( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology |
A\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 1, November 2025

Real-Time Biomechanics Using AI and
Respiratory Training to Boost Swimming

Performance

Bhadke Dilip Dattatrayrao
Department of Physical Education and Sports,
Vai. Dhundamaharaj Deglurkar College, Degloor, Nanded, Maharashtra
dilip.bhadke@gmail.com

Abstract: This paper explores the integration of newer technologies like artificial intelligence (Al) in
respiratory muscle training (RMT) and real-time biomechanical analysis to enhance swimming
performance and respiratory efficiency. Combining Al-driven personalized training protocols with
biomechanical feedback aims to improve inspiratory muscle strength, optimize breathing patterns, and
refine stroke mechanics. This interdisciplinary approach leverages machine learning, motion capture, and
physiological monitoring in aquatic sports. Results from experimental trials with swimmers demonstrate
significant improvements in respiratory performance and swimming efficiency. The findings highlight Al's
potential to revolutionize training strategies, offering data-driven customization to boost athletic outcomes.
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I. INTRODUCTION

Swimming performance is critically influenced by respiratory muscle strength and efficient biomechanics. Respiratory
muscle fatigue limits oxygen supply, impacting endurance and stroke efficiency. Conventional training methods for
respiratory muscles and stroke optimization lack personalized, real-time feedback. Recent advances in Al offer powerful
tools for monitoring, analyzing, and enhancing athlete performance through data-driven training adaptations. Technology
RMT can tailor respiratory exercises based on individual physiological responses, while biomechanical analysis using
computer vision provides precise technique correction. This paper proposes an integrated Al system combining
respiratory training and biomechanical feedback to elevate swimming efficiency and respiratory function.

II. METHODOLOGY

Participants included competitive swimmers undergoing a 12-week training program integrating Technology RMT and
biomechanical analysis. The Al respiratory training system employed inspiratory muscle sensors and adaptive algorithms
to personalize exercise intensity and duration. Motion capture and computer vision tracked swimmer stroke mechanics
and breathing patterns in real time. Data were processed using machine learning models to provide actionable feedback
via wearable devices and coaching interfaces. Baseline and post-training assessments measured inspiratory muscle
strength (via maximal inspiratory pressure), swimming speed, stroke rate, and respiratory efficiency parameters.
Statistical analyses evaluated performance improvements and correlations.

III. LITERATURE REVIEW
Respiratory muscle training has demonstrated benefits in enhancing inspiratory muscle strength and reducing fatigue in
swimmers [1]. Al applications in sports biomechanics enable real-time motion analysis, technique correction, and
performance optimization [2, 4]. Studies indicate that personalized RMT protocols improve aerobic capacity specific to
aquatic conditions [3, 5]. Indian research contributes novel insights into respiratory training effects on swimmer
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populations and Technology biomechanical systems [6, 7, 8]. Integrating Al in aquatic training aligns with broader trends
in sports technology, with evidence supporting enhanced athlete monitoring and intervention efficacy [2].

IV. RESULTS AND DISCUSSION
The data showed a significant increase in maximal inspiratory pressure (mean increase of 18%, p < 0.01) and swimming
velocity improvements (average 12% increase) post-intervention. Stroke rate optimization and reduced breathing
irregularities were confirmed via biomechanical analysis.
Table 1 summarizes physiological and performance metrics before and after the training regimen.

Parameter Pre-Training Mean | Post-Training Mean | % Change
Maximal Inspiratory Pressure (cmH20) 85 100 +18%
Swimming Speed (m/s) 1.40 1.57 +12%
Stroke Rate (strokes/min) 32 30 -6%
Table 2 presents key respiratory efficiency variables derived from spirometry and oxygen uptake measures.
Respiratory Variable Pre-Training | Post-Training | % Change
Tidal Volume (L) 1.2 1.35 +12.5%
Oxygen Uptake (VO2 max, ml/kg/min) | 48 54 +12.5%
Respiratory Rate (breaths/min) 20 18 -10%

The findings emphasize Al's role in customizing RMT intensity and providing instantaneous biomechanical adjustments,
resulting in improved respiratory muscle capacity and stroke efficiency. These improvements likely contribute to better
oxygen utilization and endurance during swimming. Challenges include ensuring sensor accuracy and user compliance,
but Al offers scalable, precise training enhancements.

V. CONCLUSION
Technology respiratory muscle training combined with real-time biomechanical analysis presents a promising approach
to enhance swimming performance and respiratory efficiency. Personalized Al-driven protocols lead to measurable
physiological and biomechanical improvements. Future research may expand Al applications across aquatic disciplines
and investigate long-term athlete adaptation. This study underscores Al's transformative potential in sports science and
training methodologies.
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