of Table 5, the best battery type to be selected is 

the lead acid battery. Since the motors selected have a voltage of 24 V, the battery should supply 

a voltage of 24 V. 

 
Figure 39: Battery 

Figure 39 shows the battery selected for the design. Two of this battery will be connected in 

series to make a 24 V power supply. The rating of the batteries is 20 Ah. 

3.4.2.5 Battery Charger 

A battery charger is needed to charge the battery chosen for the design. This battery charger 

must fit the specification of the battery. A picture of the selected battery charger is shown in 
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Figure 40. The selected battery charger can supply up to a voltage of 30 V and can supply up 

to a current of 2 A. 

 
Figure 40: Battery Charger 

3.4.2.6 Charging Port 

The wheelchair was equipped with two charging ports: XLR and IEC 13 female connectors. 

An XLR female connector was chosen as the charging port because it is the standard port used 

in wheelchairs and scooters. The wheelchair was also equipped with an IEC 13 female 

connector to give the user more freedom in choosing charging plugs for the wheelchair. 
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Figure 41: IEC C13 connector (left) and XLR female connector (right) [35], [36] 

3.4.2.7  Buck Converter 

A buck converter is used where the DC output voltage needs to be lower than the DC input 

voltage. This is useful for the components that need 5 V and 12 V power supply to function. 

The buck converter that was selected for the project is the LM2596 buck converter (Figure 42). 

Two buck converters were used to convert the 24 V supply to 5 V and 12 V. 

 
Figure 42: LM2596 Buck converter [37] 

3.4.2.8 Bluetooth Module 

The module selected for Bluetooth connectivity is HC-05. It uses Bluetooth 2.0 protocol and 

can be used in a master or slave configuration. Figure 43 shows a picture of the HC-05 Bluetooth 



59 

Module. This module will be used for establishing wireless communication between a 

smartphone and the controller. 

 
Figure 43: HC-05 Bluetooth Module 

3.4.2.9 Joystick 

 
Figure 44: Analog Joystick [38] 

A joystick will also be used to control the wheelchair. Figure 44 shows the selected joystick 

for the design. Two potentiometers on the joystick are used to read user input. The analog output 



60 

voltage for X-Direction movement is obtained using one potentiometer, while the analog output 

voltage for Y-Direction movement is obtained using the other potentiometer. The joystick also 

has one tactile switch. 

3.4.2.10 Buzzer 

A buzzer was integrated into the wheelchair design. This will help warn people around the 

operating area of the wheelchair to know that the wheelchair is going backwards. It can also be 

used by the user to alert passers-by obstructing his/her path. The buzzer selected for this design 

is an active buzzer. Figure 45 shows a picture of the active buzzer that is selected for the design. 

Active buzzers are called active because they can produce sound directly when connected to 

the battery. Most manufacturers' active buzzers can produce a single tone set to 2 kHz. 

 
Figure 45: Active buzzer [39] 

3.4.2.11 Indicator lights 

The wheelchair has three modes and three speed levels, and indicator lights will help in 

showing which mode and speed level the wheelchair is in. Six 5 mm LEDs are used for the 

indicator lights. A picture of 5 mm LEDs is shown in Figure 46. 
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Figure 46: 5 mm LEDs [40] 

3.4.2.12 Push buttons 

A push button switch (Figure 47) is a mechanical device that uses manual pressure to activate 

an internal switching mechanism to regulate an electrical circuit. The push buttons will help to 

increase and decrease the speed of the wheelchair, change the input of the wheelchair, stop the 

wheelchair in an emergency, and activate the buzzer. Five push buttons were used in this design. 

 
Figure 47: Push buttons [41] 

3.4.2.13 Pulse oximeter and heart rate sensor (MAX30102) 

The MAX30102 is an integrated pulse oximetry and heart rate monitor module. It includes 

internal LEDs, photodetectors, optical elements, and low-noise electronics with ambient light 

rejection. Behind the window on one side, the MAX30102 has two LEDs – a RED and an IR 

LED. On the other side is a very sensitive photodetector. The idea is that you shine a single 
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LED at a time, detecting the amount of light shining back at the detector, and based on the 

signature, you can measure blood oxygen level and heart rate. 

This sensor is placed in the controlling unit and the user of the wheelchair can use it to 

measure his/her heart rate. A picture of the MAX30102 sensor is shown in Figure 48. This 

sensor did not work correctly at first due to voltage level incompatibility. One of the SMD 

resistor had to be removed for the sensor to work properly. The connection for this sensor can 

be found in the electrical schematic which is in the appendix of the report. 

 
Figure 48: MAX30102 sensor 

3.4.2.14 Switch 

A switch is needed to turn on/off the wheelchair when it is to or not to be used. The switch 

that was chosen for the wheelchair is a three-terminal rocker switch. Figure 49 shows a picture 

of the three-terminal switch. The brass colour terminal is connected to the negative terminal of 

the battery. The middle pin is connected to the positive terminal of the battery and the last pin 

is connected to the load of the circuit. 
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Figure 49: Three terminal rocker switch 

3.4.2.15 Resistors 

Resistors are passive two-terminal electrical components that resist the flow of electric 

current. These are used with the LEDs to limit the current through them and the push buttons. 

10 kilo ohms and 330 ohms resistors are connected to the pushbuttons and LEDs respectively. 

Three 3.7 kilo ohms resistors are also used with the MAX30102 sensor. Figure 50 shows a 

picture of different resistors. 

 
Figure 50: Resistors [42] 

3.4.2.16 Fans 

The motor drivers and other electrical components are positioned in a box. If there is little 

ventilation, overheating can occur. To prevent overheating from happening, two 12 volts fan 
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are placed in the box. Figure 51 is a picture of the 12 V DC Fan. These fans are situated very 

close to the motor drivers because they have a higher chance of overheating. 

 
Figure 51: 12 Volts DC Fan 

3.4.2.17 Raspberry Pi 4 

The Raspberry Pi is a relatively affordable Linux-powered computer that also features a set 

of GPIO (general purpose input/output) pins that let you explore the Internet of Things (IoT) 

and control electronic components for physical computing. To achieve voice control, a 

Raspberry Pi 4 Model B is used to accept and process the voice input from the user. Details on 

how each control method is achieved is explained in 3.9. A picture of the Raspberry Pi 4 is 

shown in Figure 52.  
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Figure 52: Raspberry Pi 4 Model B [43] 

3.4.2.18 Microphone 

A microphone is needed to receive voice commands/inputs from the user of the wheelchair. 

The microphone is connected to the Raspberry Pi 3 via a USB audio adapter. 

3.4.2.19 USB audio adapter 

A USB audio adapter is an audio adapter that interfaces with a computer via USB. This is 

connected to the Raspberry Pi 3 and microphone. This audio adapter acts as a sound card and 

provides the recorded audio to the Raspberry Pi in high quality for processing. 

3.4.2.20 Controller 

The amount of input and output pins must be considered when choosing a controller. Table 

16 shows the electrical components of the proposed design and the number of I/O pins needed 

for each component. 
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Table 16: I/O needed for the design 

Components Units 
Number of I/O pins for 

a unit 
Total number of pins 

HC-05 1 2 digital pins 2 digital pins 

HC-SR04 5 2 digital pins 10 digital pins 

Joystick 1 
2 analog pins and 1 

digital pin 

2 analog pins and 1 

digital pin 

LED 5 1 digital pin 5 digital pins 

Active buzzer 1 1 digital pin 1 digital pin 

IBT-2 motor driver 2 2 digital pins (PWM) 4 digital pins 

Push buttons 6 1 digital pin 6 digital pins 

MAX30102 1 
1 digital pin, SCL and 

SDA 

1 digital pin and I2C 

pins 

Total   

30 digital pins, 2 

analog pins and I2C 

pins 

 

The total I/O pins needed for the design are 30 digital, 2 analog, and I2C pins. The 

specifications of the available Arduino controllers are shown in APPENDIX G: Arduino Boards 

Specifications. From the specifications, Arduino Mega 2560 Rev3 will be chosen as the 

controller for this design. A picture of the controller is shown in Figure 53. This controller has 

54 I/O pins (of which 15 can be used as PWM outputs), 16 analog inputs, and 4 UARTs. 

 
Figure 53: Arduino Mega 2560 Rev3 [44] 
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3.5 System Breakdown Structure 

Figure 54 shows the system breakdown structure of the proposed wheelchair design. 

 
Figure 54: System Breakdown Structure 
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3.6 Electrical connections 

  
Figure 55: Electrical connection of the electrical subsystem 
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Figure 55 shows a simplified version of the electrical connections in the wheelchair. 5 V will 

be supplied by the buck converter and the Arduino to the electrical components that require it 

for power. 

The electrical connections in the Arduino box are shown in Figure 56. 

 
Figure 56: Electric schematic for the Arduino box 

Figure 57 shows the electrical connections in the controlling box. 
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Figure 57: Electrical schematic for the controlling box 

3.7 Engineering standards 

One of the objectives of this project is that the design should follow standards to prove the 

efficiency of the product. The design follows the World Human Organization (WHO) standards, 

the quality management systems standards (ISO 9001) and the environmental management 

standards (ISO 14001). In the following sections, the standards that could be followed for each 

subsystem are stated a table. More explanation about the standards in APPENDIX B. 
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3.7.1 Wheelchair standards 

The applied and unapplied standards for each component of the wheelchair is shown in Table 

17. 

Table 17: Wheelchair standards 

SUBSYSTEM COMPONENT 
APPLIED 

STANDARDS 

UNAPPLIED 

STANDARDS 

1-1-1 Frame 
ISO 7176-1 

ISO 7176-5 

ISO 7176-2 

ISO 7176-8 

1-1-1-1 Motor Holder 
ISO 7176-1 

ISO 7176-5 

ISO 7176-2 

ISO 7176-8 

1-1-1-2 Arduino box 
ISO 7176-5 

ISO 7176-14 
ISO 7176-8 

1-1-1-3 Battery box 
ISO 7176-5 

ISO 7176-14 
ISO 7176-8 

1-1-1-4-1 Controlling unit 
ISO 7176-5 

ISO 7176-14 
ISO 7176-8 

1-1-1-5 Foot plate ISO 7176-5 ISO 7176-8 

1-1-1-6 Caster 
ISO 7176-1 

ISO 7176-5 

ISO 7176-2 

ISO 7176-8 

1-1-1-7 Grip ISO 7176-5 ISO 7176-8 

1-1-1-8 Arm rest ISO 7176-5 ISO 7176-8 

1-1-1-9 Seat ISO 7176-5 ISO 7176-8 

1-1-1-10 Back rest ISO 7176-5 ISO 7176-8 

1-1-1-12 Rear wheels 
ISO 7176-1 

ISO 7176-5 

ISO 7176-2 

ISO 7176-8 

1-1-2 
Folding 

mechanism 

ISO 7176-1 

ISO 7176-5 

ISO 7176-2 

ISO 7176-8 

1-2-2-1 
Arduino Mega 

2560 Rev3 

ISO 7176-4 

ISO 7176-14 

EU RoHS 

EC 1907/2006 

EN50581:2012 

ISO/IEC Guide 37:2012 

I2C 

UKCA 

FCC 

SPI 

UART 

 

1-2-1-1 
Ultrasonic 

sensor 

ISO 7176-4 

ISO 18436 

EN 62311:2008 
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1-2-2-2 DC Motor 

ISO 14001 

ISO 45001 

IEC 60034 

ISO 9001 

ISO 7176-14 

EC 1907 

EU 2015/863 

RoHS 

UKCA 

CE 

ISO 7176-1 

ISO 7176-3 

ISO 7176-6 

ISO 7176-10 

ISO 7176-2 

ISO 7176-4 

ISO 7176-13 

1-2-2-4 
Bluetooth 

module 

ISO 7176-4 

IEEE 802.15.1 
 

1-2-3-1 Battery 
ISO 7176-4 

ISO 7176-14 
 

1-2-3-2 Battery charger ISO 7176-4  

1-2-4-3 Buck converter JEDEC JEP 155  

 

3.7.2 Electrical standards 

The NEC standards for wiring colour codes of DC power are used for the electrical 

connection of the components in the wheelchair. The colour codes are shown in Figure 58. Red 

and black wires indicate positive and negative wires respectively. 

 
Figure 58: NEC standards for DC power colour code [45] 
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3.7.3 Software standards 

It is necessary to follow a standard style in code writing. This makes the code more robust 

and reliable. It also makes it easy for developer to debug and contribute to the project if it is 

made open source. The coding style followed is the Arduino Coding Style Guide published by 

Carnegie Mellon University and the one published by Arduino [46], [47]. 

3.8 Design calculations 

3.8.1 Mechanical Subsystem 

3.8.1.1 Tipping angle 

When the forces and moments acting on the wheelchair becomes unbalanced, the wheelchair 

will tip over. Tipping angle (θtip) is the angle that the wheelchair makes with the ground that 

can make it to tip over. Figure 59 shows where the tipping angle is located. 

 
Figure 59: Tipping angle of a wheelchair [48] 

 

Tipping angle of the wheelchair can be calculated using Equation (2). 
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 𝜃𝑡𝑖𝑝 = 𝑡𝑎𝑛−1
𝐴

𝐵
 (2) 

where A = horizontal length from the centre of gravity to the tires 

B = vertical length from the tires to the centre of gravity 

𝜃𝑡𝑖𝑝 = tan−1
220

351.43
= 32.04° 

3.8.1.2 Maximum allowable mass 

It is assumed that the seat where the person sits is a simply supported circular hollow beam 

with the weight of the person distributed along the beam as shown in Figure 60. 

 

Figure 60: Freebody diagram of the wheelchair with assumptions 
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It was assumed that a 90 kg person is seated on the seat of the wheelchair. The seat will be 

under distributed loading. The distributed load will be converted to a point load acting in the 

middle of the bar. The force on the bar would be (9.81 × 90) 𝑁 = 882.9 N. 

Length of the beam = 410mm 

Table 18 shows the reactions and moment at specific location on the beam. 

Table 18: Reactions and moment at specific points 

Support at (mm) X (N) Y (N) Mx (Nm) 

0 0 441.365 0 

410 0 441.365 0 

 

The bending moment and shear force diagrams are shown in Figure 61 and Figure 62. The 

maximum and minimum values of the shear force and bending moment were extracted from 

the figures and can be seen in Table 19. 
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Figure 61: Shear force diagram 

 
Figure 62: Bending moment diagram 

Table 19: Maximum and minimum bending moment and shear force 

Result Max Min 

Bending Moment 45.24 Nm 0 

Shear 441.365 N -441.365 N 

 

Modulus of elasticity of mild steel, E = 210,000 N/mm² 

Moment of inertia I = π
64⁄ (224 − 194) = 5101.897 mm4 
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Figure 63: Deflection of the beam 

Table 20: Deflection of different position on the beam 

Location (mm) Total deflection (mm) 

0 0 

205 0.739 

410 0 

 

Figure 63 shows the deflection of the beam with a force of 882.9 N. Table 20 shows the 

location of the maximum and minimum deflection of the beam when a force of 882.9 N is 

applied. 

Outer diameter = 22 mm 

Inner diameter = 19 mm 

Bending stress (σ) =
𝑀𝑐

𝐼
=

45240 Nmm × 11mm

5101.897 mm4
= 97.54 MPa 

Q = 2
3⁄ (112 − 9.52)(11 − 9.5) 𝑚𝑚3 = 30.75 mm3 

Thickness (t) = 11 − 9.5 = 1.5 mm 

Shearing stress(τ) =
𝑉𝑄

𝐼∗(2𝑡)
=

441.365 N×30.75 mm3

5101.897 mm4×3 mm
= 0.89 MPa ≈ 1 MPa  
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Figure 64: Plane stress element from the beam 

Figure 64 shows the picture of a stress element under the maximum bending and shearing 

stress. The Mohr’s circle for the stress element is shown in Figure 65 and the principal stresses 

are shown in Table 21. 
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Figure 65: Mohr’s circle of the stress element 

Table 21: Principal stresses on the beam 

Max principal stress 97.55 MPa 

Min principal stress -0.010251 MPa 

Von Misses stress 97.56 MPa 

Mean Normal stress 𝜎𝑎𝑣 48.77 MPa 

 

Figure 66 shows the orientation of the stress element. One of the angles for the principal 

plane is 0.59˚ and the plane for maximum shear stress at angle 45.59˚ 
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Figure 66: Orientation of the stress element for maximum stresses 

Factor of safety: 

𝐹. 𝑆. =
370

97.55 
= 3.8 

Upon conducting a stress analysis, it was determined that the maximum principal stress 

experienced by the wheelchair is 97.55 MPa. It is crucial to note that this stress value is 

significantly lower than the yield strength of mild steel, which is known to be 370 MPa. This 

indicates that the wheelchair's structure is well within its safe operating limits, with an ample 

safety margin. So, in this case, the stress experienced by the wheelchair falls well below the 

yield strength, ensuring a safe and reliable performance. Based on the analysis done, it was 

implemented a factor of safety of 3.8. This means that the maximum stress value of 97.55 MPa 

is only a fraction of the stress level that could potentially cause deformation or failure of the 

structure. With this level of safety, the team was confident in confirming that the wheelchair 

has been designed and engineered to safely accommodate individuals weighing up to 90 kg. 
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3.8.1.3 Centre of mass 

 
Figure 67: Center of mass (side view) 
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Figure 68: Centre of mass (back view) 

The centre of mass of the wheelchair was gotten from SolidWorks and it is shown in Figure 

67 and Figure 68. The dimensions in the pictures are in centimetres. 

3.8.2 Electrical Subsystem 

In this section, parameters such as maximum current needed by the electrical components 

and run time of the battery will be calculated. 

3.8.2.1 Maximum current 

The current needed for powering all the electrical components will be calculated in this 

section. 
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Table 22: Maximum current of the electrical components 

Components Units 
Maximum current for 

each unit (A) 

Maximum current 

(A) 

Motors 2 14.2 28.4 

Ultrasonic sensors 4 0.015 0.06 

Bluetooth module 1 0.04 0.04 

Buzzer 1 0.032 0.032 

5mm LEDs 6 0.02 0.12 

Arduino Mega 2560 

Rev3 
1 1 1 

Raspberry Pi 4 1 3 3 

Total   32.652 

 

Table 22 shows that the maximum total current needed by the components is 32.652 A. This 

means that the battery chosen must be able to supply a continuous current of around 33 A. 

3.8.2.2 Minimum battery run time. 

The batteries selected for the design are two 12 V lead-acid deep-cycle batteries. These 

batteries will be connected in series to have 24 V. It is recommended that only 50% of the 

capacity should be discharged. 

 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑟𝑢𝑛 𝑡𝑖𝑚𝑒 = 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ×
%𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐷𝑟𝑎𝑤𝑛
 (3) 

Equation (3) shows the formula for calculating the minimum run time of the battery. 

𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑟𝑢𝑛 𝑡𝑖𝑚𝑒 = 20 ×
50%

32.652
× 60 𝑚𝑖𝑛 = 18.4 𝑚𝑖𝑛 

The minimum run time of the batteries selected is 18.4 minutes. It should be noted that this 

is the worst-case scenario, and the battery will last more than 18 minutes for normal usage of 

the wheelchair. 
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3.9 Simulation 

3.9.1 Description 

The Smart Mobility wheelchair is an innovative and advanced mobility device that uses 

speech recognition technology to allow users to control the chair using voice commands. This 

cutting-edge technology makes it easier for individuals with physical disabilities, who may have 

limited mobility, to move around independently. 

3.9.2 Study Properties 

The study properties of the simulation carried out on SOLIDWORKS are shown in Table 

23. 

Table 23: Study Properties for Simulation 

Study name 
SM Multi-controlled Autonomous wheelchair 

static simulation 

Analysis type Static 

Mesh type Solid Mesh 

Thermal Effect: On 

Thermal option Include temperature loads 

Zero strain temperature 298 Kelvin 

Include fluid pressure effects from 

SOLIDWORKS Flow Simulation 
Off 

Solver type Automatic 

Inplane Effect: Off 

Soft Spring: Off 

Inertial Relief: Off 

Incompatible bonding options Automatic 

Large displacement Off 

Compute free body forces On 

Friction Off 

Use Adaptive Method: Off 

 

3.9.3 Units 

The units used in this simulation study are shown in Table 24. 
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Table 24: Simulation Units 

Unit system: SI (MKS) 

Length/Displacement mm 

Temperature Kelvin 

Angular velocity Rad/sec 

Pressure/Stress N/m^2 
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3.9.4 Material Properties 

Table 25 shows the properties of the material used for designing the wheelchair. 

Table 25: Material Properties 

Model Reference Properties 

 

Name: Plain Carbon Steel 

Model type: Linear Elastic Isotropic 

Default failure criterion: Max von Mises Stress 

Yield strength: 2.20594e+08 N/m^2 

Tensile strength: 3.99826e+08 N/m^2 

Elastic modulus: 2.1e+11 N/m^2 

Poisson's ratio: 0.28   

Mass density: 7,800 kg/m^3 

Shear modulus: 7.9e+10 N/m^2 

Thermal expansion 

coefficient: 

1.3e-05 /Kelvin 

 

 

3.9.5 Loads & Fixtures 

Table 26 contains the details of the load and fixtures used for the simulation study. 

Table 26: Load and fixtures 

Fixture name Fixture Image Fixture Details 

Fixed Hinge-1 

 

Entities: 12 face(s) 

Type: Fixed Hinge 

 

Resultant Forces 

Components X Y Z Resultant 

Reaction force(N) 2.81886 755.437 0.122633 755.443 

Reaction Moment (N.m) 0 0 0 0 

  

Fixed-1 

 

Entities: 4 face(s) 

Type: Fixed Geometry 

 

Resultant Forces 

Components X Y Z Resultant 

Reaction force(N) -2.8289 29.0613 -0.130615 29.199 

Reaction Moment (N.m) 0 0 0 0 

  

 

Load name Load Image Load Details 

Force-1 

 

Entities: 1 face(s) 

Type: Apply normal force 

Value: 784.5 N 
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3.9.6 Interaction Information 

Information of the interaction used in the simulation is shown in Table 27. 

Table 27: Interaction Information 

Interaction Interaction Image Interaction Properties 

Global Interaction 

 

Type: Bonded 

Components: 1 

component(s) 

Options: Independent 

mesh 
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3.9.7 Mesh Information 

Table 28 contains information on the type of mesh used for the simulation. 

Table 28: Mesh information 

Mesh type Solid Mesh 

Mesher Used: Blended curvature-based mesh 

Jacobian points for High quality mesh 16 Points 

Maximum element size 45 mm 

Minimum element size 2.25 mm 

Mesh Quality High 

Remesh failed parts independently Off 

Total Nodes 167344 

Total Elements 84882 

Maximum Aspect Ratio 193.5 

% of elements with Aspect Ratio < 3 22.6 

Percentage of elements with Aspect Ratio > 

10 
4.91 

Percentage of distorted elements 0 

Time to complete mesh(hh;mm;ss): 00:00:46 

 

3.9.8 Resultant forces 

The reaction forces, reaction moments, free body forces, and free body moments for the 

entire model are shown in Table 29, Table 30, Table 31, and Table 32 respectively. 

Table 29: Reaction Forces 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire Model N -0.00999928 784.498 -0.00799751 784.498 

 

Table 30: Reaction Moments 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire 

Model 
N.m 0 0 0 0 
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Table 31: Free Body Forces 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire 

Model 
N 0.748212 -0.822183 0.149287 1.12165 

 

Table 32: Free Body Moments 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire 

Model 
N.m 0 0 0 1e-33 
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3.9.9 Study Results 

Table 33, Table 34, Table 35, and Table 36 shows the stress, displacement, strain, and factor of safety results of the wheelchair respectively. 

Table 33: Stress results 

Name Type Min Max 

Stress1 VON: von Mises Stress 

1.537e-02N/m^2 

Node: 34487 

3.804e+07N/m^2 

Node: 133872 

 

SM Wheelchair Assembly-SM Multi-controlled Autonomous wheelchair static simulation-Stress-Stress1 

 

Table 34: Displacement results 

Name Type Min Max 

Displacement1 URES:   Resultant Displacement 

0.000e+00mm 

Node: 16936 

3.373e-02mm 

Node: 16233 

 

SM Wheelchair Assembly-SM Multi-controlled Autonomous wheelchair static simulation-Displacement-

Displacement1 
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Table 35: Strain Results 

Name Type Min Max 

Strain1 ESTRN: Equivalent Strain 

6.924e-14 

Element: 60023 

1.031e-04 

Element: 79671 

 

SM Wheelchair Assembly-SM Multi-controlled Autonomous wheelchair static simulation-Strain-Strain1 

 

Table 36: Factor of safety results 

Name Type Min Max 

Factor of Safety1 Automatic 

2.500e+00 

Node: 1 

2.500e+00 

Node: 1 

 

SM Wheelchair Assembly-SM Multi-controlled Autonomous wheelchair static simulation-Factor of Safety-

Factor of Safety 
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3.9.10 Conclusion 

In conclusion, the static analysis performed on the system yielded valuable insights 

regarding its structural integrity. The Factor of Safety, calculated to be 2.5 indicates that the 

system is capable of withstanding loads well above the applied forces, providing a margin of 

safety. The analysis of strain revealed minimal strain levels, with a minimum strain of 

6.924 × 10−14 and a maximum strain of 1.031 × 10−4. These results indicate that the system 

is experiencing negligible deformation under the given load conditions, highlighting its stability 

and robustness. Furthermore, the maximum displacement observed in the system was measured 

to be 3.373 × 10−2 mm. This displacement value suggests that the system maintains its 

structural integrity and remains within acceptable limits during operation. The assessment of 

stress using the von Mises criterion revealed a range of stress values. The minimum von Mises 

stress was calculated to be 1.537 × 10−2 Nm−2, indicating relatively low stress levels. The 

maximum von Mises stress was determined to be 3.804 × 107 Nm−2, signifying the highest 

stress experienced by the system. Overall, the static analysis results indicate that the system is 

well-designed and capable of withstanding the applied loads without compromising its 

structural integrity. These findings provide confidence in the system's performance and validate 

its suitability for the intended application. However, it is important to consider other factors 

such as dynamic loads, long-term durability, and material properties to ensure a comprehensive 

understanding of the system's behaviour and performance in real-world scenarios. 

3.10 Cost analysis 

During the design of the speech-controlled wheelchair, some materials will be purchased. 

The details of the project expenses are shown in Table 37. 
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Table 37: Bill of Materials 

S/N Part no. Part Name Description Vendor Quantity Price/unit 
Total 

USD 

1 1-2-2-1 Arduino Mega 2560 Rev3 Robotistan 1 20.5 20.5 

2 1-2-2-2 DC Motor 
24V hybrid 

brushed motor 
Keskinler 2 196.25 392.5 

3 1-2-1-1 
Ultrasonic 

sensor 
HC-SR04 Aliexpress 4 1.5 6 

4 1-2-3-1 Battery 12V lead acid AYSE KOSE 2 39 78 

5 1-2-3-2 Battery charger 24V charger 

EMU 

Computer 

centre 

1 10 10 

6 1-2-4-1 Buzzer Active buzzer Robotistan 1 0.5 0.5 

7 1-2-2-3 Joystick 
Arduino 

joystick 
Robotistan 1 0.8 0.8 

8 1-2-4-2 Push buttons  Robotistan 6 0.5 3 

9 1-2-2-4 
Bluetooth 

Module 

CC2541 HM-

10 
Robotistan 1 5 5 

10 1-2-2-5 Motor Driver 
IBT-2 

(BTS7960B) 
Robotistan 2 8 16 

11 1-2-4-3 Buck converter 3A step down Robotistan 3 2.5 7.5 

12 1-2-2-6 

Voice 

recognition 

module 

Elechouse 

Voice 

Recognition 

Module V3 

n11 1 50 50 

13 1-2-2-7 Microphone 
USB 

microphone 
n11 1 5 5 

14 1-2-1-2 
Temperature 

Sensor 
LM35DZ Robotistan 1 1.5 1.5 

15  Resistors 

330ohm- 

4.7Kohm - 

59Kohm- 

10Kohm 

n11 4 0.8 2.25 

16  Veroboard   1 1.5 1.5 

17  Cables 

Multiple 

cables + 

jumpers 

Robotistan & 

Izmir electric 
------ ------- 5.25 

18  Filament PLA Robotistan 1 12 12 

19  
Cables 

connectors 
 Izmir Electric 4 1.9 7.5 

20 1-2-4-4 Fan 12V 

EMU 

Computer 

centre 

 

2 2.5 5 

21 1-1-1-9 Seat Nylon seat 
Yummy bite 

restaurant 
1 5 5 
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Table 38: Total Cost 

Cost Breakdown 

Cost of components $525 

Cost of Shipping $41 

Transportation $8 

Tax 18% $ 103 

Total $ 677 

 

The cost of the DC motors is the highest in comparison with the cost of other electronic 

components. It is estimated that the electrical components will make up 89% of the overall cost 

incurred while working on the speech-controlled wheelchair. Some of the goods will be 

procured locally and the rest internationally, so the prices are both based on the local and 

international markets. Prices of goods that will be procured locally are converted to its 

equivalent in USD, the prices of some product may fluctuate depending on the time of purchase 

and current exchange rate. 

Table 38 shows the total cost breakdown of the project. The pie chart of the total cost can 

also be seen in Figure 69. After a thorough comparison of the price of automated/smart 

wheelchairs in the current market and the overall price that was spent on the project, the team 

found out that ours is cheaper, the average price of similar wheelchairs in the current market is 

$985, and the total amount spent on the project is around $700. This indicate that the resources 

and components used by the group were effectively allocated. 
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Figure 69: Pie chart of the expenses 

3.11 Wheelchair control 

The wheelchair has three control methods: voice, joystick, and smartphone. In this section, 

all the control methods of the wheelchair will be discussed. When the wheelchair is turned on, 

the default control is voice control. This is to ensure that tetraplegic patients can use the 

wheelchair once it is turned on. Other class of users can change the control to his/her preferred 

control by pressing the change mode button. The system flowchart is shown in Figure 71. Three 

LED lights on the controlling box are used to indicate the current mode of the wheelchair. 

Figure 70 shows the overall system design of the wheelchair. The Raspberry Pi is used to 

accept and process the voice commands. HC 05 Bluetooth module is used to connect the 

controller to the Android phone of the user for control. The controller uses the inputs from the 

ultrasonic sensors to decide on the next action to take. If there is an obstacle in front of the 

wheelchair and the user commands the wheelchair to go forward, the controller will not send 

any drive signals to the motor drivers. So, the wheelchair will not move forward. The same 

thing happens when there is an obstacle behind or at the sides of the wheelchair. 
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Figure 70: Overall system design 

 
Figure 71:System Flowchart 
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3.11.1 Voice control 

A microphone is connected to a Raspberry Pi for voice control. A Python script is used to 

record the voice of the user and send it to Google’s speech-to-text API. The response gotten 

from the API contains the user’s command in text. Keywords such as “forward”, “reverse”, 

‘left’, “right”, and “stop” are looked for in the response. 

If the user says “forward”, the Python script running on the Raspberry Pi recognises it and 

sends a command to the Arduino microcontroller through serial to move the wheelchair 

forward. If the user says “left”, a command to move the wheelchair to the left is sent to the 

microcontroller. The same process is done for “right”, “stop”, “reverse”, and “stop”. 

When the microcontroller receives any command from the Raspberry Pi, it checks if there is 

any obstacle along the specified movement direction. If there is no obstacle, the microcontroller 

sends commands to the motor drivers to move the wheelchair accordingly. If there is an obstacle 

along the specified direction, the wheelchair stops. 

If there is no input from the user, the microcontroller uses the last input received as the 

current input. This means that if the user says “forward”, the wheelchair moves forward. If there 

are no more commands from the user, the wheelchair keeps going forward till it reaches an 

obstacle. 

Figure 72 shows the flowchart for voice control. 
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Figure 72: Flowchart for voice control 
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3.11.2 Joystick control 

The joystick module sends analog values (x and y) that represents the position of the joystick 

to the controller. These analog values range from 0 to 1023. Figure 73 shows the operating 

range of the joystick on the wheelchair. 

 
Figure 73: Operating range of the joystick 

The blue area in Figure 73 represents the joystick when it is at rest. If the joystick is in this 

area, the wheelchair stops.  

If the joystick is pushed to the forward region and there is no obstacle in front of the 

wheelchair, the wheelchair moves forward. The speed of the wheelchair in forward motion is 

dependent on the distance of the joystick from the centre. If the joystick is at the maximum 

point in the forward region, the wheelchair will move at the maximum set speed. 

Left region 

Forward region 

Right region 

Dead zone of the  

joystick 

Reverse region 

Stop region 
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The wheelchair moves to the right when the joystick is moved to the right region and there 

is no obstacle at the right of the wheelchair. The speed of turning is also dependent on the 

distance of the joystick from the rest position. The wheelchair moves to the left when the 

joystick is moved to the left region and there is no obstacle at the left of the wheelchair. The 

wheelchair’s turning speed depends on the distance of the joystick from the rest position. 

The wheelchair moves in reverse when the joystick is moved to the right region and there is 

no obstacle behind the wheelchair. The speed of the wheelchair when reversing is set to a fixed 

value. 

The wheelchair will stop if the joystick is placed at any position that is not in the fixed 

regions. The wheelchair does not move if the joystick is placed within its dead zone. This is to 

prevent the wheelchair from moving when the joystick is accidentally moved. The wheelchair 

also stops when there is an obstacle where it wants to move to. So, if the user moves the joystick 

to the forward region and there is an obstacle in front of the wheelchair, the wheelchair will 

stop. The same thing goes for all the regions of the joystick. 

The flowchart for joystick control is shown in Figure 74. 
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Figure 74: Flowchart for joystick control 

3.11.3 Smartphone control 

When the wheelchair is in smartphone control mode, it uses commands received from a 

smartphone to control the wheelchair. An Android app was made specifically for controlling 

the wheelchair. Figure 75 shows the home screen of the SMobility application. 
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Figure 75: User interface of the SmartMobility Android application 

The user of the application can control the wheelchair using buttons or voice. The user can 

also check his/her heart rate and change the speed of the wheelchair from the application.  
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The application constantly listens for command if voice control is activated on the 

application. The mode of operation is like the voice control made using Raspberry Pi. The 

flowchart is shown in Figure 72. 

If the user decides to use the buttons for controlling the wheelchair, he/she can click on the 

desired direction and wheelchair will move accordingly provided there is no obstacle along its 

path. If any of the directional button is long-pressed, the wheelchair will move in the specified 

direction. The wheelchair will continue to move in that direction even if the user stops clicking 

on the button. To stop the wheelchair, the user must press the stop button in the application. 

3.11.4 Movement of the wheelchair 

The wheelchair moves forward when the microcontroller sends commands to the two motor 

drivers to move the motors forward (clockwise). The speed of the wheelchair is determined by 

the user. Three levels of speed are available for the user to choose from. 

The wheelchair moves backwards when the microcontroller sends commands to the two 

motor drivers to move the motors in reverse (counterclockwise). The speed of the wheelchair 

when it is going in reverse is fixed to a small value. This is to ensure the safety of the user. 

When the wheelchair moves in reverse, a buzzer sounds to alert passers-by. 

The wheelchair moves to the left by increasing the speed of the right motor and reducing the 

speed of the left motor (close to 0). 

The wheelchair moves to the right by reducing the speed of the right motor and increasing 

the speed of the left motor. 

  



104 

CHAPTER 4 - MANUFACTURING 

4.1 Manufacturing process selection 

The necessary components for the manufacturing of the multi-controlled smart wheelchair 

project were vetted based on the following criteria: material compatibility, design complexity, 

and cost effectiveness, during the selection process of the materials & components. 

Material compatibility: The materials selected for the project were evaluated in contrast to 

other viable options in other to ensure the chosen manufacturing process would be suitable for 

those materials. Since the frame of the wheelchair was composed of metal, it was important to 

selected processes that works effectively with metal. After careful considerations it was 

determined that welding and machining were the most suitable options for the wheelchair frame. 

Welding was selected as it allowed us join metal components together firmly while ensuring 

durability and strength. Machining process such as milling or turning enable us to shape and 

refine the metal parts precisely while ensuring dimension accuracy and smooth surface finish. 

Be selecting the right materials & process for the frame, the structural integrity of the wheelchair 

was ensured. 

Design complexity: Due to the complexity of the wheelchair, it was critical to select process 

considering the precise and intricate designs needed in some components of the wheelchair. To 

achieve this, manufacturing processes that can handle the design complexity efficiently was 

chosen. 3D printing proved invaluable in creating complex geometries with high precision. This 

process was used in printing the controlling unit and joystick controller of the wheelchair. The 

team was able to put our creative design concepts into practice by using these procedures, 

creating a wheelchair that combines functionality with an appealing appearance. 

Cost effectiveness: The cost effectiveness was a very significant criteria in the manufacturing 

process as resources were limited. It was aimed to maximize the value that was derived from 
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the allocated budget. It was carefully evaluated different manufacturing processes and 

compared their cost, including equipment, shipping fees, production expenses etc. Balancing 

cost and quality, processes like 3D printing were very effective for small scaled production. 

4.1.1 Make or Buy decision for the Wheelchair Frame (1-1-1) 

The decision to compare the pros and cons of making the wheelchair frame versus buying 

one was made by the team. During the research, it was discovered that purchasing the frame 

from external suppliers was found to be more cost effective and time efficient than making one. 

Another added advantage was that the time spent making a new frame could be utilized to focus 

on other critical aspects of the project. After carefully evaluating the options, the decision was 

made by the team to buy a frame. 

4.1.2 Tubes production 

In this section, the manufacturing process that should be done if the frame is to be 

manufactured is explained. To get the desired tubes, a large trustable company that 

manufactures a wide range of tube dimensions is to be contacted. The dimensions which were 

mentioned in the design are to be sent to the company to make the tubes. The company should 

meet the ISO9001 and ISO14001 standards.  

After being received from the manufacturer, the tubes will be cut into the desired dimensions. 

Subsequently, the tubes will be cleaned and taken to the bending machine, where they will be 

bent to the desired radius and ground to prepare them for welding. Nowadays, there are many 

different bending machines available. In this project, the chosen bending method is compression 

tube bending, which will be executed using the compression bending machine. 

The welding process that should be used is TIG welding or MIG. The welding should be 

done carefully by the trained members of the team under the guidance of an expert welding 

mechanic. Finally, the wheelchair can be assembled. 
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4.2 Detailed manufacturing process 

4.2.1 Frame (1-1-1) 

To kick off the multi-controlled smart wheelchair project, our team obtained a scrap 

wheelchair with the aim of refurbishing it. The first step was to dismantle the frame, after which 

it was carefully sanded away any rust using sandpaper. Figure 76 shows the picture of the frame 

before rust removal. Once the frames were free of rust, a coat of paint was applied to protect 

the metal from further corrosion. Figure 77 shows the wheelchair frame after the painting 

process was complete. 

 
Figure 76: Dismantled frame before rust removal 
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Figure 77: Wheelchair frame after painting 

4.2.2 Rear wheels (1-1-1-1-1) 

The motor and wheels of the multi-controlled smart wheelchair underwent a series of 

manufacturing processes to ensure optimal performance. Prior to fitting the wheels onto the 

motor, a section of the wheels was machined, and a step-down shaft adapter was created to fit 

the wheels onto the motor's shaft. To create the wheel connectors, an automatic power hacksaw 

machine to cut a round bar to precise measurements was used. Then, circular holes into both 

connectors using a horizontal turning machine were drilled. To complete the process, a keyway 

was drilled into both connectors using a lathe machine. These meticulous manufacturing steps 

ensured that the wheels can properly fit to the motor. Figure 78 shows the connector fitted into 

the wheels. 
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Figure 78: Machined connector fitted into wheels 

4.2.3 Caster (1-1-1-6) 

After the rear part of the wheelchair was addressed, the team shifted their attention to the 

castor wheels. The first task involved cleaning the frame for the castor wheels using sandpaper, 

followed by the careful attachment of the wheels to the frame. However, it was observed that 

the castor wheels did not establish proper contact with the ground surface, potentially impacting 

the wheelchair's stability and manoeuvrability in a negative manner. To address this issue, it 

was decided to weld the castor wheel holder into a new position, making it lower. After 

completing the welding process, the castor wheels were re-fitted and it was ensured they made 

proper contact with the ground. This careful adjustment allowed us to improve the overall 

stability and manoeuvrability of the wheelchair, resulting in a more comfortable and safe user 

experience. Figure 79, Figure 80, and Figure 81 shows the manufacturing process taken for the 

caster tubes.  
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Figure 79: Caster tubes during welding 

 
Figure 80: Caster before welding and after welding the new tube 



110 

 
Figure 81: Caster fork before painting and after painting 

4.2.4 Battery box (1-1-1-3) 

As part of the wheelchair design, a wooden compartment was constructed to serve as a 

dedicated and secure housing for the two 12V batteries. The purpose of this compartment was 

to provide a protective enclosure, ensuring that the batteries were securely held in place and 

protected from potential damage. To facilitate maintenance and easy access to the batteries, 

hinges were installed on the battery box. These hinges allowed the box to be opened and closed, 

providing convenient access to the batteries whenever necessary. 

As part of the machining process, specific features were incorporated into the battery box. A 

keyway was machined to accommodate the battery charging adapter, allowing for easy and 

secure connection during the charging process. Additionally, a pathway was created for the wire 

that powers the Arduino box, ensuring a neat and organized arrangement of the electrical 

components. Furthermore, a switch was installed to control the power supply to the wheelchair, 

and a suitable space was machined to accommodate it. Once the machining process was 

completed, the battery box underwent a finishing touch by being painted black. This painting 
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not only added an aesthetic appeal but also provided an additional layer of protection against 

moisture and environmental factors. Figure 82 and Figure 83 shows the manufacturing process 

carried out on the battery box. 

 
Figure 82: Battery box before and after painting 

 
Figure 83: Battery box machining 
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4.2.5 Arduino box (1-1-1-2) 

A box compartment was acquired to house most of the electrical components along with two 

fans. To facilitate cooling, holes and gaps were drilled into the box compartment, allowing for 

the dissipation of heat. Furthermore, a power port hole was drilled into the box to provide a 

convenient access point for power connections. The advantage of using this box is organizing 

the wires and protecting the sensitive sensors and parts. ISO 7176-14 was followed when 

making this box. Figure 84 shows the machining process of the Arduino box. 

 
Figure 84: Arduino box machining 

4.2.6 Controlling Unit box (1-1-1-4) 

As a criterion for developing a multi-controlled smart wheelchair as the main objective of 

the project, it was decided to incorporate an additional control method to enhance the user 

experience. This additional control unit is a physical device positioned next to the right arm of 

the wheelchair. The control unit allows the user to have optimal control over the wheelchair's 

speed and features a joystick for manual control. Additionally, the unit displays the battery level 

of the wheelchair and enables the selection of different control modes. 
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The control unit consists of pushbuttons, a joystick, and an integrated circuit (IC) connected 

to an LED for the battery level display. To create the control unit, our team utilized 3D printing 

technology instead of conventional manufacturing methods. PLA was used throughout the 3D 

printing process. This choice was driven by the advantages of 3D printing, including its cost-

effectiveness, accuracy, and speed in producing customized components. By leveraging 3D 

printing, the team was able to create a functional and ergonomic control unit that seamlessly 

integrates with the wheelchair, providing users with a versatile and user-friendly control 

interface. To follow standards of wheelchair controllers, an 8cm joystick was 3D printed, this 

ensures easy access and comfortability while controlling the wheelchair. Figure 85 shows the 

manufacturing of the controlling unit in progress. 

 
Figure 85: 3d printing of the controlling unit 
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4.3 Mechanical Assembly 

 

 
Figure 86: Assembly Sequence 

The steps taken to assemble the wheelchair is shown in Figure 86. 

4.3.1 Rear wheels (1-1-1-1-1)  

To ensure proper functionality of the wheelchair, we took great care in ensuring that the shaft 

adapter could fit perfectly with the key on the motor shaft. After the connector was machined 

to fit into the wheels, the wheels were securely fastened onto the motor. This meticulous process 

ensured the precise alignment of the motor and wheels. 

 
Figure 87: Wheels fastened to motor 

Figure 87 shows the wheels being fastened on the motor. 
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4.3.2 Casters 

After welding the new tube and then machining and grinding the welded part, the caster was 

painted and then assembled with the caster screws. Figure 88 shows the assembly of the caster 

to the wheelchair frame. 

 
Figure 88: Assembly of the caster 

4.3.3 Motor holders 

Following the shaft adapter and motor connection process, our team proceeded to fit the 

motors onto the frame. To achieve this, four motor holders were utilized, with two holders being 

used for each of the right and left motors. These holders were carefully designed to fit the motors 

snugly onto the wheelchair frame, ensuring that they would remain firmly in place during 

operation. The specific motor holders which used to secure the motors onto the frame are 

illustrated below. The motor holders are part of the components gotten after buying the motors. 

Figure 89 shows the motor holders and Figure 90 shows the motor holders being used to 

assemble the motors. 
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Figure 89: Motor holders 

 
Figure 90: Motor assembly 
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4.3.4 Battery box (1-1-1-3) 

The battery box was placed underneath the wheelchair. A wooden compartment was used to 

support the edges of the battery box. The purpose of the battery box was to provide a secure 

and convenient location to hold the batteries, keeping them protected from external elements 

and preventing any accidental damage during use. The wooden compartment served as a reliable 

enclosure to hold and secure the edges of the battery box. By fitting the battery box into the 

wooden compartment, the team ensured that the batteries would remain in place, minimizing 

the risk of shifting or displacement during wheelchair operation. Figure 91 shows the battery 

box assembly on the frame of the wheelchair. 

 
Figure 91: Battery box assembly 

4.3.5 Arduino box (1-1-1-2) 

In order to safeguard the electronics from potential hazards such as water spills, a dedicated 

box compartment was created. This compartment serves as a protective enclosure for the 

electronic components. Within the box compartment, a fan was installed with the purpose of 

cooling the motor drivers and preventing overheating of other electrical components. One 

significant advantage of utilizing this compartment is that it allows for a reduced number of 
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wire connections, resulting in a more organized and tidier electrical setup. The box 

compartment accommodates the power system, two regulators, two fans, a motor driver, and an 

Arduino Mega, providing a centralized and secure location for these crucial components. 

Figure 92 shows the outer and inner view of the Arduino box. Figure 93 shows the motor 

drivers placed in the Arduino box using zip ties. Figure 94 shows the electrical connections in 

the Arduino box. 

 
Figure 92: Box compartment and inner view 
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Figure 93: Motor drivers fixed in the Arduino box 

 
Figure 94: Electrical connection in the Arduino box 
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4.3.6 Controlling Unit box (1-1-1-4) 

The controlling unit for the speech-controlled wheelchair project consisted of various 

components that were assembled to provide a user-friendly interface. This unit was strategically 

positioned on the upper right arm of the wheelchair frame for easy accessibility. The assembly 

of the controlling unit involved integrating five pushbuttons, an LED, ICs (Integrated Circuits), 

and a joystick. These components were carefully selected to enable different functionalities and 

control options for the wheelchair. To securely attach the controlling unit to the wheelchair 

frame, a specially designed holder was employed. This holder served as a mounting mechanism 

that facilitated the firm and stable attachment of the controlling unit. It ensured that the unit 

remained securely in place during wheelchair operation and provided a comfortable reach for 

the user.  

The controlling unit was mounted on the upper right arm of the wheelchair frame, providing 

convenient access for the user to interact with the controls and features. The ergonomic 

placement of the controlling unit was intended to enhance the user experience and facilitate ease 

of operation. Figure 95 shows the controlling unit mounted on the frame of the wheelchair. 
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Figure 95: Control unit 

4.3.7 Seat & back rest & arm rest 

To provide comfort and support, the team mounted a seat onto the wheelchair frame and 

placed a backrest for added ergonomic benefit. The seat was positioned directly above two belts 

that were strategically placed at both ends of the frame to ensure stability and proper weight 

distribution.  

To secure the seat onto the wheelchair frame, four holes were drilled into the frame. These 

holes served as attachment points for fastening the seat to the belts and the frame using bolts. 

By securely fastening the seat to the frame, the team ensured a safe and stable seating 

arrangement for the user. The seat material chosen for the project was fabric. This material 

selection was based on its comfort, durability, and suitability for extended periods of sitting. 

The back rest and the arm rest were chosen based on comfort, durability, and suitability for 

extended periods of sitting as well. Figure 96 shows the assembly of the seat, backrest and arm 

rests. 



122 

 
Figure 96: Assembly of seat, back and arm rests 
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4.3.8 Ultrasonic sensor holders 

To enhance the wheelchair's navigational capabilities and obstacle detection system, the 

team incorporated five ultrasonic sensors into the project. These sensors played a crucial role 

in detecting objects and obstacles. The placement of the ultrasonic sensors was strategically 

determined to provide comprehensive coverage. Two sensors were positioned in the front to 

detect obstacles directly ahead, while one sensor was placed on each side of the wheelchair to 

detect objects in the right and left directions. The fifth sensor was positioned at the rear of the 

wheelchair to detect objects behind it. 

To secure and protect each ultrasonic sensor, a mini compartment was created. The team 

designed compartments specifically tailored to accommodate the sensors and ensure their 

stability and protection. Holes were drilled into these compartments to provide openings for the 

ultrasonic sensors to emit and receive signals. To secure the ultrasonic sensors within their 

respective compartments, zip ties were utilized. These zip ties were fastened around the sensors 

and securely attached to the compartments. This fastening mechanism ensured that the sensors 

remained firmly in place. Figure 97 shows the assembly of the ultrasonic sensor holders. 
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Figure 97: Ultrasonic sensor holders assembly 

4.3.9 Final assembly 

A picture of the finished product is shown in Figure 98. 

 
Figure 98: Smart Mobility Powered Wheelchair 
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4.4 Electrical assembly 

To achieve all the desired functionalities many electrical connections were done in this 

project. For the design of assembly, the connections had to be as short as possible. And for 

design for safety, the trunking system was used to hide the cables and protect them from being 

damaged or burned. Trunking system can be seen in Figure 99. 

 
Figure 99: Trunking system 

 

Furthermore, all the cables were tagged based on the schematic drawing of the connections 

done. This is shown in Figure 100.  

Moreover, standard connecter was used to supply the power from the battery to the control 

system and the sensors to ensure the safety and the ease of assembly and disassembly. This can 

be seen in Figure 101. 
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Figure 100: Tagging of electrical cables. 

 
Figure 101: Connectors used for electrical connections between the battery and the Arduino 

box. 

 

To ensure proper insulation and protection of the wires used in the wheelchair project, shrink 

tubes were employed. These tubes are designed to shrink when heat is applied, creating a tight 

seal around the wires, and offering insulation from external elements, such as moisture and dust. 

This insulation serves to prevent short circuits, electrical interference, and potential damage to 

the wires. 
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Given the extensive use of wires throughout the project, a connector was utilized to 

streamline the wiring connections and enhance efficiency. Connectors provide a convenient and 

reliable means of joining multiple wires together, reducing the complexity of the wiring system 

and facilitating easier maintenance and troubleshooting. By employing connectors, the team 

simplified the process of connecting and disconnecting various wires, enabling efficient 

assembly and disassembly of components. 

4.5 Software and programming process 

In this project, the programming section holds great sensitivity and significance as it involves 

controlling multiple components. The programming language chosen for this project is C++ 

since the Arduino Mega 2560 microcontroller was selected. The microcontroller, which is a 

compact integrated circuit designed for specific operations, governs the functionality of various 

components. During the programming process, the following components were controlled and 

programmed as described below. 

Voice control was achieved through the utilization of an Android application. The available 

instructions were limited to 'forward', 'backwards', 'right', 'left', and 'stop'. When any of these 

instructions were spoken by the user, the voice recognition sensor recognized and converted 

them into input for the microcontroller. Subsequently, the microcontroller sent the instructions 

to the relevant components to act accordingly. 

The motors were programmed to move using a motor driver based on the user's choice 

provided via the voice recognition module for speed and direction. When selecting the right 

direction, the right motor would cease movement while the left motor moved. The opposite was 

true for moving in the left direction. Both motors would move simultaneously when choosing 

forward or backward. In the absence of instructions or when a stop instruction was given, the 

motor would enter a braking mode, preventing rotation. A motor with a built-in braking system 

was selected for this purpose. 
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The ultrasonic sensors were programmed to perform the following function: when the sensor 

detected an object near the wheelchair, it sent signals to the microcontroller to deactivate or 

stop the motor. This action caused the wheelchair to come to a halt. To ensure accurate results 

and efficient performance, five ultrasonic sensors were utilized on each side of the wheelchair. 

A joystick was chosen as an interface for receiving user commands. When the user moved 

the joystick in any direction, signals were transmitted to the microcontroller. Subsequently, the 

microcontroller sent instructions to the motor driver based on the specified direction from the 

user. 

Additionally, there were push buttons and an LED light located on the front side of the 

wheelchair. Programming these components was straightforward. When the push buttons were 

pressed, the predefined instructions stored in the code were executed. The first push button was 

used to increase the speed, while the second button decreased the speed. The third button 

changed the operation mode of the wheelchair, and the fourth button served as an emergency 

stop. The last push button activated the wheelchair's buzzer. 

In summary, the programming section of this project played a crucial role in controlling 

various components. The C++ programming language was utilized, as it was compatible with 

the Arduino Mega 2560 microcontroller. The components, including voice control, motors, 

ultrasonic sensors, joystick, push buttons, and LED light, were programmed to ensure seamless 

operation and effective user control of the smart wheelchair. 

Figure 102 shows the wheelchair being programmed using the Arduino IDE. 
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Figure 102: Programming the wheelchair  
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CHAPTER 5 - PRODUCT TESTING 

5.1 Failure Modes and Effects Analysis (FMEA) 

The final design of the wheelchair should be tested after manufacturing to ensure its safety 

and quality. All parts should be tested to make sure they work as intended. FMEA is used to 

assess processes for potential failures and to prevent them by making proactive process 

corrections as opposed to responding to unfavourable occurrences after failures have already 

happened. Table 39 shows the FMEA of the wheelchair design. 
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Table 39: Failure Modes and Effects Analysis of the design 
 Failure Mode and Effects Analysis          

 (Design FMEA)          

                 

 Design Product: Multi controlled Autonomous 

Wheelchair 
            

           Action Results    
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No. 

Item / 

Function 

Potential Failure 

Mode(s) 
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 Motors Bearing failure 

Increased 

friction and 

heat generation 

8 

Inadequate 

lubrication or 

lubricant 

contamination. 

Excessive loading 

or overloading of 

the motor 

3 

Using 

favourable 

lubrication 

and regular 

maintenanc

e 

Monitor for 

excessive 

noise 

6 
14

4 

Regular 

maintenance 

and using 

long lasting 

well graded 

lubrication 

Regular 

maintenanc

e and 

lubrication 

7 2 6 84 

  

Mechanical 

unbalance, Shaft 

deformation and 

rotor deflection 

Increased 

Vibration and 

discomfort 

8 

Improper matching 

of motor to applied 

load. 

Vibration/mechanic

al looseness 

4 

Using 

motors that 

can 

withstand 

the applied 

loads 

Monitor for 

excessive 

noise and 

vibration 

2 64 

Using 

increased 

torque and 

high-quality 

motors 

Update the 

motors 

used 

6 2 2 24 

 Motor 

Drivers 
Overheating 

Thermal 

shutdown, 

Reduced motor 

driver 

efficiency, 

Complete 

failure 

8 

Inadequate heat 

sinking or poor 

thermal design. 

Insufficient airflow 

or ventilation 

around the motor 

driver 

9 

Adequate 

heat 

sinking and 

thermal 

manageme

nt 

Implementat

ion of 

thermal 

protection 

circuits 

1 72 

Ensure proper 

heat sinking 

and thermal 

management 

Improve 

ventilation 

and airflow 

around the 

motor 

driver 

6 6 1 36 
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  Overcurrent/overlo

ad 

Risk of damage 

to the motor 
8 

Excessive current 

flow exceeding the 

motor driver's rated 

capacity. 

Overloading 

9 

Conducting 

thorough 

testing 

Integration 

of current 

sensing 

circuits 

4 
28

8 

Verify proper 

motor sizing 

and selection 

proper 

motor 

sizing and 

selection 

6 6 2 72 

 Brakes Excessive wear 

Noticeable 

noises when 

operating the 

brakes, Poor 

braking 

characteristics 

1

0 

Deficient 

maintenance, 

Extreme braking, 

Increased 

mechanical 

vibration 

4 

Use of 

high-

quality 

brakes and 

braking 

systems 

Monitor for 

bad braking 

and 

increased 

noise when 

braking 

4 
16

0 

Use of 

numerous 

types of 

braking 

systems. 

Implementa

tion of 

different 

braking 

systems 

4 4 1 16 

  Corrosion of the 

contact surface 

Noise, Faulty 

braking 

1

0 

Insufficient 

cleaning of the 

contact surface on 

the wheel hub, 

accumulation of dirt 

and foreign 

material. 

4 

Use of 

high-

quality 

brakes and 

braking 

systems 

Check for 

damages on 

the brakes 

2 80 

Use high 

quality 

material 

brakes 

Paint 

coating the 

brakes 

5 3 1 15 

 Ultrasonic 

sensors 
Physical Damage 

compromised 

system 

reliability 

6 Improper Handling 3 
Quality 

Control 

Check for 

lack of 

sensitivity 

2 36 
protective 

enclosure 

proper 

mounting 

and 

installation 

5 3 2 30 

  Connection Failure 

Inability to 

transmit data to 

the control 

system 

3 
Loose Connections, 

Interference 
7 

Shielding 

and 

Filtering 

Check for 

lack of 

sensitivity 

2 42 
Calibration 

and Testing 

proper 

mounting 

and 

installation 

3 5 2 30 

 Microphon

e 

Noise and 

interference 

Bad 

interpretation 

thus wrong 

instruction 

execution 

6 Noisy surroundings. 8 

Ensuring 

the mic is 

closer to 

the user 

No 

movement 

from the 

wheelchair 

1 48 

Maintaining a 

high signal to 

noise ratio, 

use different 

movement 

alternatives 

Avoid 

noisy 

surrounding

s 

6 6 1 36 
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  Multi path 

interference 

The mic will 

receive the 

instructions late 

increasing 

response time. 

6 

Mic dropouts and 

dead spots due to 

sound waves being 

received at different 

times/twice. 

1

0 

Use of 

high-

quality 

microphone

s 

Double 

execution of 

the 

instruction. 

1 60 

Using 

numerous 

mics and 

antenna 

Avoid 

noisy 

surrounding

s 

6 4 1 24 

 Microcontr

oller 

Memory stack 

overflow 

Firmware 

producing a 

random 

hardware 

failure 

6 

Limited 

RAM/memory 

storage options 

5 
Numerous 

tests 

Error 

messages or 

no function 

from the 

wheelchair 

8 
24

0 

Place guard 

bands around 

the stack 

No actions 

taken 
3 4 7 84 

  Overload 

Damage to 

other electrical 

components 

9 

Connecting 

numerous 

components beyond 

capacity 

3 

Using 

numerous 

controllers 

whilst 

avoiding 

many 

connections 

to each 

controller 

Monitor for 

burning 

odour and 

burnt 

components 

8 
21

6 

Using 

numerous 

microcontroll

ers 

Using 

numerous 

microcontr

ollers 

8 2 7 
11

2 

 Bluetooth 

module 

Communication 

Failure 

Data Loss or 

Corruption, 

Inability to Pair 

or Connect, 

Unreliable or 

Intermittent 

Connection 

3 

Interference, 

Software Bugs or 

Incompatibility, 

Hardware Failure, 

Power Supply 

Issues 

8 

Frequency 

Hopping, 

Signal 

Strength 

Optimizatio

n, 

Compatibili

ty Testing 

Connection 

Status 

Monitoring, 

No actions 

when in 

operation, 

Error 

Checking 

and 

Handling 

4 96 

User 

Education and 

Troubleshooti

ng Resources, 

Firmware and 

Software 

Updates, 

Interference 

Mitigation 

proper 

placement 

of the 

Bluetooth 

module, 

rigorous 

testing 

3 6 3 54 
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 Back 

Wheels 

fractured wheels 

and spokes/forks 

Damage to the 

frame, 

Discomfort, 

poor navigation 

9 

Excessive loads, 

Damaged tyres, 

excessive speeds. 

3 

Using high 

strength 

wheels 

Monitor for 

broken 

forks/spokes

. 

2 54 

Use wheels 

that do not 

contain 

spokes or 

using spoke 

covers. 

No actions 

taken 
4 2 1 8 

  Damaged/ worn-

out tyres 

Poor 

navigation, 

Damage to the 

wheel and 

spokes, 

Discomfort 

9 

Moving in harsh 

terrain, Excessive 

loads, Extreme 

braking 

3 

Avoid 

driving on 

rough 

terrain 

Broken 

rubber 

wheels 

2 54 

Use of high-

quality rubber 

wheels 

No actions 

taken 
9 3 1 27 

  Eccentricity 

High noise, 

Deteriorated 

driving comfort 

9 

Carrying weights 

beyond accepted 

tolerance. 

4 

Avoid 

heavy loads 

beyond 

capacity 

Monitor for 

noise when 

using the 

wheelchair 

1 36 

Use of high 

strength 

wheels 

No actions 

taken 
9 3 1 27 

 Front 

wheels 
Damaged joints 

No locomotion, 

Increased 

vibration 

8 

vibration, loose 

bolts, and 

connections 

3 

Ensuring 

tight 

connections 

of the 

wheel 

component

s 

Excessive 

Noise and 

discomfort 

1 24 

using 

permanent 

wheel hubs to 

lock the front 

wheels 

No actions 

taken 
8 3 1 24 

 Battery 
Overcharging/Over

heating 

accelerated 

plate corrosion, 

electrolyte loss, 

battery rupture 

or explosion. 

5 

Electrolyte 

reduction, solid 

product formation, 

Overcharge of the 

battery or short 

circuit 

3 

Avoid 

temperature 

extremes 

both high 

and low 

Reduction 

in battery 

capacity 

1 15 

Use battery 

covers to 

control 

temperatures 

Proper 

battery 

placement 

5 3 1 15 
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Chemical 

corrosion reaction 

at the cathode 

Increased 

resistance, 

reduction of 

power, 

reduction of 

current density 

5 
Overcharging of the 

battery 
3 

avoid 

overchargin

g the 

battery 

Monitor for 

corrosion at 

the 

terminals 

4 60 
Use trickle 

chargers 

No actions 

taken 
5 3 4 60 

 Frames Buckling 

Discomfort, 

Inoperable 

wheelchair, 

Difficulty in 

movement 

1

0 

Excessive 

loads/weights 

beyond capacity. 

5 

Avoid 

applying 

high loads 

that 

recommend

ed 

Detect for 

changes in 

shape 

2 
10

0 

Use of high 

strength 

frames 

adding 

extra 

supports to 

the frame 

8 3 1 24 

  Rusting 

Damaged 

frame, 

Increased 

friction, and 

poor 

appearance 

9 

Inadequate 

maintenance, 

Increased 

maintenance using 

water or oxidation 

materials 

5 

Painting/co

ating the 

wheelchair. 

Monitor for 

changes in 

colour 

1 45 
Use stainless 

steel 

Coating of 

the frames 

with 

coating 

layer of 

paint 

8 1 1 8 

  Bending 

Cracks and 

creases, 

Damage in 

appearance 

1

0 

Excessive 

loads/weights 

beyond capacity. 

5 

Avoid 

applying 

high loads 

that 

recommend

ed 

Detect for 

changes in 

shape 

1 50 

Use of high 

strength 

frames, 

adding extra 

supports to 

the frame 

adding 

extra 

supports to 

the frame 

8 2 1 16 

 Joystick 

Mechanical Wear 

and Tear, Contact 

or Button Failure. 

Inaccurate 

Input, Reduced 

Durability, 

Unresponsive 

Controls 

4 

Continuous Use, 

Environmental 

Factors, Poor 

Manufacturing 

Quality, Physical 

Impact 

6 

Robust 

Materials 

and 

Constructio

n, 

Ergonomic 

Design, 

Monitor for 

increased 

noise and 

vibration 

1 24 

Use of high-

quality 

joystick with 

numerous 

degrees of 

freedom 

Design the 

joystick 

with 

replaceable 

components 

that can be 

easily 

swapped 

4 6 1 24 
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Quality 

Assurance 

 Seat 
Loose 

straps/harnesses 
Discomfort 8 

Excessive 

loads/weight 

beyond the capacity 

6 

Using 

straps of 

stronger 

material 

Loose 

harnesses, 

discomfort 

1 48 

Use of high 

strength 

harnesses 

No actions 

taken 
8 6 1 48 

  Seat material 

damage 

Unattractive 

appearance, 

Discomfort 

8 

Cuts from sharp 

objects, huge loads 

on the seat 

6 

Using 

stronger 

materials 

for the seat 

Unattractive 

appearance, 

cuts on the 

seat 

1 48 

Using 

stronger 

materials for 

the seat 

No actions 

taken 
8 6 1 48 

 Voice 

recognition 

Wrong 

interpretation 

No locomotion, 

wrong 

instruction 

execution 

6 

Accent and 

language 

misinterpretation, 

Noise 

9 

Use of 

better/robus

t voice 

recognition 

software 

Misinterpret

ation of 

instructions 

1 54 

Coding the 

software to 

recognize 

multiple 

accents 

No actions 

taken 
6 9 1 54 

 Lightbulbs No light emitted No response. 3 

Damaged bulb 

components, faulty 

connections 

5 

Regular 

maintenanc

e 

No emitted 

light 
1 15 

Ensure the 

connections 

are properly 

connected 

No actions 

taken 
3 5 1 15 
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 Heart rate 

sensor 
Inaccurate readings 

Misinterpretati

on of heart rate 

data 

3 

sensor malfunction, 

poor contact with 

the skin, or 

interference from 

external factors 

such as motion or 

ambient light 

2 

Quality 

assurance 

and testing 

Implement 

error 

detection 

algorithms 

to identify 

inconsistent 

or erroneous 

heart rate 

readings 

7 42 

ensure proper 

sensor 

placement and 

contact 

contact the 

manufactur

er's support 

3 2 7 42 

  Signal interference 

Intermittent or 

complete loss 

of heart rate 

signal 

3 

External factors 

such as 

electromagnetic 

interference from 

other electronic 

devices 

2 

Incorporate 

shielding or 

isolation 

mechanism

s 

Incorporate 

signal 

quality 

monitoring 

mechanisms

. 

8 48 

minimize 

potential 

sources of 

interference 

keeping the 

heart rate 

sensor 

away from 

other 

electronic 

devices 

3 2 7 42 

 Battery 

gauge. 

Delayed or slow 

response 

difficulties in 

obtaining real-

time 

information 

5 

hardware 

limitations, 

processing delays, 

or inefficient 

software algorithms 

3 

Advanced 

algorithms 

and 

optimized 

software 

notification 

or alert the 

user 

4 60 

reaching out 

to the 

manufacturer'

s support or 

service centre 

Corrective 

measures 
5 3 4 60 

  Incorrect low 

battery indication 

Battery 

depletion 
5 

improper voltage 

thresholds 
3 

Extensive 

testing and 

validation 

processes 

voltage 

monitoring 

mechanisms 

4 60 

troubleshootin

g or possible 

recalibration 

Quality 

control 

improveme

nts 

4 3 4 48 

 Buck 

converters 
Overheating 

Component 

damage or 

degradation 

7 

Inadequate heat 

dissipation or poor 

thermal design 

4 

Adequate 

heat 

sinking and 

thermal 

manageme

nt 

techniques 

Temperatur

e sensors or 

thermistors 

1 28 

heatsinks, 

thermal pads, 

or fans. 

Adding 

fans to aid 

with 

cooling 

4 4 3 48 
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  Component failure 
Short circuits 

or overload 
8 

Component aging, 

degradation, or 

wear-out 

3 

Selecting 

component

s from 

reputable 

manufactur

ers 

fault 

detection 

and 

isolation 

techniques 

4 96 

components 

from 

reputable 

manufacturers 

components 

from 

reputable 

manufactur

ers 

8 4 3 96 

 Switch 

Button 

Mechanical Wear 

and Tear, Contact 

or Button Failure. 

Unresponsive 

Controls, 

Safety 

Concerns 

6 
Continuous Use, 

Physical Impact 
2 

Robust 

Materials 

and 

Constructio

n 

User 

Feedback, 

Built-in 

Diagnostics 

1 12 

Robust 

Materials and 

Construction 

Quality 

Assurance 
5 2 1 10 

 Battery 

charger 
Short Circuit 

Charger 

Malfunction, 

Safety Risks 

8 

Poor Manufacturing 

Quality, 

Component Aging 

or Wear, Electrical 

Overload 

3 

Robust 

Design and 

Constructio

n 

Diagnostic 

Features 
2 48 

Use Genuine 

and Approved 

Chargers, 

User 

Education on 

Safe Usage 

Compliance 

with 

Standards 

6 3 2 36 

  
Voltage Instability, 

Poor Charging 

Algorithm 

Incomplete or 

Insufficient 

Charging, 

Overcharging 

8 

Insufficient Heat 

Dissipation, 

Environmental 

Factors 

3 

Heat 

Manageme

nt, 

Accurate 

Charging 

Algorithms 

Indicator 

Lights or 

Displays 

8 
19

2 

Ensure Proper 

Electrical 

Infrastructure 

Heat 

Manageme

nt 

6 3 5 90 

 Buzzer Mechanical Failure 

No Sound 

Output, Weak 

or Distorted 

Sound 

2 

Continuous Use, 

Connector or 

Wiring Issues, 

Aging and 

Degradation 

2 

Voltage 

Regulation 

and 

Protection, 

Environme

ntal 

Protection 

Functional 

Testing 
1 4 

Environmenta

l Protection 

Modify the 

housing 

design or 

incorporate 

additional 

seals 

2 2 1 4 
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5.2 Verification of the objectives of the project 

The main objective of this study is to achieve autonomy by incorporating different modes of 

control such as speech control, joystick control and smartphone control into a wheelchair. In 

this section, the objectives that were accomplished will be verified. 

5.2.1 Design for cost 

To ensure optimal economic margins, cost management was a priority within the planned 

estimates. Material selection was carefully optimized, favouring the combination of 

affordability and good quality for this project. The cost analysis demonstrates that the overall 

expenditure for this project is comparatively lower than that of other powered wheelchairs. The 

design was simplified to reduce costs, and standard parts were predominantly chosen to 

minimize manufacturing expenses and streamline assembly. Re-evaluation of the current cost 

analysis was conducted, exploring more affordable and easily accessible materials without 

compromising quality or meeting necessary standards. This process aimed to eliminate 

excessive spending while ensuring that the selected materials are of high quality and meet the 

required standards. 

5.2.2 Design for manufacturability 

For an efficient manufacturing plan, parts that require expensive and complicated 

manufacturing processes were replaced with more affordable, simpler, and less complicated 

solutions. As shown in the engineering drawings, the parts were designed with appropriate 

tolerance to reduce the risk of manufacturing errors which might lead to repeat the 

manufacturing process. The designers considered to design parts that are respecting the 

capabilities of the operators. The design was also be improved and refined to make 

manufacturing simpler by eliminating parts that are expensive to produce. 
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5.2.3 Design for safety 

It was especially important to make the wheelchair extremely safe. To achieve the safety for 

the wheelchair the following was done:  

It was considered to place the arm rest and the footrests in a suitable place that doesn't absorb 

the vibration acting on the wheelchair which makes the user more comfortable. Moreover, it 

was considered to choose a comfortable standard material for the seat which is Nylon.  

To increase the safety of the wheelchair, it was considered following the stability standards 

to make the wheelchair as stable as possible and to minimize tipping over. Not to mention that 

ultrasonic sensors were integrated to detect obstacles and prevent collisions. 

Furthermore, emergency systems such as emergency pushbutton, and power switch were 

added to the wheelchair. Also, the cables are well insulated, and the sensors are kept in standard 

boxes. 

Finally, to ensure the safety, it was considered to put limitations on the speed to be between 

1km/h to 5km/h.  

5.2.4 Design for sustainability 

Sustainable materials were utilized in the wheelchair's fabrication for a longer lifespan. To 

maintain resource efficiency, production with low waste was at the centre of the manufacturing 

operations. To increase the sustainability, it was considered to use 40% of the motor power to 

maintain the life of the battery longer. The ability to use solar energy panels to charge the 

batteries was provided in this project. It was considered in the parts designed to be manufactured 

with minimal impact. Emissions were almost non-existent during the manufacturing. 

5.2.5 Design for environment 

The wheelchair has an extremely low carbon footprint during manufacturing. Eco-friendly 

materials and components that have a lower environmental impact were used in this project. 

The wheelchair should function without harming the environment, so harmful parts will be 
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replaced with environmentally friendly ones. Since it was considered to use 40% of the motor 

power to maintain the life of the battery longer the power consumption was reduced which 

directly reduced all kinds of impacts. It was considered designing for ease of recycling so that 

the parts can be recycled without any harmful footprint.  

5.2.6 Design for end of life 

Recyclable parts were utilized in the design so that pieces can be reused after the wheelchair's 

life. The parts can be reused in a variety of other projects after being disassembled. Furthermore, 

the material utilized to make the chair can be used for various industrial purposes. Standardized 

connectors and interfaces like the power port and the cables connectors were used for easy 

replacement of parts in the future. The product can be refurbishment or upgradeability when 

desired. 

5.2.7 Speech control 

Testing the movement of the wheelchair by speech control through a predetermined distance 

was done. The wheelchair responds to the voice commands with a latency that is less than one 

second. The instructions were delivered to the microcontroller without any errors and the 

response was correct. So, when saying right, it goes right. When saying left, it goes left and 

same with forward and backward and stop. The wheelchair was tested with speech control 

carrying a person with 75 kg on an inclined surfaces with 5 degrees as required in the standard 

ADA for ramps. The wheelchair was responding to the instructions and stopping smoothly in 2 

seconds. 

5.2.8 Smartphone control 

Mobile application proved its efficiency strongly. You could control the wheelchair from a 

very far distance. The application is user friendly. You may use your hands to open the 

application and operate the wheelchair and you may use the wheelchair with only voice. After 

testing the application, the wheelchair responded to voice and button instructions almost 
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immediately. The application is amazingly simple and tidy. The wheelchair was tested in an 

incline just like the previous control and everything was working well. The mobile application 

is also good as a human machine interface. Someone can control the wheelchair from a very far 

distance and someone else can be in the wheelchair. 

5.2.9 Joystick control 

Joystick also proved its efficiency. The response of the joystick was the fastest. When 

moving the joystick forward it goes forward immediately and the same for the other directions. 

Moreover, good feature in this control is that when choosing the speed of the wheelchair for 

example speed number 2 which indicates maximum of speed 60 you can go within the range 

between 0-60 using the joystick by pushing the angle of the joystick. When pushing the joystick 

50% of its maximum angle it gives you speed of 30 instead of 60. The joystick was also tested 

in the incline of 5 degrees, and it was having a better and a faster response than the other 

controls. 

5.3 Verification of the applied engineering standards 

5.3.1 Wheelchair static stability (ISO7176-1) 

As mentioned in chapter 3 after preparing the frame, the motors, and the folding mechanism, 

calculations and force detection were done on the wheelchair to verify the stability of the 

wheelchair numerically. After that, to verify achieving the standard, test methods were applied 

for the wheelchair on an inclined test plane at a 5° angle to the horizontal. As shown in Figure 

103, the wheelchair was able to move up and down an ADA complaint slope. Moreover, the 

wheelchair was able to stop in the middle of the incline. With a high-speed travel, vibrations 

affecting the wheelchair was detected. Driving the wheelchair is wonderfully, comfortable, and 

safe. 
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Figure 103: Person moving the wheelchair on an ADA complaint ramp 

5.3.2 Wheelchair brake effectiveness (ISO 7176-3) 

Calculations and specifications of the motor have already proved the ability of the wheelchair 

to stop safely on level ground and on an incline, as well as its capacity to stay stationary while 

parked on a slope or an incline. Nevertheless, test methods were applied with speed more than 

5 km/hr considering more than 75 kg on an incline with angle more than 5 degrees. As shown 

in Figure 103, the wheelchair was able to carry a person with constant speed on the incline, and 

then stop without any sliding errors. Moreover, the wheelchair was able to carry the person and 

speed up after braking in the middle of the incline. 

5.3.3 Dimensions Determination (ISO 7176-5) 

As mentioned in this standard, the maximum width allowable is 65 cm, the maximum length 

allowable is 80 cm, and the maximum hight is 95 cm from the ground to the grip. Since the 

wheelchair frame was taken from the industry based on the standard dimensions. As shown in 

the engineering drawing, the specified dimensions were achieved. Measurements were taken 
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manually using all the required measurement instruments to test the dimensions by the Quality 

Control engineer. 

5.3.4 The maximum speed, and acceleration, for electrical wheelchairs (ISO 7176-6) 

It is mentioned in the standard that the maximum speed should not exceed 15 km/hr. It was 

chosen in this project to have a 5 km/hr maximum speed to keep the wheelchair stable and safe. 

The specifications of the motor proved that the wheelchair could speed up to 9 km/hr. Test 

methods on the road were applied to prove the standard. By choosing a 1 km road and measuring 

the time of driving while using 40% of the motor power the following results were gotten.  

The speed of the wheelchair when nobody is sitting on it is 2.16 km/hr. 

The speed when 68 kg person sitting on the wheelchair is 1.8 km/hr. 

To improve the results or increase the speed, a better motor driver should be used. 

5.3.5 Power and control systems for electrical wheelchairs (ISO 7176-14) 

The cables were insulated and well organized as mentioned in the standard. Moreover, a 

system for the power was done with a standard charging port and a standard case. Furthermore, 

a system was done for the control systems like the microcontroller and the motor driver and 

their cable distribution with a standard case with a power port. The case or the boxes of those 

systems are removable. A 24 V charger was bought for charging the wheelchair. Not to mention 

that a controlling unit or a remote control was manufactured with a well-organized cable 

connection and with standard dimensions. 

5.3.6 Welding and safety in welding 

In this project, the wheelchair frame which has 99% of the welding operation was done by a 

wheelchair industry that follow standards. Therefore, the standard welding technique for the 

fame tubes which is MIG welding was done by the industry by considering all the safety 

requirements. 
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CHAPTER 6 - RESULTS AND DISCUSSIONS 

6.1 The results 

The culmination of our intensive research and development efforts in creating a ground-

breaking wheelchair system that redefines the standards of mobility assistance is presented in 

this results summary. With unwavering dedication to excellence, several mechanisms have been 

incorporated while also designing a wheelchair that operates robustly in a variety of 

environments. The focus was on reliability, cost-effectiveness, power consumption, future 

expandability, size, and adaptability to commercial wheelchair chassis. The obtained results 

revealed a prototype that effectively met the mobility requirements of individuals in need of a 

wheelchair. Initially, assistance from another person was required for the setup of the new 

wheelchair system. However, once the setup was complete, efficient functionality in both 

indoor and outdoor spaces was demonstrated by the system. The wheelchair was designed to 

incorporate multiple control options, including speech control, joystick control, and control 

through a mobile device. Rigorous testing was conducted on each control option to ensure its 

effectiveness in various situations. 

Successful results were achieved with the wheelchair's joystick control option, allowing 

users to intuitively manoeuvre the wheelchair by manipulating the joystick in different 

directions. The integration of the joystick module provided precise control over the wheelchair's 

movements. Furthermore, speed control was implemented based on the amount of pressure 

applied to the joystick. The system adjusted the wheelchair's speed accordingly by measuring 

force or displacement. This feature enhanced the user experience and provided greater control 

during manoeuvring. Accurate and reliable performance was consistently demonstrated by the 

joystick module through extensive testing. Smooth and precise navigation of the wheelchair 
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across various environments was ensured. User comfort and accessibility were prioritized with 

its ergonomic design, catering to individuals with limited mobility. 

When deploying these methods, high latency, inaccurate results, and high dependency on 

the internet speed were faced using OpenAI’s tiny model of Whisper and the Python Speech 

Recognition package on a Raspberry Pi 4 Model B. This is why the decision was made to use 

an Android phone for voice recognition. 

Significant enhancement was achieved with the incorporation of mobile phone control 

through our in-house application for our multi-controlled, autonomous wheelchair. This feature 

allowed the wheelchair to be conveniently operated using mobile devices by the users. An 

intuitive and user-friendly interface was provided by our dedicated application, expanding the 

options available for controlling the wheelchair and catering to individual preferences and 

needs. With mobile phone control, enhanced mobility and increased convenience were provided 

to the users, further improving their overall experience and control over the movements of the 

wheelchair. The wheelchair can be controlled using buttons or voice through an Android phone. 

Seamless performance was achieved with voice control using an Android phone. The user's 

command was provided in text format by the API's response, which was then compared to the 

keywords such as "forward," "reverse," "left," "right," and "stop." The instruction that has the 

closest degree of similarity is chosen if it passes a certain threshold. User commands were 

successfully executed by the microcontroller after checking for obstacles in the specified 

movement direction during testing. However, challenges were encountered with users speaking 

with non-clear accents, requiring them to repeat their commands for accurate recognition. 

Additionally, voice commands were responded to by the wheelchair with a delay of close to 3 

seconds. This means that voice control needs improvement. 

The ultrasonic sensor system was designed to be robust and reliable, capable of operating 

effectively in various environmental conditions. The sensors were able to detect a wide range 
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of objects, including both static and moving obstacles. This allowed the wheelchair to navigate 

through complex environments, such as crowded hallways or outdoor pathways, with improved 

precision and obstacle avoidance capabilities. To ensure optimal performance, extensive testing 

was conducted to fine-tune the parameters and algorithms of the sensor system. The wheelchair 

was programmed to track objects within a range of 60 cm for its front and back ultrasonic 

sensors and 40 cm for its left and right ultrasonic sensors. The position of detected obstacles 

relative to the wheelchair was quickly interpreted by the system's intelligent algorithms, which 

analysed the sensor data in real-time. 

In situations where an obstacle was detected at the front, causing the wheelchair to come to 

a stop, the presence of the obstacle was continuously monitored by the system. Once the 

obstacle was no longer detected within the designated range, the movement of the wheelchair 

was resumed, allowing for seamless navigation and efficient manoeuvring. This automatic 

stopping and resuming functionality provided a safe and user-friendly experience, preventing 

potential collisions and ensuring smooth operation in dynamic environments. The integration 

of the ultrasonic sensor system in our wheelchair design aimed to enhance user confidence and 

independence by providing reliable obstacle detection and avoidance capabilities. The 

unidirectional ultrasonic sensors used were not capable of detecting obstacles outside their 

narrow field of view. 

During the testing phase, challenges were encountered related to the wheelchair's ability to 

maintain a straight trajectory when moving forward. This issue primarily stemmed from 

misalignment of the wheels, resulting from manufacturing tolerances. In addition, variations in 

tire pressures among the wheels contributed to the problem, causing inconsistent rolling 

resistance and unequal traction. To address these issues, the importance of regular maintenance 

and wheel alignment adjustments was recognized. Improved manoeuvrability and reduced 

deviations from the intended path were achieved by ensuring proper alignment, parallelism, and 
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perpendicularity of the wheels. Monitoring and equalizing tire pressures also played a vital role 

in maintaining consistent rolling resistance. 

During the testing phase, challenges were also faced with the motor drivers purchased from 

Robotistan, as they frequently malfunctioned and were unable to drive the motors effectively. 

This issue arose due to compatibility and performance limitations, resulting in the constant 

breakdown of the motor drivers. Unfortunately, there was no alternative but to continue using 

them since acquiring replacement motor drivers was not possible due to availability constraints. 

The constant malfunctions were suspected to be primarily caused by the motor drivers' inability 

to handle the power requirements and load demands of the wheelchair motors, leading to 

overheating and eventual failure. 

On a positive note, impressive battery life was exhibited by the wheelchair during the testing 

phase. Over an hour of continuous operation was achieved with a fully charged battery. This 

extended battery life ensured prolonged mobility for users, reducing the frequency of 

recharging, and enhancing the usability of the wheelchair. Prolonged battery life was 

contributed by the efficient power management system implemented in the wheelchair, 

optimizing energy consumption, and allowing users to engage in longer periods of activity 

without interruption. 

In addition to mobility assistance, heart rate monitoring functionality was also incorporated 

into the wheelchair. The user's heart rate could be measured in real-time through non-invasive 

sensors integrated into the joystick box. This feature provided valuable health monitoring 

capabilities, allowing individuals with specific medical conditions, or monitoring needs to track 

their heart rate while using the wheelchair. The heart rate data is wirelessly transmitted to a 

connected mobile device for further analysis and monitoring. The integration of heart rate 

monitoring aimed to enhance user safety, allowing for prompt response and intervention in case 

of any abnormal heart rate readings. 
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It is firmly believed that the potential to significantly enhance the lives of individuals with 

limited mobility is possessed by this revolutionary wheelchair system. By combining 

technological innovation, user-centric design, and a commitment to excellence, the foundation 

for a new era of mobility assistance has been laid. 

6.2 The engineering standards 

6.2.1 Engineering standards that were followed 

• Wheelchair Stability (ISO 7176-1) 

When the wheelchair was standing on a slope, the parking brake(s) were engaged, and static 

stability was measured. The centre of the area where the wheelchair wheels and other 

components contact the ground was adjusted, and the force points on the chair were detected 

through manual calculations and software simulation. Based on the results, appropriate actions 

were taken. In this project, obtaining a high-torque motor with safe and effective braking 

capability was considered. As a result, the wheelchair was capable of safely carrying a person 

weighing 75 kg without requiring excessive torque and power. Additionally, the wheelchair 

demonstrated the ability to remain stable when stopping in the middle of an incline. The driving 

experience of the wheelchair was characterized by remarkable comfort and safety.  

• Wheelchair brakes effectiveness (ISO 7176-3) 

The purpose of this section of ISO 7176-3 is to ensure that the wheelchair can safely stop on 

both level ground and inclines, as well as remain stationary when parked on a slope. The 

selection of an appropriate electrical motor with a high braking torque was based on 

calculations. As a result, the wheelchair could carry the person smoothly at a constant speed on 

the incline and coming to a stop without experiencing any sliding errors. Furthermore, the 

wheelchair was able to resume carrying the person and accelerate after braking in the middle of 

the incline. 

• Dimensions Determination (ISO 7176-5) 
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This standard mentioned the caster fork, front wheels, rear wheels, seat width, seat length, 

seat height, total wheelchair width, total wheelchair length, and height from the ground to the 

seat. The wheelchair frame, sourced from the industry, was based on these standard dimensions. 

• The maximum speed, and acceleration, for electrical wheelchairs (ISO 7176-6) 

Since design for safety is one of the project objectives, the maximum speed of the wheelchair 

is best to be 5 km/hr. ISO 7176-6 standard states that the maximum speed of an electrical 

wheelchair should not exceed 15 km/h due to safety and stability and it provides methods to 

adjust the acceleration that is suitable based on the speed provided by the producer. 

• Power and control systems for electrical wheelchairs (ISO 7176-14) 

To ensure safety and reliability, it was necessary to have a well-distributed and organized 

power system that could be effectively controlled. The power and control systems were 

managed by utilizing a box to contain the Arduino and other electrical connection systems. The 

motor drivers were properly connected above cooling fans and adjusted within the Arduino 

control system box. Furthermore, to prevent power consumption issues and undesired speed 

behaviour, the wheelchair's speed was designed to be adjustable in three levels (2 km/hr, 3.5 

km/hr, 5 km/hr). A standard removable box was used to house the batteries, which featured a 

switch and standard charging ports for safe battery charging. The cables were organized and 

insulated according to the mentioned standards. Additionally, a standardized charging port and 

case were implemented for the power system, while a standardized case with a power port was 

utilized for the control systems, including the microcontroller and motor driver, along with their 

cable distribution. The cases or boxes for these systems could be easily removed when needed. 

6.2.2 Engineering standards that were not followed 

• Power consumption (ISO 7176-4)  

Factors such as temperature, age, charging history, and discharging history also exert an 

influence on the state of the battery. This standard can be utilized as a benchmark for comparing 
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different wheelchairs under identical testing conditions. The wheelchair's range capability is 

highly dependent on its operational usage. Therefore, relying solely on a single theoretical range 

estimate may not suffice to fully comprehend its performance. In accordance with this standard, 

a motor with low power consumption was selected. The power consumption of the electronics 

was disregarded. The battery was chosen to withstand the impact of the wheelchair's 

surrounding temperature. During the testing of the wheelchair on various road conditions, the 

power consumption was measured. The wheelchair was able to operate for over an hour and 30 

minutes. However, additional testing methods needed to be carried out to obtain accurate and 

precise results. Due to time constraints, the monitoring of power consumption was not 

conducted.  

6.2.2.1 Strength of materials and fatigue strength (ISO 7176-8) 

For the safety of the wheelchair, it was very important to notice the strength of the frame and 

the maximum stress that leads to failure. The standard ISO 7176-8 outlines test procedures and 

establishes minimum standards for the wheelchair as a whole and each individually stressed 

component's static, impact, and fatigue strength. There are more requirements in this standard 

which are not mentioned. To achieve and follow this standard, a special testing machine was 

needed. Due to unavailability of the testing machines, cost, and time, this standard was not 

followed. Nevertheless, calculations and simulation were done for the fatigue and the failure of 

the parts therefore, the risk was solved.  

6.2.2.2 Electric wheelchair climate tests (ISO7176-9) 

The wheelchairs can be adversely affected by the environment in which they are used or 

stored. Factors such as rain or traversing wet streets, as well as exposure to sunlight, can have 

negative consequences. The ISO7176-9 standard serves the purpose of considering these 

factors. It specifies requirements and test procedures to evaluate the impact of weather 

conditions, including rain, dust, condensation, and temperature fluctuations, on the essential 
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functionality of electrically driven wheelchairs. However, due to considerations such as cost, 

availability, manufacturability, and time constraints, the adherence to this standard was not 

implemented. Although measures such as well-covered wires, waterproof motors, and 

protective covering for the battery were taken, the full requirements of this standard were not 

met. 

6.2.2.3 Friction acting on the wheelchair (ISO 7176-13) 

Defining the friction acting on the wheelchair from any road condition is critical therefore, 

in this project, a high friction coefficient was assumed in the calculations. Unfortunately, this 

is not enough to follow any standard. The standard ISO 7176-13 outlines a test procedure for 

figuring out a test surface's coefficient of friction that has a rough texture, such as unfinished 

concrete. If the test technique is used on polished or flat surfaces, caution should be taken to 

ensure that the coefficient of friction is measured as being constant over the whole test surface. 

This standard requires using many testing apparatuses which are not available for us and not 

affordable. Therefore, due to the availability, the cost, and the time the team could not follow 

this standard. 

6.2.2.4 ISO 7176-2 Dynamic Stability 

This standard outlines the testing procedures for evaluating the dynamic stability of 

wheelchairs with electrical propulsion. The wheelchair is put through a series of driving tests 

that simulate using one, and its motions are monitored for the occurrence of a variety of 

specified unstable circumstances. rigid, flat, horizontal test plane that is big enough to conduct 

the tests and has a coefficient of friction larger than 0,6. The surface of the test plane must be 

between two hypothetical horizontal planes spaced 20 mm apart and have a maximum slope or 

cross slope change of 0.5° during the test. The wheelchair must be able to go at its highest speed 

and stop within the specified inclination on a rigid, flat, inclined surface with a run up and run 
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down. It was proved as mentioned in the previous chapter that the wheelchair can do this job. 

Nevertheless, there are testing methods were not done due to the cost and the time constrains.  

6.3 The constraints 

Several constraints were encountered during the design and development of the autonomous 

wheelchair for our graduation project. These constraints played a crucial role in shaping the 

project and effectively meeting the objectives. 

Time: 

The time constraint was a critical factor in the project. A project schedule was established 

with deadlines for each step, including the completion of the final prototype. The project's 

progress was carefully planned, scheduled, monitored, and controlled to ensure timely 

completion. 

Cost: 

The cost constraint was a significant consideration throughout the project. Working within 

a limited budget of $700, careful consideration was given to the cost implications of design 

choices. Cost-effective alternatives were explored to achieve the project objectives without 

compromising quality. 

Availability of resources & materials: 

The project was designed to make the best use of available resources and materials. This 

approach helped in saving money on purchasing necessary materials. However, challenges were 

faced in obtaining some materials locally, necessitating outsourcing from various online 

retailers such as Robotistan. 

Manufacturability and sustainability: 

Emphasis was placed on ensuring the manufacturability and sustainability of the prototype. 

A well-revised manufacturing plan was developed to ensure high-quality production. By 
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reducing waste and optimizing energy consumption, the aim was to extend the prototype's 

lifecycle and make the manufacturing process more environmentally friendly. 

Speech recognition accuracy: 

To enhance the accuracy of the speech recognition system, extensive training and testing 

were conducted using diverse speech data. This allowed the system to correctly understand user 

commands, accommodating various speech patterns, accents, and languages. Overcoming the 

challenge of achieving a voice control system that functions well even in the presence of 

ambient noise was a priority. 

Real-time responsiveness: 

Real-time responsiveness was given priority in the design of the wheelchair. Low latency 

was crucial to ensure smooth navigation. The processing capabilities of the speech recognition 

system were optimized, and efficient communication and coordination with the control system 

were implemented to minimize delays and provide prompt responses. 
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CHAPTER 7 - CONCLUSIONS AND FUTURE WORKS 

7.1 The conclusions 

The mobility of paraplegic individuals has always been aided by wheelchairs. In this 

capstone project, the focus was on constructing a smart wheelchair with multiple controlling 

systems to enhance mobility and independence while ensuring comfort for individuals with 

limited physical abilities. Throughout the project, various stages of manufacturing, including 

machining, welding, and assembly, were undertaken. 

The wheelchair comprises three main systems: electrical, mechanical, and control systems. 

All three systems were designed to work harmoniously. Signals are transmitted from the control 

systems to the electrical units, which then execute the user's desired commands. The mechanical 

aspects involve machining, 3D printing, and other processes. Careful calculations were made 

to ensure the structural integrity of the wheelchair, and soft ergonomic components were 

installed in the control systems to enhance comfort. These measures were taken to provide 

multiple functionalities in the wheelchair. 

The integration of a physical control unit introduced a manual control option alongside the 

speech recognition system. This unit allows for speed adjustment, directional control, and 

various controlling modes, empowering the wheelchair user further. 

Safety and convenience were also prioritized by incorporating a battery compartment with 

adequate protection and ventilation. This helped prevent hazards and facilitated the cooling of 

motor drivers and other electrical components, ensuring optimal performance and longevity. By 

combining in-house manufacturing with externally sourced components, the project achieved a 

balance between cost-effectiveness, quality assurance, and time efficiency. 

Overall, the successful completion of the capstone project demonstrates the team's 

dedication, technical proficiency, and innovative problem-solving skills. The multi-controlled 
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smart wheelchair serves as a testament to the potential of technology to enhance the lives of 

individuals with mobility limitations, offering them newfound independence and an improved 

quality of life. 

7.2 The future works 

In the future, the integration of brain control is likely to be seen as a new method of 

controlling wheelchairs, complementing existing control mechanisms. This innovative 

approach will involve the utilization of an EEG (Electroencephalography) device to capture and 

interpret the user's brain waves while employing a sophisticated classifying algorithm to discern 

specific commands. By leveraging brain-computer interfaces, individuals will have the ability 

to control their wheelchairs intuitively and seamlessly. 

Additionally, the transformation of wheelchairs into self-driving vehicles is an exciting 

development. The ability for users to input their desired destination will enable the wheelchair 

to autonomously plan a suitable route. Factors such as traffic conditions and moving obstacles 

along the wheelchair's path will be considered by the autonomous navigation system. To 

achieve this, a LIDAR sensor can be employed to accurately map the surrounding environment, 

providing crucial data for safe and efficient navigation. 

To ensure precise movement and accurate navigation, the integration of PID (Proportional-

Integral-Derivative) control and encoders into the wheelchair's control system is essential. This 

incorporation will promote stability and manoeuvrability, allowing the wheelchair to move in a 

straight line when required to move forward. 

Furthermore, the enhancement of wheelchair performance entails upgrading various 

components. These improvements include the implementation of superior motor drivers, the 

adoption of brushless motors for improved efficiency and durability, the replacement of lead-

acid batteries with lithium-ion batteries for greater energy density and longer operating times, 
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and the utilization of an aluminium frame to enhance structural integrity while maintaining a 

lightweight design. 

Addressing the challenges posed by traversing stairs can be achieved through the 

implementation of a stair detection system in the multi-controlled autonomous wheelchair. One 

potential system that could be utilized is a combination of depth-sensing cameras and machine 

learning algorithms. These cameras would capture depth information and analyse it using 

advanced algorithms to accurately identify staircases. By integrating this system into the 

wheelchair's navigation capabilities, the wheelchair can detect and avoid stairs, ensuring the 

safety and autonomy of the user. 

Additionally, improving the charging rate is a crucial aspect in advancing wheelchair 

technology. Innovative charging solutions can be implemented, leveraging rapid charging 

technologies such as fast-charging stations or wireless charging pads. These advancements 

would significantly reduce the charging time for the wheelchair's batteries, allowing users to 

spend less time waiting for a recharge and more time utilizing their mobility device. Improved 

charging rates would enhance the overall experience and convenience of wheelchair users, 

providing extended periods of uninterrupted usage. 

Overall, the functionality and performance of wheelchairs will be revolutionized by the 

integration of brain control, autonomous navigation, PID control, and upgraded components. 

By incorporating innovative technologies and systems, individuals will be empowered with 

enhanced mobility and independence in their daily lives. 
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APPENDIX A: ELECTRONIC MEDIA 

 
For more information, visit our website https://smmobility.wordpress.com/  

https://smmobility.wordpress.com/
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APPENDIX B: STANDARDS  

Wheelchair Stability (ISO 7176-1) 

In this project, we aim to make the wheelchair as stable as possible to increase its safety. The 

test procedures for establishing the static stability of wheelchairs are described in this section. 

When the wheelchair is standing on a slope, the parking brake(s) are engaged, and static stability 

is measured. Tests are also conducted with the wheels unlocked, replicating scenarios such as 

the wheelchair standing on a slope with the wheels up against obstacles, the wheelchair user 

reaching for an object on a level surface while the wheels are unlocked, or instability while 

moving. Additionally, tests are performed to assess the wheelchair's static stability while it is 

being kept from toppling over by a forward- and/or backward anti-tip device, as well as the 

efficiency of those anti-tip devices should the wheelchair tip in that direction. 

• The frame (1-1-1) 

To achieve a frame that follows the static stability standards, the centre of the area where the 

wheelchair wheels and other components make contact with the ground were adjusted and the 

force points on the chair were detect by manual calculations and software simulation and actions 

were taken based on the results. By making the static analysis on the frame theoretically and 

numerically using simulation programs, the forces were detected hence, the frame was 

improved. Moreover, the centre of mass was adjusted in which the gravitational force line from 

the centre of mass is contained within the area on the ground that is delimited by the contour of 

its wheels' contact points. Considering the tipping angle was not required by the standard. So, 

it was ignored due to the time and the cost constraints. Because it is also required to apply the 

testing methods on the wheelchair to prove the static stability. Testing of the frame stability is 

applied. Details are in section 5. 

• Folding Mechanism (1-1-2) 
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To achieve a stable folding mechanism, static analysis on the frame numerically using 

simulation programs was done to detect the forces acting on the folding mechanism hence, it 

was improved. Moreover, suitable folding screws were used for this application. The results of 

the simulation (shown in 3.9) are satisfying and perfect. It is required to apply the testing 

methods to prove it. Testing methods details in chapter 5. 

• DC Motor (1-2-2-2) 

It was mentioned in the standard requirements that it is necessary to have a wheel that can 

be locked up and has a parking brake or one whose motion is stopped by the means of 

propulsion. It was considered in this project to get a high torque motor that has a safe and high 

torque braking. In this project, the motor used has a 3 Nm braking torque. Moreover, 

calculations were done to ensure that the brake can work perfectly in an incline with 6 degrees 

angle.  

Wheelchair brakes effectiveness (ISO 7176-3) 

The wheelchair's brakes are important because they affect safety. The purpose of this section of 

ISO 7176-3 is to adjust the wheelchair's capacity to stop safely on level ground and on an 

incline. It also includes its capacity to stay stationary while parked on a slope or an incline. 

There are no numerical requirements in this standard. The following was considered during the 

design. 

DC Motor (1-2-2-2) 

Calculations were made to confirm that the wheelchair can move easily on an incline with an 

angle of 5 degrees. Based on the calculations, a suitable electrical motor with a high braking 

torque was chosen. 

Power consumption (ISO 7176-4) 

Electric use and battery health have an impact on an electrically driven wheelchair's range of 

travel. The ambient temperature, the overall weight and weight distribution of the occupants, 
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and the tires all have an impact on energy usage. Factors including temperature, age, charging 

history, and discharging history also have an impact on the battery state. This standard may be 

used as a benchmark for comparing various wheelchairs under identical test circumstances. A 

wheelchair's ability to go a distance depends heavily on how it is operated. Therefore, a single 

theoretical range estimate might not be enough to comprehend how well it works. The 

requirements were as follows:  

Arduino Mega (1-2-2-1) 

Arduino Mega 2560 is the brain of the wheelchair. It will consume power as long as the 

wheelchair is working. 

DC Motor (1-2-2-2) 

The motor has the highest power consumption in this project. It is obvious that whenever the 

driver speeds up, the motors will consume more power. Moreover, a suitable motor with low 

power consumption was chosen to follow this standard. 

Battery (1-2-3-1) 

A suitable battery that provides a 32 km driving range with max speed of 5 km/hr. was chosen. 

The buttery was chosen to be able to resist the effect of the temperature around the wheelchair.  

Battery charger (1-2-3-2) 

Original charger that follows the international standards was chosen to avoid the current 

leakage, overloading during charging which might affect the battery, and slow charging.  

Dimensions Determination (ISO 7176-5) 

The objective of this standard (ISO 7176-5) is to provide technical definitions along with 

suitable measurement techniques for determining the key masses and dimensions of manual 

wheelchairs and electrically powered wheelchairs, to determine their suitability for a particular 

environment. In this standard, a lot of requirements were provided, which made the design very 

difficult to achieve. The caster fork, the front wheels, the rear wheels, the seat width and length 



170 

and height, the total wheelchair width and length, and the height from the ground to the seat 

were mentioned in this standard. 

Frame (1-1-1) 

To design a perfect frame, it was necessary to follow this standard. By designing the length, the 

width, and the height as required and considering the maximum length and width and height, 

and considering the total mass that is going to sit on the wheelchair, this frame was designed. 

All the dimensions are mentioned in the engineering drawings. 

Arduino box (1-1-1-2), battery box (1-1-1-3) and controlling unit box (1-1-1-4-1) 

These boxes were designed by considering where it is going to be placed in order to see its 

effect on the overall width and height. Moreover, we selected light materials to avoid high 

wheelchair mass. 

Caster fork (1-1-1-6) 

Caster fork is a very important and critical component in the wheelchair. It affects many criteria 

in the wheelchair. It was necessary to consider all the requirements for the caster fork like the 

separation between the castor wheel's ground contact point and the location where the castor 

stem axis touches the surface. 

Seat (1-1-1-9) 

The maximum and minimum dimensions of the seat are the most significant terms in the 

wheelchair as it affects most of the other dimensions. A seat dimension that does not affect the 

maximum and minimum height, length, and width of the wheelchair was chosen. 

Folding Mechanism (1-1-2) 

The dimensions of opening the folding mechanism and closing it are one of the most significant 

dimensions of the wheelchair due to its effect on the maximum and minimum width and height. 

By looking at the maximum opening and closing dimensions and comparing it with the 
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dimensions of the available seats, the dimensions of the folding mechanism should be within 

the range mentioned in the standard. 

The maximum speed, and acceleration, for electrical wheelchairs (ISO 7176-6) 

Maximum speed can play a significant role in determining which wheelchair is best for a certain 

person. Depending on local laws, maximum speed may affect whether electrically driven 

mobility equipment may be used on or off pavements, or both. While some people may be more 

concerned with moving as quickly as they can, others may be nervous about moving at faster 

speeds. Since design for safety is one of the project objectives, the maximum speed of the 

wheelchair is best to be 5 km/hr. ISO 7176-6 standard states that the maximum speed of an 

electrical wheelchair should not exceed 15 km/h due to safety and stability and it provides 

methods to adjust the acceleration that is suitable based on the speed provided by the producer.  

DC Motor (1-2-2-2) 

In this project, by following the steps of this standard and based on the maximum speed 

provided, we used the methods to calculate and provide the suitable acceleration and 

deacceleration and suitable motor and battery were chosen for this purpose.  

Additional information 

To ensure achieving this standard, the calculations were performed for the maximum mass that 

can be carried by the motor.  

Climbing ability for the wheelchair (ISO 7176-10) 

It is very important to consider that the user will be in a situation where he/she needs to go up 

using an incline. The purpose of ISO 7176-10 standard is to define the test procedures to be 

used to determine the wheelchairs' capabilities to climb and descend obstacles.  

DC motor (1-2-2-2) 

A suitable motor and a suitable battery were used to achieve the required torque and power. The 

maximum mass that can be carried by the selected motor of the wheelchair for an incline was 
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calculated in this report. We applied the test methods and the details of the test methods in 

chapter 5. 

Power and control systems for electrical wheelchairs (ISO 7176-14) 

In the wheelchair, high power is used. The power must be well distributed and organized to be 

well controlled due to safety and reliability. The standard ISO 7176-14 outlines specifications 

for the power and control systems of electrically powered wheelchairs, along with related test 

procedures. It establishes performance and safety standards that are applicable during regular 

operation as well as under various abuse and failure scenarios. Additionally, it establishes 

limitations on the forces required for activities and specifies measuring techniques for the forces 

required to operate controls. 

Arduino Mega (1-2-2-1) 

Arduino Mega 2560 is the brain of the wheelchair. Using a box to contain the Arduino and the 

other electrical connections system, the power and control systems are managed. To organize 

the control of the wheelchair and to avoid overlapping, all the commands will be from the 

Arduino.  The power is well distributed in the box and the wires are well insulated. 

DC Motor (1-2-2-2) 

The motor needs to be controlled in this project. It is obvious that whenever the driver speeds 

up, more power consumption will be faced therefore, more heat will be generated on the motor 

drivers. Therefore, the motor drivers are well connected above cooling fans and well-adjusted 

in the Arduino control system box. Moreover, to avoid the unwanted speed misbehaving, speed 

of the wheelchair was designed to be in 3 levels (2 km/hr, 3.5 km/hr, 5 km/hr.) to avoid the 

power consumption. Furthermore, by using motor drivers, the power distribution will be 

controlled in the motor. 

Battery (1-2-3-1) 
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It is important to choose a battery that will provide a suitable power and current for the electrical 

components. The battery selected in this project should be able to resist the effect of the 

temperature around the wheelchair. Moreover, the batteries were kept in a standard removable 

box. The box has a switch and standard charging ports to be able to charge the batteries safely. 

There is a wire from the battery taken out to the Arduino control box to power the electronics. 

Table 1: Engineering standards followed 

Standard 

code 

Title Scope & Instructions  The subsystem 

ISO 

7176-1 

Wheelchair 

stability 

The description test procedures for 

establishing the static stability of 

wheelchairs. Specific speed and 

amount of weight is required.   

The frame (1-1-1) 

Caster fork (1-1-1-6) 

Folding Mechanism (1-1-2) 

DC Motor (1-2-2-2) 

ISO 

7176-3 

Wheelchair 

break  

adjust the wheelchair's capacity to 

stop safely on level ground and on an 

incline, as well as its capacity to stay 

stationary while parked on a slope or 

an incline. There are no numerical 

requirements in this standard. 

The frame (1-1-1) 

Folding Mechanism (1-1-2) 

DC Motor (1-2-2-2) 

ISO 

7176-4 

Power 

Consumption 

predict a range accurately for a 

specific wheelchair and occupant. 

However, it may be used as a 

benchmark for comparing various 

wheelchairs under identical test 

circumstances. A wheelchair's 

ability to go a distance depends 

heavily on how it is operated, 

therefore a single theoretical range 

estimate might not be enough to 

comprehend how well it works. 

calculating the nominal energy 

capacity of the wheelchair's battery 

system and the energy used during 

driving 

Sensors (1-2-1) 

Control units (1-2-2) 

Arduino Mega (1-2-2-1) 

DC Motor (1-2-2-2) 

Battery (1-2-3-1) 

Battery charger (1-2-3-2) 

 

ISO 

7176-5 

Wheelchair 

Dimensions  

provide technical definitions along 

with suitable measurement 

techniques for determining the key 

masses and dimensions of manual 

wheelchairs and electrically 

powered wheelchairs, including 

scooters, in order to determine their 

suitability for a particular 

environment 

Frame (1-1-1) 

Motor Holder (1-1-1-1) 

Arduino box (1-1-1-2) 

Battery box (1-1-1-3) 

Controlling unit holder  

(1-1-1-4)  

Controlling unit box  

(1-1-1-4-1) 

Foot plate (1-1-1-5) 

Caster fork (1-1-1-6) 

Seat (1-1-1-9) 
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Folding Mechanism (1-1-2) 

ISO 

7176-6 

Maximum 

speed & 

Acceleration  

states that the maximum speed of an 

electrical wheelchair should not 

exceed 15 km/h due to safety and 

stability and it provides methods to 

adjust the acceleration that is 

suitable based on the speed provided 

by the producer. 

DC Motor (1-2-2-2) 

 

ISO 

7176-10 

Wheelchair 

climbing 

ability  

define the test procedures to be used 

to determine the wheelchairs' 

capabilities to climb and descend 

obstacles. 

DC Motor (1-2-2-2) 

 

ISO 

7176-14 

Power and 

control 

systems  

outlines specifications for the power 

and control systems of electrically 

powered wheelchairs, along with 

related test procedures. It establishes 

performance and safety standards 

that are applicable during regular 

operation as well as under various 

abuse and failure scenarios. 

Additionally, it establishes 

limitations on the forces required for 

particular activities and specifies 

measuring techniques for the forces 

required to operate controls. 

Sensors (1-2-1) 

Control units (1-2-2) 

Arduino Mega (1-2-2-1) 

DC Motor (1-2-2-2) 

Battery (1-2-3-1) 

 

ISO 

6848 

TIG Welding 

Electrodes  

categorization of non-consumable 

tungsten electrodes for inert gas-

shielded arc welding, plasma 

welding, cutting, and thermal 

spraying. specifications required for 

the categorization of non-

consumable tungsten electrodes for 

thermal spraying, plasma welding, 

and arc welding with inert gas 

shielding. 

Frame (1-1-1) 

 

ISO 

15611 

Welding 

experience  

the qualification of welding 

techniques based on prior welding 

experience 

Frame (1-1-1) 

 

ISO/TR 

18786 

Safety in 

welding  

For the examination of the health 

and safety aspects of welding 

metallic materials, including on-site 

and maintenance operations offers 

recommendations. 

Frame (1-1-1) 
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Table 2: Engineering standards that should be followed but not followed 

Standard 

code 

Title  Instruction & Requirements  The subsystems 

ISO 

7176-8 

Strength of 

material 

and fatigue 

outlines test procedures and 

establishes minimum standards for the 

wheelchair as a whole and each 

individually stressed component's 

static, impact, and fatigue strength. the 

number of test cycles for both two-

drum and drop tests, as well as the 

speed and size of the slat on the two-

drum test machine, are needed for 

testing and confirmation of the fatigue 

testing components. There are more 

requirements in this standard which are 

not mentioned. 

Frame (1-1-1) 

Motor Holder (1-1-1-1) 

Arduino box (1-1-1-2) 

Battery box (1-1-1-3) 

Controlling unit holder  

1-1-1-4 

Foot plate (1-1-1-5) 

Caster fork 1-1-1-6 

Folding Mechanism  

1-1-2 

 

ISO 

7176-9 

Climate 

tests  

outlines specifications and test 

procedures to establish how weather 

conditions, including rain, dust, 

condensation, and temperature 

fluctuations, affect the fundamental 

functionality of electrically driven 

wheelchairs 

The wheelchair in general 

ISO 

7176-13 

Friction 

force  

outlines a test procedure for figuring 

out a test surface's coefficient of 

friction that has a rough texture, such 

as unfinished concrete. If the test 

technique is used on polished or flat 

surfaces, caution should be taken to 

ensure that the coefficient of friction is 

measured as being constant over the 

whole test surface.  

DC Motor 

 

ISO 7176-1 (Static Stability) 

Designed to provide mobility for one disabled person whose mass is in the range mentioned in 

ISO 7176-11. Also, it outlines techniques for measuring the tipping angles. The following terms 

are required in this Standard: 

-contact point: the centre of the area where a wheelchair wheel or other component makes 

contact with the ground. 

-Force detection point: location where the force beneath an upward pointing wheel is measured. 



176 

-A wheel that can be locked up is one that has a parking brake or one whose motion is stopped 

by the means of propulsion (e.g. by hands, levers, motors) 

-parked state: a standstill posture that enables passenger entry or exit from the seat. 

-Wheel that typically rolls on the ground when the wheelchair is moving along at a steady speed 

on a flat surface is referred to as a "running wheel." 

-wheelchair tipping angle: The angle of the test platform with respect to the horizontal at which 

the vertical projection of the centre of mass goes outside of a polygon formed by the contact 

points of all the running wheels is known as the wheelchair tipping angle (to be assessed by 

empirical measure).  

A weighted wheelchair is theoretically statically stable as long as the gravitational force line 

from the centre of mass is contained within the area on the ground that is delimited by the 

contour of its wheels' contact points. The stability of a wheelchair improves as the angle 

between the axis of the chair's tip and the plane containing its centre of mass grows. When tilted 

past this specified angle about the axis of tip, a wheelchair will tip. 

ISO 7176-2 Dynamic Stability 

This standard outlines the testing procedures for evaluating the dynamic stability of wheelchairs 

with electrical propulsion. The wheelchair is put through a series of driving tests that simulate 

using one, and its motions are monitored for the occurrence of a variety of specified unstable 

circumstances. rigid, flat, horizontal test plane that is big enough to conduct the tests and has a 

coefficient of friction larger than 0,6. The surface of the test plane must be between two 

hypothetical horizontal planes spaced 20 mm apart and have a maximum slope or cross slope 

change of 0.5° during the test. The wheelchair must be able to go at its highest speed and stop 

within the specified inclination on a rigid, flat, inclined surface with a run up and run down. 

The ramp's test area must be long enough for the wheelchair to halt within the specified 

inclination range, which must be within a tolerance of 1°. 
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The surface of the testing ramp area must be situated between two fictitious parallel planes 

spaced 50 mm apart. 

Through a transition having a radius of no more than 25 mm, the test area must extend directly 

from the horizontal test plane. 

Steps taller than 5 mm and loose debris must be absent from the surface being crossed. 

Step heights of 15 mm, 25 mm, 50 mm, and multiples of 25 mm above that, if the manufacturer 

claims it Rigid vertical step transition, Test subject. And more tests about the rearward dynamic 

stability. 

ISO 7176-3 Brakes effectiveness  

This standard outlines the testing procedures for evaluating the performance of the brakes on 

manual and electrically powered wheelchairs. The definition and the requirements can be 

specified like tipping and sliding. The reflexes of the wheelchair are measured and monitored 

as a result of various wheelchair braking procedures. Test dummies, rigid flat test ramps, rigid 

flat inclined test ramps, rigid flat horizontal test planes, and rigid flat adjustable test planes 

additional weights, Instruments for measuring force, braking distance, and inclinometer are 

required to be available during the test. 

ISO 7176-4 Energy consumption 

This standard describes techniques for calculating the theoretical range of electrically powered 

wheelchairs, including scooters, based on measurements of energy used during operation and 

the nominal energy capacity of the wheelchair's battery set. It applies to wheelchairs that are 

electrically propelled and have a maximum nominal speed of no more than 15 km/h. Continuous 

driving and manoeuvring are the two modes of driving for which energy consumption is 

assessed. The wheelchair is driven continuously around a test track 10 times clockwise and ten 

times counterclockwise. and the amount of energy used is calculated. The wheelchair is driven 

through a circuit for maneuvering. halting and turning 10 times in either direction outside of 
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two markers spaced five meters apart, while the Consumed energy is monitored. Values within 

the theoretical range are derived from the energy spent, the both the battery's capacity and the 

theoretical distance traveled. There are many requirements for this standard. Test track: a line 

drawn on a level, horizontal, hard surface away from drafts, when the temperature is between 

18 and 25 degrees Celsius. The test track's centerline must be between 50 and 100 meters long. 

Each long side, L, must be long enough for the wheelchair to go at its top speed. Each short 

side, W, must be long enough to allow the wheelchair to turn without pausing. Two markers 

must be placed on one side of the test track, both parallel to the centerline and spaced 5,00 m 

0,01 m apart. It must also have a center marker that is round and has a diameter of 0.13 m 0.03 

m. A device for measuring energy consumption that can measure the electrical energy, 

expressed in watt hours, supplied by the wheelchair's battery terminals with an accuracy of 2% 

and that uses no more than 5% of the energy supplied. A positive measurement will reflect the 

energy that the battery set supplies to the wheelchair, and a negative measurement will represent 

the energy that the wheelchair returns to the battery set. When acquiring discrete samples, the 

device' sampling duration must not be longer than what is required to deliver the appropriate 

precision.  Device for measuring distances that can measure the length of the test track's 

centerline with an accuracy of 100 mm.  

ISO 7176-5 Determination of dimensions, mass 

The objective of this standard (ISO 7176-5) is to provide technical definitions along with 

suitable measurement techniques for determining the key masses and dimensions of manual 

wheelchairs and electrically powered wheelchairs, including scooters, in order to determine 

their suitability for a particular environment. The caster fork, the front wheels, the rear wheels, 

the seat width and length and height, the total wheelchair width and length, and the height from 

the ground to the seat were mentioned in this standard. There are many requirements in this 

standard. Total mass, Loading the wheelchair, Castor wheel misalignment is the lateral 
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separation between the castor wheel's ground contact point and the location where the castor 

stem axis touches the surface. 

A fixed wheel is one whose axial direction with respect to the wheelchair cannot vary while the 

wheelchair is moving. 

Front wheel track is the separation between the front wheels' points of contact with the ground. 

Full occupied length is the measurement between the wheelchair's farthest forward and furthest 

back points, including the lower leg support assemblies and a reference occupant. 

Full overall length is the distance between the wheelchair's farthest forward and furthest back 

points when it is fully constructed, ready for use, and equipped with any leg supports, foot 

supports, and anti-tipping devices. 

ground clearance: The distance needed between the wheelchair's seat and the ground. 

Midpoint of the region where the wheel hits the ground is known as the ground contact point. 

wheelchair handgrip height is the vertical distance between the wheelchair's handgrip reference 

points and the ground.  

reference point for the handgrip: the outermost lateral point halfway down the handgrip. 

The term "lateral handrim deviation" refers to the handrim's departure from a flat plane 

perpendicular to the axle. 

Departure of the wheel rim from a flat plane that is perpendicular to the wheel axle is known as 

lateral wheel deviation. 

Mass of the heaviest component: The weight of the wheelchair's heaviest component (or 

component assembly) when it is disassembled for storage or transportation. 

occupied height is the vertical distance from the test plane to the top of a reference occupant's 

head. 

occupied width is the wheelchair's overall width, including the reference occupant. 
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pivot width: The smallest space necessary for a wheelchair with complete differential steering 

to turn through 180 degrees between two vertical, parallel walls. 

rear wheel track: the separation of the rear wheel's ground contact points. 

When opening an 800 mm wide door that is 600 mm from the side wall, there must be at least 

that much space between the wall housing the door and the wheelchair's furthest point. 

ISO 7176-6 Determination of maximum speed 

This standard includes test methods for determining the maximum speed of electrically powered 

wheelchairs, intended to carry one person with a maximum nominal speed not exceeding 15 

km/h on a level surface. The apparatus for this standard includes: 

Instrumentation: that may need to be added to the test dummy, in which case its mass should 

not exceed 5 % of the total dummy mass. 

Horizontal test plane: made up of a rigid, flat, horizontal surface of sufficient size to conduct 

the tests and with a coefficient of friction that meets the requirements of ISO 7176-13. 

Speed measurement device: To measure and record speed up to 5 m/s with an accuracy of ± 0.1 

m/s and a sample rate of at least 60 Hz. 

Test dummy: as specified in ISO 7176-11, or a human test occupant according to ISO 7176-22. 

Supplementary weight: shall be added to a human test driver to give the mass distribution 

equivalent to the relevant dummy. 

ISO 7176-8 Static, impact and fatigue strengths 

The criteria for the static, impact, and fatigue strength of wheelchairs are laid forth in this 

standard. The test procedures for establishing if the requirements have been satisfied are 

specified. It also outlines the specifications for test results dissemination. The standard applies 

to wheelchairs for the disabled that are used indoors and outdoors, both manually and 

electrically driven. The standard establishes minimal specifications for both the wheelchair and 

its individual parts. 
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The requirements include: 

No component may be readjusted, retightened, or have apparent fractures on the surface that do 

not extend to the structural substance. No component may be broken or have been detached. No 

externally visible electrical cable shall be cut, abraded, or crushed. No externally visible 

electrical connector shall be crushed or disconnected. 

 All moving, rotating, detachable, foldable, or adjustable elements must function as the 

manufacturer has specified. All power-operated systems shall operate as described by the 

manufacturer. 

c.)  Handgrips must remain in place. 

d.) No part or assembly of components may show obvious plastic deformation, free play, or 

loss of adjustment that impairs the wheelchair's ability to function. 

e.) The brake mechanism must remain in its predetermined locations.  

- ISO 7176-9 Climatic tests 

This standard outlines the conditions and procedures for testing how electrically powered 

wheelchairs will perform when it rains and condenses and when the temperature changes. 

Nevertheless, the standard does not mention any requirements for resistance to corrosion. There 

are instructions mentioned like the user should have a control device that allows them to steer 

the wheelchair in the direction they want it to go or at the pace they choose. Additionally, the 

ambient temperature of (20 5) °C and relative humidity of (60 20 %) should be taken into 

account. The wheelchair electrical system might be exposed to liquids, including salt water and 

since the effects of saltwater contamination are difficult to evaluate, the immunity of the system 

is assessed on the basis of exposure to a fresh water spray. trial run, a test subject or a test 

subject who has additional weights added to make their mass distribution comparable to the 

appropriate dummy, A human test driver or a remote control may be used to test drive a 

wheelchair. a thermometer that measures air temperature accurately to one degree Celsius, a 
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timer that can accurately measure time to the nearest second, 2% accurate relative humidity 

measurement with a humidity measurement equipment, Cold test environment to expose a 

wheelchair to ambient temperatures between 25 and roughly 40 degrees Celsius, a hot test 

setting where a wheelchair would be exposed to temperatures between around 50 and 65 

degrees, Test setting in which a wheelchair is exposed to typical environmental conditions (3.2), 

Water jets to spray water are all required in this standard.  

ISO 7176-10 climbing ability 

This standard defines the procedures for testing the capacity of one-person, electrically driven 

wheelchairs with a maximum nominal speed of 15 km/h to climb obstacles. Some of the 

required equipment are: 

Test plane, a flat, hard plane with a friction coefficient as described in ISO 7176-13, with its 

whole surface enclosed between two imaginary, horizontal parallel planes spaced 5 mm apart 

and horizontal within 0,5°.  

Test obstacle, an obstacle similar to that in Figure 1, with a relative tolerance of 5% or a 

tolerance of 2 mm, whichever is larger, and a height that can be changed in 5 mm increments 

up to a height of 200 mm. The test laboratory and the wheelchair provider must agree on any 

multiple of 5 mm for the nominal beginning height, which must be 10 mm.  

ISO 7176-13 Coefficient of friction  

This standard describes a test procedure for figuring out a test surface's coefficient of friction 

when it has a rough texture, such unfinished concrete. If the test technique is used on polished 

or flat surfaces, caution should be taken to ensure that the coefficient of friction is measured as 

being constant over the whole test surface. The characteristics of the wheelchair tires and the 

test surface determine the coefficient of friction between the two surfaces. This test technique 

was established in order to define the test surface in terms of the coefficient of friction using a 

standard approach that is independent of the wheelchair being tested since it is desired to 
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compare the test results of various wheelchairs on comparable test surfaces. The technique 

entails dragging a certain block over the test surface at a predetermined speed with a 

conventional rubber interface. In accordance with this standard, test blocks, test rubber, and 

force gauges are necessary apparatus. When measured using the test technique described in this 

standard on each of the three typical surfaces, the test surface must be deemed acceptable if its 

coefficient of friction is between 0.75 and 1. 

ISO 7176-14 Power and control systems 

This standard outlines the specifications for the electrically powered wheelchairs' power and 

control systems, including battery chargers and related test procedures. It outlines certain 

circumstances for abuse and failure as well as the very minimum needs for safeguarding the 

wheelchair user while in regular usage. Additionally, it establishes limitations on the forces 

required for particular activities and provides measuring techniques for the forces required to 

operate the controls. This standard discusses many terms. The terms watchdog, command 

signal, controller, controller, nominal voltage of the battery, battery pack, battery charger, and 

battery set are all discussed in this standard. In addition, The following apparatus are discussed:  

In order to complete the tests mentioned in 6.13.3, 6.15.3, and 6.17.3, an inclined test plane 

must be placed at a 5° angle to the horizontal, be large enough, and have a surface with enough 

friction to prevent significant wheel slippage. The minimum size that is advised is 5 m by 1.5 

m.  

a horizontal test plane large enough to accommodate the 6.11.3, 6.12.3, 6.16.3, and 7.3 tests, 

and having the same high-friction surface as the inclined test plane (4.1). 

Speedometer or other device that can accurately measure the speed of a wheelchair within a 

range of 0 to 15 km/h. 

wheelchair braking distance measurement tools with an accuracy of 100 mm. 
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A battery set with a voltage that is 1,25 times the nominal voltage of the battery set in the 

wheelchair that will be put through its paces—0 + 2 V—and a capacity that is at least equal to 

that of the battery set in the wheelchair will serve as the direct current source. 

standard test finger with joints 

Standard test finger without joints 

Instrument for measuring forces with an accuracy of 1% of the rated capacity, measuring forces 

in the range of 0 N to 100 N in increments of 1 N 

With an accuracy of 1% of the stated capacity, this force measuring instrument for control 

devices can measure forces in the range of 0 N to 10 N in 0,1 N increments. 

ISO 7200: Technical drawings — Title blocks 

Lays down appropriate rules and recommendations for the execution and practical use in the 

identification, administration and understanding of technical drawings and associated 

documents. It applies to all fields of engineering (mechanical, electrical, civil, etc.) and 

facilitates the exchange of documents by defining field names, their contents and their length 

(number of characters), ensuring compatibility with each other. It specifies the data fields used 

in the title blocks and headers of technical product documents.  



185 

APPENDIX C: CONSTRAINTS 

In this project, we encountered several constraints that shaped the design and development 

of the autonomous wheelchair. These constraints played a crucial role in ensuring the success 

of the project and meeting the objectives effectively. 

• Time: 

Proper time management proved crucial in ensuring the completion of the multi -controlled 

autonomous wheelchair project within the scheduled timeframe, with defined deadlines for each 

step and a final prototype date. However, the lack of enough operating hours at the mechanical 

workshop significantly impacted on the available time to work on the wheelchair, requiring us 

to carefully allocate our time and prioritize tasks. This constraint hampered productivity and 

extended the overall project timeline. Furthermore, importing the necessary parts to TRNC took 

a chunk of time, as delays in customs clearance caused significant setbacks. Despite these 

challenges, we adapted our time management approach, optimizing our workflow within the 

limited workshop hours, and leveraging non-workshop hours to focus on other project aspects. 

Through these adjustments, we successfully completed the project, demonstrating the resilience 

of our time management strategies and project management plan. 

• Cost: 

The cost constraint was a significant consideration throughout our project. As we worked 

within a limited budget of $800, we carefully considered the cost implications of design choices. 

We purchased parts that met our quality requirements while ensuring they remained within 

budget. In some instances, we opted to fabricate certain components ourselves to reduce costs 

further. By making these strategic decisions, we successfully balanced quality and affordability, 

effectively managing the project's financial limitations. 

• Availability of resources & materials: 
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We designed the project to make the best use of available resources and materials, which 

helped us save money on purchasing necessary materials. However, we encountered challenges 

in obtaining some materials locally, which led us to create certain resources in-house and import 

others. Through thorough market research, we identified the required resources and their 

availability. For the resources we couldn't find locally, we sourced them online from various 

retailers, such as Robotistan, ensuring that we obtained all the necessary components for the 

project. This comprehensive approach allowed us to efficiently manage our resources, both by 

utilizing in-house capabilities and conducting diligent procurement, ultimately ensuring the 

successful completion of the project. 

• Manufacturability and sustainability: 

Throughout the project, we prioritized the manufacturability and sustainability of the 

prototype, which led us to improvise new designs that still met the required standards. Despite 

encountering various manufacturing constraints, we leveraged our expertise and creative 

thinking to devise innovative solutions. By carefully analysing the constraints and requirements, 

we developed improvised designs for specific components such as the joystick, Arduino box 

etc., considering factors such as functionality, safety, and cost-effectiveness. Through iterative 

design processes and rigorous testing, we ensured that these improvised designs not only met 

the standards but also performed reliably and efficiently. 

• Voice recognition accuracy: 

To enhance the voice recognition system's accuracy, we subjected it to extensive training 

and testing using diverse voice inputs. We initially bought an ElecHouse voice recognition 

module, but the accuracy of the module was low in a normal operating environment of the 

wheelchair. This made us try different alternatives for voice recognition. After several testing, 

we ended up using the speech recognition library in Python and Google’s speech-to-text API. 
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Constraint Yes No 

Time X  

Cost X  

Availability of resources 

and materials 

X  

Manufacturability and 

sustainability 

X  

Safety X  

 



188 

APPENDIX D: PROJECT PLAN 

The Gantt charts for Capstone 1 and Capstone 2 are shown in the next two pages. 
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APPENDIX E: ENGINEERING DRAWINGS 

Assembly and detailed drawings are shown from the next page.
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APPENDIX F: Electrical Schematic 
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The table below describes the different electrical parts in the wheelchair. 

NAME OF COMPONENTS DESCRIPTION 

Back_US Ultrasonic sensor that is placed at the back 

of the wheelchair 

BAT1 Lead acid battery that powers the wheelchair  

BAT2 Second lead acid battery that powers the 

wheelchair 

BT Bluetooth module that establishes 

connection between the controller and 

smartphone 

BUZ Buzzer of the wheelchair 

Charging port Port where the charger should be plugged in. 

It accepts only a 24 V charger 

CON_1 Main controller of the wheelchair (Arduino 

Mega 2560)  

F1 Fan for the left motor’s driver 

F2 Fan for the right motor’s driver 

Front_US1 Ultrasonic sensor that is placed on the left 

front position of the wheelchair 

Front_US2 Ultrasonic sensor that is placed at the right 

front position of the wheelchair 

JY Joystick of the wheelchair 

LED1 Green LED that shows that the control mode 

of the wheelchair is voice 

LED2 Red LED that shows that the control mode 

of the wheelchair is joystick 

LED3 Orange LED that shows that the control 

mode of the wheelchair is smartphone 

LED4 Orange LED that shows that the speed of the 

wheelchair is low 

LED5 Red LED that shows that the speed of the 

wheelchair is average 

LED6 Green LED that shows that the speed of the 

wheelchair is high 

M1 Left motor 

M2 Right motor 

MAX30102 Pulse oximeter and heart rate sensor 

MD1 Motor driver for the left motor  

MD2 Motor driver for the right motor 

S1 Switch for turning on or off the power 

supply of the wheelchair 

S2 Pushbutton that resets the controller 

S2 Push button used for decreasing the speed of 

the wheelchair 
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S3 Push button used for increasing the speed of 

the wheelchair 

S4 Push button used for changing the mode of 

control of the wheelchair 

S6  

SD1 Buck converter that converts 24 V to 5 V 

SD2 Buck converter that converts 24 V to 12 V 

for the fans, Arduino, etc. 
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APPENDIX G: ARDUINO BOARDS SPECIFICATIONS 
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APPENDIX H: ASHBY CHARTS 
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APPENDIX I: WORK BREAKDOWN STRUCTURE 
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APPENDIX J: ARDUINO CODES 

The Arduino code for this project can be found in the following link: 

https://github.com/squaredpied/Multi-controlled-Wheelchair 

  

https://github.com/squaredpied/Multi-controlled-Wheelchair
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APPENDIX K: ERROR ANALYSIS 

During the project, we noticed that the wheelchair was not able to move in a straight line 

when it was given a command to go forward and backwards. We tried solving this problem by 

varying the speed of the either the left or right motor. This solution worked, but it was dependent 

on the road condition. When the wheelchair was used in another location, the problem arose 

again. 

This issue primarily stemmed from misalignment of the wheels, resulting from 

manufacturing tolerances. In addition, variations in tire pressures among the wheels contributed 

to the problem, causing inconsistent rolling resistance and unequal traction. 

To fix this issue, we realised that we needed a control system in the wheelchair, but we were 

unable to do it due to time and cost constraints. Encoders should be placed on the shaft of the 

two wheelchair motors. The encoders needed for the motor can be found on Robotistan.com for 

283.08 TL (Figure 1). Since two encoders are needed, the total cost is 566.16 TL. The output 

of the encoders will be sent to the Arduino Mega 2560 Rev3 in the wheelchair. Proportional, 

Integral and Derivative (PID) control will be implemented by the microcontroller to fix this 

issue. 

 

Figure 1: Incremental Optical Rotary Encoder - 5-24V/DC 600 Pulses  
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APPENDIX L: USER MANUAL 

Thank you for choosing our speech-controlled wheelchair. This user guide will provide you 

with the necessary information to set up, operate, and maintain your wheelchair effectively. 

Please read this guide carefully before using the wheelchair. 

Introduction: 

The multi-controlled autonomous wheelchair offers multiple control options, including 

smartphone, joystick, and speech commands. This innovative wheelchair provides enhanced 

mobility and convenience for users. We aim to ensure a smooth and comfortable experience for 

all users. 

Setup: 

• Ensure that the wheelchair is fully charged before use. 

• Download the dedicated smartphone app from your app store and follow the provided 

instructions to pair your smartphone with the wheelchair. 

• For joystick control, ensure the joystick is securely connected to the control unit. 

• Connect the smartphone app via Bluetooth to the wheelchair. 

Control Modes: 

• To switch between control modes (smartphone, joystick, or speech), press the top yellow 

button on the control unit. 

• The selected control mode will be indicated by the corresponding LED light on the control 

unit. 

• Please refer to the specific instructions provided for each control mode for detailed operation 

guidelines. 

Speech control activation on smartphone: 
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The APK file can be downloaded from the website https://smmobility.wordpress.com/ . The 

application should be installed after downloading. 

These are the steps that should be followed after installation. 

i. Ensure that microphone and nearby devices permissions are granted to the Android 

application. You may be prompted to allow access to these privileges when you open 

the application for the first time. 

ii. The next step is to pair your phone with the Bluetooth Module in the wheelchair. 

You can do this by going to the Bluetooth settings in your phone and scanning for 

available devices. If the wheelchair is on, you should see a device called “HC-05”. 

Click on it and input the passcode “1234”. You have successfully paired your phone 

to the wheelchair. 

iii. Open the SMobility application in your phone and click on “Setup Bluetooth”. This 

will open a dialog box that contains all the paired devices. Click on “HC-05”. You 

should see a prompt “Connected to device HC-05” if you successfully connected to 

the wheelchair. 

iv. The UI of the application is intuitive enough. To control the wheelchair using 

smartphone, the wheelchair must be set to smartphone control mode. Depending on 

your preference, you can control the wheelchair using voice or buttons. 

v. To control the wheelchair using voice, you should click on the button “Start 

Listening”. Your phone’s microphone will be used to record your voice. If you say 

the correct keywords which are: “Left”, “Right”, “Forward”, “Backwards”, and 

“Stop”, the commands will be transmitted to the wheelchair and the wheelchair will 

move accordingly as far as there is no obstacle along its path. 

https://smmobility.wordpress.com/
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vi. The wheelchair can be controlled using buttons by clicking on the toggle button next 

to the “Control” heading. The wheelchair will move in whatever direction pressed. 

To make the wheelchair move in a specific direction for a long time, you should 

long press the desired button. 

 

vii. The heart rate of the user is also displayed at the top left corner of the application. 

 

Additional Features: 
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• The red button to the left of the control unit can be pressed to activate the horn/buzzer feature, 

providing an audible alert to alert others in your vicinity. 

• In case of an emergency, there is a big red emergency button to the right of the control unit. 

Press this button to immediately stop all operations of the wheelchair. 

Safety Guidelines: 

• Always prioritize your safety and the safety of others when using the wheelchair. 

• Familiarize yourself with local traffic and safety regulations and always adhere to them. 

• Be cautious when manoeuvring on uneven terrain, ramps, or curbs. 

• Maintain a safe distance from obstacles and individuals. 

• Keep hands, clothing, and other objects away from moving parts. 

• Do not exceed the maximum weight capacity of the wheelchair. 

• Familiarize yourself with the emergency stop button and use it in case of any emergency. 

Maintenance and Care 

• Regularly inspect the wheelchair for any signs of damage or wear. If any issues are identified, 

contact our customer support for assistance. 

• Clean the wheelchair using a mild detergent and a soft cloth. Avoid using harsh chemicals 

or abrasive cleaners. 

• Ensure that the battery is charged according to the provided instructions. 

• Store the wheelchair in a dry and secure location when not in use. 

Troubleshooting: 

If a problem occurs, turn off the wheelchair from the power supply and turn it on after a few 

seconds. If the problem persists, contact the manufacture with details on the issue. 
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APPENDIX M: DATA SHEETS 

24 V hybrid gearbox brushed DC motor: 
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HC-SR04 Ultrasonic sensor: 

 

 



233 

 



234 

 

 

24V lead acid battery: 
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Battery charger: 
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Buck Converter: 
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Datasheet of LM35DZ Temperature Sensor: 
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Elechouse Voice Recognition Module V3: 
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CC2541 HM-10 Bluetooth Module: 
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Active buzzer:  
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Pushbutton: 
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Arduino Mega Rev 3: 
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