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Abstract: This study focuses on the development of an eye-controlled wheelchair system tailored for individuals with motor 
disabilities, with the overarching goal of augmenting their mobility and autonomy. A multifaceted approach was adopted, 
incorporating meticulous data collection and preprocessing techniques, notably encompassing real-time face detection and 
feature extraction. Various machine learning algorithms, including KNN, Decision Trees, Random Forests, and SVM, were 
meticulously trained to anticipate user commands. Through rigorous performance evaluation, the system demonstrated 
remarkable accuracy and precision, with KNN and SVM emerging as the top-performing models. Notably, this innovative system 
exhibits significant potential in enhancing accessibility and fostering independence, thereby exemplifying notable strides in the 
realm of assistive technology. The integration of advanced data processing methodologies, machine learning techniques, and 
real-time prediction mechanisms facilitates a seamless and intuitive navigation experience, thus holding promise for 
substantially enriching the quality of life for individuals grappling with mobility disabilities. This research underscores the 
pivotal role of interdisciplinary collaboration and technological innovation in devising solutions that cater to the diverse needs of 
individuals with disabilities, thereby advocating for inclusivity and empowerment in society. 
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I.      INTRODUCTION 
The advancement of assistive technologies has had a profound impact on enhancing the overall well-being of those with physical 
disabilities, enabling them to actively participate in their environment with greater autonomy. One notable breakthrough among 
these developments is the incorporation of deep learning algorithms with eye-gaze control, which shows great promise. This essay 
presents the notion of an Eye-Gaze Controlled Wheelchair Utilizing Deep Learning, emphasizing its importance in augmenting 
mobility and independence for those with motor limitations. Essentially, this innovative technology utilizes deep learning, a branch 
of artificial intelligence (AI) that allows robots to acquire knowledge and make decisions similar to human thinking[1]–[4]. 
Researchers have created a wheelchair interface that use deep learning algorithms and eye-tracking technologies to analyze users' 
eye movements and navigate the wheelchair in real-time. The present methodology effectively overcomes the constraints associated 
with conventional input devices, such as joysticks or switches, thereby providing a more user-friendly and easily accessible method 
of manipulation. Eye-gaze control has great potential for assisting persons with severe motor limitations, such as spinal cord 
injuries, cerebral palsy, or amyotrophic lateral sclerosis (ALS), in navigating wheelchairs. For many persons, traditional approaches 
of wheelchair control may prove to be burdensome or unfeasible, thereby impeding their capacity to navigate with autonomy and 
freedom. This technology enables users to navigate their wheelchairs with exceptional simplicity and accuracy by utilizing the 
precision and dependability of eye motions. 

 
Fig. 1 Eye tracking Wheelchair[5] 
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The incorporation of eye-tracking technology for navigation is depicted in Figure 1, which showcases the eye-tracking wheelchair. 
The provided visual representation effectively captures the fundamental capabilities of the assistive technology in enhancing 
mobility by means of ocular motions. 
An important benefit of the Eye-Gaze Controlled Wheelchair is its capacity to adjust to the specific preferences and skills of each 
user. The technology incorporates deep learning algorithms that dynamically adjust and acquire knowledge from users' eye 
movements, tailoring the wheelchair's response to their distinct patterns and behaviors[6]–[9]. The implementation of a tailored 
approach not only serves to improve user comfort, but also serves to optimize efficiency and safety in the context of navigation, 
hence reducing the likelihood of collisions or errors. Furthermore, the incorporation of deep learning technology allows the 
wheelchair to acquire knowledge and predict the intentions of users, hence enhancing the efficiency and authenticity of interactions. 
By means of comprehensive training on a wide range of datasets, the system has acquired the ability to identify nuanced fluctuations 
in eye movements that align with distinct commands[10]–[13]. This enables smooth transitions between various navigation modes, 
including forward, backward, turning, and stopping. By utilizing this predictive capabilities, the latency and reaction time are 
reduced, guaranteeing a seamless and prompt user experience. The Eye-Gaze Controlled Wheelchair represents a significant change 
in assistive technology, prioritizing equality and empowerment, in addition to its practical advantages. This technology enhances 
social integration and participation by giving priority to user autonomy and agency[14]. It empowers individuals with motor 
impairments to traverse their settings with dignity and confidence. In addition, the open-source nature of the system promotes 
collaboration and creativity among researchers, hence facilitating continuous progress in the development of accessible 
transportation solutions. The Eye-Gaze Controlled Wheelchair is a ground breaking amalgamation of advanced artificial intelligence 
and assistive technology, fundamentally transforming the manner in which individuals with motor impairments engage with their 
environment. This unique solution enables users to traverse the environment with more independence and freedom, thanks to its 
intuitive interface, customizable adaptability, and predictive capabilities. The ongoing development of research in this particular 
domain presents boundless possibilities for improving the quality of life for those with impairments[15]–[18]. 
 

II.      LITERATURE REVIEW 
[19] Explores the potential of gaze-controlled interfaces for steering wheelchairs or robots, aiming to enhance independence. Virtual 
reality experiments and field studies with wheelchair users revealed preferences for waypoint navigation. However, users felt 
discomfort when looking down to steer, suggesting the need for improvements in simulation-based design for such interfaces. 
[20] Presents an eye-tracking assistive robot control system for wheelchair-mounted robotic arms, aiding individuals with 
disabilities in daily activities. A user study showed 100% task success rate, indicating system effectiveness. The method received 
high acceptance and usability ratings, suggesting its potential for enhancing independence in users with motor impairments. 
[21] Introduces a wheelchair control system using eye tracking and blink detection. It extracts pupil images for eye movement 
trajectory and gaze direction determination. Convolutional neural networks classify open and closed-eye states, enabling effective 
machine learning. Experimental validation on a modified wheelchair demonstrates the system's reliability and effectiveness. 
[3] Introduces an eye gaze-based aiming solution for pilots wearing helmet-mounted displays (HMDs). It addresses limitations of 
direct helmet orientation for aiming by proposing a deep learning-based method for robust eye feature extraction. Prototype 
experiments demonstrate real-time target aiming with an average error of under 2 degrees, showcasing competitive performance 
with existing research. 
[22] Eye-tracking technology has become popular for people with severe physical disabilities, enabling them to control devices 
using their eyes. This paper employs deep learning to develop a low-cost, real-time eye-tracking interface for system control. A 
smart wheelchair and robotic arm are developed, showcasing the effectiveness of eye-tracking in improving accessibility for 
disabled individuals. 
 

III.      RESEARCH METHODOLOGY 
The study of improving the efficiency of an eye-controlled wheelchair mechanism involves a comprehensive approach that includes 
extensive data collecting, pre-processing techniques, feature extraction, real-time prediction and presentation, machine learning 
algorithms, and overall optimization. The system achieves accurate prediction and display of users' commands by systematically 
collecting eye movement data, integrating Open CV and dlib for real-time processing, and utilizing advanced algorithms such as 
Histogram of Oriented Gradients (HOG), KNN, Decision Trees, Random Forests, and SVMs. This all-encompassing strategy 
guarantees accuracy, promptness, ease of use, and security, ultimately improving the ability to move and be self-reliant for those 
with motor impairments. 
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Fig. 2 Proposed Flowchart 

 
Figure 2 displays the proposed flowchart outlining the sequential steps of the system's operation. It delineates the process flow, 
detailing the stages from initial data collection to final output generation, providing a visual representation of the system's 
operational workflow. 
 
A. Data Collection 
Thorough data collecting is crucial in the development of an eye-controlled wheelchair to guarantee its precision and effectiveness. 
A methodical methodology was employed in which a total of 100 images were recorded with the purpose of generating frames. 
These frames were then carefully arranged and kept in designated folders that corresponded to specific directions. The script for 
data collection plays a crucial function in directing users through specific eye movements that are necessary for each direction of 
interest. Every action initiates the acquisition of pertinent data, whether it be photos or video frames, which are carefully archived in 
their corresponding directories. The aforementioned procedure not only guarantees the methodical arrangement of data but also 
enables effective retrieval and analysis. The technology optimizes subsequent analysis and training phases by organizing the data 
based on the direction of interest. This allows the wheelchair to precisely understand users' eye movements and convert them into 
relevant navigational commands. The rigorous data gathering methodology employed in this study establishes the fundamental basis 
for the creation of a resilient and dependable eye-controlled wheelchair system. The system seeks to improve accessibility and 
mobility for individuals with motor disabilities by systematically organizing and storing data, while providing accurate direction 
during the collecting process. This empowers them with increased independence and flexibility of movement. 
 
B. Data Pre-processing 
The process of data pre-processing for the eye-controlled wheelchair entails the integration of Open CV, which facilitates the 
acquisition of real-time video input from the camera and its subsequent display within the application window. Incorporation of the 
dlib package enables real-time face detection by employing a pre-trained model to accurately identify and locate faces within the 
video stream. The development of a custom function named Eye Sampler enables the sampling and pre-processing of eyeballs 
according to the user's selection (left or right). This function also ensures that the eye samples are resized to maintain consistency in 
feature extraction. The implementation of this pre-processing phase serves to guarantee precise eye tracking and optimize the 
functionality of the wheelchair control system. 
 
C. Feature Extraction 
The eye-controlled wheelchair utilizes the Histogram of Oriented Gradients (HOG) algorithm for feature extraction. This approach 
is well-known for its ability to accurately capture the spatial arrangement of local gradients in images. The implementation of HOG 
enables the extraction of essential features from the sampled eyeballs. The optimization of feature representation is achieved by 
configuring parameters such as orientations, pixels per cell, and cells per block. This process enables the identification and analysis 
of unique patterns in eye movements that are crucial for the process of navigation. The Facial Landmark Detection functionality of 
dlib is utilized in conjunction with HOG to accurately determine the position of the eyes inside the identified facial regions. This 
allows for the extraction of accurate ocular coordinates, which are essential reference points for further research.  
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The system improves its capacity to efficiently read and respond to users' eye movements by precisely determining the position of 
the eyes inside the facial structure. The implementation of a thorough feature extraction approach guarantees the resilience and 
precision of the eye-controlled wheelchair system, hence augmenting user satisfaction and facilitating mobility. 

 
Fig 3 Histogram of Oriented Gradients (HOG) algorithm for feature extraction[23] 

 
Figure 3 illustrates the Histogram of Oriented Gradients (HOG) algorithm, a technique used for feature extraction. This histogram 
represents the distribution of gradient orientations within localized regions of an image, facilitating the identification of distinctive 
features for subsequent processing or analysis. 
 
D. Real-time Prediction and Display 
During the phase of real-time prediction and presentation, the system engages in sequential processing of video frames obtained 
from the camera feed. Each frame utilizes face detection and dlib to precisely pinpoint the eyes. The Eye Sampler function is 
employed to extract and pre-process the eye region, and subsequently calculate Histogram of Oriented Gradients (HOG) features for 
the sampled eyes. The retrieved HOG features are utilized as input for pre-trained classifiers such as KNN, Decision Tree, Random 
Forest, and SVM. The classifiers provide predictions for the person ID linked to the identified eyeballs. The program window has 
been modified to present the live video feed on the user interface. In addition, the label of the acknowledged individual is 
superimposed onto the video stream in order to offer immediate response. Users are able to visually monitor the success of the 
system in terms of recognition as it consistently analyses the video feed and generates predictions using the detected eye attributes. 
The system guarantees a smooth and interactive experience for users of the eye-controlled wheelchair by incorporating real-time 
processing, prediction, and user interface updates. This allows for efficient control and feedback. 
 
E. Machine learning & Modeling 
Within the domain of machine learning, numerous robust algorithms and models distinguish themselves due to their adaptability 
and efficacy across diverse applications. Notable examples of machine learning algorithms include k-Nearest Neighbors (KNN), 
Decision Trees, Random Forests, and Support Vector Machines (SVM). 
1) The KNN algorithm is a straightforward and resilient method employed for both classification and regression tasks. The 

algorithm functions by identifying the 'k' closest data points to a specified query point and assigning the label with the highest 
probability or calculating the average of their values for prediction. For regression tasks, the KNN algorithm can be represented 
by the equation: 

ݕ = ଵ
௞
∑ ड़ࣳ
௄
ூୀଵ      (1) 

. 
2) Decision Tree can be described as hierarchical structures in which each internal node signifies a decision made based on a 

specific feature. These internal nodes then lead to further branches, ultimately leading to a leaf node that symbolizes the final 
conclusion or prediction. A single mathematical equation to represent the decision-making process of a Decision Tree is 
challenging due to its hierarchical and branching nature. However, we can represent the decision-making process at each node  

 
௡݂ ≤ ܿ      (2) 

 
3) Random Forests are a type of ensemble-based decision tree model that involves training numerous trees on distinct subsets of 

the data and features. The integration of individual tree forecasts is employed to enhance both accuracy and generalization. The 
mathematical representation of Random Forests involves the aggregation of predictions from multiple decision trees.  

Let T represent the total number of decision trees in the ensemble. The prediction  for a given input data point x can be expressed as 
the aggregation of predictions from all individual trees: 
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4) Support Vector Machines (SVMs) are very effective classifiers that strive to identify the hyperplane that optimally separates 

data points belonging to distinct classes within a space of high dimensionality. They are especially efficient in situations where 
classes cannot be separated linearly by converting the input data into a space with more dimensions. The decision function of a 
Support Vector Machine (SVM) can be represented by a single mathematical equation: 

(ݔ)݂  = ݔ்ݓ)݊݃݅ݏ + ܾ)     (4) 
 
Each of these models possesses distinct advantages and disadvantages, rendering them appropriate for varying datasets and problem 
domains. Machine learning practitioners may effectively address various classification and regression tasks with high accuracy and 
efficiency by utilizing the advantages of KNN, Decision Trees, Random Forests, and SVMs. 
 
F. Enhancing Performance of Eye-Controlled Wheelchair Mechanisms 
In order to optimize the functionality of an eye-controlled wheelchair mechanism, investigation can prioritize the enhancement of 
eye tracking precision through the utilization of advanced technology and algorithms. Additionally, efforts can be directed towards 
the development of adaptive control algorithms to facilitate dynamic response, the reduction of latency to enable real-time 
responsiveness, the design of user interfaces that are intuitive and user-friendly, and the implementation of fail-safe mechanisms as 
well as obstacle detection systems to ensure robustness and safety. By focusing on these specific aspects, the wheelchair can provide 
enhanced precision, promptness, user-friendliness, and security, thereby enhancing the user's convenience and capacity to move for 
those with motor disabilities. 

 
Fig 4 Eye gazed controlled wheel chair 

 
Figure 4 portrays the eye gaze-controlled wheelchair, showcasing the innovative interface enabling users to navigate the wheelchair 
through ocular movements. This visualization provides a glimpse into the integration of eye-tracking technology for enhanced 
mobility assistance. 
 

IV.      RESULTS AND DISCUSSION 
The eye-controlled wheelchair system's performance evaluation measures encompass accuracy, precision, recall, and F1 score. 
Accuracy is a metric that quantifies the ratio of accurately predicted commands to the total number of predictions. Precision is a 
metric that quantifies the ratio of accurately anticipated positive commands to the total number of expected positive commands, 
highlighting the system's capacity to prevent false positives. Recall is a metric that quantifies the ratio of accurately anticipated 
positive instructions to the total number of actual positive commands. It serves as an indicator of the system's capacity to identify all 
pertinent commands. The F1 score is calculated as the harmonic mean of precision and recall, offering a well-balanced assessment 
of the overall accuracy of predictions. This scoring method is particularly advantageous in scenarios where datasets are imbalanced 
or when both precision and recall have significance. 
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1) Accuracy 
The concept of accuracy refers to the ratio of accurately classified cases, encompassing both true positives and true negatives, to the 
overall number of examples that have been analyzed. The metric offers a comprehensive evaluation of the model's performance in 
accurately predicting outcomes across all categories. Mathematically, the calculation of accuracy is determined as. 

ݕܿܽݎݑܿܿܣ   = (்௉ା்ே)
(்௉ାி௉ା்ேାிே)

     (5) 

 
2) Precision 
The metric of precision quantifies the ratio of accurate positive predictions to the total number of positive predictions generated by 
the model. It prioritizes the precision of positive forecasts and is especially crucial when the expense of incorrect positive results is 
significant. Precision is mathematically determined by calculating. 
 

݊݋݅ݏ݅ܿ݁ݎܲ          = ்௉
்௉ାி௉

      (6) 
 
 
3) Recall (Sensitivity) 
Recall, alternatively referred to as sensitivity or true positive rate, is the ratio of correctly identified positive occurrences to the total 
number of positive examples present in the dataset. The primary emphasis is placed on the model's capacity to accurately identify all 
pertinent instances belonging to the positive class. Recall is mathematically computed as. 

             ܴ݈݈݁ܿܽ = ்௉
்௉ାிே

      (7) 
 
 
4) F1 Score 
A balanced measure of a model's performance is provided by the F1 score, which is calculated as the harmonic mean of precision 
and recall. This approach proves to be highly advantageous in scenarios involving imbalanced datasets, wherein one class exhibits 
significantly higher prevalence compared to the others, or when both precision and recall have equal significance. The F1 score is a 
numerical measure that goes from 0 to 1, where higher values are indicative of superior model performance. The F1 score is 
mathematically computed as.4 
 

−1ܨ                                    ݁ݎ݋ܿݏ = ଶ
భ

೛ೝ೐೎೔ೞ೔೚೙ା
భ

ೝ೐೎ೌ೗೗
     (8) 

 
Table 2.Performance Evaluation of machine learning models  

Models Accuracy Precision Recall F score 

k-Nearest Neighbors 
(KNN), 

98.53 97.44 98.76 98.32 

Decision Trees, 86.97 85.52 85.90 86.33 

Random Forests 87.66 86.45 85.78 87.34 

Support Vector 
Machines (SVM) 

91.45 91.33 89.31 89.66 
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Fig. 5 Performance Graph 

 
Figure 5 and table 2 depicts The assessment metrics for four machine learning models, namely k-Nearest Neighbors (KNN), 
Decision Trees, Random Forests, and Support Vector Machines (SVM), are presented in the table. The evaluation of classification 
models' success relies on many key parameters, namely Accuracy, Precision, Recall, and F1 score. The k-Nearest Neighbors (KNN) 
model has the highest level of accuracy, reaching 98.53%. KNN accurately identifies approximately 98.53% of the cases in the 
dataset. Furthermore, it has a notable Precision (97.44%), Recall (98.76%), and F1 score (98.32%), indicating its capacity to provide 
precise positive predictions while effectively identifying a substantial number of true positives and decreasing the occurrence of 
false negatives. Support Vector Machines (SVM) closely trails after, achieving an Accuracy of 91.45%. Although SVM exhibits a 
little lower Precision (91.33%) and Recall (89.31%) compared to KNN, it still achieves a commendable F1 score of 89.66%. 
Support Vector Machines (SVM) exhibit sustained performance across various criteria, hence proving their dependability in 
generating precise predictions across diverse classes. KNN and SVM outperform Decision Trees and Random Forests by a little 
margin. Decision trees provide a remarkable accuracy rate of 86.97% and an impressive F1 score of 86.33%. In contrast, random 
forests exhibit a higher accuracy rate of 87.66% and an impressive F1 score of 87.34%. Although the performance of these models 
is slightly lower compared to KNN and SVM, they nevertheless exhibit commendable performance across all measures. This makes 
them suitable choices based on specific requirements and peculiarities of the dataset. it can be observed that both k-Nearest 
Neighbors (KNN) and Support Vector Machines (SVM) have satisfactory performance in general, with KNN displaying marginally 
superior accuracy and F1 score. Nevertheless, the selection of the most effective model ultimately relies on the particular 
circumstances of the problem, the attributes of the dataset, and the intended compromises between various performance measures. 
 

V.      CONCLUSION 
In conclusion, the creation and evaluation of the eye-controlled wheelchair system have marked a significant advancement in 
assistive technology for individuals with motor impairments. This study has employed a comprehensive approach encompassing 
various stages such as data collection, preprocessing, feature extraction, real-time prediction, and machine learning algorithms. This 
holistic methodology has led to the development of a resilient and efficient system. The assessment of machine learning models, 
including k-Nearest Neighbors (KNN), Decision Trees, Random Forests, and Support Vector Machines (SVM), has unveiled their 
varying levels of accuracy, precision, recall, and F1 scores. While KNN and SVM emerged as the most effective algorithms, 
Decision Trees and Random Forests also exhibited notable performance, offering viable alternatives depending on the dataset's 
characteristics. The system's ability to accurately analyze users' ocular movements and translate them into navigational commands 
has enhanced accessibility, mobility, and autonomy for individuals with motor impairments. Future investigations could focus on 
refining the system's efficiency, exploring additional machine learning methodologies, and integrating cutting-edge technologies to 
further enhance eye tracking accuracy and responsiveness. the eye-controlled wheelchair technology demonstrates considerable 
promise as an innovative solution with substantial potential to improve the overall well-being of individuals experiencing motor 
disabilities. 
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Fig. 6 Final Results 

 
Figure 6 illustrates the conclusive results pertaining to the maneuver. These findings encapsulate the system's performance in 
halting movement towards the left direction, providing valuable insights into the effectiveness of the eye-controlled wheelchair 
system's navigation capabilities. 
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