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Abstract: Image-level weakly supervised semantic segmentation usually uses convolutional neural networks (CNNs) to generate class
activation maps to accurately locate targets. However, CNNs have a limited capacity to perceive global information, which results in
excessively narrow foregrounds. Recently, Transformer-based weakly supervised semantic segmentation has utilized self-attention
mechanisms to capture global dependencies, addressing the inherent defects of CNNs. Nevertheless, the initial class activation map
generated by a Transformer often introduces a lot of background noise around the target area, resulting in unsatisfactory performance if

used directly. This study comprehensively utilizes both class-to-patch and patch-to-patch attention generated by a Transformer to optimize
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the initial class activation map. At the same time, a semantic modulation strategy is designed to correct errors in the class-to-patch
attention, using the semantic context information of the patch-to-patch attention. Finally, a class activation map that accurately covers more
target areas is obtained. On this basis, a novel model for weakly supervised semantic segmentation based on a Transformer is constructed.
The mloU of the proposed method reaches 72.7% and 71.9% on the PASCAL VOC 2012 validation and test sets, respectively, and 42.3%
on the MS COCO 2014 validation set, demonstrating that the proposed method achieves improved performance in weakly supervised
semantic segmentation.

Key words: semantic segmentation; weakly supervised learning; semantic context; Transformer; class activation map
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33 BEREM
ARCHER | BoR T RIS MCTformer LLK Pk 2023 4EBAGFCE LM SOTA J7ik i Ebie st B, iz itk
TSR, SHE. HEWERE ., SRR G, R 1 ATLE R, ACJ5%5 MCTformer 5L, 7E
HACE S HE AR MG, B T SRR M BOR; M5 CLIP-ESPBA K LPCAMP " HiFifg i SOTA J7 A
Lb, AU B AT LRI AT U4 TEOUT, S8 T ArE TR S5 5, 780 U T A SCAT 7 ik i il .
F1 EAE ML

WARES 2 MACs (G)  Params (M) FPS Time (h) Memory usage (MB)
MCTformer""  CVPR 2022 4.7 21.7 15.5 7.7 2507
CLIP-ES®™  CVPR 2023 17.6 149.6 1.78 355 1325
LPCAM™  CVPR 2023 55.9 70.4 3.16 35.9 6805
A T7 - 4.7 21.7 9.36 7.9 2575

3.4 HERSCIE
3.4.1 B SCABIZENE 5
AT B35 3 T AR SCHE H BRSSO ) SR B 5 R B R2 i, AR5 45 T PASCAL VOC 2012 YIIZR4 1 12805
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SERDL K IGIESE E B4 B sk 2 FioR. (23X B, {8 F MCTformer! MWE gL R A 200 0 B {8 FHAE SO
W, TS B S B mloU R4y BIG5 5K mIoU 7358 61.7% A1 71.9%. A SCATEEHELRAE ] 7 V8 SCIR i) s m, *it
N HIZE0E B mIoU A5 3] mIoU 731N 63.6% A1 72.7%, 4 L EHERL AR TL T 1.9% F1 0.8%. 1%45 7840 1F ¥
T AT SO SRS F A R

R 2B SUH SR BI52 M (%)

Jik KWiEEmloU DEImloU
FHEHE 61.7 71.9
KT 63.6 72.7

TEE SO SRS, 24560 28 5 A X3 2 (8] By 2 D7 b AT IR, B e ot 5 2 BT X Sl SCR Q1 X 33
PUR Bk, S8 5 05 SCH G B B i AT T E DR BRI, 2 5 TR R, T IR AR
BB PR E SCHH SR B TR SR MR 2 AN A ). ARFTRE T 5 ARSI SRR & T, 2 B8 S SN 10%.
20%- 30%-~ 40%- 50%, H:45H T PASCAL VOC 2012 YIZR4E bxd B g &5 3, il 5 Fos. R 4% #
A5 SCRH DR BB L 30% I, 3R15 T S if ) mIoU 25 5% Rk, FEAS SCH R B8 SO e S EL s E N
30%, IHEHF T AR 28 5 P [A173 55 77158 22 IR 1R 39 28R S e, i S A SR P ot i e v

A, AT (4) XS SR E AT RS, Horb o TR ) ZR 5L AR UE d1) 2R B0 R B s 2 A
B0, T R o 4T 0T, FFER 3 R4 H T PASCAL VOC 2012 II54 ISR BN LL 45 5. WK 3
AT LLE Y, S RO E Dy 1.2 B mloU B f s, 188 T 63.6%. Fth, TEASCAHTA LI, HH RE0RE
9 1.2, BB, RSB R S R S AR BRZE R D, X RSB0 B R 2 .

63.7 F 3 WEERETEE R IR M

63.6 | A a KBS EmloU (%)

Vs T 0.6 63.45

63.5 1 e 0.8 63.51

S s 1.0 63.55

R B4 12 63.60

= 63.3 14 63.54

/ 1.6 63.52

632 | ¢ 1.8 63.50

0 10 20 30 40 50 60

Patches (%)
Bl 5 38 SOMSCHECR & ExT 45 R A 5

342 FEEIIBERARR

ASCHTIRAEZEAE A VIT S BUG AT RAE SR IR AR s 46 2R B0 B, SR 1T L A5 21 AT 4R S0 B S 7R3
I B AR X FE SN T KRS R, SHE =30 RS, 1P 6(b) B, BFSbax A 1)@, iz A8 i — A
FRRTT IR R VIT B B 7= A B Rt i B s () 28 B AT ML Ak, TE B R R T A RIS R =
IR IR BE B AT LA B AT AL 5 SR, AT DIOR I, St IX 3R )y i 03 AT PR AL I R AT, I 6(c)
FioR, VI 218 50 o [ RE R I B 0, 38 43 B w6, 2645 P DX s ) v 5 0 DA AT 06 28 80 T 03 R e Bl e 1)
F R AR MR IRIE, T 46 0 B T 2 WOE (B H R Y, BRI 46 20 15 X S (] 2 0 34T 46 P 7fe
TR 13 B I B0E (B R R R HHR 1N, B2 P EUSRAN LT, Al 285 B )y 5 0 AT DR A R R0 R L 43 F X 3
Bl R T, W 6(d) B, B b s K, 1M . B AR X I 8 3 5 #E R M ORGSR 1T L B 7778 5 A il
F—, e H bR X0 B E RS 55—, A SR aReE 19 B bR DSBS BRI 1 B 25 R 8 B R R
X 3 BR[04 A SRARAG A B FS0E . RN 285 28 5 B ] R i 0 A 45 30 1) 30 B R A 7E (0 B R e (i
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B/, IR 5 DX IS ER () 24T R R R T ST LAAS BB HE B (R0 8. 3 S R B, £ A R T2 S B )
VTR A DX IR ] 0 SR A W0 0 SR PRI LA 81 b B f i P 265 B 1] 7 g B DX gk 1A 3 2 70 SE 4 2
R, HATLE RN 6(e) AT

e+

(@) Ji ) MIEKIIEE () KMBIERS (@) KSREERS (o) KRS
PR IR )

K6 ANFIZRALAE AT i o 1 4h 5

RIS B R ZEBE B mloU 25 403K 4 Biraw, MITE EIIE 7 48 98 5 Byt 3 R XKL [y A0 I S5 A re g o
UMb AR A AT U 0 P

DRI bt 2 S FH 2 5 B )3 2 7 DA B XS BR R R T e WA 2R B AT A Ak, 290 45 303 15 2R B LA
T o A T TG AN TR B A5 380 1) 230 BUEAT 404, FRTESR S W 4h T PASCAL VOC 2012 YIIZ54E L1
FEPOE BT L g5 . K 5 AT LAE H, Original-CAM [ mIoU 189 46.1%, £ F e fd F 25 5 Bl i 75 Sk 4k 45 2
Modulated-CAM, B (1) mloU E$2 1 £ 59.3%, %85 4 X3 RV & 1% Modulated-CAM #E— 35 Ak 15 31
Final-CAM, 3£ mlIoU {8 1] UL E] 63.6%.

24 PASCAL VOC 2012 I Zxse 250k B 45 R xS ERNBAERARIM
% KBEE i FKBPEEmIoU (%)
Tri: N —
mloU (%) Original-CAM 46.1
YRR BE R 46.1 Modulated-CAM 59.3
WIRE IS BT P+ X Sk B ey = 54.2 Final-CAM 63.6
WG R 5= 59.3

YIIRISBR B SRIENERE 4 XIEREEE ) 63.6

3.5 SaitEARIELE
3.5.1 PASCAL VOC 2012

JBE B SO bR 20T b 3% 6 GAH T R[] vk (0814192022 313855k 1 S i IR R D s 288 1 B 45 R CRELAA b i B
RSB, InE 5 2 PR, A0 VEAE PASCAL VOC 2012 et Il i 5 EHUS 7 e i os B 45 5L,
mloU fHiEH] T 63.6%. FILL T Hofh— 8550397 )7 ik, #iltn AMRP. AFAPAT CLIMS®Y, 7 322K 30 KK mloU A8 5%
A 6.8%. 11.0% H1 7.0%. 325 & T3 N TAE S, SR PSAU O i It 47 J5 Ab B, AT 21 i B g £ 4
PakR%s. AR X4 PSA JE AL FEAS 2 I D AR AE PASCAL VOC 2012 II4k4E EiE B T 70.5% ) mloU, Lk
AFAPYRI MCTformer! 43 5l 55t 1.8% A1 1.4%, MR 55 3 FIFT/R. % SL 50 45 FARGFHIUE I 1 A S5 VA7 A6 s
TR B O RN RS P L R 25 TH 1 S

G358 St b AR A ST i A T R ORI (1 55 W B Sy s ARy (6141923.29 3235900k 170 4 Sk ki
Ebdg, A 77248 B ImageNet L5611 451 ResNet38 Xf D bras#b4T 4 B4k, 32 7 45 H 7 1£ PASCAL VOC
2012 FAREWLIFEMNIRE FoFin g R, Hp, 1 RoR BRI, S Fon B, HEbrd R Eg R, k7
Fi7R, A SCH7154E PASCAL VOC 2012 38 IFEEFMMIREE & mloU b HIE R T 72.7% F 71.9%, 1E3%A 14 &4t
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WE R T (B2 K), R R 55 SOTA A 2|4 R EGE. thAh, LA T8 Al A B 25 1k B 1 e
#1 SOTA 7712 Mat-Label ™), A S5 VE1ESAE A AR AL LT3 20 45 R SR 5 A 28, (HUR U 2 0.6% Al
2.1%. Bt W HNIE T ASCOTVA PR,

# 6 ANTESEARTTEAE PASCAL VOC 2012 Il k8 2K B0% F A bR LI 45 51 (%)

WARFA 22 FIE EmloU  DikrEmloU T 22 KOG EmloU  thkr%mloU
SC-CAM™  CVPR 2020 50.9 63.4 AMR™! AAAI 2022 56.8 69.7
SEAM™  CVPR 2020 55.4 63.6 CLIMS®™"  CVPR 2022 56.6 70.5
EDAM™  CVPR 2021 52.8 68.1 AFA™ CVPR 2022 52.6 68.7
AdvCAM™T  CVPR 2021 55.6 69.9 MCTformer'  CVPR 2022 61.7 69.1
CPN[' ICCV 2021 574 67.8 IS T7 = 63.6 70.5
PMM™ 1cCv 2021 582 61.5

# 7 AEEHABTTELE PASCAL VOC 2012 363FAEFIRAE 145 %45 5 EL e (%)

Fri s e SR IRE i o e SRR

EDAM™ CVPR 2021 +S 70.9 70.9 AMN! CVPR 2022 I 69.5 69.6
EPSP® CVPR 2021 I+S 71.0 71.8 W-0oD™! CVPR 2022 I 70.7 70.1
InferCAM®”  WACV 2022  I+S 70.8 71.8 SIPE* CVPR 2022 I 68.8 69.7
RCAPY CVPR 2022 I+S 722 72.8 ViT-PCM™ ECCV 2022 I 70.3 70.9
L2G™ CVPR 2022 +S 72.1 71.7 AEFT™! ECCV 2022 1 70.9 71.7
Mat-Label®  1CCV 2023 +S 73.3 74.0 ToCo™ CVPR 2023 I 69.8 70.5
SEAM! CVPR 2020 I 64.5 65.7 ACR™ CVPR 2023 I 71.9 71.9
CDAP” ICCV 2021 I 66.1 66.8 BECO™ CVPR 2023 I 72.1 71.8
URN™ AAAT 2022 I 69.5 69.7 CLIP-ES™” CVPR 2023 I 71.1 71.4
MCTformer"”  CVPR 2022 I 71.9 71.6 LPCAM"™”! CVPR 2023 I 72.6 72.4
ReCAM™! CVPR 2022 I 68.5 68.4 OCR™ CVPR 2023 1 72.7 72.0
cLIMSP! CVPR 2022 I 69.3 68.7 KTk — I 727 71.9

I, &7 25 T AR SO EAE RS LR > H1 45 o B, 7TLUE ), 5 CLIP-ES MLk, A7 iAE 7 B )
A0 b BT TR IS A, A 7 5 3 AT SERIBRER, 5 MCTformer Al L, 2S5 VALE 73 BIMD A ) 56 B4 J7 THI R L
A, G 7 5 1 AT S B

(a) R (b) MCTformer (c) CLIP-ES (d) Ours (e) ESLFRE
K7 PASCAL VOC 2012 BiF 45 F 43345 5
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3.52 MS COCO 2014

R 8 gyt T ASITILAE MS COCO 2014 34 5 FeAb T EA I oy FIPERE LU A R I, T R BB Zibn 28,
S FooR VR, HUAFRICEBAE LS . AT IEIRR T 42.3% 1 mloU, A8 LT HAh 1y — 2885587 J7¥%, 5l LPCAM®”
A OCR™, B i 2 7 512l 45 R,

£ 8 ANJjiEE HAR T EEE MS COCO 2014 B8 E /3y E145 R (%)

Jrik =i WEMEE  WiEHmoU J7ik: =W WEEE  WiEEmU
EDAM™ CVPR 2012 I+S - AMN™ CVPR 2022 I 44.7
EPSP CVPR 2021 +S 357 W-0oD™!  CVPR 2022 I -
InferCAM™  WACV 2022 1+S - SIPE™! CVPR 2022 I 43.6
RCADBS CVPR 2022 +S 36.8 ViT-PCM™!  Eccv 2022 I 45.0
L2G™"! CVPR 2022 I+S 442 AEFTH ECCV 2022 I 448
Mat-Label™  1CCV 2023 I+S 45.6 ToCo'™ CVPR 2023 I 413
SEAM CVPR 2020 I 319 ACR™ CVPR 2023 I 453
CDA®! ICCV 2021 I 332 BECO™ CVPR 2023 I 45.1
URNE! AAAI 2022 I 407 CLIP-ES™  CVPR 2023 I 454
MCTformer  CVPR 2022 I 42.0 LPCAM™  CVPR 2023 I 4238
ReCAM™ CVPR 2022 I - OCR™ CVPR 2023 I 425
CLIMS™?  CVPR 2022 I = AT - I 423

IR, ] 8 45t T AR S VATE SR UESE L (¥ 53 B0 25 R, IS 8 WT LAMRIE 35 5, 5 CLIP-ESALL, A
JIERAE Sy BRI AT A FE 7 T IUE L, e 8 55 147 sh NI, 58 2 47 KSR 13K 8, 55 MCTformer!")
FALE, AR SCTTVEAE 7 SR B e B T TR DL LT, WP 8 55 3 47 Fh ARk,

(a) SR (b) MCTformer (c) CLIP-ES (d) Ours (e) HSEhRZE
B8 MS COCO 2014 5 iF4E 5 45

3.6 BIRESTRE
AHTHE T BARIAS T B BB I RE, B — S B SR S P AR RIRE S A 2. 1
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WA BE AR 4 Hh 6T BRY ARBEAT 40581, 08l 9 36 1 AT B, AR SCO7 VA HER L IX 20 [E] i 1. A, AR5
EXH T/ NAR B 2> B EAELEAS L, N 9 55 2 AT TR, A7 iR I Th iR 50 B o g

K9 PASCAL VOC 2012 B4 F 143345 5

4 %

N T FERATT AR S B A A XA /s SRS I 2 1 R, AR SRR T AT VIT SRS A I
PHEZE. B2, £1xF VIT A R 625 BRIRE B h AR AR IR 22, Beit 7 — Rt SO i SRS, ) A DX I ()34 =
JIEE SCE TR SUE B HGEATRIE, SR m R, 25, SR FIAEIE A 28 S8R A1E 5350 DA DI ()3 &
X HIAG ST I BEAT I A A B 2845 3 0 S PR AR A 7 . ) b DX IR R IR e e st o) 1 15 SR s . — &5
KI0F B SIEB6 78 ZMUE W] T A SO R T7 ik AR LR 2 HA Rtk
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