
  
       

  
       

  
      

 
        

 
   

   

                    
              

                    
                 

Predicted Spin: Topspin 19.3Hz

Front-End: Ball and Table Keypoint
Detection Back-End: 2D-to-3D Uplifting

Ball DetectorTable Keypoint
Detector

Ball FilterKeypoint Filter

Input: Video Frames

Embedding Module

Uplifting Network

Output: Initial Spin & 
3D Trajectory
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3D ball trajectory & initial spin are key to gameplay analytics 
→ Improve training, extract statistics, enable virtual replay

• Goal: Predict 3D Ball Trajectory & Initial Spin
• Challenge: No 3D ground truth in real videos
• Solution: Implement Two-Stage Pipeline

FROM CONCEPT TO PRACTICAL APPLICATION

A ROBUST TWO-STAGE PIPELINE

Two-Stage Pipeline:
• Front-End: Detections in the video frames

Video frames → 2D ball trajectory & 2D table keypoints
• Back-End: Uplifting approach [1]

2D trajectory → 3D ball trajectory & initial spin
• Core Challenge: Combining Front- and Back-end
→ Imperfect 2D detections
→ Varying framerates

Challenge: No 3D Ground Truth
Video → 3D trajectory & spin is impossible

Solution: Introduce Two-Stage pipeline
• Train Front-End with Real 2D Annotations
• Train Back-End with Synthetic Data

Contributions:
• High-performance Detectors utilizing the 

Segformer++ architecture [2]
• Tailored Filters removing false positives
• Robust Uplifting Network
→ Zero-shot generalization
→ Deal with noisy & missing detections

2D-TO-3D UPLIFTING NETWORK

Trained solely on Synthetic Data
→Smart data representation
→No synthetic-to-real gap
→Zero-shot generalization

We adjust the architecture from [1] to varying 
framerates and real-world imperfections

RESULTS

Ball Detection with different architectures

Table Keypoint Detection with different architectures

Evaluation of the full pipeline

Back-end architectures under the influence of real-world imperfections

Predicted Spin: Backspin -6.6Hz

2D detections (green) and reprojected 3D predictions (orange)

Predicted Spin: Topspin 13.6Hz

2D detections (green) and reprojected 3D predictions (orange)

Predicted 3D trajectory

Back-end architecture

Overview of the full pipeline
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