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Classifier

Source

Source

\/

Bird

ActMAD

Cat

\/

Bird

Test-Time-Training [1]



JUNE 18-22, 2023 1§

cv P R VANCOUVER, CANADA

TU

Grazm

Overview
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n Method

Offline collection of training data statistics
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Online adaptation of the parameter vector 0 to test data by backpropagation

Batch Bof test data
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Location Aware Feature Alignment
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Results - Image Classification

Corruptions: Gauss Shot Impul Defecs Gls Mtn Zm Snw Frst Fg Brt Cnt Els Px Jpg |Mean

Source 984 977 984 906 925 898 81.8 895 850 8.3 51.1 972 853 769 71.7| 86.2
SHOT' (Offline) 73.8 705 722 79.2 80.6 585 54.0 53.6 63.0 47.3 39.2 97.7 48.7 46.1 53.0 ‘ 62.5
TTT! 96.9 955 965 899 932 865 815 829 82.1 80.0 530 856 T9.1 712 T4.7| 836
DUA"™ 89.4 87.6 88.1 88.0 88.6 84.7 743 77.8 784 68.6 45.6 959 722 66.5 67.4| 78.2
NORM* 87.1. 906 895 876 934 800 719 706 815 659 468 898 73.5 63.2 67.5| 713
T3A™ 855 84.0 850 86.6 859 76.1 654 703 71.0 58.7 41.3 86.8 60.5 54.4 61.0| 71.5
SHOT' (Online) 339 823 837 839 838 72,6 619 65.7 686 548 394 859 58.1 53.1 62.3| 69.3
P-L* 820 79.7 815 842 830 71.0 607 654 686 529 41.7 82.6 55.5 S51.1 355.7| 67117
TENT” 80.8 78.6 804 825 825 72.1 60.5 63.7 66.7 52.1 39.2 84.2 55.5 50.8 58.2| 67.2
CFAT 782 764 782 819 804 69.6 60.1 634 67.6 52.0 415 79.5 543 50.2 55.1| 65.9
ActMAD' 76.3 774 774 76.1 754 720 62.8 66.6 658 55.8 40.9 78.8 55.7 514 57.6| 66.0

Top-1 Classification Error (%) for all corruptions in ImageNet-C (level 5). Lower is better. All results are for a ResNet-18 network pre-trained on the clean
train set. Source denotes its performance on the corrupted test data without any adaptation.

(* - Fully Test-Time Approaches, T - Approaches requiring some supervision from the training data)
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Results - Object Detection

(a) KITTI-Clear — KITTI-Fog
car van truck ped sit cyc tram misc|Mean

Source 313 150 6.0 348 336 202 67 9.1 | 19.6
TTT! 426 195 105 49.7 514 31.0 105 202 | 29.4
DUA* 514 135 9.1 481 573 363 145 18.0 31.0
NORM*  50.1 27.6 12.6 47.6 500 309 17.7 21.7| 32.3
ActMAD' 67.0 412 255 622 687 509 305 357 | 47.7

(b) KITTI-Clear — KITTI-Rain

Source 864 69.6 58.6 68.6 637 602 645 60.4]| 66.5
TTT! 864 76.1 680 687 666 663 750 652|715
DUA* 88.3 704 704 708 677 66.8 73.5 67.5| 719
NORM* 883 77.0 657 69.1 61.5 66.7 69.1 67.1| 70.6
ActMAD' 942 89.2 87.3 74.1 656 779 82.5 80.1| 814

(c) KITTI-Clear — KITTI-Snow

Source  54.8 27.8 31.7 357 13 157 182 133 248
TTT! 772 532 60.6 484 297 37. 432 31.1| 475
DUA* 64.6 38.9 493 440 208 22.8 27.8 254 36.7
NORM* 755 51.0 51.7 468 21.7 349 434 34.3| 449
ActMAD' 89.5 78.0 82.6 57.8 38.0 534 58.8 58.1| 64.5

Mean Average Precision (mAP@50) for a KITTI pre-trained YOLOvV3
tested on rain, fog and snow datasets. Higher is better. a) Results for the
most severe fog level, i.e. only 30m visibility. b) Results for the most
severe rain level, i.e. 200 mm/hr rain intensity. c) Results for snow.
Best mAP is shown in bold, while the second best is underlined.
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Online adaptation for each individual weather condition
and comparison with baselines. We again report the
Mean Average Precision (mAP@50) averaged over all

the 8 classes in the KITTI dataset.
(* - Fully Test-Time Approaches, T - Approaches requiring some supervision from the training data)
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Goal: Driving Continuously in Bad Weather
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Adaptation in Stationary Scenarios
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Ablation on Design Choices
CIFAR-10C KITTI-FOG
% Error | Change | mAP@50 1T Change
Source (no adaptation) 18.3 | 19.6
Full ActMAD 10.4 0 47.7 0
Replace multi-layer alignment by last layer alignment 123 +1.9 36.0 -11.7
Replace pixel statistics by channel averaged statistics 115 +1.1 38.6 -9.1
Replace mean and variance alignment by central moment difference 105 +0.1 41.2 -6.5
Replace full parameter update by only affine parameter update 10.6 +0.2 45.2 -25

Ablation study on design choices of ActMAD. We use a Wide-ResNet-40-2 for CIFAR-10C, and report the mean performance over 10 experiments for each of
the 15 corruptions. We use YOLOV3 for the KITTI-FOG experiment.
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Order Does Not Matter

Continuous Online Adaptation (Clear— Fog—Rain—Snow—Clear)
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Object Detection - STF - YOLOv3

(a) STF-Clear — STF-Fog

(b) STF-Clear — STF-Snow

car ped cyc |[Mean car ped cyc |Mean
Source  70.2 67.549.5] 624  Source 70.3 76.0 44.1| 63.5
TTT 72.5 69.8 534/ 65.2 TIT 71.176.3 46.6| 64.7
DUA 70.4 67.7 50.6] 629 DUA 70.2 75.9 43.9| 63.3
NORM 70.5 67.450.1162.7 NORM 70.8 76.0 44.1| 63.6
ActMAD 79.0 76.5 60.1) 71.9  ActMAD 72.8 79.4 52.0| 68.1
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CityScapes — FoggyCityScapes

persn ridr car trck bus train mcyc bicyc|Mean

Source 29.3 34.1 35.8 154 26.0 9.1 224 29.7|25.2
TTT 30,1 363 36.7 195 29.0 135 279 3710 | 28.8
DUA 31.2 37.0 369 204 27.3 15.5 29.3 355 | 29.1
MemCLR 32.1 414 43.5 214 33.1 115 255 329 | 30.2
ActMAD 36.5 42.7 47.1 28.2 354 23.3 28.2 38.3| 35.0




14

Mean Average Precision (%)

JUNE 18-22, 2023 1§

cv P R VANCOUVER, CANADA

TU

Grazm

Order of Weather Does Not Matter

Continuous Online Adaptation (Clear—Fog—Rain—Snow—Clear)
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Object Classification Results - CIFAR100

corruption: gauss shot impul defcs gls mtn zm snw frst fg brt cnt els px jpg ’ Mean
Source 65.7 60.1 59.1 320 51.0 33.6 324 414 452 514 316 555 403 59.7 424 | 46.7
SHOT (Offline) 372 362 367 275 7382 285 27.8 31.8 32.0 334 258 29.6 345 298 37.2 324
TTT++ (Offline) 40.7 364 415 275 478 31.1 25.1 36.5 347 33.7 233 247 40.2 305 333 33.8
DUA 422 409 410 305 448 322 299 389 372 43.6 295 392 39.0 353 41.2 379
NORM 425 418 426 297 439 306 29.7 357 346 422 269 328 38.1 355 409 36.5
T3A 424 418 425 297 443 305 295 359 345 421 26.8 328 38.0 359 40.7 36.5
P-L 413 405 425 29.6 43.1 303 294 358 343 41.7 267 324 37.8 335 4038 36.0
TTT++ 439 40.0 563 325 542 359 299 422 394 39.7 275 29.6 442 37.0 374 393
CFA 404 393 421 294 423 302 29.2 35.1 341 39.8 26.7 32.1 37.6 32.8 40.6 35:5
SHOT (Online) 39.7 389 4211 290 419 30.2 293 348 342 397 26.7 322 372 325 404 353
TENT 399 39.1 422 290 420 30.2 293 349 342 39.7 26.7 323 374 324 404 353
EATA 39.1 385 412 289 41.8 292 29.1 34.0 33.8 39.1 26.6 319 36.6 32.1 40.1 348
ActMAD 39.6 384 395 29.1 415 300 29.1 34.0 332 402 264 315 364 314 389 |34.6+0.1
ActMAD+TENT 38.0 37.1 379 281 39.8 292 28.0 325 323 348 264 29.6 355 300 37.6|33.1+03
ActMAD+EATA 375 368 371 273 39.1 29.1 279 319 327 339 259 293 354 29.7 37.5(32.7+05
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. Object Classification Results - ImageNet

corruption: gauss shot impul defcs gls mtn zm snw frst fg brt cnt els px  jpg | Mean
Source 984 977 984 90.6 925 89.8 81.8 89.5 850 863 51.1 97.2 853 769 71.7 | 86.2
SHOT (Offline) 73.8 705 722 792 80.6 58.5 54.0 53.6 63.0 47.3 392 97.7 487 46.1 53.0 | 62.5
TTT 969 955 965 899 932 86.5 81.5 829 821 80.0 53.0 85.6 79.1 772 74.7 83.6
DUA 894 876 88.1 88.0 88.6 847 743 77.8 784 68.6 456 959 722 665 674 78.2
NORM 87.1 90.6 89.5 87.6 934 800 719 70.6 81.5 659 46.8 89.8 73.5 632 675 773
T3A 855 840 850 86.6 859 76.1 654 703 71.0 58.7 413 86.8 60.5 544 61.0 1.5
SHOT (Online) 82.0 793 81.8 853 837 729 633 668 709 559 46.1 81.6 574 543 58.6 69.3
P-L 82.0 79.7 815 842 83.0 71.0 60.7 654 686 529 41.7 82.6 555 51.1 557 67.7
CFA 782 764 782 819 804 69.6 60.1 634 67.6 520 415 795 543 50.2 55.1 65.9
TENT 80.8 786 804 825 825 721 60.5 63.7 66.7 52.1 39.2 842 555 50.8 58.2 67.2
EATA 75.0 733 752 776 770 658 57.8 61.0 65.1 50.7 415 708 527 494 54.1 63.1
ActMAD 763 774 774 76.1 754 720 62.8 66.6 658 55.8 409 788 557 514 57.6|66.0=+0.1
ActMAD+TENT 74.1 716 742 779 759 639 55.0 583 644 47.7 39.1 813 49.2 46.0 50.9|62.0+0.5
ActMAD+EATA 70.7 69.2 723 759 744 60.8 53.4 555 60.2 464 385 784 48.0 45.2 49.5|59.9 +0.8




