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Self-supervised Learning of Visual Representation
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Chen, Ting, et al. "A simple framework for contrastive learning of visual representations." International conference on machine learning. PMLR, 2020.

source. He, Kaiming, et al. "Masked autoencoders are scalable vision learners.” Proceedings of the IEEE/CVF conference on computer vision and pattern recognition. 2022.



Transformation (Augmentation) Invariant Representation

Transformation invariant representation
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Invariant learning

mfin E, ¢ [Liny(z,t)]

ﬁinv(xat) - £(f($)7 f(t(il?)))

Augmentation

. image [ : group of transformation

f rencoder L :dissimilarity metric (e.g. INfoNCE loss)

SOurce: cChen, Ting, et al. "A simple framework for contrastive learning of visual representations." International conference on machine learning. PMLR, 2020.



Transformation Sensitive Information Matters

Color Information

in Flower Classification

Directional Information

in Autonomous Driving




Transformation Equivariant Representation

Transformation equivariant representation BENIES W e
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Equivariant learning (with transformation label)
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SOource: Devillers, Alexandre, and Mathieu Lefort. "Equimod: An equivariance module to improve visual instance discrimination.” The Eleventh International Conference on Learning Representations. 2022.



Limitation of Transformation Label

Random cropping Horizontal flipping

WP = (ycentera Tcenter; H, W) wﬁip = ]l[V is ﬁipped]
=(0.4,0.3,0.6,0.4) -
Imperfect
Transformation Label
. Color jitteri G ian blurri
hyperparamters of augmentations il s
W = (Nirigits Noontrast's Asaty Nime) WP = std. dev. of Gaussian kernel
= (0.3,1.0,0.8,1.0) =1.0
. Xaugmix
Complex Transformation :
: AugMix
with Unknown Structure
. . ICLR 2020
AugMix like augmentation, ( )
Complex combination, etc.
equalize f5.,
source: Lee, Hankook, et al. "Improving transferability of representations via augmentation-aware self-supervision." Advances in Neural Information Processing Systems 34 (2021): 17710-17722. 6

Hendrycks, Dan, et al. "Augmix: A simple data processing method to improve robustness and uncertainty.” arXiv preprint arXiv:1912.02781 (2019).



Transformation Representation

Equivariant learning with transformation label

r%gl Ex,t[ﬁequi(xat)] s.t. Eequi(xa t) — ﬁ(@(t, f(ﬁll‘)), f(t(CE)))

f

explicit
transformation label

Pairs of representations of original image and transformed image

vy = fr(f(x), f(t(z))) e Yy forteT and x € X
f

implicit
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Equivariant Learning without Transformation Label

Equivariant learning with transformation label

r%gl Em,t[ﬁequi(xat)] s.t. Eequi(xa t) — £(¢(ta f(.”L’)), f(t(lﬁ)))

vy = fr(f(x), f(t(z))) e Yy forteT and x € X
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o (v, F@) =6 (r (@), f (@), (@) forz#a’€X

Equivariant learning without transformation representation

min Eyzor ¢ [Loqui(a, 2, 1)) prevent trivial solution
fva1¢' , ;
= f(t(z)) = o(fr(f(x), f(t(x))), f(x))
Lequi(w, 7', 1) = £ (6 (57, 1)), F(2(2)))




Self-supervised Transformation Learning (STL)

Image invariant transformation representation

/

vy =yp VYe#r eX

yr = fr(f(x), f(t(x)) €Yy forte€T and z € X

Image invariant (transformation representation) learning

Tfn}n Errtart [Lorans (2,27, 1)) sb. Lipans (x,2',8) = L (yf, yf’)
sJT



Aligned Transformed Batch
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Batch size of image = Batch size of transformation
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Transformation Equivariant Learning with STL

exp (sim (g(y). g(y™")) /7)
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Overall Framework of STL
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Transformation Invariant Learning

Linv(2,t) = L(f(2), f(t(2)))

Transformation Equivariant Learning

Lequi(@a',8) = £ (9 (v, £()) , ft(@)))
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Y

Self-supervised Transformation Learning

L"tranﬁ (ms :‘Cra t) =L (yéca y;\:’)
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Image Representation Evaluation (Out-domain)

Table 2: Out-domain Classification. Evaluation of representation generalizability on the out-domain down-
stream classification tasks. Linear evaluation accuracy (%) is reported for ResNet-50 pretrained on ImageNet100.

Method CIFAR10 CIFAR100 Food MIT67 Pets Flowers Caltechl0l Cars Aircraft DTD SUN397 ‘ Mean
Invariant Learning :

SimCLR 84.24 64.15 59.00 54.78  58.95 91.58 79.32 27.07 36.00 66.01 42.77 60.35
with AugMix 86.90 67.70 62.90 57.24 63.75 93.16 83.67 32.37 43.17 67.93 46.15 64.09
Implicit Equivariant Learning :

E-SSL 85.09 65.74 60.91 56.64 61.00 9231 80.77 28.84 38.04 66.38 43.49 61.75
AugSelf 85.55 66.09 62.63 57.16 62.61 93.41 82.33 30.71 40.35 68.51 45.24 63.14
Explicit Equivariant Learning :

SEN 80.68 56.53 52.50  46.79  45.27 79.24 73.42 14.41 27.51 57.45 33:51 91:57
EquiMod 82.89 61.36 56.38 52.84  52.68 87.42 79.17 22.02 34.62 64.10 39.86 57.58
SIE 81.72 58.49 54.04 49.70  47.21 84.37 74.39 16.71 31.68 59.20 35.29 53.89
STL (Ours) 86.55 66.84 64.32 56.64 65.00 9451 81.83 35.44 45.42 64.68 44.69 64.18
with AugMix (Ours) 87.19 67.70 66.12 59.70 67.10  94.87 84.61 38.48 46.14 69.57 45.75 66.11
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Image Representation Evaluation (In-domain)

Table 3: In-domain Classification.
Evaluation of representation on in-
domain classification task. Linear eval-
uation accuracy (%) 1s reported for
ResNet-50 pretrained on ImageNet100.

Method In-domain
Invariant Learning :

SimCLR 81.20
SimCLR with AugMix 80.54
Implicit Equivariant Learning :

E-SSL 82.10
AugSelf 81.08
Explicit Equivariant Learning :

SEN 76.32
EquiMod 80.70
SIE 79.40
STL (Ours) 81.10
STL with AugMix (Ours) 81.64

14



Image Representation Evaluation (Object Detection)

Table 4: Object Detection. Evaluation of representa-
tion generalizability on a downstream object detection
task. Average precision is reported for ImageNet100-
pretrained ResNet-50 fine-tuned on VOCO07+12.

Method AP, 11 APsp AP~5
SimCLR 45.67 72.50 47.83
AugSelf 45.99 72.46 49.23
EquiMod 51.55 78.03 56.17
STL (Ours) 51.95 78.34 56.96

with AugMix (Ours) 52.70 78.81 57.76




Transformation Representation Evaluation (Quantitative)

Table 5: Transformation Prediction. Evaluation
of transformation representation from learned repre-
setation pairs. Regression tasks use MSE loss, and
transformation type classification uses accuracy.

Regression () Classification (1)
Method Crop Color All Trans. Type
SimCLR 0.02 0.13 0.08 68.54
AugSelf 0.01 0.04 0.03 88.49
EquiMod 0.01 0.07 0.04 82.20
STL (Ours) 0.01 0.03 0.02 93.67
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Transformation Representation Evaluation (Qualitative)

Inter-relationship of transformations Intra-relationship of transformations

Color Jitter
Color Jitter

UMAP Visualization
of transformation representations
by intensity

UMAP Visualization
of transformation representations

by type
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Equivariant Transformation Evaluation

Table 6: Transformation Equivariance. Evaluation of the equivariant transformation. Mean Reciprocal Rank
(MRR), Hit@k (H@k), and Precision (PRE) metrics on various transformations (crop and color jitter).

Crop Color All
Method MRR(1) H@I(f) H@5(1) PRE({) MRR(1) H@I(t) H@5(1) PRE({) MRR(1) H@I() H@5(t) PRE()
SEN 0.34 0.15 0.58 0.14 0.18 0.05 0.31 3.69 0.22 0.08 0.37 2.70
EquiMod 0.37 0.17 0.60 0.13 0.16 0.05 0.28 3.72 0.22 0.09 0.36 2.72
SIE 0.33 0.14 0.55 0.33 0.17 0.05 0.28 3.70 0.21 0.08 0.35 2.74
W/0 Lians (Ours) 0.31 0.18 0.46 0.69 0.27 0.13 0.40 3.37 0.29 0.16 0.43 2.50
STL (Ours) 0.37 0.22 0.54 0.64 0.33 0.18 0.52 2.76 0.36 0.21 0.53 2.07

Equivariant Transformation

Prediction Retrieval Error (PRE) °
The differences b/w the parameters of the equi. trans. and the closest actual trans. - Crop
PRE = |0oq — Oreal
Satur.
Mean Reciprocal Rank (MRR)
The avg. reciprocal rank of the actual transformed repr. among the closest retrieved reprs. Bright.
Q|
1 1
MRR = — —
|Q| 121: rank; Hue
Hit Rate at k (H@kK) o
The proportion of cases where the actual transformed repr ranks within the top k. . Contr.
Q| (a) EquiMod (b) STL

H@k =

Q] 4 UMAP Visualization of functional weights

! Z 1(rank; < k)
i1

Color Jitter
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Ablation Study for Modules

Table 7: Loss Function Ablation Study. Image classification and transformation prediction results of ResNet-
18 pretrained on STL10 with selective inclusion of loss terms for invariant learning (Liny ), equivariant learning
(Lequi)» and self-supervised transformation learning (Li.ns). For image classification, in-domain accuracy (%)
and the average accuracy (%) across multiple out-domain datasets are shown. For transformation prediction,
MSE is used for regression of crop and color transformations, and accuracy (%) is used for transformation type
classification.

Loss Functions Image Classification Transformation Prediction
Method L Lequi L rans In-domain (1) Out-domain () Regression () Classification (1)
Only Invariance v - - 84.74 43.11 0.08 68.54
Only Equivariance : v - 83.53 49.99 0.02 93.54
STL w/o L,y - v v 81.86 48.62 0.02 93.54
STL w/o Lequi v - v 80.99 47.30 0.02 93.92
STL w/o Lirans v v - 85.11 48.49 0.08 69.57
STL v v v 84.83 49.97 0.02 93.67
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Ablation Study for Transformations (Augmentation)

Table 8: Transformation Ablation Study. Linear evaluation accuracy (%) of ResNet-18 pretrained on STL10
with various transformations used as equivariance targets.

Trans. Method CIFAR10 CIFAR100 Food MIT67 Pets Flowers Caltechl01 Cars Aircraft DTD SUN397 ‘ Mean

AugSelf 82.89 54.92 33.19  39.70 4440  64.96 67.63 15.58 25.38 41.86 27.89 45.31

crop  EquiMod 83.76 55.33 32.01 3776  41.65 63.00 66.28 14.18 24.96 41.54 26.46 44.27
STL 84.94 59.12 35.15 3940 4535  68.38 70.78 17.96 33.00 41.86 28.71 47.70
AugSelf 84.33 57.47 36.57 3940 46.80  71.18 67.91 17.03 27.12 43.83 29.37 47.36

color  EquiMod 82.22 SL77 31.21 3418  39.57 61.17 62.07 12.51 21.36 39.52 23.48 41.73
STL 84.16 58.71 38.49 4134 4590 74.36 68.48 17.31 27.12 46.54 31.17 48.51

crop  AugSelf 84.26 57.78 36.82 4030 4546 7338 68.11 17.22 27.63 45.96 30.38 47.94
+ EquiMod 81.35 51.86 3391 3776  41.92 66.18 67.38 15.22 25.80 42.50 26.70 44.60
color  STL 85.37 61.05 3941 4127 46,58 7643 71.47 19.04 30.75 46.17 32.13 49.97
AugSelf 81.76 54.90 36.51 4090  46.17 71.43 70.14 18.63 30.96 45.21 30.40 47.91

all EquiMod 84.42 56.65 3423 3799 4298  67.16 68.41 15.18 26.91 43.94 26.97 45.89
STL 84.96 58.91 36.71 4209 46.25 7241 71.01 17.72 28.44 43.83 30.99 48.48
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Ablation Study for Base Invariant Learning Models

Table 9: Base Invariant Learning Model Ablation Study. Linear evaluation accuracy (%) of ResNet-18
pretrained on STL10 with various base models for invariant learning.

Base Method CIFAR10 CIFAR100 Food MIT67 Pets Flowers Caltechl01l Cars Aircraft DTD SUN397 ‘ Mean

- 85.55 59.80 37.54 42,61 50.61 73.50 72.46 23.02 3171 44.95 31.63 50.31

BYOL AugSelf 87.01 64.84 43.14 47.2«‘_1 5249 7888 7.?'.4-2 25.47 37.02 48.03 34.94 54.04
EquiMod 84.64 56.55 3274 39.18 4464 6654 68.37 15.47 24.27 42,71 26.96 45.64

STL 86.88 65.63 4298 4642 5233 79.61 76.04 28.68 39.21 46.44 34.57 54.44

- 83.26 55.69 3432 4052 46,52 66.06 69.13 17.15 27.99 41.91 28.97 46.50
SimSiam AugSelf 85.44 62.20 39.78 4343 46.77 77.91_) 71.72 18.67 33.30  45.53 32.65 50.67
) EquiMod 81.20 51.23 31.21 3799 4053  63.98 64.19 12.22 2211 40.69 25.76 42.83
STL 85.20 62.58 40.15 4403 48.65 76.68 71.37 22.42 32.37 45.59 32.19 51.02

- 81.67 51.68 2779 3313 3960  57.63 62.17 11.53 19.47 37.13 23.43 40.48

Barlow  AugSelf 82.46 51.71 27.83 3575 3933 5824 61.87 11.88 19.77 37.29 23.31 40.86
Twins  EquiMod 81.57 52.15 30.00 3679  38.70  62.64 63.22 11.80 20.55 40.21 24.92 42.05
STL 83.74 56.73 32.69 3836 42.65 67.28 68.09 16.24 24.33 41.97 28.53 45.51
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Thank You

https://github.com/jaemyung-u/stl



