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SMART MONITORING OF PLAYER SAFETY: DESIGNING A REAL-
TIME DETECTION AND RECOGNITION OF MOVEMENT
PATTERNS IN BASKETBALL

ELAINE B. BOLAMBOT KHAELA MAY T. LEE
RHEYVEN L. FERNANDO RAQUEL G. SALAZAR
TERESITA M. CRUZ
La Consolacion University Philippines

ABSTRACT
Basketball is a physically demanding sport characterized by rapid accelerations, abrupt
decelerations, frequent jumping, and sudden changes in direction, all of which impose
significant strain on the musculoskeletal system and elevate the risk of injury. To address this
challenge, this paper proposes a theoretical framework for smart monitoring of player safety
through camera-based pose estimation. The framework focuses on the real-time detection
and recognition of movement patterns, with particular emphasis on distinguishing

biomechanically safe actions from potentially hazardous ones.

By leveraging skeletal key point extraction, spatiotemporal feature modeling, and
machine learning-based classification, the system aims to identify high-risk movements and
generate actionable feedback for injury prevention and performance optimization. The
framework also outlines conceptual strategies for addressing data imbalance, improving
classification robustness, and evaluating model performance using appropriate metrics. This

foundational approach serves as a basis for future implementation in athlete monitoring

kkkkkkkkkkkkkkhkhkkkkkkkhkkkkkkkhkkkkkkkhkkhkkkkkhhkkkkkkkhkhkkkkkhkhkhkkkkkkhkkkhkkkkkhkkhkhkkkkkhkhkhkkkkkkkhkhkkkkkkhkkhkkkkk

Editorial Team
Editor-in-Chief: Alvin B. Punongbayan Associate Editor: Andro M. Bautista
Managing Editor: Raymart O. Basco Web Editor: Nikko C. Panotes
Manuscript Editors / Reviewers:
Chin Wen Cong, Christopher DC. Francisco, Camille P. Alicaway, Pinky Jane A. Perez,
Mary Jane B. Custodio, Irene H. Andino, Mark-Jhon R. Prestoza, Ma. Rhoda E. Panganiban, Rjay C. Calaguas,
Mario A. Cudiamat, Jesson L. Hero, Albert Bulawat, Cris T. Zita, Allan M. Manaloto, Jerico N. Mendoza

kkkkkkkkhkkkkkkkhkkkkkkkhkkkkkkkhkkkkkkkhkkkkkkkhkhkhkkkkhkhkhkkkkkhkhkkhkkkkhkkkhkkkkkkkhkkkkkkkhkkkkkkkhkkkkkkkkkkkkkk



INSTABRIGHT e-GAZETTE
ISSN: 2704-3010

Volume VII, Issue |

August 2025
Available online at https://www.instabrightgazette.com

*kkkkkkkkkkkkkkkkkkkkhkkkkkkkhkkkkkkkkkkkkkkhkhkhkkkkhkkhkhkhkkkkkkhkkkkkkkhkhkkkkkkhkhkkkkkkkkkkhkkkkkhkkhkkkkkkkkhkkkk

systems, with potential applications in training, rehabilitation, and competitive gameplay

analysis.

Keywords: Basketball, Player Safety, Pose Estimation, Camera-Based Monitoring, Machine

Learning, Movement Recognition, Theoretical Framework, Injury Prevention

INTRODUCTION
Basketball is a high-intensity sport that demands a wide range of dynamic movements,
including vertical jumps, rapid pivots, abrupt stops, and swift directional changes. These
actions exert substantial biomechanical stress on the lower extremities particularly the knees
and ankles making them susceptible to acute injuries such as ligament tears, muscle strains,
and joint sprains. The ability to detect unsafe movement patterns in real-time is critical not
only for mitigating injury risk but also for informing targeted training interventions and

enhancing overall athletic performance.

This study introduces a camera-based theoretical framework for monitoring basketball-
specific movements through pose estimation techniques. Utilizing frameworks such as Open
Pose, skeletal key points corresponding to major joints are extracted from video sequences to
construct a spatiotemporal representation of player motion. These key points serve as the
foundation for conceptual movement modeling, enabling the system to distinguish between

biomechanically safe and potentially hazardous actions.
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By integrating principles from biomechanics, human activity recognition, and machine
learning, the proposed framework offers a structured approach to player safety monitoring. It
aims to support future development of intelligent systems capable of real-time feedback,

injury prevention, and performance optimization in basketball and other high-impact sports.

Research Problem

The primary research problem addressed is:
How can basketball player movements be monitored and classified as safe or

unsafe in real-time using camera-based pose estimation?

The research focuses on modeling and detecting unsafe movement patterns,
considering joint alignment, landing mechanics, and postural stability. The framework also
addresses potential challenges such as data imbalance, variability in player movement styles,

and movement dynamics across sequences.

Theoretical Framework

A. Data Conceptualization

o Input: Video sequences capturing basketball movements from multiple angles.

o Representation: Each video frame contains skeletal key points corresponding to

major joints, including ankles, knees, hips, shoulders, elbows, and wrists.

« Movement Labels:
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o Safe movements: Controlled motions with correct joint alignment and

stable landings.

o Unsafe movements: Misaligned landings, abrupt motion sequences, or

postures likely associated with increased injury risk.

B. Feature Extraction

o Spatial features: Joint angles, relative positions, and alignment of key points.

o Temporal features: Motion dynamics across frames, including velocities,

accelerations, and changes in joint orientation.

o Composite features: Sequences of key points are analyzed as trajectories to

capture movement patterns over time.
C. Classification Strategy

e Conceptually, machine learning classifiers (e.g., Random Forest, Support Vector
Machine, or Neural Networks) are applied to map extracted features to movement

safety labels.

« Handling class imbalance:

o Oversampling or synthetic augmentation of unsafe movement samples.

o Weighted loss functions emphasizing correct classification of unsafe

movements.
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o Incorporation of biomechanical principles to enhance feature selection and

reduce misclassification risk.
D. Evaluation Concept

o Performance is assessed using a confusion matrix, which shows predicted versus

actual movement safety labels.
e Theoretical metrics include accuracy, precision, recall, and F1-score.

o Evaluating classifier robustness against imbalanced movement classes ensures the

framework’s reliability.

Addressing Data Bias and Limitations

o Unsafe movements are naturally less frequent than safe movements, leading to

potential classification bias.
o Conceptual strategies to mitigate bias include:
o Synthetic generation of additional unsafe movement sequences.

o Designing classifiers that account for class imbalance through weighting or

adaptive algorithms.

o Leveraging domain knowledge in biomechanics to improve feature selection

and highlight risk-prone movements.
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o The framework is generalizable and adaptable to variations in player skill level,

movement style, and environment, providing a theoretical basis for practical

extensions.

Conceptual Workflow Diagram
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Description of Diagram:

1. Video Capture: Basketball movements are recorded as video sequences.

2. Pose Estimation: Skeletal key points for each frame are extracted using pose

estimation frameworks.

3. Feature Modeling: Spatial and temporal features, including joint angles, velocities,

and trajectories, are computed.

4. Classification: Features are input into a classifier that predicts safe or unsafe

movements.

5. Output Feedback: Conceptual feedback highlights unsafe movements for coaching

or training purposes.

Discussion

o The framework demonstrates that camera-based monitoring can conceptually

identify unsafe movement patterns using skeletal key points and feature modeling.

o Imbalanced movement data is addressed with theoretical strategies to ensure

classifiers remain sensitive to high-risk movements.

e Temporal dynamics of movements are critical; analyzing sequences rather than

individual frames improves detection accuracy.
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o Potential future extensions include multi-camera setups for improved spatial
accuracy, motion prediction models, and adaptive frameworks tailored to individual

player biomechanics.

Conclusion

This theoretical framework provides a structured approach for camera-based
monitoring of basketball player safety. Through pose estimation, feature modeling, and
classification, unsafe movements can be conceptually detected and evaluated. Strategies for
addressing class imbalance and evaluating classifier performance enhance the reliability of the
framework. This theoretical model serves as a foundation for future practical implementation,

contributing to injury prevention and optimized training in basketball.
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