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Introduction: objectives and issues
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Any sport motion

Any morphology

Any execution rate

No prior-knowledge on the sport

Innovative automatic

evaluation process

Experts’ motion database



-500
0

500

-600
-400

-200
0

200

200

400

600

800

1000

1200

1400

1600

raw data

-2000200

-200
0

200
400

600

-1000

-500

0

500

space-positioning independent

-200 0 200-400-2000200

-1000

-500

0

500

space-orientation independent

-0.2 0 0.2 0.4

-0.8-0.6
-0.4
-0.2

00.2
0.4

-1.5

-1

-0.5

0

0.5

morphology independent

1. Gesture encoding

2. Dynamic Time Warping

3. Nominal motion and spatial tolerance

4. Computation of  spatial and temporal errors

4

- Dataset of karate gestures and tennis serves 

recorded by a motion capture system (Vicon)

- Local frame oriented by the hips and centered

by the root. Scaling with respect to the torso

length.

I.Global Framework

II. Results and perspectives
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𝑑 𝑖, 𝑗 = 𝑋 𝑖 − 𝑌 𝑗
2

𝑑 𝑖, 𝑗 =  

𝑎∈𝑗𝑜𝑖𝑛𝑡𝑠

𝑿𝑎 𝑖 − 𝒀𝑎 𝑗
T
𝑿𝑎 𝑖 − 𝒀𝑎 𝑗

𝑿 𝒀

𝜙𝑖→𝑗 warping path of the ith signal on the jth

𝜙𝑖→𝑗
𝑙

warping path of the ith signal on the jth

only based on the lth limb

𝑑𝑙 𝑖, 𝑗 =  

𝑎∈𝑆𝑙

𝑿𝑎 𝑖 − 𝒀𝑎 𝑗
T
𝑿𝑎 𝑖 − 𝒀𝑎 𝑗
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Nominal motion : Averaging the aligned experts’ motion

𝑿𝑛 𝑡 =
1

𝑁𝐸
 

𝑖∈𝑒𝑥𝑝𝑒𝑟𝑡𝑠

𝑿𝑖 𝜙𝑖→0 𝑡

Spatial tolerance : Variance of the aligned experts’ limbs

ΣSPA
l (t) = COV 𝐗i

l 𝜙i→𝑛
l t

i∈𝑒𝑥𝑝𝑒𝑟𝑡𝑠
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Spatial error :

𝐸𝑆𝑃𝐴,𝑖
𝑙 𝑡 = 𝐹𝑖

𝑙 𝑡 𝑇 Σ𝑆𝑃𝐴
𝑙 𝑡

−1
𝐹𝑖
𝑙(𝑡)

𝐹𝑖
𝑙 𝑡 = 𝑿𝑖

𝑙 𝜙𝑖→𝑛 𝑡 − 𝑿𝑛
𝑙 (𝑡)

Temporal error :

𝐸𝑇𝐸𝑀𝑃,𝑖
𝑙1,𝑙2 𝑡 = 𝛾𝑙1,𝑙2 𝑡 × 𝜙𝑖→𝑛

𝑙2 𝑡 − 𝜙𝑖→𝑛
𝑙1 𝑡

𝛾𝑙1,𝑙2 𝑡 =
max  𝑿𝑛

𝑆𝑙1 𝑡 ,  𝑿𝑛

𝑆𝑙2 𝑡

 
𝑡=1
𝑀0 max  𝑿𝑛

𝑆𝑙1 𝑡 ,  𝑿𝑛

𝑆𝑙2 𝑡
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Tennis serves Karate tsuki dataset

Spatial scores given by one coach

- by phase

- by limb

Temporal scores given by 2 coaches

- right arm / left arm
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Real-time evaluation tool with Kinects

 Extract the Kinect body in real-time

 Deal with different representations of the skeleton (Mocap and Kinect)

 Create a user-friendly tool

 Choose a well-adapted feedback

Classification

 Learn a nominal motion and a spatial tolerance for each class

 Test each example by computing the spatial and temporal error
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Thank you!

Any questions?
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