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ABSTRACT: This project focuses on the development of an automated system for detecting the speed of a golf ball in
motion using computer vision techniques and the OpenCV library. The primary goal is to provide golf enthusiasts,
coaches, and players with a reliable and efficient tool to assess the speed of golf balls during practice or training
sessions.

The project leverages the capabilities of OpenCV, a powerful open-source computer vision library, and NumPy for
numerical operations, to analyse video footage captured during golf ball strikes. The algorithm extracts relevant
features, tracks the movement of the golf ball, and calculates its speed based on the temporal and spatial information
obtained from the video frames.

Key steps in the project include video preprocessing, object detection, motion tracking, and speed calculation. The
system utilizes advanced image processing techniques to overcome challenges such as varying lighting conditions,
background noise, and ball distortions. By employing these methods, the system can accurately measure the speed of
the golf ball, providing valuable insights for performance analysis and improvement.

The project's outcomes hold great potential for enhancing golf training methodologies, allowing players and coaches to
monitor and optimize ball speeds for better performance. The implementation of computer vision in sports analysis not
only showcases the practical applications of technology in the sporting domain but also opens avenues for further
research and development in the field of sports analytics.

KEYWORDS: Golf ball speed detection, computer vision and OpenCV, Sports Analytics.

1. INTRODUCTION

In the realm of sports analytics and training, the integration of cutting-edge technologies has become increasingly
prevalent, offering athletes and coaches valuable insights for performance enhancement. This project endeavors to
contribute to the intersection of technology and sports by developing a system that automates the detection and
measurement of golf ball speed using computer vision techniques.

The project leverages the capabilities of OpenCV, a robust open-source computer vision library, along with numpy for
numerical operations, to analyse video footage captured during golf ball strikes. The central objective is to provide golf
enthusiasts, coaches, and players with a sophisticated tool capable of accurately assessing the speed of golf balls during
practice or training sessions.

The methodology adopted in this project involves the utilization of the YOLO (You Only Look Once) model for real-
time object detection, specifically targeting the identification of the "sports ball" class within each frame. Once a golf
ball is detected, the system seamlessly transitions into tracking mode, employing the Kernelized Correlation Filters
(KCF) algorithm to continuously monitor the ball's movement across subsequent frames.

The speed of the golf ball is meticulously calculated based on the temporal and spatial information derived from the
video frames. The system not only provides speed measurements in pixels per second but also converts this information
into meters per second and kilometres per hour, delivering comprehensive insights for performance analysis.

Beyond the technical intricacies, the project emphasizes user interaction and experience. A graphical user interface,
facilitated by OpenCV, dynamically displays information about the current mode (detection or tracking), tracking state
(success or failure), and real-time speed measurements. Users can effortlessly switch between modes and terminate the
execution with the press of a key.

This project amalgamates the realms of computer vision, object detection, tracking algorithms, and sports analytics to
present a holistic solution for measuring the speed of a golf ball in a video. The fusion of technology and sports not
only demonstrates the practical applications of computer vision but also paves the way for further advancements in the
field of sports performance analysis. As golfers strive for precision and improvement, this automated golf ball speed
detection system stands as a testament to the transformative potential of technology in enhancing sporting endeavors.
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1. METHODOLOGY

1.Data Collection:

Objective: Gather a diverse dataset of golf ball strikes in various environments, lighting conditions, and playing
surfaces.

Implementation: Record high-quality videos capturing golf ball strikes from multiple angles and under different
conditions.

2.Data Preprocessing:

Objective: Prepare the dataset for training and testing by addressing challenges such as noise, varying lighting, and
background interference.

Implementation: Apply image preprocessing techniques, including normalization, contrast adjustment, and noise
reduction, to enhance the quality of the video frames.

3.Model Selection and Training:

Objective: Choose or adapt a suitable object detection model capable of accurately identifying golf balls.
Implementation: Train the selected model using the pre-processed dataset, fine-tuning it to optimize performance in the
context of golf ball detection.

4.0bject Tracking Integration:

Objective: Implement a robust object tracking algorithm to seamlessly follow the detected golf ball across consecutive
frames.

Implementation: Integrate the Kernelized Correlation Filters (KCF) algorithm or explore other state-of-the-art tracking
algorithms to ensure accurate and smooth tracking.

5.Adaptive Speed Measurement Techniques:

Objective: Develop adaptive speed measurement techniques that consider variations in golf ball characteristics and
camera perspectives.

Implementation: Implement methods to dynamically adjust speed calculations based on factors such as ball size
variations, camera angles, and distance from the camera.

6.Real-time Performance Optimization:

Objective: Enhance the system's real-time processing capabilities to provide instantaneous feedback.

Implementation: Explore optimization techniques such as model quantization, parallelization, or the use of hardware
accelerators to improve processing speed without sacrificing accuracy.

7.Integration of Multiple Sensors:

Objective: Investigate the benefits of incorporating data from other sensors, such as accelerometers or gyroscopes, to
complement visual information.

Implementation: Explore sensor fusion techniques to integrate additional data sources, enhancing the accuracy and
reliability of the speed measurements.

8.User Interaction and Feedback Enhancement:

Objective: Improve the user experience by enhancing user interfaces and incorporating real-time feedback mechanisms.
Implementation: Design an intuitive graphical user interface (GUI) that provides relevant information about the
system's mode, tracking state, and real-time speed measurements.

9.Validation and Testing:

Objective: Validate the proposed methodology through rigorous testing against diverse datasets and real-world
scenarios.

Implementation: Evaluate the system's performance using a variety of golf ball scenarios, including different ball types,
lighting conditions, and playing environments.

10.Documentation and Reporting:

Objective: Document the entire methodology, including implementation details, results, and any modifications made
during the development process.
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Implementation: Prepare a comprehensive project report detailing the proposed methodology, experimental setup,
results, and conclusions.

IV. EXPERIMENTAL RESULTS

Figures shows the results of object detection from a video and inpainting by using KCF algorithm based on machine
learning algorithm. Figs. 2, 3, 4 (1) shows the object detection. (3) is the trajectory path detection. The YOLO model
demonstrated robust object detection, accurately identifying golf balls in various scenarios. Precision, recall, and F1-
score metrics were calculated, indicating high accuracy

Figure 1 Figure 2

Figure 3 Figure 4

V. CONCLUSION

The results and discussions affirm the successful development of an automated golf ball speed detection system,
showcasing its accuracy, adaptability, and user-friendliness. Future work may explore further enhancements, including
the extension of the system to track objects in other sports scenarios and the integration of additional advanced
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computer vision techniques for even greater precision. The system holds significant promise for revolutionizing sports
analytics in the domain of golf and beyond.
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