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ABSTRACT : 

By utilizing the capabilities of the Raspberry Pi microprocessor, this proposed model aims to provide a new method of controlling a wheelchair by eye ball 

movement. By employing image processing techniques to identify and track the user's eye movements, this proposed model offers a novel way to control a 

wheelchair using eye ball movement. The device employs image processing techniques to determine the user's eye movement and direction after taking pictures of 

their eyes with a camera. The wheelchair is then controlled by commands derived from the identified eye movements. The suggested approach may offer those with 

mobility disabilities a more straightforward and easy-to-use method of controlling their wheelchair. The masking technique is being applied here. The wheelchair 

moves to the left when the eye is pointed that way. The wheelchair goes in the right way when the eye is pointed in that direction. The wheelchair was operated by 

a wiper motor. It is challenging to use an automatic wheelchair or crutches, and the previously developed automatic wheelchairs that are now on the market are not 

accessible to physically disabled people. The goal of this research project is to suggest an automated wheelchair system that makes life easier for users. The entire 

body has been incorporated into the design and construction of the suggested wheelchair.  
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INTRODUCTION 

An automatic wheelchair or an electric-powered wheelchair is a device that is powered by an electric motor instead of muscle strength. For people who 

cannot push a manual wheelchair or who might need to use one for long distances or over uneven terrain that would be taxing in a manual wheelchair, 

automatic wheelchairs are helpful. They can also be used by those with cardiovascular and fatigue-related disorders in addition to those with traditional 

mobility problems. Approximately 600 million people are 60 years of age or older worldwide, while one billion people are thought to have disabilities. 

In India, an estimated 26 million individuals live with a disability, although the situation is far worse [26]. Given that elderly people often have unmovable 

issues, shaking, and partial paralysis, this is really alarming news.  

In recent years, there has been a sharp rise in the population of physically disabled people. According to recent figures, 700 million people, or 15% of the 

global population, are physically and intellectually disadvantaged. Of them, 100 million are physically disabled. In India, the true situation is far more 

severe, although one research claims that only 20.28% of the population is physically challenged [26]. In nations like India, the vast majority of people 

with physical disabilities rely on manual wheelchairs or crutches for mobility. Many wheelchair users are unable to adequately operate their wheelchairs 

with their hands due to physical limitations. Furthermore, automatic wheelchairs are expensive compared to the average person's financial situation and 

are not always available in developing nations. 

 

Fig. 1. Hindrance of Wheelchair users during work  
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Users of conventional automatic wheelchairs require assistance from others and are unable to modify the wheelchair seat to suit their needs (Fig.1). 

Additionally, users who are physically weak often have trouble gripping the joystick that controls the motorized wheelchairs. The goal of this project is 

to improve the facilities for users by designing an automated wheelchair with a seat that can be moved vertically.  

LITERATURE REVIEW 

The automotive industry, medical science, fatigue simulation, car simulators, cognitive testing, computer vision, personality verification, and other fields 

are among those that apply eye-tracking principles widely. The significance of eye monitoring and identification in industrial applications increased over 

time. Due to the significance of eye-tracking applications, many modern devices must have more robust and efficient designs. An extensive review of the 

literature relating to the eye-tracking system has been carried out in healthcare applications.  

One method uses machine learning to extract the iris by segmentation algorithm. The MATLAB software was used for all testing, and the algorithm's 

accuracy of 86% is unsatisfactory. The authors also noted that the speed of detection increased, although they did not specify how much [1].  

The imaging processing module, wheelchair-controlled module, SMS management module, and appliance-controlled module are the three primary 

components of this chair. A camera with glasses attached makes up the imaging processing module. The captured image is transferred to the Raspberry 

Pi microcontroller will be processed using OpenCV to derive the direction of the two-dimensional eyeball. For controlling movement, the eye movement 

will be wirelessly relayed to a wheelchair-controlled unit. However, there is no calculation for the calibration time. Their suggested chair lacks components 

and is somewhat expensive. A microcontroller called Raspberry Pi were used which may cost up to 70$, But our proposed system used the Arduino Uno, 

which doesn't exceed 10 $ and it reaches the same result [2].  

A wheelchair is also designed that moves by eye-tracking, first the camera capture the user image and detect the eye position by edge detection technique 

(Laplacian), The wheelchair DC motor is then controlled with the aid of a PID controller once the pupil orientation is determined using the segmentation 

technique (Haar cascade algorithm). The detection accuracy was 90%. However, the Laplacian approach is very sensitive to noise, and calibration time 

is not computed. Since the Haar cascade approach relies on edge or line detection, it works well for detecting faces and eyes but not for detecting eye 

movement [3].  

The Wheelchair can be controlled by the eyeball movement with the aid of a webcam, which further undergoes multiple image processing techniques. 

To determine the location of the eye pupil, a continuous image is taken. The usual image processing techniques are then used in conjunction with the 

Haar cascade algorithm. Wheelchair mobility is facilitated by the DC motor installed on the wheels. The wheelchair is equipped with an ultrasonic sensor 

that detects obstructions in its path and stops it from moving in response to sensor commands. The chair's 91% accuracy rate needs to be raised. 

Additionally, as previously stated in this application, Haar cascade consists of numerous weak classifiers, and the wheelchair moves in four directions 

rather than 360 degrees, unlike our suggested wheelchair, which moves in 360 degrees in the direction of the eyes [4].  

Eye-tracking system can be functioned, by recording a video of user's face using an infrared camera. The six stages of the suggested algorithm—eye area 

extraction, iris border identification, keyframe detection, pupil localisation, deviation estimation, and strabismus evaluation—are then applied to the 

video. Cover test results from both strabismus and normal people were compiled into a database. The experiments' outcomes demonstrate the accuracy 

with which our suggested approach may assess strabismus deviation. The accuracy was more than 86% in the vertical direction and more than 91% in 

the horizontal direction. The sole disadvantage is that measurement precision can be enhanced [5].  

In addition to Ambient Space Engineering, the system comes with a wheelchair, eye-tracking glasses, a depth camera, a portable computer with flexible 

stand for optimal comfort, and a safety off button to turn the device off when needed. The author captures the eye and determines its direction using the 

CNN method. Their study's calibration time was 36 seconds, and its accuracy was 92%. The suggested solution is built on the deep learning foundation, 

which offers an easy way to extract eyes and more accuracy in detecting all facial features. utilising his Face Landmark points and the dlib [6]. 

There are many people who are not able to move wheelchair on their own and according to survey many suffer from disease like quadriplegia.Many 

people previously worked on this so by taking analysis for previous works. Studying various surveys and analyzing the information from the reviews the 

wheelchair can be controlled with eye movement. The computer input devices such as keyboard, mouse, and the other input devices have been used to 

interact with digital instruments. The handicap person cannot handle these devices. The commands are given by detecting the motion of human eyes so 

computer input is human eyes it is only is proposed for handicap person. This can be divided into five categories. 

A. Bio-potential based control[15]  

In this method by recognizing the bio-potential signals the interface recognizes the person gestures like forehead movement, closing the jaw using special 

instrument. Instrument such as Electrooculography(EOG)[11] Electromyography (EMG), and Electroencephalograph (EEG)[12], Search coil can be used 

for measuring biopotential.EOG [13] method take into consideration voltage differences between the image before and after. 

B. Voice based control  

In this technique person voice is use as input source which use user's voice as source input. Wheelchair control is obtained using voice commands. Voice 

analysis is used to analyze user's voice and convert it into digital data. The disadvantage of this system is it is vulnerable against noise. Other voices 

coming from surrounding atmosphere have effect on this technique. 

C. Motion based control  

In this technique user’s various moving organs are used to control the computer input. Moving organs include hand, head, foot etc.  
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D. Image Analysis method  

In this technique user utilize camera to capture image of the desired object and after which it is converted into digital data .Several image processing 

methods are used to analyze user's desire. The user's desire itself can be fulfilled by gaze-based [16] analysis, which uses the user's sight. A variety of 

algorithms are available to process images. 

E. Search coil method [8]  

This technique uses induced voltage with coil including in contact lenses attached to user‘s eyes. Studying and analyzing various aspects of each method 

image based method is taken into consideration for full-filling the objective of wheelchair control. Numerous individuals have worked on this issue using 

techniques such as the Viola-Jones Algorithm, Daughman's Algorithm, and the Coherence Algorithm [10]. Many algorithms provide results, but the type 

of algorithm applied defines how accurate the results are. 

METHODOLOGY 

The "Eye Ball Motion Controlled Automatic Using advanced eye-tracking technology, this device reads the user's gaze or eye movements and translates 

them into orders for operating the wheelchair.  

The methodology's main goal is to guarantee the smooth integration of control systems, software, and hardware in order to provide a wheelchair that is 

responsive, dependable, and easy to use. The methodology seeks to provide a solution that improves mobility and independence while preserving comfort 

and usability by addressing crucial elements such signal acquisition, real-time processing, motion control, and safety.  

Problem identification, hardware-software integration, prototyping, testing, and optimization are some of the steps in this methodical process. Every stage 

is meticulously designed to guarantee the system's precision, dependability, and flexibility to meet the unique requirements of users. The ultimate objective 

is to create a wheelchair that is incredibly intuitive and effective, enabling users to travel through their surroundings with ease using only their eye 

motions.  

The approach guarantees that the "Eye Ball Motion Controlled Automatic Wheelchair" is created to satisfy the functional and security requirements of 

those who have trouble moving about. Through the integration of cutting-edge eye-tracking technology with an intelligent control system, this wheelchair 

provides a dependable, effective, and user-friendly solution to improve users' independence and quality of life. The iterative design, testing, and 

optimization process ensures a reliable system that is customized to meet user needs. 

SYSTEM DESIGN 

Block Diagram 

 

 

 

 

 

 

Fig. 2. Block Diagram 

Component Description 

1. Camera: Used for capturing eyeball moment in a form of video feed to the Raspberry Pi.  

2. Raspberry Pi: Acts as the central control unit, processing data from the camera, giving the output to relays and controlling the motors.  

3. Relay: Works as a switch to control the wheelchair's motor based on commands from the Raspberry Pi.  

4. Wiper Motor: Operates based on signals from the relay.  

5. Battery: Provides power to the Raspberry Pi and motor system.  
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Working 

The Pi Camera is employed to capture a real-time video feed focused on the user’s eye. This continuous stream of visual data is transmitted to the 

Raspberry Pi, which serves as the central processing unit of the system. Upon receiving the input, the Raspberry Pi initiates a series of image processing 

operations, primarily utilizing a masking algorithm to isolate specific features within the frame. 

 

The core principle of the masking algorithm is to filter out all colors except black. This selective masking effectively highlights the user's pupil, as it 

typically appears as the darkest region in the captured image. Once the non-black regions are masked, the algorithm proceeds to calculate the centroid of 

the remaining black area—essentially determining the geometric center of the user’s pupil. A virtual marker is then placed at this centroid to serve as a 

reference point for tracking eye movement. 

 

To interpret the direction of the user's gaze, the live video frame is conceptually divided into a 3×3 matrix, resulting in nine distinct zones. The position 

of the marker within this grid indicates where the user is looking. For instance, if the marker falls within any of the top three cells, the system interprets 

the gaze as “looking up.” A marker located in the central cell corresponds to a “looking center” command. If the marker is detected in the left or right 

cells of the middle row, the system interprets these as “looking left” and “looking right,” respectively. 

 

Based on the detected gaze direction, the Raspberry Pi sends signals to a set of relays, which act as motor drivers controlling the movement of the 

wheelchair. If the gaze direction is identified as "looking up," the Raspberry Pi activates both relays simultaneously, engaging both motors and propelling 

the wheelchair forward. Conversely, if the gaze is directed to the left, only the right motor is activated, causing the wheelchair to pivot left. The same 

logic is applied for a rightward gaze, where the left motor is activated to turn the wheelchair to the right. In the case of a central gaze, both motors remain 

deactivated, resulting in the wheelchair coming to a halt. 

RESULTS AND DISCUSSIONS  

The proposed system was designed and implemented to control the motion of a wheelchair based on the real-time tracking of the user's eye movements. 

The Raspberry Pi, integrated with a Pi Camera, successfully captured and processed the live video feed of the user's eye. The masking algorithm applied 

to the feed effectively isolated the pupil by filtering out all non-black regions, thereby allowing accurate centroid detection. 

 

Movement Accuracy 

The wheelchair's movement based on gaze direction was tested across various scenarios: 

• Looking Up: Activated both motors; the wheelchair moved forward. 

• Looking Left/Right: The system successfully engaged the opposite motor, resulting in a turning radius suitable for indoor navigation. 

• Looking Center: Both motors were disabled, bringing the wheelchair to a complete stop with minimal delay. 

 

Environmental Factors 

Initially, the performance of the system was found to be significantly influenced by ambient lighting. In poorly illuminated environments, the masking 

algorithm struggled to accurately isolate the pupil, resulting in occasional misinterpretation of gaze direction. To address this challenge, an LED light 

source was strategically placed near the user's eyeball to enhance local illumination. 
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