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1 Introduction

In professional sports analytics, “ball trails” and “player heatmaps” are generated by tracking
objects in real-time. This project focuses on the challenge of maintaining unique IDs for multiple
objects over time, and possibly predicting their next position. The underlying architecture of this
project is identical to the systems used in advanced robotics and autonomous vehicle safety.

This project explores making a hand-crafted kinematic models, with the option to compare
against modern end-to-end deep learning architectures like YOLO [7]. Whether the goal is to derive
high-level performance metrics for sports analytics or to enable a vehicle to predict and avoid a
collision, mastering these temporal consistency techniques is essential for building machines that
can reason about a moving world.

Figure 1: Object tracking in Basketball. Source: Basketball-SORT.

2 Problem Statement

Build a system that identifies players and balls in a sports videos as they move, and predicts their
future trajectories N frames into the future. Expand your traking abilities by maintaining player’s
unique identities (ID) in multi-object traking

Note: Object tracking has many great uses and a vast assortment of compiled datasets, feel free
to find an application which most interests you.
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https://link.springer.com/article/10.1007/s11042-024-20360-2


3 Methodology Options

Choose and justify your implementation for the following modules:

3.1 The Detection Challenge

How will you identify you opbject? Possible options below:

• Background Subtraction: Implement a classical foreground-background model. How will
you handle shadows and camera jitter?

• Color/HSV Masking Design a detector for specific objects (e.g., a yellow tennis ball or
jersey colors). How do you handle changing lighting?

3.2 The Tracking & Association Challenge

• Motion Model: Try implementing a Kalman Filter [4], optical flow [1] or one of the methods
mentioned in OpenCV Object Tracking Project

to track state [x, y, ẋ, ẏ]T .

• Data Association: If you can successfully track one object, try solving the “assignment
problem” to track multiple objects. How do you prevent ID switches when players cross?

3.3 Prediction Challenge

Using your tracking, try predicting where your object(s) go next. How well does your model do
against true future frames?

4 Resources

• Potential Datasets: SportsMOT [3] or SoccerNet [6]. Note: you should start with videos
that have stationary cameras.

• Technical Guide: OpenCV Object Tracking.

• Logic Reference: Simple Online and Realtime Tracking (SORT) [2] - The standard for
Kalman-based association.
Implementing SORT in Python

• Modern Object Tracking Model YOLO Multi-Object Tracking [7] - has an out of box
tracking feature that you can compare with your implementation (also fun to experiment
with!)

5 Expansion Ideas

• Incorporate physics! Can you add a constant downward acceleration term (g) to your Kalman
filter [4] to better predict the parabolic arc of a ball in flight?

• Can you use your next-location prediction to help guide your tracking?
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https://medium.com/@amit25173/opencv-object-tracking-project-29954e0f0418
https://github.com/MCG-NJU/SportsMOT
https://www.soccer-net.org/
https://medium.com/@amit25173/opencv-object-tracking-project-29954e0f0418
https://arxiv.org/abs/1602.00763
https://blog.roboflow.com/sort-explained-real-time-object-tracking-in-python/
https://docs.ultralytics.com/modes/track/#tracking


• How does your implementation compare with modern deep learning models? Where might
your model be more efficient, and where might your model struggle?

• What are ways you can improve your multi object data assignments?

6 References
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