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| Introduction

Purpose
 Recovering the original time-varying pose from the

observed signals (with missing values and noise)

b
-| Pose Estimation |—> -| Pose Refinement |->
_ Our method
‘-‘ Motion capture o
OpenPosel! ® - Noise
etc. X : Missing value

Graph Signal Processing (GSP)!1]

e Signhals often have their underlying structures.
 GSP can consider the underlying structure of signals.
e.g. Human pose, transportation network.

Time-varying graph signal

Graph signal

| Proposed Method
Main ldea

e Signals (=coordinates of joints) and weight of the edges

(=joint length) change smoothly in a spatiotemporal.
e Coordinates are restored using refined joint length.
e Line graph transform is used for the restoration of the
edges.
Line graph: A graph that represents the relationship
between edges by making the edges of the original
graph as nodes. %

A; =B'B —2I

. Adjacency matrix of line graph
. Degree matrix of original graph
. Original time-varying graph

. Time-varying line graph

N X w2

Design of Optimization Problem
Edge Refinement Using Line Graphs
min |J 0 Z — Z||3 + aegge tr((ZD) ' L (XD))
4 Spatiotemporal smoothness of edge

Node Refinement Using Restored Edges

min ||J o X(d) ~ Y5 + anode tr((X(d)D)TL(X(d)D))
X Spatiotemporal smoothness of coordinates

Qnodey Xedge - Hyperparameter X ) € RY*T": Opserved time-varying graph signal of axis d
7 c RI€IXT: Time-varying line graph signal [ -1 |
1 -1

NxT': Sampling operator
J €{0,1} pling op oo 1 _ RTX(T-D
Jr € {0, 1}|€|XTZ Sampling operator .
L € RVXN: Graph Laplacian 1

L; e Rl€IxI¢l: Graph Laplacian of line graph : Temporal high pass filter
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Refinement Algorithm

Algorithm 1 Human Pose Refinement Using Line
Graphs

1) Calculate line graph signal
A; =B'B —2I
Lp,Jr < Ap
|Z]e,+ < set length of joint e on time ¢
2) Edge Refinement
Z = fcp(Z,Ly,J;)
3) Calculate L from Z
fort=1to T
L+« Z
end for
4) Pose Refinement
for d=1to D
X () = fep(X(a), L, J)
end for

| Experiments

Dataset
 MINI-RGBDI[Z2] (with pose estimated by OpenPosel3])

Compared Methods
 Graph temporal difference construction (OGTR)
e Sobolev norm regularization!®! (TRSS)

Results
(D Restoration Performance (RMSE)

Method \# dataset | #1 #2 #3 #4 #5
OGTR | 16.33 93.66 23.25 36.13 45.21
TRSS | 16.33 9597 24.60 38.24 47.29
Proposed | 9.71 9290 22.52 32.82 44.47

@ Restored Edges

Before restoration:
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Pose refinement is performed using

the information from the restored edges

| Conclusion

e Qur proposed method considers spatiotemporal
smoothness of nodes and edges.
[t improves the accuracy of restoring human pose.
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