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Abstract - Human-Computer Interaction (HCI) is becoming
more intuitive, intelligent, and accessible by doing away with
physical input devices. This project puts forward a completely
hands-free HCI system that incorporates Blue Eyes Technology
(BET) along with Computer Vision and Voice Recognition for
facilitating natural interaction for users, particularly those
who have physical impairments. The system utilizes
MediaPipe, FaceMesh for real-time eye tracking and blink
detection, supporting precise gaze-based cursor movement
and click simulation using Convolutional Neural Networks
(CNN) and binary classification. A regression model is used for
estimating the gaze direction accurately. Concurrently,
Whisper Al, a powerful transformer-based voice recognition
model, is used for voice command transcription, enabling users
to perform system-level operations like application control,
web browsing, and file manipulation through voice alone. This
multimodal system—incorporating visual and auditory
feedback—provides effortless interaction with computing
environments without the need for hand gestures. The
architecture is lightweight and deployable on low-resource
devices, enhancing accessibility on both personal and
professional levels. The solution proposed is improving HCI by
offering a more intelligent, adaptive, and inclusive interface.

Key Words: Human-Computer Interaction, Blue Eyes
Technology, Eye Tracking, Blink Detection, Voice
Recognition, MediaPipe, Whisper Al, CNN, Gaze Estimation,
Hands-Free System.

1.INTRODUCTION

Human-Computer Interaction (HCI) is central to filling the
gap between humans and machines, facilitating easy
communication and task performance. Conventional HCI
approaches are based on physical input devices like
keyboards and mice, which are not always within everyone's
reach, especially those with physical disabilities like
amputees. This necessitates the need for alternative
interaction models that provide equal usability and
accessibility. To fill this void, cutting-edge technologies such
as Blue Eyes Technology, computer vision, and voice
recognition provide exciting possibilities, allowing people to
engage with digital systems more naturally and
automatically.

Eye-tracking technology has arisen as a significant tool for
sidestepping classical input constraints. Through the
detection and interpretation of the direction of a user's gaze,
it is made possible to direct cursor movement on a screen
without physical contact so that users can accomplish
pointing tasks by merely glancing at various regions of the
display. Also, blink detection can be used to simulate mouse
clicks, which eliminates the requirement for physical mouse
inputs. Although eye-tracking systems are very effective for
cursor control, they frequently face limitations when
performing more complicated tasks or giving commands.

In order to provide a solution for such limitations, our
project puts forth voice recognition as an additional
modality. By pairing speech-based command processing
with gaze-based cursor control, the system empowers users
to execute a broad variety of activities—ranging from
launching applications, browsing, and interacting with
system components—to being completely hands-free. This
multimodal HCI system utilizes Blue Eyes Technology,
MediaPipe FaceMesh for facial landmark detection, and
Whisper Al, a transformer-based speech recognition model,
to provide an accessible and intuitive interface.

The system is not only geared to improve the accessibility of
the physically impaired, but also experts, teachers, and
anyone engaged in hands-occupied environments requiring
an effective hands-free interface. For the physically disabled,
people with amputation or restricted motion in limbs, the
system is a useful addition to conventional input devices,
facilitating their interaction with digital systems with greater
inclusiveness and ease. In addition, professionals in active
working environments—e.g., surgeons, lab technicians, or
field operatives—may find value in the system's capacity to
execute intricate operations without pauses in their work
processes. Teachers, for instance, may manage presentations
or educational resources without physically being in contact
with their computers, creating a better learning environment
while staying involved with students.

With the combination of eye-tracking and voice recognition,
the system generates a smooth and smart HCl interface that
enables users to interact with and control digital spaces with
ease. The integration minimizes cognitive and physical load,
which decreases mentally demanding tasks and makes them

© 2025,IRJET | ImpactFactor value: 8.315

IS0 9001:2008 Certified Journal | Pagel7



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 12 Issue: 05 | May 2025

www.irjet.net

p-ISSN: 2395-0072

more fluid. The user can operate applications, launch files,
surf the web, and carry out other activities by merely
glancing at the screen or giving voice instructions, without
necessarily having to use their hands. The system not only
makes it easy to do everyday activities but also eliminates
multitasking between various input devices, allowing users
to concentrate on their main tasks.

This new HCI strategy provides a more intuitive and natural
means of engaging with technology so that users are able to
have control without physical discomfort or mental
overload. Furthermore, the capacity of the system to
accommodate varying user requirements provides it with
versatility in a broad spectrum of settings, ranging from
personal use to high-demand business applications. By
giving users the power to engage more naturally with their
devices, this system redefines accessibility and provides new
opportunities for more inclusive, productive, and efficient
work and learning environments.

HUMAN-COMPUTER
INTERACTION

SPEECH
RECOGNITION

Fig.1. Speech-Based Human-Computer Interaction
1.1 Motivation

With computers increasingly being used across all industries,
there is an escalating demand for accessible and intuitive
user interfaces.

The conventional HCI systems lack in providing support to
users who suffer from mobility impairments. This presents a
hindrance in digital accessibility and limits involvement in
education, employment, and daily computer-based tasks.To
resolve this problem, our inspiration comes from the need to
have a system that can be an alternative interface—
particularly for those who cannot utilize a keyboard or
mouse. By integrating voice recognition and eye movement,
the project seeks to develop a smart, hands-free control
system that maximizes interaction and accessibility.
The solution also enhances efficiency, as users are able to
interact with interfaces and perform tasks without having to
toggle between input devices. This fusion of visual tracking
and audio commands provides smoother and more intuitive

interaction while minimizing fatigue from long periods of
using conventional devices.

1.2.Contribution

An HCI system hands-free is envisioned, which exploits eye
movement to control the cursor, blink to click, and voice
commands for executing instructions. CNN-based eye
tracking and binary classification for detection of blinks have
been adopted for precise simulation of mouse functionalities.
A regression model is used to estimate gaze direction and
filter cursor movements. The system is entirely developed
without using hand gestures but only through visual (eye)
and audio (voice) feedback for interaction.
The prototype is deployable on web-based systems as well as
low-resource systems, hence versatile and accessible.
The suggested solution makes a contribution to accessible
computing and aligns with the mission of inclusive
technology for everyone.

The rest of the paper is structured as follows: Section 2
provides an overview of the related work. Section 3 presents
the methodology; Section 4 gives implementation and
analysis; Section 5 depicts applications and evaluation;
Section 6 reflects the conclusion and future work; and Section
7 gives the references.

2. RELATED WORK

Human-Computer Interaction (HCI) has also undergone
considerable development with the incorporation of
intelligent sensing technologies, providing more natural and
accessible ways of interaction for common users and
physically disabled individuals alike. Various studies have
also suggested systems based on gesture recognition, eye
gaze, and facial features to construct adaptive and real-time
interactive systems.

Zhu et al. [4] created a stable 3D hand-based human-
computer interaction platform that fused data glove input
and position tracking technology.

Their solution employed OpenGL and VC++ to display a
realistic 3D hand model with 26 Degrees of Freedom (DOF),
allowing it to exhibit a large variety of hand gestures. One of
the key contributions was the enhanced thumb model,
created based on human physiological properties. The system
captured joint angles and hand rotations correctly using
synchronized glove and tracker information, providing a
stable platform for gesture-based interaction in virtual
worlds.

Pastoor etal. [10] introduced a new multimedia system with
3D visualization and eye-controlled interaction, without the
need for users to wear any head-mounted equipment.
Their prototype combined autostereoscopic displays and
head and gaze tracking to provide natural interaction. The
system utilized intelligent interface agents that interpreted
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attention from the user using gaze input, dynamically
reconfiguring display and interaction context. They also
integrated multimodal interactions via voice control and
gesture recognition, which offered a very immersive user
experience. The research highlighted the necessity of
responsive and non-command interfaces for effective and
user-friendly computing environments.

Parmar et al. [13] introduced a facial-feature based HCI
system specially tailored for users with physical disabilities.
Their system used common webcams for passive, real-time
eye blink and facial feature tracking like the nose tip and eye
corners. They used a six-segment rectangular (SSR) filter for
accurate face detection and Support Vector Machines (SVM)
for classification. The system enabled users to operate
computer functions using blink patterns and facial
movements without any extra hardware. Their findings
exhibited high precision and user familiarity, indicating the
viability of non-intrusive and low-cost HCI solutions.

In another example, hand motion trajectories for gesture
recognition was examined in Reference Paper 3, where a
range of algorithms such as Hidden Markov Models (HMM),
Dynamic Time Warping (DTW), and Longest Common
Subsequence (LCS) were assessed on their performance to
recognize continuous and multi-stroke hand gestures.
The research highlighted the importance of preprocessing
methods like trajectory normalization, rotation alignment,
and noise filtering in enhancing the precision of gesture
classification. Depth data usage and multi-modal fusion
further improved gesture recognition performance in real-
time systems. Collectively, these contributions highlight the
progress in HCI systems that utilize physical motion, gaze
direction, and facial expressions for interaction.
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T

Fig.2.Existing System Interaction Methods
3. PROPOSED SYSTEM & METHODLOGY
A. System architecture

The system architecture combines voice recognition and
eye tracking to provide hands-free human-computer
interaction. The system consists of hardware and software

components, collectively responsible for controlling the
cursor and performing commands without the use of physical
input devices

1.Data Acquisition Layer

This layer captures real-time wuser input from:
¢ Webcam: Continuously records real-time video frames of
the user's face, with particular emphasis on the eyes.
e Microphone: Records the user's voice commands for
processing.

2. Preprocessing Layer
2.1 Face and Eye Tracking:

Media Pipe and Face Mesh identify facial landmarks,
separating eye areas. These are cropped, resized, and
converted to grayscale, with simple noise removal performed
to prepare the data for use by CNN-based blink and gaze
detection.

2.2 Voice Recognition:

The voice command is treated using Whisper Al a
transformer-based speech model, that converts what's
spoken to text.

3.Feature Extraction and Processing Layer

A CNN model processes the eye region to conduct
regression for cursor control (gaze estimation) and binary
classification for simulating mouse clicks (blink detection).
Whisper Al processes the Mel-spectrogram to transcribe
speech into text. The transcribed commands are mapped to
individual system actions like opening apps, scrolling, or
clicking.

4. Multimodal Processing

The system inspects for face detection and voice detection.
Upon detection of face and eyes, cursor control gets activated.
In case of recognition of voice input, corresponding activities
are initiated jointly or separately depending on the input
context.

5.Execution Layer

PyAutoGUI is employed for system control by simulating
mouse movements and clicks according to gaze information,
and executing keyboard or system actions—like opening
programs or surfing—according to voice commands
interpreted.

6. Output Actions

The integration of eye-gaze cursor control and voice-
activated commands enables complete hands-free operation.
Users are able to make typical mouse actions like click,
scrolling, and selection.
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(System Architecture of proposed system) (Fig.3) represents
the System Architecture of proposed system that provides
effortless, precise, and convenient interaction for users,
particularly for people with physical disabilities, providing a
smart substitute for conventional input devices.

B. Methodology

The offered hands-free HCI system uses eye tracking
and speech recognition in real-time to be an easy, intuitive
input replacement for standard devices. The core
components of this system and the interactions among them
are explained below, designed primarily for users who have
physical handicaps.

1.Webcam Access

The procedure starts by opening the system's webcam,
which records video frames at a constant rate of about 30
frames per second. This continuous flow of visual
information acts as input for facial landmark detection, with
a high focus on eye areas for cursor control.

2. Blink Detection and Eye Movement

Each frame captured in the video sequence is
preprocessed with images utilizing OpenCV before being
sent through MediaPipe and FaceMesh for detection and
facial landmark mapping to 468 faces. Certain specific points
near the eyes are chosen to calculate Eye Aspect Ratio (EAR)
and detect blinks. Blink styles are decoded in a binary model
of classification where mouse click responses (left click and
right click) are imitated. Moreover, regression methods are
used to predict the direction of the gaze, thus enabling
smooth and precise cursor movement synchronized with the
position of the user's eyes.

3. Whisper Al Voice Recognition

To supplement the eye tracking system, Whisper Al, a
sophisticated transformer-based speech recognition model
created by OpenAl, is implemented to translate voice
commands. This supports users in conducting operations
like file opening, web browsing, or system function control
through voice command alone. The voice recognition model
provides multilingual support and strong accuracy in noisy
environments, thus improving system use in various
environments.

4. Multimodal Control Integration

The system integrates visual and auditory inputs to
facilitate cursor movement and command execution. For
instance, eye gaze can be used to move the pointer, a blink to
trigger a click, and a voice command such as "open browser"
to open an application. This combination control system
provides flexible, smooth interaction that is ideal for people
with varying capabilities.

5. System Output and Function Simulation

The observed facial movements and voice commands
are mapped to equivalent mouse actions—Ileft click, right
click, double click, and scrolling. Patterns of eye blinks and
voice commands are processed in real-time to trigger these
controls. Individualized thresholds for EAR and gaze
estimation are dynamically set for responsiveness. This two-
modal interaction provides a completely hands-free and
user-friendly computing experience.
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Fig.3a. Proposed System Architecture
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Fig.3b. System Workflow Diagram
4.EXPERIMENTAL EVALUATION
A. Environment Specifications

Table 1 describes the experimental setup used in the
research. The system was tested in a typical environment
using an Intel Core i5 (10th Gen) processor, 8 GB RAM, HD
webcam (30 fps), and built-in microphone, on Windows 10
(64-bit). It was coded in Python 3.10 with libraries like
OpenCV, Mediapipe, PyAutoGUI, Whisper, TensorFlow, and
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NumPy for real-time vision, voice recognition, and
automation.

B. Dataset and Data Collection

The experimental environment did not use existing datasets.

Rather, the system was tested based on live user input to
best mimic real-world usage scenarios with gaze tracking
and voice recognition. The testing phase was conducted by
10 participants with mixed voice tones and some wearing
glasses to gauge system flexibility. The evaluation situations
involved eye-gaze-controlled cursor movement, mouse clicks
initiated by blink detection, performance of voice commands
like "open Notepad" or "close window," and multimodal
interaction using both gaze and voice inputs.

C. Preprocessing

In the real-time processing pipeline, some preprocessing
operations were performed to make it reliable in
performance.For detecting gaze, face and eye areas were
localized using Mediapipe. Blink detection was done utilizing
a Convolutional Neural Network (CNN) model that learned
to identify the state of eyes as open or blink. Speech
commands were heard and translated to text with the help of
Whisper Al, which were then subjected to a minimalistic
natural language parser to detect the intended instruction.
All the inputs were filtered and normalized to eliminate
noise and minimize the impact of ambient interference prior
to passing them to the system for execution.

D.Evaluation Metrics

We utilized standard classification metrics to evaluate the
performance of the proposed Smart Hands-Free Control
System. These metrics enable us to assess how effectively
the system accomplishes tasks like gaze-based cursor
movement, blink detection, and voice command recognition.

1. Accuracy

Accuracy refers to the percentage of correct predictions
made by the system. It includes correctly detected blinks,
gaze positions, or voice commands compared to the total
number of predictions.

Accuracy= (TP+TN)/(TP+TN+FP+F)
Where,

TP = True Positives
TN = True Negatives
FP = False Positives
FN = False Negatives

2.Precision

Precision tells us how many of the detected actions
(like a blink or voice command) were actually correct.

Precision=TP /(TP+FP)
3.Recall

Recall measures how many of the actual correct
actions were successfully detected by the system. It is useful
to know whether the system is missing any real user inputs.

Recall or TPR=TP/( TP+FN)
4.F1 Score

The F1-score is the balance between precision and
recall. It is especially useful in blink detection, where both
avoiding false positives (natural blinks) and missing true
blinks (intentional clicks) are important.

F1 Score=(2xRecallxPrecision)/(Recall+Precision)

TABLE 1. EXPERIMENTAL SETUP FOR PROPOSED MODEL

Component Specification
Processor Intel Core i5 (10th Generation)
Camera HD Webcam (30 frames per
second)
Microphone Integrated system microphone
Operating System Operating System
Programming Language Python 3.10
Libraries/Frameworks OpenCV,Mediapipe,
PyAutoGUIL,Whisper Al,
TensorFlow, NumPy

E. Results and Analysis

Smart Hands-Free Control System was tested by different
performance measures. The eye direction-based gaze
tracking module yielded an accuracy rate of 88.2% with
consistent cursor movement according to eye direction. The
blink detection system performed highly with a precision
rate of 90.5%, i.e., the vast majority of the detected blinks
were correct, and a recall rate of 87.4%, i.e.,, the system
correctly identified the majority of voluntary blinks.
Moreover, the Whisper-powered voice command recognition
module recorded a remarkable accuracy of 95.6%, verifying
its competence in interpreting user commands even under
varying acoustic conditions.
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Performance Metrics of Smart Hands-Free Control System
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Fig.4. Performance Evaluation of Gaze, Blink, and Voice
Modules

5. CONCLUSION AND FUTURE WORK

The suggested Human-Computer Interaction (HCI) system,
which integrates eye tracking and voice recognition,
presents a functional and accessible solution for hands-free
computer operation. Through the use of only awebcam and
microphone, the system presents an accessible and
affordable alternative to conventional input, making it
particularly useful for users with physical or motor
disabilities. The combination of gaze-based cursor
movement, blink detection for clicks, and voice command
recognition provides natural and unobtrusive user
interaction. With a light and modular architecture, the
system efficiently applies computer vision and speech
recognition technologies to achieve real-time performance at
low hardware costs. Test results in the form of 88.2%
accuracy in gaze tracking, 90.5% precision, 87.4% recall, and
95.6% accuracy in voice recognition affirm the system's
dependability and responsiveness. Nonetheless, to further
advance its usability and performance, future research will
target enhancing gaze accuracy across various lighting
conditions, advancing blink detection to minimize false
positives, increasing the number of voice commands
supported, and adding adaptive learning for individualized
interaction. Moreover, the latency will be minimized and
long-term user satisfaction will be tested through real-world
trials, especially among people with disabilities. Overall, this
project points out the promise of Al-based HCI systems to
improve assistive technologies and make computing more
inclusive.
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