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Few-shot Open-set Recognition with Feature Decoupling and Openness Learning

WU Shao-Ling, LUO Hui-Lan
(School of Information Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: In the task of few-shot open-set recognition (FSOSR), effectively distinguishing closed-set from open-set
samples presents a notable challenge, especially in cases of sample scarcity. Current approaches éxhibit uncertainty in
describing boundaries for known class distributions, leading to insufficient discrimination between closed-set and open-set
spaces. To tackle this issue, this study introduces a novel method for FSOSR levéraging feature decoupling and openness
learning. The primary objective is to employ a feature decoupling m“o,dule to compel the model to decouple class-specific
features and open-set features, thereby accentuating the disparity between unknown and known classes. To achieve
effective feature decoupling, an openness learning loss is introduced to facilitate the acquisition of open-set features. By
integrating similarity metric values and anti-openness scores as the optimization target, the model is steered towards
learning more diseriminative feature representations. Experimental results on publicly datasets minilmageNet and
tieredImageNet demonstrate that the proposed method substantially enhances the detection rate of unknown class samples
while accurately classifying known classes.
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AR, 3T AR RTS8 5 A5 B A T R 2 75
AREA. Bk, G e B A WEE I 150 MEA. JF
ﬁﬁz%i‘ﬁﬁi*ﬂ%ﬁfﬁ%mﬁ S (8 2 K A 43 ) 5%
BN/3, 1/3.
24" STTELE

A5 7E minilmageNet 1 tieredImageNet I 5 4¢3t
J7iEA R BE ELE S X LR T vE R 40 4 AN, 43531
#& FSL (ProtoNet™™, FEAT!)), OSR (OpenMax!"’,
CounterFactual'”), FSOSR (PEELER, SnaTCHer-F!'®,
TANE-ATT"", ProCAM, RFDNet, MRM) LA & A S it
A 59 (FDOL, FDOL-CA, FDOL-SA). i,
ProtoNet. FEAT. OpenMax Fl1 CounterFactual ft]&5 5
51 F | TANE""), RFDNet 45 5 2 4% [ ResNet12 52
BLUAHEAT A7 . FoAft 7 i i 45 FORVE T 25 B 1 R 46
WO, gt R 26 1. J 2R3 ROk A B it

R 1 R T LUASEATES N F 1) FSL 7720 LAEAT
FFAERGI. SR FEAT 78R8 1 AR e 28 30 08 )5, 1B
BEMNTL N FSL 7772 ProtoNet, {H H VLG8 A 10
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FSOSR J7 &40, HART &, A5 #%40 FDOL fEfT
B IR P 2448 T FEAT. 7£ minilmageNet #(#

x5k kSR g Bt (%)

minilmageNet

£ |, ‘BIE 1-shot 5t LIl T &1k 1.8% ) Acc 1Y
hin, 7€ 5-shot 35 F =28 T 18.15% f¥) AUROC 127}

tieredImageNet

Db s S-way 1-shot 5-way 5-shot S5-way 1-shot S-way S5-shot

Acc AUROC Acc AUROC Acc AUROC Acc AUROC

ProtoNet"’ NIPS2017  64.01+0.88 51.8120.93 80.09+0.93 60.39£0.92 68.2620.96 60.73£0.80  83.4+0.65 64.96+0.83
FEAT" CVPR2020  67.02£0.85 57.01+0.84 82.02+0.84 63.18+0.78 70.52+0.96 63.54+0.76 84.74+0.69 70.74%0.75
OpenMax!"’! CVPR2016  63.69+0.84 62.64+0.80 80.56+0.58 62.27+0.71 68.28+0.95 60.13+£0.74 83.48+£0.66 65.51+0.83
CounterFactual™  ECCV2018  63.740.83  64.17+0.88 81.44+0.54 71.58+£0.76 70.08£0.94 71.04+:0.80 85.36+£0.60 78.66+0.62
PEELER" CVPR2020  65.86:0.85 60.57:0.83 80.61£0.59 67.35:0.80 69.5140.92 6524076 84.140.66 73.27+0.71
SnaTCHer-F!'¢! CVPR2021  67.0240.85 68.27+0.96 82.02+0.53 77.42+0.73  70.52+0.96 |74.28+0.80 84.74+0.69 82.02+0.64
TANE-ATT" CVPR2022  67.64+0.81 71.350.68 82.31£0.49 79.85+0.58  69.34+0.95 72.74+0.78 83.82+0.63 78.66:0.65
ProCAM™” ACM MM2022 67.86 71.41 83.66 77.51 | 6382 75.55 85.64 82.77
RFDNet!'"! IEEE MM2022  66.23:0.80 71.37+0.80 82.44-0.54 80.31+0.59 66.84+0.89 72.68+0.76 82.64+0.63 80.63+0.63
MRM" IUCAI2023  67.0320.83 71.20£0.80  82:00£0.55 80.39+0.59 71.13£0.91 75.59+0.77 85.27+0.62 83.03%0.63
FDOL (£0) — 68.82+0.84 71.48+0.82 82.87+0.56 81.33£0.66 71.45+0.94 75.65+0.77 85.56+0.65 82.83+0.65
FDOL-CA (4 X) — 69.15:0.89 71212091 83424054 80.86+0.64 71.16£0.93 75.52+0.79 85.45:0.62 83.49:+0.60

FDOL-SA (430) — N68.40:!:’().83 72.42+0.79  83.50+0.52 82.22+0.56  70.89+0.96 75.53+0.79  84.90+0.66 82.51+0.64

75 OSR J7 k80, L4 B 7E R IR JI 0, %
SERFF % 5. 7E minilmageNet S-shot it & 4, ‘&
AUROC H. FEAT #4417 8.4%. SR, —/MEAFVE &1
PRI, BT UIAEEEA 2, EE/R 2% ST
BRI IR AR, AT S PGS N Ace 1 AUROC
¥abr LR & AT CounterFactual.

2+ 4771 FSOSR J77%, ProCAM 7E AN EiiE 42
5-shot it & 73 5| 52BN 83.66% Al 85.64% (1) #x i A4
oy FUEHAJE, (B AR ST AT SR AE F A B A i 2 1 48 A
R B R AR, 2 FDOL-CA £ minilmageNet

1-shot Fit & 1 Acc B IR 7775 ProCAM 1A 1.29%, ‘

FDOL-SA 7E minilmageNet 5-shot fit & [ AUROC
L A T7 1 MRM 3% 1.83%. T/l 5.2, A8 L7 VETE
% FSOSR J5 Wl 1M 11§ e 76 K0 4 b Be s i
AUROC 4 ¥ I B AEA 25X 4 5 A A 305 5
TR RE 77, RIS FEA BRASE A 1 BR 1)t 2 Gtk
2.5 JHRLSEIE

AT @ SEIGTE tieredImageNet Fuda4E _F kAT,
FEBA R R B RO LR, FD B3R 2898 S0 2 i
Bt CSA KH CA. 34k (baseline) /&1E SnaTCHer /772
T RIS R () SR 4 R

(1) SRS RS as. 38 2 e T AR SCH
B AMAEHL Rl DL R AR B AR FE XA R R A RS S
SRR, B &AM IE 0, AT 8] B AH BLAE

54 Hif45ik Special Issue

PRt T BB VERR I HR T, R AR R 2R 1 X 43 |,
KU T B 1, H AUROC {EAHEL T SnaTCHer
TFED BRI T 1.24% A1 1.47%. X HE—50EW 14
TIE AR B TR 27 20 R DU 2050 B RRAE A I TR TS
B, SRS 5L SR AR M IR AE R R, B0 — B AR
R R, T w18 L A 2 0 A M 5 AR R e 28 )

%2 IR S A A TS (%)

- 5 5-way 1-shot 5-way 5-shot
By ) . z

Acc AUROC Acc AUROC

| SnaTCHer  70.52+0.96 74.28+0.80 84.74+0.69 82.02+0.64
“ Flos (baseline)  70.62£0.92 75.37+0.78 84.56+0.63 82.21:0.65
+1+OFD  70.85:0.92 75.29:+0.82 85.39+0.66 82.28+0.64
+l+OFD+ly  71.02£0.93 75.00£0.79 85.030.65 82.99+0.64

+logtOFD+y +0 T1.16£0.93 75.52+0.79 85.45+0.62 83.49+0.60

(2) NEERIIFEREITERIXT LG, 3 3 R T ANE
TE R RS 700 AN B AR Ve RE s . 5 B2 Al
bl 3 ey B ST HL AR A A A 5 SRR S T —
FE M RESE . 7F minilmageNet 1 tieredImageNet %{
P, 43 BEEE T SA Al CA HIVER SRR AE 5 50
AR R AE. K ZTE tieredImageNet H L,
CA f£ 5-shot FURC BILH W&, LLXIRTT 2 SA 7214
G R HER LA AUROC H 0.55% Fil 0.98% (¥4 7. 7E
INFERG T, BRI, MXT T 244 CBAM 7%,
SA Fl CA X FhoAH X 187 5 ()33 2 2 ML) A ) T A2
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i H AR SN A

FRECRE XALEE S, M4, tieredlmageNet £ 45 4
HA Z R ZEMFNT 20 5340, A5 2859 22 [a) i) AR AR
J£ F2 FZ L minilmageNet /55, MSZIR 45 B 1, CA HLL
SA TEFHIRAR LA BE K HAS [R] 287 2 ) 1) 22 53¢ 5 TH 3%
Wy

K3 AFENEESIBRITERIN E (%)

V=l 5-way 1-shot 5-way 5-shot

HiEs A Acc AUROC Acc AUROC

baseline 66.58+0.83 69.62+0.71 82.58+0.56 81.46+0.59

mini- CBAMI1 68.02+0.84 71.92+0.84 83.30+0.55 81.93+0.60
Image- CBAM2 68.08+0.84 72.04+0.82 82.59+0.58 82.01+0.59
Net SA 68.40+0.83 72.42+0.79 83.50+0.52 82.22+0.56
CA  69.15+0.89 71.21+0.91 83.42+0.54 80.86+0.64

baseline 70.62+0.92 75.37+0.78 84.56+0.63 82.21+0.65

tiered- CBAMI1 71.11£0.93 75.43+0.79 84.69+0.67 82.32+0.65
Image- CBAM2 71.11+0.93 75.42+0.79 84.67+0.64 82.11+0.69
Net SA 70.89+0.96 75.53+0.79 84.90+0.66 82.51+0.64
CA  71.16%0.93 75.52+0.79 85.45+0.62 83.49+0.60

(3) FFIUHE 45 Reloy A0 SCFF IR 23 ( o Y Rl S 0. 3 4
X ECT Lo Ao SRR RE IR, — 7T, AR 1. 34T ]
B, Lo Be AR JETF BOCPERRAE 1) 27 =), A1 s A Y SRR A
FEAE S, SR H I E R 6E S R, I HAE R A
ARG R REABORIER, 456 1) A SCITVAAE 1-shot
Al 5-shot AL B N4 0.89% 1 0.58% MIFEFF. 75— 77T,
ME 2 3 AT KN, fEETIE RN o B THiok B
NN AR HI R ) 22 7, A RS2 BRI K () T 24 v 1
W45 & o HIA S JTIEAE 1-shot Al 5-shot Bt B N A 0.52%
F10.50% KT,

R4 THBAESIRANSOT E AR (%)

] ~ S-way 1-shot 5-way 5-shot

o ¢ Acc AUROC Acc AUROC

— A 7027+094 7524+0.79  84.87+0.67 83.15+0.67

Voo — 71024093 75.00£0.79  85.03£0.65. 82.99+0.64
85.:45+0.62  83.49:0.60

NN 7116093 75.52+0.79

X

9

3 4

ARSI T b TR A S B AR A R AR R
275k, B AR A AR R IR IR IE RS KOT SRR
RS HSECMRZ AR ZESR. N T EIX—H AR, %
Th 7 AR, I8 1 P 79 SR 2 R AL 1
MR, 5, ARG 10 5 AR S R R AR AL
BEATIFIBOME 22 21, FR 45 & TFBUVE S R RAT A2 38 I I
JEVE, TR 3R SR PR AR, LR, YA i 1 P 42
A5 SR AL BEAT FE R4 31, AR o S 7R Xt S AH

FAB B FRIELRE /7, BT SRIGE AIPERAE. y 1 ik — 2
Rt O RURIR RITREAS 2 8] 1 22 7, A SCOT V28 2 1
REAE AR ARABLRE B2 A 5 T TBOCME R AU 1) SO I 23 45
B RRAE NI R T B S8 25 RBIE T AR ST
1%/E minilmageNet fll tieredlmageNet £ 3545 I 1H 2%
Y. 5 HAR S R T AR B, PR Hh AR 7 v B e S A
PERE AL R
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