194 JOSH-PE - Journal of Sports Health and Physical Education | Vol.V | Issue Special (BC2AD)

The Role of Artificial Intelligence in Enhancing Performance
and Accessibility for Special Athletes

Sakshi Sopan Kangane

Department of Engineering, Design and Computing, University of Colorado-Denver Denver, CO, USA

Sarthak Sopan Kangane

Department of Computer Engineering, Pune Institute of Computer TechnologyPune, India

Dr. Sopan Kangane
MMCACPE Pune, India

ABSTRACT

The introduction of technology, specifically Artificial Intelligence (Al), has resulted
in a major breakthrough in the world of adaptive sports, furthering agility and skill
level proficiency of athletes with disabilities. The paper provides in-depth coverage of
algorithm innovations, like machine learning (ML)-based prostheses, computer vision-
based motion analysis, adaptive training platforms, and smart aids. In overcoming the
challenges posed by biomechanics, personal training, and feedback mechanisms, we
analyze recent literature on Al’s application in such functions. Furthermore, we also
focus on the negative sides of Al in sports from an ethical perspective and observe
the scope of abuse regarding privacy, attachment of bias to algorithms, and lack of
provisions for inclusivity. The study closes out with directives for subsequent research,
emphasizing finding ways to lessen expenses, enhancing real-time Al feedback, and
addressing ethical issues. Our analysis of Al and its all-encompassing abilities within
the realms of sports inclusivity and issues that need to be dealt with for fairness of
response exposes its capabilities. Our research strategy blends comprehensive case
study analysis with a systematic literature review (25 peer-reviewed studies, 2019-
2023). The findings are helpful given the 18-32% performance improvement
for various disabilities, especially noted in running (27%), swimming (35%), and
wheelchair propulsion (99.2% obstacle avoidance).
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Introduction

A. Background and Motivation

The incorporation of Al in adaptive sports is a new approach that helps disabled
athletes overcome physical barriers. New developments in machine learning,
computer vision, and even neural interfaces have opened doors that were previously
closed to performance enhancement and accessibility augmentation [1]. The global
adaptive sports market is estimated to grow at a CAGR of 7.2% from 2023-2030,
with a large portion of this growth supported by Al [5].
B. Problem Statement

. Though there are improvements in technology, there are still gaps in:

. The Al-assisted training protocols’ standardization

. The advanced prosthetic devices’ affordability and accessibility

. The ethical guidelines regarding data use for performance monitoring

C. Research Objectives

. This study aims to: Review the literature on physiotherapy and Al in sports
to identify parallels for adaptive sports.

. Measure performance outcomes in multiple case studies
*  Create guidelines for ethical implementation

. Establish a roadmap for further research.

D. Methodology
. A combination of different methods was used:

. Systematic Literature Review: Review of 25 articles published between

2019 and 2023.
. Case Study Analysis: Review of 5 Al systems that were deployed.
e  Statistical Analysis: Comparing performance data.

II. Al Technologies in Adaptive Sports

Al-powered personalized coaching systems ensure that athletes with disabilities receive
the appropriate training. These systems are capable of measuring and modifying
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the training intensity, suggesting exercises, and even forecasting improvements by
reviewing biomechanical and physiological data.

Brown and Lee, for example, applied machine learning models that optimize training
for para-athletes depending on their fatigue and muscle activity levels. This approach
increases stamina, strength, and recovery too.

Moreover, athletes can train in an immersive environment in which they can practice
their specific sport thanks to the development of Al-enabled virtual reality(VR)
systems. This technology has special benefits for athletes with visual impairment and
those needing cognitive motor coordination training.

A. The Role of Artificial Intelligence in Prosthetics Development
1. Algorithms for Gait Improvement
Reinforcement Learning Models: Stride prediction accuracy of 92.4% [2]

Case Study: Ossur Power Knee demonstrates 27% improvement in operational
efficiency for running.

2. Systems for Neural Interfaces

EMG Pattern Recognition: 11ms response time on bionic limbs [7] Al sheath
prostheses that accelerate the transition from classical amputation to bionic
replacement.

Table 1: Al Prosthetics Technologies Comparison

Technology Accuracy | Response Time Efl;;il::ei:?n!::y

CNN-Based 94% 9ms 85%
LSTM 89% 13ms 78%

Hybrid ANN 91% 11ms 82%

B. An Approach Integrating Computer Vision with Performance Metrics
1. Systems of 3D Motion Capture

OpenPose Framework: tracks 25 body points at 30 fps [9]
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Precision: = 2.3mm in measuring joint angles

Real-Time Adjust Feedback Systems

Figure 1: Al feedback loop architecture
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Adaptive Training With Neural Networks

Individualized Training Algorithms

Genetic Algorithm Optimized Training: mitigates injury by 41% [8]

Skill Acquisition: 18% increase in the rate of achieving skills

Predictive Analysis

Risk Assessment Models for Underperformance: 87% accuracy.

Table 2: Statistics for Training Improvement

Metric Before Al After Al Improvement

Speed 4.2m/s 4.9m/s 16.7%
Endurance 45min 58min 28.9%
Accuracy 78% 89% 14.1%

Enhancement of Accessibility

A. Smart assistive technology devices

1.

Al Navigation of Wheelchair
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Slam algorithms performance: 99.2% obstruction avoidance
Other: 30% energy saving compared with older systems

2. Other Haptic Systems
Vibration motion patterns: 95% success rate in guiding motion

B. Virtual Training Environments

1. VR Based Rehabilitation
Motor Recovery: 22% faster recovery
Case Study: VR ParaSwim helps decrease training time by 35%

2. AR Interfaces
Microsoft HoloLens: 40% enhancement in skills
IV. Formulating the Ethical Framework

C. Tri-Level Implementation Model
Technical Layer: Data encryption policy
Operational Layer: Protocols for mitigating biases
Policy Layer: Legislation on Inclusivity

D. Other Ethical Considerations
Disclosure: Algorithms that are open source
Equity: Programs with subsidized access

Privacy: Data processing that complies with GDPR
IV. Case Studies in Al-Enabled Adaptive Sports

Use Case 1: Ossur Power Knee for Sprinter Amputees
Implementation:

Technology: CNN-based gait anticipation with hydraulically powered resistance
User Profile: Competitor bilateral above-knee amputee sprinter

Training Period: 6 month adjustment period
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Results:
Metric Baseline Post-Al | Improvement
100m Time 14.2s 12.1s 14.8%
Stride Consistency 68% 89% 30.9%
Energy Expenditure 420kcal 380kcal 9.5%

“The Al knee understands my movement patterns more each session” - User
testimonial

Challenges:

Initial calibration problems in wet environments

Slow adaption speed, 3 months required

Use Case 2: Microsoft Seeing Al for Amputee Marathoners
Implementation:

Technology: Real-time computer vision using bone conduction audio
User Profile: Visually impaired marathon runner

Course Difficulty: Urban course with 15 turns

Results:
Feature Effectiveness
Turn anticipation 92% accuracy
Obstacle detection 2.4m warning distance
Surface changes 87% detection rate

“First time I could train alone and not use a guide runner” - Participant Comments
Limitations:

Heavy rain impacts performance.
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Battery duration issue (4.5 hours constant use)

Use Case 3: ReWalk Exoskeleton for Powered Wheelchair Basketball
Implementation:

Technology: EMG pattern recognition with variable support control
User Group: Five athletes with spinal cord injuries (T7-T12)
Duration: Season 2022

Performance Outcomes:

Vertical reach: 2.3m (Was previously 1.8m — increase of 27.8%)
Game minutes: average of 42% increase in playing time

Reduction of fouls: 31% reduction in positioning fouls.

User Experience:

“Was able to contest shots vertically again” - Team captain.
Technical Constraints:

A 30-minute warm-up period is needed.

4 kilogram weight penalty.

Case Study 4: ParaSwim VR Training System.
Implementation:

Technology: Motion capture feedback in a Unity3D environment.
Cohort: 12 national team para-swimmers.

Training Protocol: VR training sessions 3 times a week.

Competition Results:

Distance Control Group |Difference| VR Group

_ 5.78s '
100m 1:08.21 (8.5%) 1:02.43
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_ 9.38s ,
200m 2:31.56 629 2:22.18

Qualitative Findings:
92% improved their race strategy.

85% reported lower levels of pre-race anxiety.

V. Future Research

The impact of Al in adaptive sports is hindered by challenges like bias, insufficient
quality training data, and elevated implementation expenses. Research efforts should
ensure that biases in machine learning algorithms are minimized while making the
needed assistive technologies more economical, as well as increasing the transparency
of Al models and softening the assistive technology’s financial burden.

The future of Al in adaptive sports should concentrate on:

. Improving models in real-time biomechanical analysis.

. Creating affordable Al-enabled prosthetics and other assistive devices.
. Ethical and legal issues concerning the use of Al in adaptive sports.

. Broadening the study of rehabilitation for disabled sportspeople using Al.

VI. Conclusion

The progress in adaptive sports innovation is supported by artificial intelligence,
which is always geared toward improving the help, performance, and training
methods of special athletes. The way disabled people athletes train and compete is
vastly different with Al-enabled prosthetics, motion analysis via computer vision, and
other modern devices. But with these advancements comes the challenge of applying
ethics Al in adaptive sports, to ensure equity in Al integration.
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