S F-A ] Bl ST A Blp Il it s il

s L T 2 ek 2

R U

R

ALRBET —fFHagmmihtEsy I ER
(GCoNet), ZAEZR a45 50t (16ms) ¥ ia MR 2%
R, KT A LR A 2B AR R (consen-
sus) k7 1) HNEHEE (intra-group compact-
ness), @il KA A ZTa9A N Fio N RN
FHR LEAZHNELEF B, LAFRELENRE R
Zar gz meg—stt; 2) 4R 43Pk (inter-group
separability), i it3] A —4P T £ F R0 4010
PERE S R A 2k h% B 2 Rtk ey Fem. AT £
RIG A IN T F I IF LT 3 3T BAFa9 BN =), A
XEXMAELA TR BEH. EANBAIK L
HEEHIEE (BF CoCA. CoSODSk #= Cosal2015) Lt
FZ R A, RIfH4y GCoNet AT 10 A% 5%
A, AR T # ) RAT AL, AXNBT HBARALE—
BF Loy FATT AN SR Lay TR, @R 5
Fot PR 5 F . K TR 215y B shiEes B . Kb
Wbk https://github.com/fanq15/GColNet,

L 515

L E — AU KRG ITE LT, IR 228 g As il
(Co-salient object detection CoSOD) f il 24 4H
[F] @ T PR E B 5 . CoSOD FuARIE ) T3 X 546
W (SOD) [2, 3, 4] 455 F 3T IR B2 & 19 i 2 B Fndar il
(RGB-D SOD) [5, 6, 7, 8] EHA PN, F2H CoSOD
T EAEATEH A R (THAZR) ML T K24~
g 9] FAL IS, Wat@ul, izl i
RACEN BB AR A 0Pk, i, CoSOD £k

*EIREE: BT (dengpfan@gmail.com),
U4k CVPR21 [1] Wi, mbssr, U8, JB- TR,

Chi-Keung Tang'
2 RN TR RERF ST B (ITATD)

A% 2 Yu-Wing Tails
S RTFR

il

Other Method

m|RN

d2>>d1

1. t-SNE [19] n[BALIE, Horpdg i iR KB
A—A IR XER TR A (F
fe & RE) SRUEMIA S GCoNet BRI, 440
CoSOD #:214 (CoEGNet [0]) Hr ity e U Sfem i 1) F-F5 3%
WERIEE—E, EEMETARKH, SEHE2ES
5 A SL o T AR SRR LR SRE EL A A R AL R 245K
RERS I A R AL AR B (d2 > du), AT SEBUEE 4 Y
NI e

Our Method

FIVER R ENUILIE A 55 RO FRAL B B, AN R A
= [10]. EEEEIA (1], T RERE R BT [12].
PR 30 (13, 1] 35S0 [15]. BRI [16]. HLA
ST [17). BB IR AL (18] 45

AT B T AR A AR 56 R 2 1) i — 2o, i
R A=A BN AR SR [20, 21, 22] 5
SR (23, 24, 20] SRIERBAE CoSOD {155 LK)
R [26, 27] @I R AL R R I 2R R 3R A
BEE, KM AEBEEESR. HAMTAE [, 28] &%
R TG MRS I R 2 25 SRR 2 A

RUEHATTIRBUS TRAFMRCE, EHAIMARZ
BRI RAE B A R B L P S iU CoSOD BRAESR


https://github.com/fanq15/GCoNet

N, AR T LR R Eoe, Al ER A S A Y
HIS (RIPp A Rt g), JERAEIE K&, TZARA
[ 2 (] B ) 6 &R o A T 1) 5% R I ZRAsi 2L m]
B SEUS A, I HIEXERG SR 2. Ak, 4
H ) B R A R (W TR 248 CoSOD %
Fokiise 20 3] 40 DNEMR), P RSN RE
RPN R LR E R . e, B EBR
WA BB HEAE S Z i) B 52 37 5% vp A7 4 B s X 40T i
XFG T TR B 2R AR R .

BER; PR A0, AR SCHRE T P A 2 R P A2
AJHEZE (GCoNet) FAZ M 7 ) B %28 2 [B] F) 18 SCAH %
. it GCoNet i =/ NEZH MBI : HWN¥E
FILHE (group affinity module GAM)., 41 [A] Pp/EAE S
(group collaborating module GCM) Fl%# Bl 43 A B
(auxiliary classification module ACM), ‘B[] H}2%>]
HNEHYEAALR Pk . GAM B 2824 3] [a] — &%
HNAYHRARE, 11 GCM X A3 AN R4 2 18] 9 H A5 s
M, T AEASS Y SR A%/ BUAT I S SOD #idi gk
HETINGR. BRIz Ah, AR ACM Sfeatt—20 it 4
BG4 Jryih LR RFIE R, DA% ) S0 IR AR 25
B, BMEZ, ACHTTHE:

o ARSCHR T R I 2L R P 1 A ST SR O i o
CoSOD [, -t 2o K 5k 19 31 o 56 36 96 ik 17 %
SR A R

o ARSCE I (R TR AL A S BRI AL ] 2 R R A7
JEICRAFE, BT T AR i CoSOD Y4 —
TR pESE T R 2%

o ARSI FRRIBLER (GAM) 1418 P15 55
(GCM) AHE MM, DASE B SE e Y 2 P T 2EL (1)
o] o BB Y2 (ACM) i — it 4 fmif
M o

e 7F CoCA. CoSOD3k #l Cosal2015 X =/~E. Gk
WMER) CoSOD E:ifE (benchmark) & Fiy)
12 SRR, A GCoNet k3| T i i HEfE . It
Gb, BT AR EARTTER, A SCHEE TR TR
JI 5 RIEE] 3 B ) R £

YHATY CoSOD Bkt iey 6 TKkEMR, il SOD %
A 12 AL, &Y 6 JTIKEBR. X2 SOD Kladk il PAG
() 52 5 P 0 PR ARG v D RS0 L P P

2. MR IAE

RGeS B AR INAE S5 [29, 30, 31, 32, 33] 9H
e 3 i B o B IE R R 235 H AR, i CoSOD
1 H b iR 7 22 W8 AH ¢ P8 b 43 R 1R 10 S35 H e DA
A1) A 32 2802 0 AR 8] 4 45 5 R A6 ) o 1) S 2%
. B CoSOD Jy ki T N Ttk 24y
fiE [18, 34], SRRREBXS [20, 35] si—dHMREBRZ
(] (R P AR I 56 2R o AT ) BT 2 SR B S e AR AR
(T VERAZIR MG B 1) 5 2R o« — L5 1 R ek 5 A
MR IEHE T 2% (manifold ranking scheme) [36] %
PAFEA TSRO B2, 5l AR KRR 5 R
2 (global association constraint with clustering) [21]
B RN 55 (translational alignment) [12] Jffifk & %
) 25 o A T A i A e SRR AIE Hh 18 8 2 R ALE
fii |l 2 W5 #4628 (multiple saliency cues) Fl H & WAL
H (self-adaptive weights) [22]. XU E FEFAR (re-
gional histograms and constrasts) [37]. T Hib# H
bR B B 2% > (metric learning by optimizing a
new objective function) [24] B AXFAHALIPEHE Ik 1
BRI (pairwise similarity ranking and linear program-
ming) [38] At ELH G 2 () L= i B .

il , BT RS BAGE AR R v, g

BRI LK (GCN) [39, 40, 41]. H24> (self-learning) J7
(23, 12]. BT PCA BEH KR A R (inter-

image co-attention with PCA projection) [9] 2§
FAJE (recurrent units) [9]. PpFEIAH K FEAR (correlation
techniques) [13]. FiEE & (quality measurement) [14]
B HMAZRZE (co-clustering) [15], DA M 77 2[R
HREBNFE G —EE. —2I7 kAN 255
271 2 SR [ IO Al S 3 A IO AR P ) 2 1) [46]) B )
PefE R (1], HATAEMZ RE (multi-scale) [17],
Z B (multi-stage) [48] B{£Z )2 (multi-layer) [19] 4§
ERREEFIRHE. 7 — MEREE TS5 192
WREAGIESCEAL GUR), BTG A BRI
] S 25 DX e PRI VTR SCRAE R 5 ik 2 7, N
B E CRA [P0 BREERUS [25]. [R5 %
BX (co-category association) [28]. B 58 45T 4%
(united fully convolutional network) [28] ol 4E .2 )2
| (integrated multilayer graph) [51]. —2EJ5yE DA
B [52] BUCHE [25, 53, 54, 55] #yJ5 g CoSOD,
I XF R PR A S B A (06, 57] 25T TR
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Pel 2. A2 I %% (GCoNet) g5k, WA KR EH L Z S8 s s, KI5, 2SO 2 PR R
B (GAM, F 2405 LK 3) A T4 N PME2 ST R AEBIER, %GRS RIREHE AT IME, HE5 %A MR
Mg AR A S B X R E A 0 . Beah, A2 A SR AR AIE BRI R g B A R P ERS T (GCML, DL 4) o
PEATAR I PMEA ) o BEAh, IR R 2 B (ACM) SRR R 2 1H XK. GCM Al ACM URTl%k, TeHE

I SRR

PARTRY TAERTEH N (KR AMERE) 2R, [
T A R E X R R E Y. AL CODW [55] A
M7 AGE EAnidey ik B4R, (HALRE BB0A Z 2K
Z K{E . B, Zhang SE A 28] B PFEIIZE 8 X042
P AL, DAMEHEREZ NS . (BT AR ATIOR AZH
W22 AR RSO T B B, EHRER
TR AR, ACHAE R ALZ 27 ) SEAF IR

3. Al BpfEF 2] P4
3.1. &tttk

YA S i 3 EARXT A N ik
MXER {1y, ..., I} HEEBH, CoSOD [l
T - s AT ) S TR . O ] B 1A U T R
NG RM CoSOD Jryk, ASCHEH T —FlBii 2 8] b
V23] 4% (GCoNet) S f2Hi P A4 ) i 3L IR ARAE .

B 2 ZA S GCoNet WImEE. 1§k, —
A G B 4 090 24 SR B O AN R AL R AE I P =
{Fin}nin Fe = {Fonlny € RYVXOHIW Foh ©
JEEIERE, H x W RZSHK/N. SRG, 4R
B (GAM) 43 BIM MR AEFAE Fu, Fo FPEREUSE LR
FRHE B I By € RO FoREGA BBl
P SR R S R (TEA SO sE g h C = 512).,
Iy, AR MERCR (GCM) Ra§58 R RN, A
M AR EG A B EAREE. &5, M T8
TFIRFAE SR A S TR] A SR i Bh 4 ZAsibe (ACM) i

— T T BRI R ZE SR . RS, R RRAEE
BIARILAS P A7 A ] BB P Mo, M

3.2. 4RI

BEHE, [R]— 2R P B R R AE AP B R
— ARz Ab, FERAIE B RS AR, XAETF
ARG RSB T IZ N . 32 I LR B
W[99, 60, 61, 62] MJEK, & EETAHBMZ A7
BERPN IS B K AL 1 H AR R 73 FIEAL, A
SCHE TS Y LR 4 SR SR T R — AR R )
CoSOD f£4+.

WAL B WA EBAFE {Fin, Fim} € F1 2, (O
TR, HAGIABXER T, ACEE TRREB
HA AR, BHANBETTE NGRS R K ER:

Ho 0, ¢ Je R A KL (3 x 3 x 512 BRZ). K
FERE I Smy € RIWVIW s i 2 1 P50
(n, m) FEpFESZEW AR INE. K5, A3CRE F, &
BHMRES Fn HRMERRORAE, L0 F, BRI
A € REWXU M TITHE RS P v s R AL B
I, AR SCR] ASE A B SR 2 A T 3
Bl A BRI SRR . Bk, A3

HERAT3 20T Fu WA AT RRE T AR T P A T AL
5, ARICEWT T, B0, 230 Fn k2R Fine
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Nx (I xHx W)

3. ALANRAIE . A SO e M ARRUE R, B e N PME BT A PG IS AR ERTERE . B, 5
TR E SR AR, PAESGZA R IR A5, R IR TR E A, IR AR GOM it

Frat e .

L1 R EREHE F 2 RIEAE R & Sr e
RNVHWXNHEW: 9% 5 W Sr ok ARk R p i R A8
Ay € RNHWXN 3t5 N 5R R AR CAESR Tk
AR A R R R T Ar € RNEWSL 5ol S
BRI g B T2 Rk, AmTEER T AN

A2 FE . SRS, B Softmax #EEXT Ar #E17
H—Ak, HFEEEREE K As € RV OXHXW)
K As 5REIRFHAE F A3 DA AR R AT
F e RNXOXHXW g s SHEAN Y B A 8 AR
Fl F* iy batch I spatial 4EfE #2940 4 vE
R B A 3R,

A SRR A T AR 1] — L P P )
FZIm I, B m THHRRR AN BB X
P oy ok bR 1 R R B MR R T, A AR
% 2 3 I R] S 2 R G e 1 D3R . X (A5 P [ 3 %
G I S BRSO A, AT AR )
IR LB E WA R (03, 04], 5345
YER LR B SIFAGRHE R F RS G AL B AL
W5 B Rk, H ™= 2R AR I POt Bk AR s s
DA 455 LA ) P ) (2 2 B M, o BRR RN

N
1
Esal = ﬁ Z Esiou(Mna gn)a (2)

o Loion 2 s0ft ToU 428 [29, 65 3 EL G F770
PR g Tk I8 SR (ground-truth).,

3.3. Al ERER (GCM)

RZH CoSOD Ty ikt T K LR AL N 5
P, AHZR A ST o PR DO T PR ) 1R (R o 22 G FE B2
JEHRAEALBEA Z A~ R E YRR S 2 By . 7

9if AN R 212 B BRI AL, AR SCHR M — AN LA
BT, Bl GCM, 27 > o G iy 2HL 18] ) T 731

4. AW PB4 SRR AL A R gk
A GCM. GCM HPA—ZuWFHEAIEH Ok B 7 — K
BAL) SR FIN 4a Hh  ELSEARAE (ground-truth) HEAT I
B W, Hb RSB (mask) R

9y A R, OO R B RE 2y A {F, o}
It H.it GAM BIS R EE 30h (BY, B3}, &
SR A PRI ) 3 SRR B T AT AL B LA SR
P, AP e AL PR A AT E B IR A =
Fi- EY AFE = Fo- By MTAAWME, i 410E 5%
WA T AR R AR E R SRR, 72 = Fy - BS Al
Fi = Fo - By, MFFoRAMKZHE. FlH AN TES
iE F+ = {FL, F2} SRHmipe S, 2 ek
iE F= = {F2, F3} MRS EA 4L ] 20 330 i
B HARRUE, ASCRF {FF, FT ) AN R
JEI N TR 26 0 77 S P M, MY IERAR
[e] (4 A 5 B (A SO T LS o B 7, 4R
WX T F~ ASCf R A AR . ) Sk ms:

N
1
L:ctm = N ;LFL(< MjUM:L >, < gTugg >)a (3)

Hrp Ly, 2 focal loss [66], G, & ground-truth, G0 J&
EERME, BA, < - > RFFHBEAE

Ht, A0 GCM s il 10 e i 2H ) w] 4
PRI, ARSI ZR R T, J1—A4>

SME = (M, MEY R M- = {M7 MG ).



% 1. 43¢ GCoNet 1y GAM (ZLASEAEER) ., GCM (AIHMERSERY) . ACM (fliBhorJiish) RILAAIIARL
PR T R 5T o
Modules oCA 28] CoSOD3k [9] Cosal2015 [58]
ID | GAM GCM ACM E'd)max T Sat Fﬁmax T el [EMPax1 Sat Fﬁmax T el Eq;nax Sa T Fﬁmax T el
1 0.6I8 0.591 0419  0.I90 81T 0764 0721 0.108 | 0.862 0.818 0.800 0.087
2 v 0.663 0.605 0.442  0.160 23 0.772 0.736  0.099 | 0873 0.825 0.815  0.079
3 v 0.666 0.616  0.452 0.156 39 0.788 0.748  0.087 0.877  0.834 0.823 0.074
4 v 0.651 0.606  0.442 0.167 29 0.779 0.737  0.094 0.875 0.832 0.820 0.076
5 v v 0.719  0.650 0.504 0.126 | 0.850 0.798 0.766  0.078 | 0.884 0.842 0.837  0.070
v v v 0.760 0.673 0.544 0.105] 0.860 0.802 0.777 0.071[ 0.888 0.845 0.847 0.068

firiseg, X MR AHRRAES DAY SOD Hifladk I
PTG, HEREE QSR A3
FEHERL A H 2 MR AT AT AN T 5

3.4. ffiBh oy Fepit (ACM)

N T HAFHEEEEFIVER IGREE, ASCGRTIA Y
—A> ACM HRARTI 2PN TE SCGRALE T . BARRI,
ARSCAEA T R 28 A AN 4Ry P-4 b 2= A — A
SRR E, K F 2REIVBZE Vo
AEMR AR AL 25 [A) L 73 S Bl DA AL 51 K B[R]
(margin) SK73E§2E, FHXHET [ KIEAR I TR,
PRI, B REMARAL ™ A T AR RRFAE , A F T 3R
2] BN BRI A T 0. R R R

Ecls = ﬁce(yna J}n)a (4)
H Lo BASUBIRE, YV, BT,
3.5, i 3] vy I 25

NGt FE, GAM, GCM Fl ACM DA 3 3
HRXGHTMEAEN%. BAMELE LS LR ira
Pk R T AL

L =ML+ ALotm + A3Lals, (5)
oA Ay Mgy AL Az F TP 40 2% ek B0 S O

4. I
4.1 SR

AR SO RRAE 8 7 8 M 45 (FPN) [67] Al VGG-
16 [08] FEAASC LT N T AT AFRIHE, A3
HI GICD [28] —#E6EH DUTS [69] Fla e fih A< 30y
grEE . GICD [28] ik 4lbnas eI 2R8I Ta) X P
BT TR IS, A SRR A
(2, BEAL 16 N REARYIZRI 4. BT PRI/ IR

RERRIECN /]S TR v Iy

TREF 224 x 224, T YNGRFn, 7 Hi b 22
PRI S 21 T T RN AER T PRA o 280 Adam
OptiMizer ¥EAT T 53k 50 MRIRHY IS WILG ] HE
REEN le—4, B =09 Hl B =0.99, IfH2ERK
TERZT 25 NRIREEPA 10, BARYIGRmtE 28 4 4
NI, B R R N 16 ms. ISR
FEHLE T 56 4~ Intel (R) Xeon (R) CPU E5-2680 v4
@ 2.40GHz Ffl—4> Nvidia GeForce GTX 1080Ti.

4.2. BRIV AR

AR T A B PR 0 50 SR AT IR A
CoCA [28], CoSOD3k [70] il Cosal2015 [55]. #x51H
B AT AT CoSOD IR i, 1
PSR e B i, T B S A SR 0 ) Sl 2 v v
VAR, GG LB 2 5T I 2 A Sk A AR S (R
X4 ARG K HUBLEE TAER L [70], ARC
WA iCosig [71] il MSRC [72] #EFTHEAL, B K
HE R E G R — A EEN S, ARKEA
Al CoSOD AL, ESLE, A maximum

E-measure EZ** [73]. S-measure S, [71]. maximum
F-measure F5*** [75] FI mean absolute error (MAE)e
[76] A PPAlA SCAREALC .

4.3. IHRSE

TEARTH, AR SCREIF S R B A R
(1), FEOFFEEATARATE AR 1 0 MR R AR TR -
GAM WATRE . 4 Jm Pl R R B e A 2R )
ARYRG Y, B AEAH I R AL T P [ S22 R R 3 [
JEME, PAPRISEAFAY2E A Bk b Sl i B
VHERGE 3L H (vanilla consensus) 2k (baseline)
BAUAHEL, GAM $2 /5 TAAUE I A PN SR hRm i 4R

5CoSOD L4 %t ER AR M . A, AR SCf F E A R 4ok

PRAREE, AR B —E .
69fE T A : https://github. com/DengPingFan/CoSODToolbox.,



https://github.com/DengPingFan/CoSODToolbox

A 2. ALY GCoNet FIH MBI AL LLAES R -
Single-SOD #iZM, ff5 + AFELLH) CoSOD Jiik.

(L) FREBES (fR) BkdE. Co = CoSOD 5%, Sin =

CoCA 7]

Method||Pub. & Year|Type E(;“ax T Sa T Fﬁmax T el

CoSOD3k [I] Cosal2015 [54]

CBCD¥* 21 TIP 2013] Co | 0.641 0.523 0.313 0.180[ 0.637 0.528 0.466 0.228] 0.656 0.544 0.532 0.233
GWD [77]|| IJCAI 2017 Co | 0.701 0.602 0.408 0.166| 0.777 0.716 0.649 0.147| 0.802 0.744 0.706 0.148
RCAN [78]|| IJCAI 2019| Co | 0.702 0.616 0.422 0.160| 0.808 0.744 0.688 0.130| 0.842 0.779 0.764 0.126

CSMG [47]|| CVPR 2019 Co | 0.733 0.627 0.499
BASNet [29]|| CVPR 2019| Sin | 0.644 0.592 0.408
PoolNet [30]|| CVPR 2019| Sin | 0.640 0.602 0.404

EGNet [31]|| ICCV 2019 Sin | 0.648 0.603 0.404

SCRN [79]|| ICCV 2019 Sin | 0.642 0.612 0.413

GICD [28]|| ECCV 2020 Co | 0.715 0.658 0.513
CoEGNet [9]||TPAMI 2021] Co | 0.717 0.612 0.493

0.114| 0.804 0.711 0.709 0.157| 0.842 0.774 0.784 0.130
0.195| 0.804 0.771 0.720 0.114| 0.849 0.822 0.791 0.096
0.177] 0.799 0.771 0.709 0.113| 0.848 0.823 0.785 0.094
0.178] 0.793 0.762 0.702 0.119| 0.843 0.818 0.786 0.099
0.164| 0.805 0.771 0.716 0.113| 0.850 0.817 0.783 0.098
0.126| 0.848 0.797 0.770 0.079| 0.887 0.844 0.844 0.071
0.106] 0.825 0.762 0.736 0.092| 0.882 0.836 0.832 0.077

GCoNet (A&3)] CVPR 2021] Co | 0.760 0.673 0.544 0.105] 0.860 0.802 0.777 0.071] 0.887 0.845 0.847 0.068

o

¥

5. (AN IME: IR AR B P T GAM 22> BIRR A TE PRl Bl . AR A R X A
A ICE TR IR PR S OISR URY, A AT IR 24~

MPERE. N T IR ASBBEARA SO GAM Bk, Ascn]
AL T Heai ST BB E R IR, AniE SFR . ASCR B,
& Rt B I RO SR T MR AL N Y 3 A T
7, I HRERAE B A A bR S DX, B, e
THETAS, LRGP SR T A, A
) GAM S ZENIAME . GAM REMS MBS R 4H
(1 4 Jm WA AR A 1) 4 = P R 5, T g S X A [ 3
RAREAE R P IX AT

GCM WA %tk Al HMEBLSRAY B2 N T i 3k
HLAg e =T oo bk, AT RERS DX 20 L AR I [ R 221+
W, EHMEET GCM 5, RIPHIEERSE TR
F R (ID-1 versus ID-3), HFHIRAERA PR
CoCA [28] il b, BuREm B 5 2k
SERASEF ARG S THFEE N GCM IR Y
FEHERIE, A3CHE CoCA Hidlifk B t-SNE [19] %
AR, S EA M GCM By IR AT T
tg. i 1pR, EEIER (T CoEGNet [9]) fil
T REE R, MEENET AR, FEFEZ
FAE E AR A RO, Rp AR X TR LA U EA [+

ML . HELZ T, B GCM YIZidin (EH: &
SCHITTYE) ML, HRZERER, ATAE AR
SCIAHIA) A B S T HH T RE R, SO T 7 Eifth
TR MRS SRR RIZAARIUEE (L BARRLT) , AL
7535 (0.32) H. CoEGNet (0.75) R .

ACM MARCE. W TR, B 4 B 426
WA A IR T AP TR . ACM $25 T
baseline 7¢I fapn FEHRAERMERE . X PP EEEAR 28
AWM LER , WASGI AN IR, FIERK
(AR 7 K5 B AR AR B RIAE 45 R R 2241 452 20 3Rk A%:
AR RFIE o

4.4. 5 HAb T R

T IR CoSOD BERHL AT KA T
B, FTPAASC H K GCoNet 5-—ANH (o R ML 5
YA (CBCD) FTLAE TIREE2: 2] CoSOD A%
PEAT T, X EERIALA SR GWD [20]. RCAN [78],
CSMG [17]. GICD [28] fil CoEGNet [9]. AR H HijHt
FeE AL (28], A SO 5 DU AR RITR I B TR 2T



Input

GT

Ours

GICD  CoEGNet

CSMG  BASNet

CBCD

“viola” group “ladybird” group

Pl 6. A CHIREAL GCoNet HIE AR fiy g P L% -

B H RN (SOD) BRI HEFT T 4k : BASNet [29],
PoolNet [30], EGNet [31] Il SCRN [79]. 52319 HE
Fris il ATE G PEIN TAE [0, 70] sh4RE].

WA . 3E 28 T A SRR YA S
SER . ASCBLALEE T Fabn EEMETEAT, FRRLETE
HAPREMR CoCA I CoSOD3k it . frix=
NEHEET, CoCA 2 HPkMrER, BT RE
ANISRNCIETE DO P ST ST N Rt (B 2o 0]
S ARSCHBRVRI A T HEAF RN, I HI R T H
vk, Rl SOD Jiik, XEE)rykZ T arT4k
X4, CoSOD3k HARIAERFAS, A SCHIREIAE AL
e FIPERE SR L AR i3 22 . Cosal2015 J&
fa B R4, RO E R R EE RE s — AR
FWRS, I SOD Sk ARES Z) Al BRI AN Ficds
8o ASCHRIAEX N EOR AL BN RE 784 B AT Y
JEURHIE, BT ARG AR AR PR A 2 .

EVESR . 6 R T AR TR E M E AR A
M RF R XL RMEREA T, B TR R EXRZ
b, AR E HAMZ A4, 0 BTk, SOD

7SOD JryEAl VAR T CoSOD {145,

[EHF T III III
B8 | | InwdlNe
82 8>% mn AN
C I M EIE K RS
F TR LEIE AN
8 o2l ﬂll Ilﬂ
FIAET R G

|

“deer” group

“frog” group

‘GT’ A% GroundTruth,

i BRI X, i T NTERR S, ToYAR S
MFELE X5 . CoSOD Jriktt SOD iR 4T,
PR E AT RE S DX 2 P 7] . 2 DX el T 1 LR AE . SR
M, SZFRT IR S, M IyAAL B s H Bk
T AR SCH A i f Ak 20 P B PR A2 R) mT ok
FIAT A BRI, PR D P[] S 3 %o 4 0 T 4%
AT AT

5. R TERPMERHE

AR SCI AR B A BRI AR B A, A
e 1 P S AR e . SR GAM
1 GCM iR, GAM Fil GCM 45 &4 v] DA
FEEBAERE . A GAM, @I REAR i
AR ] B AR AR SEE I R A I EART R 3
PURREFEAr A GOM (3= BT 2RO 43 AN [R] X
%) KR ARFIRG . 5—T51H , BARILRA AFE GAM
O B PR R LR B, HaREA GCM, R
XAMAHRI R AL . BAORYL, GAM F=A R HA m A

P B R I R A S R A I 7] S 2 X 42, 1T GCML )
i 7 v o124 £ 1 1 SO T S = W 1A s S )
HERIPE. £ ACM o, JLRATAZ R F 241524, A
11172 > 5 5 HLAC R RFAE o



Pl 8. Wil 1. fhiASCHY GCoNet ZRAGH A RGN R
Hrll o FIR AT SR ( “GT CAR” ).

2

9. Wil 2. A3 GCoNet Az iy ST Hip ] 1 (2 1)
Hzhgimgll ( “Befg” ).

B 7 AT B4 A . Baseline BRI ] T
et FHAR, 1 GAM Hl GCM WA EGE HA R,
f GAM Fl GOM Mi4hier, ATAA R B2 H AR,
ACM #E—fiim T IL R HARMG AR .

6. PiiEnH

TEX B, A SRR T anAe ) B B o [R) S 2
oK S R 1) 45 DA 5% 1T T AR A BT 45 A o v o o
)43 IR o
M #1: N2 (Content-Aware) PplR] 43, )

[F] 2. 35 P UM T e B A G 7 B BAL BE . AEARSC
WSEEl ST O T R R M I T2 kg
—H -, KRG, A GCoNet A i bl w2
Bk B shiz i e 4 B FEWNEE. 5 Cheng [27] A
FAL, ASC ) GrabCut [31] 458 T A 7 #1458 -
LHIIGAL GrabCut, ASCHTEEE HIENY HE [32] &
TAHALR . B SRR T A AR G P L Y
R, AN R R BA TR M

Wi A2 A Ahaim P, G G 4w R AR A U
F[12]. BFFEEEME R S, ASCHRB T 45T CNN
HI R R 2R AR, EXFTHEM s B S A =
RAWE. E 97K, ASCE BRI GCoNet FR15-HY
D] S R AR A (T HE . SRS, TR BR B OR B A
BB —DNERWLOLE. &5, ASCRHTRTES
MR BT 52 AR (collection-aware crops technique) [12]
KGR ().

7. 85

ST T —Fh i CoSOD 4 ] i/ 2 3 i 4
(GCoNet). KT HPIH A AT AA BAE LAE L,
HHTF CoSOD {L45 h2a i Bk b FIZEL 1) ¥T - b1 6
fiIE o 7 SCIR) S5 5 A0 E Pk B T A 3 GCoNet
PO R B REOL T B W s e e B8 . IeAh, A
S GCoNet ik 2| T SR HEHEHE (16ms), X AT
E AN S i NG £ S 1 N i 3 I N e e

SR Jacobs 4F NG TTAR [12] AR T BB IO IL -



References

[

2]

3]

4]

(5]

(10]

Qi Fan, Deng-Ping Fan, Huazhu Fu, Chi-Keung Tang,
Ling Shao, and Yu-Wing Tai.

learning for co-salient object detection. arXiv: Com-

Group collaborative

puter Vision and Pattern Recognition, 2021.

Deng-Ping Fan, Ming-Ming Cheng, Jiang-Jiang Liu,
Shang-Hua Gao, Qibin Hou, and Ali Borji.
objects in clutter: Bringing salient object detection to
the foreground. In ECCYV, pages 186-202, 2018.

Salient

Mingchen Zhuge, Deng-Ping Fan, Nian Liu, Ding-
wen Zhang, Dong Xu, and Ling Shao. Salient ob-
ject detection via integrity learning.

arXiw:2101.07663, 2021.

arXiv preprint

Xuebin Qin, Deng-Ping Fan, Chenyang Huang, Cyril
Adria Cabeza Sant’Anna,
Albert Suarez, Martin Jagersand, and Ling Shao.

Diagne, Zichen Zhang,
Boundary-aware segmentation network for mobile and
web applications. arXiv preprint arXiw:2101.04704,

2021.

Tao Zhou, Deng-Ping Fan, Ming-Ming Cheng, Jian-
bing Shen, and Ling Shao. Rgb-d salient object detec-
tion: A survey. CVM, pages 1-33, 2021.

Deng-Ping Fan, Zheng Lin, Zhao Zhang, Menglong
Zhu, and Ming-Ming Cheng. Rethinking rgb-d salient
object detection: Models, data sets, and large-scale
benchmarks. IEEE TNNLS, 2021.

Jing Zhang, Deng-Ping Fan, Yuchao Dai, Saeed An-
war, Fatemeh Saleh, Sadegh Aliakbarian, and Nick
Barnes. Uncertainty inspired rgb-d saliency detection.
arXiv preprint arXiv:2009.03075, 2020.

Zuyao Chen, Runmin Cong, Qiangian Xu, and Qing-
ming Huang. Dpanet: Depth potentiality-aware gated
attention network for rgb-d salient object detection.
TIP, 2020.

Deng-Ping Fan, Tengpeng Li, Zheng Lin, Ge-Peng Ji,
Dingwen Zhang, Ming-Ming Cheng, Huazhu Fu, and
Jianbing Shen. Re-thinking co-salient object detection.
TPAMI, 2021.

Ming-Ming Cheng, Niloy J Mitra, Xiaolei Huang, and
Shi-Min Hu.
collections. T'VC, 30(4):443-453, 2014.

Salientshape: group saliency in image

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

20]

21]

(22]

23]

Xijaochuan Wang, Xiaohui Liang, Bailin Yang, and
Frederick WB Li. No-reference synthetic image qual-
ity assessment with convolutional neural network and
local image saliency. CVM, 5(2):193-208, 2019.

David E Jacobs, Dan B Goldman, and Eli Shechtman.
Cosaliency: Where people look when comparing im-
ages. In ACM UIST, pages 219-228, 2010.

Wenguan Wang and Jianbing Shen. Higher-order im-
age co-segmentation. TMM, 18(6):1011-1021, 2016.

Kuang-Jui Hsu, Yen-Yu Lin, and Yung-Yu Chuang.
Deepco3d: Deep instance co-segmentation by co-peak

search and co-saliency detection. In CVPR, 2019.

Yu Zeng, Yunzhi Zhuge, Huchuan Lu, and Lihe Zhang.
Joint learning of saliency detection and weakly super-

vised semantic segmentation. In ICCV, 2019.

Zhifan Gao, Chenchu Xu, Heye Zhang, Shuo Li, and
Victor Hugo C de Albuquerque. Trustful internet of
surveillance things based on deeply represented visual
co-saliency detection. loT-J, 7(5):4092-4100, 2020.

Koteswar Rao Jerripothula, Jianfei Cai, and Junsong
Yuan. Efficient video object co-localization with co-
saliency activated tracklets. TCSVT, 29(3):744-755,

2018.

Koteswar Rao Jerripothula, Jianfei Cai, and Junsong
Yuan. Cats: Co-saliency activated tracklet selection
for video co-localization. In ECCV, 2016.

Laurens van der Maaten and Geoffrey Hinton. Vi-
sualizing data using t-sne. JMLR, 9(Nov):2579-2605,
2008.

Hongliang Li and King Ngi Ngan. A co-saliency model
of image pairs. TIP, 20(12):3365-3375, 2011.

Huazhu Fu, Xiaochun Cao, and Zhuowen Tu. Cluster-
based co-saliency detection. TIP, 22(10):3766-3778,

2013.

Xiaochun Cao, Zhigiang Tao, Bao Zhang, Huazhu Fu,
and Wei Feng. Self-adaptively weighted co-saliency
detection via rank constraint. TIP, 23(9):4175-4186,
2014.

Dingwen Zhang, Deyu Meng, and Junwei Han. Co-
saliency detection via a self-paced multiple-instance
learning framework. TPAMI, 39(5):865-878, 2016.



24]

[25]

[26]

27]

(28]

29]

(30]

31]

32]

33]

(34]

[35]

Junwei Han, Gong Cheng, Zhenpeng Li, and Ding-
wen Zhang. A unified metric learning-based framework
for co-saliency detection. TCSVT, 28(10):2473-2483,
2017.

Kuang-Jui Hsu, Chung-Chi Tsai, Yen-Yu Lin, Xiaon-
ing Qian, and Yung-Yu Chuang. Unsupervised cnn-
based co-saliency detection with graphical optimiza-
tion. In ECCYV, 2018.

Wenbin Zou, Kidiyo Kpalma, Zhi Liu, and Joseph
Ronsin. Segmentation driven low-rank matrix recovery
for saliency detection. In BMVC, 2013.

Ming-Ming Cheng, Niloy J Mitra, Xiaolei Huang,
Philip HS Torr, and Shi-Min Hu. Global contrast
based salient region detection. TPAMI, 37(3):569-582,
2014.

Zhao Zhang, Wenda Jin, Jun Xu, and Ming-Ming
Cheng. Gradient-induced co-saliency detection. In
ECCYV, 2020.

Xuebin Qin, Zichen Zhang, Chenyang Huang, Chao
Gao, Masood Dehghan, and Martin Jagersand. Bas-
net: Boundary-aware salient object detection. In

CVPR, 2019.

Jiang-Jiang Liu, Qibin Hou, Ming-Ming Cheng, Jiashi
Feng, and Jianmin Jiang. A simple pooling-based de-
sign for real-time salient object detection. In CVPR,
2019.

Jia-Xing Zhao, Jiang-Jiang Liu, Deng-Ping Fan, Yang
Cao, Jufeng Yang, and Ming-Ming Cheng. Egnet:
Edge guidance network for salient object detection. In
1CCV, 2019.

Shang-Hua Gao, Yong-Qiang Tan, Ming-Ming Cheng,
Chengze Lu, Yunpeng Chen, and Shuicheng Yan.
Highly efficient salient object detection with 100k pa-
rameters. In FCCV, 2020.

Kai Zhao, Shanghua Gao, Wenguan Wang, and Ming
ming Cheng. Optimizing the F-measure for threshold-
free salient object detection. In ICCV, 2019.
Kai-Yueh Chang, Tyng-Luh Liu, and Shang-Hong Lai.
From co-saliency to co-segmentation: An efficient and
fully unsupervised energy minimization model. In
CVPR, 2011.

Hwann-Tzong Chen.
tion. In ICIP, 2010.

Preattentive co-saliency detec-

(36]

37]

(38]

(39]

(40]

41]

42]

(43]

(44]

(45]

[46]

(47]

Yijun Li, Keren Fu, Zhi Liu, and Jie Yang. Effi-
cient saliency-model-guided visual co-saliency detec-
tion. SPL, 22(5):588-592, 2014.

Zhi Liu, Wenbin Zou, Lina Li, Liquan Shen, and
Olivier Le Meur. Co-saliency detection based on hi-
erarchical segmentation. SPL, 21(1):88-92, 2013.

Hongliang Li, Fanman Meng, and King Ngi Ngan. Co-
salient object detection from multiple images. TMM,
15(8):1896-1909, 2013.

Bo Jiang, Xingyue Jiang, Ajian Zhou, Jin Tang, and
Bin Luo. A unified multiple graph learning and convo-
lutional network model for co-saliency estimation. In
ACM MM, 2019.

Bo Jiang, Xingyue Jiang, Jin Tang, Bin Luo, and Shilei
Huang. Multiple graph convolutional networks for co-
saliency detection. In ICME, 2019.

Kaihua Zhang, Tengpeng Li, Shiwen Shen, Bo Liu,
Jin Chen, and Qingshan Liu. Adaptive graph convo-
lutional network with attention graph clustering for
co-saliency detection. In CVPR, 2020.

Dingwen Zhang, Junwei Han, Jungong Han, and Ling
Shao.
prior transfer and deep intersaliency mining. TNNLS,
27(6):1163-1176, 2015.

Wen-Da Jin, Jun Xu, Ming-Ming Cheng, Yi Zhang,
and Wei Guo. Icnet: Intra-saliency correlation network

for co-saliency detection. In NeurIPS, 2020.

Cosaliency detection based on intrasaliency

Koteswar Rao Jerripothula, Jianfei Cai, and Junsong
Yuan. Quality-guided fusion-based co-saliency esti-
mation for image co-segmentation and colocalization.

TMM, 20(9):2466-2477, 2018.

Xiwen Yao, Junwei Han, Dingwen Zhang, and Feip-
ing Nie. Revisiting co-saliency detection: A novel ap-
proach based on two-stage multi-view spectral rotation
co-clustering. TIP, 26(7):3196-3209, 2017.
Chung-Chi Tsai, Weizhi Li, Kuang-Jui Hsu, Xiaoning
Qian, and Yen-Yu Lin.
and co-segmentation via progressive joint optimiza-
tion. TIP, 28(1):56-71, 2018.

Image co-saliency detection

Kaihua Zhang, Tengpeng Li, Bo Liu, and Qingshan
Liu. Co-saliency detection via mask-guided fully con-
volutional networks with multi-scale label smoothing.
In CVPR, 2019.



(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

Min Li, Shizhong Dong, Kun Zhang, Zhifan Gao,
Xi Wu, Heye Zhang, Guang Yang, and Shuo Li. Deep
learning intra-image and inter-images features for co-
saliency detection. In BMVC, 2018.

Jingru Ren, Zhi Liu, Xiaofei Zhou, Cong Bai, and
Guangling Sun. Co-saliency detection via integration
of multi-layer convolutional features and inter-image

propagation. Neurocomputing, 371:137-146, 2020.

Qijian Zhang, Runmin Cong, Junhui Hou, Chongyi Li,
and Yao Zhao. Coadnet: Collaborative aggregation-
and-distribution networks for co-salient object detec-
tion. In NeurIPS, 2020.

Dong-ju Jeong, Insung Hwang, and Nam Ik Cho. Co-
salient object detection based on deep saliency net-
works and seed propagation over an integrated graph.
TIP, 27(12):5866-5879, 2018.

Xiaoju Zheng, Zheng-Jun Zha, and Liansheng Zhuang.
A feature-adaptive semi-supervised framework for co-
saliency detection. In ACM MM, 2018.

Dingwen Zhang, Junwei Han, and Yu Zhang. Supervi-
sion by fusion: Towards unsupervised learning of deep
salient object detector. In ICCV, 2017.

Kuang-Jui Hsu, Yen-Yu Lin, and Yung-Yu Chuang.

Co-attention cnns for unsupervised object co-

segmentation. In IJCAI 2018.

Bo Li, Zhengxing Sun, Quan Wang, and Qian Li. Co-
saliency detection based on hierarchical consistency. In
ACM MM, 2019.

Hongkai Yu, Kang Zheng, Jianwu Fang, Hao Guo, Wei
Feng, and Song Wang. Co-saliency detection within a
single image. In AAAI 2018.

Shaoyue Song, Hongkai Yu, Zhenjiang Miao, Dazhou
Guo, Wei Ke, Cong Ma, and Song Wang. An easy-
to-hard learning strategy for within-image co-saliency
detection. Neurocomputing, 358:166—-176, 2019.

Dingwen Zhang, Junwei Han, Chao Li, Jingdong
Wang, and Xuelong Li. Detection of co-salient objects
by looking deep and wide. IJC'V, 120(2):215-232, 2016.

Carl Vondrick, Abhinav Shrivastava, Alireza Fathi,
Sergio Guadarrama, and Kevin Murphy. Tracking

emerges by colorizing videos. In ECCV, 2018.

(60]

(61]

(62]

(63]

[64]

(65]

[66]

[67]

(68]

(69]

[70]

(71]

(72]

Zihang Lai and Weidi Xie. Self-supervised learning for
video correspondence flow. In BMVC, 2019.

Xiaolong Wang, Allan Jabri, and Alexei A Efros.
Learning correspondence from the cycle-consistency of
time. In CVPR, 2019.

Zihang Lai, Erika Lu, and Weidi Xie. Mast: A
memory-augmented self-supervised tracker. In CVPR,
2020.

Bo Li, Wei Wu, Qiang Wang, Fangyi Zhang, Jun-
liang Xing, and Junjie Yan. Siamrpn++: Evolution
of siamese visual tracking with very deep networks. In
CVPR, 2019.

Qi Fan, Wei Zhuo, Chi-Keung Tang, and Yu-Wing
Tai. Few-shot object detection with attention-rpn and
multi-relation detector. In CVPR, 2020.

Zhuwen Li, Qifeng Chen, and Vladlen Koltun. Inter-
active image segmentation with latent diversity. In
CVPR, 2018.

Tsung-Yi Lin, Priya Goyal, Ross Girshick, Kaiming
He, and Piotr Dollar. Focal loss for dense object de-
tection. In ICCV, 2017.

Tsung-Yi Lin, Piotr Dollar, Ross Girshick, Kaiming
Fea-

ture pyramid networks for object detection. In CVPR,
2017.

He, Bharath Hariharan, and Serge Belongie.

Karen Simonyan and Andrew Zisserman. Very deep
convolutional networks for large-scale image recogni-
tion. In ICLR, 2015.

Lijun Wang, Huchuan Lu, Yifan Wang, Mengyang
Feng, Dong Wang, Baocai Yin, and Xiang Ruan.
Learning to detect salient objects with image-level su-
pervision. In CVPR, 2017.

Deng-Ping Fan, Zheng Lin, Ge-Peng Ji, Dingwen
Zhang, Huazhu Fu, and Ming-Ming Cheng. Taking
a deeper look at the co-salient object detection. In
CVPR, 2020.

Dhruv Batra, Adarsh Kowdle, Devi Parikh, Jiebo Luo,

and Tsuhan Chen. icoseg: Interactive co-segmentation
with intelligent scribble guidance. In CVPR, 2010.

John Winn, Antonio Criminisi, and Thomas Minka.
Object categorization by learned universal visual dic-
tionary. In ICCV, 2005.



(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

[81]

(82]

Deng-Ping Fan, Ge-Peng Ji, Xuebin Qin, and Ming-
Ming Cheng. Cognitive vision inspired object segmen-

tation metric and loss function. SSI, 2021.

Deng-Ping Fan, Ming-Ming Cheng, Yun Liu, Tao Li,
and Ali Borji. Structure-measure: A new way to eval-

uate foreground maps. In ICCV, 2017.

Radhakrishna Achanta, Sheila Hemami, Francisco
Estrada, and Sabine Susstrunk. Frequency-tuned
salient region detection. In CVPR, 2009.

Ming-Ming Cheng, Jonathan Warrell, Wen-Yan Lin,
Shuai Zheng, Vibhav Vineet, and Nigel Crook. Effi-
cient salient region detection with soft image abstrac-
tion. In ICCV, 2013.

Lina Wei, Shanshan Zhao, Omar El Farouk Bourahla,
Xi Li, and Fei Wu. Group-wise deep co-saliency detec-
tion. In IJCAI, 2017.

Bo Li, Zhengxing Sun, Lv Tang, Yunhan Sun, and Jin-
long Shi. Detecting robust co-saliency with recurrent

co-attention neural network. In IJCAI, 2019.

Zhe Wu, Li Su, and Qingming Huang. Stacked cross
refinement network for edge-aware salient object de-
tection. In ICCV, 2019.

Bo Li, Zhengxing Sun, Qian Li, Yunjie Wu, and Anqi
Hu. Group-wise deep object co-segmentation with co-

attention recurrent neural network. In ICCV, 2019.

Carsten Rother, Vladimir Kolmogorov, and Andrew
Blake. Interactive foreground extraction using iterated
graph cuts. ACM TOG, 23:3, 2012.

Houwen Peng, Bing Li, Weihua Xiong, Weiming Hu,
and Rongrong Ji. Rgbd salient object detection: a
benchmark and algorithms. In ECCV, 2014.



