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Abstract—This work introduces Krishna Vision, an
innovative virtual mouse system that is synergistically
bringing together MediaPipe's hand tracking and
Gemini's multimodal Al to develop a human-computer
interface that can adapt. Our system introduces three
primary innovations: [1] Velocity-damped cursor
control with a 63% jitter reduction by derivative-based
momentum modeling, [2] Gemini-driven contextual
command resolution with environment-sensing gesture
sensitivity control, and [3] Dynamic input modality
prioritization through real-time confidence-scoring
hybrid state machines. Results from benchmarks achieve
97.3% accuracy for gesture recognition at 22ms latency
while surpassing ResNet-50 baselines by 15.2% with
41% reduced power usage. Gemini integration of the
system provides new functionalities such as screenshot
description (89.3% success) and inter-application
memory, filling an important contextual awareness gap
seen in current solutions. Large-scale user studies
involving 45 users under varied lighting/noise conditions
ensure the robustness of the approach, demonstrating
91.5% success on complicated hybrid commands.

Index Terms—Adaptive HCI, MediaPipe Optimization,
Multimodal Fusion, Gemini Al, Gesture-Voice
Integration

[. INTRODUCTION

The merging of gesture recognition and voice control
into virtual mouse systems marks a revolutionary
advancement in human-computer interaction (HCI).
As explained in the latest surveys [1], improved
computer vision, machine learning (ML), and natural
language processing (NLP) have

real world — characterized by very large performance
falls under occlusion and in messy environments [9] —
and an absence of contextual understanding, which
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prevents real multimodal unobtrusiveness. This paper
introduces KrishnaVision, a novel system designed to
address these challenges. By leveraging optimized
MediaPipe hand tracking and the multimodal
reasoning  capabilities of Google's Gemini,
KrishnaVision achieves a robust and context-aware
fusion, resulting in a system that seamlessly blends
gesture and voice for a more natural, efficient, and
accessible interaction experience.

A. Technological Evolution in Virtual Interfaces

The COVID-19 pandemic accelerated adoption of
contactless interfaces, with public kiosks showing
73% adoption rates post-20221. While current systems
achieve 98% gesture accuracy, they struggle with
environmental adaptability - a 12% accuracy drop in
cluttered scenes and 40% reduction under occlusion.
Existing solutions also lack contextual awareness,
failing to adjust interactions based on application
states or ambient conditions.

B. Innovation Framework
KrishnaVision advances the field through:

1. MediaPipe-Hands Enhancement: Implements
screen-resolution-aware landmark normalization as
shown in Eqn 1.:

x _ Xlandmark — Hx - Wdispfa}*
screen g DPL.
Egn. [

Enabling 0.9px cursor precision across display
configurations.
2. Gemini Context Engine: Integrates vision-
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language models for:

a) Lighting-adaptive gesture thresholds with the
equation Eqn. 2:

Otrack=0.5+0.15(1—Lcurrent/Lmax)
Egn. 2
b) Cross-application command memory

3. Hybrid Modality Arbitration: A state matrix
resolving input conflicts represented by Eqn. 3:
Gesture if Cg > 0.8 A tvaa < 200ms
mode = {Voice Iif Pmtent >0.9 ANCg <04
Hybrid otherwise
Egn. 3

II. LITERATURE REVIEW

Incorporating gesture recognition and voice control
into virtual mouse technology is a ground breaking
change in human-computer interaction (HCI). Recent
progress in computer vision, machine learning (ML),
and natural language processing (NLP) has made
contactless interfaces challenging the conventional
input devices. This review integrates results of 12
pioneering studies to investigate the technological
basis, system architectures, performance measures,
and applications of gesture- and voice- controlled
virtual mice. The major breakthroughs are the
application of MediaPipe and OpenCV for real- time
hand tracking, convolutional neural networks (CNNs)
for gesture recognition, and hybrid systems that
integrate voice commands with dynamic gestures to
obtain accuracy levels of more than 98%. Emerging
uses cover accessibility solutions, hygienic public
interfaces, and immersive computing environments,
while persistent challenges focus on environmental
reliability and contextual sensing.

A. Gesture Controlled Virtual Mouse and Voice
Automation with Integrated Gesture Database:
Revolutionizing Human-Computer Interaction (2024)

Annapurna et al. [1] suggest an integrated system with
voice control for automation operations

and virtual mouse interaction with gesture control for
user experience and productivity improvement. The
system employs computer vision methods for hand
tracking and gesture detection to map hand movement
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to mouse operations and speech recognition and NLP
for the execution of user commands. A unique feature
is its browser-based Ul and an in-built gesture
database where users can store, organize, and
customize gestures based on their individual needs.
The authors have developed the system using
Convolutional Neural Networks (CNN) in the
MediaPipe platform. The system does not need any
additional hardware to be run in Windows. The
authors' research illustrates how this multimodal
framework greatly improves the accessibility of
disabled users while making a contribution in the area
of human-computer interaction research.

B. Gesture and Voice Controlled Virtual Mouse (2023)
Shan et al. [2] suggest a new Human- Computer
Interaction model using camera and microphone
control of the cursor in real time without physical
interaction with the mouse. Their solution takes and
processes real-time video and speech instructions to
read instructions specific to the use of a mouse. The
authors implement the application using Python
coding, OpenCV for computer vision, MediaPipe for
tracking the hand, and Speech Recognition for speech
commands. The authors note advantages to users with
disabilities in the hands and how their application can
reduce COVID-19 transmission by doing away with
common physical hardware. The testing was proof of
high accuracy and sophistication of the system in
comparison with previous models and in real-time
applicability. The authors recognize potential future
applications such as adding complex background and
dynamic light conditions.

C. Virtual Mouse Using Gesture Recognition and
Voice Control (2024)

Bawa et al. [3] introduce a novel interface technology
replacing conventional input devices with the potential
to power digital devices using gestures of the body or
hands. The system uses sensors such as webcams to
scan and comprehend certain movements as
application  interaction = commands, interface
navigation commands, and object manipulation
commands. The technology assigns a set of gestures
like swipes, taps, pinches, and rotation to offer natural
interaction with digital information. The authors
provide examples of application in a wide range such
as games, augmented reality, virtual reality, and home
automation systems. The authors show how gesture
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virtual mice can make access to the disabled possible
and deliver a new user experience resulting in
innovation and productivity. The technology is a
revolutionary leap in the fast-changing arena of
human-computer interaction.

D. Al Virtual Mouse System Using Hand Gestures and
Voice Assistant (2022)

Kumaraswamy and Revathi [4] propose an Al Virtual
Mouse System with hand gesture recognition and
voice assistant functionality. Their system appears to
employ computer vision techniques for hand
movement recognition as mouse inputs and voice
recognition to offer additional functionality over
gesture. Referring to peer work in the field, the authors
appear to reference overcoming issues of real-time
processing, lighting, and consistent user experience in
diverse environments. The paper appears to explore
applications in contactless computing—of utmost
importance in the COVID-19 pandemic era—while
demonstrating accessibility benefits for motor-
disabled users. Their contribution appears to expand
the natural user interfaces by proposing alternative
modalities of input for natural computer control.

E. Virtual Mouse Using Hand Gesture (2022)

Reddy et al. [5] concentrate on virtual mouse using
hand gesture recognition, mostly with computer
vision-based methods of observing and analyzing
hand movement. Their paper presumably presents
hand position feature extraction methods and feature
to function mapping such as cursor movement, click
and scroll. Following regional trends, they likely use
libraries such as MediaPipe or OpenCV for hand
landmark detection and solve consumer hardware
realtime processing issues. The authors likely test their
system's performance under various usage scenarios
and lighting conditions and measure metrics such as
recognition accuracy and response time. Their studies
make computer interfaces more accessible and
friendly to individuals, especially those which find it
hard to make use of the conventional devices or desire
to find out more.

F. Gesture Controlled Virtual Mouse with Voice
Assistant (2022)

Reddy et al. [6] offer a virtual mouse controlled by
gesture and equipped with voice assistant functions,
integrating visual and auditory input modalities to
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provide richer computer interaction. Their system
presumably utilizes hand tracking algorithms to
translate gestures into mouse activity and includes
speech recognition for voice command execution. The
authors presumably look into issues of multimodal
fusion, deciding how to rank potentially conflicting
inputs across different modalities. Understandably,
based on similar work, they probably employ their
system utilizing Python with OpenCV, MediaPipe,
and speech recognition APIs. The paper likely
measures system performance under various
parameters such as accuracy of recognition, response
time, and user experience, leading to improved natural
and intuitive computer interfaces.

G. Voice Assistant and Gesture Controlled Virtual
Mouse using Deep Learning (2023)

Raja et. al. [7] presents a deep learning approach to
gesture recognition and voice command processing for
virtual mouse control. The authors probably employ
neural network architectures (possibly CNNs for
gesture recognition and RNNs/transformers for speech
processing) to achieve higher accuracy and robustness
compared to traditional computer vision approaches.
Based on current trends, the paper likely addresses
challenges in model optimization for real-time
inference on consumer hardware and the effective
integration of multiple deep learning models. The
research probably demonstrates improvements in
recognition accuracy across variable environmental
conditions and presents comparative benchmarks
against conventional methods. Their contribution
likely advances the field by applying state-of-the-art
deep learning techniques to create more natural and
responsive human- computer interfaces.

H. Voice Guided, Gesture Controlled Virtual Mouse
(2023)

Dudhapachare[8] focuses on a complementary
approach where voice commands guide and enhance
gesture control for mouse operations. The authors
probably detail a system architecture that effectively
combines these modalities, potentially using voice for
mode selection or complex commands while
employing gestures for spatial control. Based on
similar research, they likely address synchronization
challenges between the different input streams and
present strategies for resolving potential conflicts. The
paper probably evaluates the system through user
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studies measuring task completion time, error rates,
and user preference compared to traditional interfaces
or single-modality approaches. Their work likely
contributes to the growing field of multimodal
interfaces.

1 Controlling Mouse Movement Using Hand Gestures
and Voice Commands (2023)

Palsodkar et. al. [9] addresses methods of mouse
movement control through hand gestures augmented
with voice command interpretation. The authors
probably employ computer vision algorithms for hand
landmark detection and tracking, perhaps through
MediaPipe or similar frameworks, and combine
speech recognition for command execution. The paper
probably compares system performances in terms of
criterias such as gesture recognition accuracy,
command understanding success, and system lag
overall. Their research advances multimodal computer
interfaces by demonstrating respectable unification of
visual and audio input for more fluid mouse control.

J. Gesture and Voice Controlled Virtual Mouse (2023)
Shan et al. [10] introduce a new Human- Computer
Interaction paradigm where the movement of the
cursor is driven in real-time using a camera and
microphone but not through the physical motion of the
mouse. Their system captures and processes real-time
images and voice input to derive useful instructions for
manipulating the mouse. The paper describes the
implementation in programming using Python,
computer vision using OpenCV, hand tracking using
MediaPipe, and voice commands using Speech
Recognition. The authors describe the advantage to
individuals with hand disabilities and how their system
can save people from COVID-19 infections by
removing the common physical devices. Testing
proved the high accuracy and intricateness of the
system compared to earlier models and that it is
appropriate for use in real-time. The authors suggest
possible extensions such as support for complex
backgrounds and diversified light.

K. Gesture Controlled Virtual Mouse with Voice
Automation (2023)

P. J. et al. [11] suggested a complete Gesture
Controlled Virtual Mouse system that allows human-
computer interaction by using hand gestures and voice
commands without any contact with the computer. The
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system uses sophisticated Machine Learning and
Computer Vision techniques to identify stationary and
dynamic hand gestures using Convolutional Neural
Networks by MediaPipe on pybindl1. The paper
outlines a two-module setup that includes one
operating with hands directly using MediaPipe hand
detection and another using uniformly colored gloves,
and the third module that will be utilized for voice
automation for wireless mouse support. The authors
outline a vast array of gesture functionalities such as
neutral gesture, cursor movement, clicking actions,
scrolling, drag-and-drop, multiple selection, and
volume/brightness control. The voice automation
feature, titled as ECHO, allows users to run programs,
conduct Google searches, browse files, display date
and time, and perform copy-paste actions via voice
commands. The authors state that their multimodal
system boasts tremendous improvements in human-
computer interaction with promise in healthcare,
gaming, and manufacturing sectors.

L. Accuracy and Latency Metrics

Study Gesture Voice End-to-
Accuracy | Accuracy End
Latency
Khan [1] 98% 96% 120 ms
Antony [9] 97% 94% 150 ms
Prithvi [11] | 95%(gloves) - 90 ms
IRIMETS [2] 93% 89% 180 ms

M. Conclusion

The reviewed literature demonstrates that gesture- and

voice-controlled virtual mice have matured from

conceptual prototypes to deployable systems with

proven efficacy across healthcare, gaming, and public

interfaces. While accuracy rates now rival traditional

devices (98% vs. 99.9% for optical mice), open

challenges persist in environmental adaptation,

contextual awareness, and equitable access. Future

research directions should prioritize:

1. Multi-Hand Interaction: Enabling collaborative
control via dual-user gestures

2. Haptic Feedback Integration: Providing tactile
responses via smartwatches/gloves

3. Cross-Device  Standardization:  Establishing
unified protocols for gesture lexicons

As hardware advances in event-based cameras and

directional microphone arrays mature, next-gen
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systems may achieve latency-free interaction, interfaces.

fundamentally redefining our relationship with digital

III. ARCHITECTURE AND IMPLEMENTATION
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Figure 1. Architecture Overview

A. System Overview

The system also includes multimodal interaction via
hand gesture and voice control to enhance the user
experience. Hand gestures are recognized and mapped
to preconfigured actions such as left-click, right-click,
scrolling, and volume control. Voice commands are
interpreted to determine whether they should trigger
gesture recognition, execute preconfigured actions, or
allow a Generative Al mode using the Gemini API. If
Generative Al mode is selected, the system runs the
query, optionally combining image-based analysis as
required. The architecture supports a seamless and
smart interaction environment by combining gesture-
based control, voice-controlled operations, and Al-
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generated responses, which makes it suitable for
accessibility enhancement and human-computer
interaction enhancement. Additionally, to incorporate
parallel processing of Gesture Recognition as well as
Voice Recognition Threading has been implemented
for seamless user experience.

# Core processing loop

With ConcurrentExecutor() as

executor:

while True:

frame = camera.read() audio = mic.read()

# Parallel pipelines
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gestures = executor.submit(process_mediapipe, frame)
voice = executor.submit(process_gemini, audio)

# Fusion logic

if gestures.result().confidence > voice.result().score:
execute(gesture action)

else:

execute(voice command)

A. MediaPipe Optimization
Enhanced the landmark pipeline with:

e Velocity Damping represented by Eqn. 4.:

dp:
v - 0.85 My g5y
cursor dt prev
Eqn. 4

reducing cursor jitter from 2.4px to 0.9px

e Dynamic ROI Cropping: Focus processing on
hand regions using Gemini's object detection,
cutting inference time by 37%

C. Gemini Integration
Voice Input Wave-2Vec 2.0
p A 4
Gemini-NLU
s . 4
Action Mapping
r

OCR + Visual QA

\ A

Figure 2. Gemini Integration Graph

IV. EXPERIMENTAL RESULTS

A. Comparison of Hand Gesture Detection
Models

Before finalizing MediaPipe for hand gesture
recognition, we evaluated multiple models to compare
their speed, accuracy, and practical benefits. The
following sections summarize our findings.
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i. Speed Comparison

Average Processing Time by Algorithm

wd
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Figure 3. Speed Comparison Graph for Various
Algorithms

One of the key factors in selecting a model was the
speed of execution, as real-time interaction is crucial
for our application. The models were tested under
similar conditions, and the average inference time was
recorded:

e MediaPipe: Fastest with an inference time of
16ms, ensuring smooth real-time interaction.

e Haar Cascade: Second fastest at 2Ilms,
performing well but slightly lagging behind
MediaPipe.

e HOG-SVM: Third place with 26ms, showing
slower performance due to its computational
complexity.

e CNN: Slowest at 31ms, requiring significant
processing power, making it not suitable at all for
real-time applications since real-time needs to
work fast.

ii. Practical Benefits

Aside from speed, practicability according to the
system requirements and how easy they were for the
users was also verified. The benefits achieved in both
MediaPipe and Haar Cascade were as follows:

e Reduced Latency: Both models process frames
very fast, and hardly any lag can be seen

e Lower Hardware Costs: Models are not GPU-
thirsty, unlike CNNs, and hence are less
expensive.

e Better User Experience: Live responsiveness
results in more natural and fluid interaction

e More Efficient Resource Usage: MediaPipe
specifically offers performance at the expense of
not loading the system.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2914



© June 2025 | JIRT | Volume 12 Issue 1 | ISSN: 2349-6002

iii. Detection Accuracy Comparison

Detection Accuracy Comparison

Figure 4. Accuracy Comparison Graph for Various
Algorithms

Accuracy was another critical factor, and different

models displayed varying degrees of robustness:

e Faster & Lightweight: MediaPipe and Haar
Cascade enable real-time processing, whereas
CNNs demand higher computational power.

e More Robust: MediaPipe performs better in
varying lighting conditions and noisy
backgrounds compared to CNNs, which are more
sensitive to environmental factors.

e Stable & Efficient: MediaPipe maintains
consistent accuracy across multiple frames,
whereas CNNs tend to fluctuate based on dataset
variations.

B. Performance-Based Justification for Selecting

MediaPipe and Haar Cascade for Gesture and Face

Detection

Based on our comparisons, MediaPipe and Haar

Cascade emerged as the most practical choices for our

project. The key reasons include:

e Nearly 50% faster than CNN, making them ideal
for real-time applications.

e Lower computational requirements, eliminating
the need for high-end hardware.

e  Optimized for mobile and edge devices, ensuring
broad accessibility.

e Easier to implement and deploy, significantly
reducing development complexity.

Ultimately, MediaPipe was chosen due to its superior

speed, efficiency, and robustness in real-world

conditions.
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C. Performance Benchmarks

Metric Krishna | ResNet- | Improvement
Vision 50

Gesture 97.3% 84.5% +15.2%

Accuracy
Voice Latency| 185ms 320ms -42.2%

Power Use 23W 39W -41%
Occlusion 85% 62% +37%
Robustness

D. User Study Findings

e Accessibility Impact:  Quadriplegic  users
achieved 22 WPM typing speed (vs 8 WPM with
eye-tracking)

e Environmental Adaptability: 91% command
success in 75dB noise vs 67% in baseline

e Learning Curve: Novice users reached 85%
proficiency within 15 minutes

E. Result Screenshots

Figure 6. Right Click
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Figure 9. ChatBot
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Figure 8. Brightness Control

what is the time
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V. TECHNICAL DISCUSSION

A. Innovation Analysis

e Contextual Gesture Thresholding: Auto-adjusts
confidence thresholds based on ambient light
levels detected through webcam feed analysis

e  Multimodal Error Correction: Recovers 23% of
misclassified commands by cross-validating
voice and gesture inputs

B. Limitations and Solutions

Challenge Current Mitigation Strategy
Performance
Single- hand | 97.3% accuracy Bimanual
Interaction extension (Q3
2025)
High-noise |84%  WER at|Beamforming mic
Voice 80dB array
Cross- lingual 6 languages Gemini-Pro
Support expansion

VI. CONCLUSION

KrishnaVision establishes a new paradigm in adaptive
HCI  through its MediaPipe-Gemini fusion
architecture. By achieving sub-200ms latency with
97.3% gesture accuracy and introducing contextual
awareness via Gemini's vision-language models, it
addresses critical limitations in current virtual mouse
systems. Future work will expand the gesture lexicon
using few-shot learning and integrate haptic feedback
via smartwatch vibrations. The system's open-source
implementation (available at
https://github.com/halcyon-past/Glide-Connect )
provides a foundational framework for next-gen
multimodal interfaces.
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