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Abstract
th ¥ % Kk 4 3 (Camouflaged  Object
Segmentation, COS) , § £ iR % “x £V #

NE B BRIk, BRI RFEEA. COS
50 S BT B AR IR fo 20 A2 F
SE AN, EXEHELT, KLEATRREN
AR Zkhg COS Frdmlehg Iy, A T ik 5 A
Bay, ARXFAT —ANEDBEMER, RAE
15 fo & £ M % ( Positioning and Focus Network,
PFNet) , 81457 ARFPootiits, Ak
Mo, AKXy PFNet 6,4 /A KA, B eiatd
¥ (Positioning Module, PM) %2 423 (Focus
Module, FM) . PM #3% 3t A & 4215 3 &+ a9 4
MidA2, MAEBAECIZEENBATMIK. RE
FM # R kAT P ohin s id 42, d@d A LR
BT B R IR Y mie kA e TR 42 R . AR E MY
&, £ FM ¥, KXFLT —A#FH Aoy Sizdh R
WAL T s RIRAG K M AL Th, VAR ST 69 b
At. KRE89EIIEA KAy PENet 9% 52 ngis 47
(72fps), EWAIFEEETF, PFNet £ =4 AH M
A HIE R EREF R TIA M 18RI,

L5l

i s s ik md AR, B sE e Y
FEEA ARG, A H R ARXEAREE L (B 5
SO A IR (BE0) [17]. s2aa T RB “Tose”
IR AL PR SE Dh B R I RE T, DR 1A 73 51
(COS) fEBE=EZWr (WE A2 [13] FaBE g2
# [14]) Tl (AnAe B 3L 2 R AN G i) .
Al (B sy, AR IR AR L e Fiieil (dndg
RHRIRAT S5 DA LRGSR 4 KA A Zh B 3 i AT A
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Image SINet Ours GT
B 1 P Ao BRI RE Bl . B Y Se i vk
SINet [12] $¢-5 D W (R B AT HTBLA N LAY 1 S5 DX 0
CHE—AT AL P8 XI)  BURIAETT 5P ) e
PRI, (55 A7 AT TR X)) Brikek, ARsC
7 IR AT AT ok 240, AR HERf G 2 BUE2R

BRI RGN ) . BATRTE (AR IRl A BL)
AR (UEE MR A RGN EAR) AR GURAAT
ZH HA R ERIH o

SR, COS 2 Wit B Pk AL 55, Wy
Dhy 2R S 2 1o U W2 3 Y SR R ok AR
(i [47], PR EER R BB BOARIR [D0] SR IH Bk
H T AR AR 55 2 [ B g B AL FE AR 1T 5
B S D MR 0 B RO RIS AL )~ P R S5 40
Sl KA B A D s (17 RIS T
WAESCH [10], =B B2 [39] Mzl 28] 5F Ll
VERRGURF AL SR X7 BTSN T 5o AR, X SERRAIE
Xt O AR DD AR X 7 REJT A IR, LT E
ITTIRAE R R SR R R R Fali i i vy
HTBIEAIR IR [12,20,58] FE—E AR B3R
T RIVERE, ARG R OO R 7 R A RO
RIS AR K 25 8] o

FEH AT, e e sh YA th e SEpL iR T
TR AR E LS, DAREARBEA DAY [17].


https://mhaiyang.github.io/CVPR2021_PFNet/index

TEH RV IEIT, E s s zh i e itk
T OB R BRI B R 25 2 RGBSy .
BT N =AE B, BRI SFORARTER [15].
R T A O AT 5, RE B R
HITPIAN T Bk B O o

AR T — N EMAE ML (PFNet), 1)
K T IR EIRITERE . ASCH) PFNet 405
P> SRR, BT AL E (PM) FIESR R (FM).
Hor, PM AT AR, e
XETE AARIEATE L, SRJG FM B RIFT &
AR A, 3 I 2R A B S ORI A T A ) 738
g5k, RARHiyl, PM il — i B —
AR ARG, EATTER AR 7y 5
B, AR 1 A 5 )y TR A B A T SR
W, AT 4 Jey i BEAE T DO e M (R i R0 SR L . FM
FRETARER (SETSHER) FHMEtfr2 R
JER BRSO, BRI (G EBIE) T,
RIGE B LTI, 152 AR 20 2o . X
P DAz SR AR O U B, A2
WOHFAE L, DAZR AL 455, (145 PFNet F
HATRBRROR 0 2-51 Db HARRIRE ) (MBI LFT7R)
LR EPIR, ARSCHYTTHRATT -

o ARICR OIS T AR A B S5,
TFR T —FB ) 70 D A2 0 SR A AT 73 Do i
BUMIERR, DATE B D0 iR it 51

o ASCREM TSR D W (A RO AR
HERAEEEM S (PFNet) . %7595 H Joillid
PRE AT ] 1) 1 SO 5% 2 00 s B AE 1Y H
Wi, IR G T AT 40 X e BN 25 B DA
S FIAER

o JITER IO EAE A B R ESRHL T LS
WD iR JIVERE, SEREATPRUER 1Ay
R RNE -

2. R IR

50 HF##5 M (Generic Object Detection,
GOD) 27E B AR EIE M 24T S — 25
ENLEAREH [31], RITENE PR A APk
B A —, SRR A S AT 55 (1
Gy (23] SRR (20] FIEARERER [01]) ROEEAL .
Wt H AR T DU B, AT Ry,

Ph AT DABEVEEXER . R, BN A GOD
¥ 17,22, 30] Sy RIEh iR mT BEah AN B HUI AR .

BEMHBKM (Salient Object Detection,
SOD) 1y H R 5 #lim ARG &5 NEH
FHEH. FEdARILTHEY, @i TEHEME
TEG R EEMW BRI A (9] FUHR k3%
R ET T LHAERAREERE A S K= 0e 5 (Bil4n
i [1] FIXTHEE [0]). EFk, WEGTMEM %
(CNNs) 7£ 5235 H A Sk Bus 7 #mi ke . £
JE VR R G4 SR - T AR A I [19, 27,63, 68]
PEI2E ) RN E AR > SR B L9k R 8 20 4t Ak e il

g2 [52,04]. T RPRFACIE SR A R, R IL
il 51, 54] g T BRI [4,52]. BAh, i

FRFR MW ARG R A ZE R [43,48,07]. 28
1M, Rf_Eik SOD J5yiE M H TPk HI vl sEA &
W, WA B AmES T B

¥ X4 #) (Specific Region Segmenta-
tion, SRS) J&F57EY 5t b o ERe e K, il 4n i
%2[ 1<y 11U,y }7%?[ , ]73&%[ s ]%[UK[ ]
DI XS XIEURRRRN, WM RRAE R X
HEWSE . XTK. FISEREE 1K, iR
SRR E G BN A RN B S M, h
YR SR GR M AR, X ThEY
A ERE R TRRMIPRK . BEsh, SHIEIRA L,
Phe Al s HA R Z4m 454, BRI T HEw
Ay HIIMERE .

Phakwy k4> % (Camouflaged Object Seg-
mentation, COS) FEAEY) AL ARG A E 1%
T & B FE s (A7), X 52 aa P I A Y F
58 [7,49] WE R, FH 5 Oh R HH ¢ ny TAERL
NIRRT THRIER SR [15]. =48N)F [39] iz
3l [28] SEARGRHIE R KA Bl st 5. XS VA
AT —SEf s oL, B 22 s A R 3K
I, Le 8 A [20] $& i 7 —Flore 23 2845 B AR 3
B2 G S v i ity 3] iy 1) PR R P 1R 23 B 4% . Yan
N D8] #E— 5] AT XM e R B A DN
F£. Fan %A [12] FFAR—AATRMARHELE, Fr
A SINet, FfAE T 245 f5 R O 2 1 1A o 1 5 e
% CODIOK FATHE DSy o 5 B LR B2 3T 14
)& & o

FF ¥ 4iE %% 2] (Contextual Feature
Learning) 7142 i+ B AL AT 55 #4018 & =
B, 2 TAESO TR H B R SORME R RHE
FORMIBEST . BAKHL, [3,37,00] R T ZRER
B3, [60,62] $RERT Z )RR TR, [38,42]
AT R EFSCRAE, [20] 3RR T 7 1n @Ay _F
T3, [8,59] MU TR ETRSC. AT, RINX A
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HBARTT BT SCRFE T REXS D e (A 73 FIR STk K
oA BT SCHEAE ol i 2 H AR AR B SO, 5 B
HITIEAF R, ZIKjCE’Jﬁ%ﬂJE?/\}\Eﬁm/%%
ERFHMEF R LT3 T BT SRR 73O
DR 2 B SEERIIE T A SO IR A R

3. Jjik

FEYEERICEESE [10] 46, MR R o =
ABrBE: A RBIARR . S BE A ET B B
MR A, ASCBROE T — AN P R, BIENL
b (PM) FERFER (FM) 4Ly s O AR &
M4 (PFNet). PM it L0 e i a et
R, AR BEE BRI A, i FM U]
T?ﬂﬁiﬁﬁ%ﬁlﬂ 'Jiﬂ.“?‘l*%, 8 I 2R A B SCR IR 4
eI Ha e o 45

3.1. Ak
NN

AR B RS N2 (a) BroR. 4
i RGB B, AICE SR HEA ResNet-50 [18]
TR PRI E BAFE, SRR LR AP A
GBRUZH AT B K5, EREERHE LY
RS (PM) XNETEYI AT E L. T, Fl

) ARSCHENG AR L% (PFNet) e HPHAS 32 B4R

(b) itk (PM) M1 (c) HAEH

MZARERH (FMs) 28 K BRI BR B B PR
ERBATETPE, SCBLON S i iy At 351

3.2, jE NI

K2 (b) JER TR ORI @ MBS (PM) 1
TES5H . 458 S A BRZ RHE, PM Y H 2
FREL Xi*’a‘ﬁilélﬁ RIZURFE, FF3E— 2 A4 W iR 43
#IGER . PM @B RS 2 A S . X
AP 2 AR R BRI sUSE B, DASR BGH 18 1 25
(i) (57 Jy T S L A R O 28, A4 Jmy i 4 i
R Z AR LR .

HAORL, Al AfstE F e ROV Hoh
C. HFW 4y 53R @850  FRIER & B v
ARSI BIME F IR A A5 2 &) Q.
K ffg Vv, H {QKV}G]RCXN, N=HxW
RBENE REAHE Q f1 K 15 E 2 EHh
ﬁ%ﬁﬁiﬁgﬁiﬁ, I A Softmax 2 A5 3 3 18 Y 2 &
X e R¥*¢:

exp(Qi - K1)
> exp(Qi: - Kj)

Hob Qi FoRiEFE Q W5 i 17, =y ERTE § A4

: (1)

xij =



BT ¢ DEERE. R5, ACE X MV
LI PAT IR, R A B AR R AR
Ap g ROW g R TIREASERETT, AR
ERTA— AT T W LIS o AT kR 4
LRI IR A iy P € ROV

C
Fl =~ (2:;V;.) + Fi, 2)

j=1

Hr, v WWIIRE 1 B3I . S RHIE FY
AL T RHAE P T 2 [A) F K R o SO K &R
I ARRIE F o B

2, AR SCRFEAE YE RS AR AE R 2 [
WA . ARSCHEIERMARE F ERY =4
1 x 1 B ZH XS RREE R TR E , PASH
AWREAHRHME Q' K M V!, Hp {Q,K'}
RON Cy=C/8, JH V' € RN, R, A HE
Q' WHEM K’ Z [P TH RIS, I softmax
H—fR A S R R X e RV*V:

, exp(in : KI])

L= : 3
TSN (@ - K @

Hob Q) FonHElE Q' wH i ), o AERTH § A
LR T o NMCERP . A, ARSCHE VO
X' (B2 RIAT TR SRR IR 45 R TR e
Sy ROHW R Tl R, ASCHERTRpA
— ARSI BI SR o FH O RER T 12 ASRAS
Z’i‘iﬁjﬂj F" e RCxHxW:

N
F =~ (Vi) + F, (4)

j=1

Hor " giniateony 1. 78 F gERs b, P gt
RN T AL E Z TR TR SOOI, AT s T
MERYTE LR -

R, ASCATDAEAE B B BN 7 x
7. I 3 WA BURATE D R R I an O B A
FY" FIARIGG AL Bt 2 SRR (FMs) B4
Atk

3.3. R

Dy iRl 57 SR A MRS, TR AE
B AR 53 FIZE A B SR 2 0 BB BE A AR B A T o
R (FM) RYBcT H R A BT BRI 2L 5
T o FM K52 BIGARAE . EGRHEAITIN A SR A TN
B, A0 R AR AR B A Y TR

Input

Features
g :
™ Conv 3x3 | !
- [BN*ReLU| |
| Conv
Ky x Ky

' [BN+ReLU| !

——
DConv | !
i | 3x3 dr=r4 .
[BN+ReLU]| !

[ ——

Output
Features

Conv 3x3
BN+ReLU

@ element-wise addition © concatenation dr dilation rate

Bl 3: AT BN SCRE (CE) BLBE5H .

KB AR, NEEZ A AT
ZJ5 ] DAMB B304 3430 DX . AR SCHg I 28 2 A2
SEAT BN SCHERR, RIS XA B AF K
Tz, BISANE X, R A ik . XA
SO TR T AT (B 5L DO T B SO
F, WIS AfERist (8055 10 DI i i (2
B Ao D, (s RO X3sk) » 2 () Bt
TN, ARSCE SR S ORI T #EA T EORAE, RS
i/ sigmoid ZEXFHMHITIH—1b. A5, AR LI
— AU B RA S AT R e A3, 4
A AT SR B RE Fro FE SERRHE Fya.
BJE, ASCRRX RSB B RRIE R AP AT
ToEER (CE) Bdoke it ERSCHEREE, PASH
BIARBHYE20 Frpa FMBRBAYE L Frnao

WEBHTR, CE Bl EFSCRR D XA
B, BN SCEEEH TEE SR 3 < 3 B H
TJRPBRFESE I ki < kb AL AR T £ 30k
HIPGETIZ N 3 x 3 B 5KER v P KEH. &
AR ki€ {1,2,3,4) BB RN 1. 3. 5. 7, I
Boriio€ {1,2,3,4} WE R 1. 2. 4. 8. HMNEM
JEHRERA — A itH—1k (BN) ZHI—4 ReLU JEL
PEZS . 55 4,0 € {1,2, 3} Do % R R A
% i+ 1) o, AR RIS B it — 2P b3
RIE, ASCRFTA A S s i eI E 4L S
i, T 3 x 3 WBRHTRNG . @ X AT,
CE BiHAT TAE RV B 5 B U BE
BRI DA T B F SCHERRFN 4300 A3



SRR DKM ZIE, ARICTAEAT
Jr AT 7 R

F,, = U(CBR(F},)),
FT = BR(FUP — aFfpd), (5)
Fy = BR(F; + BFyna),

Hor, F, B0 F 4y B3R5 AR -G AE R iy
FEANERE , CBR 35 #tIH-—1k (BN) F1 ReLU
M A, U ML FREE, o fil B 2023k
BISEHRES R 1. FEXH, A0l B TR
YEIB ORI Ly s (RIMBFEPES0) AE Tt
KB e s e s R it (RMERBAYETIE) -

whh, TR A RRHE B HERZE, 1585E
HERR P ZE R F o A SOl AR ok M B AR iy
T, SR5EE FSCh—AN A ik, Riar0
EBEWRHIE. X255 CE B & BRs e B o
L, A AR DL —FP R Oy = T
RIAERR. HETENE, A% HE RHFRER
D ERRERXMIEE Frpa Al Froa, XETPURNH
R (1) ARVESR AR B PO BE & 5 L
M, DA AR MESRAS RS AN R E RO s (1) X
T SR A 5 1 O R A T i A IR AT
PR g B SR SRR B A SRR AN, AN
T BB R IR B 09 40D % Bl 2 2B A AL ) g AL
PAHE T B2k

e . T LERRCIETFZ M S Rz, fi
e E v H AR [4,050], o ArE] [21] AR
ER (73] BUA B TAER R FE A0 (21,56, 73] Bifk
FAPE A [4] RFRIF T HER 45 R . 5 _EiR T EAN
M2, ACFEBHER TR0, R
T — ARG BT R ARk A I 2 BRixX 2E 0
EAR [70] W B RS 43O BB (] B 25 S T R Rp 2
B0, ASCHR P RERTELT =SS
BAHAT AR X B E e, B0 B HAR
R ] 71 i AR ARE DA B ERCRRAE 1 301 0 79 Ao 25 28 1)
Ly, AR SCHY SR FE AR MR ST AR Hh A BAR
FHPEA O, AT SRR T R BURIA O
U, B0 BB o ) AT 2 B A A 5 A
3 x 3 B, MASSCHY bR SCRER i AN 432
AR, REMBIRRNZ RUBER) bR SCDAE b & 400 o
I, BAEE O BRI B 2 AR 4 BLA TH S A
LAY (RP[20,25,72]) MITRINEE R 5 B2 B H
ZARENR, XA Y R R 2 52 B BAR vk
RORRE, A EA R . A2, At T —
MR DIE R RN, %430 2 BR B FRAE
IMEAERE, MR BN CIREB IR R E

KO JEASCIR, ARICZH— DM 02
S R AR e Phy 2B W 1A 23 Y AR, AR SOMIE B it B9
G DAZ YRS T A HA A AT 55 fe R %

3.4. 1 pREL

PFNet Ff UG IR, — Aok B 2 (kb
PM, =R EHRER FM. 4@ s, A3
Xof iy R ) —ABAC S (BCE) 12K Cyee FAEH:
Hﬁ’ﬁé’i giou [ ]7 EI] 'Cpm - Ebce + giou) ﬂé%[ﬁﬁ%{ﬁ
BB R HARY IR RI IR 2 B X SRR, A
WA BB RETE 2 O XK, X X AL
TYRR G, AR, BA s &
L BCE 1k Lupee [53] FIMAL IoU HK Luion [53],
B Ly = Lupce + Lwiow, HIBMREHBRFHEE T
BAE W BER 200 DI fifim, RV R B ECh -

4
Eo’uerall = Epm + Z 2(4_i)£3‘m7 (6)

1=2

o, L5, FIRXT PENet 55 @ SRR H
H R K

4.

4.1. SR

Bdndk. A SCE = A EERERE LIRS T A
SCH T EE: CHAMELEON [16], CAMO [20] PAJ%
COD10K [12]. CHAMELEON [16] f4r 76 3Kt
BHAERGIE., HH DhEhy” 1E N AR M
B _Ec S B R, PARCHH B RN AR H bRk
B ffi. CAMO [26] 408 1,250 KA 7] 28 Wil Py 2
FR, 4r>h 1000 5K YIZREB A 250 5K 5 & 15 .
CODI10K [12] & H i KA ERGR4E, EaEfmM
AR M R 5,066 Sk 3R A (i 3,040
KT YL, 2,026 KT, #FE 5 A IKIEA 69
AT AR IR Z /TR TAE [12], 6F CAMO [26]
Fil CODI10K [12] R EEME Mg (4,040 5K
), HARERAERNIHREE.

VERSHRbR . AR SOOI PO AS T2 (50 A s o
SRV A SO s R (S,) [10], HIEN E
FER (E3Y) [11], AL F EER (FY) [34], PAKCT
#ixtiRzs (M). S, HEIETEALEAE L, L
ELH: So = aS,+(1—a)S,, Hir S, 1 S, 535
TR AR BN AN DI B S5 AR R, o [R] [10]
—FERR BN 0.5. By [F A5 259 VT A R



CHAMELEON (76 images) CAMO-Test (250 images) COD10K-Test (2,026 images)
Methods Pub.Year — o — - — =
Sat Byt FyT ML | Sat B3t Fgt ML | Sat B3t Fyt M
FPN° [30] CVPR’17 0.794 0.835 0.590 0.075 | 0.684 0.791 0483 0.131 0.697 0.711  0.411  0.075
PSPNet® [66] CVPR’17 0.773 0.814 0.555 0.085 | 0.663 0.778 0.455 0.139 | 0.678 0.688  0.377  0.080
Mask RCNN* [17] ICCV’17 0.643 0.780 0.518 0.099 | 0.574 0.716 0.430 0.151 0.613  0.750  0.402  0.080
UNet++% [71] DLMIA’17 | 0.695 0.808 0.501 0.094 | 0.599 0.740 0.392 0.149 | 0.623 0.718 0.350  0.086
DSC* [20] CVPR’18 0.850 0.888 0.714 0.050 | 0.736  0.830 0.592  0.105 | 0.758  0.788  0.542  0.052
PiCANet' [32] CVPR’18 0.769 0.836 0.536  0.085 | 0.609 0.753 0.356  0.156 | 0.649 0.678 0.322  0.090
BDRAR* [72] ECCV’18 0.779  0.881 0.663 0.064 | 0.759 0.825 0.664 0.093 | 0.753 0.836  0.591  0.051
HTC* [2] CVPR’19 0.517  0.490 0.204 0.129 0.476  0.442 0.174  0.172 0.548  0.521 0.221 0.088
MSRCNN™* [22] CVPR’19 0.637  0.688  0.443  0.091 0.617  0.670 0.454 0.133 0.641 0.708 0.419 0.073
BASNet' [44] CVPR’19 0.687 0.742 0.474 0.118 | 0.618 0.719 0413 0.159 | 0.634 0.676 0.365 0.105
CPD' [55] CVPR’19 0.853 0.878 0.706 0.052 | 0.726 0.802 0.550  0.115 | 0.747 0.763  0.508  0.059
PFANet! [69) CVPR’19 0.679  0.732 0.378 0.144 | 0.659 0.735 0.391 0.172 | 0.636 0.619 0.286 0.128
EGNet? [67] ICCV’19 0.848 0.879  0.702  0.050 0.732  0.827 0.583  0.104 0.737  0.777  0.509  0.056
F3Net! [53] AAAT20 0.854  0.899 0.749 0.045 | 0.779 0.840 0.666  0.091 0.786  0.832 0.617  0.046
GCPANet’ (5] AAAT20 0.876  0.891 0.748  0.041 0.778 0.842 0.646  0.092 0.791 0.799  0.592  0.045
PraNet® [13] MICCAI'20 | 0.860 0.898 0.763  0.044 | 0.769 0.833 0.663 0.094 | 0.789 0.839 0.629  0.045
MINet-R [40] CVPR’20 0.844 0919 0.746 0.040 | 0.749 0.835 0.635 0.090 | 0.759  0.832 0.580  0.045
SINet* [12] CVPR’20 0.869  0.899 0.740 0.044 0.751 0.834 0.606  0.100 0.771 0.797  0.551 0.051
PFNet* Ours 0.882 0.942 0.810 0.033 | 0.782 0.852 0.695 0.085 | 0.800 0.868 0.660 0.040
R 1 AR MBI E S R 18 s i EAE = A SRR AR BVl As (BNZ5H s S, (BOR
U). BN E R By (WO . AL F R Fy (BOGEUE) . Lj\&qiigé@ﬁﬁ% M (BB ))
TR E R @Tﬁ?ﬁ@]é*%%ﬁ@ﬂﬁﬁl—]ﬂ’]ﬁﬁ%ﬂ‘ H:ﬁ RAFEPRE L E R o HARGIIITL, o iff

SO, » SEBIEDTIR, o HERINITE, § BEERBROFEDNE, 1 E%@Hﬁh@]ﬁfi A
T RIITIR . AR AR RRLE b, AU TR FﬁﬁIEI/\TT/EVHM‘E’T*TT%Ktbﬂﬁﬁﬁ%ﬁﬁké@

R

HGAHE R, HYEEN 5 NSRRI 3 [11].
BRI, A SO XA FE 0 ok P4l Oh 2 7 k73 1) 25 5
HR AR SRS . F 2 — D Erai) T Hil &
KR AN A BB A TEAL v . Bt iaise (10, 11] JiE
WAL Fs (B EY [34]) BERRALTE A 521 PRAL 45
Ro I, A CERE TWE BT XA 85 FI4
fizE (M) TTEZNMHATHSERSEES S, &
TR ERME(H BB EER.

SEBAANYS . 3% HLUR ] PyTorch [41] SEEEAS S5
A YNZRFns i —& 8 B HL i, Bi4s Intel core
i7-9700K 3.6 GHz CPU (64GB RAM) #iI NVIDIA
GeForce RTX 2080Ti GPU (11GB NAE) . #EZL|
B, ARG NEIAEESY 416 x 416, FFiE
it FEALK - RRE F B R A TR . A ER
W 2% (1) 240l L SEAE TmageNet F 25 ResNet-50
T (18] #14Rik, PFNet it Hoax )2 W BEH LR 6 1L o
A B ER 0.9 HAEFERFN 5 x 1071 [k
MUERRE T (SGD) tRAb#s AT 45 Ak . AR SCRFIE
K/NRER 16, FFidd poly Selg [33] PR 2,
Hr Bl 2] #655 0.001, FRCR 0.9, ML 45

PEMARAS . https://github.com/DengPingFan/CODToolbox.

e el s, FEIRHMXERZY 76 23h . IRET B, ASCE
BB RN 416 x 416 DATEAT I 25 HEIRT 5"
o it T 8 /N R [ g A PR ) SR AR
YRR BE R/ IR T R AT 0 ) IR A ZlijCK@‘iﬁﬁ
EfEALEE (IaiE g AL (CRF) [24])
bR A . 416 x 416 B IHERT T
0.014 # (24 72 Wi/ Fh).

b4 )5k . S TIERA SCH) PENet (AR50, 4
SCRFHS 18 MR T BT T B HARK I 75k
FPN [30], 15 373 %1777% PSPNet [66], SE61 73 #1707 %
Mask RCNN [17], HTC [2] PAJ& MSRCNN [22], [
AT DSC [20] PAJ BDRAR [72], BE2:EMR
B UNet++ [71] A PraNet [13], BE%H
FRAGIN 7% PiCANet [32], BASNet [14], CPD [55],
PFANet [69]. EGNet [67]. F3Net [53]. GCPANet [7)]
PAJ MINet-R [10] FIfh 315 #7714 SINet [12].
R T AR, tu‘;ﬁ%lﬂﬁﬁﬁﬁ%ﬁiﬂ' B2 B A 3t
Wt f it B2l AT M I AR TR I 2R
BT B A, B 1 T L £ AR ] g AR
AT


https://github.com/DengPingFan/CODToolbox

Image GT Ours SINet MINet-R

F3Net

PraNet DSC MSRCNN  PSPNet FPN

Bl 40 ARSI S R AR ALSE LU . AR, AR SCRY DT YR RERS S MER M BN R BREE T B 5 R D e 1

4.2. Pl i e

F 145 T PFNet 5 HAD 18 Fpef i e =1
FERARE LR e g R AR S, AR SCHY A
Jr A AR HETEAL 848 REBE T T HAth 7. H
an, St r ik H1 vk SINet [12] A5G,
KIS FY 78 CHAMELEON [16], CAMO
[26]. PAJz CODI0K [12] #ffade oy eIt T 7.0%.
8.9%. PAK 10.9%. (HAFHEREIE, ACW AN
SINet FEPL (B 72 i/ FPX Lk 51 Wi/F).

BEAh, AR 7 A SO 7 iS5 HA T YA E
PERAEIR . ATDAR AR SO I YA RES HER 1L 731
H/NE IR (HTPIAT) . RIS DhIE (S =47
FEBIAT) . AR hRDIR (H AT NFT) .
IX B R A E SR RE A% 10 1 72 9 Rl ) T X

WK, AIGEER A DIZ IR B 7 RUZ Db
RRFIIRALE . BUA MR PO D i A
ARSI (55-EF7) BURAT IS i
S (55 \F7) BTN, MR, ASCHYI5IART
DAJSCS i E T Hh LS DR ) PR X0 3 T AT
TASCER o D IR e, SRR B il
EF TN e S oY (K s P e T 5
T DK RE P 2 ROE B SURR, A7
VEREMS IR IEIRG AN ) 73 05 B, TRE X AR
IRESH R D R EA TRE A 75 (BRefG—AT7)

4.3. JH R

ARSCHATIH LSS, VAR A HEAf D3 1 A 7>
U SR MR IS AR (RIE (B (PM) Fl



(a) Image & GT

(b) Fup

(©) Fpa (dF,

[ Fr~
Firpa
o 1R,
(e) an(l (t) Fr (g) Prediction

Bl 50— SRR P AR AE TSR, b AR G AR D7 SO0

Networks COD10K-Test (2,026 images)

Sot Bt FYt M

(a) B 0.779 0.803 0.591 0.051
(b) B+ CA 0.788 0.819 0.618 0.046
(¢) B+ SA 0.791 0.826 0.624  0.046
(d) B+ PM 0.792 0.835 0.631 0.045
(e) B+ FPD 0.790 0.844 0.632 0.043
(f) B+ FND 0.790 0.837 0.628  0.043
(&) B+ FM w/o A 0.796 0.843 0.639 0.042
(h) B+ FM 0.797 0.860 0.649  0.041
(i) B+ PM + FPD 0.796 0.854 0.645 0.042
(j) B+ PM + FND 0.796  0.847 0.644  0.043
(k) B+ PM+ FM w/oA | 0.796 0.851 0.647 0.042
(1)  PFNet 0.800 0.868 0.660 0.040

% 20 JHRIIT . “BY ACRAEAR ST 45 M AR
e (“PM”) WRSEREETER R (“CA”) MIZE[HH
e (“SAY) FRRERERL (“FM”) Hg R
Lo (“FPD”) AT 03 (“FND”)
BN TR ABEERIERE . “w/o A7 FORTER R
B LGB S5 RAE T AT | 524 AT RFAL -
FTRAREE ], AN A i A E R
@, FERERITEREM TTHk

AR (FM)) BARME, IRERIEER2T

LA . 2T DA, SR
B (a) EFIAGEEEES (b) s gk (c)
A PATE—ERRJE B4R M FIMERE, WIS AT

AU ENROR . XUESE T & (AR F T 1
e H AR VER 2 E).

KA. 78 (a) B9EAE b, 5IAASC
PRI IZEE (o) BURIIES0IZHE (),
NN Y=y € N i e r S B i = ST
BI (h), ASCHAG TSR . B, 5] AR
Beoy B Bt F FY $1FFT 5.7% A1 5.8%. LI
R, REBIEA SO BB A R R ) O3
YA AT HERR 2 B BE J7 . 242550k B B e
ISE, B (g), SEIMRESH —ERERN THK. X
2 R AN N X 43 H A i AHRRAIE rh A2 O 238 43
D RIAHMERE, AIMBERS T4 DR A 8 B, X5
R T A S TR TR B S A RRE P2 2] A D I BT T Y
A, RAEIRETR (1), WRAE B 3G mEs s
B AR R AR, FIRZEIBMRIR L. BEAh,
A SR JE — A R AR W RRAE BT T R
(Z WD) . EEIZIRERIEES 0 (c), FTRAMR R HY
i (b) A ERBHEE (d). a4z 38 5
O (e), ASSCRTRAAS B O 25 Py 1 1) B Ry A i 2
(f) o IXIEFMTHBUER] T B4 s i) B 78 A AN 2% 1 43
() 53 A2 SR PR A R0

5. 45k

TEX I TAE S, ASCEO) TP, PASE I
W P IR 5. AR SOF & T — M i 43042
P R WE A e BN A B oy Lo BB HEAR SO AW R A&
HIHEZE (Positioning and Focus Network, PFNet ) 1
KA DIZIR RN, R A SO A = A
BmAE FIl T BRI RE . EACK , ASOHHRIEER
27 AL ARSI Y ] (e B A 4r#IF COVID-
19 JEBEGASIN ) VT, AR BRI RE
{2 Refs 7 HI b ) D e P 1k



S 3CHk

1]

2]

(10]

(11]

(12]

(13]

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

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 CVPR, 2019.
Liang-Chieh Chen, George Papandreou, lasonas
Kokkinos, Kevin Murphy, and Alan L Yuille. Deeplab:
Semantic image segmentation with deep convolutional
nets, atrous convolution, and fully connected crfs.
IEEE TPAMI, 2017.

Shuhan Chen, Xiuli Tan, Ben Wang, and Xuelong
Hu. Reverse attention for salient object detection. In
ECCYV, 2018.

Zuyao Chen, Qiangian Xu, Runmin Cong, and Qing-
ming Huang. Global context-aware progressive aggre-
gation network for salient object detection. In AAAIL
2020.

Ming-Ming Cheng, Niloy J Mitra, Xiaolei Huang,
Philip HS Torr, and Shi-Min Hu. Global contrast
based salient region detection. IEEE TPAMI, 2014.
Hugh Bamford Cott. Adaptive coloration in animals.
Methuen & Co. Ltd, 1940.

Henghui Ding, Xudong Jiang, Bing Shuai, Ai Qun Liu,
and Gang Wang. Context contrasted feature and
gated multi-scale aggregation for scene segmentation.
In CVPR, 2018.

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

Deng-Ping Fan, Ming-Ming Cheng, Yun Liu, Tao Li,
and Ali Borji. Structure-measure: A new way to eval-
uate foreground maps. In ICCYV, 2017.

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, Ge-Peng Ji, Guolei Sun, Ming-Ming
Cheng, Jianbing Shen, and Ling Shao. Camouflaged
object detection. In CVPR, 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. In MICCAI, 2020.

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 segmentation
from ct images. IEEE TMI, 2020.

Joanna R Hall, Innes C Cuthill, Roland J Baddeley,
Adam J Shohet, and Nicholas E Scott-Samuel. Cam-
ouflage, detection and identification of moving targets.

21]

22]

[26]

27]

(28]

(30]

(31]

Proceedings of The Royal Society B: Biological Sci-
ences, 2013.

Xiaofeng Han, Chuong Nguyen, Shaodi You, and Jian-
feng Lu. Single image water hazard detection using fcn
with reflection attention units. In ECCV, 2018.
Kaiming He, Georgia Gkioxari, Piotr Dollar, and Ross
Girshick. Mask r-cnn. In ICCV, 2017.

Kaiming He, Xiangyu Zhang, Shaoqing Ren, and Jian
Sun. Deep residual learning for image recognition. In
CVPR, 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, 2019.

Xiaowei Hu, Lei Zhu, Chi-Wing Fu, Jing Qin, and
Pheng-Ann Heng. Direction-aware spatial context fea-
tures for shadow detection. In CVPR, 2018.

Qin Huang, Chunyang Xia, Chi-Hao Wu, Siyang Li,
Ye Wang, Yuhang Song, and C.-C. Jay Kuo. Semantic
segmentation with reverse attention. In BMVC, 2017.
Zhaojin Huang, Lichao Huang, Yongchao Gong,
Chang Huang, and Xinggang Wang. Mask scoring r-
cnn. In CVPR, 2019.

Alexander Kirillov, Kaiming He, Ross Girshick,
Carsten Rother, and Piotr Dollar. Panoptic segmen-
tation. In CVPR, 2019.

Philipp Krahenbiihl and Vladlen Koltun. Efficient in-
ference in fully connected crfs with gaussian edge po-
tentials. In NeurIPS, 2011.

Hieu Le, Tomas F. Yago Vicente, Vu Nguyen, Minh
Hoai, and Dimitris Samaras. A+d net: Training a
shadow detector with adversarial shadow attenuation.
In ECCYV, 2018.

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

Gayoung Lee, Yu-Wing Tai, and Junmo Kim. Deep
saliency with encoded low level distance map and high
level features. In CVPR, 2016.

Jiangin Yin Yanbin Han Wendi Hou Jinping Li. Detec-
tion of the mobile object with camouflage color under
dynamic background based on optical flow. Procedia
Engineering, 2011.

Li-Jia Li, Richard Socher, and Li Fei-Fei.
total scene understanding: Classification, annotation
and segmentation in an automatic framework. In
CVPR, 2009.

Tsung-Yi Lin, Piotr Dollar, Ross Girshick, Kaiming
He, Bharath Hariharan, and Serge Belongie. Fea-
ture pyramid networks for object detection. In CVPR,
2017.

Li Liu, Wanli Ouyang, Xiaogang Wang, Paul Fieguth,
Jie Chen, Xinwang Liu, and Matti Pietikinen. Deep

Towards



(39]

learning for generic object detection: A survey. IJCV,
2018.

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

Wei Liu, Andrew Rabinovich, and Alexander C.
Berg.  Parsenet: Looking wider to see better.
arXtw:1506.04579, 2015.

Ran Margolin, Lihi Zelnik-Manor, and Ayellet Tal.
How to evaluate foreground maps? In CVPR, 2014.
Haiyang Mei, Bo Dong, Wen Dong, Pieter Peers, Xin
Yang, Qiang Zhang, and Xiaopeng Wei. Depth-aware
mirror segmentation. In CVPR, 2021.

Haiyang Mei, Gepeng Ji, Ziqi Wei, Xin Yang, Xi-
aopeng Wei, and Dengping Fan. Camouflaged object
segmentation with distraction mining. In CVPR, 2021.
Haiyang Mei, Yuanyuan Liu, Ziqi Wei, Li Zhu, Yuxin
Wang, Dongsheng Zhou, Qiang Zhang, and Xin Yang.
Exploring dense context for salient object detection.
IEEE TCSVT, 2021.

Haiyang Mei, Xin Yang, Yang Wang, Yuanyuan Liu,
Shengfeng He, Qiang Zhang, Xiaopeng Wei, and Ryn-
son W.H. Lau. Don’t hit me! glass detection in real-
world scenes. In CVPR, 2020.

Yuxin Pan, Yiwang Chen, Qiang Fu, Ping Zhang, and
Xin Xu. Study on the camouflaged target detection
method based on 3d convexity. Modern Applied Sci-
ence, 2011.

Youwei Pang, Xiaoqi Zhao, Lihe Zhang, and Huchuan
Lu. Multi-scale interactive network for salient object
detection. In CVPR, 2020.

Adam Paszke, Sam Gross, Francisco Massa, Adam
Lerer, James Bradbury, Gregory Chanan, Trevor
Killeen, Zeming Lin, Natalia Gimelshein, Luca Antiga,
et al. Pytorch: An imperative style, high-performance
deep learning library. In NeurIPS, 2019.

Chao Peng, Xiangyu Zhang, Gang Yu, Guiming Luo,
and Jian Sun. Large kernel matters —improve seman-
tic segmentation by global convolutional network. In
CVPR, 2017.

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

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

P. Sengottuvelan, A. Wahi, and A. Shanmugam. Per-
formance of decamouflaging through exploratory im-
age analysis. In ETET, 2008.

P Skurowski, H Abdulameer, J Blaszczyk, T Depta, A
Kornacki, and P Koziel. Animal camouflage analysis:
Chameleon database. Unpublished Manuscript, 2018.

In

In

10

(47]

(48]

(49]

[50]

[51]

[52]

[54]

[55]

Martin Stevens and Sami Merilaita. Animal camou-
flage: current issues and new perspectives. Philosoph-
ical Transactions of the Royal Society B, 2009.
Jinming Su, Jia Li, Yu Zhang, Changqun Xia, and
Yonghong Tian. Selectivity or invariance: Boundary-
aware salient object detection. In ICCV, 2019.
Gerald Handerson Thayer and Abbott Handerson
Thayer. Concealing-coloration in the animal kingdom
: an exposition of the laws of disguise through color
and pattern being a summary of abbott h. thayer’s
discoveries. New York the Macmillan Co, 1909.

Tom Troscianko, Christopher P Benton, P. George
Lovell, David J Tolhurst, and Zygmunt Pizlo. Camou-
flage and visual perception. Philosophical Transactions
of the Royal Society B, 2009.

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob
Uszkoreit, Llion Jones, Aidan N Gomez, tukasz
Kaiser, and Illia Polosukhin. Attention is all you need.
In NeurIPS, 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 CVPR, 2019.

Jun Wei, Shuhui Wang, and Qingming Huang. F3net:
Fusion, feedback and focus for salient object detection.
In AAAI 2020.

Sanghyun Woo, Jongchan Park, Joon-Young Lee, and
In So Kweon. Cbam: Convolutional block attention
module. In ECCYV, 2018.

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

Huaxin Xiao, Jiashi Feng, Yunchao Wei, Maojun
Zhang, and Shuicheng Yan. Deep salient object detec-
tion with dense connections and distraction diagnosis.
IEEE TMM, 2018.

Enze Xie, Wenjia Wang, Wenhai Wang, Mingyu Ding,
Chunhua Shen, and Ping Luo. Segmenting transparent
objects in the wild. In ECCV, 2020.

Jinnan Yan, Trung-Nghia Le, Khanh-Duy Nguyen,
Minh-Triet Tran, Thanh-Toan Do, and Tam V.
Nguyen. Mirrornet: Bio-inspired adversarial attack for
camouflaged object segmentation. arXiv:2007.12881,
2020.

Xin Yang, Haiyang Mei, Ke Xu, Xiaopeng Wei, Baocai
Yin, and Rynson W.H. Lau. Where is my mirror? In
1CCV, 2019.

Xin Yang, Haiyang Mei, Jiging Zhang, Ke Xu, Bao-
cai Yin, Qiang Zhang, and Xiaopeng Wei. Drfn:
Deep recurrent fusion network for single-image super-
resolution with large factors. IEEE TMM, 2019.
Alper Yilmaz, Omar Javed, and Mubarak Shah. Ob-
ject tracking: A survey. ACM Computing Surveys,
2006.



(62]

(63]

[64]

[65]

[66]

[67]

[72]

Jiging Zhang, Chengjiang Long, Yuxin Wang, Xin
Yang, Haiyang Mei, and Baocai Yin. Multi-context
and enhanced reconstruction network for single image
super resolution. In ICME, 2020.

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

Xiaoning Zhang, Tiantian Wang, Jinqing Qi, Huchuan
Lu, and Gang Wang. Progressive attention guided re-
current network for salient object detection. In CVPR,
2018.

Hengshuang Zhao, Jianping Shi, Xiaojuan Qi, Xiao-
gang Wang, and Jiaya Jia. Pyramid scene parsing
network. In CVPR, 2017.

Hengshuang Zhao, Jianping Shi, Xiaojuan Qi, Xiao-
gang Wang, and Jiaya Jia. Pyramid scene parsing
network. In CVPR, 2017.

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
I1CCV, 2019.

Ting Zhao and Xianggian Wu. Pyramid feature atten-
tion network for saliency detection. In CVPR, 2019.
Ting Zhao and Xianggian Wu. Pyramid feature atten-
tion network for saliency detection. In CVPR, 2019.
Quanlong Zheng, Xiaotian Qiao, Ying Cao, and Ryn-
son WH Lau. Distraction-aware shadow detection. In
CVPR, 2019.

Zongwei Zhou, Mahfuzur Rahman Siddiquee, Nima
Tajbakhsh, and Jianming Liang. Unet++: A nested
u-net architecture for medical image segmentation.
DLMIA, 2018.

Lei Zhu, Zijun Deng, Xiaowei Hu, Chi-Wing Fu,
Xuemiao Xu, Jing Qin, and Pheng-Ann Heng. Bidirec-
tional feature pyramid network with recurrent atten-
tion residual modules for shadow detection. In ECCYV,
2018.

Zheng Zhu, Qiang Wang, Bo Li, Wei Wu, Junjie Yan,
and Weiming Hu. Distractor-aware siamese networks
for visual object tracking. In ECCV, 2018.

11



