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PMTrans Overview

Prior works have a a limitation: as the performance of cross-attention highly depends on the quality of
pseudo labels, it becomes less effective when the domain gap becomes large.

We probe a new problem for UDA: how to smoothly bridge the source and target domains by
constructing an intermediate domain with an effective ViT-based solution?
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Overview of the proposed PMTrans framework



Research Background
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Research Background

A significant line of solutions reduces the domain gap by producing pseudo labels for target samples.

However, prior method has a distinct limitation: as the performance of cross-attention highly depends
on the quality of pseudo labels, it becomes less effective when the domain gap becomes large.
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Results of our PMTrans and SOTA methods on DomainNet.



Research Problem

How to smoothly bridge the source and target domains by constructing
an intermediate domain with an effective ViT-based solution?



Method

PatchMix

Let P, be a linear interpolation operation on two pairs of randomly drawn samples (x%, y°) and (x¢, y%).
Then with A, ~ Beta(B,Y), it interpolates the k-th source patch x; and target patch xj to reconstruct a
mixed representation with n patches.
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PatchMix and Mixup variants.



Method

A min-max CE game

We interpret UDA as a min-max CE game among three players, namely the feature extractor (F),
classifier (C), and PatchMix module (P).

Jr (wr,w_F) = Lo, (wr,wc) + aCEq i ¢ (w),

Jo (we,w—c) := L3 (wr,we) + aCEq i+ (w),

Jp (wp,w_p) := —aCE; ; +(w),

Nash Equilibrium

The equilibrium states each player's strategy is the best response to other players. And a point w* €
Q is Nash Equilibrium if

YV, € Q;,Vm € {F,C, P}, s.t. [ (W, 5 m) < Jm(Wp, 055).



Method

Proposed framework

PMTrans consists of three players: the PatchMix module empowered by a patch
embedding (Emb) layer and a learnable Beta distribution (Beta), ViT encoder, and classifier.
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Overview of the proposed PMTrans framework.



Method

Semi-supervised mixup loss

In label space:

Use supervised mixup loss in the label space to measure
the domain divergence based on CE loss.
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In feature space
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the features and the similarity of labels in the feature space.
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(a) The illustration of two proposed semi-supervised
losses. (b) Label similarity y's and y'.



Method

A three-player game

The min-max CE game aims to align distributions in the feature and label spaces.
CEs it(w) = Ly(wr,wp) + Li(w)

The total objective of PMTrans is defined as:

J (w) = Efls(w]:, we) + aCE; ; +(w)
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Experiments

Method | |A-C AP A-R C—-A C—»P C—»R P»A P»C PR R>A R—»C R—-P Avg
ResNet-50 44.9 66.3 74.3 51.8 61.9 63.6 52.4 39.1 71.2 63.8 45.9 77.2 594
MCD E 48.9 68.3 74.6 61.3 67.6 68.8 57.0 47.1 75.1 69.1 52.2 79.6 64.1
MDD s | 549 73.7 717.8 60.0 71.4 71.8 61.2 53.6 78.1 72.5 60.2 82.3 68.1
BNM a 56.7 717.5 81.0 67.3 76.3 77.1 65.3 55.1 82.0 73.6 57.0 84.3 71.1
FixBi 58.1 71.3 80.4 67.7 79.5 78.1 65.8 57.9 81.7 76.4 62.9 86.7 72.7
TVT 74.9 86.8 89.5 82.8 88.0 88.3 79.8 71.9 90.1 85.5 74.6 90.6 83.6
Deit-based 61.8 79.5 84.3 75.4 78.8 81.2 72.8 55.7 84.4 78.3 59.3 86.0 74.8
CDTrans-Deit | | 68.8 85.0 86.9 81.5 87.1 87.3 79.6 63.3 88.2 82.0 66.0 90.6 80.5
PMTrans-Deit | > | 71.8 87.3 88.3 83.0 87.7 87.8 78.5 67.4 89.3 81.7 70.7 92.0 82.1
ViT-based 67.0 85.7 88.1 80.1 84.1 86.7 79.5 67.0 89.4 83.6 70.2 91.2 81.1
SSRT-ViT 75.2 89.0 91.1 85.1 88.3 89.9 85.0 74.2 91.2 85.7 78.6 91.8 85.4
PMTrans-ViT 81.2 91.6 924 88.9 91.6 93.0 88.5 80.0 93.4 89.5 824 94.5 88.9
Swin-based 8| 727 87.1 90.6 84.3 87.3 89.3 80.6 68.6 90.3 84.8 69.4 91.3 83.6
PMTrans-Swin 7 81.3 92.9 92.8 88.4 93.4 93.2 87.9 80.4 93.0 89.0 80.9 94.8 89.0

PMTrans can obtain more robust transferable representations than the CNN-based
and ViT-based methods.

Comparison with SOTA methods on Office-Home.




Experiments

Method A—-W D->W W—-D A—-D DA W—=A Avg
ResNet-50 68.9 684 625 967 607  99.3 76.1
BNM 31915 985 1000 903 709 716 S
MDD 31945 984 1000 935 746 722 88.9
SCDA “loan 987 998 952 757 762 90.0
FixBi 96.1 993 1000 950 787 794 91.4
TVT 964 994 1000 964 849  86.0 93.9
Deit-based 892 989 1000 887 80.1 798 89.5
CDTrans-Deit | | 96.7 99.0 100.0 97.0 81.1 81.9 92.6
PMTrans-Deit | > 990 994 1000 965 814  82.1 93.1
ViT-based 91.2 992 1000 904 81.1  80.6 91.1

SSRT-ViT 97.7 99.2 100.0 98.6 835 82.2 08
PMTrans-ViT 99.1 99.6 1000 994 857 863 95.0

Swin-based 97.0 99.2 100.0 95.8 82.4 81.8 92.7

| PMTrans-Swin 99.5 99.4 100.0 998 86.7 86.5 95.3 |

Comparison with SOTA methods on Office-31.

win

S

PMTrans achieves the best performance on each task and outperforms the prior SOTA
methods with identical backbones.



Experiments

Method \ | plane bcycl bus car horse knife mcycl person plant sktbrd train truck Avg
ResNet-50 551 533 619 59.1 806 179 79.7 31.2 81.0 26.5 73.5 85 52.4
BNM 89.6 615 769 550 893 69.1 813 65.5 90.0 473 89.1 30.1 70.4
MCD E 87.0 609 837 64.0 889 79.6 84.7 76.9 88.6 403 83.0 258 719
SWD g 90.8 825 81.7 705 917 695 863 77.5 874 63.6 85.6 292 764
FixBi 96.1 87.8 905 903 96.8 953 928 88.7 972 942 909 257 872
TVT 829 856 775 605 936 982 894 76.4 93.6 92.0 91.7 557 83.1
Deit-based 982 730 825 620 973 635 965 29.8 68.7 86.7 96.7 23.6 (732
CDTrans-Deit | | 97.1 90.5 824 775 96.6 96.1 93.6 88.6 979 869 90.3 628 884
PMTrans-Deit | > | 982 922 881 77.0 974 958 940 72.1 97.1 95.2 946 51.0 877
ViT-based 99.1 60.7 70.1 827 965 73.1 97.1 19.7 64.5 94.7 972 154 72.6
SSRT-ViT 989 87.6 89.1 848 983 98.7 96.3 81.1 94.8 97.9 94.5 43.1 SIEI
PMTrans-ViT 98.9 937 845 733 99.0 98.0 96.2 67.8 942 98.4 96.6 49.0 875
Swin-based £1993 634 859 689 951 796 971 29.0 814 942 97.7 29.6 76.8
PMTrans-Swin | © | 994 883 88.1 789 988 983 958 70.3 946 983 96.3 48.5 88.0

Comparison with SOTA methods on VisDA-2017.

PMTrans also surpasses the SOTA methods on several sub-categories, such as "horse” and "sktbrd”.



Experiments

MCD | clp inf pnt qdr rel skt Avg || SWD | clp inf pnt qdr rel skt Avg || BNM | clp inf pnt qdr rel skt  Avg
clp - 154 255 33 446 312 240 clp - 147 319 10.1 453 365 27.7 clp - 12.1 331 6.2 50.8 40.2 285
inf 241 - 240 1.6 352 19.7 209 inf 229 - 242 2.5 332 213 20.0 inf 26.6 - 285 24 385 18.1 228
pnt 311 148 - 1.7 48.1 228 23.7 pnt | 336 153 - 44  46.1 30.7 26.0 pnt 399 122 - 34 545 362 292
qdr 85 21 46 - 79 7.1 6.0 qdr 155 22 64 - 11.1 102 9.1 qdr 178 1.0 36 - 92 83 8.0
rel 394 178 412 15 - 252 25.0 real | 412 18.1 442 46 - 31.6 279 rel 486 132 497 36 - 339 29.8
skt 373 126 272 4.1 345 - 23.1 skt 442 152 373 103 447 - 30.3 skt 549 128 423 54 513 - 333
Avg 28.1 125 245 24 341 212 205 Avg | 315 13.1 288 64 36.1 261 236 Avg 37.6 103 314 42 409 273 253

CGDM |clp inf pnt qdr rel skt Avg | MDD |[clp inf pnt qdr rel skt Avg || SCDA |clp inf pnt qdr rel skt Avg
clp - 169 353 10.8 535 369 30.7 clp - 20.5 407 62 525 42,1 324 clp - 186 393 5.1 55.0 441 324
inf 278 - 282 44 482 225 262 inf 33.0 - 338 2.6 462 245 28.0 inf 29.6 - 340 14 463 254 273
pnt 377 145 - 4.6 594 335 300 pnt | 437 204 - 2.8 512 417 320 pnt 441 19.0 - 2.6 56.2 420 328
qdr 149 1.5 6.2 - 109 102 8.7 qdr 184 3.0 8.1 - 129 11.8 10.8 qdr 30.0 4.9 150 - 254 198 19.0
rel 494 208 472 48 - 38.2 32.0 rel 528 216 478 42 - 412 335 rel 540 225 519 23 - 425 34.6
skt 50.1 165 437 11.1 556 - 35.4 skt 543 175 431 57 542 - 35.0 skt 556 185 447 64 532 - 35.7
Avg 360 140 321 7.1 455 283 272 Avg | 404 166 347 43 434 323 286 Avg 426 167 37.0 36 472 348 303

CDTrans | clp inf pnt qdr rel skt Avg [ SSRT [clp inf pnt qdr rel skt Avg | PMTrans [[clp inf pnt qdr rel skt Avg
clp - 294 572 260 726 58.1 48.7 clp - 338 602 194 758 59.8 49.8 clp - 342 6277 325 793 637 545
inf 570 - 544 12.8 69.5 484 484 inf | 555 - 540 9.0 682 447 463 inf 67.4 - 61.1 222 780 57.6 573
pnt 629 274 - 158 721 539 464 pnt | 61.7 285 - 84 714 552 450 pnt 69.7 335 - 239 79.8 612 536
qdr 446 89 29.0 - 426 285 30.7 qdr | 425 88 242 - 37.6 33.6 293 qdr 546 174 389 - 49.5 41.0 403
rel 66.2 310 615 162 - 529 45.6 rel 699 37.1 66.0 10.1 - 58.9 484 rel 74.1 353 70.0 254 - 61.1 53.2
skt 69.0 296 590 272 725 - 51.5 skt 70.6 328 622 217 732 - 52.1 skt 73.8 330 626 309 775 - 55.6
Avg 599 253 522 19.6 659 484 452 Avg | 60.0 282 533 137 653 504 452 Avg 67.9 307 59.1 270 728 569 629

Comparison with SOTA methods on DomainNet.

PMTrans outperforms the SOTA methods by +17.7% accuracy. Incredibly,
surpasses the SOTA methods in all the 30 subtasks.

PMTrans
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T-SNE Visualization

Swin-Base PMTrans-Swin PMTrans-ViT PMTrans-Deit

t-SNE visualizations for task A—C on the Office-Home dataset.

Compared with Swin-based and PMTrans-Swin, our PMTrans model can better align the two
domains by constructing the intermediate domain to bridge them.

15



Ablation Study

Effect of semi-supervised loss

5. Ly L, |A-C AP A—-R C—-A C—P C—-R P5A P»C PR R-A R—-C RSP Avg
v 72.7 87.1  90.6 84.3 87.3 89.3 80.6 68.6 90.3 84.8 69.4 91.3 83.6
v v 73.9 875 91.0 85.3 87.9 89.9 82.8 72.1 91.2 86.3 74.1 92.4 84.6
v v | 79.2 91.8 923 88.0 92.6 93.0 87.1 77.8 92.5 88.2 78.4 93.9 87.9
v v v | 813 929 928 88.4 93.4 93.2 87.9 80.4 93.0 89.0 80.9 94.8 89.0
Effect of learning parameters
Method | A-C A—+P A—-R C—-A C—»P C—»R P»A P-C PR R>A R>C R—>P Avg
Beta(1,1) | 799 920 92.3 88.6 92.6 92.4 86.9 79.0 92.4 88.2 79.3 94.0 88.1
Beta(2,2) | 79.9 92.1 92.7 88.4 92.4 92.7 86.9 79.5 92.1 88.1 79.6 94.3 88.2
Learning | 81.3 929 92.8 88.4 93.4 93.2 87.9 80.4 93.0 89.0 80.9 94.8 89.0
Effect of PatchMix
Method | A-C A—-»P A—-R C—-A C—»P C—»R P-A P-»C PR R—+A R->C R—>P Avg
Mixup 794 924 92.6 87.5 92.8 92.4 86.8 80.3 92.5 88.2 79.7 95.4 88.3
CutMix 792 912 92.2 87.6 91.8 91.8 86.0 77.8 92.6 88.2 78.4 94.1 87.6
PatchMix | 81.3 929 92.8 88.4 93.4 93.2 87.9 80.4 93.0 89.0 80.9 94.8 89.0




Conclusion

1. We proposed a novel method, PMTrans, an optimization solution for UDA from a game perspective.

2. PMTrans achieved the SOTA results on three benchmark UDA datasets, outperforming the prior
methods by a large margin.

3. We plan to implement our PatchMix and the two semi-supervised mixup losses to solve self-
supervised and semi-supervised learning problems.

4. We will also exploit our method to tackle the challenging downstream tasks, e.g., semantic
segmentation and object detection.
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Thanks !

Email: zhujinjing.hkust@agmail.com

https://vlis2022.github.io/cvpr23/PMTrans
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