[image: ][image: ]



UAEU International Conference on AI in Sports | ICAIS 2026	

Predictive Analytics for Athlete Performance: A Machine Learning Approach Using Wearable Sensor Data
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Abstract Practitioners in professional sport continue to rely on subjective assessments and simplified physiological models that fail to capture the nonlinear dynamics of athlete performance. Wearable sensors now generate high-frequency, multivariate time-series data during training and competition, yet deployed analytical frameworks rarely exploit their full temporal depth. A validated, sport-agnostic deep-learning framework capable of integrating heterogeneous sensor streams for concurrent performance prediction and injury-risk estimation was absent from the literature. This study aimed to investigate the predictive relationship between multivariate wearable sensor time-series and next-session athlete performance outcomes across two elite sport disciplines; to develop a multi-task Long Short-Term Memory (LSTM) architecture concurrently predicting performance metrics and acute injury risk; and to evaluate the generalization capacity of the proposed model against Random Forest, Gradient Boosting, and linear regression baselines on a held-out athlete cohort. A prospective longitudinal design was adopted over a 24-week competitive season with 47 elite athletes (track-and-field and football; mean age 23.4 ± 3.1 years). Wearable data were collected at 100 Hz via STATSports APEX Pro (GNSS, triaxial accelerometer, gyroscope) and Polar H10 heart-rate monitors. Eighteen per-session features were assembled into 14-session rolling windows. A two-layer multi-task LSTM was trained on 80% of data using temporal cross-validation, with Bayesian hyperparameter optimisation; benchmarks were evaluated on the same held-out 20% set. The multi-task LSTM achieved 92.6% injury-risk classification accuracy (AUC-ROC 0.97; 95% CI: 0.94–0.99) and RMSE of 0.294 on performance regression — statistically significant improvements over all baselines (p < 0.001; Cohen’s d > 0.8). Sensitivity for soft-tissue injury detection was 0.89 (specificity 0.93). Acute-to-chronic workload ratio emerged as the most informative feature (importance 0.23 ± 0.04). These results demonstrate that temporal modelling of raw wearable sensor streams substantially outperforms conventional session-aggregate approaches for athlete performance prediction and injury-risk estimation.
Keywords: predictive analytics; machine learning; athlete performance; sports science; wearable sensors

  	Page 1 of 2
image1.png
ER 12 -13,
0(;\03 » 20 2%

it %
T 4

INTERNATIONAL CONFERENCE ON

ARTIFICIAL INTELLIGENCE
IN SPORTS (ICAIS)

50" ANNIVERSARY




image2.jpeg
dariall aupell Giljlall dala
United Arab Emirates University





