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Source-Free Domain Adaptation

O Unsupervised Domain Adaptation (UDA) O Source-Free Domain Adaptation (SFDA)

@ Supervised
\ 4

Labeled Source [ Model J

~

’[ Source model

P -,

Initialization

Y

Unsupervised
Target model

Unsupervised

Unlabeled Target Unlabeled Target

» Condition: Source model & Unlabeled target data

» Goal: Transfer a pretrained source model to the target domain using only unlabeled target data
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Challenges

[0 Conventional methods rely on error-prone pseudo-labeling or auxiliary supervision

» Constructing a pseudo source domain to leverage established UDA methods

» Mining extra supervision from the source model

[ Vil's supervision could be noisy and inaccurate at an unknown rate, introducing
additional negative effects during adaption.
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Motivation

space

] Key point

» Exploit the
, starting at the
source model space and terminating
presumably in the latent domain
invariant space.

a noisy proxy of the latent domain-invariant

Source domain Proxy VilL space

Proxy error - _
§§$
Latent domain-
invariant space

In-training model

———————————————————————————————————————————————————————————————
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Proxy Denoising Theory

the effect dynamics of proxy error

0 Distance variation of intermediate space D; (presented by in-training model) to domain-invariant space D

Case-1: When D;is way far from D,, the beginning of adaptation (t=0)

do ~ d% > eyr

a) Distance variation of D, to D
D, = Ds (@) 7 1

0
. d
%
Case-2: When D;approaches D,,, the later phase in the ,
adaptation (t=U >> 0) dfzdf d, d;
u _ U D, e
dy = dV teyr D, : Source domain € .,dIT
D, : Proxy space
Dz : Domain-invariant space dIT=d;+ eyr

D : In-training model at any time of t
b ey +eva| _|dy|+leve| | leva]
dy| dyl T |dy] dy|
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Proxy Denoising Theory

In probabilistic view

5 6, (X") Treat the Vil predictions that approximate a
Gaussian distribution N (0, (z;) , d¢):
0 1 .« o T t N(6,(x,).5,) » Mean 0, (x;) is the ViL prediction
(b) Confidence variation of ViL prediction Egi%i;ggze“;ﬁ > Variance 0; o< 1y
Difficulty
N (0 (2:) ,60) = P (Gp(v) = True,t) P (V)

> P(V) is the probability distribution of the proxy space Dy,

» Gp(y)is arandom event that the sampling result (i.e., a Vil Our solution
prediction) from P(V) is confident.

> P (Gp(v) = True, t) Is proxy confidence, indicating the
probability of the event G p(v) being true at a time t.

Given that the proxy error is
unknown, we cannot formulate
these dynamics explicitly
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Proxy Denoising Theory

Theorem 1 We note that the source domain (Dg), the domain-invariant space (Dz), the proxy space
(Dy) and the in-training model (DY) follow the probability distributions P(S), P(Z), P(V) and
P(T?"), respectively, where S, T, V and T* are corresponding random variables. With our proxy
alignment idea (see Sec. ), the proxy confidence can be expressed as:

P(TY)

P (GP(V) = T’r‘ue,t) X P(S)
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Capitalizing on Corrected Proxy

1 Design of proxy denoising mechanism Prompts U (ke (d)
IIICL{/}ASSJ]» ul Leos

Clock Cow --- Bate

N (0, (x;),0;) = P (Gp(v) = True, t) P (V)

Source ) Proxy denoising Mutual
P modeles » \\:_\z kn(i)SwiIt?Sge
log< (Tt)P(v)) — log P(V) — [log P(S) — log P(T")] — — Sl
P(S) Initializing
D;, = softmax (Qv (wia 'U) — w[@s (ZUZ) — 0, (wz)]) Lﬁﬂ |h Logit level —> |¢— Probability level —>
"M Model parameters frozen R"P_;;z;r_{ét_ér_s_ﬁéﬁhg _____ | Cosine-similarity |
o« semme BN Leamable promptcontext [ ¢ ] Softmaxoperation = |
0 Mutual knowledge distilling
LAPt LRet
. / _ _
Lprope = mina | —Ea,ex, MI (p}, pi) +7)  Gelogqe | —BEa,cx, E 1|c = y;|log pi.c,

0+,v
t c=1
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Table 2: Closed-set SFDA results (%) on Office-Home and VisDA. SF means source-free. The full

Ex p e ri m e nt results on VisDA are provided in Appendix

Method Venue ’SF

Office-Home VisDA
Ar—ClAr—PrAr—RwCl— ArCl—PrCl—RwPr— ArPr—CIPr—Rw Rw—)Aer—>ClRw—>PrAvg.|Sy—>Re

Source - |-] 437 670 739 499 60.1 625 517 409 726 642 463  78.1 59.2| 492
SHOT ICML20 |/| 567 779 806 680 780 794 679 545 823 742 586 845 719| 827
NRC NIPS21 |v| 577 803 820 681 798 786 653 564 830 710 586 856 722/ 859
H GKD IROS21 |v/| 565 782 818 687 789 79.1 67.6 548 826 744 585 848 722| 83.0
D Var""a CIOSEd'Set SFDA AaD NIPS22 |v/| 593 793 821 689 798 795 672 574 831 721 585 854 727| 88.0
AdaCon CVPR22 |v/| 472 751 755 607 733 732 602 452 766 656 483 79.1 650| 86.8
CoWA  ICML22 |v/| 569 784 810 69.1 800 799 677 572 824 728 605 845 72.5| 869
ELR ICLR23 |v/| 584 787 815 692 795 793 663 580 826 734 598 851 72.6| 858
PLUE CVPR23 |v/| 49.1 735 782 629 735 745 622 483 786 686 518 815 669| 883
CPD PR24  |/| 5901 790 824 685 797 795 67.9 579 828 7138 612 846 73.0| 858
TPDS UCV24 |v/] 593 803 821 706 794 809 69.8 568 821 745 612 853 73.5| 87.6
Table 1: Closed-set SFDA results (%) on Office-31. DAPL-R TNNLS23|X| 541 843 848 744 837 850 745 546 848 752 547 838 745| 869
PADCLIP-RICCV23 |X| 575 840 838 778 855 847 763 592 854 781 602 867 76.6| 88.5
SF means source-free. ADCLIP-R ICCVW23| X| 554 852 856 761 858 862 767 561 854 768 561 855 759| 871.7
PDA-R  AAAI24 |X| 554 851 858 752 852 852 742 552 858 747 558 863 75.3| 86.4
DAMP-R CVPR24 |X| 597 885 868 766 889 87.0 763 596 871 770 610 899 782 884
DIFO-R CVPR24 |/| 626 875 871 795 879 874 783 634 881 800 633 877 794 886
Method Venue [SFIJA-DA—WD—AD—-WW—-AW—DAvg. DIFO-V  CVPR24 |/| 706 906 888 825 906 888 809 70. 889 834 705 912 83.1| 903
ProDe-R - /| 640 900 883 8I.1 90.1 886 798 654 890 809 655 902 81.1| 887
Source — |-179.1 766 599 955 614 98.8 78.6 ProDe-V — s 727 923 905 825 915 907 825 725 90.8 830 726 922 845 91.0
SHOT ICML20|v'|93.7 91.1 742 982 746 100. 88.6 Table 3: Closed-set SFDA results (%) on DomainNet-126. SF means source-free.
NRC NIPS21 |v | 96.0 90.8 753 99.0 750 100. 894
GKD  IROS2I [v|94.6 91.6 75.1 98.7 75.1 100. 89.2 Method ~ Venue | SF|C—P C—R C—S P—C P—R P—S R—C R—P R—S S—C S—P SR Avg
HCL NIPS21 v 94.7 925 759 982 777 100. 89.8 Source - | - | 446 598 475 533 753 462 553 627 464 551 507 595 547
AaD NIPS22 |/} 96,4 92.1 750 99.1 76.5 100. 89.9 SHOT ICML20 | v | 635 782 595 679 813 617 677 676 578 702 640 780 68.1
AdaCon CVPR22|v'|87.7 83.1 737 913 776 728 810 GKD IROS2I | v/ | 614 774 603 696 814 632 683 684 595 715 652 7.6 687
CoWA ICML22|/ 944 952 762 985 77.6 99.8 90.3 NRC NIPS21 v | 626 771 583 629 813 607 647 694 587 694 658 787 675
ELR ICLR23 |/ 1938 933 762 980 769 100. 89.6 AdaCon  CVPR22 | v | 60.8 748 559 622 783 582 631 681 556 671 660 754 654
CoWA ICML22 | v | 646 80.6 606 662 798 608 69.0 672 600 690 658 799 68.6
PLUE CVPR23|v| 89.2 884 728 97.1 69.6 979 8538 PLUE CVPR23 | v | 598 740 560 616 785 579 616 659 538 675 643 760 647
CPD PR24 V1966 942 773 982 783 100. 90.8 TPDS ICv24 V| 629 771 598 656 790 615 664 670 582 686 643 753 67.1
TPDS DCV24 |v| 971 945 757 987 755 99.8 90.2 DAPL-R  TNNLS23 | X | 724 876 659 727 876 656 732 724 662 738 729 878 748
ADCLIP-R ICCVW23 | X | 71.7  88.1 660 732 869 652 73.6 730 684 723 742 893 752
DIFO-R CVPR24|v [ 93.6 92.1 785 957 78.8 97.0 89.3 DAMP-R CVPR24 | X | 767 885 717 742 887 708 744 757 705 749 761 882 715
DIFO-V CVPR24|v/ |1 972 955 830 972 832 988 925 DIFO-R  CVPR24 | v | 738 890 694 740 887 70.1 748 746 69.6 747 743 880 767
DIFO-V  CVPR24 | v | 766 872 749 800 874 756 808 773 755 80.5 767 873 80.0
ProDe-R— [ 944 921 798 956 790 98.6 899 ProDe-R - v | 793 910 753 800 909 756 804 789 754 804 792 910 815
ProDe-V - v/ 196.8 964 83.1 97.0 825 99.8 92.6 ProDe-V  — /| 832 924 790 850 923 793 855 831 791 855 834 924 850
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Table 4: Comparison results with CLIP (%). Table 6: Generalized SFDA results (%) on

Ex pe rl m e nt Appendix presents the full results. Office-Home. S, T are the results of the adapted
target model on the source and target domains,

Method | Office-31 | Office-Home | VisDA | DomainNet-126  1.€., Accs, Accy, respectively; WAD means

[0 Other SFDA SEttingS CLIPR 114 21 937 27 With Anti-forgetting Design. Appendix
ProDe-R |  89.9 81.1 88.7 81.5 presents the full results.
] ] CLIP-V 79.8 76.1 82.9 76.3
> Com parison wit h CLIP ProDe-V ’ 92.6 ‘ 84.5 ‘ 91.0 ’ 85.0 Method  Vemse | WAD Avg.
S(98.1-S) T H
r(l“)a;%e 5 H Partial-set and ((j)pen-set results (%) En Source ~ | x| 981 92 731
: ce-Home. Appendix resents the
> Partia |—set SFDA full results PP p SHOT ICML20 | X | 842(139) 718 775
: GKD IROS21 X 86.8(11.3) 725 79.0
NRC NIPS21 X 913(6.8) 723 807
Partial-set  Venue Avg. | Open-set  Venue Avg. AdaCon CVPR22 X 88.2(9.9) 050 748
> Open—set SFDA | CoWA ICML22 | X | 91.8(63) 724 810
Source - 628 | Source - 46.6 PLUE CVPR23 | X | 963(18) 669 79.0
SHOT ICML20  79.3 | SHOT ICML20  72.8 TPDS UCV24 ')/‘ 83.8(14.3) 735 783
H HCL NIPS21  79.6 | HCL NIPS21 726 GDA ICCV21 80.0 (18.1) 702 744
> G enera I 1ze d S F DA CoWA ICML22 83.2 | CoWA ICML22  73.2 PSAT-ViT ~ TMM24 v 86.4 (11.7)  83.6  85.0
AaD NIPS22  79.7 | AaD NIPS22  71.8 DIFO-R  CVPR24 X 78.3(19.8) 794 788
CRS CVPR23 80.6 | CRS CVPR23 732 DIFO-V  CVPR24 X 78.0(20.1) 831  80.5
: DIFO-V  CVPR24 84.1 | DIFO-V CVPR24 759 ProDeR - X 84.9(132) 8.1 829
> SO urce- F ree M u lt | 'Ta rget DA ProDe-V — 84.2 | ProDe-V - 82.6 ProDe-V - X 85.1(13.0) 845 84.8
] Table 7: SF-MTDA, SF-MSDA and TTA results (%) on Office-Home. The full results of TTA are
» Source-Free Multi-Source DA provided in Appendix
. . Model Venue Ar— Cl— Pr— Rw— Avg Method Venue Avg.
> Test-Time Ad ad ptat 1onN SF-MTDA | CoNMix WACV23 | 756 814 714 734 754 Tent ICLR20 61.7
ProDe-V - 833 892 809 812 836 T3A NeurIPS21 | 63.8
Method Venue —Rw —Pr —Cl —Ar Avg. | TTA | CoTTA CVPR22 60.5
SF.MSDA | SHOT-Ens ICML20 829 828 593 722 743 EATA ICML22 60.7
DECISION CVPR21 83.6 844 594 745 755 SAR ICLR23 60.3
ProDe-V-Ens | — 91.1 925 734 830  85.0 ProDe-V | — 76.5
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Experiment
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Figure 3: Feature visualization comparison in 3D density charts.

A é‘ in Table 22: Comparison of training resource de-

OO0 Model analysis

73

>N
N R

mands (per iter.) on Ar—Cl in Office-Home.

> Feature distribution
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$o0S 01 P Asm
Sos . T 0 Soes 7 0.5 715 S0l
@ a0 9 PR RN Y Vi # | Item / Method | SHOT AaD ProDe
o (a) a=p (b) a-w (© ﬁ—w 1 | GPU memory consumptionl. (G) | 7.868 9.622 9.851
» Training resource demands 2 | Daining s 0407 0547 0491

Figure 5: Sensitivity analysis of hyper-parameters «, 5 and w.

» Parameter sensitivity . . , | .
Table 19: Reliance analysis results (%) on DomainNet-126 in the Closed-set SFDA setting.

> Reliance on ViL models Method Venue C—P C—R C—S P—C P—R P—S R—C R—P R—S S—C S—P S—R Avg
DIFO w/ CLIP CVPR24 766 872 749 800 874 756 808 773 755 805 767 873 80.0
ProDe w/ CLIP - 832 924 790 850 923 793 855 831 79.1 855 834 924 850

DIFO w/ OpenCLIP CVPR24 912 915 794 852 912 797 857 827 805 859 813 914 846
ProDe w/ OpenCLIP — 86.7 937 844 892 937 845 896 86.6 844 895 867 93.7 88.6




Contribution

O We for the first time investigate the inaccurate predictions of ViL models in the SFDA context.

O We formulate a novel ProDe method that reliably corrects the ViL model’s predictions under
the guidance of a proxy confidence theory.

O A mutual knowledge distilling regularization is introduced for better capitalizing on refined
proxy predictions.

Takeaways

0 New view: Understanding domain adaptation in a dynamic process is a promising solution;
0 Multi-source challenge: Efficient strategies that adapts from heterogeneous generic external knowledge;
0 Black box challenge: Models in the cloud, our proxy denoising may not work well since all details of the

model are transparent to us.

13
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Thank you !

Code and data can be accessed at:
https://github.com/tntek/source-free-domain-adaptation

OHE
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