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HhE ke ( Camouflaged Object Detection,
COD) , R 423, § 7R “ 4" SN I B B 33
dyd Ik, RSOTIXAFAE ST 2 \may . 5%
wey kAR, BE RS LR A
B AR R P F A A BRI . A AR
X —) A, KA oET CODI0K ##%, e
A7 10,000 % B%, LRET &Fakmw, BA
AL T8 A KA g th Ak o PR 09 BARAREEAT T 4R
FoariE, QAEE A, GEE . M RB/EHK, AR
RE B :% . CODIOK %35 ETvAB) 1iF %05t
1E 5%, Bl4e B AR g AL B1E B Fe R AR Flat,
R SLAL A P RS ME B4R 12 T — A 32 B &L
BYAEZE, AL Z IR M (Search Identification
Network, SINet)., ;% A 1% 8y it % 357 , SINet £
FE R B0y RINIR T € it ag ik ae i AR AR
A, Wik, SINet & —A~-G#hay . @R o9 52 4, X7 8
TIGEPAF R M ey K . & B, Bidat 13 #P5
RIARR AT R RITE, AL B TIHF S AARNL
Mt B T — LA RAE MG ER R . A2
ALY FF T AE A X —F7 AR IR AY F H IR B S IR Z A
& o3 WLt https://github.com/DengPingFan/SINet/,
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K 20 g7 sk AR (a), (b) Aais®1 [31] EHE (4
SO EVE I R I [10,45] 4% stuff F1 things), (c)
2 WHIH /P IRREI [17,34,62,77) (Rl ies| ANvER )
MHAR), (d) RASERR Y AR IS, B -5
JH PR HA IR (Bl s, SOMekEi() . i
IR, P i 5 A AR kS, MERATHA.

A [19], 2 As H | St DL« 5E 36 Hhg AR [
W B AR F IR, X Fh h e SRR 2 i
I O R 22 3 A RN R e i AR ) [D8]. BRI,
R th F k4 m (Camouflaged Object Detection
COD ) {£:55 F5 Z K B AL EN AR [01]. Al 257
N, PR ST s B E EE AR RUEGE COD i
B8 i) WK (SOD) [1,5,18,206,63-67,69]
SGE AP ARR (GOD) [+, 80] BT APk

b T HAARMESS, OB iRk i B T4
SR AN ) S R Y - TR AT, (v TR
AR TAE, ST AWM) . B2EBIG Hr tek
(an 2 3 4331 [10] FIpb 28 40 [19,08]) o gl Sidek
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Kl 3: COD10K ¥t &R &M BA BRI B R Bl . JEMERIEILE. 2. DU T U S AR e

EMBETT, A TPsTHk. EoE, 430K
y COD Lo .LiH 7 COD10K ¥iflifk. B
A MRS AT DA D T X531

« CODI10K ¥t 5T 1 HikE®B, W T
78 FhOREMIASE S, JETOKA . AT, PRI
i b2

o AR BT TAFE R SRS, W
Rl WHIE . XRBANLHIR . X EhREE
2N Zan, WMHREN, PR
W, ESCHGR [13], E55TR) [10] 4.

o BEIK bR EMRE BT B S B B R A
PR 0GBy bk DA SR B 28 [T4] (oK BMRAET
2960 43%h) MIPRZ: . X LEE TR AR B T
XHREVEREEAT R A 7047

Hyk, fAASCHER) COD10K BAREFMPIA™
A FAREE [33,057], RIL[RAE B K 0 Ph e o A A
M ZEARER , XF 13 P stk (SOTA) i) fERLAY
[3,24,28,33,36,39,41,52,69,76,78,79,83] #4714
BV o ASSCHITTAL A T H KLY COD Hif
5E. WA, ASCGRERBE T — AN EERIMARESE, 4
&) SINet (Search Identification Net). {H5H & )
52, SINet PR RIHKACH 1 /N2, 3 HFEH
RIS COD ##inde FERLE T SOTA HHRE. iX
FH] SINet 7] g2 MRk COD MRS . 1
WIEE AU, AR —P5E %R COD 155
PR, (RIS DA 25 i £ B 2 E B B 0 AR D A 55 o

2. HDGIfE:

MR [50] BIWFE, IR RECTA =26 i
M. BEY RO R . BT RASCRF 2 —
A LA I
2.1. 3@ I R 2 2 A A D

WP M (Generic Object Detection, COD)
. 3E W ARSI R T LA B AT O T 2

Bmsk A5y Kkt 35| Att. BBox. ML Ins. Cate. Spi. Obj.

CHAMELEON [57])2018 76 - v
CAMO [33][20192.5k 8| v v

COD10K (Ours)) [202010k78[ v v v v v v

£ 10 M COD BR4EXT S HRF, CODIOK $didti
T EE R, B (Img.): ENEL 2% (Cls.):
K. Att.: J@YE. BBox.; fufl&. ML: KA [71] HbRiE
(F. 7). Ins.: SeHIehrss. Cate.: HKRIFFZ, Spi.: BAIF
SUNGREE STIRAE. Obj.: ik,

— [11,31,38,50]. HREERNZ, @HYAEBERT LA
e AT DU OB s PR i mT A Sy
PR RG] (. O —ATRISE =47) . JA
() GOD {55t & 18 Lo EIFn 450535 (WAL 2 b).
WHEPAEMN (Salient Object Detection, SOD).
SOD BAEHMNEMR P& | N\EREMYIE, SRJEREH
RFHAITRRB A [29,30,73,78]. BR “BE” —
WA RS “thEe” Mk (REuEERAN), H2EE
Py VAT DA O 25 0y A4S D B2 B A5 ., BPAT A
FEA B S 3 X G ) R A O 6 ARG I ) B R A

2.2. Pl pAts

D R ME A 2R ST &
IEY/NITE ST S E DN SO AW SA I WA -7
iE K. Abbott Thayer [59] Al Hugh Cott [3] [ 5¢
TSR PR H P52 AR )2 . IR
QLRI T DMTAN 3 Stevens %A [58] X
By sk .
Be#adls. CHAMELEON [57] 22— REFATIFIEY
Bmdk, AE 76 KGR, FIARETXRFWE
EHE (GTs). XLEEGRDA “OrIsi” b X i
T, BRI RT VNN . A R A AR
Frk CAMO [33], BEHA 2500 5kE#H (G 2000
ST, 500 5K ATIE), wiss TG B
A T8 CAMO F1 MS-COCO, 4344 1250
K.
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Kl 4: COD10K BilfEmgiit (5 B AIR G, (a) SRRGE LRI E M. (b) ERAPRI. () Wamfi. (d)

XEG /LRI ISR . (e) TIIRBI.

AR, R O LB AR T SR AR
CODI10K 2324y 11 1y D5 4y o 0 85
WA 1 ITIKER (6000 3T IZ, 4000 3 AT
W) . FERE. 1.

P Rml. Ph2 R R BT o S, H AR PRI
AT . B (BIanE . 3%2K5h) 1
SR DI TR A7 R, FH RIS IR B e .
FAHEZ T T DA e 7 B T U PR
2 B BIAERS B I A P AR e (RIS BERe )  5
FAENEREL AR R Bt (5 E

COD 5 S FIZEHIH K 19iE LA EIT45 R, COD
L4 5H0E%. FilL, COD {145 f HA% X
ARG, A e M, AR
£ i HEEREE poe 0,1], Hop FREE i 1
MR, 0 FRILEEANE T Ohedik, m 1 Wk
RSEABTIEM . A EBHFA L COD
5. S2I%% COD fR Rk T4

VEfE kR, B 4aXtiR 2 (Mean absolute error,
MAE) &.#f) %27 T SOD {£%. #l Perazzi %
N [B0] —#f, AW T P4 RE M 45
B (MAE(M)) RIFAEH EGR C FIEMERE G 2
PR RIHKEE . R MAE $54568A 80 DAl
TR IR, (HE R RETPAL A R h B o B
I, A AP T —Fp T AN BnAL ] 38
5R-VERC AN 87 (E-measure, Ey) [13], ‘B[R &

TBRERE B ICR A E BRI BRI %P
TR bR S SR IE 1 T VA O 25 0 (ARG ) &5 SR 1) B {4 )y
TR . BTt kR AR AR, COD
T B AT AP 25 A AU PE R I F 4%, Bk
AICFIAT S ML (S-measure, So) [12]. fef
9T [12,13] WA, AL F 3PEE (F-measure,
FY) [14] WABSEN) Fp WL S, HIE, 43¢
tAE COD e fiff Fi ixX —PEAl g hm -

3. A Bk

AT S AR SR (7, 11,37, 48, 82] B Bk T
TR IE 2 SUSAY PR EE A g . B4, ImageNet
[53] Brdfa Sy BTG TR AR A AL R AT 55 1
WR TR RE. AT COD My R 5 2
L, h T (1) feft—TUE Ay HA BRI L 55
(2) fedbxdr EMEBTL, (3) WAom k. K. 1.
K. 3SLAJIE. 4 (e) i COD10K HyRBl. Tk,
AN =ATr w4 id CODI0K Ktk . %X
ARG T R AL

3.1. gk

FRYE [18,51] BYBFFT, KI5 0 b v o R AR
Bige s T R BRI ) KA. A T IR H A
CODI10K ¥4 10,000 K& (5,066 B
Ef%, 3,000 K#EFES, 1,934 sk LhEER) ,

H 5%
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Kl 5: Zill: COD10K ¥yisEmsb e JmEsri. [k di
B R BER. AR JEPERIR AR . IR
O g P ] A R S A g o

JEtE ik

MO  $ihtk EBESEEFANIE

BO ¥k WIKEAIIEHREANG L E K T4T 0.5,

SO itk YIKTEEMEEIEEIA LI T ST 0.1,

OV e diiilst PIRRYMA IKIGEI T FIR L 7

OC i35 kB

SC  BRLE WKESANSS (n: ).

IB R AR E RIS s R A A sia (5
RGB & x> I 750 /N 0.9)

20 EHAE ORBILA. 3).

5 10 ANEERAN 78 T2 (69 MR, 9 Mk
hae2R), XLEEIGRIET 2 ML M .
REH R EBRE Flicke M, #RXHEF
H: camouflaged animal, unnoticeable animal, cam-
ouflaged fish, camouflaged butterfly, hidden wolf spi-
der, walking stick, dead-leaf mantis, bird, sea horse,
cat, pygmy seahorses % (W, . 4 ), X LLER LY
T 2EARWE . HE R % (29200 5K) KE T3
W%k, 40 Visualhunt, Pixabay, Unsplash, Free-
images 4%, JXL8E AR SZRBCFIAT SR 295 . o Tk
G e PR 0L (18], FRATIAM Flickr Y47 3,000 5k
BEEG. TP FEREAR, AEERM F
FET 1,934 SKIGAREIR , fAEAAR . T, F
oo R ERMEASR 5. A X EUG RS
RIEZAEE, W5 WH%E NS [31].

3.2, Llr Ayt

T AMREARSE [10,10,17] KW, 7EQIE#K
PR RS, BT RRGEEREE, Z [10]
K, RICHTT 2R CRARE i) (2

W o— & — JEE — X5 /5%).

o X7 WA. 4 (a) PR, HCOIEEAE.
SRIG MR B A9 T 69 AN LAY T34
e, AR EUR R FRAE . ARk KR
RNIEFATEA LR, MBI < HAph 2

A&, A TR CODIOK BHnsEy s fhk
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K 6: COD10K ¥tk 534 COD HURSEMIL, Eas/h
Pk (FEF), WEERRE (A1) I H2 PO mEY
WS/ (ZEF/AF).

YIRAE (proposal) {145, ASCIRgN Sk Az 5k K15
FRyE AL £

o Bk, HICHR [18,01] fRFF—2, ASCRMHE
R E’J’F&ﬁﬁk&ﬂiﬂ’]@ Ve (IniEds ., 4 R
), RAREAE K EG . . 24RUE T B MR, K. ol
T I B .

o 3% /%M. A COD Fdlade (Ut XI5
%ﬂi (. 1), SR, SHFFEPRSERIST A R
5, WTHEEGEMBR S, B R AR RSBl
BohEZE. Wi, 5 COCO [37] #lsERd, A3
X E I SR EAT T SE B gbRE, SRR 5,069 BRATSR
e BB BN 5,930 B S5 9% 1 BELE K

3.3 B RS ST R R

o Mtk Kol MR (18] RFSE, TERL 6 (4L
) Heedl TIH— kiR RSE, A 0.01% 2|
80.74% (°F-¥: 8.94%)., 5 CAMO-COCO, CPD1K

Al CHAMELEON # ke, ASCHEERAF) R
e .
R /R . N T BERYIR R GRS K
M, A 42 55 R LA PPl 53 [35]. . 6(F
L) FRT CODI10K $¥asE b Hom Hcdim 42 o LBk
A o
o PR L.

HIT AL | AMR R

Vel 7: s R R E Gbr i [74].




) ResNet+RF

|-— PDC —-|-— Cross Entropy Loss —l

@ DOWNx2 (RE) GT  352x352
o/ X)Xy S s
;" 1/ UPx8 c L
()
C RF
l o Ld G
i i /3 UPx8 c
XO ‘ ‘ Xl X cim
| ‘ |
| | ; w @ w
88x88x64  88x88x256 44xd44x512 c UPx2 |8 g | uPx2
rfy g 2
g g g
< UPx2 g
X — 2
% 44x44 E N g
X | 1B
22x22x1024 = G UEx2 g g b
N N P Sigmoid G by Py
convix3 | Beonv3xl | Dilations | Z BB
= ! Partial
afC w artia
conv1x5 | Beonvsx1 | Dilations | g h g ddxdd ofe UPx2 % | Decoder
; [ PpC —— | Component
conv1x7 | Beonv7x1 | Dilation? | 3 3 i i e - !
g 3 e
iff e —— J
i lfzi [ .
rRFW m Eﬂ m . . Bconv: Conv + BN + ReLU
— /i convolution layer ~ UP/DOWN: up/down sample
. . 7 . L. .
Receptive Field @ RF 3 @ concatenation ®mu1t1pllcat1on @ element add

] 8: SINet fE4UHE. AHEREEMFEIAHSY: Rz 8 (R
RZETEH . PDC BUEREL T S i SR ARG Br . SA Sy [69] il i R T RE R L

EG s, RIS B2 AR XA e L. A<
SCRA 18] SRS R BT A L. . 6 (JIEEB)
W T AR 2 3 B Ol DL B B2 TR /N

o Azl AT AR TR, PR
Wi T MR ES Y, I T 10 H3 LEHIE.
B, TR T iEa AR AL AR R i B SR EIE R S
BIHARE IR 60 34

o BEFoT R0y 4. CODIOK fiFE 5 Mk
(e dh. = A, KAELY, BBEHHASLE
R ) Fl 69 AT (BlaN: sm2g @, VT, $mxg, F
ELE) AR RN G2/ S A5 B B s £ 43 i)
BRTERE. 4 c fil d H,

o o PEFE A [T1] WL RM, Ea PR RG]
DA I 25 (L 5 22 A 0 G ) A0 45 AT A 0 3k
BRI S AF i tERE. & 4 (b) JB/R T CODI0K %
PEE G PR RGN, BEE&AKER 1080p
A s B .

o HEER . AT ARSI BB &
PINGREHE , AR COD10K FadExl s34+ 6,000
KR I ZREEFT 4,000 5K -G AL, BB
BIMBEA T BEHLESE

4. ASCHESE

L. LEYENIEST (23] R, EEENER, B
S FIWT R EAPAETRAEAS Y, B 2059 K5, H
WalIwiiR s e, gk,

WER. ASCHY SINet HEZEAZ 3 FF A8 1 F2 0wl W Y B
WJE k. HEZR R BRI R (Search

=

) AR ESALLE (PDC). RE U ARBHUASRIE R G
FEIL § 4.

Module, SM) FliH 5#itk (Identification Module,
IM). Hi# (§4.1) MTTREGEREWWE, WEHE
(§ 4.2) W HFAEHRm P14 .

4.1. &R (Search Module, SM)

MRS TR, AR RGP, —
0% RF R EF (population Receptive Fields,
PRFEs) 7 BT Lb 580 A0 o JI5% e e 111 g I 3 o i Ak 5
T2 A0/ N 2SR S AR RS RUER [42]. T, AT
R EB GEEZER/DY. RiaEnmd) A
RF [12,69] SR B A5 B JIERRHER R . B
RS, M TA RS TeRYS | AIH] ] ResNet-
50 [25] BRIFEIOH —FFE { X }imoe N THREEE
ZEE, ACHEZEFHMEZNERSHRE N 1,
R A B A MR 3. Hitk, 52
PRl {2, %],k =4,4,8,16,32} .

B [79) Bon, BEEREHZE TR
FRIECRE TH THED R A% B EEE, MRZ
PR Z R ERFHER E T T @60 B briis A5
o BT E MRS EA P RE, A SRR
PFREEAT 702 RE { X, X}, 2 X FE)E
{Xs, Xy}, IFEPHE . FOREERIT RS BT
Hey. 5 [79] A, A3CH) SINet R AP TR
W [27) SRR AARRFHMEEMEZEE, K5
MR RE [12] ARy Iz . fln, e
PHESRAERA A IRBUE {Xo, X1}, RIEH5HER
TREEREG . FSRLA S HTRAE r 12 3E
—HH AR RE A8 r 5 FFE . J01EL. 8P, £



HET =NERNFHEZ G, 53] 7 — A3 nFr
it {rfi k=1,2,3,4}, HTEEHEIhERLER.
J%5Z'" (Receptive Field, RF). RF it $5 11
N33 Abk, k= 1,...,5) TR T, H—A
GRUZ (Beonv) IYRSIN 1 x 1, JHRARFEE R
32, HgWZEm5Ikh: (2k—1) x (2k — 1) Beonv 2
1 3x 3 Beonv JZ. 24 k> 2 B}, FERRKERN
(2k — 1) HIPUA D CHRER)E, #id 1 x 1 Beonv
1, HasEE%-h 32, s, MASE 5 Az, If
AR A ReLU BREATRIFRHE 7 fr o

4.2. F R ( (Identification Module, IM)

IS 2 AR R IEB pkRrIE fE, AR R
BT SREON DR Y IR A TRE AN . AR SOR
FH % B % B 7 SR RS 401 (Partial Decoder
Component, PDC) [69] #4779 . B4k, PDC
BATHRHE SM BPUANRAERE .. AL AT 230k
TR DR O,

CS:PDS(Tff,TfQS,Tf;,Tfj), (1)

Hp {rfe =rfi,k=1,2,3,4} . JACHK [41,69] &
FH, TR IALEI AT DA R bR 0 AR T
HI5I A & i2F A1 (Search Attention, SA) Fibk
RIGTR P RIEHIE 2 Xy HEPRAFHR DR C),

Ch - fma:z:(g(X%O-?)‘)aCs)v (2)

Forp g(-) 72 SA BR%L, RIR LA U — Ak e i s 3
WA, HARHEZER: o = 32, BRSTH: A =4,
fmaz () R—DERKALEEL, KRR R Cs F)
SR D2 X I o

N EARBGS RFHE, ASCit—2 1] PDC
KEEHINZIAMRHE, it RE ST, DA
RIS RAN AR C;:

Ci = PDy(rfi,rf3.7[3), (3)
H {rfi=rfi,k=1,2,3} . PDs f1 PD; Z Ay
2250 2 i N R AN ]
oy RS 4l1F (Partial Decoder Component,
PDC). B &, %@ 4Kk 7 RAHE G 6 Bk
BRERHE {rfi k€ [m, ..., M],c € [s,i]}, AN
R SCBEHOR AR OB RAE {rft ). R AZEITEAM
e 7 ORI AH B FHE 2 AR 2280 . FAARE, X T
HORZIRFIE, 0 f5, 24 k= M B}, & rfip =rfi7.
XFTREZRAE, W orfi, k< M B, W rfe2
ik

rfi? =rfit @ L, Beono(UP(f51)),  (4)

Hr ke [m,...,M—1], Bconv(-) 245E T 3x3 %
L AR —BR ReLU sR BT HAE. UP(-) Ky
HA 2778 50 FoREEEE. Bn, @Bz 0%
XL B XA EH A . Y125 SINet f5

B R BRI AE U (78] PR AL Lop. SRR
B LN

L= LSCE(Ccsma G) + LiCE(Ccima G)v (5)

PIASDIZE DI RIS T, 30 352352,

4.3. SCHEAT.

SINet 24F PyTorch Hac¥ifty, F{i ] Adam
RALER AT SR [30]. ZEVIZRBT B, HEALIE R/ INA 36,
2 F le-d FhR. BT REIEE 30 MR B
CR AR BTE ISR ), AURERRZY 70 434h . 2877}
[E2FELA P& Bk Intel® 19-9820X CPU
@3.30GHz x 20. TITAN RTX, 4M¥i%h 352x352
RS, HAEFERE A 0.2s.

5. PRINSES
5.1. SR E

PIZEFMLRAN Y. 78R SINet W@, fH
PAF=FIghgE (D) (1) CAMO [33]; (i)
COD10K; (iii) CAMO + COD10K + EXTRA.. %} F
CAMO, W EIARINZREE . AR T CODI0K,
AT BN D e MR U 28 . AR SCHE AT Bidl 46
AL B CHAMELEON [57] %ffadk
CAMO F1 COD10K Eiffa He xS By 14 «
gk, T EARTFETIREMZR COD FAl.,
P, SO DA T AR MERESE T 12 DR Hy B
HERA [3,24,28,33,36,41,52,69,76,78,79,83] H1#
WS iv NGO, R SRR SEOR I ZRX
SERCHERT ., (1) ZRIAEZE, (2) BT ktii, (3) fEkF
JEGUE (Bl GOD = SOD) k%] SOTA g,

5.2. PR 5EHE

CHAMELEON P:Re#81. M3 3l DLAE 1,
FHEE 12 A~ SOTA {4y ke i Bk, A SCHE iy
SINet 1EFTA fabs LI . JUH A SR AR Al
T4 /3 FUEAE (11 EGNet [78], PFANet [79]
). TALHRF A [17]) SUGABRSEHE (41 CRF [32], &
ERLRY 7)),

CAMO H:feRM. ACBERIERBE CAMO
[33] Fdadl b T TG, B T &R b2
&, AR, 3T 0T, AL CAMO ¥



CHAMELEON [57] CAMO-Test [33] COD10K-Test (Ours)

BRI Sat Ept FZ1T MU |[Sat Egt FFZT ML || SaT Egt FZT M|
2017 FPN [30] 0.794 0.783 0.590 0.075 || 0.684 0.677 0.483 0.131 0.697 0.691 0.411 0.075
2017 MaskRCNN [24] 0.643 0.778 0.518 0.099 || 0.574 0.715 0.430 0.151 0.613 0.748 0.402 0.080
2017 PSPNet [70] 0.773 0.758 0.555 0.085 || 0.663 0.659 0.455 0.139 || 0.678 0.680 0.377 0.080
2018 UNet++ [33] 0.695 0.762 0.501 0.094 0.599 0.653 0.392 0.149 0.623 0.672 0.350 0.086
2018 PiCANet [41] 0.769 0.749 0.536 0.085 0.609 0.584 0.356 0.156 0.649 0.643 0.322 0.090
2019 MSRCNN [28] 0.637 0.686 0.443 0.091 0.617 0.669 0.454 0.133 0.641 0.706 0.419 0.073
2019 BASNet [52] 0.687 0.721 0.474 0.118 0.618 0.661 0.413 0.159 0.634 0.678 0.365 0.105
2019 PFANet [79] 0.679 0.648 0.378 0.144 || 0.659 0.622 0.391 0.172 || 0.636 0.618 0.286 0.128
2019 CPD [69] 0.853 0.866 0.706 0.052 || 0.726 0.729 0.550 0.115 || 0.747 0.770 0.508 0.059
2019 HTC [3] 0.517 0.489 0.204 0.129 || 0.476 0.442 0.174 0.172 || 0.548 0.520 0.221 0.088
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30 BARE R E BIPAGSE AL . S DURLAZE . VIZRIZE L § 5.1: (i) CAMO, (if) COD10K, (iii) CAMO + COD10K
+ EXTRA. {£3, ANet-SRM B (fUfE CAMO EIlZk) BeaTHEN, ik, Ht B 48R T0ERM (). 13

TIPSR, B, %7 B W |
https://github.com/DengPingFan/CODToolbox

LI Z AP EdESE (CHAMELEON, CPDIK)
WHEP K E. SINet FRR IR RAE R0, Bttt —2
WERH T B ST

COD10K PEfigBl. /] CODIOK [l 4
(2,026 JKEMG) #HATIEC, P PATRIR KB SINet —
AR AR T AR, xR RO HE T i 18
FAR G T A B 3228 FE M. . 20
FRAE, T 2 T 2 A e O 25 4 1R 300 5 M DA 22 1 3K
— ELA P A ) e (L L 9).

GOD 5 SOD fyedein). (HAEE, HH4
Bl =R GOD 24 (FPN [30]) H SOD Y

CPD [69] F1 EG-Net [78] 82, X il SOD fEZ4:
AREHE G Y RS COD 14 . AigH GOD |

,28,36,76,83] BIAGAE SOD [39,41,52,69,78,79)]
PRI L, SINet B2 45 7N ZRma) (0, SINet:
FEW] 1 /N EGNet Z58iE% 48 /NH), I HAF
T B FEGAE] T SOTA PEfE, kR4
Ay B COD A,

B e Iz ek, £Hn e itz A A e I 25
AP S [62] s 2 X EENEM . W
I, A Sl S EARAE  [00], X34 COD %4
PEFATHIY, BIE— R B ay, A5
TEHABR AL EVEATINR . A SOk T AN B 4

G CAMO [33] fIASCHER CODI10K ¥4
%75 (62], AR SCHWRT T A B, FPLER: 800 5K

FIEAE R UIZREE, 5 200 5K EGAE R 4E,
i CPDIK et 1,000 5KIEH . AATH
B, SINet WiRUAEAEEE AR ERRUNGREI 0 R A E

| I, EREREREE SR (iv) SR Aalbtrilgh. AU L

lik: | CAMO COD10K HAls
U (3 (Ours) | HH g | THYL
CAMO [33] | 0.803 0.702 0.803 0.678 | 15.6%
COD10K (Ours) | 0.742 0.700 | 0.700 0.683 | 2.40%
HABYE | 0.641 0.589
A4 SINet BIBAEBHARE TEIN S WITE (S
measuret [12]) Z53R. SINet FER—17 Fagx W HdESE it

TINgR, RJE 5 BIFES B BT A Bl de Eadbiriil. <A 5
(Self)” : FORNGHMIRATER —4 (WAL L) Hdusg b
7. “HALY(E (Mean others)” FntrHAMEHESE 1y

Hike
.4 ROt TR B A S A (S-
measure) AZEAR . BTN X — AT KR 4R
G, FXAI A BR R A TI E, AT
R, PTLMBRIRA TRz A . ) s
FNEXT AT SR BTN S, A R
£ BRI, I, AR RE AT, WRIZS L
PERAMERE . R, WG B E SR, 3%
FENABCE AR P PERE JCIAAH L EL e . IR AN
W, A3 COD10K S KB (W, &
Ja—ATH e T3 A 0.589). XA R
B AREA PR DR (W § 3).

EVESI Y. P 9% T AL SINet BRSPS EEE
PR [ E PR LU . R B, PFANet [79] AR
FENLEN DR, (EOR A B AN HER .l i —
B GRHE, EGNet [78] 38453 Tl PFANet A
XFEHERAE L. SR, B IR 2 T WA 4 ik


https://github.com/DengPingFan/CODToolbox

Owl Fish

Pipefish

%

i

(a) J5A (b) AfH

(c) SINet (Ours)

(d) EGNet [78] (e) PFANet [79]

Kl 9: SINet FIBAE COD10K Ktk L3I IF () SR E VAT, 2095 TR0 AP TSR

(2)

K 10: w2 R RO (a) BRI /4 5145
R RR S

o (b) K

ZAb, HRRFE TR ESE. A X e H A B
A (BIN, AR, EIEHIR), SINet fi
ZRL 5 WG H D2 0 A A B 200 Y A T 0 3 0
DA, s T A SCHER RO AR R

6. ERIH

PRGN 2248 (Camouflage Detection Systems,
CDS) G ZWAERIN . A SCHE L TAR T P vE
e
ZErEPE R srdl. Bl T CDS By YT RIS o EIE T,
HERER RN 2N )G, WA PAH TR &
P EBEER (K. 10 a), BCELE AR PRI
PRy FEA R, SRS HTEEMRIE .
MWHEIIE. B 12— MR REER RG], NG
R(B. 11 a) b, AT RAVER B R G | To gk Aa i 2
Bk A e, R o L RB A R B B A AL S B
ABRAE, MR EALE T CDS(TEtl, HgfEs
HAETL T KB, SIS ARk, IF A

COD10...y-3346.jpg

como..,y-aus.jpu butterfly B ¢y Q

macro photography 0] !z Q

Google

Google

o[l RS

K 11: ficss CDS SHHERE %M, (a): J CDS, (b)
f CDS.

S Se e Y g (K. 11 b)),
7. 58

ASC AN EE F A P A AL T — A2
PRI BRI, ASCHET . A PkEE
0. BISEEREERY COD10K BUR4E , FE9HT TR Hik
E’Jﬂzﬁ, & T a1 A 30 v £ s SINet HE

, R TSN H . 5 H Ao R AR R
*H tl: SINet HEZER H 554 )55, I HAEM W _E REWS

RN HEAFIZE R . PAETTER B 7 A A G i — A
7@ COD 155 BT H AL S o FERKI) TAE,
TAVHRIP R COD10K ¥iifse , LS A=l
A, Bl RGB-D fhdy kil (Z4F RGB-D
BEVRKN [20,72,75]), siEHMEL. R
AR, Wﬂﬁu%ﬁ”*ﬂfrﬂ [54,50], FTREAES] [34],
A5 5 BB gAY [35] FZ REEETR4% [21].



S 3CHk

1]

2]

(11]

[12]

[13]

(14]

Ali Borji, Ming-Ming Cheng, Qibin Hou, Huaizu
Jiang, and Jia Li. Salient object detection: A survey.
Computational Visual Media, 5(2):117-150, 2019.
Yuri Boykov, Olga Veksler, and Ramin Zabih. Fast
approximate energy minimization via graph cuts. In
IEEE CVPR, pages 377-384, 1999.

Kai Chen, Jiangmiao Pang, Jiaqi Wang, Yu Xiong,
Xiaoxiao Li, Shuyang Sun, Wansen Feng, Ziwei Liu,
Jianping Shi, Wanli Ouyang, et al. Hybrid task cas-
cade for instance segmentation. In IEEE CVPR, pages
4974-4983, 2019.

Ming-Ming Cheng, Yun Liu, Wen-Yan Lin, Ziming
Zhang, Paul L Rosin, and Philip HS Torr. Bing: Bi-
narized normed gradients for objectness estimation at
300fps. Computational Visual Media, 5(1):3-20, 2019.
Ming-Ming Cheng, Niloy J. Mitra, Xiaolei Huang,
Philip H. S. Torr, and Shi-Min Hu. Global con-
trast based salient region detection. IEFEE TPAMI,
37(3):569-582, 2015.

Hung-Kuo Chu, Wei-Hsin Hsu, Niloy J Mitra, Daniel
Cohen-Or, Tien-Tsin Wong, and Tong-Yee Lee. Cam-
ouflage images. ACM Trans. Graph., 29(4):51-1, 2010.
Marius Cordts, Mohamed Omran, Sebastian Ramos,
Timo Rehfeld, Markus Enzweiler, Rodrigo Benenson,
Uwe Franke, Stefan Roth, and Bernt Schiele. The
cityscapes dataset for semantic urban scene under-
standing. In IEEE CVPR, pages 3213-3223, 2016.
Hugh Bamford Cott. Adaptive coloratcottion in ani-
mals. Methuen & Co., Ltd., 1940.

Innes C Cuthill, Martin Stevens, Jenna Sheppard,
Tracey Maddocks, C Alejandro Péarraga, and Tom S
Troscianko. Disruptive coloration and background
pattern matching. Nature, 434(7029):72, 2005.

Hazel = Doughty,
Maria Farinella, Sanja Fidler, Antonino Furnari,
Evangelos Kazakos, Davide Moltisanti, Jonathan
Munro, Toby Perrett, Will Price, et al. Scaling
egocentric vision: The epic-kitchens dataset. In
ECCYV, pages 720-736, 2018.

Mark Everingham, SM Ali Eslami, Luc Van Gool,
Christopher KI Williams, John Winn, and Andrew
Zisserman. The PASCAL visual object classes chal-
lenge: A retrospective. IJCV, 111(1):98-136, 2015.
Deng-Ping Fan, Ming-Ming Cheng, Yun Liu, Tao Li,
and Ali Borji. Structure-measure: A New Way to Eval-
uate Foreground Maps. In IEEE ICCV, pages 4548—
4557, 2017.

Deng-Ping Fan, Cheng Gong, Yang Cao, Bo Ren,
Ming-Ming Cheng, and Ali Borji. Enhanced-alignment
Measure for Binary Foreground Map Evaluation. In
IJCAI pages 698-704, 2018.

Deng-Ping Fan, Ge-Peng Ji, Guolei Sun, Ming-Ming
Cheng, Jianbing Shen, and Ling Shao. Camouflaged

Dima Damen, Giovanni

(15]

(16]

(17]

(18]

(19]

(20]

(21]

22]

23]

24]

[25]

[26]

27]

object detection. In IFEE CVPR, pages 27772787,
2020.

Deng-Ping Fan, Ge-Peng Ji, Tao Zhou, Geng Chen,
Huazhu Fu, Jianbing Shen, and Ling Shao. PraNet:
Parallel Reverse Attention Network for Polyp Segmen-
tation. arXiv, 2020.

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
IEEE CVPR, 2020.

Deng-Ping Fan, Zheng Lin, Zhao Zhang, Menglong
Zhu, and Ming-Ming Cheng. Rethinking RGB-D
Salient Object Detection:Models, Datasets, and Large-
Scale Benchmarks. IEEE TNNLS, 2020.

Deng-Ping Fan, Jiang-Jiang Liu, Shang-Hua Gao,
Qibin Hou, Ali Borji, and Ming-Ming Cheng. Salient
objects in clutter: Bringing salient object detection to
the foreground. In ECCV, pages 1597-1604. Springer,
2018.

Deng-Ping Fan, Tao Zhou, Ge-Peng Ji, Yi Zhou, Geng
Chen, Huazhu Fu, Jianbing Shen, and Ling Shao. Inf-
Net: Automatic COVID-19 Lung Infection Segmenta-
tion from CT Scans. IEEE TMI, 2020.

Keren Fu, Deng-Ping Fan, Ge-Peng Ji, and Qi-
jun Zhao. JL-DCF: Joint Learning and Densely-
Cooperative Fusion Framework for RGB-D Salient
Object Detection. In IEEE CVPR, 2020.

Shanghua Gao, Ming-Ming Cheng, Kai Zhao, Xin-
Yu Zhang, Ming-Hsuan Yang, and Philip HS Torr.
Res2net: A new multi-scale backbone architecture.
IEEE TPMAI, 2020.

Shiming Ge, Xin Jin, Qiting Ye, Zhao Luo, and Qiang
Li. Image editing by object-aware optimal bound-
ary searching and mixed-domain composition. CVM,
4(1):71-82, 2018.

Joanna R Hall, Innes C Cuthill, Roland Badde-
ley, Adam J Shohet, and Nicholas E Scott-Samuel.
Camouflage,
ing targets. Proc. R. Soc. B: Biological Sciences,
280(1758):20130064, 2013.

Kaiming He, Georgia Gkioxari, Piotr Dollar, and Ross
Girshick. Mask r-cnn. In IEEE ICCV, pages 2961—
2969, 2017.

Kaiming He, Xiangyu Zhang, Shaoqing Ren, and Jian
Sun. Deep residual learning for image recognition. In
IEEE CVPR, pages 770-778, 2016.

Qibin Hou, Ming-Ming Cheng, Xiaowei Hu, Ali Borji,
Zhuowen Tu, and Philip Torr. Deeply supervised
salient object detection with short connections. IEFEE
TPAMI, 41(4):815-828, 2019.

Gao Huang, Zhuang Liu, Laurens Van Der Maaten,
and Kilian Q Weinberger. Densely connected convo-
lutional networks. In IEEE CVPR, pages 4700-4708,
2017.

detection and identification of mov-



(28]

29]

(30]

31]

32]

33

(35]

(36]

37]

[41]

(42]

(43]

Zhaojin Huang, Lichao Huang, Yongchao Gong,
Chang Huang, and Xinggang Wang. Mask scoring r-
cnn. In IEEE CVPR, pages 6409-6418, 2019.
Laurent Itti, Christof Koch, and Ernst Niebur. A
model of saliency-based visual attention for rapid
scene analysis. IEEE TPAMI, 20(11):1254-1259, 1998.
Diederik P Kingma and Jimmy Ba. Adam: A method
for stochastic optimization. In ICLR, 2015.
Alexander Kirillov, Kaiming He, Ross Girshick,
Carsten Rother, and Piotr Dollar. Panoptic segmen-
tation. In IEEE CVPR, pages 9404-9413, 2019.
Philipp Krahenbuhl and Vladlen Koltun. Efficient in-
ference in fully connected crfs with gaussian edge po-
tentials. In NIPS, pages 109-117, 2011.

Trung-Nghia Le, Tam V Nguyen, Zhongliang Nie,
Minh-Triet Tran, and Akihiro Sugimoto. Anabranch
network for camouflaged object segmentation. C'VIU,
184:45-56, 2019.

Guanbin Li, Yuan Xie, Liang Lin, and Yizhou Yu.
Instance-level salient object segmentation. In [EEE
CVPR, pages 247-256, 2017.

Yin Li, Xiaodi Hou, Christof Koch, James M Rehg,
and Alan L Yuille. The secrets of salient object seg-
mentation. In IEEE CVPR, pages 280287, 2014.
Tsungyi Lin, Piotr Dollar, Ross Girshick, Kaiming He,
Bharath Hariharan, and Serge Belongie. Feature pyra-
mid networks for object detection. In IEEE CVPR,
pages 936-944, 2017.

Tsung-Yi Lin, Michael Maire, Serge Belongie, James
Hays, Pietro Perona, Deva Ramanan, Piotr Dollér,
and C Lawrence Zitnick. Microsoft coco: Common ob-
jects in context. In ECCYV, pages 740-755. Springer,
2014.

Ce Liu, Jenny Yuen, and Antonio Torralba. Sift flow:
Dense correspondence across scenes and its applica-
tions. IEEE TPAMI, 33(5):978-994, 2010.
Jiang-Jiang Liu, Qibin Hou, Ming-Ming Cheng, Ji-
ashi Feng, and Jianmin Jiang. A simple pooling-based
design for real-time salient object detection. IEEE
CVPR, 2019.

Li Liu, Wanli Ouyang, Xiaogang Wang, Paul Fieguth,
Jie Chen, Xinwang Liu, and Matti Pietikdinen. Deep
learning for generic object detection: A survey. IJCV,
2019.

Nian Liu, Junwei Han, and Ming-Hsuan Yang. Pi-
canet: Learning pixel-wise contextual attention for
saliency detection. In IEEE CVPR, pages 3089-3098,
2018.

Songtao Liu, Di Huang, et al. Receptive field block
net for accurate and fast object detection. In ECCV,
pages 385—400, 2018.

Yun Liu, Ming-Ming Cheng, Deng-Ping Fan, Le

Zhang, JiaWang Bian, and Dacheng Tao. Semantic

10

(49]

[50]

[51]

[54]

[55]

edge detection with diverse deep supervision. arXiv

preprint arXiv:1804.02864, 2018.

Ran Margolin, Lihi Zelnik-Manor, and Ayellet Tal.
How to evaluate foreground maps? In IEFE CVPR,
pages 248-255, 2014.

Gerard Medioni. Generic object recognition by infer-
ence of 3-d volumetric. Object Categorization: Com-
puter and Human Vision Perspectives, 87, 2009.

Kaichun Mo, Shilin Zhu, Angel X Chang, Li Yi, Sub-
arna Tripathi, Leonidas J Guibas, and Hao Su. Part-
net: A large-scale benchmark for fine-grained and hi-
erarchical part-level 3d object understanding. In /IEEE
CVPR, pages 909-918, 2019.

Greg Mori. Guiding model search using segmentation.
In IEEE ICCV, pages 1417-1423, 2005.

Gerhard Neuhold, Tobias Ollmann, Samuel Rota Bulo,
and Peter Kontschieder. The mapillary vistas dataset
for semantic understanding of street scenes. In IFEE
CVPR, pages 4990-4999, 2017.

Andrew Owens, Connelly Barnes, Alex Flint, Hanu-
mant Singh, and William Freeman. Camouflaging an
object from many viewpoints. In IEEE CVPR, pages
2782-2789, 2014.

Federico Perazzi, Philipp Krahenbiihl, Yael Pritch,
and Alexander Hornung. Saliency filters:
based filtering for salient region detection. In IFEFE
CVPR, pages 733-740, 2012.

Federico  Perazzi, Jordi
McWilliams, Luc Van Gool, Markus Gross, and
Alexander Sorkine-Hornung. A benchmark dataset
and evaluation methodology for video object segmen-
tation. In IEEE CVPR, pages 724-732, 2016.

Xuebin Qin, Zichen Zhang, Chenyang Huang, Chao
Gao, Masood Dehghan, and Martin Jagersand. Bas-
net: Boundary-aware salient object detection. In IEEE
CVPR, pages 7479-7489, 2019.

Olga Russakovsky, Jia Deng, Hao Su, Jonathan
Krause, Sanjeev Satheesh, Sean Ma, and et al. Im-
agenet large scale visual recognition challenge. IJCV,
115(3):211-252, 2015.

Yunhang Shen, Rongrong Ji, Yan Wang, Yongjian
Wu, and Liujuan Cao. Cyclic guidance for weakly su-
pervised joint detection and segmentation. In IEEE
CVPR, pages 697-707, 2019.

Yunhan Shen, Rongrong Ji, Shengchuan Zhang,
Wangmeng Zuo, and Yan Wang. Generative adversar-
ial learning towards fast weakly supervised detection.
In IEEE CVPR, pages 5764-5773, 2018.

Jamie Shotton, John Winn, Carsten Rother, and
Antonio Criminisi. Textonboost: Joint appearance,
shape and context modeling for multi-class object
recognition and segmentation. In ECCV, pages 1-15.
Springer, 2006.

Contrast

Pont-Tuset, Brian



[57]

(58]

[59]

[60]

[61]

(62]

(68]

P Skurowski, H Abdulameer, J Btaszczyk, T Depta, A
Kornacki, and P Koziel. Animal camouflage analysis:
Chameleon database. Unpublished Manuscript, 2018.
Martin Stevens and Sami Merilaita. Animal cam-
ouflage: current issues and new perspectives. Phil.
Trans. R. Soc. B: Biological Sciences, 364(1516):423—
427, 2008.

Gerald Handerson Thayer and Abbott Handerson
Thayer. Concealing-coloration in the Animal King-
dom: An Ezxposition of the Laws of Disguise Through
Color and Pattern: Being a Summary of Abbott H.
Thayer’s Discoveries. Macmillan Company, 1909.
Antonio Torralba, Alexei A Efros, et al. Unbiased look
at dataset bias. In IFEE CVPR, pages 1521-1528,
2011.

Tom Troscianko, Christopher P Benton, P George
Lovell, David J Tolhurst, and Zygmunt Pizlo. Cam-
ouflage and visual perception. Phil. Trans. R. Soc. B:
Biological Sciences, 364(1516):449-461, 2008.
Wenguan Wang, Qiuxia Lai, Huazhu Fu, Jianbing
Shen, and Haibin Ling. Salient object detection in the
deep learning era: An in-depth survey. arXiv preprint
arXiv:1904.09146, 2019.

Wenguan Wang and Jianbing Shen. Deep visual at-
tention prediction. IEEE TIP, 27(5):2368-2378, 2017.
Wenguan Wang, Jianbing Shen, Ming-Ming Cheng,
and Ling Shao. An iterative and cooperative top-down
and bottom-up inference network for salient object de-
tection. In IEEE CVPR, pages 5968-5977, 2019.
Wenguan Wang, Jianbing Shen, Xingping Dong, and
Ali Borji. Salient object detection driven by fixation
prediction. In IEEE CVPR, pages 1711-1720, 2018.
Wenguan Wang, Jianbing Shen, Ling Shao, and Fatih
Porikli.  Correspondence driven saliency transfer.
IEEE TIP, 25(11):5025-5034, 2016.

Wenguan Wang, Shuyang Zhao, Jianbing Shen,
Steven CH Hoi, and Ali Borji. Salient object detection
with pyramid attention and salient edges. In IFEFE
CVPR, pages 1448-1457, 2019.

Yu-Huan Wu, Shang-Hua Gao, Jie Mei, Jun Xu, Deng-
Ping Fan, Chao-Wei Zhao, and Ming-Ming Cheng.
JCS: An Explainable COVID-19 Diagnosis System by
Joint Classification and Segmentation. arXiv preprint
arXiv:2004.07054, 2020.

Zhe Wu, Li Su, and Qingming Huang. Cascaded par-
tial decoder for fast and accurate salient object detec-
tion. In IEEE CVPR, pages 3907-3916, 2019.

Amir R Zamir, Alexander Sax, William Shen,
Leonidas J Guibas, Jitendra Malik, and Silvio
Savarese. Taskonomy: Disentangling task transfer
learning. In IEEE CVPR, pages 3712-3722, 2018.

Yi Zeng, Pingping Zhang, Jianming Zhang, Zhe Lin,
and Huchuan Lu. Towards high-resolution salient ob-
ject detection. In IEEE ICCV, 2019.

11

[72]

(73]

[75]

(80]

(81]

(82]

Jing Zhang, Deng-Ping Fan, Yuchao Dai, Saeed An-
war, Fatemeh Sadat Saleh, Tong Zhang, and Nick
UC-Net:  Uncertainty Inspired RGB-D
Saliency Detection via Conditional Variational Au-
toencoders. In IEEE CVPR, 2020.

Pingping Zhang, Dong Wang, Huchuan Lu, Hongyu
Wang, and Xiang Ruan. Amulet: Aggregating multi-
level convolutional features for salient object detec-
tion. In IEEE CVPR, pages 202-211, 2017.

Yunke Zhang, Lixue Gong, Lubin Fan, Peiran Ren,
Qixing Huang, Hujun Bao, and Weiwei Xu. A late
fusion cnn for digital matting. In IEEE CVPR, pages
7469-7478, 2019.

Zhao Zhang, Zheng Lin, Jun Xu, Wenda Jin, Shao-
Ping Lu, and Deng-Ping Fan. Bilateral attention net-
work for rgb-d salient object detection. arXiv preprint
arXitw:2004.14582, 2020.

Hengshuang Zhao, Jianping Shi, Xiaojuan Qi, Xiao-
gang Wang, and Jiaya Jia. Pyramid scene parsing
network. In JEEE CVPR, pages 6230-6239, 2017.
Jia-Xing Zhao, Yang Cao, Deng-Ping Fan, Ming-Ming
Cheng, Xuan-Yi Li, and Le Zhang. Contrast prior
and fluid pyramid integration for RGBD salient object
detection. In IEFEE CVPR, pages 3927-3936, 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 IEEE
1CCV, 2019.

Ting Zhao and Xianggian Wu. Pyramid feature atten-
tion network for saliency detection. In IEEE CVPR,
pages 3085-3094, 2019.

Zhong-Qiu Zhao, Peng Zheng, Shou-tao Xu, and Xin-
dong Wu. Object detection with deep learning: A
review. IEEE TNNLS, 30(11):3212-3232, 2019.

Bolei Zhou, Agata Lapedriza, Aditya Khosla, Aude
Oliva, and Antonio Torralba. Places: A 10 million
image database for scene recognition. IEEE TPAMI,
40(6):1452-1464, 2017.

Bolei Zhou, Hang Zhao, Xavier Puig, Sanja Fidler,
Adela Barriuso, and Antonio Torralba. Scene parsing
through ade20k dataset. In IEEE CVPR, pages 633—
641, 2017.

Zongwei Zhou, Md Mahfuzur Rahman Siddiquee,
Nima Tajbakhsh, and Jianming Liang. Unet++: A
nested u-net architecture for medical image segmenta-
tion. In DLMIA, pages 3—-11, 2018.

Yizhe Zhu, Mohamed Elhoseiny, Bingchen Liu, Xi
Peng, and Ahmed Elgammal. A generative adversar-
ial approach for zero-shot learning from noisy texts.
In IEEE CVPR, pages 1004-1013, 2018.

Yizhe Zhu, Martin Rengiang Min, Asim Kadav, and
Hans Peter Graf. S3VAE: Self-Supervised Sequential
VAE for Representation Disentanglement and Data
Generation. In IEEE CVPR, 2020.

Barnes.



