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Abstract: In nature, objects that use camouflage have features like colors and textures that closely
resemble their background. This creates visual illusions that help them hide and protect themselves
from predators. This similarity also makes the task of detecting camouflaged objects very challenging.
Methods for camouflaged object detection (COD), which rely on deep neural networks, are increas-
ingly gaining attention. These methods focus on improving model performance and computational
efficiency by extracting edge information and using multi-layer feature fusion. Our improvement is
based on researching ways to enhance efficiency in the encode-decode process. We have developed
a variant model that combines Swin Transformer (Swin-T) and EfficientNet-B7. This model inte-
grates the strengths of both Swin-T and EfficientNet-B7, and it employs an attention-guided tracking
module to efficiently extract edge information and identify objects in camouflaged environments.
Additionally, we have incorporated dense skip links to enhance the aggregation of deep-level feature
information. A boundary-aware attention module has been incorporated into the final layer of the
initial shallow information recognition phase. This module utilizes the Fourier transform to quickly
relay specific edge information from the initially obtained shallow semantics to subsequent stages,
thereby more effectively achieving feature recognition and edge extraction. In the latter phase, which
is focused on deep semantic extraction, we employ a dense skip joint attention module to enhance the
decoder’s performance and efficiency, ensuring accurate capture of deep-level information, feature
recognition, and edge extraction. In the later stage of deep semantic extraction, we use a dense skip
joint attention module to improve the decoder’s performance and efficiency in capturing precise
deep information. This module efficiently identifies the specifics and edge information of undetected
camouflaged objects across channels and spaces. Differing from previous methods, we introduce an
adaptive pixel strength loss function for handling key captured information. Our proposed method
shows strong competitive performance on three current benchmark datasets (CHAMELEON, CAMO,
COD10K). Compared to 26 previously proposed methods using 4 measurement metrics, our approach
exhibits favorable competitiveness.

Keywords: camouflaged object detection; EfficientNet; salient object detection; deep learning

1. Introduction

Object detection [1], recognized as one of the most foundational, time-honored, and
complex challenges in computer vision, has received significant attention in the past
20 years, and related technical fields have also developed rapidly. The advancement of
object detection technology is driving progress in computer vision very fast. Due to the
completely different evaluation indicators and standards for different detection tasks, the
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difficulty level varies. So, in recent years, while traditional object detection has flourished,
there have also been challenges in other computer vision tasks, including but not limited
to the following directions: observing changes in object rotation and size, clearly locating
objects, salience object detection [2], and the recently popular Camouflaged Object detection
(COD). There are a series of related problems in the direction of COD that we need to focus
on and commit to solving.

Before the level of advancement in the current computer vision application technology,
traditional methods were to use manually annotated features, which were defined as the
attention of pixels to each other. So, the traditional methods of manually annotating feature
models have a receptive domain of all pixels, and the characteristics of the object depend
on all pixels besides the pixels of this object. However, traditional methods have two major
drawbacks—poor detection performance and slow processing speed—which greatly limit
the accuracy of detecting objects with highly similar textures and colors to the background.
With the ongoing introduction of new CNN models and methods, in solving the problem
of camouflaged object detection, the performance of constructed neural models is much
better than that of traditional manual annotation methods.

Convolutional networks can use GPUs for efficient computation to improve pro-
cessing speed and propose a series of innovative model structures, such as VGG [3] and
ResNet50 [4], which are already sufficiently mature. There has also been a focus on de-
signing efficient feature fusion processors, the corresponding preferences of which can
be set for feature extraction from images.However, at present, there are still two obvious
problems with CNN-based feature extraction models. First, such models are not sensitive
to global position information. This is because the extraction of information based on CNN
feature models has a translation function, which is considered an advantage of CNN feature
models. However, this weight sharing is a disadvantage for processing camouflaged object
detection objects. Second, the information features extracted by the convolutional model
only consider a portion of the extracted pixels during each operation. Generally speaking,
the receptive fields of the model, built according to the convolutional neural network, will
increase with the number of layers of the built model, that is, the deeper the layers are, the
larger the range of receptive fields will be. Most skeleton networks built based on CNN
now exchange information loss for a wider range of receptive fields. In order to try to
recover the lost structural information, the general model structure needs to add a decoder
to recover the lost information.

However, there is currently no suitable method to recover all unnoticed information.
Furthermore, the skeletal network constructed using CNN must encompass the entire image
within its receptive field range. However, previous experiments show that this was only in
theory, and the range of receptive field perception is not as large as expected. If we can build
a network that can sense a large range of receptive fields while retaining relevant details,
it may be useful for processing the task of camouflaged object detection depending on
contextual information. Due to the significant limitation of simple convolutional networks,
researchers have found in recent years that Transformers have great potential in handling
contextual information problems.

Camouflaged object detection is also an emerging research field in semantic recog-
nition, which has been proposed upon the combination of deep learning and computer
vision to process images and videos. Because it is very difficult to distinguish between the
disguised object and the environment, it is, consequently, very difficult to process images
with such contents. A camouflaged object detection network based on deep learning is
generally structured into two parts, namely, a module for locating or obtaining camouflage
object features and a module for segmenting object detection. The two modules interact
with each other to fuse features and obtain the final camouflage component. Our proposed
approach, based on EfficientNet-B7 and SWIN-T, combines a new overall architecture
for feature extraction, including feature encoding with an attention flow mechanism and
feature fusion, as well as feature decoding with dual tasks. The main improvements are
listed as follows:
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*  The feature fusion multi-path joint idea is added in the encoder section, which can
better utilize cross-layer links to fuse multiple layers of information. Deep networks
leveraging Transformers more effectively account for the contextual information of
objects, upgrade the correctness of positions, and reduce noise.

* Anovel fusion module is introduced, establishing a connection through the attention
mechanism between the encoding and decoding phases. It merges local and global
messages, addressing the challenge of disparate fusion techniques across two modes.
It proposes an attention weight that is completely different from the single mode, and
combines salient features and residual connections to achieve cross-modal guided
fusion, that is, the joint dense hop module.

¢  Inthe decoding section, the single task is changed to a dual task, shifting from only the
output of region segmentation maps to the concatenated region segmentation maps
and contour segmentation maps, to better achieve camouflaged object detection tasks
and improve accuracy.

To enhance the distinction between foreground objects and similar background objects,
our approach focuses on identifying visual sensory mechanisms employed by organisms
in camoulflage, along with other deceptive strategies used in images, thereby increasing the
likelihood of object detection. We have developed a comprehensive model for camouflaged
object detection, which is grounded in the integration of joint dense jumps and dual-task
outputs. This model has demonstrated notable effectiveness on three widely recognized
benchmark datasets. Compared to 19 previously proposed methods, our approach achieved
better results across all 4 reference metrics.

2. Related Work

The purpose of ordinary object detection [2] is to discover and locate the types and
positions of all objects of interest in images or videos, which is a major problem in computer
vision. Object detection can be practiced in multiple areas, for example, facial recognition,
pedestrian detection, vehicle detection, and remote sensing detection. The task of object
detection generally consists of two parts [5]: classification and localization. Classification
refers to determining which predefined category an object belongs to, such as cats, dogs, or
human beings. Positioning refers to determining the position of an object in an image or
video, usually represented by a rectangular box called a bounding box. The disadvantage
of object detection is that the object may appear at any position in the image, with different
sizes, shapes, poses, and occlusion situations, and the background may be complex. There-
fore, object detection requires strong feature extraction and representation capabilities, as
well as effective search and filtering strategies. Existing ordinary object detection methods
are, thus, not effective in detecting camouflage objects.

For salient object detection (SOD), Wang [6] proposed a new way in light fields.
It combines a multi-modal and multi-level feature aggregation network, utilizing the
complementary information of multi-view images, focus stacking, and depth maps in light
field data to process objects. The information within the light field object was enriched,
and it achieved good results, improving the performance. Chen [7] proposed another
way called BPFINet to handle the problem of salient object detection, which selected the
most prominent object from the image. The method uses U-shaped structure features
to gradually combine the low /high-level information with global information layer by
layer. It also introduces a self-developed BAM module to improve the certainty of SOD
and its accuracy. The creator of ERBANet [8] proposed a model for SOD that enhanced
boundary perception and region partitioning, and utilized attention enhancement modules
to improve detection performance, accuracy, and robustness. They proposed a model
that solved the issue of SOD by using the depth of spatial dilated convolution based on
spatial attention. This model can efficiently extract object information and mix feature
extraction to expand the range of receptive fields, thereby improving the achievement and
accuracy of SOD.
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Cui [9] proposed a model that solved the issue of SOD by using a depth spatial dilated
convolution based on spatial attention. This model can efficiently extract object information
and mix feature extraction to expand the range of receptive fields, thereby improving the
achievement and accuracy of SOD. Kervadec’s [10] main contribution was to provide a new
loss function for solving image segmentation problems. Starting from the contour of the
image, using image optimization techniques, the L, distance on the image contour is called
region integration. The proposed new loss function obtained by utilizing image contours
can be used alone or in combination with other loss functions. They also proved that the
loss function could improve model performance and enhance training stability. Ning [11]
proposed a network structure for multi-channel SOD based on FPN, introducing a global
feature module and utilizing control gates and pooling networks. They integrated the FPN
network and SINet network into their own network, processed features of different scales
through feature fusion, and then convoluted the two single-channel character maps to
achieve dimensional maps. This method can extract some large and observed information
from multiple channels and retain big parts in the feature map. Li [12] introduced a
novel approach to salient object detection (SOD) through the development of CFPN, a
method designed to effectively integrate features from various levels, thereby enhancing
the accuracy and completeness of detection. This model initially converts features from
distinct levels into graphs that encapsulate both shallow and deep semantic information,
subsequently redistributing this information. In an effort to minimize losses, each layer
acquires additional semantic information from other layers. Building on this, the model is
then able to capture the contextual information of the effectively processed information.

Ullah [13] proposed a new model for SOD. This new model mainly comprises three parts:
global context, multi-scale aggregation, and adaptive enhancement. The authors conducted
experiments on six public datasets, and the results showed that they were better than
previous results across all indicators, obtaining good results with robustness. Ji [14] pro-
posed a salient object detection method to improve the depth calibration and the fusion
of RGB-D images, which could effectively enhance performance. The proposal of deep
calibration as a learning strategy can enhance the testing effectiveness of salient object
detection. A simple and effective fusion cross-model can handle both shallow and deep
semantic information, which means it can handle more complex scenes. Chen [15] aimed
to deal with the issue of SOD through 3D convolutional neural networks. They established
a new order and attempted preprocessing during the encoder part. The effective fusion
in the decoder part can better interpret the information of shallow and deep semantics.
This method has achieved good results on six publicly available datasets, outperforming
other methods.

In the direction of Camouflaged Object detection (COD), Chen [16] proposed a Global-
Context-Aware Progressive Aggregation Network (GPANet) for SOD, which highlights the
most eye-catching objects from images. This network utilizes global contextual information
and mixed information to improve the localization and segmentation achievement of salient
objects. It can also be used for camouflaged object detection, enhancing the perception
ability of camouflaged objects by using depth maps as additional input. Wang [4] proposed
a camouflage object segmentation method with interference mining (PFNet) for segmenting
camouflage objects from complex scenes. This method imitates the predation process in
nature, first locating potential objects from a global perspective through a positioning
module (PM) and then gradually refining the segmentation results by focusing on fuzzy
areas through a focusing module (FM).

He [17] proposed a COD method based on mutual graph learning (MGL) to improve
the performance of COD on RGB-D images. This method utilizes two graph-based inter-
action modules, one for obtaining semantic guidance knowledge from edge information
and the other for enhancing object localization by combining real edge priors. This method
achieves repeated mutual learning and mutual assistance by clearly inferring the relation-
ship between two tasks. Li [12] proposed a cross-layer feature pyramid network (CFPN) for
SOD. This network allocates features from different levels to all involved levels, allowing
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each layer’s features to have both semantic and detailed information from other layers,
thereby reducing the loss of important information.

In order to further explain the challenge of the COD problem, Lv [18] proposed a
triple-task learning framework that can simultaneously perform three tasks: localization,
segmentation, and sorting of camouflage objects. It indicates the saliency level of camou-
flage objects relative to the background. The authors believed that binary segmentation
settings could not fully understand the concept of camouflage, and saliency models could
help design more complex camouflage techniques. They also used an eye tracker to gener-
ate localization maps and generate ranking-based training and testing datasets based on
instance-level labels. They also contributed the largest COD test set and comprehensively
analyzed the performance of the COD model. The experimental results indicated that
the triple-task learning framework had reached a new state-of-the-art level, making the
COD network more interpretable. Lv [19] believed that for camouflaged object detection
tasks, it was not only necessary to segment the camouflaged object but also to evaluate the
significance of the background in order to design an overall strategy for camouflaged object
detection. Moreover, the author of the article also contributed a lot of COD information to
analyze the abilities of camouflaged object detection models.

Chen [20] proposed a new network structure for detecting hidden objects in natural
scenes. This network structure utilizes the Attention-induced Cross-level Fusion Module
(ACFM) and Dual-brand Global Context Module (DGCM) to fuse multiple layers of features
and generate accurate predictions. They conducted experiments on three commonly used
datasets, demonstrating the effectiveness and superiority of C2FNet. The article also
demonstrated the potential of C2FNet in the application of polyp segmentation.

Bi [21] mainly focused on four aspects. A comprehensive introduction and analysis
were conducted on 39 existing COD models, from 1998 to 2021, including traditional
manual feature-based models and deep learning-based models, and classification and
a comparison were made based on different detection mechanisms and strategies. A
detailed introduction and evaluation were conducted on four widely used COD datasets,
including the construction methods, object categories, number of images, annotation
methods, and difficulty. Some improvement suggestions were proposed for the datasets.
They also compared the performance of existing COD models on four datasets, including
mathematical comparison, image comparison, and effect evaluation, and then analyzed
the detection performance of these models on different types of objects. The limitations
and challenges of COD were discussed as well, and some future research directions were
proposed, such as utilizing multimodal information, designing more complex camouflage
techniques, and developing larger and more diverse datasets.

Hu [22] proposed a context aggregation-based small object detection method to im-
prove the detection performance of YOLOv3-based detectors for small objects. This method
utilizes multi-scale contextual information, including global scene information, local object
information, and intermediate region information, to enhance the feature representation of
small objects. The method has been tested on multiple public datasets, demonstrating its
effectiveness and superiority. Liu [23] proposed a feature-enhanced context-aware network
(FECANEet) for small sample semantic segmentation to solve the problem of small sample
semantic segmentation. The network utilizes multiple layers of contextual information,
including global semantic information, local edge information, and intermediate spatial
information, to enhance the feature representation of the object. The network also utilizes
a self-attention mechanism and a multi-scale fusion module to improve the selectivity
and adaptability of features. It has been tested on multiple public datasets, confirming its
validity and nobility.

The EfficientNets model [24] provides a simple and efficient composite model based on
balancing network depth, width, and decomposition rate after scaling existing ConvNets
models, and further validates the validity of this method on MobileNets and ResNet.
EfficientNet-B7 achieved the most advanced top-1 accuracy of 84.4% and a top-5 accuracy of
97.1% on ImageNet. At the same time, it is 8.4 times smaller than ConvINet and its inference
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speed is 6.1 times faster. Moreover, it was experimentally confirmed that EfficientNets has
excellent transfer ability, achieving extremely high accuracy on CIFAR-100 (91.7%), Flower
(98.8%), and another three learning datasets, with a parameter count that is an order of
magnitude lower.

On the other hand, the biggest drawback of CNNs in processing image features
for a long time is the loss of relevant structural information in the process of extracting
images, and in terms of receptive fields, the actual receptive fields obtained by using CNNs
alone will be much smaller than theoretical expectations. The current work focuses on
how to design a robust algorithm to accurately detect and segment camouflaged objects
in given images. There is limited research on the current state and future prospects of
camouflaged object detection (COD), especially regarding statistics and analysis of deep
learning-based algorithms.

Liang [25] comprehensively introduces all the research achievements in COD using
deep learning. They provide in-depth analyses and discussions on model structures, learn-
ing paradigms, datasets, evaluation metrics, and performance comparisons, detailing all
COD models involved and offering deep analysis and comparisons of some of the more
effective models. In the context of sensor-based model research for camouflaged object
detection, Transformers [26] were initially used as the backbone for encoders. SETR [27]
marked the beginning of applying Transformers to semantic segmentation, and the intro-
duction of Swin Transformer further accelerated the innovation of method models in the
field of computer vision. SwinNet [28], by integrating RGB-D and RGB-T modes, achieved
a cross-modal fusion model for salient object detection (SOD). It designed a dual-stream
SwinT and used spatial alignment and channel recalibration modules to optimize features.
DMT [29] was the first to introduce self-attention to the study of differentiating foreground
and background information in images. HitNet [30] introduces a new cross-scale recursive
method, significantly improving model evaluation metrics.

Researchers then focused on exploring the combination of Transformers and CNNs to
efficiently complement feature extraction and fusion, incorporating the idea of self-attention.
UGTR [31] ingeniously combined CNNs and Transformers, explicitly using probabilistic
representation models to learn the uncertainty of objects stored within the Transformer
framework. CamoFormer [32] designed a COD algorithm inspired by multi-head self-
attention, setting SwinT as its backbone and employing a multi-head self-attention masking
strategy for feature aggregation. Currently, there is scant research using this approach,
indicating substantial opportunities for further investigation in this field.

Therefore, camouflaged object detection models that rely solely on completing CNN
tasks often cannot search for information from a global perspective and cannot fully capture
all contextual information. In 2017, Vaswani [33] proposed a Transformer for natural lan-
guage processing that utilized self-attention mechanisms to find and obtain certain depen-
dency relationships, which were long-distance and could better obtain global information.

However, learning contextual features directly from the entire image is very unwise
and meaningless, as it is often disturbed by various obvious information. Therefore, like
other camouflaged object research, we propose a method of exploring context based on
attention to background features, fully combining the above advantages to achieve an
improvement in the benchmark rate of camouflaged object detection.

3. Methodology

Through the above literature review, we can see that based on the outstanding achieve-
ments of Transformers in the field of natural language processing and its excellent transform
ability, we plan to introduce it into the task of camouflaged object detection. However, for
some intensive prediction tasks, the position encoding of Transformers performs poorly
in modeling accurate “spatial” information. Considering the above factors, we want
to combine the advantages of CNN and Transformer models; therefore, we utilize the
EfficientNet-B7 model as the benchmark model to process camouflaged object detection
data, and on this basis, we replace the B6 and B7 modules of EfficientNet-B7 with Swin-T.
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3.1. Model Overview

We choose the EfficientNet-B7 model as the benchmark model to process camouflaged
object detection data, and merge the original seven modules into four modules. In addition
to the initial convolution module, the output resolution is changed. To this end, we
represent the output of each encoder as E1, and record the shallowest semantic information
obtained from the initial use of the encoder as E;, enhancing its information to improve
efficiency. In the decoder stage, we design a joint dense skip attention module that can
aggregate various levels of features separately and merge them, and then finally merge
the output of the encoder and decoder. In the joint dense skip attention module, we write
the output results of the remaining three encoders as E, E3, and E4, and integrate these
three inputs together. Each layer extracts different semantic information, and the deeper
the level, the richer the semantic information extracted. Therefore, in order to obtain clearer
edge information and richer semantic information, a joint dense skip attention module is
used. Finally, we merge the output of the encoder and decoder to complement the shallow
and deep semantic information, and use this supplementary information to compensate
for the difference between the encoder and decoder that extract the shallow semantic
information. The specific model is shown in Figure 1.

E2
E3
Bncoder2
EfcoderB E4
Encodet4
"""" ] \:I Masked-edge Attention Model
ds2
el
dsl
Joint Dense Skip Attention Model
e2
]
11 ds0

U=

I
2

Object Attention Model

Figure 1. Overall framework of the proposed model. Masked-edge Attention Module is explained
in Section 3.2.1. Joint Dense Skip Attention Module is explained in Section 3.2.2. Object Attention
Module is explained in Section 3.2.3.

3.2. Camouflaged Object Detection Based on Attention Enhancement

Adding attention is highly effective in enhancing camouflaged object detection and
identifying clearer objects. To improve the computational efficiency, we propose an
attention-enhanced camouflage object module to track the edges and objects of camouflage
objects. Thus, our camouflaged object detection task is divided into two sub-tasks, namely,
tracking objects and edges.

3.2.1. Masked-Edge Attention Module

First, the module detects edge information. We mainly use the Fourier transform to
quickly extract more obvious shallow semantic information, namely, edge information,
E;, and enhance the information of E;. However, the edge extraction method we use can
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only extract shallow semantic information, which cannot clearly represent deeper semantic
information. Deeper semantic information requires deeper decoder outputs to obtain
different edge information. Therefore, we use the Fourier transform to quickly extract
shallow semantic information E; by FFT [1,34,35] and FF T~1, and the first encoder’s
representation is divided into shallow and deep layers, as shown in Equation (1):

Ay = FFT (fI(FFT(4))) (1)

where A is the input feature, and FFT(-) and FFT~!(-) represent the fast Fourier transform
and its inverse transform, respectively. Furthermore, f!' acts as a high-pass filter, designed
to remove all frequencies outside of a specific radius 7, retaining only those within it.

In addition, representing deep semantic information, r refers to the radius of the
circle. In order to obtain edge information, we use a high-pass filter to obtain all the
required deep edge semantic information. Because A, contains background noise in the
field of conversion, we need to eliminate the noise by expanding the receptive field RFB(-)
and generating the boundary feature E = RFB(Ay). Finally, we reinforce the edges
Ag = A + E to obtain clear edge detection information.

3.2.2. Joint Dense Skip Attention Module

Our main purpose in establishing the joint dense jump attention module is to obtain
richer semantic expressions from the contextual channels and spaces, that is, to aggregate
them at multiple levels. In the following equations, f(-) represents convolutional operation,
and cat(-) represents channel-wise feature concatenation. The output result of each encoder
is denoted as Ey, E3, and E4, corresponding to the number of channels of sizes 32, 64, and
128, expressed as in Equations (2)—(4):

Ey = E; ® f(Up(E3)) ® f(Up(Up(Ey))) ¢)
E3 = f(cat[E3 ® f(Up(Ey)), f(Up(E4))]) ®)
Ey = f(Up(E3)) )

We obtain an aggregated representation, which is the scale of E;, through
A, A = f(cat[E), El]) € RE2+64+128)xHaxWa  1]P refers to upsampling; for instance,
Up(Es) signifies upsampling the features of the Ej layer, typically resizing them to match
the dimensions of the E, layer. After the aggregation, it still represents the contextual
information. The current research on COD has separated the channel and spatial atten-
tion modules for decoding and expanding the receptive field. So, we first distinguish the
relatively important channel contextual information:

exp (P22 (Pu(D) )

Py(A) )
zexp (P2 (PUD) )

Ke =0

where A € R€*1*1 represents channel level pooling representation, and P(-) represents
the use of 1 x 1 convolutional kernel operation, utilizing the softmax function and self-
attention, combined with the sigmoid function to distinguish important channels and
obtain deep semantic information, as shown in Equation (5). In order to obtain more
detailed deep semantic information, we perform aggregation transformation on it and set
the confidence channel weights as follows: A = (A ® a.) + A. Subsequently, we rely on
«. and the confidence ratio <. The distribution retains the confidence channels, as shown in
Equation (6):

mask =1, ifa. > P 1(y)
mask =0, otherwise

A, = A. ® mask { 6)
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We use P~1(7) to denote the v quantile of a.. Then, the refined A. is computed
spatially to discriminate the camouflaged object detection and generate the first decoder
representation Dy € RI*H2XW2 and the announcement is as follows Equation (7):

Do = exp(23(A0) (2(A))) P 7
0 Zexp<zq(ﬁc)(zk(gc)f> o(A) + 2 (4) @)

We use a convolution operation to map the input features to a new space A.. We
generate a decoder Dy using A, which is of the same size as A.. The features projected by
Z(+) through convolution operation onto A.. We upsample Dj to the size of the original
input to obtain DSy, which is a graph used to provide deep supervision.

3.2.3. Object Attention Module

The primary aim of designing this module is to minimize distributional disparities
between the encoder and decoder representations while using the fewest parameters
possible. We have introduced an Object Attention Module as an integral part of the decoder.
In comparison to existing research [36], we maintain the decoder as a single channel,
denoted as D, to enhance efficiency. We leverage the Object Attention Module to track
objects and complement edge information from each decoder (D; € R *H*W)_ To better
refine camouflaged objects, we compute object weights ap according to the following
formula ap = o(D;). However, xp may not always fully detect the entire object with
clearly defined edge regions. Therefore, we generate complementary edge weights af
to cover areas that remain undetected. For each pixel x;; in the decoder, we invert the
detected regions and employ a specific formula Equation (8) to eliminate background noise
associated with missing region detection(”“d” means denoising ratio):

ap = 0, if (—0’(.111‘]') + 1) >d ®)
—o(a;) +1, otherwise

We incorporate the encoder output E;c (5 1} and decoder feature D;c (¢ 1}, as shown in
Equation (9). To reduce discrepancy, we exploit a receptive field operation RFB(-) and
upsample D; + 1 to generate DS; + 1.

Diyy = RFB((ap ® Ep—;) + (ag ® E>;)) ©)

3.3. Loss Function

To calculate the loss for each pixel, COD tasks typically use binary cross entropy
loss (LBCE). However, when the background pixels are far more than the current scene
pixels, the model tends to ignore the foreground. Wei [37] used a weighted binary cross
entropy loss (L, BCE) that assigned different weights to pixels based on the difference
between them and their neighborhoods. In addition, they also introduced weighted IOU
loss (L BCE), which could achieve global constraints, and was proven effective in salient
object detection.

L = LyBCE + L, IOU. (10)

LyBCE is the weighted binary cross-entropy loss. Binary cross-entropy loss is com-
monly used in binary classification problems to measure the difference between the prob-
ability distribution predicted by the model and the actual labels. “Weighted” implies
that each sample can have a different level of importance in the calculation of the loss.
Ly IOU is the weighted Intersection over Union (IoU) loss. The Intersection over Union is a
commonly used metric to evaluate the performance of object detection models, especially
in terms of bounding box predictions. It calculates the overlap area between the predicted
bounding boxes and the actual bounding boxes. The weighted version means that different
predictions can have varying weights in the loss calculation. Overall, this formula combines
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binary cross-entropy loss and Intersection over Union loss, which we use for camouflaged
object detection tasks where it is necessary to consider both classification accuracy and
spatial location accuracy. Through this combination, we can simultaneously optimize our
model’s ability to classify and locate camouflaged objects.

4. Experiment
4.1. Experiment Setup

Datasets . There are currently three main datasets for camouflaged object detection:
CHAMELEON [38], CAMO [39], and COD10K [40]. The method proposed in this article
needs to demonstrate good generalization ability and robustness in different camouflage
scenarios. Therefore, we used three mainstream public datasets for evaluation criteria,
which included multiple categories of camouflage objects, such as animals, plants, and
artificial objects, with different camouflage difficulties, such as background matching,
destructive colors, and edge blurring, to fully evaluate the advantages and disadvantages
of our method. This article follows a previous work [40] and uses the training set of
CAMO [39] and COD10K [40] as the training set (4040 images). The remaining images will
be used as the test set.

Evaluation Metrics. In order to evaluate the performance of the method proposed in
this article, four widely used standard metrics were used, namely, a structural metric S, 1 [41],
which takes into account the structural similarity between saliency maps and truth values;
an adaptive E-metric Egd 1 [42], which takes into account the degree of edge alignment
between saliency maps and true values; a weighted F-measure FE" 1 [3], which considers
the balance of accuracy and recall between saliency maps and true values; and the mean
absolute error M |, which takes into account pixel-level differences between saliency maps
and true values.

Experimental Process. We used PyTorch [43] to implement our proposed model. We
trained and tested our model on an Ubuntu 20.04 system using two NVIDIA GeForce
RTX 3070 GPUs. During the model training phase, we set the size of the input image
to 320 x 320 and performed data augmentation with random horizontal flipping and
color jitter. We used the pre-trained ENet-B7 [24] model on ImageNet to initialize the
parameters of the encoder network, and adopted a poly [44] strategy to adjust the learning
rate, where the initial learning rate was 0.001 and the exponent was 0.9. In the testing
phase, we first performed network inference on the image and then restored the size of
the output image to the original size of the input image. We used bilinear interpolation
in both size transformations. We did not use any post-processing methods to improve the
final output performance.

4.2. Comparison to the State-of-the-Art

To demonstrate the effectiveness of the proposed model, we compared it with 26 exist-
ing newer methods: FPN [45], PSPNet [46], Mask RCNN [47], HTC [48], and MSRCNN [49],
DSC [50], BDRAR [51], UNet++ [52], and PraNet [53], PiCANet [54], BASNet [55], CPD [56],
PFANet [57], EGNet [36], F3Net [37], GCPANet [16], MINet-R [58], SINet [40], PFNet [59],
UGTR [31], RankNet [19], BgNet [60], ERRNet [61], FEDER [17], MRRNet [62], and
BCNet [63]. Table 1 shows the qualitative results of our model and some models in
recent years.

Table 1 shows the quantitative results of our proposed method compared to 26 other
common methods on three benchmark datasets. Numerically, it can be seen that our
method is quite competitive. Compared to the three methods from 2023, our M value
is quite competitive. On the Chameleon dataset, our method improved by 0.002 over
FEDER, by 0.005 over MRRNet, and by 0.006 over BCNet. On the Camo dataset, our model
improved by 0.002 over FEDER, by 0.007 over MRRNet, and by 0.007 over BCNet. On the
COD10k dataset, our model improved by 0.004 over MRRNet and by 0.009 over BCNet,
obtaining good results.
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Table 1. Our proposed method was compared with 26 state-of-the-art methods in related
fields across four evaluation metrics: structural measure S,, adaptive E-measure Ef},d, weighted
F-measure Fg’ , and mean absolute error M. Structural measures S,, adaptive E-measures E;‘)d, and
weighted F-measures Fg’ are positively correlated with results, and mean absolute error M is neg-
atively correlated with results, meaning that the larger the first three test results, the better, and
the smaller the last result, the better, as indicated by arrows. We evaluated prediction graphs of all
methods on three benchmark datasets using the same code. o represents object detection method.
e represents semantic segmentation method. x represents instance segmentation methods. A repre-
sents shadow detection methods. § represents medical image segmentation methods. t represents
SOD methods. * represents COS methods. The experimental results show that our method out-
performs other methods significantly across all datasets and evaluation metrics, with the perfect
conclusion highlighted in bold. The 1 means that a larger value indicates better performance, the |
means that a smaller value indicates better performance.

Chameleon (76 Images) Camo Test (250 Images) COD10K-Test (2026 Images)
Methods Y TS Egt T ML s Egt BT ML sa Eg BT M
FPN © [45] 2017 0.794 0.835 0590 0.075 0.684 0791 0483 0.131 0.697 0711 0411 0.075
PSPNet ® [46] 2017  0.773 0.814 0.555 0.085 0.663 0778 0455 0.139 0.678 0.688 0.377 0.080
Mask RCNN * [47] 2017  0.643 0.780 0518 0.099 0574 0.716 0430 0.151 0.613 0.750 0.402 0.080
UNet++ 8 [52] 2018  0.695 0.808 0501 0.094 0599 0.740 0392 0.149 0.623 0.718 0.350 0.086
DSC 2 [50] 2018  0.850 0.888 0.714 0.050 0.736 0.830 0592 0.105 0758 0.788 0.542 0.052
PiCANet ' [54] 2018 0.769 0.836 0536 0.085 0609 0.753 0356 0.156 0.649 0.678 0.322 0.090
BDRAR 2 [51] 2018 0779 0.881 0.663 0.064 0759 0.825 0.664 0.093 0.753 0.836 0.591 0.051
HTC * [48] 2019 0517 0490 0.204 0.129 0476 0442 0174 0172 0548 0521 0221 0.088
MSRCNN * [49] 2019  0.637 0.688 0.443 0.091 0617 0.670 0454 0.133 0.641 0.708 0419 0.073
BASNet * [55] 2019  0.687 0.742 0474 0.118 0.618 0719 0413 0.159 0.634 0.676 0365 0.105
CPD 1 [56] 2019 0.853 0.878 0.706 0.052 0.726 0.802 0550 0.115 0747 0.763 0.508 0.059
PFANet ' [57] 2019 0679 0732 0.378 0.144 0659 0735 0391 0172 0.636 0619 0286 0.128
EGNet T [36] 2019 0.848 0.879 0.702 0.050 0732 0827 0.583 0.104 0737 0777 0509 0.056
F3Net ' [37] 2020 0.854 0.899 0749 0.045 0779 0.840 0.666 0.091 0786 0.832 0.617 0.046
GCPANet T [16] 2020 0876 0.891 0.748 0.041 0778 0842 0.646 0.092 0791 0799 0592 0.045
PraNet § [53] 2020 0.860 0.898 0.763 0.044 0769 0.833 0.663 0.094 0789 0.839 0.629 0.045
MINet-R T [58] 2020 0.844 0919 0746 0.040 0749 0.835 0.635 0.090 0759 0.832 0.580 0.045
SINet * [40] 2020 0.869 0.899 0.740 0.044 0751 0834 0.606 0.100 0771 0797 0.551 0.051
PFENet * [59] 2020 0.882 0.942 0.810 0.033 0782 0.852 0.695 0.085 0.800 0.868 0.660 0.040
UGTR * [31] 2021 0.888 0921 0.804 0.031 0784 0.858 0747 0.086 0.817 0.850 0.670 0.036
RankNet * [19] 2021  0.890 0936 0.835 0.030 0.787 0.859 0.756 0.080 0.804 0.883 0.699 0.037
BgNet * [60] 2022 0.885 0936 0.822 0.032 0804 0872 0.766 0.075 0.804 0866 0.676 0.039
ERRNet * [61] 2022 0877 0923 0815 0.036 0760 0.830 0.722 0.088 0.780 0.856 0.656 0.044
FEDER * [17] 2023  0.887 0.943 0.847 0.030 0804 0877 0786 0.071 0.822 0901 0.740 0.032
MRRNet * [62] 2023  0.882 0924 0.812 0.033 0811 0870 0.766 0.076 0.822 0.869 0.695 0.036
BCNet * [63] 2023 0.883 0932 0821 0.034 0799 0875 0759 0.076 0800 0.858 0.673 0.041
Ours * 2024 0.853 0914 0.776 0.028 0.802 0.865 0.727 0.069 0.802 0.890 0.676  0.032

4.3. Ablation Experiment

We conducted ablation experiments to validate the effectiveness of our proposed new
model, as shown in Table 2 and Figure 2.

From the results chart, combined with the accompanying chart, it is evident that
our proposed method has achieved good results in the camouflaged object detection task.
Comparing the final results with the GT chart, it can be found that details such as fish fins
are also well discovered. From Table 2, we can see that each operation of our model has
improved all evaluation indicators on the three benchmark datasets. On the CHAMELEON
dataset, our method increased S, from an initial 0.694 to 0.853, an increase of 0.159. We
increased Efl’)d from an initial 0.833 to 0.914, an increase of 0.081. We increased Fg’ from
0.526 to 0.776, an increase of 0.25, and M from 0.076 to 0.028, an increase of 0.051. On
the CAMO dataset, S, increased from an initial 0.634 to 0.802, an increase of 0.168. We
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also increased Ef;)d from an initial 0.745 to 0.865, representing an improvement of 0.12;
Fg’ increased from 0.457 to 0.727, representing an increase of 0.27; and M increased from
0.127 to 0.069, representing a decrease of 0.058. On the COD10K dataset, our method
increased S, from the initial 0.659 to 0.802, increased by 0.143. Eﬁ;,d increased from an
initial 0.775 to 0.890, representing an increase of 0.115; Fg’ increased from 0.420 to 0.676,
representing an increase of 0.256; and M increased from 0.066 to 0.032, representing a
decrease of 0.034. It can be seen that our proposed method is effective.

Table 2. Ablation analysis: “B” represents our baseline EfficientNet-B7, “Q” represents the model
after replacing the Swin Transformer module in B6 and B7 of “B”, and “W” represents the addition of
dense and attention mechanisms. The results demonstrate that each step yields effective outcomes,
thereby substantiating the efficacy of our model.The 1 means that a larger value indicates better
performance, the | means that a smaller value indicates better performance.

CHAMELEON (76 Images) CAMO Test (250 Images) COD10K-Test (2026 Images)
Networkes Bt FPT MU S Eft EPY ML S EMY FPT MU
(a) B (our) 0.694 0833 0526 0076 0.634 0745 0457 0.127 0.659 0775 0420 0.066
(b) Q(B+T) 0.796 0903 0.687 0.047 0685 0720 0553 0.109 0719 0.829 0.639 0.048
(h) B+W({D+A) 0822 0901 0730 0.038 0742 0826 0.638 0.092 0758 0.855 0.605 0.043
0] Ours 0.853 0914 0776 0.028 0802 0865 0727 0.069 0.802 0.890 0.676 0.032

Original image

»lole

Q(B+T) B+W Q+W

Figure 2. The results of the ablation experiment.

5. Conclusions

In this work, our goal was to tackle the challenge of accurately segmenting camou-
flaged objects. We developed a new method for detecting camouflaged objects, in which
we replaced the B6 and B7 layers of Effenet-B7 with the SWIN-T module and combined
dense skip attention with object processing. In camouflaged object detection tasks, our
proposed new model achieved good results on the benchmark datasets. In the camouflaged
object task, our newly proposed model demonstrated good achievement on the benchmark
datasets. In the next work, we plan to use this model in the field of polyp segmentation
and continue to improve its performance to achieve better results.
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