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Towards Robust Test-time Adaptation Method for Open-set Recognition

ZHOU Zhi', ZHANG Ding-Chu', LI Yu-Feng', ZHANG Min-Ling?
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Abstract: Open-set recognition is an important issue for ensuring the efficient and robust deployment of machine learning models in the
open world. It aims to address the challenge of encountering samples from unseen classes that emerge during testing, i.e., to accurately
classify the seen classes while identifying and rejecting the unseen ones. Current open-set recognition studies assume that the covariate
distribution of the seen classes remains constant during both training and testing. However, in practical scenarios, the covariate
distribution is constantly shifting, which can cause previous methods to fail, and their performance may even be worse than the baseline
method. Therefore, it is urgent to study novel open-set recognition methods that can adapt to the constantly changing covariate
distribution so that they can robustly classify seen categories and identify unseen categories during testing. This novel problem adaptation
in the open world (AOW) is named and a test-time adaptation method is proposed for open-set recognition called open-set test-time
adaptation (OTA). OTA method only utilizes unlabeled test data to update the model with adaptive entropy loss and open-set entropy loss,

maintaining the model’s ability to discriminate seen classes while further enhancing its ability to recognize unseen classes.
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Comprehensive experiments are conducted on multiple benchmark datasets with different covariate shift levels. The results show that the
proposal is robust to covariate shift and demonstrates superior performance compared to many state-of-the-art methods.

Key words: open-set recognition; test-time adaptation; distribution shift; image classification; streaming data
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TERRIEIAR, g0 A S NI ZR S5 HEE R PTE AR, HSENCN 2FK. Hf, F AR Z R ER R4
FE. EINZRBY BY, OTA J7 9248 F 48 it ) — 3 2 B RARAL L o0 e, ) OTF R IR AR g(x; 0):

L vq(x.y)=—log(g(x;0)")—min,,,log(1-g(x; 6Y) (7

Lovae, VYIEFEAR x JB T H LKA y BBER g0 0 THim, HFEAR x N FH MR 5, jzy 12 1) S MEH T+
. RN B, WRAEA x BT 225 y, B4 H X R A MER g(x; 0 B, WERFEAR x J& TR W25, A
2B T FA © WK R g(x; 0, 1 <k<K #E/N.

FED BB B, OTA 77 18 S I HI I 4R JT S AR B g(x; )0 21 BAS 1R WARFEAR. FATE XAEARJE TR W
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FKAHEEIRAR Osr(x) N

Osr(x) = %maxlgkgk 3 g(A(x):0) @®)

p=1
Forp, SEBZE P B DGR GE, BR B Ao BT BB KT, OTA J7EEE T Osr(x) 1R Fn A 24 1T i %1
t IR AR S D, i 1645 ) BAG M R WRFEA LS DX
D% ={x,| x, e D, A Osr(x;) = 5} )
Hrh, SNk EE O REB AN BIE. &2, OTA J7ikf R KUK L, () B4 © R HIFEA S R
FAEAAE R - 25 A N ) 22 57

£ =3 £(x:0) log f(x:0)" (10)
k=1

3.3 SEIEN L

OTA J5ERI A BI&E SR S Mm%, WNEAIZ ¢ WAEEE D, T it BEMNCHEHEAES
Df SR WEFERES D, HamFIHARG). ARAOEE AT . fELbrEmF, £4 D 5%4
DO AFAE D B REAR, SHEBA A EH AR, FR, G TP R I AR e AR IR
FReegopiii 8y, 2 5] R s ), SEURAIPEREIZHTR L. Rk, OTA J7 kA3 2k s 0 51 N S 50E N
AR L, 6,60) K 29 AR L AN 188 2 Y AR 2 ) e

L£,0,0)=0-6"|; (11)

v, oA SH, 6 RIEET N SHL
3.4 OTAFERE

OTA J5 i AE MBI B 3 A 20 (1) S A 3 2 A O ZRRE AR DS 1 E@E L 48 2% o 5t ok LR FEA DS
[ FF S AR A 2 RN 2R A R VS I S BUE AR R Z A, B L=L,0 L, ont L, OTA BFINARTLINSLIE 1 FToR.

B3E 1. IR & N A OTA.

Nt B2 2R, IESH O, ¢ B 2K EAE Dy

i T RSO,

1 Df «{x,|x,e D, AUnc(x,) = a} EFEEGE T LEEAES
2 D% «{x,|x, €D, AOsr(x,) =5} IR BERNBHEAES
3 L0

4 for x,eD" do

5 LLALox) R RS BEANAGEGES

6 end for

7 for x,eD” do

8  LLAL, nlx) AARCSIE RGPS

9 end for

10 LL+L(6,6) I HESHOE MR

11 G RA L ARIR LI R 1815 2 %

12 return 6.,
4 SCIGIOAE

AT I o 2 A JE v RO AR rh AN [R] AR B RS R P T A SR IR U6 UE BT AR T TN B & B SR OTA A 2%
Pk, FFEIE LT [ L



M % @@ TR R R e9AS R XA N ik 1675

e RQI: OTA HiER B X A B oA msfatd, H4HMmTMaE miErtaERmn?
e RQ2: OTA J5iE$2HAY H 3 MR 10k 5 SR 451 2 15 20 A b 32 7 7 2 2R B 4 2Rk R 5 ok
D02 5 AR ) M g 2
4.1 SEIGEIEE

FRATT e B A I3 ) 3 % BHfE 82 CIFAR10-C 5 CIFAR100-CHY HIF 1A% & Rl OTF &R 50 5 . ki &
PLJTES Fide OTA JiEAEAN R A BB LR N R TERERIL. ST FFra MsLi, FATK/EATEAE AR &5 A7
fW#% (1] CIFAR10 5 CIFAR100 #4E 42 B I SRiFAE 2, SR J5 1 PR R 1Y 3 38 T A7 7E P 738 &2 i A% 1) A 858 o JE AT A
Hor, CIFARIO HUREEME 10 NI, BAEANES 5 000 7k 32x32 MIYIZREA. TEARCTR T, TATKE
CIFARI0 1 6 N RIE N 250, Foft 4 DNRBIE AR W25, CIFAR100 #4465 100 4270,
AL E 500 5K 32x32 N ZRAEA. FEA SRS, FRATTHE CIFAR100 T BEHLE 80 MK AIME N C W5, H
il 20 AN ZEAAE AR W, CIFAR10-C #& CIFAR10 (il £ A Y E 2 M A, 5 CIFARLO0 AR
10 250, CIFARIO-C A& 15 AR ERmBE Y R, G EE S MARSER M RERE. H
W, PR (R R P S R R I NAE AR R [ SRR PR SR R E, SR SR IR 1 A S 3% 5 ANER. U,
CIFAR100-C /& CIFAR100 %0 ¥ 40 & AR B mFe MR A, A SR mFFEEE RN 3 5 5 X WA 2 347 5K
5. rESEIG R, AR B AL 2 R T 1S ORI AR B m R 34 5, VPR 3L ORI 4 B S ok
L2 31 R 0 i
4.2 teFHE

N T AEBARSC AR OTA JvE st tk, FRATIEEL T AR G R 7 vE . AR & 2 75 24
VSRR AR

o MLS!": Max Logit Score /& — 82 S FFEE IR J5 7%, FERI AR AL 4 H 1 Logit 5 A {E Ok 4 T 1 A 2

HET O, MLS & —AEa ik, BARSRIEHNY, nTCUNH T BRE S A, Bl
TAESHER, MLS Bk & i) MSP 5B LA 4 iR S IR B e R, R, FEARSCHE e,
I MLS JriEE ST vk, RSO, AT MLS #RoAZEZE 777, RN Baseline;

o APRLM™L APRL J5¥AAE FI o >J (RFAE 25 8] v 5 SCo AN S0 HOME R, REA R T 3EA K5 MR IE LT
HEFEEASES. RIEEAHTSHAE CWRAIAE, HIEEFTHE B A0 K.
BT XA B, APRL FHIASURE 4 B 85 D o5 00 B K B B9 R B = LR oK L2 (A B

e ARPL+cs!'®: APRL+cs J7¥E7E APRL J7 ik [ fiti b, i AR oret 37 W9 £ 78 Y1 k3 A2 rh 2B i s 8L 1 o 0
R, TS B AR B 2245 — AT 25 5 X 43 O L 200 5 o DL 28 1 (RS AiE R s =5 17

o Proser!™: Proser J7 {5 7E Y| kit A2 o ] MixUP BEAREE T 20 2K 51 A R J0L A0 2R IR BIRE A, 752 3)
BRI R e, R P R O AT AR DL A G R A A A5 L I 2 [ e SR 1 SR N B, A A A B SR A B AR
BV R

o SC-OSGP: SC-OSG J5 & 5 — AN & ¥ 82 L A AL W] & 76 W0 i 9 Bt b 8 388 2 B ) A 1) T4,
HAEGHNREIEAR, FIHBABRAE SRS IRATE, ST 7 HAI b AR W 52 10 52 £l v 4% 1,
SC-OSG HH T JoiJ A 7 SL AR A MR IR B i AW S8 WA AL, Rk, 76 SEBR1E ol A M e AT A 3 7 5 1

e BN Stats®’l; BN Stats & £ i ({50 3 B 3 07 59, 78 AR PR 58 b Ak 1 3 45 58 Bt i A6 2 P 1 B it
55, RIE BRI 58 o ) B 28 B A 1] R

o Tent™®": Tent & | FH I f5c /M 25 2 5 7 58 B4 2 30 K 3 7 75 ¥, FLAE BN Stats 5 HifibAR#E 1L 2 4
THE BRI ERRL b, R0 A /M 453 2% [ B B8 357l bm A0 2 P B AT 2% S S, (A Rk — 2 3 R
HHE AR B m e

o EATAP: EATA 2 —Fl i 2 (0 AR N & 182 7 %, EATA J5 ¥: 7 Tent J7 %3G LI T &R FEA
R, 50 BRI R AR ook B AL U S R AR, IR, KA AP RS S R, R
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S TR 0 S AR 35 30 T 3 RS VAR AR R R ) 1) . AEASSC SR R, BRATE X L EATA 7R R EIE
BB 1) B 3G R A B AR 2 75 B 5 A 25 Y8 B AR L S AR 7 SR 1) 67 THI 5 7

o LAME™!: LAME /& —/N K 75 5 02 2 $ ) WA FRF 3 7 5 12, LAME 7 v At Fi 2 B 27 o) Pk ic A%
FEEEN AR, BB R B AT A, T e A S8, LAME J7 vk AR vk 7 BRI
TR 38 B 77 92 75 3 PA 58 Hp i 482 B BT 5 B0 BR AR A 1) R

o COTTAP*: CoTTA 25 FE AL /E MR IR 5 3 4238 N B AS [F A8 B A0 A O 7, 45 A B2 i M0 Bt
AR AR ICE IEH AR B 1k S S AR, H AT, CoTTA 78 s & B 4 B 7S 7 fa i B 2e
PERER I

4.3 ZWET

ISR ik 2 00 28 B £% (residual network, ResNet)**ME 3888 0 1 T M 4%, M4 BOUR S E N 50. X T
FrA W EE, FATTI5 R AR SO HE2E 8 S B0 BB AT I 25 506, X 3& B2 75 v BT AR RS 2
5P A5 G WGB3 ISk 200 S kAF 2 FEGRE R, BEHOONME B 256, A M5 REEN 0.1
FAE 5 2] B PR A R iR AR K 1 7 RS AS TR RE . sk S5 w4 T A SR & N A R S AR SCIR B OTA 7
w5, FATBE G AL MLS J7 V1R R IR, A S BT SEER 544 1 {0,1,2,3,4 13X 5 AR T EE 11T 5
W, LR IE 5hRE 2. ATEH Close-set Accuracy, AUROC 73 7 SR Tt 5 50 432 0 02 1 1) A%

X B K5 R WRANRIAE ). 325, BRATBEICIR T OSCR(open-set classification rate) ™ 45 R PEAli i
SR, CRATEHUBUE TORERL 23 2K B IR S R AR L2 S Y R
4.4 LWHERSHH

e RQl: OTA ik B h BN Mi R, F4 AT AE FEmkaERI?

N R A, RATE MR E MBS N 3 5 (1) CIFAR10 5 CIFAR100 #¥#54E E3E4Ts286, IFIC
T A TR OTA 7735 5% b 75 i M R 2 30, CIFAR10 34l 45 Y45 R an 1 s, CIFAR100 %d 45 1)
SRR 2(m AL 2 R bR, X L4k MLS 7 vk M Re B I 25 R F R HRiE). RGP 1T R T
FH S B 22 S TE e 4R DGR3 B IR B 22 SR, 46 MLS &7 vERIPERERIL. T MLS Jrikm
FEYI 3 2 7 9 R 32 30 2 B8 SR L2 3 7 WXl 72 o b R 26 B3 N B i D A 4 A, TRk, MILS 7 TT BA
VB RAS SCRIE 72 I R 36 4 7 9. AR T, Seb s BRI MR EIR A E M B B M NS T, e T4E
R T7 1 5 MR 8 BT VA 2 A L R RS TR MLS J7iE. XU BE A B SRR B 07 9% 5 I e 5E B
TR FOb A B YA A A S i, SRR R E IR IR L A R 1 5ER 2 hNERE
B, ASCHEH A OTA JFiEEFTA 155 T #0850 T 248 MLS J7i%. X ULH OTA J5 B8 A Wr & B T 2846
AR ITAE, A AR P T A EE b AR B o A W RS ) 1A R, RIS, OTA J7 VA 1 e B B 25 00 T A 3B it
L7 vk, IRAE B T A SCHTHE 7 VR IR M R b1 T RQL.

AN, BATERE 4 FRIR T AR OTA J5ik 5xf b i fE th A B fi fm F2 2 N 3 [ CIFAR10 %¥
£ EEIMERERIL. B 4 LMERT OTA Jik 5B LR ETE 15 PR EMraERIM, &5 RKW,
OTA JTIETE4E R Z 501G B T 3 T 548 MLS 7k 5 HA 4R U0 7. B 4 L MER T OTA ik 5REA M
PRI IE N TVETE 15 i mFs LA RER B A A S H0H) BN Stats 5 LAME 75k BARVE RS EL AN i 3 28
MLS 735, {HJ2 A O™ &8 0 M RRIR S . BB B S 401 Tent /7755 CoTTA J7 ik MERE™ & T [, 1X i ¥
B A 005 38 7 7 ¥ T T 3R 31 v 58 5 R i A B AR R S 8. BEATA il REAR B RR, — TR
FE F2ER T VERSIR AL i) B, H I AR LA I BE R MLS 7 2. X U I REAS i 1R AR AT R T 5 B R W RE AR AE
SR I AR AR I ST B, (A TR R R E R, EATA MR BB ARG WK AL 25 18], OTA ikt
REL T 4 BB AR & BT ¥, EWH T A SC TR 7 1k i S s
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F 1 AAEAF LRI CIFARIO0 #54E _Er¥Ese X E (%)
st b i B FRRE=3 AR RE=5
Close-set Acc AUROC OSCR Close-set Acc AUROC OSCR
MLS 79.92+0.00 77.17£0.00  66.8240.00 70.174+0.00 70.58+0.00  55.96+0.00
ARPL 70.45+0.22 71.60£0.31 56.70+0.32 55.86+0.30 63.5240.75  42.10+0.49
ARPL+cs 70.5740.21 71.7740.56  56.97+0.38 56.18+0.46 64.03+0.41  42.59+0.40
Proser 74.2740.93 72.174£1.37  59.55+1.60 58.10£1.11 64.26+1.18 43.39+1.25
SC-OSG 72.2740.75 70.67+1.81 57.77£0.72 55.68+1.38 60.79+1.72  41.05+0.66
BN Stats 79.55+0.04 77.46£0.06  66.77+0.07 75.72+0.04 74.58+0.03  62.12+0.03
Tent 46.18+11.29  48.04+£10.25 21.95+3.09 53.3449.48 54.2147.03  30.29+7.41
EATA 79.89+0.07 77.18£0.13  66.804+0.13 75.9940.08 74.44+0.08  62.23+0.05
LAME 77.3740.09 66.7740.12  57.4040.15 72.34+0.06 62.994+0.07 51.33+0.10
CoTTA 40.314+0.53 71.48+1.17  29.98+0.34 37.9540.83 70.30+1.11  28.00+0.63
OTA 82.1440.02 80.02+0.03  70.77+0.02 77.45+0.07 75.58+0.07 64.21+0.07
K2 AFEAE WAL 5 5 FLJE 1) CIFAR100 H4E 4R 11 M BB X EL (%)
St b i W FERE=3 IR EE=5
Close-set Acc AUROC OSCR Close-set Acc AUROC OSCR
MLS 51.3040.00 62.08+0.00  39.09+0.00 38.08+0.00 58.54+0.00  28.60+0.00
ARPL 44.81+0.53 58.7740.28  32.59+0.31 31.48+0.52 56.1740.29  22.72+0.34
ARPL+cs 45.31+0.59 58.58+0.33  32.87+0.47 32.08+0.66 56.244+0.23  23.16+0.55
Proser 46.63+0.90 62.794£0.68  36.37+0.70 31.01+0.83 58.4440.54  23.59+0.60
SC-OSG 46.61+0.87 60.86+0.39  35.44+0.79 30.50+0.94 56.7740.45  22.94+0.91
BN Stats 56.09+0.06 63.94+0.03  43.16+0.04 49.78+0.03 61.89+0.02  37.96+0.03
Tent 25.03+£2.82 54.68+0.61 17.05+2.08 15.8242.77 53.26+0.88  10.59+2.01
EATA 58.58+0.05 64.54+0.07  44.95+0.05 52.40£0.15 62.49+0.09 39.81+0.14
LAME 55.94+0.05 63.77£0.10  43.77+0.04 49.48+0.06 61.17£0.07  37.92+0.08
CoTTA 10.50+0.34 51.36£0.77  6.9140.19 9.28+0.17 51.5240.46  6.11£0.08
OTA 59.4540.06 65.3310.03  47.06+0.04 53.89+0.05 63.13+0.04 41.93%0.03
S
[~4 |
@) — MLS ¢ LAME
8 — ML —&— SC-0SG —A— BN Stats CoTTA
—A— ARPL =& Proser ~@— Tent -9~ OTA
201 o~ aRPLics -9~ OTA T - EaTA oo
01234567 891011121314 0123 456 7 8 91011121314

AR MERS -
Bl 4 OTA JiEEHAE RN L M IE R v 0 P40 74 fe

e RQ2: OTA J7iAE$RH I &SI Kk 5 T 1 R 2 15 20 5l B b 32 7 7 2 2R A 2 25 ke 5 R
T2 50 f AR 4 A 2

NT EZEREA R, AT OTA J7 AT ASE LS, BRI OTA MiEBAS A A R, Wik 3 hAr
JERHIEE R 2 OTA JFiEMAN BERERIR G, Foor 28 2 I 28T i vk if 26 B 25 4R 1. 1K U0 R 3 6 452
&, OTA J7iE R Fafd th ik £ BAS 10 O WS HIRE A F R T BT BEAC BB 6 0. (645 — RIS, TEEHI R H
T (R E R s R B0 17, R, AR IX 43 8 2R 5 2k LR I 1 R A R4S 3 T $8 . 24 OTA J7idmm
ANFFEER TR JE, AL X 2 OO0 2800 5 o WL B PERe A 3 T 3E— 2D I3, (R 40 25 0 W28 1 HE T
HEAH T M. XAEWRE RS R R A F, OVAE E— @R, 780 R R 5 Rk
I HIPERE Z (B RARAFAEARUT. OTA JHiEM AT IUR G, et 48 A M A Y 7 25 B 2K 5 1R K I 25 R
JIHIFEFR OSCR A Frdet, X Ui A IEIY (25 & RE JJ7E ISR B L J5 6 Frie . R 3 st gs RIER T R
¥ OTA JF ik LA A AL — L, A RIS B R fe.
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£ 3 OTA FiERIHE R SZR (%)

OTA 41F oy A m e R =3 I A mEE R =5
HidE MR TR | Close-set Acc  AUROC  OSCR | Close-set Acc  AUROC OSCR
- - 79.24 73.94 64.50 69.33 67.71 53.44
\ - 83.03 77.71 69.80 78.61 73.89 63.94
v N 82.14 80.15 70.88 77.59 75.70 64.39

4.5 Ehitie

o HWSHEBM

OTA J7EIERBEE BN C WAEREARLE S DI HRIWEFEALES DO il S M a, 5 TEARHIFTHE
K, AT OTA LB SH S — % E Na=0.9, 50.3, iEW] T OTA J5 IS H0E % B x0T B A%
ERFEUR. B 5 D HER T BSH of {0.85,0.86,0.87,0.88,0.89,0.90,0.91,0.92,0.93,0.94} [A| U 1E . #8251
{0.25,0.26,0.27,0.28,0.29,0.30,0.31,0.32,0.33,0.34 } A B [ e e R 3. 141 5 45 SRR W OTA J7 %t T S 4
EWEE S, S Ha SEACHEEE B, OTA J7iE KR 232 B K IR .

B2 Ha BSOS
L [ e S e R [ RaNEN——

80.0{0e—0—90—0—0—0—0—0—0—0 . g o o o 000009
= 775 —4— Close-set Acc
> —e— AUROC
&= 750 —e— OSCR
#

72.5

oo o000 00— 000000

70.0 T T T T T T T T T T

0.86 0.88 0.90 0.92 0.94 0.26 0.28 0.30 0.32 0.34

ESHEE
K5 BSEEEES

o RMIETTRLAL

N T HIr OTA J5 %72 5 A ROt A RS N 2L I P A S0 A, JATRE MLS J59% . Proser JiiE 543
P 1 OTA J7i5 FRFER R A H] T-SNE HIEAE R 6 b ATl M4k, BT MLS 75955 Proser 752 Jf AR X 52 1Y
S SR, e AT T P A B A W AS I, R WRAEA S C MR AR G E, RN, AN OISR A (8]
RAETE. ASCHE OTA J5 ik BRFE R 7R BOH 5 BE 77 9 S A, C LT A £ 3R 23 1) (AN 7] X8 R,
LR 5 R WARFEA (A A W R AR, XA A SCHT iR OTA 771k REWS A Rt SRR, i HLE N T2 AL
A AR.

MLS 5% ProserJji% OTAJ5 92

Kl 6 MLS J7i%. Proser J7¥k5 OTA J5 vk FIFFAE 7 AT ALAL

o IZATINIH
FATHE— BT T OTA FEE 50 LI ik I AT I 18], 7238 4 b, AT R 7 32T R 5% MLS, I
BN & N 5% Tent, LAME 5 CoTTA MUASCHTHE 5% OTA £E TG — Fh 32 8 70 A e 15 8 A s
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FPRIE]. % 4 b s 26 W) OTA SLEk I I8 47 ] 15 4 B0k . VMRG58 I B0 (3 A7 B (W) 85308, I3 $UI
Y5 125 Sy (ELRIR TR Ty v 5 0 L 7 R S A A0 IR TP R . TR, % 4 ISR T OTA J7ik
A 7 R Y DA 15 1 V9 TR T DA 0 A, 368 %0 7 007 91120 1 VTP 5 0 e P
R4 EERIET E
B4R MLS Tent LAME CoTTA OTA

BATHE(s)  4.96 11.77  22.21 329.07 44.21
OSCR (%) 55.96  30.29  51.33 28.00 64.21

5 B 4

TFEERA NS 7 S I Lz —, HE M R OIS BRI, RAIFEAE R W), 2R, I
AT T B AR 5 VAL TS W3 2% 8 93T (i A2 1) ) LS, T W ™ 2 B P 0 B 1), P RE R B EL = AN R £ 5
FT XS, AR TIPS E A AOW, & £ T B2 IR0 A L A2 £ 1 23 56 2R I 4 46 R L%
o FR) TR) AR, 3 AN Ui B A R ek HL 0 N AR AL B B AR B 0 A AT R R, SRATT et 1 T T e i 5
OTA. %77 3 F 38 SN 965 45 2 R J0I 13 2% 78 TR I 1 3 7 o T B Y. — 7 T, B B 7 R WL RE AR EE
BB R R T ox 2 IS RE D AN RSN 55— T, B M R IR A 1 AR X R LS B IR e .
UE4, OTA J5iEie MM T S8R Nt gk, LA b A5 R 7 55T I 2 v R B0 9 X A28 ) 388 il L. 6 AS [ i 76 A2
JE R AE R 58 LA SERG, BRI 1 OTA 75 1 b A IO TT SRR 77 R A I I 3k 7 77 6 B AT o8 e 0 (0 4k
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