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ABSTRACT

This study aims to analyze the latest developments in wheelchair navigation assistance
systems. This analysis is obtained by conducting a systematic review of the significance of
technologies for performance metrics and control strategies used. The autonomous category,
input methods, tools used, technology used, test type, and accuracy were selected as refer-
ence metrics that set the comparison criteria, highlight innovative approaches, and discuss
the development field of wheelchairs. In this work, to conduct the systematic review, four
databases were identified. These include Science Direct, Taylor and Francis Online, Springer
Journals, and IEEE Xplore. The pool of keywords set was selected to identify research arti-
cles published in the past five years. Inclusion and exclusion criteria were set to select the
relevant studies that were consistent with the objectives of this study. Based on these crite-
ria, 46 research papers were selected that met the inclusion requirements. The review study
showed that wheelchair technology models such as autonomous control, 3D localization,
and brain-computer interfaces (BCIs) were more precise in navigation and increased user
independence. This systematic planning will help researchers, engineers, and practitioners
make more realistic decisions to fill the gaps in available navigation aids and propose new
and improved solutions for innovative assistant applications to ensure safety and accurate
navigation. This study has many implications, especially the impact of reducing deaths and
serious injuries among people with disabilities who use advanced technology wheelchairs.

KEYWORDS
autonomous wheelchairs, wheelchair navigation, sensor technologies, control systems,
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1  INTRODUCTION

Disability is a complex and diverse aspect of human existence, affecting indi-
viduals in various ways. One significant aspect of disability relates to mobility lim-
itations, particularly for those who cannot move and rely on wheelchairs for their

Bakouri, M., Algarni, A., Alanazi, S., Alassaf, A., AIMohimeed, I, Algahtani, T. (2025). Analysis of Autonomous Wheelchair Navigation Technologies
in the Past Five Years: A Systematic Review. International Journal of Online and Biomedical Engineering (jJOE), 21(3), pp. 56-83. https://doi.org/10.3991/

ijoe.v21i03.52269

Article submitted 2024-09-17. Revision uploaded 2024-12-07. Final acceptance 2024-12-07.
© 2025 by the authors of this article. Published under CC-BY.

56 International Journal of Online and Biomedical Engineering (iJOF) iJOE | Vol. 21 No. 3 (2025)


https://online-journals.org/index.php/i-joe
https://online-journals.org/index.php/i-joe
https://doi.org/10.3991/ijoe.v21i03.52269
https://doi.org/10.3991/ijoe.v21i03.52269
https://online-journals.org/
https://online-journals.org/
mailto:m.bakouri@mu.edu.sa
https://doi.org/10.3991/ijoe.v21i03.52269

1J0E | Vol. 21 No. 3 (2025)

Analysis of Autonomous Wheelchair Navigation Technologies in the Past Five Years: A Systematic Review

daily mobility needs [1], [2]. These individuals often face a multitude of challenges
that extend beyond the physical domain and into societal and technological dimen-
sions. The challenges faced by people with disabilities who rely on wheelchairs are
numerous. Physical barriers, such as inaccessible buildings and infrastructure, hin-
der their freedom of movement and participation in various activities [3]-[5]. The
World Health Organization estimates that the total number of people with disabilities
worldwide is about one billion people. Among them, between 110 and 190 million
people use wheelchairs. Developing countries have the highest rates of wheelchair
use due to limited access to treatments such as rehabilitation. Therefore, experts
expect the global wheelchair market to reach $16.8 billion by 2026 [6].

Meanwhile, integrating advanced sensor technologies, control methods, and
machine learning algorithms into wheelchair navigation systems provides a unique
opportunity to significantly improve the lives of wheelchair users. This technology
can help usersnavigate difficult terrain and avoid obstacles easily and comfortably [7].
Furthermore, the growing prospects for smart technology and user-centered design
highlight the need for continued research and development. For instance, Bakouri
et al. [5] designed and implemented a neural method to drive and navigate a smart
wheelchair. In this method, the authors used voice recognition integrated with a
convolutional neural network (CNN) structure to develop the navigation of wheel-
chairs. The results demonstrated that the accuracy is about 87.2% for the method.
In a different study, Abdulghani et al. [6] designed and implemented an adaptive
neuro-fuzzy control technique to guide a wheelchair. In this technique, a sensor and
voice recognition were used for obstacle avoidance based on real data. The results
show that this method is more reliable and sophisticated to help disabled people.

Recently, many research issues have been addressed by developing
human-machine interfaces and using different user inputs, such as speech, hand and
head gestures, eye gaze, and body movements. The recognition technology based on
eye movement to control wheelchairs was also developed [8]. In a new study, Luo
et al. [9] designed an eye-tracking approach to determine the direction and wheel-
chair movement. The method utilized CNN feature extraction and classification to
localize the proposed trajectory. The approach was practically tested and validated
using a human-computer interaction system, and the results demonstrated that
this method has high accuracy with 99%. Similarly, Liu et al. [10] proposed a novel
strategy to detect the targets using the brain-controlled technique. In this method,
computer vision and augmented reality were combined and integrated with a trans-
lucent head-mounted display to automatically detect environments. The method
was experimentally tested, and the results show that the method has an accuracy of
83.6% in a fully automatic approach and 84.1% in a semi-automatic approach.

Although there are many studies and research concerned with helping the elderly
and disabled, the motivation behind this study stems from the need to meet the grow-
ing demand for advanced mobility options for individuals with disabilities [11], [12].
Traditional manual wheelchairs and power wheelchairs, while useful, often fail to
provide users with the independence and safety they need. Navigation assistive sys-
tems can potentially transform the disability seating market by providing them with
greater mobility, safety, and independence. This review aims to analyze the latest
developments in wheelchair navigation assistance systems, key technologies, meth-
odologies, performance measures, control strategies, instrumentations and provide
recommendations for future developments. We analyze the integration of sensor
technologies, and control strategies and algorithms and relate these findings to key
trends in the wheelchair market [13]-[15]. This study offers a thorough summary of
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previous research in this field and highlights the most noteworthy advancements.
This includes:

e (ategorizing tasks as fully autonomous, semi-autonomous, or manual with assis-
tive technology.

e Determining the various parameters that were considered throughout the devel-
opment of wheelchair navigation systems. These factors encompass the methods
of input, the tools and technologies employed, as well as the use of self-testing
and real-time testing to ensure applicability.

e Demonstrating the types of tests conducted, their accuracy, and their extent of
achievement.

2 MATERIALS AND METHODS

To determine the current status of research efforts in the field of autonomous
wheelchair navigation, this study analyzes the published works within the past
five years. We conducted a comprehensive systematic review of the current state of
research, focusing on the most effective technologies to enhance the accuracy and
reliability of autonomous wheelchair navigation systems. There are six primary pro-
cedures to execute this review, as illustrated in Figure 1. The stages involved in this
process include researching the technique and objectives, selecting research ques-
tions, choosing relevant studies, collecting relevant papers from online repositories,
assessing their quality, and extracting and synthesizing the data.

2.1 Selecting research questions

Given the importance of investigating technological advancements for self-
navigating wheelchairs, a search approach that facilitates the effective retrieval
of information from each study is required for a thorough examination. Table 1
presents the study questions and their respective motives, indicating the importance
of the research questions.

Table 1. Study research questions

Research Question Motivation

What are the different proposed autonomous The classification of studies as fully autonomous,

classes developed for wheelchair navigation? semi-autonomous, or manual with assistive features
(limited autonomy) is crucial.

What kinds of tools and technologies go into The goal is to identify the input methods, instruments,

developing wheelchair navigation? and technology utilized in the development of
wheelchair navigation.

What types of tests were applied, and what The purpose is to outline the types of tests carried out

accuracy was achieved on wheelchairs? and the accuracy attained hy specific studies.

2.2 Keywords identification

We conducted a thorough keyword search in this work, applying a specific fil-
ter to narrow down the results based on the study’s specific objectives. We identify
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the keywords to extract the most relevant primary articles from the selected online
digital libraries. We assigned the appropriate keywords to this query, as shown
in Table 2.
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Fig. 1. The PRISMA flow diagram

Table 2. Search keywords

(“Autonomous wheelchair” OR “Advanced wheelchair control” OR “Smart wheelchair controlled”

OR “Autonomous mobility aid” OR “Control systems for autonomous wheelchairs” OR “Wheelchair
navigation”) AND (“Autonomous navigation” OR “Autonomous obstacle avoidance” OR “Path planning”
OR “Route planning” OR “Route guidance” OR “Autonomous decision-making”) AND (“Artificial
intelligence” OR “Machine learning” OR “Computer vision for autonomous wheelchairs” OR “Sensor
technologies” OR “Communication technologies”)
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2.3 Digital information sources

We suggest using four online digital libraries (refer to Table 3) to gather relevant
and interesting research articles for the reader. In addition to being the most popular
peer-reviewed digital libraries, they are also the sites of the majority of scholars who
have published their most recent research work. We obtain documents from these
digital libraries by preparing keywords and queries for each search in the library.
Following the research procedure, we download the documents and subject them to
additional analysis for re-evaluation. We remove any duplicate or irrelevant records.
This method eliminates the possibility of conducting non-wheelchair-related research.

Table 3. List of the libraries selected for search process

No. Digital Library Link
1 ScienceDirect https://www.sciencedirect.com
2 Taylor and Francis Online https://www.tandfonline.com
3 Springer Journals https://link.springer.com
4 IEEE Xplore https://ieeexplore.ieee.org/Xplore/home.jsp

2.4 Determining inclusion and exclusion criteria

To ensure accuracy and consistency, we formulated the inclusion and exclusion
criteria for this review based on the guidelines of the Preferred Reporting Items
for Systematic Review and Meta-Analysis-Protocols (PRISMA-P) [16]. Determining
the inclusion and exclusion of articles is the most challenging task in the review
research process. This fundamental step of the review ensures the selection of the
most important primary articles for the final pool of papers used in the quality
evaluation procedure. Table 4 presents the inclusion and exclusion criteria for the
primary studies relevant to the domain under consideration.

Table 4. The inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Peer-reviewed publications: To ensure the reliability and validity of the o Non-Peer-Reviewed Sources: To maintain the
information, we only include peer-reviewed journal articles, conference evaluation's clinical rigor, exclude non-peer-reviewed
papers, book chapters, and review/survey articles. articles, white papers, and reviews to maintain the
Language: Only English studies have been published. clinical rigor of the evaluation.

Up-to-date research: conducted over the past five years to ensure information is | e Language: Only non-English studies have been
current and relevant to today’s technological developments and market trends. published.

Studies examining self-supported wheelchair management systems. o Outdated Research: Research carried out greater than

Studies are currently investigating the impact of self-reliant wheelchair control ten years in the past, unless it is foundational and

structures on a person's enjoyment and accessibility.

substantially contributes to understanding modern-day

There are studies discussing the difficulties and barriers that autonomous technology.

wheelchair manipulation structures must overcome. e There are studies that solely focus on designing or

The studies suggest guidelines for future research on self-reliance in enhancing autonomous wheelchairs, without assessing
wheelchair use. their control systems.

2.5 Primary studies selection

We set and used four primary filters, including query criteria, titles, abstracts, and
article contents, to select all related papers (journal articles, conference proceedings,
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book chapters, and review articles) from the final pool. Based on these filters, Table 5
illustrates the selected papers from the digital library. The final pool selected a total
of forty-six papers for the proposed review.

Table 5. Selected papers from the digital library

Primary Studies Selection

Digital Library Based  Duplicates Based Based Based on
on Query Removed onTitle onAbstract the Contents
1 | ScienceDirect 179 50 44 21 13
2| Taylor and Francis Online 77 19 17 9 4
3 | Springer Journals 254 95 63 27 9
4 | IEEE Xplore 365 112 89 42 20
Total 875 276 213 99 46

Table 6 shows the classification of the selected papers into journal articles, confer-
ence proceedings, book chapters, reviews, and survey articles. Among the 46 papers,
there were 24 journal articles, 21 conference papers, and one review article.

Table 6. The classification of selected papers from the digital library

Journal Conference Book Review or

LB Article Proceedings Chapter Survey Article o
ScienceDirect 12 1 0 0 13
Taylor and Francis Online 3 0 1 4
Springer Journals 5 4 0 0 9
IEEE Xplore 4 16 0 0 20
Total 24 21 0 1 46

Figure 2 shows the percentage contribution from digital libraries to the final col-
lection. It is clear that IEEE Explorer is an attractive platform for wheelchair appli-
cations and research work. Table 7 presents a list of selected papers categorized by
year and frequency. The data reveals that 2023 saw the publication of over 28% of
the selected papers.

Science Direct
28%

IEEE Xplore
43%

Taylor and

Francis

Online

9%

Springer
Journals
20%

Fig. 2. The percentage contribution of digital libraries
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Table 7. List of selected papers based on year with frequencies

No. References Year Frequency
1 [25], [30], [31], [33], [38], [40], [45], [54], [62] 2019 9
2 [24], [32], [35], [52] 2020 4
3 [19], [29], [34], [36], [37], [39], [43], [44], [48], [60] 2021 10
4 [18], [20], [23], [46], [49], [50], [55], [56], [61] 2022 8
5 (171, [21], [22], [26], [27], [28], [41], [42], [47], [51], [53], [57], [58], [59] | 2023 13

2.6 Quality evaluation

We evaluate the quality of the final research set, which is most relevant to the
required review, by sorting the papers based on the contribution percentage for
each digital library. Table 8 demonstrates that we utilized a total of four quality crite-
ria, comprising questions and responses, to analyze the selected articles. During the
final stage of selection and filtering, quality assessment generates the formal list of
articles. This is done to ensure that the research described in the papers is accurate
and easy to understand.

Table 8. The quality criteria

uality Criteria Description
y p

Qc1 Is the research objective clearly stated and how does it relate to autonomous wheelchairs?
Qc2 Is the research related to the development of autonomous wheelchair technology?
Qc3 Does the research describe development methods in terms of input methods, tools,

and techniques used?
Qc4 Did the research address the types of tests used, their accuracy, and the extent

of their success?

To determine the level of quality, the authors of this study go through the process
of manually reviewing and analyzing each paper included in the final set. We assign
weighting parameters to each discovered research question in a research paper to
estimate this evaluation, as shown in Table 9.

Table 9. The weighting parameters

Criteria Weight

If the publication does not include any helpful information 1-low
If the document’s content is incomplete but otherwise satisfactory 2 —medium
If the publication provides a comprehensive explanation of the research issues 3 -high

After subjecting all relevant papers to a quality evaluation procedure, we use the
following equation to determine the total score (TS) for each paper:

TS=Qc, (1)

where, k represents the sum of the five quality criteria that were specified. Upon
analyzing forty-six publications, we found that every single primary study met all
the quality criteria listed in Table 10, which displays the total score.
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Table 10. The total score

Total Score Reference No.

12 (171, (18], [20], [21], [23], [24], [25], [26], [27], (28], [29], [30], [31], [32], [33], [34], [36],
(37], (391, 401, [41], [42], [43], [46], [51], [54], [57], [60], [61]
11 (22], [35], (381, [44], [45], [47], [49], [50], [55], [56], [58], [59], [62]
10 (19], 48], [52], 53]
3  RESULTS

This section presents the most critical technologies required for wheelchair
navigation. When integrated effectively, these technologies significantly improve
the accuracy and reliability of autonomous mobility, resulting in safer and more
dependable mobility solutions for users. In this context, Appendix in Table 1. A dis-
plays the individual analysis of selected papers for the most significant parameters.

Table 11 displays the autonomous category, which indicates the level of indepen-
dence that characterizes wheelchairs. The review shows that 28 studies are char-
acterized by complete independence, which represents 61% of the selected studies,
while 14 studies are characterized by a semi-autonomous system, representing 30%
of the selected studies. The table also shows that four studies are not specific and can
rely on essential autonomous features to help users with specific tasks, but they do
not operate autonomously for navigation.

Table 11. The autonomous category

Autonomous Category Description Reference No.

Full autonomous In full autonomous mode, the wheelchair operates independently from any [17], [18], [201], [21], [23], [24],
user input or control. The wheelchair navigates, avoids obstacles, and follows [25], [26], [27], [28], [29], [30],
a predetermined path using its sensors, algorithms, and pre-programmed [31], [32], [34], [36], [37], [39],
instructions, ensuring safety and efficiency in reaching the predetermined [40], [41], [42], [43], [46], [51],
location. [54], [57], [60], [61]

Semi-autonomous In semi-autonomous mode, the wheelchair operates based on some user input [22], [33], [35], [38], [44], [45],
or control. The user retains control over certain aspects, such as choosing the [47], [49], [50], [55], [56], [58],
direction, while the wheelchair assists with tasks like obstacle avoidance and [59], [62]
path optimization.

Not specified The mode of operation of the wheelchair for the study has not been specified. [19], (48], [52], [53]

Table 12 shows the controllers’ input methods in the reviewed articles. This table
effectively summarizes the control methods employed in the reviewed articles and
offers a clear insight into the diverse approaches used in control systems for var-
ious applications. These methods, each with unique references, represent a broad
spectrum of innovative technologies and techniques. The prioritization of autono-
mous control as the initial category underscores the inclination towards creating
systems that necessitate no user intervention, depending instead on sophisticated
algorithms and sensing technologies. Brain control, on the other hand, reflects
the exciting advances in terotechnology and its applications in controlling devices
through brain signals, with several references demonstrating the growing interest
in this area.
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Table 12. The input methods

Input Methods Description Reference No.
BCI/BMI Both brain-computer interface (BCI) and brain-machine interface (BMI) involve [38], [45], [55], [56]
translating neural signals into inputs for controlling the wheelchair.
Eye Movement/Tracking | Eye movement and tracking involve translating eye movements into inputs for [29], [30], [33]
controlling the wheelchair.
Hand/Head motion Hand and head motion involve translating head or hand motion into inputs for [17], [19], [58]
controlling the wheelchair.
Sensor Different types of sensors are used to detect the path and translate the analyzed data [23], [25], [34], [37], [49],
into inputs for controlling the wheelchair. [51], [571, [60], [61]
Remote technology Remote technology involves translating data received remotely into inputs to control [27]
the wheelchair.
Dynamic data Dynamic data involves translating risk density function or Look Ahead Distance (LAD) [18], [40]
function into inputs to control the wheelchair.
Not specified The paper hasn’t explicitly specified the input. Other references
Wheelchair manufacturers and operators utilize a wide variety of equipment
and tools to ensure precise sensing, processing, and control during the manufactur-
ing and operation process. These devices are necessary to allow the wheelchair to
interact with its surroundings, navigate, and react to inputs from the user, as shown
in Table 13. During the review, we discovered that 50% of the articles utilized sen-
sors such as brain-computer interface/brain-machine interface (BCI/BMI) sensors,
eye tracking sensors, LiDAR sensors, and cameras, while the remaining articles
utilized other types of sensors.
Table 13. The instruments used
Instruments Description Reference No.
BCI/BMI sensor Both brain-computer interfaces (BCIs) and brain-machine interfaces (BMIs) utilize [45], [55], [58], [59]
signals such as EEG, head motion, or hand motion to generate basic movement
commands like turning left, turning right, moving forward, and moving backward.
Eye Tracking sensor Eye-tracking sensors detect and monitor eye movements to determine where a user is [29], [33]
looking, enabling control of a wheelchair through gaze motion. They use infrared light
and cameras to track reflections from the eyes, allowing users to navigate and issue
commands without any physical input.
LiDAR sensor Light Detection and Ranging (LiDAR) sensors use laser beams to measure distances [23], [24], [25], [31], [34],
to the surroundings, providing spatial awareness for secure wheelchair navigation [39], [521, [57]
by detecting obstacles and identifying alternative paths.
Cameras Cameras provide detailed depth perception and obstacle detection, enhancing [21], (23], [24], [25], [30],
navigation safety. They create a 3D map of the environment, allowing the wheelchair [31], [46]
to avoid obstacles and find safe paths.
Other Sensor The other half of the articles each used a unique type of sensor. Other references

64 International Journal of Online and Biomedical Engineering (iJOF)

Table 14 shows the techniques used in the different studies, such as camera

technologies, 3D sensors, Arduino modules, and navigation sensors, which are in
increasingly important demand in the range of wheelchair applications. In this field,
using “EEG headsets” suggests the control mechanism involves a BCI. In the fields
of neuroscience and human interaction, EEG headgear plays a crucial role in evalu-
ating and operating robotic arms and other equipment. Together, neuroscience and
advanced technology provide a practical way to regain control. Many documents
use the phrase “advanced control,” emphasizing the accuracy and effectiveness
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of humanizing control techniques. This may require using complex algorithms,
machine learning, and feedback. Using a “mathematical controller” highlights math-
ematical models and calculations in control systems, emphasizing the importance of

precise calculation and analysis to achieve the desired results.

Table 14. The technology used

Description

Brain-Computer Interfaces (BCIs) and Brain-Machine Interfaces (BMIs) allow users to control
wheelchairs directly through brain signals, enabling hands-free navigation. These systems
often use Electroencephalography (EEG) to capture electrical activity from the brain, which is
then translated into commands for steering or moving the wheelchair.

Reference No.

(38], [45], [55],
(58], [59]

ROS, SLAM, AMCL

The Robot Operating System (ROS) offers an adaptable structure for developing software
to control wheelchairs, offering tools and libraries for navigation and sensor integration.
Simultaneous Localization and Mapping (SLAM) and Adaptive Monte Carlo Localization
(AMCL) are commonly used in ROS to help wheelchairs autonomously map their
environment, localize themselves, and plan safe paths for navigation.

(17], (21], [23], [24],
(25], [26], [27], [31],
(39], [41], [46],
[51], [57]

CNN Convolutional Neural Networks (CNNs), as a type of deep learning model, are utilized in [30], [37], [54]
wheelchairs to process data from sensors, such as cameras, for obstacle avoidance and path
and landmark recognition. By analyzing sensor data, CNNs support decision-making for
autonomous navigation, ensuring safe and efficient movement of the wheelchair.

LiDAR Light Detection and Ranging (LiDAR) sensors use laser beams to measure distances and create [23], [34], [39],
detailed 3D maps of the environment. In wheelchairs, LIDAR facilitates obstacle detection and [52], [57]
navigation by providing real-time spatial awareness, ensuring safe and precise movement
through complex or cluttered spaces.

Cloud Cloud technology supports autonomous wheelchairs by integrating advanced artificial [27],162]
intelligence and speech recognition services into a cloud-based platform. This integration
allows for enhanced functionality, including personalized recommendations, predictive
analytics, and voice-controlled management of the wheelchair’s mobility and user location.

Other Technology The rest of the articles each used a unique type of technology. Other references

We use various test types in the development and evaluation of autonomous
wheelchairs to ensure the systems operate safely and reliably in real-world scenarios.
These tests evaluate the wheelchair’s overall performance as well as its navigation,
obstacle avoidance, and user interface capabilities. Table 15 illustrates the test types
used for the reviewed papers. The table shows that 39% of the articles tested their
methods through simulations, while 33% tested their methods experimentally.
Table 15. The test type
Test Type Description Reference No.
Experimental Tests conducted in a controlled environment where variables are [32], [35], [51], [18], [59], [58], [42], [57], [54],
manipulated to observe their effects and validate hypotheses. [48], [25], [56], [62], [60], [26]
Simulation Tests conducted in virtual environments to mimic real-world scenarios [32], [301, [24], [51], [18], [40], [33], [20], [57],
and predict outcomes without physical experimentation. [36], [27], [34], [25], [23], [41], [26], [35], [39]
Not specified The paper hasn’t explicitly specified the test type. Other references

JOE | Vol. 21 No. 3 (2025)

In the context of autonomous wheelchairs, the term “accuracy” refers to the

wheelchair’s precision in carrying out a variety of tasks. These duties include navigat-
ing through environments, responding to orders from the user, avoiding obstacles,
and arriving at predetermined locations. This very important feature determines
the wheelchair’s effectiveness, safety, and dependability of the wheelchair are all
dependent on this very important feature. The analysis of autonomous wheelchairs’
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accuracy is summarized in Table 16. The review demonstrated that 72% of reviewed
articles have high accuracy.

Table 16. The accuracy

Accuracy Description Reference No.

High Measurements are precise and consistent, with minimal [17], [20], [21], [24], [25], [26], [27], [28], [29], (301, [31], [32],

error or deviation from the true value. [331, [341, [35], [36], [37], [38], [39], [40], [41], [42], [43], [44],
[45], [46], [471, [49], [50], [51], [52], [55], [57], [58], [59]

Low Measurements exhibit significant error or inconsistency, [48]
with a greater deviation from the true value.

Not specified Accuracy of measurements hasn’t been explicitly [19], [22], [23], [53], [54], [56], [60], [61], [62]
mentioned.

4  DISCUSSION

In the current review, we found 28 studies with a fully autonomous navigation
approach and 14 studies with a semi-autonomous approach using all available tech-
niques. The review also revealed that 15 studies were tested experimentally, while
18 others were tested through simulation. Notably, the high accuracy obtained by the
selected studies was noteworthy, as the results showed that 35 studies had high accu-
racy, which constitutes 76% of the total selected studies. In this review, our results indi-
cated differences in performance across multiple experiments, which showed each
model had unique strengths and limitations. However, in reviews of wheelchair control
techniques, various studies have made general recommendations, with limited refer-
ence to the risk of bias in selecting papers [63]-[66]. For instance, Cuervo et al. [67] con-
ducted a comprehensive review of developments in automatic wheelchairs, focusing
on devices and control systems to address mobility issues for individuals with physi-
cal disabilities. This study searched for articles published between 2012 and 2019 in
specialized databases, selecting 97 relevant documents based on specific criteria. Deng
et al. [68] addressed balancing control authority in shared control systems, particularly
brain-computer interface (BCI)-based systems. They introduced a Brain State Evaluation
Network (BSE-NET) using quantized attention-gated kernel reinforcement learning to
assess subjects’ brain control abilities in real time. They developed a shared control-
ler to dynamically adjust the balance between robot autonomy and human operator
input, based on the confidence score from the BSE-NET. Moreover, Ortiz et al. [69] also
researched and developed control algorithms for robotic assistance and rehabilitation
tasks for individuals with motor disabilities. The study addressed the practical challenge
of implementing these algorithms by creating a framework for interactive virtual reality.

We align our review with the observations of Ikeda et al. [60], who developed an
automatic control system for an assistive robot that assists in pushing a wheelchair
while climbing steps. The system equipped the assistive robot with a wheeled mech-
anism and dual manipulators and enhanced a commercially available wheelchair
model with sensors, circuits, and batteries. The system allowed the robot and the
wheelchair to work in tandem when navigating steps. Hossain et al. [70] addressed
the pressing mobility issue for disabled individuals. In their study, they designed
and implemented an autonomous wheelchair that eliminates the need for a con-
stant human attendant. Their autonomous wheelchair is equipped with four distinct
control systems, providing users with flexibility based on their specific disabilities.

In general, there is an alignment in cross-research on instrumentation and
control methods for automatic wheelchairs, as demonstrated by comparing our
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findings [1], [7]. Through this alignment, we can build essential criteria for evalu-
ating control methods based on examining them against the outputs of our study
models. The difference might be more pronounced if our study evaluated the effec-
tiveness of different control approaches, strategies, and tools. Based on this consen-
sus, this study recommends developing policies to provide grants and incentives to
wheelchair manufacturers and encouraging them to incorporate innovative control
mechanisms into their models. Access to wheelchair adoption can be increased by
encouraging funding initiatives focusing on mobility assistance’s application and
efficiency. Healthcare industry collaboration also ensures that advanced technology
meets user requirements and clinical standards by collaborating with manufactur-
ers and healthcare experts to provide real-world testing and feedback. Therefore,
we emphasize that research-based innovation in collaboration with manufacturers,
researchers, and healthcare professionals in research initiatives generates innova-
tions that are technically sound, clinically feasible, and meet the different require-
ments of wheelchair users.

While this study provides valuable insights into improving wheelchair control, it is
necessary to acknowledge and evaluate various limitations that can affect the interpre-
tation of results. For example, limiting the selection to English-language articles pub-
lished between 2019 and 2023 could lead to publication bias. Research suggests we
have excluded languages or periods beyond this time frame. The study was also lim-
ited to selecting autonomous wheelchair research, so the review included significant
research on wheelchair autonomy. However, bias may exist due to the complexity and
novelty of these systems. Subsequent research endeavors must consider the evolving
terrain of self-driving wheelchair operation and continually scrutinize biases related to
technology development. In conclusion, while this study provides valuable insights, the
above limitations underscore opportunities for improvement and refinement in future
research efforts. Recognizing and overcoming these limitations would improve the
validity and application of research findings to developing wheelchair control systems.

5 CONCLUSION

Recently, advanced wheelchair control systems have gained widespread use to
improve efficiency and accuracy. This study conducted a systematic review evalu-
ation of autonomous wheelchair control systems. We have studied and evaluated
numerous research papers to improve the functionality and safety of wheelchair
control system strategies, thereby enhancing the user’s mobility and independence.
We also investigated the effectiveness of these strategies and their potential impact
on wheelchair users’ quality of life. To achieve this goal, we collected data from four
databases between 2019 and 2023, primarily applying inclusion criteria to articles
related to wheelchair control systems. We collected 46 research papers and com-
pared new insights with practical applications. The study demonstrated significant
advances in wheelchair technology, including autonomous control, 3D localization,
and BCIs, which facilitate precise mobility and enhance user independence. To sum-
marize, each control method used in wheelchair technology offers specific benefits
and faces individual obstacles. To address these difficulties effectively, it is neces-
sary to prioritize research, development, and user training. Effective collaboration
between wheelchair manufacturers, technology developers, and healthcare prac-
titioners is essential to ensuring that users are able to obtain and derive benefits
from the most appropriate control system tailored to their needs and skills. The ulti-
mate goal is to develop mobility solutions that are user-centered, cutting-edge, and
flexible, with a primary focus on safety, reliability, and cost-effectiveness.
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