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Motivation

Person orientation estimation Channel pooling Extract shape information by
. . . summarizing a feature map along
Domain generalization the channel dimensions
Improve system’s robustness in
different conditions from training i Wb
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Naive channel pooling methods often results in loss of significant
discriminative information, as they focus on only local information

training
dataset

test dataset
new domain)

Grassmann Channel Pooling (GCP) Robustness

- — ol + Channel permutation invariance -
l ﬁ y Robust to case when a specific spatial

(

> pattern within a feature channel activates
SVD [ o o % on different channels
Feat | f . . .
map e e + Channel magnitude invariance @ - m@
Spatial bases Subspace Robust to the magnitude change

Summarize each feature map as linear subspace of
spatial bases
» Each spatial base represents positions which shares

globally similar property Connection with Bilinear Pooling
* Activation magnitude is decoupled in the singular values  Bjlinear Spatial Pooling Grassmann Spatial
+ Subspace span(U) is unique n (BSP) [Lin cvPR15] Pooling (GSP) [wei Eccv'1g]
regardless the order of spatial 1 R A »
bases SX'X=V <Ss ) 1 -|-> V'V
i.e., span( [ujuzus]) = span( [uruzuz)
S Select
- - - ensitive to image style leadin Robust against style change
Algorithm 1 Grassmann Channel Pooling (GCP) change, as it represents basesg as it does not include S*
Input: Feature tensor X rank R image style [Gatys'16]
c CP;rOJeCtIOI’] metr|c]9r|1d and
c rassmann maniro neglect
w f_l‘_‘ T HH .
o @ n [Ede'ma” SA'MI?S]T Bilinear Channel singular GCP
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Outpﬁt: A vectorized representation z = vec(P(U)) Most robust against style

, - Robust against style change -
@(U) contains all co-occurrence statistics of S x S it d 9 £ Iyd V*g change as it do*es not .
positional combinations = discriminative for human pose ~ @S It dO€S notinclude include both S* and V
Architecture Performance comparison
Person X TUD
ORG I Styled ORG I Styled
Pt e Method || Accioo T[MAE | [Accigo 1[MAE | [SIM 1 [[Accios T [MAE | [Accipe 7] MAE || SIM T
Spatial Pooling
Avg 96.1 34 75.5 7.7 98.1 | 28.6 315 15.7 51.6 59.7
BSP | 958 | 34 | 845 | 63 | 987 | 319 | 260 | 257 | 331 | 812
GSpP 95.9 33 86.0 59 99.0 385 24.6 298 322 828
Input  Bottom Stage4 @ :J;:np,e Top Channel Pooling
NN N Avg || 940 | 40 | 822 | 68 | 986 || 343 | 266 | 273 | 368 | 752
—_ Backbone (HR-Net) Std 95.0 37 | 834 65 | 989 || 296 | 280 | 256 | 333 | 774
« Backbone: High-Resolution Net-v2 [Wang PAMI ‘21] Max 952 | 36 | 827 | 66 | 988 || 314 | 259 | 264 | 303 | 857
o BCP | 952 | 35 | 882 | 54 | 993 | 355 | 242 | 276 | 321 | 793
* Instance Normalization (IN) adds robustness GCP | 956 | 34 | 872 | 56 | w2 || 358 | 216 | 331 | 255 | 876
* Loss: Von Mises loss [Beyer GCPR'15] i
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