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Abstract—Human Computer Interface (HCI) technology plays
an important role in developing assistive systems for paralysed
and physically challenged individuals who are unable to use
conventional input devices such as keyboards and mice. This
paper presents Blink2Speak, an eye-controlled communication
system designed to support real-time interaction using eye gaze
and blink detection. The proposed system enables users to control
cursor movement and perform communication tasks through
simple eye movements and intentional blinks.

The system uses a standard webcam for capturing video frames
and applies computer vision techniques such as facial landmark
detection, eye region extraction, gaze estimation, and blink
analysis using OpenCV and machine learning based methods.
Eye gaze is used for cursor navigation, while blink detection is
utilized for command selection and communication. In addition,
the system provides predefined communication options including
food request, water request, emergency assistance, and other
essential interaction commands.

Unlike existing assistive systems that depend on costly infrared
sensors or wearable devices, the proposed approach is low-
cost, non-invasive, and easy to deploy using open-source soft-
ware frameworks. The developed system improves accessibility,
communication efficiency, and independence for paralysed users
while reducing hardware dependency and operational complexity.

Index Terms—Human Computer Interface, Eye Blink Detec-
tion, Eye Tracking, Gaze Estimation, Assistive Communication,
OpenCV, Paralysed Patients, Computer Vision, Cursor Control,
Accessibility Systems.

1. INTRODUCTION

Human Computer Interface (HCI) technology has become
an important area of research due to its ability to enable com-
munication between humans and computing systems through
alternative interaction methods. Conventional input devices
such as keyboards, mice, and touchscreens are difficult or
impossible to use for individuals suffering from paralysis, mo-
tor neuron disorders, spinal cord injuries, and severe physical
disabilities. As a result, assistive HCI systems have gained sig-
nificant importance in improving accessibility, independence,
and quality of life for differently abled individuals.

Recent advancements in computer vision, artificial intel-
ligence, machine learning, and image processing have en-
abled the development of intelligent vision-based commu-
nication systems. Eye tracking, gaze estimation, blink de-
tection, facial landmark recognition, and gesture-based in-
teraction techniques are increasingly being used to develop
real-time assistive systems for physically challenged users.
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These technologies provide a natural and non-invasive method
of communication by converting eye movements and blink
patterns into meaningful commands.

This paper presents Blink2Speak, an intelligent eye-
controlled Human Computer Interface system designed specif-
ically for paralysed patients and motor disabled individuals.
The proposed system enables users to control cursor move-
ment, select commands, and communicate using eye gaze and
blink-based interaction. The system utilizes a webcam for cap-
turing facial images and applies computer vision techniques
such as facial landmark detection, eye region extraction, gaze
tracking, and blink recognition for real-time communication
and interaction.

The proposed framework is designed to provide an af-
fordable, low-cost, and user-friendly alternative to expensive
assistive technologies such as infrared eye trackers, EEG-based
communication systems, and wearable sensors. Unlike conven-
tional systems that require specialized hardware, the proposed
approach can be implemented using standard webcams and
open-source software libraries such as OpenCV, MediaPipe,
and Dlib.

The Blink2Speak system focuses on improving accessibility
for paralysed users by providing predefined communication
options such as food request, water request, emergency as-
sistance, and other essential interaction commands. Eye gaze
is used for cursor navigation, while intentional eye blinks are
used for selection and communication purposes. This approach
minimizes physical effort and allows users to interact with
computer systems in a simple and efficient manner.

Despite significant progress in assistive HCI systems, sev-
eral challenges still exist, including cursor instability, lighting
sensitivity, false blink detection, calibration dependency, la-
tency, and reduced performance under real-world conditions.
Many existing systems also suffer from high implementation
cost and limited adaptability. Therefore, there is a strong
need for a robust, adaptive, and real-time eye-controlled com-
munication system that can operate efficiently in practical
environments.

The primary objective of this work is to design and de-
velop a real-time eye blink and gaze-based Human Computer
Interface system for paralysed individuals. The proposed sys-
tem aims to improve communication capability, accessibility,
usability, and independence while maintaining low computa-
tional complexity and affordable implementation.
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The remainder of this paper is organized as follows. Section
IT discusses the literature review and existing research works
related to eye tracking and assistive communication systems.
Section III presents the proposed methodology and system
architecture. Section IV discusses implementation details and
experimental observations. Finally, Section V concludes the
paper and highlights future research directions.

II. LITERATURE REVIEW
A. Introduction

Human Computer Interface (HCI) technology has emerged
as an important research area due to its ability to establish
communication between users and computing systems without
relying on conventional input devices such as keyboard and
mouse [1], [2], [20]. This topic is highly significant because it
plays a crucial role in assisting individuals with severe motor
disabilities, especially paralysed patients, who are unable to
communicate through traditional methods. HCI systems based
on eye tracking, gaze estimation, blink detection, and gesture
recognition provide an alternative communication pathway,
thereby improving independence, accessibility, and overall
quality of life [3], [4], [21].

The importance of reviewing this topic lies in its growing
impact on assistive healthcare, accessibility engineering, and
smart human-machine interaction. In recent years, rapid devel-
opments in computer vision, artificial intelligence, machine
learning, and deep learning have significantly improved the
performance of HCI systems [5], [6]. These technologies are
now capable of translating eye movements, iris direction, blink
patterns, and head gestures into real-time cursor movements
and communication commands. Such systems are particularly
beneficial for users suffering from paralysis, motor neuron
diseases, spinal cord injuries, and limb disabilities [7], [8],
[12].

Despite considerable advancements in vision-based com-
munication systems, several challenges still exist, including
cursor lag, sensitivity to lighting conditions, limited accuracy,
user fatigue, calibration issues, and the high cost of specialized
hardware [9], [10]. Many systems rely on infrared eye trackers,
wearable sensors, or expensive EEG devices, which makes
them unsuitable for large-scale practical use. In addition, sev-
eral studies report difficulties in maintaining robustness under
varying head positions, low-light conditions, and prolonged
usage [11], [12]. These limitations highlight a clear research
gap in the development of a low-cost, efficient, accurate, and
user-friendly HCI system using simple input signals such as
eye blinks and iris movement [13], [14].

Another major problem identified from the reviewed lit-
erature is the lack of scalability and adaptability in existing
models. Several systems perform well only under controlled
laboratory conditions but fail in real-world scenarios due to
noise, background disturbances, and camera quality variations
[15], [16], [19]. Therefore, there is a strong need for systems
that can operate reliably using standard webcams and open-
source software frameworks.
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To understand existing approaches, it is important to define
key concepts. Eye tracking is used to capture gaze direction,
while blink detection serves as a simple control mechanism
for communication and selection [17], [22]. Signal prepro-
cessing and image processing techniques such as grayscale
conversion, facial landmark detection, thresholding, contour
extraction, and gaze ratio computation are applied to remove
noise and improve detection accuracy [18]. Classification
algorithms such as Convolutional Neural Networks (CNN),
Hidden Markov Models (HMM), Random Forest, Support
Vector Machines (SVM), and machine learning based gaze
estimation models are then used to interpret these signals
and generate commands [19], [20]. These concepts form the
foundation of modern HCI systems.

In addition, advanced systems make use of facial landmark
detection libraries such as Dlib and MediaPipe to accurately
locate eye regions, iris coordinates, and blink ratios [21].
Recent Al-driven methods also employ semi-supervised learn-
ing, adaptive calibration, and intention-aware gaze models for
improved performance [1], [3].

This literature review focuses on major research areas in-
cluding eye blink cursor control systems [13], virtual keyboard
communication systems [14], gesture-based cursor movement
[15], head-controlled interfaces [16], Al-driven eye cursor
systems [17], and eye-controlled mouse systems for differ-
ently abled individuals [18], [20]. It also examines recent
developments in gaze-based interaction, virtual mouse control,
smartphone eye tracking, touchless head gesture recognition,
and accessibility systems for differently abled individuals [19],
[20].

The reviewed studies are organized based on system design
approaches, image processing techniques, classification meth-
ods, machine learning frameworks, and application domains.
The first category includes traditional OpenCV and Haar-
cascade based systems, which primarily focus on gaze esti-
mation and cursor control. The second category includes deep
learning based systems that improve blink recognition and
gaze prediction using CNN and HMM models [21]. The third
category covers real-time assistive communication systems
such as virtual keyboards and touchless interaction systems
[22], [23].

The scope of this review is limited to assistive commu-
nication systems for paralysed individuals, with particular
emphasis on improving usability, response speed, accuracy, af-
fordability, and real-time deployment. Furthermore, this review
also considers the practical limitations of existing systems and
identifies research opportunities for designing a more efficient
Human Computer Interface for helping paralysed people using
eye blink communication.

The criteria for organizing this literature review are based on
year-wise technological evolution, methodological approaches,
and application-specific use cases. Recent studies from 2025
emphasize artificial intelligence, deep learning, and adaptive
gaze calibration, while earlier works from 2021-2023 focus
more on webcam-based OpenCV implementations and tradi-
tional machine learning techniques. This year-wise progression
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helps in understanding the growth of the field from founda-
tional eye gesture systems to advanced Al-based interaction
frameworks [22], [23], [24].

Overall, the literature strongly supports the significance
of developing an intelligent, cost-effective, and robust HCI
system for paralysed individuals. The review establishes the
research background, identifies the existing problem statement,
defines the major concepts, and provides the necessary theo-
retical foundation for the proposed work.

III. BODY OF LITERATURE REVIEW
A. Summarize and Synthesize

The reviewed literature can be broadly grouped into four
major categories: (i) eye tracking and gaze-based cursor con-
trol systems, (ii) gesture and head-movement based interfaces,
(iii) virtual keyboard and blink communication systems, and
(iv) intelligent Al-driven assistive communication frameworks.

The first category includes systems that rely on eye gaze,

iris movement, pupil tracking, and blink detection for cursor
movement and communication. These systems mainly use
computer vision techniques such as OpenCV, facial landmark
detection, thresholding, gaze ratio analysis, and contour ex-
traction [1], [2], [3], [4]. Several recent studies from 2025
focus on advanced Al-driven and vision-based cursor con-
trol systems. Eye-tracking approaches using OpenCV, CNN,
Hidden Markov Models, adaptive calibration techniques, and
semi-supervised gaze modeling have demonstrated significant
improvements in accuracy and usability for paralysed patients
[5], [6], [7].

Systems such as Al-driven neural eye cursor, virtual key-
boards with blink interaction, gaze-guided accessibility tools,
and smartphone eye tracking have shown real-time perfor-
mance and high user accessibility [8], [9], [10]. ['ht] These
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Fig. 1. Image Processing and Gaze Direction Estimation

studies indicate that recent research has moved from traditional
image-processing methods toward adaptive machine learning
and intention-aware systems.

The second category focuses on gesture and head-movement
based systems. The literature from 2023 and 2022 emphasizes
gesture-based and touchless control methods. These studies
include hand gesture recognition, voice-controlled mouse sys-
tems, head-pose based cursor movement, and touchless head
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gesture recognition systems [11], [12], [13]. Such systems
reduce dependency on physical hardware and improve user
interaction for physically challenged people.

The third category includes virtual keyboard communication
systems and blink-based typing frameworks. These systems
allow users to type text using eye gaze, blinking, and iris-
based selection methods [14], [15]. Several systems divide
the keyboard into left and right partitions, where eye gaze is
used for section selection and blink is used for key selection.
This approach has shown promising results for paralysed and
differently abled users.

The fourth category includes Al-driven intelligent systems
that combine deep learning, semi-supervised learning, and
real-time intent detection [1], [16], [17]. These systems im-
prove prediction accuracy, reduce cursor lag, and enhance user
adaptability.

Earlier foundational work from 2021 introduced webcam-
based eye gesture systems using OpenCV and Haar-cascade
algorithms, establishing the base for modern eye-controlled
HCI systems [18], [19]. The literature from earlier founda-
tional studies provides the conceptual background for gaze-
based cursor control and GUI systems [20], [21], [22], [23],
[24].

Overall, all studies share the common objective of enabling
accessible, low-cost, and real-time human computer interaction
for users with motor disabilities.

B. Analyze and Interpret

The reviewed literature indicates that Human Computer
Interface (HCI) systems have evolved significantly from basic
image-processing approaches to advanced artificial intelli-
gence and deep learning frameworks. Earlier systems pri-
marily relied on traditional computer vision techniques such
as face detection, eye localization, pupil tracking, and gaze
ratio computation using OpenCV and Haar-cascade classifiers
[18], [19], [20]. Although these approaches were simple and
cost-effective, they showed limited robustness under varying
lighting conditions, head movements, and camera quality
variations.

Recent studies demonstrate a transition toward machine
learning and deep learning models such as Convolutional
Neural Networks (CNN), Hidden Markov Models (HMM),
and adaptive gaze estimation frameworks [2], [4], [6]. These
methods significantly improve blink detection accuracy, gaze
estimation, and real-time cursor responsiveness. The literature
also highlights that webcam-based systems are becoming
practical low-cost alternatives to infrared trackers and wearable
devices [3], [7], [20]. Furthermore, Al-driven intention-aware
systems and virtual keyboard frameworks indicate a shift to-
ward intelligent assistive communication systems for paralysed
individuals [1], [14], [15].

C. Critically Evaluate

The reviewed literature demonstrates several strengths in the
development of Human Computer Interface (HCI) systems for
paralysed individuals. Most recent studies provide low-cost,
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non-invasive, and real-time solutions using standard webcams
and open-source frameworks such as OpenCV, MediaPipe, and
Dlib [1], [2], [5], [6]- The integration of machine learning
and deep learning techniques has significantly improved gaze
estimation accuracy, blink detection, and cursor responsiveness
[4], [6], [16]. Furthermore, webcam-based systems are more
affordable and practical compared to EEG-based and infrared
eye-tracking systems.

However, several limitations still exist. Many systems re-
main sensitive to lighting conditions, camera quality, head
orientation, and unintended eye blinks [3], [4], [6]. Gesture
and head-movement based systems may also cause user fa-
tigue during prolonged usage [11], [12], [13]. In addition,
several studies rely on controlled testing environments and
lack standardized datasets for real-world evaluation [18], [19],
[21]. These limitations highlight the need for a more adaptive,
accurate, and user-friendly eye blink communication system.

D. Comparative Discussion of Existing Systems

A comparative analysis of the reviewed literature reveals
that the evolution of Human Computer Interface systems
has been strongly influenced by advancements in computer
vision, machine learning, and assistive communication tech-
nologies. Earlier systems primarily focused on simple eye
gesture detection and cursor movement using threshold-based
image processing methods [18], [19], [20]. These systems were
computationally lightweight and affordable, but their accuracy
was often dependent on fixed thresholds and controlled envi-
ronmental conditions.

Recent studies, however, demonstrate a significant shift
toward intelligent and adaptive systems. Deep learning based
approaches such as CNN, Hidden Markov Models, and semi-
supervised learning frameworks have substantially improved
blink detection, gaze estimation, and cursor stability [1], [4],
[5], [6]. These methods outperform traditional approaches in
terms of robustness, especially under varying illumination,
head pose, and camera resolution.

Another major point of comparison lies in the mode of
interaction. While some systems focus exclusively on eye
movement for cursor control [2], [3], [7], others integrate
multiple modalities such as hand gestures, head movement,
and virtual keyboard interaction [11], [12], [13], [14], [15].
Multimodal systems generally provide better flexibility and
usability, especially for users with varying levels of physical
impairment.

E. Research Trends and Emerging Technologies

The literature also highlights several emerging research
trends in the field of assistive HCI systems. One of the most
significant trends is the adoption of artificial intelligence for
user-specific adaptive learning. Modern systems are increas-
ingly capable of learning individual eye movement patterns,
blink frequency, and gaze behavior [1], [3]. This enables the
development of personalized models that improve performance
over time.
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Another important trend is the use of smartphone-based
and portable HCI systems. Recent studies demonstrate that
gaze tracking and blink-based communication can now be

implemented on mobile devices and low-cost embedded sys-
tems [7], [9]. This trend is particularly important for practical
deployment in real-world healthcare and home environments.
Touchless interaction is another growing area of research.
Systems based on head movement, hand gesture recognition,
and virtual mouse control eliminate the need for physical con-
tact with hardware devices [11], [12], [17]. Such approaches
are highly beneficial for users with severe motor disabilities.
Furthermore, recent works emphasize real-time communi-
cation frameworks, predictive text assistance, and intelligent
cursor stabilization algorithms [6], [14], [16]. These devel-
opments indicate that the field is moving toward complete
assistive communication ecosystems rather than isolated cursor
control mechanisms.

F. Research Gap Identification

Despite the substantial progress observed in the reviewed
studies, several research gaps remain.

First, many systems continue to show reduced performance
in dynamic real-world conditions such as varying lighting,
occlusion, and background disturbances [3], [4], [6]. This
limits their practical usability outside controlled laboratory
environments.

Second, many existing systems lack robust predictive text
and communication assistance mechanisms. While cursor
movement and blink detection are well explored, fewer studies
address efficient sentence generation, symbol selection, and
intelligent phrase prediction [14], [15].

Third, there is limited work on user fatigue reduction.
Continuous eye gaze, blinking, or head movement can become
exhausting for paralysed individuals during prolonged use
[11], [12], [13]. Future systems must therefore focus on
ergonomics and adaptive interaction strategies.

Another significant gap lies in the absence of large stan-
dardized datasets for training and benchmarking HCI models
[21], [22]. The lack of common datasets makes performance
comparison across studies difficult.

G. Implications for Proposed Work

The reviewed literature strongly supports the need for an ef-
ficient, intelligent, and affordable Human Computer Interface
system specifically designed for paralysed individuals.

The proposed system can leverage the strengths of existing
studies, such as webcam-based eye tracking [2], [3], blink
detection frameworks [5], [6], and gesture-based interaction
systems [11], [12]. At the same time, it can address identified
limitations such as calibration dependency, false blink detec-
tion, cursor jitter, and slow communication speed.

By integrating eye blink communication with robust cursor
movement and assistive options such as pre-defined commands
for food, water, washroom, and emergency communication, the
proposed system can significantly improve the quality of life
of users with motor disabilities.
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Thus, the additional literature evidence from all 24 papers
further strengthens the motivation and feasibility of the pro-
posed Human Computer Interface system.

H. Organization of Literature Review

The reviewed literature is organized using multiple ap-
proaches to provide a clear and systematic understanding of
the research progression in Human Computer Interface (HCI)
systems for paralysed individuals. The major organization
methods followed in this review are chronological, method-
ological, thematic, and theoretical.

1) Chronological Order: The literature is first arranged
in chronological order to understand the evolution of HCI
systems over time. Earlier studies from 2014 to 2021 pri-
marily focused on foundational eye gesture control systems,
basic OpenCV implementations, and webcam-based cursor
movement models [20], [21], [22], [23], [24]. These studies
established the basic framework for gaze estimation, blink
detection, and eye-controlled graphical user interfaces.

The literature from 2022 and 2023 introduced more ad-
vanced systems such as touchless head-control interfaces, hand
gesture recognition, voice-assisted cursor control, and virtual
keyboard systems for differently abled users [11], [12], [13],
[14], [15]. These works significantly improved usability and
reduced dependency on traditional input devices.

Recent studies from 2024 and 2025 mainly focus on
Al-driven, machine learning, and deep learning based HCI
systems. These include CNN-based gaze estimation, Hidden
Markov Models, semi-supervised intention-aware gaze frame-
works, adaptive calibration models, and intelligent eye cursor
systems [1], [2], [3], [4], [5], [6], [7], [8], [9], [10]. This
chronological organization clearly highlights the progression
of the field from basic computer vision systems to intelligent
assistive frameworks.

2) Methodological Organization: The literature is also or-
ganized based on methodology. The first methodological group
includes traditional image processing approaches such as
grayscale conversion, thresholding, contour extraction, Haar-
cascade face detection, and facial landmark localization [18],
[19], [20]. These methods primarily focus on feature extraction
from eye regions.

In these approaches, eye regions are detected using prede-
fined features and geometric relationships, and gaze estima-
tion is performed using pixel intensity distribution and pupil
localization techniques. Although these methods are compu-
tationally efficient and easy to implement, they often suffer
from sensitivity to lighting variations, head pose changes, and
camera resolution limitations [19], [20]. As a result, their
performance may degrade in real-world environments.

The second methodological category includes machine
learning and deep learning based approaches, where CNN,
HMM, Random Forest, Support Vector Machines, and adaptive
gaze prediction models are used for classification and cursor
control [2], [4], [6]. These methods improve prediction accu-
racy and robustness.
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In particular, Convolutional Neural Networks (CNN) are
widely used for feature extraction and gaze estimation due
to their ability to learn complex spatial patterns from eye
images. Hidden Markov Models (HMM) are commonly ap-
plied for modeling temporal sequences in blink detection and
gaze transitions [5]. These approaches provide better noise
handling, improved blink recognition accuracy, and enhanced
adaptability to user-specific behavior.
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Fig. 2. Eye Aspect Ratio (EAR) Threshold for Blink Detection

Furthermore, recent studies incorporate semi-supervised
learning and intention-aware gaze modeling techniques, which
reduce the need for large labeled datasets and improve real-
time system performance [1], [3]. These intelligent models
are capable of adapting to user behavior over time, thereby
reducing calibration effort and improving usability.

The third methodological group includes multimodal sys-
tems that combine eye tracking, gesture recognition, head
movement detection, and virtual keyboard interaction [13],
[14], [15]. These approaches are more practical for real-
world assistive communication systems. Multimodal systems
enhance system reliability by integrating multiple input modal-
ities, thereby reducing dependency on a single interaction
mechanism.

For example, eye gaze can be used for cursor movement,
while blink detection or hand gestures can be used for selection
and control actions [11], [12]. This combination improves
flexibility and usability for users with different levels of motor
impairment.

Additionally, multimodal frameworks help overcome lim-
itations such as false blink detection, cursor instability, and
environmental noise by providing redundant input channels.
These systems are particularly beneficial for paralysed indi-
viduals, as they allow personalized interaction strategies based
on user comfort and capability.

Overall, the methodological organization of the literature
clearly demonstrates the transition from traditional image
processing techniques to advanced machine learning and mul-
timodal interaction systems. This progression highlights the
increasing focus on accuracy, robustness, adaptability, and
real-world applicability in modern Human Computer Interface
systems [1], [6], [16].
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Fig. 3. Workflow of Eye Blink and Gaze-Based Cursor Control System

The figure illustrates the workflow of the proposed system,
including face detection, eye detection, blink recognition, and
gaze-based cursor control. This pipeline is consistent with
modern HCI systems [5], [6].

3) Thematic Organization: From a thematic perspective,
the literature can be grouped into four major themes:

- Eye tracking and gaze-based cursor control systems [1],
(2], [3]

- Blink-based communication and virtual keyboard systems
(5], [13], [14]

- Gesture and head movement based interfaces [11], [12]

- Al-driven intelligent assistive HCI frameworks [1], [6],
[7]

These themes collectively address the major research areas

in HCI for paralysed users.
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4) Theoretical Organization: From a theoretical perspec-
tive, the reviewed literature is based on the concepts of human-
machine interaction, computer vision, gaze estimation theory,
assistive communication systems, and adaptive machine learn-
ing models [3], [6], [16]. Earlier studies mainly relied on
classical image processing and rule-based interaction methods,
while recent systems focus on intelligent deep learning and
intention-aware interaction frameworks [1], [2].

Computer vision theory plays a major role in detecting facial
landmarks, eye regions, pupil position, and blink patterns
using techniques such as thresholding, contour extraction, and
facial landmark localization [18], [19]. Gaze estimation theory
enables mapping of eye movement to cursor position for real-
time interaction [4], [5]. Assistive communication systems are
designed to improve accessibility for paralysed users through
virtual keyboards and blink-based interaction methods [13],
[14], [15].

Adaptive machine learning and multimodal interaction the-
ories further improve system personalization, robustness, and
usability by integrating gaze tracking, blink detection, and
gesture recognition [1], [11], [12]. These theoretical concepts
collectively provide the conceptual foundation for the pro-
posed Blink2Speak system.

5) Comparative Organizational Perspective: In addition to
the above classification methods, the reviewed literature can
also be organized from a comparative perspective based on
system objectives, implementation complexity, and practical
usability. Earlier systems mainly focused on fundamental cur-
sor movement and blink detection mechanisms using simple
webcam-based approaches [20], [21], [22]. These systems
were primarily designed to establish proof-of-concept models
for assistive cursor control.

Subsequent studies expanded the scope by integrating mul-
timodal interaction mechanisms such as head movement, hand
gesture recognition, and virtual keyboard frameworks [11],
[12], [13], [14], [15]. This comparative organization highlights
the transition from isolated cursor movement systems to com-
plete assistive communication solutions.

Recent literature from 2024 and 2025 further extends this
progression toward intelligent adaptive systems that integrate
deep learning, semi-supervised learning, and user-specific cal-
ibration frameworks [1], [3], [4], [6]. These studies focus on
higher accuracy, reduced latency, and better adaptability for
real-world deployment.

6) Application-Based Organization: The literature can also
be organized based on application domains. The first applica-
tion domain focuses on cursor movement and mouse control
systems [2], [3], [10]. These systems are primarily designed to
replace conventional mouse input for users with severe motor
disabilities.

The second domain includes communication assistance sys-
tems such as blink-based virtual keyboards and text generation
interfaces [5], [13], [14]. These systems are particularly useful
for paralysed patients who require alternative communication
pathways.
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The third application domain includes accessibility systems
designed for rehabilitation, assistive healthcare, and daily
activity support [6], [7], [12]. Such systems aim to improve
independence and quality of life.

7) Technology-Based Organization: From a technology-
oriented perspective, the reviewed literature can be categorized
into traditional computer vision systems, machine learning
systems, and deep learning based HCI systems.

Traditional computer vision systems mainly rely on
OpenCV, Haar-cascade classifiers, grayscale thresholding, con-
tour extraction, and pupil localization techniques for eye
tracking and cursor control [18], [19], [20].
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Fig. 4. Facial Landmark Detection for Eye Region Localization

These methods use handcrafted features and rule-based
algorithms to identify facial landmarks, eye regions, and gaze
direction. Although such systems are computationally efficient
and simple to implement, they are highly sensitive to lighting
conditions, head movement, background noise, and camera
quality variations. As a result, their performance is often
limited under real-world conditions.

Machine learning based systems improve system adaptabil-
ity by utilizing classifiers such as Support Vector Machines
(SVM), Random Forest, and Hidden Markov Models (HMM)
for blink detection and gaze estimation [4], [5], [6]. These
approaches learn patterns from training data and provide
improved robustness and prediction accuracy compared to
traditional rule-based methods. HMM models are particularly
effective for modeling sequential eye movement behavior in
real-time interaction systems.

Deep learning based systems represent the most advanced
stage of HCI development. Convolutional Neural Networks
(CNNs), adaptive gaze estimation models, and intention-aware
learning frameworks provide automatic feature extraction and
highly accurate blink recognition [1], [3], [7]. Recent studies
also incorporate semi-supervised learning and transfer learning
techniques to improve adaptability and reduce dependency on
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large datasets. Furthermore, lightweight frameworks such as
MediaPipe and Dlib enable efficient real-time facial landmark
detection on low-cost devices [2], [4]. This technological
progression demonstrates the evolution of HCI systems from
basic rule-based methods to intelligent and adaptive assistive
communication technologies.

1. Significant Existing Works

Several significant research contributions have been made
in the field of Human Computer Interface (HCI) systems
for assistive communication and cursor control. These studies
provide the theoretical and technological foundation for the
proposed Blink2Speak system.

Recent work by Heo and Manduchi [1] introduced a semi-
supervised intention-aware gaze framework for reading detec-
tion and eye tracking applications. Their work demonstrated
that adaptive gaze learning models can significantly improve
gaze estimation accuracy and reduce calibration complexity.
This study highlighted the importance of intelligent gaze
interpretation in modern HCI systems.

Narsimha et al. [2] proposed an eye ball cursor movement
system using OpenCV. Their system utilized facial landmark
detection and iris movement analysis for cursor navigation.
The major contribution of this work was the development of
a low-cost webcam-based cursor control system suitable for
physically challenged individuals.

The Al-driven neural eye cursor system proposed by C.
P. V et al. [3] demonstrated the use of artificial intelligence
for improving cursor stability and blink detection accuracy in
paralysed patient assistance systems. Their findings showed
that Al-based gaze interpretation improves real-time commu-
nication performance and reduces user effort.

Chhimpa et al. [4] presented a comprehensive framework for
eye tracking systems, discussing multiple gaze estimation tech-
niques, tracking tools, and cross-platform evaluation methods.
Their work identified the importance of robust gaze estimation
models and highlighted challenges such as lighting sensitivity
and calibration dependency.

Tanusha et al. [S] developed a cursor control system using
Hidden Markov Models (HMM) for interpreting eye move-
ment patterns. Their work demonstrated that probabilistic
models can improve blink recognition accuracy and cursor
response stability in real-time systems.

Abdullah and Nazeer [6] proposed an intelligent eye gaze
virtual keyboard system with real-time blink interaction. Their
findings showed that blink-based communication systems can
effectively assist paralysed individuals in text generation and
communication tasks.

Liu et al. [7] introduced a smartphone-based eye tracking
system using adaptive calibration methods. Their work demon-
strated that portable and low-cost gaze tracking systems can
be implemented efficiently on mobile platforms, thereby im-

proving accessibility and real-world deployment possibilities.

Bagawade et al. [13] developed an eye-controlled mouse

cursor and virtual keyboard system for differently abled indi-
viduals. Their system emphasized the importance of affordable
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assistive communication technologies using standard webcams

and computer vision algorithms.

Prasanth et al. [14] and Morajkar et al. [15] explored
gesture-based and voice-assisted cursor control systems. Their
studies demonstrated that multimodal interaction systems im-
prove flexibility and accessibility for users with severe motor

impairments.

Rahmaniar et al. [18] proposed a touchless head-control
system for cursor movement and orientation control. Their
findings highlighted the importance of touchless interaction

technologies in assistive healthcare applications.

Tabuse et al. [20], [21] developed eye gaze and eye opening-
closing based cursor control systems that utilized blink actions
for selection and cursor operation. Their work demonstrated
the feasibility of real-time eye-controlled interfaces using

simple webcam setups.

Overall, the reviewed studies collectively demonstrate the
growing importance of computer vision, eye tracking, blink de-
tection, machine learning, and assistive communication tech-
nologies in developing intelligent Human Computer Interface
systems. The findings from these works strongly support
the development of the proposed Blink2Speak system for
paralysed individuals.

TABLE I

STATISTICS OF PATIENTS AND EXISTING TREATMENT APPROACHES

SLNo | Patient Condition

Current Treatment

Outcome / Limitati

1 Stroke Paralysis

Physiotherapy, speech therapy,
caregiver assistance

C, ication remains difficult
and patient dependency is high.

2 ALS Patients

Eye tracking devices and assistive
keyboards

Improves communication but sys-
tems are expensive.

3 Spinal Cord Tnjury

Rehabilitation and wheelchair sup-
port

Timited mobility improvement and
low interaction capability.

4 Motor Neuron Disease

EEG systems and eye-gaze com-
munication

High latency and user fatigue is-
sues exist.

5| Locked-In Syndrome

Blink detection and gaze tracking
systems

Supports communication but re-
quires calibration.

6 Physically Disabled Users

Gesture and voice-controlled inter-
faces

Improves accessibility but pro-
longed use causes fatigue.

7 Quadriplegic Patients

Brain-computer interfaces and eye
cursor systems

Effective interaction but high im-
plementation cost.

to maintain stable cursor control and accurate blink detection
under real-world conditions.

Several studies also report problems related to false blink
detection, cursor jitter, calibration dependency, and commu-
nication delay [5], [6], [20]. These limitations reduce system
reliability and increase user frustration during prolonged us-
age.

In addition, many existing systems mainly focus on cursor
movement and basic interaction, while limited attention is
given to practical assistive communication features such as
emergency alerts, predefined daily-use commands, and user-
friendly interaction mechanisms [13], [14], [15]. This creates
a gap between experimental research systems and real-world
assistive communication requirements.

Another important research gap is the lack of adaptive
and personalized interaction models. Most systems use fixed
thresholds and static gaze estimation methods that do not adapt
to individual user behavior [1], [3]. This reduces long-term
usability and increases calibration effort.

To overcome these limitations, the proposed Blink2Speak
system introduces a low-cost, webcam-based eye blink and
gaze-controlled communication framework. The proposed sys-
tem eliminates the need for expensive hardware by utilizing
standard webcams and open-source libraries such as OpenCV,
MediaPipe, and Dlib.

The system improves robustness by integrating facial land-
mark detection, adaptive blink recognition, and gaze esti-
mation techniques to achieve stable real-time cursor control.
Intentional eye blinks are used for command selection, while
gaze direction is used for cursor movement and communica-
tion interaction.

Furthermore, the proposed system includes predefined com-
munication options such as food request, water request, emer-
gency assistance, and basic interaction commands, thereby im-
proving usability for paralysed individuals. The integration of
intelligent gaze interpretation and adaptive interaction methods

© 2026, IJSREM

J. Research Gap and Proposed Solution

The reviewed literature reveals several important research
gaps in existing Human Computer Interface (HCI) systems
designed for paralysed and physically challenged individu-
als. Although significant advancements have been made in
eye tracking, blink detection, gaze estimation, and assistive
communication technologies, many existing systems still face
practical limitations that affect their real-world usability and
performance.

One major research gap identified is the dependency on
expensive hardware such as infrared eye trackers, EEG de-
vices, wearable sensors, and specialized cameras [3], [7], [18].
These systems are often costly and difficult to deploy for
common users, especially in low-resource environments. This
limits accessibility for many paralysed patients who require
affordable assistive technologies.

Another significant gap is the sensitivity of existing systems
to environmental conditions such as lighting variations, head
movement, background noise, and camera quality [4], [5],
[19]. Many traditional image-processing based systems fail

| https: //ijsrem.com

helps reduce false detection, calibration dependency, and user

fatigue.

Thus, the proposed work aims to address the identified
research gaps by developing an affordable, real-time, adap-
tive, and user-friendly Human Computer Interface system for

assistive communication and cursor control.

IV. EXPERIMENTAL RESULTS AND PERFORMANCE

The proposed Blink2Speak system was evaluated based on
cursor control accuracy, blink detection performance, gaze
estimation efficiency, and real-time responsiveness. Experi-
mental observations indicate that the system provides reliable
cursor movement and communication support for paralysed

individuals using eye gaze and blink interaction.

The performance evaluation shows that the proposed system
achieves improved efficiency and response accuracy compared
to traditional cursor control approaches. The integration of eye
tracking, blink detection, and gaze estimation techniques helps

reduce latency and improve communication effectiveness.

DOI: 10.55041/IJ]SREM63877
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Fig. 5. Efficiency Analysis of the Proposed System

The efficiency graph demonstrates the comparative perfor-
mance of the proposed system under different threshold and
gaze estimation conditions. The proposed framework achieves
higher efficiency and improved robustness for real-time assis-
tive communication applications.

V. CONCLUSION

This literature review examined recent advancements in
Human Computer Interface (HCI) systems developed for
paralysed and physically challenged individuals. The review
focused on understanding how modern vision-based, machine
learning, and Al-assisted technologies improve communica-
tion, cursor control, accessibility, and independence for users
who are unable to operate traditional input devices such as
keyboards and mice.

The reviewed studies demonstrate significant progress in eye
tracking, blink detection, gaze estimation, gesture recognition,
and intelligent assistive communication systems. Recent re-
search works based on OpenCV, Convolutional Neural Net-
works (CNN), Hidden Markov Models (HMM), adaptive gaze
calibration, and semi-supervised learning frameworks have
considerably improved real-time cursor control accuracy and
usability [1], [2], [3], [4], [5], [6]. These systems provide more
reliable interaction when compared with earlier traditional
image-processing approaches.

The literature also highlights the growing importance of
gesture-based and touchless interaction systems for physi-
cally challenged individuals [7], [8], [9], [10]. Systems using
hand gestures, head movement detection, and virtual keyboard
communication provide multiple communication pathways and
improve user accessibility without depending on expensive
hardware devices.

Another major observation from the reviewed studies is
the increasing adoption of low-cost webcam-based assistive
technologies. Several systems successfully utilize standard
webcams and open-source frameworks such as OpenCV, Me-
diaPipe, and Dlib for gaze tracking and blink detection [2],
[5], [7]. This significantly reduces implementation cost and
improves the feasibility of practical deployment in hospitals,
rehabilitation centers, and home environments.

Despite these advancements, several limitations still exist.
Many systems continue to face challenges related to lighting
sensitivity, false blink detection, cursor instability, calibration
dependency, latency, and reduced performance under dynamic

| https: //ijsrem.com
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real-world conditions [16], [17], [18]. In addition, prolonged
usage may lead to user fatigue, especially in systems relying
heavily on continuous eye gaze or head movement interaction
[11],[12], [13].

The literature review also identifies important research
gaps related to adaptive learning, personalized interaction,
predictive text generation, and large-scale real-time validation
[19], [20], [21]. Future research should therefore focus on
developing more intelligent, adaptive, and user-centric assis-
tive communication systems capable of operating efficiently
in practical environments.

Overall, the reviewed studies strongly support the devel-
opment of an affordable, accurate, and real-time eye blink
communication system for paralysed users. The findings pro-
vide a strong theoretical and technological foundation for the
proposed Blink2Speak system and justify the need for further
research in intelligent assistive Human Computer Interface
technologies [22], [23], [24].
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