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(College of Computer and Data Science , Fuzhou University, Fuzhou, Fujian 350108, China)

Abstract: Camouflage object detection aims to detect highly concealed objects hidden in complex environments, and
has important application value in many fields such as medicine and agriculture. The existing methods that combine bound-
ary priors excessively emphasize boundary area and lack the ability to represent the internal information of camouflaged ob-
jects, resulting in inaccurate detection of the internal area of the camouflaged objects by the model. At the same time, exist-
ing methods lack effective mining of foreground features of camouflaged objects, resulting in the background area being
mistakenly detected as camouflaged object. To address the above issues, this paper proposes a camouflage object detection
method based on boundary feature fusion and foreground guidance, which consists of several stages such as feature extrac-
tion, boundary feature fusion, backbone feature enhancement and prediction. In the boundary feature fusion stage, the
boundary features are first obtained through the boundary feature extraction module and the boundary mask is predicted.
Then, the boundary feature fusion module effectively fuses the boundary features and boundary mask with the lowest level
backbone features, thereby enhancing the camouflage object’s boundary position and internal region features. In addition, a
foreground guidance module is designed to enhance the backbone features using the predicted camouflage object mask. The
camouflage object mask predicted by the previous layer of features is used as the foreground attention of the current layer
features, and performing spatial interaction on the features to enhance the network’s ability to recognize spatial relation-
ships, thereby enabling the network to focus on fine and complete camouflage object areas. A large number of experimental

results in this paper on four widely used benchmark datasets show that the proposed method outperforms the 19 mainstream
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methods compared, and has stronger robustness and generalization ability for camouflage object detection tasks.
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S UE I 4R J5 1 1 Oh 2 FARAS N BE , A SCREAT S
B 5P (Structure measure , Sa) E B (mean E-
measure ,E‘ﬁ) A FEEBQ: (weighted F-measure ,Fﬁ’”) 7l
SR 45 kiR 2% (Mean Absolute Error, MAE)/E A & 0L PF-
Hragbs . T BUEA SO IE R TERE , A 3C5 19 Fh T3
75 ¥ IEAT FL #4045 SINet' "' (Search Identification Net-
work) .PFNet""*'(Positioning and Focus Network ) \MGL"™
(Mutual Graph Learning) . UGTR™” (Uncertainty-Guided
Transformer Reasoning) . LSR'®' (Localize, Segment and
Rank) . C2FNet'>" (Context-aware Cross-level Fusion Net-
work) ., SINetV2""" | ERRNet'”’ (Edge-based Reversible
Network) . CubeNet™ | BgNet™”
(Boundary-guided Network) . FAPNet*!' (Feature Aggre-
gation and Propagation Network ) ,OCENet "’ (Online Con-
. BSANet' (Boundary-
guided Separated Attention Network ) \BGNet"*( Boundary-
Guided Network) . Liu™” | DBFN* (Double-Branch Fu-
sion Network) . GRN" (Guided multi-scale Refinement
Network) . ZoomNet'** il SegMaR'*’ (Segment, Magnify
and Reiterate). £ 1 2 fE CHAMELEON. CAMO,

Re-calibration

fidence Estimation Network)
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x1 EXELNER
- CHAMELEON CAMO COD10K NC4K
Pk s, E, | Fy | MAE | &, E, | Fy | MAE | &, E, | Fy | MAE| &, E, Fy | MAE
SINet | 0.872 | 0.936 | 0.806 | 0.034 | 0.745 | 0.804 | 0.644 | 0.092 | 0.776 | 0.864 | 0.631 | 0.043 | 0.808 | 0.871 | 0.723 | 0.058
PFNet | 0.882 | 0.931 | 0.81 | 0.033 | 0.782 | 0.841 | 0.695 | 0.085 | 0.800 | 0.877 | 0.660 | 0.040 | 0.829 | 0.887 | 0.745 | 0.053
MGL | 0.893 | 0917 | 0.812 | 0.031 | 0.775 | 0.812 | 0.673 | 0.088 | 0.814 | 0.851 | 0.666 | 0.035 | 0.833 | 0.867 | 0.739 | 0.053
UGTR | 0.888 | 0.910 | 0.794 | 0.031 | 0.784 | 0.822 | 0.684 | 0.086 | 0.817 | 0.852 | 0.666 | 0.036 | 0.839 | 0.874 | 0.746 | 0.052
LSR | 0.890 | 0.935 | 0.822 | 0.030 | 0.787 | 0.838 | 0.696 | 0.080 | 0.804 | 0.880 | 0.673 | 0.037 | 0.840 | 0.895 | 0.766 | 0.048
C2FNet | 0.888 | 0.935 | 0.828 | 0.032 | 0.796 | 0.854 | 0.719 | 0.080 | 0.813 | 0.890 | 0.686 | 0.036 | 0.838 | 0.897 | 0.762 | 0.049
SINetV2 | 0.888 | 0.942 | 0.816 | 0.030 | 0.820 | 0.882 | 0.743 | 0.070 | 0.815 | 0.887 | 0.680 | 0.037 | 0.847 | 0.903 | 0.770 | 0.048
ERRNet | 0.877 | 0.927 | 0.805 | 0.036 | 0.761 | 0.817 | 0.660 | 0.088 | 0.780 | 0.867 | 0.629 | 0.044 | — | — — —
CubeNet | 0.873 | 0.928 | 0.786 | 0.037 | 0.788 | 0.838 | 0.682 | 0.085 | 0.795 | 0.865 | 0.643 | 0.041 | — | — — —
BgNet | 0.894 | 0.943 | 0.823 | 0.029 | 0.831 | 0.884 | 0.762 | 0.065 | 0.826 | 0.898 | 0.703 | 0.034 | 0.855 | 0.908 | 0.784 | 0.045
FAPNet | 0.893 | 0.940 | 0.825 | 0.028 | 0.815 | 0.865 | 0.734 | 0.076 | 0.822 | 0.888 | 0.694 | 0.036 | 0.851 | 0.899 | 0.775 | 0.047
OCENet | 0.897 | 0.940 | 0.833 | 0.027 | 0.802 | 0.852 | 0.723 | 0.080 | 0.827 | 0.894 | 0.707 | 0.033 | 0.853 | 0.902 | 0.785 | 0.045
BSANet | 0.895 | 0.946 | 0.841 | 0.027 | 0.794 | 0.851 | 0.717 | 0.079 | 0.818 | 0.891 | 0.699 | 0.034 | 0.841 | 0.897 | 0.771 | 0.048
BGNet | 0.901 | 0.943 | 0.85 | 0.027 | 0.812 | 0.870 | 0.749 | 0.073 | 0.831 | 0.901 | 0.722 | 0.033 | 0.851 | 0.907 | 0.788 | 0.044
Liu 0.882 | 0.937 | 0.829 | 0.029 | 0.808 | 0.877 | 0.750 | 0.070 | 0.820 | 0.892 | 0.710 | 0.031 | 0.845 | 0.903 | 0.786 | 0.044
DBFN | 0.892 | 0.944 | 0.831 | 0.03 | 0.822 | 0.878 | 0.749 | 0.069 | 0.821 | 0.893 | 0.698 | 0.034 | — | — — —
SRN | 0.862 | 0.934 | 0.816 | 0.036 | 0.766 | 0.841 | 0.737 | 0.09 | 0.798 | 0.873 | 0.691 | 0.039 | — | — — —
ZoomNet | 0.902 | 0.943 | 0.845 | 0.023 | 0.820 | 0.877 | 0.752 | 0.066 | 0.838 | 0.888 | 0.729 | 0.029 | 0.853 | 0.896 | 0.784 | 0.043
SegMaR | 0.906 | 0.951 | 0.860 | 0.025 | 0.815 | 0.874 | 0.753 | 0.071 | 0.833 | 0.899 | 0.724 | 0.034 | 0.841 | 0.896 | 0.781 | 0.046
AICHH: | 0.907 | 0.949 | 0.861 | 0.024 | 0.835 | 0.886 | 0.775 | 0.065 | 0.842 | 0.905 | 0.739 | 0.029 | 0.862 | 0.911 | 0.801 | 0.041
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x2 HEEEWER
Jii: CAMO NC4K
RS 5t
Sy | PURRERRECEIE | 5% | AUREERL AR | 51% | S, E, Fg | MAE | s, E, Fy | MAE
G R
(1) x X x x | 0.816 | 0.866 | 0.743 | 0.074 | 0.857 | 0.904 | 0.788 | 0.044
(2) N X AN 0 P x | 0.822 | 0.873 | 0.752 | 0.068 | 0.858 | 0.906 | 0.792 | 0.043
(3) N N B i B A x | 0.823 | 0.876 | 0.760 | 0.070 | 0.859 | 0.908 | 0.794 | 0.042
(4) N N N x | 0.827 | 0.880 | 0.761 | 0.070 | 0.860 | 0.910 | 0.796 | 0.043
(5) N N B i B S Vv | 0828 | 0.882 | 0.766 | 0.068 | 0.860 | 0.909 | 0.796 | 0.042
(6) B A RO AR N B R 5 A Vv | 0821 | 0.872 | 0.751 | 0.072 | 0.859 | 0.906 | 0.794 | 0.043
(7) B SCHR[ 10T N B i B S Vv | 0821 | 0.868 | 0.753 | 0.071 | 0.859 | 0.907 | 0.794 | 0.043
(8) J N N Vv | 0835 | 0.886 | 0.775 | 0.065 | 0.862 | 0.911 | 0.801 | 0.041

VE < VR P RS — 10
HIAVE T, AR SO IR T IR )2 R AR AIE 1) 34 7 T 0 35 S Xof
Fe . Wi 9 s, B9 (a) F1(b) 4300 27w i A B9 B 4
BREAE I, 9 () F B FHRRAE il G A HOR 4 oy
NFE SR, B 9(d) KR A MR R 5] S, &
9(e) FRA I . 9 () By HR 7 T Fb s 8005 (EL AR H
PRAE B AR A 08 320 55 43, 3 15 BH 7 PR 0 A T
R THRHAE o B e 1 2 T 30 45 554k Pl ke H
bR N B R AEBE

& 9(d) BT - 518 9 (o) #EAT R LB a1
AR LA BT | P45 TT LER & A7 B bR 4 14 X
S, AN R OGHE HAR R R i 5 A8 H bR 4 i [
Y DX 880 SR A7 v TG 1L, 10 B 0 LR AE 5 A e
A7 B B AR X SRS . XF HEIE 9 (e) RO SE ST LLE Y, Al
55| FRLHAE UL T B 25 44K 1] 9 (d) Hh I 28 78 o7 11 1
FEURE E A DX, KRR AE o A% v 387 6 A 4 380 O R G 4
HoEHE ) HARIX K

#

(a) JEIEEG (b) EL{HE () BEFM—BGM (d) wio FGM (e) 25305
B9 A SCr BRI T B RLAE R SR L

T BAEAE A5G | AR R T A — SR UCREIE T
A B0 A5 AR, AR SRS 19 28481 1 3 A4S A [ 2 AR
TR HE S AT VAL SR IR 3 FTos . N3 AT LR
3 AN AN R 2 U A T 64 4 B 4 b B R sy O
HAPE 10 b a] LU Y, BT — J2 ORI 150 19 48 6
AE A 5 24 FITRRAIE B9 272 0 R F0I A W7 40 A ) 285 )
i .

3 3PEBERFETNEEISHR
o CAMO NC4K
TR JZ AR T 1
S, E, Fp MAE S, E, Fy MAE
TR 2 FRAE T A 0.827 0.879 0.751 0.070 0.848 0.901 0.766 0.048
B ZFRAE TR0 s A 0.834 0.885 0.77 0.066 0.859 0.908 0.792 0.043
B2 RHIE SIS (A S ) 0.835 0.886 0.775 0.065 0.862 0.911 0.801 0.041
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