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L. Feng et al, A comparative review of graph convolutional networks for human skeleton-based action recognition, 2022
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Graph dictionary learning approach



Upper limbs movements: Arm-CODA
Subjects : × 16

Healthy subjects

S. W. Combettes et al, Arm-CODA: A Data Set of Upper-limb Human Movement During Routine Examination, 2024



Subjects : × 16

Healthy subjects

Sensors : × 34
Cartesian Optoelectronic Dynamic Anthropometer (CODA)

3D positions data in millimeters at 100 Hz

System of 6 depth Cameras

Upper limbs movements: Arm-CODA

S. W. Combettes et al, Arm-CODA: A Data Set of Upper-limb Human Movement During Routine Examination, 2024



Elevation movements in the scapular plane: 
right arm, left arm and bilateral elevation

S. W. Combettes et al, Arm-CODA: A Data Set of Upper-limb Human Movement During Routine Examination, 2024



Graph

Nodes

Graph signal

X. Dong et al. Graph signal processing for machine learning: A review and new perspectives, 
A. Ortega et al, Graph signal processing: Overview, challenges and applications, 2017



Graph

Nodes
+

Edges

Graph signal

X. Dong et al. Graph signal processing for machine learning: A review and new perspectives, 
A. Ortega et al, Graph signal processing: Overview, challenges and applications, 2017



Graph

Nodes
+

Edges

Weights
+

Graph signal

X. Dong et al. Graph signal processing for machine learning: A review and new perspectives, 
A. Ortega et al, Graph signal processing: Overview, challenges and applications, 2017



Graph

Nodes
+

Edges

Weights
+

 nodesN

Graph signal

X. Dong et al. Graph signal processing for machine learning: A review and new perspectives, 
A. Ortega et al, Graph signal processing: Overview, challenges and applications, 2017

A value is associated to each node

Value associated to node i

s = (s1, . . , si, . . sN)



Graph construction

Close nodes

Close sensors 
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R. Rubinstein et al, Double sparsity: Learning sparse dictionaries for sparse signal approximation, 2010
Y. Yankelevsky et al, Dictionary learning for high dimensional graph signals, 2018
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Velocity profilesGraph construction

Mexican Hat wavelets

Close nodes

Velocity profile directed along 
the y-axis at a given instant

Each wavelet is characterized by a scale 
and a node on which it is centered

Close sensors 
along the body

Double sparsity

R. Rubinstein et al, Double sparsity: Learning sparse dictionaries for sparse signal approximation, 2010
Y. Yankelevsky et al, Dictionary learning for high dimensional graph signals, 2018
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Elevation movements in the scapular plane: 
right arm, left arm and bilateral elevation

S. W. Combettes et al, Arm-CODA: A Data Set of Upper-limb Human Movement During Routine Examination, 2024
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Different movement strategies
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Inter/Intra subject comparison



Inter/Intra subject comparison



Qualitative 
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Timelines Histograms Denoising

Human action 
recognition

Qualitative 
analysis of motion 

sequences

Quantitative comparison 
of motion sequences

Other 
applications

+

DSMH Method
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Human action recognition



DSMH  method:

Graph filtering method:

Denoising



Unconstrained dictionary



Signal reconstruction



Arm-CODA

S. W. Combettes et al, Arm-CODA: A Data Set of Upper-limb Human Movement During Routine Examination, 2024

Bilateral elevation in the Scapular plane, Sujet 04



Arm-CODA

34 Cartesian Optoelectronic Dynamic Anthropometer (CODA) motion system 3D position markers
Active sensors emit an optical signal received by six depth cameras
Sensor fusion algorithm merges the measurements of the different cameras and obtain estimate of the position of each sensor 
Data position of the 34 sensors is measured at 100 Hz

S. W. Combettes et al, Arm-CODA: A Data Set of Upper-limb Human Movement During Routine Examination, 2024



Arm-CODA



More variations over time & more differences between subjects  
BUT two different movements can easily be distinguished

Super-atoms

Timelines 2nd activation

This second level of activation still allows to capture 
phenomena specific to signals



Representations with Fourier basis



Unconstrained Dictionary



Unconstrained Dictionary

Super-atoms



Mexican Hat Wavelets

Wavelet  h(x) Wavelet  g(t1x) Wavelet  g(t2x) Wavelet  g(t3x) Wavelet  g(t4x)

̂Tgδn(l) = g(λl) ̂δn(l)g(tx) = tx × e−txh(x) = γe−( 20
0.4λmax

x)4


