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1. Background and Objective
• Inline speed skating involves high speeds and close, 

making marker- or IMU-based motion capture difficult to 

use safely.

• 2D pose estimation lacks depth so it cannot reconstruct 

how the body is tilted in 3D space.

• We compare image-based 3D pose estimation with 

IMU-based motion capture for Inline speed skating.

2. Data Acquisition Environment

• Multi-view video was captured using a 360° camera 

(Osmo 360) and several monocular cameras (iPhones).

• IMU-based motion capture (Xsens MVN[1]) data served 

as reference for evaluating the image-based 3D pose 

estimation(MotionBERT[2]).

Fig1. Data Acquisition Environment and Camera Configuration.

Fig5. Bank AngleFig4. Trunk-Lean Angle

3. Analysis Method
• We aligned the pose data and computed trunk-lean and 

bank angles.

• Estimation accuracy was evaluated using MAE, RMSE, 

and CCC.

4. Results and Discussion

evaluation metrics MAE[°] RMSE[°] CCC

Trunk-Lean 4.11 6.50 0.09

Bank Angle 19.6 24.6 0.38

Tab 2. Accuracy Evaluation Results. (Xsens vs. MotionBERT)

Fig6. Comparison of bank-angle waveforms.

Fig7. Comparison of trunk-lean angle waveforms.Fig8. Frames with large angle errors.

• The trunk-lean angle showed small errors because the 

participant was mainly captured from the left side.

• In contrast, the bank angle had larger errors due to its 

strong dependence on depth information.

• Keypoint detection failed when the left arm covered the 

torso center, reducing angle accuracy.

5. Conclusion and Future Work
• We evaluated trunk-lean and bank angles estimation by 

comparing image-based 3D pose estimation with IMU-

based motion capture.

• Trunk-lean angle showed small errors, whereas bank 

angle errors were larger.

• Future work includes IMU-based calibration and multi-

view integration to improve bank-angle accuracy.
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Cam Device / Lens Resolution FPS

1 Osmo 360 6K 60 

2
iPhone 15 Pro Max 

(13 mm)
4K 60 

3
iPhone 12 Pro Max

(26 mm)
4K 60 

4
iPhone 15 Pro Max

(24 mm)
4K 60 

5
iPhone 15 Pro Max 

(13 mm)
4K 60 

6
iPhone 15 Pro Max 

(120 mm)
4K 60 

Tab1. Camera Specs

Fig 9. Multi-view videos and 3D pose estimations

Fig2. Human3.6M

※The analysis focuses on joint 0 and joint 8.

8 : neck

0 : root

4. Procrustes analysis
estimate the optimal rotation and scale 

to align MotionBERT to Xsens MVN

5. Angle Computation
・Trunk-Lean Angle (forward tilt)

・Bank Angle (leftward tilt)

6. Accuracy Evaluation
・MAE, RMSE, CCC

Fig3. Processing flow

8 : neck

0 : root

1. Unify joint format 
unify the joint format into theHuman3.6M

2. Root centering
remove global positional offsets

3. Low-pass filtering
suppress measurement noise.
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