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[Abstract]

High-cost modern sports analysis systems are predominantly utilized by elite athletes, creating a
significant technology gap that limits access for amateur players and sports enthusiasts. To address this
issue, this study proposes a practical method for measuring the movement distance of tennis players
using only a single, commonly available camera. Our approach combines YOLOv8n and DeepSORT for
robust player detection and tracking, followed by a homography transformation based on court keypoints
to map 2D image coordinates to real-world metric coordinates. A Kalman filter is then applied to
smooth the resulting trajectory and derive a reliable metric of movement distance. When tested on real
tennis match footage, the proposed system achieved an average measurement accuracy of 85.26%

relative to manual analysis tools, demonstrating its viability as a low-cost alternative.
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I. Introduction
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II. Related works
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2.2 Computer-Vision Based Analysis
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2.3.3 Homography
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2.3.4 Kalman Filter
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III. Player Distance Estimation Method

3.1 System Architecture Design
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Input Video
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Fig. 1. System Architecture

3.2 Players Detection and Tracking
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3.3 Tennis Keypoints Detection

Fig. 2. Tennis Keypoints Detection
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3.5 Trajectory Smoothing
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Table 1. Video Information Used for Analysis
Match Players Resolution FPS
2022 Cincinnati R16 Taylor Fritz vs Andrey Rublev 1920x1080 60
2022 French Open SF Rafael Nadal vs Alexander Zverev 1920x1080 60
2025 Australian Open QF Novak Djokovic vs Carlos Alcaraz 1920x1080 60
2025 National Bank Open Final Ben Shelton vs Karen Khachanov 1920x1080 60

Table 2. Per-Player Results of Measured Distance and Accuracy

Player Ground Truth (Kinovea) Proposed System Accuracy (%)
Taylor Fritz 690.99 m 801.77 m 83.96
Andrey Rublev 676.00 m 733.09 m 91.55
Rafael Nadal 588.35 m 667.75 m 86.50
Alexander Zverev 534.82 m 626.00 m 82.95
Novak Djokovic 613.54 m 734.15 m 80.34
Carlos Alcaraz 637.07 m 768.62 m 79.35
Ben Shelton 624.11 m 686.14 m 90.06
Karen Khachanov 625.52 m 704.51 m 87.37
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