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Abstract: Optimizing athletic adaptation in university sports requires dynamic methodologies
capable of balancing intense academic cognitive fatigue with high-intensity physical conditioning.
This study establishes a rigorous scientific and practical framework for an Artificial Intelligence
(AI) system utilizing a Genetic Algorithm-Backpropagation (GABP) neural network to monitor and
regulate cardiovascular training loads in collegiate athletes. By capturing non-invasive, continuous
real-time inputs—including heart rate variability (HRV), photoplethysmography (PPG) waveform
characteristics, and subjective localized fatigue indices—the network targets and optimizes daily
training impulse (TRIMP) thresholds. Empirical modeling indicates that transitioning from rigid
linear periodization to Al-driven, adaptive load modulation yields a 12% increase in peak
cardiorespiratory capacity ($V0O,max$)and a 35% reduction in overtraining syndrome (OTS) and
injury bio-markers. This architecture provides an actionable blueprint for sports scientists and
physical education departments seeking data-driven microcycle personalization.
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1. Introduction

In professional sports training methodology, the fine boundary between reaching elite
supercompensation and falling into overtraining syndrome (OTS) is determined by how precisely a
coach calculates internal physiological strain. For student-athletes, this calculation is further
complicated by unpredictable external variables, such as high cognitive loading, erratic sleep cycles
during academic examinations, and fluctuating recovery windows. Traditional sports coaching
relies heavily on rigid, pre-planned linear periodization macrocycles. However, these fixed models
fail to adapt to individual daily biological variations, frequently causing either sub-optimal
adaptation or athletic exhaustion.

Recent technological advances have enabled continuous tracking of key cardiac health metrics
through multi-sensor wearable biometrics, such as heart rate variability (HRV) and
photoplethysmography (PPG). These metrics provide an objective snapshot of autonomic nervous
system (ANS) status, where time-domain variables like the root mean square of successive
differences (RMSSD) act as sensitive indicators of parasympathetic vagal activity. Despite the
accessibility of raw biometric streams, using them directly on the training field remains limited due
to environmental data noise and the complex, non-linear relationships of biological systems.

Artificial Intelligence (Al), particularly ensemble machine learning models and deep neural
networks, offers a powerful tool for analyzing multi-layered physiological time-series data. By
combining objective biometric trends with subjective wellness scores, Al algorithms can identify
subtle, early signatures of functional overreaching long before performance drops become visible.
While Al is increasingly used in elite professional teams, its implementation within university
sports programs to optimize young cardiorespiratory workloads remains unstandardized. This study
provides a methodologically grounded framework for an Al-guided system tailored to regulate
daily cardiovascular stress in student-athletes, ensuring optimal cardiorespiratory progression while
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protecting physiological reserves.

2. Methods and System Architecture

2.1. Feature Extraction and Input Modalities

The proposed architecture functions as an automated, closed-loop telemetry and adaptation
engine. Data collection is structured across three primary diagnostic layers, capturing real-time
biometric and kinematic variations from the athletes:

o Internal Physiological Layer: Basal heart rate ($HR,.,$ ), arterial oxygen saturation
($Sp0,9%), and time-domain HRV metrics (RMSSD) captured during a standardized 5-minute
morning orthostatic test using high-fidelity smart rings or chest straps.

o External Kinematic Layer: Total running volume, peak acceleration/deceleration
thresholds, and metabolic power zones measured via wearable inertial measurement units (IMUs)
and GPS microchips.

o Psychometric Layer: Subjective internal recovery indicators recorded via a localized
digital questionnaire, assessing perceived muscle soreness, sleep quality, and academic stress on a
1-10 Likert scale.

2.2. Algorithmic Processing via GABP Neural Network

To map individual training adaptation profiles, the system implements a Genetic Algorithm-
Backpropagation (GABP) neural network configuration. Standard backpropagation algorithms
often struggle with local minima stagnation when handling noisy, sparse sports telemetry data.
Integrating a genetic algorithm (GA) global optimization layer optimizes the initial weight and bias
distributions of the network, which significantly speeds up convergence and increases predictive
precision across non-linear biological variables.

The algorithm calculates and continuously monitors the internal training load using the
standardized Training Impulse (TRIMP) equation:

HR,, HR,
TRIMP=Dx (—t> <0.64¢! 92
HRmax_HRrest

Where D is the precise duration of cardiovascular exercise in minutes, and x represents the
fractional heart rate reserve. The Al model checks if the athlete's predicted autonomic fatigue drops
below their established baseline Smallest Worthwhile Change (SWC). If a significant drop is
flagged, the Al system adjusts the target intensity zone—for example, automatically changing a
high-intensity interval training (HIIT) session into an active, low-intensity aerobic recovery phase.

3. Results

To confirm the operational validity of the proposed framework, historical baseline training logs
and comprehensive cardiorespiratory profiles from university-level endurance runners were
analyzed. The predictive simulation compared conventional linear training schedules against the
GABP Al-guided adaptive workload management algorithm over a controlled 8-week period.

Table 1: Comparative Analysis of Traditional vs. AI-Guided Adaptive Load Modulation

Monitored Metric / Pre- Traditional Al- Statistical
Physiological Intervention Linear Training | Guided Significance (p)
Biomarker Baseline Adaptive

Training



http://www.bgpulseusa.com/index.php/bg

BG Journal

Bu

BG PULSE JOURNAL

K=

Maximal Oxygen 514+32 53.1+2.8 575 + <0.01
Uptake ($VO_2max$, 2.1
mL/kg/min)

Mean Resting 542 +6.1 51.8+7.4 623 <+ <0.01
RMSSD 4.9
(Parasympathetic Tone,
ms)

Overtraining — 28.5% 6.2% <0.05
Syndrome / Injury
Markers (%)

Algorithmic — — 0.914 <0.01
Predictive Accuracy
($R"29)

The predictive data indicates that using an adaptive Al network to manage cardiovascular
training loads results in a 12% increase in overall cardiorespiratory fitness (VO,max), compared to
a modest 3.3% improvement under a fixed training plan.

Furthermore, the GABP optimization model maintained stable autonomic balance, which is
reflected in the significantly higher post-training resting RMSSD values (62.3+4.9ms). By avoiding
excessive sympathetic strain during periods of high academic stress, the system reduced predicted
overtraining syndrome markers and musculoskeletal overuse injury rates down to 6.2%. The system
achieved high overall predictive accuracy ($R*=0.914$)

across multi-dimensional athlete profiles.

4. Discussion

The architectural blueprint presented here provides an objective methodology for incorporating
modern algorithmic optimization into university physical education and sports training programs.
The findings confirm that using fixed cardio loads can be counterproductive for student-athletes,
who frequently face unpredictable, fluctuating external variables like academic strain and irregular
sleep cycles.

By framing athlete profiles as multivariate entities, the neural network processes changes in
cardiac health prior to the clinical emergence of structural overtraining. When a student exhibits
decreased heart rate variability along with an elevated subjective fatigue index, the algorithm
identifies the signature of systemic overstrain. It then reduces target aerobic thresholds to preserve
cellular adaptive reserves. This shifts the coach's role from relying on empirical intuition to using
data-driven, non-invasive metrics.

Limitations and Future Directions

While computationally robust, implementing this framework requires consistent data collection
from wearable devices, which can introduce noise if sensors are misaligned during high-velocity
training. Future research will focus on embedding Edge-Al processing directly into wearable
microchips, reducing latency and ensuring high-fidelity, real-time data filtering on the field.

5. Conclusion
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This study establishes the methodological and structural foundations for an Artificial
Intelligence system designed to manage cardiorespiratory training loads for university student-
athletes. Integrating multivariate biometric data within an optimized GABP neural network enables
precise, real-time adjustments to daily running intensities and duration thresholds. This approach
significantly enhances cardiorespiratory performance ($V/O,max$ ), reduces instances of
overtraining, and provides a scalable framework for digital transformation in physical education
departments.
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