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ABSTRACT - This project, “Hands-Free 

Computing for Disabled People Through Eye 

Movements and Blinking”, aims to develop an 

assistive technology system that enables 

physically challenged individuals to operate a 

computer without the need for traditional input 

Devices like a mouse or keyboard. The system 

utilizes a Raspberry Pi integrated with a camera 

module and an eye blink sensor to detect eye 

movements and blinks, which are then translated 

into specific commands for computer control. 

Eye tracking allows the user to move the cursor, 

while intentional blinks can perform actions such 

as selecting, clicking, or scrolling. The proposed 

system is designed to provide a low-cost, 

portable, and user-friendly solution for 

individuals with limited mobility, particularly 

those with paralysis or motor impairments. 

Unlike conventional assistive devices, this 

approach combines real-time image processing 

with blink detection to achieve reliable and 

efficient control. The project demonstrates how 

human–computer interaction (HCI) can be 

enhanced to ensure digital accessibility and 

independence for disabled people, empowering 

them to perform basic computer operations 

without physical effort. 

 

1. INTRODUCTION 

Human-computer interaction has traditionally 

depended on physical devices such as keyboards, 

mice, and touchpads, which require precise hand 

and finger movements. While these methods are 

effective for most users, they pose serious 

challenges for individuals with physical 

disabilities, paralysis, or motor impairments. As 

technology advances, the demand for more 

inclusive and accessible interfaces has increased, 

motivating the development of alternative 

interaction methods that do not rely on physical 

contact. Eye-tracking technology offers a 

promising solution, as eye movement is a natural 

and effortless activity even for users with severe 

mobility limitations. By using computer vision 

techniques, it is possible to detect and analyze eye 

movements and convert them into meaningful 

control commands. Raspberry Pi 4, with its 

compact size and powerful processing capability, 

provides an ideal platform for implementing such 

real-time image processing applications. In this 

project, OpenCV and dlib libraries are used to 

detect facial landmarks and track eye movements 

accurately. The system converts gaze direction 

into cursor movement and uses blinking patterns 

to perform mouse actions such as clicking and 

scrolling. This approach enables complete hands-
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free control of a computer system, improving 

accessibility and usability. The project not only 

supports people with disabilities but also opens 

new possibilities for futuristic human-computer 

interaction methods, gaming, virtual reality, and 

touchless computing environments. 

 

2.LITERATURE SURVEY 

 

In the Eye of the Beholder: A Survey of Models 

for Eyes and Gaze 

 

Hansen and Ji (2010), the authors presented a 

comprehensive survey on eye gaze tracking 

techniques used in human-computer interaction. 

The study discussed various computer vision 

models used to detect eye movement and gaze 

direction. Their work highlighted how eye 

tracking can serve as an alternative input method 

for controlling computers, especially for people 

with physical disabilities who cannot use 

traditional input devices such keyboards or mice. 

 

Real-Time Eye Blink Detection Using Facial 

Landmarks 

Soukupová and Čech (2016) proposed a method 

for detecting eye blinks using facial landmark 

detection algorithms. The system calculates the 

Eye Aspect Ratio (EAR) from eye landmarks to 

identify blinking patterns in real time. This 

approach is widely used in many modern eye-

tracking applications because of its high accuracy 

and efficiency in detecting eye blinks. 

 

Vision-Based Hand Gesture Recognition for 

Human Computer Interaction 

 

Rautaray and Agrawal (2015), the authors 

discussed how computer vision techniques can be 

used to recognize human gestures for controlling 

computers. Although the study mainly focused on 

hand gestures, it also emphasized the importance 

of facial and eye movement detection as 

alternative methods for human-computer 

interaction, particularly for disabled individuals. 

 

Real-Time Eye Gaze Tracking for Human 

Computer Interactio 

 

George and Routray (2016) introduced a system 

that tracks eye gaze direction using image 

processing techniques. The system captures 

images using a webcam and analyzes eye 

movement to control the mouse cursor on a 

computer screen. This technology enables users 

to interact with computer systems without using 

their hands. 

2.1 Problem Statement 

● Traditional input devices are not 

accessible to individuals with motor impairments 

● Existing assistive technologies are often    

expensive and complex. 

● There is a need for a low-cost, portable, 

and reliable hands-free cursor control system. 

● Current systems lack accuracy and 

stability in real-time eye tracking.       

2.2 Existing System 

Existing systems for controlling mouse motion 

using eye blinks and head movements primarily 

rely on standard webcams integrated with 

computer vision techniques to detect facial 

features. 

In many implementations, head tracking is used 

to control cursor movement. Horizontal and 

vertical head movements are mapped to 

corresponding cursor movements on the screen. 

Eye blinks are sometimes used as triggering 

mechanisms for mouse clicks. These systems 

generally utilize facial landmark detection 

algorithms to identify key points around the eyes, 

nose, and mouth for motion tracking. 

Despite their functionality, existing systems 

present several limitations. 
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2.3 Proposed System 

The proposed system introduces a low-cost and 

efficient hands-free cursor control mechanism 

using eye movements and blink detection. 

The system utilizes Raspberry Pi 4 as the primary 

processing unit, ensuring portability and 

affordability. A standard webcam is employed for 

real-time facial image acquisition. The captured 

video frames are processed using computer vision 

libraries such as OpenCV for image processing 

and dlib for facial landmark detection. 

Eye landmarks are extracted to determine pupil 

position and eye aspect ratio. The system maps 

eye movements to corresponding cursor positions 

on the screen. Blinking is detected and interpreted 

as mouse click commands. Algorithms are 

designed to ensure smooth, adaptive, and stable 

cursor movement. 

 
Figure 1:   Block  Diagram of Hands- Free PC 

Control  

3.HARDWARE DESCRIPTION 

3.1 The Origins of the Raspberry Pi 

The concept of a small, low-cost computer aimed 

at young learners emerged in 2006, when a group 

of researchers — Eben Upton, Rob Mullins, Jack 

Lang, and Alan Mycroft — working at the 

University of Cambridge's Computer Laboratory, 

grew increasingly worried about the steady drop 

in both the quantity and quality of A Level 

students seeking to study Computer Science. In 

the 1990s, most candidates arriving for 

interviews had solid backgrounds as self-taught 

programmers, but by the 2000s the situation had 

shifted considerably — a typical applicant often 

had little more than some basic web design 

experience under their belt. 

A small group of individuals has limited power to 

tackle broader issues such as a weak school 

curriculum or the collapse of a financial boom. 

However, those students believed they could take 

action on a more specific problem — computers 

had grown so costly and complex that parents felt 

the need to restrict their children from freely 

experimenting with them. Their goal was to 

develop a platform that, much like the classic 

home computers of earlier decades, would launch 

directly into a programming-ready environment. 

3.2 Early Design Decisions 

Between 2006 and 2008, the team developed 

numerous designs and working prototypes of 

what would eventually become the Raspberry Pi. 

Among the earliest of these was a board built 

around an Atmel ATmega644 microcontroller 

running at 22.1MHz, paired with 512K of SRAM 

used for data and frame buffer storage. 

By 2008, processors originally developed for 

mobile phones were becoming more budget-

friendly and capable enough to support strong 

multimedia performance — a quality that would 

appeal to younger users who might not initially 

be drawn to a device focused purely on 

programming. This made the project appear 

increasingly practical and achievable. 

Eben, by then working as a chip architect at 

Broadcom, joined forces with Rob, Jack, Alan, 

Pete Lomas — Managing Director of hardware 

firm Norcott Technologies — and David Braben, 

co-creator of the well-known BBC Micro game 

Elite, to establish the Raspberry Pi Foundation 

and turn the vision into reality. Three years on, 

the Raspberry Pi Model B entered large-scale 

production through licensing agreements with 
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Element 14/Premier Farnell and RS Electronics, 

and within two years it had sold more than two 

million units. 

 

 
  

Figure 2: Block Diagram of Raspberry Pi3 

3.2.1 A brief description of the components on 

the Pi. 

 

1) Processor / SoC (System on Chip) 

The Raspberry Pi has a Broadcom 

BCM2835 System on Chip module. It has a 

ARM1176JZF-S processor 

The Broadcom SoC used in the Raspberry 

Pi is equivalent to a chip used in an old 

smartphone (Android or iPhone). While 

operating at 700 MHz by default, the 

Raspberry Pi provides a real world 

performance roughly equivalent to the 0.041 

GFLOPS. 

2) Power Supply 

The Raspberry Pi draws 700mA, equivalent to 

3W of power. It can be powered either through a 

MicroUSB charger or via the GPIO header. A 

standard quality smartphone charger is sufficient 

to power the device. 

3) SD Card 

The Raspberry Pi has no built-in internal storage. 

Instead, the operating system is stored on an SD 

card, which is inserted into the dedicated SD card 

slot on the board. Loading the operating system 

onto the card can be done using a card reader 

connected to any computer. 

4) GPIO (General Purpose Input Output) 

GPIO stands for General Purpose Input Output. It 

refers to a generic pin found on an integrated 

circuit whose behavior — including whether it 

functions as an input or output — can be freely 

configured by the user during runtime. 

 
  

Figure 3: GPIO connector on RPi 

6) DSI Connector 

The Display Serial Interface (DSI) is a standard 

developed by the Mobile Industry Processor 

Interface (MIPI) Alliance, designed to lower the 

cost of display controllers in mobile devices. It is 

primarily intended for use with LCD and similar 

screen technologies, defining a serial 

communication bus and protocol between the 

host — which provides the image data — and the 

display device that receives it. 

A DSI-compatible LCD screen can be connected 

through this connector, though additional drivers 

may be needed to operate the display properly. 
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7) RCA Video 

RCA Video outputs, supporting both PAL and 

NTSC formats, are available across all Raspberry 

Pi models. Any television or monitor equipped 

with an RCA jack can be connected directly to the 

Raspberry Pi using this output. 

 
Figure 4: RCA Video Connector 

  

8) Status LEDs 

The Raspberry Pi features five status LEDs that 

indicate the state of various system activities: 

● "OK/ACT" — Indicates SD Card 

access (via GPIO16). It is labeled "OK" on Model 

B Rev1.0 boards, and "ACT" on Model B Rev2.0 

and Model A boards. 

● "POWER/PWR" — Indicates 3.3V 

power supply status. It is labeled "PWR" across 

all board versions. 

● "FDX" — Indicates Full Duplex LAN 

connectivity, available on Model B. Labeled 

"FDX" on all boards. 

● "LNK" — Indicates Link and Network 

Activity over LAN, available on Model B. 

Labeled "LNK" on all boards. 

● "10M/100" — Indicates 10/100Mbit 

LAN speed, available on Model B. It is 

incorrectly labeled "10M" on Model B Rev1.0 

boards, and corrected to "100" on Model B 

Rev2.0 and Model A boards. 

 

 
Figure 5: 5status LEDs on the Raspberry Pi 

 

 

 

9) USB 2.0 Port 

USB 2.0 ports serve as the connection points for 

peripherals such as a mouse or keyboard on the 

Raspberry Pi. Model A comes with a single port, 

Model B includes two, and Model B+ offers four. 

If additional ports are needed, an externally 

powered USB hub — available as a standard Pi 

accessory — can be used to expand connectivity. 

10) Ethernet 

An Ethernet port is present on both Model B and 

Model B+, allowing the device to be connected to 

a local network or the internet via a standard LAN 

cable. The Ethernet functionality on these models 

is managed by the Microchip LAN9512 LAN 

controller chip. 

11) CSI Connector 

CSI, or Camera Serial Interface, is a serial 

communication standard developed by the MIPI 

(Mobile Industry Processor Interface) Alliance, 

intended for connecting digital cameras to mobile 

processors. 

The Raspberry Pi Foundation offers a dedicated 

camera module designed specifically for the Pi, 
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which connects to the board through the CSI 

connector. 

 
Table 1: Specifications of the Respberry Pi 

 

   

4.SOFTWARE IMPLEMENTATION 

4.1 Operating System 

The Raspberry Pi runs primarily on Linux kernel-

based operating systems. However, since its 

ARM11 processor is based on ARM version 6, it 

is no longer supported by several widely used 

Linux distributions, including Ubuntu. The 

official installation manager for the Raspberry Pi 

is NOOBS, which includes the following 

operating system options: 

● Arch Linux ARM 

● OpenELEC 

● Pidora — a Fedora-based remix 

● Raspbmc and the XBMC open source 

digital media center 

● RISC OS — the original operating 

system of the first ARM-based computer 

● Raspbian (recommended) — 

independently maintained and based on the ARM 

hard-float (armhf) port of Debian 7 'Wheezy' 

A minimum of a 2GB SD card is required to run 

the system, though a 4GB card or larger is 

advisable. A Pi Store is also available for sharing 

and downloading programs. 

 

 

4.2 Boot Process 

The Raspberry Pi follows an unconventional boot 

sequence in that its GPU (VideoCore) initializes 

before the CPU. Upon powering on, a first-stage 

bootloader embedded in the SoC's ROM executes 

on a small RISC core and reads the FAT32 boot 

partition from the SD card. This then loads a 

second-stage bootloader called bootcode.bin, 

which runs on the GPU and initializes the RAM. 

Next, the file start.elf — the primary GPU 

firmware — is loaded, reading configuration 

parameters from config.txt and allocating RAM 

between the GPU and the ARM CPU. Finally, 

start.elf loads kernel.img, the operating system 

kernel, and releases the ARM CPU from its reset 

state, enabling it to begin running the operating 

system. 

 

 

Figure 6 : Boot process of Raspderry Pi 

4.3 IDLE Software  

IDLE is the default Integrated Development 

Environment (IDE) for the Python programming 

language. It provides a simple platform to write, 

edit, and run Python programs.  

4.4 OpenCV 

OpenCV plays a major role in implementing the 

computer vision part of the system. OpenCV 
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provides powerful image processing and 

machine-learning functions that allow the 

program to detect faces, identify eye regions, and 

track eye movements in real time. 

4.5RealVNC Viewer: 

Remote desktop technology allows users to 

control one computer from another device 

through a network connection. VNC Viewer is a 

popular remote desktop application that enables 

users to access and control the graphical desktop 

of another computer. In Raspberry Pi projects, 

VNC is commonly used to control the device 

remotely without connecting a separate monitor, 

keyboard, or mouse. This method is very useful 

for development, testing, and monitoring 

applications. 

5.RESULT 

5.1 Result 

The proposed system was successfully 

implemented and tested using a Raspberry Pi and 

a camera module. The system was able to detect 

eye movements and blink patterns in real time 

and convert them into corresponding mouse 

control actions on the personal computer. 

5.2 Applications 

The primary goal of the Raspberry Pi was to 

encourage learning, particularly among children 

and teenagers, in the areas of programming and 

basic hardware interfacing. Its open physical 

design makes it an ideal platform for 

understanding fundamental computing concepts. 

The key applications of the Raspberry Pi include: 

● Programming Education — It serves as 

a practical tool for teaching core programming 

concepts in an hands-on manner. 

● Hardware Interfacing Instruction — It 

enables learners to understand how software 

interacts with physical hardware components. 

● Deployment in Developing Regions — 

Due to its low cost, the Raspberry Pi can be 

distributed in large quantities to schools, colleges, 

and interested individuals in underdeveloped and 

developing nations such as those in Africa, as 

well as countries like India, China, and Brazil. 

● Robotics — It can be employed in 

robotic systems to manage and control motors, 

sensors, and other connected components. 

● Low-Power Download Machine — It 

can replace conventional desktop computers for 

downloading tasks, offering the advantage of 

very low power consumption while also being 

accessible remotely. 

5.3  Advantages and disadvantages 

Advantages 

● The system helps physically disabled 

people control a computer without using their 

hands, improving independence and accessibility. 

● Users can perform tasks such as moving 

the cursor, clicking, typing, and opening 

applications using only eye movements and 

blinks. 

● Using a Raspberry Pi makes the system 

affordable compared to expensive assistive 

technologies. 

● The small size of the Raspberry Pi makes 

the system easy to carry and install anywhere. 

Disadvantages 

● The system performance may decrease in 

low-light or very bright environments. 

● Users must calibrate the eye-tracking 

system before using it, which can take time. 

● The system relies on a camera for eye 

detection; poor camera quality may reduce 

accuracy. 
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CONCLUSION  

The Eye Ball Based Cursor Movement System 

using Raspberry Pi 4 presents an effective and 

innovative solution for hands-free human-

computer interaction. By utilizing computer 

vision techniques and real-time eye-tracking 

algorithms, the system successfully converts 

natural eye movements into cursor control and 

blinking into mouse actions.  
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