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Weakly-supervised Semantic Segmentation using Exclusive
Multi-Classifier Deep Learning Model
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Abstract Recently, along with the recent development of deep learning technique, neural networks are
achieving success in computer vision filed. Convolutional neural network have shown outstanding
performance in not only for a simple image classification task, but also for tasks with high difficulty such
as object segmentation and detection. However many such deep learning models are based on
supervised-learning, which requires more annotation labels than image-level label. Especially image
semantic segmentation model requires pixel-level annotations for training, which is very. To solve these
problems, this paper proposes a weakly-supervised semantic segmentation method which requires only
image level label to train network. Existing weakly-supervised learning methods have limitations in
detecting only specific area of object. In this paper, on the other hand, we use multi-classifier deep
learning architecture so that our model recognizes more different parts of objects. The proposed method
is evaluated using VOC 2012 validation dataset.

Key Words : Deep learning, Peak response map, Weakly supervised semantic segmentation

.

A3)e, LGHA AAFoolAdd/dgd Received: 12 November, 2019 / Revised: 2 December, 2019 /
"o, Radsta 7)Agsat Accepted: 6 December, 2019

A4dA 20199 11€ 129, =4Ys: 20194 129 29 "Corresponding Author: djkang@pusan.ac.kr

AAEgLA;: 20199 129 6Y Dept. Mechanical Engineering, Pusan University, Korea

- 227 -



Weakly-supervised Semantic Segmentation using Exclusive Multi-Classifier Deep Learning Model

.M B

9 29 71&9] vkl Wdw A AHFE BA 7]
&o| T 2 47 9718 s FE V1SSt Ak
E35] AEFEAH  YELYI(Convolutional Neural
Network, CNN)"'9] 542 7|29 5 HAER
(Multi Layer Perceptron, MLP)?o] J4te] ExJS A
Y2 FE5HA] Fote TARS FESHA B2 AHH
v EolsolA | &g 71§t JdAY 71eE0]
’\294 5 71553tk

FE Bl EopollA 94 W 94 £ 71e9] 39

o

= 2ol el BE WAL A HOlH 57 F o
U= BRats BAlolth 94 B 714L A5 24 7]
% et A 3 A, ARGA 24 Sof P
4851 glek. 7129 gl 94 B mEEe X
Eohg ZJe] o wdle] Eeu U S20)
dlol2e AAstel sheol ALgHIE 292 Teiric. o

A B8 mElo] Aol oA 7|&st AN &89 3§
g7t G449 BE g dig] ol (pixel-lebel
label)o] 7150} Shof A}ﬂﬂﬂok St J8y nE
Ao tigf 57 JRE Folohe A2 JFo] & =&
o] ¥HAigitt. 197 ﬂ%oﬂ ol#glt AAE =] 9
3 oF A=k 7Nte] FAF B iy Eo] le] A
3 Qlch A= S5 7]uke] why
o311 o= HEHC T oft JEE
_.C_L;].o:] EHLO_ 61-/\ /\] 7] c]- 21,
& 7Iuke] A B3 BiolAEe gA $239] HlolEo]
H P =29 FolE, & A W AAY BF F1
% AMgoto] BES SRGA7|IL 22 A shaE 2d
< A}élo}oq YA E3lshA "ot o|gA HA 39
glolEg Shsol AMSHA] gl HE FETRE S|
ARESE7| W] QA 71 11 B8] HlolEy &Y
o] "askx| ¥A Hrt.

B =R 7129 oF A&
22 P9 EF ZEE Aty ZE2 CNNegR
E] 224 40| F /19 £R712 4=, ZF BV
.‘:_ /ﬂiﬂ- 7]—57,]—‘5—]—_’]7_ 21.5 7H;‘q]‘,] EZ] 0 o]é]o]_Ei felg
ottt 2de A 9] ol tial] Hot AUt Ak W
< AAgstar AA7E 2k x|l tist 9] Az
2 A5E AFF) Agtsks e dAxblolA Aotst
= n|Ye 7uto g s, AP Hojd %o
I B A5 Holzr) B =RohL odblo] 7

Apgoto] AMgsE7] wiEo]]

o
=
e FYLY DY

3] o] e A

iy

¢

TFAHA AR 3EM A 7ledd

s

e
l‘

[d
2
2,
é‘
rO
_o'lt,
rr
W ol
i
0

< 3A 9 2d 24

sk FE H lf—ﬁ te o AkFig.
5 FloleE R8s

E‘%_H %%% AAISEAL A

A ARKSHE Bt Rl 2 7]

2] & 719 £571(A, B)E HEH o= uj
P B2 A2 ujeldog gaHdt

7129 te Ao AgT BR7I%

q™E P4 Y AA 9 RRS BRap] g

g_ #—agﬁm i E‘%ﬂ BE £77] A7} 2

oS S

Mo Q2
F_R‘V‘LJSEEE%
nEEc‘n}ﬂi
Lﬁvdﬁ

LB, T
il o
Qr rjon%
rn_‘_‘_lﬁ’_l’,
éjﬁmb
L
A
é,
—‘l:

o
xR
o
)

N

jm
i
N,
o
Fli‘ J

o
,

ofr

ok
X,

m o
ol
)

:
J
I

>,
o ol
o A
41
_O‘ roh
ol N
3 2%
oot 19
Lm e

N
E
H:] 2
e, |
rlo I
o nJlo

i ¥R 4> J

T

nEe Al8sto] Al Bake 2

Yok dA ot DJ_Xi 7z B57] A, BERE Peak
Response Map(PRM)< A4ttt o] PRM2 94 W

o AAE EAEHE 9] e A2 A5 vehy
o, 7o) 95 2el BAY AR K] B B
38k 3he i Fefol). £ ERoAE A9 $57]

7t A2 A 9] TE IS QIASIES oh= WS Al
Qreto] 7ol Wi v w2 E4 HIiE &/dslot
TE Stk

FHEHoR YIS B3 yofl= Foixl AA| F9
FHI FoA 7P H3det FHS Ao, IA &
H PRMZ AR8st] A<

1. QY BB B2 9o WS A%t E 2g oY
LE
2 =R G ol % $R dole Ao

HEAPV] S 85 wge 48U ol 47 U
e e Al ZlEsl B9 2Rl FaE
& e AgeE U, 2 LEaAE F /19l 25

(Classifier A, B)E HiA|5t] @S F/d5t9chFig.
2). T MY ER7e A2 o2 AA9 AL Qs
E wjelyd 58 At WA B2 AL 7R BEE
Dd} A% Y= Sgo] JPHrt. JHE Fg2

12 O O+

- 228 -



The Journal of The Institute of Internet, Broadcasting and Communication (lIBC)
Vol. 19, No. 6, pp.227-233, Dec. 31, 2019. pISSN 2289-0238, elSSN 2289-0246

UFo] ABRM Zozm JAH E
extractor)ol] YE o] tAtU] £ WS &

W E£8H B4 @2 JyozRy F4FH EA

2512 TAET)

gﬁi—ﬂ E4 ¥ £V Al dEE, 2R As
3709] stride 191 1x1 AEFH Fo=2 F4Ht E7
7] A NAH9 &4 & E9stet, N2 &7 75
£ oJuidit}. Z+ 249 B4 fo Atox avfe B
F 2748 o g AR, AA7E EXfste YAl &
o] SASlE=E ssHEh Fig. 39] ‘Classifier A
output©] EF7] AN EEEH=EA W &S 2R &
33} dgoit}. & Eof, Edo] 11o] Fio] AH=HA

= o £577] A= 1g0]9] I F9ol =2 43 &
S EF F5EHASS T & 9ty F EF7] AR
o9l 7P EAQl EARl IS B g4 W A
AE 1Ygo|2 wWask= Aot Iy ol dEZ
ALgt &, 75 59 tE FHol disiA= £5771 A7
_’OJOH E402 QIAeHA] Rettt

oX,

I=
o v
e W
o=
@
jav)
=2
Mo 2 &

ol
£

og & 7}a1L5 1oto1§ ow
St 9hs BR7] B7F 3T 4 U
Qrelth E57] B vBPR &
E4 WS oz v Hied|, ol B4 WE
Ag k= A oflgt BF7) A9 &8
A £ o2 &gk BAE AlQsto] g &
). o]2H¥ Fig. 394 Edlo] 1190 S
=5 S
9

oﬁ. Jhu HJ.?.I‘.
o 4

1

~N

fu

Tt

A
o

£57] AZRE 1gole] B5 245} 9

Ten AAGET e gtow T
Ny 9gole] @2 Rl et ABE A o]
Z = 5 éo}q— AﬂAéQ o] U]—__EL‘— Ex =2z
.__ l\g/lég_]_—
?:]Eﬂ =3 \:@2- ol o} s149 7
2 3297} ohd Tole] T, A

2 928 e ol

oo=

2Bl Aotel= Peak
Fol digt A48 &5t
1, 899 FeE golE gl Fi FxEe g &4
Sk At AREET £AERE o]l WAL JIEZT]

SRS AR}

l_.

2. 3¢

7t. Peak Response Map(PRM) A4M

F2 SAE SsE BES AEote] 94 EEE &
Fot7] Asid= HA 4 BER7] A, BERE Peak
Response Map(PRM)& AJAJsttt PRML 55 &4Jst
WAY 4 W AA7E 2Ack= FF & #hol 443
= fHo|tt. PRME ol $412 thgat o] 14
7Fssttt.

St HiH
=2 od

HI

c N

R= EZq (7)) 6

o]714 & peak2HE g wt7ix|9] o Az} 3
5 L BE 9 A A peak, 181 R PRME 7H%1
=9 O]EH PRM2 peakill 7H’\U}ﬂ AHHQ];]_

ER71E ARESIRl
o 277 BETEi 77} PRME
Z35H QE} ojuf £ 7] AL A2 Aast ma
I} AR $20] PRMS 45K ©ck. 18 257
B E=7] A7} 91416l Eok= A9 HYE =714
O =& QIASIEE 57| WiZo| nFIA R £57] B
ZHE YA PRMS E=7] AZEE AJAE PRMO]

AZBA ok AA Yo et A2 AEE A
Bt

L. 23 3o 2% wY

23 g9 235 S PRME ALgstol 4
A G4 SR FH 71 AAe] /e G A

%
Ao 2H HFHor FAZ Basith AR J99 &
B2 7129 HFH vAE 75 94 £ 71HEd
Multi-scale Combinatorial GroupingMCG)Z5H
ARk=]o] Fig. 49] gt "hA Qo] 1”3} Zo] o]x]utA
3 g, 2 AFET MCGY ZF A9t upATE= b4
A/3¥ PRME AMsto] g Fofdb=t}. ojuj
£ PRMO| 7H2}7]= AR 7755 #to] ARXA =
o A (5)8 &l ALtE

Score:a-R*S-O-R*S'—ﬁ-Q*S )

2(3)9] « 2 FH 94 7F F QLS 7RI 4
9] A WA 3 Instance aware scoreol| =T
PRM Rz} AQF mpAT SO FOo & d4t=m HA= F
Ho] Z45 & Fgoz AitHc

-229-



Weakly-supervised Semantic Segmentation using Exclusive Multi-Classifier Deep Learning Model

optimal = ATGMAT ¢ Score (R, S,) 3)
—’:r“7]'§ AR 2 At Fo] TYE 9 717
I Q= BFE AYsH] HsiA Non maximum
Suppressmn[’ S i85t FEFHoz2 AAY A&

R i

m. &

0%

Y 2

1. A 24
Ao Hlxut= gloJElQl VOC20125 ARE3I%

o} VOC2012&= AAHE 9 23 Ao 2 ALE
= HlolEZ, & 20712 F-57ol EHOF G4 HlolEet 3
A AA 9] B 9 97 EﬂOl S A3t B =5
oME VIEYI sy Al B-7 FEIES ARSI, 1R
gol&2 9] FeiE 7hFste] ARgRltt S5 dlolHE
5717 Zo& Fg=lo] glom, YESRA siss A Z‘Jr-?—
SEaE AR ol F4] 7S F85Hth A%
o|E= VOC20129] AA] £ A3 gt 45 tﬂ"l
EAlS ARSSIROoH & 1,122%0% FAE 0] Qi)
HEYF B FERE ResNet38[6]-4 CNN £z
£ Agstdor, YEYIE ImageNet”'o] His] o2
Sh5E HIEYZE AMESHo] Ao e<5(8lskeltt. sha&
(Learning rate) of|A] AlZlsto] Fx}F Eoj7l= HHAS
A3, F 1=

2. Peak Response Map(PRM) H|u!

VOC2012 ©lojef Alof| disto] @ £77] Zds
A8 A7 B =Ro]A] RSk HiEHY o]F B
771 e 53S e PRM &9 A H|wst9
t}. Fig. 5& 27 99 44 94 2 o5 AA G4l
tigt 22 ZAvfolct, o PRM AoflA t& Moz X
AE J9L L peakEHE BAE PRMZ HERdTh
oA AA Fe] BFig. 5 A G2 BER7IZRH
3|53k PRMo| A1) A 49S EF6HA| she Hhd,
vy olF ER7] HYERH 55 PRME F7H4
Ql Ao £ FLJol| peakE FE517] wiZol 249
P9 o AFe=s OWLE} g Eol A HA I
o] H|gg7] Y AS @Y E57719 PRME H|H7]9
AR 1789] peak®t ‘I—EO]'O:] YA, olF &
5719 PRM2 H|33719] @7l F9lofl 71411 peaks

¢

Image Single - Classifier[10] Multi - Classifier(ours)

Single-instance examples

i
i |

Multi nstance examples

J3 1. VOC2012 H|o|E{&e| PRM ZHut
Fig. 1. Peak Response Map results on VOC2012 Dataset

FE3to] AdEnt tRZHAR T ol =S
o T dF £ & v ofzt FF Flol= F7H
02 peakE FEOIO] AH. £ vbAEt 2] o]
Ae o Bx7] 2do] AXE AT QAR Hsl=
3ol olF EF71 BdE ARESto] AAE A4
Holgd. ol 27719 g 4oz o ot
E4& &5t AAE A4s] el 7ssit
o A3 G2 Berolle ol 2771 ZEo] TR
7] BdET PR E o W2 peaks FF
oz F7HR AAE AAshs At Al S
W a2 o] EAskE el disiM B 2R
= & mEe] goll st peak‘E ZZ&3lo] PRMS
B9 v, e o)F BRI 48T A9 U
ot miE] e} Foll disiME F7HAQl peakE FESHo
PRME A4t sk A £577] mEe 94 i) 247

=)

ne

Ol
Q4

d

rLIll'l

-230-



The Journal of The Institute of Internet, Broadcasting and Communication (lIBC)
Vol. 19, No. 6, pp.227-233, Dec. 31, 2019. pISSN 2289-0238, elSSN 2289-0246

Well predicted samples Badly predicted samples

NONEm: e

Image

[10]

78 [
CAKE R

Single
Classifier

Multi
Classifier
(ours)

J% 2. VOC2012 H|O|E{4le] semantic segmentation Z2
Fig. 2. Semantic segmentation results on VOC2012 dataset.

=]

il

H 1. 33 loU 7t VOC 2012 validation Al0j| CHSt
FX|= semantic segmentation Zz}

o $F R A8 o] o] 5L

|r_(|)£

o A AV AR A 217 Aol . | .
= nas o me Table 1. Weakly supervised semantic segmentation
gtk 28y o5 ERVIE ARSS AS 9 ER717 results on VOC 2012 validation set in term of
Q4T A G ASlat o] 2910l RS F the mean loU.
A5t} AAE QSIS oh55}7| wiize] thg AAo] Method mloU(%)
YoMz EHQ] 452 HolEr
MIL+ILP+SP-seg [26] 420
) WILDCAT [27] 43.7
3. Gy E¢ 45 Hlu SEC [28] 50.7
Table 1 99 $771% A2 1019} & =5 Check msk (29 15
14 ARk WEkd ol £77] 728 A8%S Comoinie B o
o] oA} Bl Ao He=w UA J}?goﬂ A B)mar PRM: Single-Classifier [10] 53.4
= TE 00 = mlo 5 ‘; PRM: Multi-Classifier (Ours) 54.9
HpREb

Atolct, & =Fofl A Aokgt
B == ol 2. o ™S 27H0f|A VOC 2012 validation Al0]| CHEt

A3t ZedYo] 9 £ BES /\]'%ﬂ A HT OHX|E= semantic segmentation Z3}

L 15% 7FF =2 £=x& 72819k Table. 2= Table 2. Weakly supervised semantic segmentation

Pixel accuracy THOA Hl@g Az}, o]F B results on VOC 2012 validation set in term of

= the pixel accuracy.
7] Fxo] mdo| B BR/|S AMgHE wEr)

= =

056% 718 =o X2 712519}, Method pixel accuracy(%)

Fig. 6= VOC2012 % Hlolelo] tish 4 &= .
-y o l:]-01 7ﬂxﬂ 01/\1—01] 6‘H/€[J:. =olat 7ﬂiﬂ~§- PRM: Single-Classifier [10] 76.57
2 Aol °° = o=w Trl= PRM: Multi-Classifier (Ours) 77.13
QB o B 54 JAgo A Qg o
ZLH 0= d&ste AE Bk X3 s AA 3
Aol disiA & 77171 Q1481 Zsl= ARl o

V. 2 B

-231-



Weakly-supervised Semantic Segmentation using Exclusive Multi-Classifier Deep Learning Model

EQ o2 rdg g Bay] pdo ARRSHs vy 2
LRoAE o]F B2 ndlS Al8slo] g43it) OIILH
T 9 ER71e AR oE AAY EAZ Ql4lsH] 9
& Hlgld o g e&HEh 22 Al 7 BEE7)9 28 &4
3} o RHE peak HES —T—%O]'_l_ IYHAE I94

g FoiA AA9 03‘113 Ztelrle Az Aol
PRME FE3th olff) 7]&9] @Y ER71E ARESHA

= mEc AH9] o ohegdt ol sl peaks FE5t
R, FR7RZ AA O] AL ¢ ZLH o= itf*ﬁ}—
PRM=Z- A/dst3itt. o|2A A4 PRME 44 49 &
H50| disl A& Faste dlol ARgE o] FHo
QS g4 999 £ 52 Pk, dAelA
AA7F AA S vHlFo] AAY et Al EAS
7H AA| g7el dish &l oSo] 7S

Ak md2 VOC 2012 A3 dlofel Alof tis) ¥
7Felct B7HAEZE mIOU ¥ Pixel accuracys
ARESH9L ZH2E 7129 vl BRY] nElS AL8s 4
SHTh L 52 7155 B3] B4 AA7E
B H]Zo] IAL TRt A EXL 71l 2
A FAel His &THAQl ASo] 755

Acknowledgement

Of

o] k= HR(IE7 & EBAR)S] YR Tt
AT AEE wob g Ard
(NRF-2019R1H1A2080147), :LEW AR

HEAR)O AfYos HRFALANZAnipa)] AY
< o} 3¥F %41%1?;(50249-19—1019)

References

[1] O'Shea, Keiron, and Ryan Nash. "An introduction to
convolutional neural networks", arXiv preprint
arXiv:1511.08458, Nov. 2015.

"Multilayer Perceptron:
IJIMAI Vol.

[2] Ramchoun, Hassan, et al
Architecture Optimization and Training",
4, No. 1, pp. 26-30, Jan. 2016.
DOI: https://doi.org/10.9781/ijimai.2016.415

[4] Zhou, Bolei, et al. "Learning deep features for
discriminative localization", Proceedings of the IEEE
conference on computer vision and pattern
recognition, Vol. 1, pp. 2921-2929, July. 2016.

DOI: https://doi.org/10.1109/cvpr.2016.319

B3]

[10]

[11]

[12]

[13]

[14]

-232-

Zhou, Yanzhao, et al. "Weakly supervised instance
segmentation using class peak response”, Proceedings
of the IEEE Conference on Computer Vision and
Pattern Recognition, Vol. 1, pp. 3791-3800, 2018.

Neubeck, Alexander, and Luc Van Gool. "Efficient
non-maximum suppression’, 18th International
Conference on Pattern Recognition (ICPR'06), Vol. 3,
pp. 850-855, 2006.

DOI: https://doi.org/10.1109/icpr.2006.479

He, Kaiming, et al. "Deep residual learning for image
recognition”, Proceedings of the IEEE conference on
computer vision and pattern recognition, Vol. 1, pp.
770-778, Jun. 2016.

DOI: https://doi.org/10.1109/cvpr.2016.90

Deng, Jia, et al. "Imagenet: A large-scale hierarchical
image database", 2009 IEEE conference on computer
vision and pattern recognition, Vol. 1, pp. 248-255,
Jun. 2009.

DOL: https://doi.org/10.1109/cvprw.2009.5206848

Pan, Sinno Jialin, and Qiang Yang. "A survey on
transfer learning"', IEEE Transactions on knowledge
and data engineering, Vol. 22, pp. 1345-1359, Oct.
2010.

Pinheiro, Pedro O., and Ronan Collobert. "Weakly
supervised semantic segmentation with convolutional
networks", CVPR. Vol. 2. No. 5. 2015.

Durand, Thibaut, et al. "Wildcat: Weakly supervised
learning of deep convnets for image classification,
pointwise localization and segmentation”, Proceedings
of the IEEE conference on computer vision and
pattern recognition, July. 2017.

DOI: https://doi.org/10.1109/cvpr.2017.631

Kolesnikov, Alexander, and Christoph H. Lampert.
"Seed, expand and constrain: Three principles for
weakly-supervised image segmentation”, European
Conference on Computer Vision. Springer, Cham, pp.
695-711, Mar. 2016.

DOL: https://doi.org/10.1007/978-3-319-46493-0_42

Saleh, Fatemehsadat, et al. "Built-in
foreground/background prior for weakly-supervised
semantic segmentation”, European Conference on
Computer Vision. Springer, Cham, pp. 413-432, Sep.
2016.

DOL: https://doi.org/10.1007/978-3-319-46484-8_25

Roy, Anirban, and Sinisa Todorovic. "Combining
bottom-up, top-down, and smoothness cues for
weakly supervised image segmentation", Proceedings
of the IEEE Conference on Computer Vision and
Pattern Recognition, July. 2017.

DOI: https://doi.org/10.1109/cvpr.2017.770

Dong-Jin Kwon, “The Image Segmentation Method
using Adaptive Watershed Algorithm for Region
Boundary Preservation”, The Journal of The Institute
of Internet, Broadcasting and Communication(JIIBC),
Vol. 11, No.1, pp. 39-46, Feb. 2019.



The Journal of The Institute of Internet, Broadcasting and Communication (lIBC)
Vol. 19, No. 6, pp.227-233, Dec. 31, 2019. pISSN 2289-0238, elSSN 2289-0246

X Xt A H

+ 20179 : BAbgsy RAE|GEs)
(8D
+ 20199 : FASkY 7)AlgEat (4

D

- 10889 : Atk H7)AE
(&b

+ 19009 : IR 1AE
(44D

+ 19994 : =I|Ed AAEE 3
AAZ3E (A

+ 2004~200549 : Cornell University 7|43k} (BHAF &
A=
+ 2006~@A] : FAdsty 7)AZER @)

-233-



