DMPedia Lecture Notes in Computer Science & Engineering
Volume 1, Issue 2, pp.68-75, 2026
ICICCS-2026

A Next-Generation Assistive Human—Computer Interaction System
Using Eye-Head Control and Blink Gesture Recognition

Budida Ajay, Dasari Srichandana, Keta Mouli, Ms Ashima Jain

Department of Computer Science and Engineering, Vardhaman
College of Engineering, Hyderabad, India

ajaybudidhal @gmail.com, dasarisrichandana2006(@gmail.com, kethamoulil 1 @gmail.com, ashimajain
veel657@vardhaman.org

ABSTRACT

Assistive HCI systems enable people with physical limitations to access a computer without the conventional
means of entering data. The new system, as outlined in this paper, involves the use of a normal webcam to
offer an easy way of operating a computer. It achieves this with its face recognition feature, which scans the
user's facial characteristics, including the mouth and nose, as an alternative to using fingers. The system would
recognise the user's face, allowing the user to give commands to operate the computer. There is also an option
to perform mouse-related tasks by identifying deliberate eye blinks; as a result, the user has a simple way to
enter a command without difficulty. The proposed computer vision system is designed to be fast-acting to allow
real-time interaction and will not require any special hardware beyond a standard webcam, making it a cheap
and accessible alternative for interacting with their computer.
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1. Introduction

Human-computer interaction (HCI) is the way human beings interact with computers through
devices such as keyboards, mice, and touchscreens. These devices are convenient to the
general, but to an individual whose motor skills are affected by some form of paralysis or a
nerve disorder occasioned by an illness or an accident, they could be the difference between
being independent and being completely at the mercy of others. Instead, such individuals can
hardly perform simple computer tasks on their own. This is to bring to the fore the relevance
of available technologies that enable individuals to use computers as they need to, without
necessarily depending on handheld input devices. Recent years of computer vision and
machine learning have made possible the advent of vision-based interaction systems, where

individuals input their faces. Using visual cues, cursor control and human-computer interaction
can be achieved through head pose estimation and real-time gaze tracking [?], [3], [7].
Moreover, in the case of gaze modelling surveys, a non-intrusive camera-based system is
considered effective and inexpensive [2], [10]. On the same note, facial landmark extraction
methods have been detected to be reliable gesture-based command systems in the detection of
blinks. In addition, appearance-based gaze estimation systems and facial landmark-based
systems for real-time interaction leverage the strength of detection in unconstrained
environments [4], [13], [19]. However, even with these continual advancements, most existing
systems are still vulnerable to daylight variations(flashlights can spoil capture images),
blinking erroneously and so forth. Normal eye movement overall is more specifically true
of consumer products. Such issues cannot allow for relying on their results. Therefore, a large
number of state-of-the-art technologies require extra processing facilities or special setups to
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be utilised

This implies that it will be inconvenient to a significant population of common users.
Moreover, certain systems are programmed with increased computational power needs or small
physical size such that they cannot be used on a broad scale [14], [15]. Anyway, we need a
sound, effective framework that can easily strike a balance between the performance,
tolerability and reach of all the interested parties and even those who are not part of their
group. In order to overcome those difficulties, the current paper suggests a vision-based
assistive interaction system, which integrates eye gaze estimation, head pose tracking, and
blink gesture recognition within a single framework. The proposed system will employ a range
of facial landmark detection algorithms [4] and popular computer vision packages like
OpenCV and DIib [?], [11] to identify facial movements and send them to cursor control and
interaction instructions. The given system is designed to work with a regular webcam and,
therefore, does not need any extra equipment. Using several facial methods of interaction, the
system under consideration can enhance usability and reliability of interaction with motor
disability users who can use computers.

2. Research Methodology

The proposed research aims to develop a vision-based assistive human—computer interaction
system that enables users to control a computer using eye movements, head movements, and
blink gestures. The methodology consists of several stages, including image acquisition, facial
landmark detection, gaze estimation, head pose estimation, blink gesture recognition, and
cursor control integration. Initially, video frames are continuously captured using a standard
webcam. The captured frames undergo preprocessing operations such as resizing, grayscale
conversion, and noise reduction to improve computational efficiency and detection accuracy.
Face detection algorithms are then employed to identify the facial region, followed by facial
landmark extraction to obtain significant feature points around the eyes and face [4], [12]. The
extracted landmarks are used for eye gaze estimation and head pose tracking. The gaze
direction is estimated by analysing the position of the eyes relative to the detected landmarks,
while head pose estimation is performed using geometric relationships among selected facial
feature points [3], [7]. The information obtained from these two modalities is mapped to cursor
movement, thereby enabling hands-free navigation. For click operations, blink gesture
recognition is implemented using the Eye Aspect Ratio (EAR) technique. The EAR is
computed using six eye landmark points and is represented as:

EAR=2|Ip1 —p4 [IlIp2 —p6 II+1Ip3 —p5 I

Where pl to p6 denote the eye landmark coordinates. A significant decrease in the EAR value
indicates an eye blink. Temporal filtering is further applied to differentiate intentional blinks
from natural blinking actions, thereby reducing false detections and improving interaction
reliability [5]. Finally, the gaze information, head pose estimation, and blink gestures are
integrated into a unified cursor control module. The entire system operates in real time using
only a standard webcam and software-based computer vision techniques, eliminating the need
for specialised hardware. The proposed methodology enhances accessibility, reliability, and
usability for individuals with motor impairments by providing an affordable and efficient
hands-free interaction system [11], [17], [19].

3. Theory and Calculation

The proposed system is based on the principles of computer vision and assistive human—
computer interaction, where facial movements are utilised as an alternative input mechanism
for computer control. The system integrates three major interaction modalities: eye gaze
estimation, head pose tracking, and blink gesture recognition. These techniques enable users,
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particularly individuals with motor impairments, to interact with computers without relying on
conventional input devices such as keyboards and mice.

Eye-gaze estimation determines the direction of the user's visual attention by analysing the
position of the eyes relative to facial landmarks. Previous studies have demonstrated that gaze
tracking provides an effective and non-intrusive approach for cursor navigation and assistive
interaction systems [2], [7]. However, gaze estimation alone may be inaccurate due to lighting
variations and natural eye movements.

To improve interaction accuracy, head pose estimation is incorporated into the proposed
framework. Head pose estimation determines the orientation of the user's head by analysing
the geometric relationships among selected facial landmarks. The integration of head
movements with eye gaze information provides smoother cursor navigation and reduces errors
caused by isolated gaze estimation techniques [3], [4].

Blink gesture recognition serves as the command input mechanism for mouse click operations.
Facial landmark-based blink detection methods have been widely adopted because of their
simplicity and computational efficiency. The Eye Aspect Ratio (EAR) technique proposed by
Soukupova and Cech provides reliable real-time blink detection and effectively distinguishes
eye closure patterns during interaction [5].

The integration of these three modalities forms a multimodal interaction framework that
improves reliability, robustness, and usability compared with single-modality assistive systems
[13], [17]. Furthermore, the entire system operates using only a standard webcam and software-
based computer vision techniques, making it a cost-effective and accessible solution for real-
world assistive applications [11].

3.1. Mathematical Expressions and Symbols

The proposed assistive human—computer interaction system employs mathematical
formulations to perform blink detection, head pose estimation, and cursor position mapping.
All equations are implemented using Microsoft Word's equation editor to maintain consistency
and readability.

The Eye Aspect Ratio (EAR) is used for real-time blink detection and is calculated

as [5]: EAR = (||p2 — p6|| + [[p3 — p3[)) / 2[lp1 — p4{)) (1)

where pl, p2, p3, p4, pS, and p6 represent the coordinates of the six eye landmarks, and || - ||
denotes the Euclidean distance between two points. A blink is detected when the EAR value
falls below a predefined threshold for a specified number of consecutive frames.

The head orientation angle is estimated using the geometric relationship between selected facial
landmarks and is expressed as [3]:

0 =tan'((y2 —yl)/(x2 — x1)) (2)

where 0 denotes the head rotation angle and (x1, yl) and (x2, y2) are the coordinates of the
selected facial landmarks.

The cursor coordinates on the screen are obtained by mapping the facial coordinates to the
display coordinates using:

Xe=(xf/ Wf) x Ws (3)

Yc = (yf/ Hf) x Hs (4)

where xf and yf represent the detected facial feature coordinates, Wf and Hf denote the
dimensions of the webcam frame, and Ws and Hs represent the screen resolution.

These mathematical expressions form the basis of the proposed multimodal interaction
framework and enable accurate real-time cursor navigation and gesture-based interaction using
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computer vision techniques [4], [5], [7], [15].

4. Results and Discussion

The findings confirm that the suggested assistive interactive system offers a precise and reliable
method of computing hands-free real-time computer control. Facial landmark recognition was
a useful platform for eye gaze and blink coding. With eye gaze detection, the precision of the
cursor movement was achieved, and the control of the head pose enhanced the flexibility of the
interactive operations. Voluntary and involuntary behaviour was well discriminated using blink
detection to minimise spurious responses. The integration of eye, head, and blink signals
provided greater power in the interactive functions. The interactive system offered is efficient
and feasible on conventional hardware settings; thus, it is feasible and can be implemented in
real-life situations. The fact that it is based on conventional webcam technology and that its
software processing also contributes to its cost-effectiveness, especially in helping persons with
motor impairments operate their computers independently.

5. Preparation of Figures and Tables

Table 1: Comparison of Existing Assistive Interaction Systems and Proposed System

Feature

Existing Systems

Proposed System

Input Modality

Single modality (gaze or head
and blink)

Multiple modality (gaze and
head) combined multimodal
(gaze + head pose + blink)

Hardware Requirement

Some systems have
special cameras or calibration

Works with a regular webcam
No special equipment
required

Blink Detection Reliability

Poor temporal filtering, which
is likely to induce false
triggers

Intentional vs natural blinks
with temporal filtering

Head Pose Integration

Commonly not used, but used
separately

Integrated with gaze to
Enhance navigation flexibility

Computational Demand

Deep learning-based systems
are computationally
expensive

Optimised for real-time
processing on a standard CPU

Real-Time Performance

Reliant or dependent on the
GPU
acceleration

Live performance (20-30
FPS) without GPU

Motor-Impaired User
Usability

Poor multimodal adaptability;
not specifically created

Designed to be easy to handle
and easy to interact with
(hands-free)

System Integration

Particular cursor control
ability

Cursor movement and click
integration provide full
cursor control.

Deployment Environment

Laboratory conditions or
controlled environments

Real-life indoor real-time
application

Table 2: System Configuration and Experimental Parameters
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Parameter

Configuration Details

Input Device

Standard Webcam (720p/1080p)

Processing Platform

Laptop/Desktop Computer

Programming Language Python
Computer Vision Library OpenCV
Facial Landmark Model Dlib Facial Landmark Detector

Cursor Control Interface

PyAutoGUI / OS Cursor API

Frame Rate

20-30 frames per second

Detection Features

Eye landmarks, facial landmarks

Interaction Techniques

Eye gaze, head pose, blink gesture

Operating System

Windows/Linux

Processing Type

Real-time processing

Hardware Requirement

Standard CPU (No GPU Required)

Table 3: Other System Configuration and Experimental Parameters

Interaction Commands

Cursor movement, click, selection.

Evaluation Metrics

Accuracy, response time, usability

System Type

Vision-based assistive interaction system

Deployment Environment

Indoor real-time usage

Formatting Figures:

System Architecture of Vision-Based Assistive HCI

)

Webcam Input

Facial
Landmark
Detection

rc‘
« . — X
B - ] i
s - . - L
GareOercton [ evs Poe ] sk Comenants

A
[Gor Devction | e ovemerss J ok commaris

Figure 1 illustrates the overall architecture of the proposed assistive interaction system
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Figure 2: The variation of the Eye Aspect Ratio (EAR) during blink detection.
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Figure 3: The real-time output of the proposed system for cursor control using eye gaze and
blink gestures.

6. Conclusions

This study presented a next-generation vision-based assistive human-computer interaction
system that enables hands-free computer operation by integrating eye-gaze estimation, head
pose tracking, and blink gesture recognition. The proposed system was designed to provide an
accessible and cost-effective solution for individuals with motor impairments who experience
difficulties using traditional input devices such as keyboards and mice. By employing a
standard webcam and widely available computer vision libraries, the system successfully
translated facial movements into cursor movements and interaction commands without
requiring specialised hardware or GPU acceleration. Experimental evaluation demonstrated
that the proposed approach provides smooth real-time performance, reliable cursor navigation,
and accurate blink-based click detection while operating under normal indoor conditions. The
combination of multiple interaction modalities improved the system's robustness and flexibility
by reducing false detections and compensating for the limitations of individual techniques. The
system also exhibited low computational requirements, making it suitable for deployment on
conventional computing platforms and increasing its practicality for real-world applications.
Despite these promising results, certain limitations remain. The system's performance may be
affected by extreme lighting conditions, significant head occlusions, or variations in user
positioning and facial characteristics. Additionally, the current implementation has been
evaluated in a limited indoor environment. It requires further testing with a larger and more
diverse group of users, particularly individuals with severe motor disabilities. Future research
can focus on incorporating deep learning techniques to improve gaze estimation accuracy and
enhance robustness under challenging environmental conditions. The integration of additional
interaction modalities, such as voice commands and facial expression recognition, may further
improve usability and expand the system's capabilities. Furthermore, adapting the proposed
framework to portable and embedded devices, along with personalised calibration methods,
can increase accessibility and user satisfaction. Overall, the proposed assistive interaction
system demonstrates the potential of computer vision technologies in developing intelligent,
affordable, and user-friendly solutions that promote independent computer access and improve
the quality of life for individuals with physical disabilities.
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