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Abstract
Cartoon parsing is an important task for cartoon-centric applica-
tions, which segments the body parts of cartoon images. Due to
the complex appearances, abstract drawing styles, and irregular
structures of cartoon characters, cartoon parsing remains a chal-
lenging task. In this paper, a novel approach, named CartoonNet, is
proposed for cartoon parsing, in which semantic consistency and
structure correlation are integrated to address the visual diversity
and structural complexity for cartoon parsing. A memory-based
semantic consistency module is designed to learn the diverse ap-
pearances exhibited by cartoon characters. Thememory bank stores
features of diverse samples and retrieves the samples related to new
samples for consistency, which aims to improve the semantic rea-
soning capability of the network. A self-attention mechanism is
employed to conduct consistency learning among diverse body
parts belong to the retrieved samples and new samples. To capture
the intricate structural information of cartoon images, a structure
correlation module is proposed. Leveraging graph attention net-
works and a main body-aware mechanism, the proposed approach
enables structural correlation, allowing it to parse cartoon images
with complex structures. Experiments conducted on cartoon pars-
ing and human parsing datasets demonstrate the effectiveness of
the proposed method, which outperforms the state-of-the-art ap-
proaches for cartoon parsing and achieves competitive performance
on human parsing.
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Figure 1: Cartoon parsing remains a challenging task due to the
various styles, complex appearances and abstract structures of car-
toon images. The diversity and complexity of cartoon images pose
great difficulties for cartoon parsing.
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1 Introduction
Cartoon characters are an important part of culture and media with
their diverse appearances and abstract structures. From human-like
cartoon characters to animal-like cartoon images, cartoons exhibit
a wide range of styles. The task of cartoon parsing, which aims
to segment different parts of cartoon characters, holds substantial
importance for various applications such as cartoon animation,
content creation and virtual worlds. Due to the inherent variations
in cartoon appearances and lack of uniformity in cartoon structures,
identifying diverse visual appearances and complex structures of
cartoons is a challenging task.

Cartoon images have various visual appearances and abstract
spatial structures, which are illustrated in Fig. 1. Unlike real-world
humans, the styles of cartoon characters may vary depending on
author or cultural background, which results in the diversity and
complexity of cartoon images. For human-like cartoon characters,
their appearances and structures are quite different. The properties
of cartoon images make the body parts such as limbs, head and
body of human-like cartoon characters abstract and complicated,
which are not consistent with real-world humans. Animal-like
cartoon images are more complex due to diverse animal categories.
For different animal species such as fish, mammals, and reptiles,
their visual appearances and body structures are different when
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Figure 2: The framework of the proposed CartoonNet. It mainly consists of memory-based semantic consistency and main body-aware
structure correlation. The memory-based semantic consistency utilizes a memory bank to achieve consistency learning across di�erent samples.
The main body-aware structure correlation focuses on correlation of body structures, modeling the structure of cartoons. PCL and PCM refer
to pixel correlation learning and part correlation modeling [23], which are employed to solve the irregularities of cartoon images.

presented in the form of cartoon images. Therefore, cartoon parsing
remains a challenging task.

For image parsing, existing methods have primarily focused
on human parsing and achieved signi�cant progress. Previous hu-
man parsing methods have explored hierarchical structure learning
[12, 34, 35, 43], pose estimation-guided learning [19, 41] and the
integration of self-correction strategy [14]. However, due to the
signi�cant di�erences between real humans and cartoon images,
these human parsing methods exhibit limited performance in car-
toon parsing. With the development of cartoon related applications,
the advanced deep learning methods [23, 32] have been applied to
cartoon parsing. They employ multi-scale learning structures, and
leverage pixel and part correlation to infer irregular cartoon struc-
tures. However, the diversity and complexity of cartoon images
remain a challenge.

In this paper, CartoonNet is proposed to address the diversity
and complexity of cartoon images in cartoon parsing. It augments
cartoon parsing by designing a memory-based semantic consistency
structure and a graph attention network-based structure correla-
tion module. The framework is illustrated in Fig. 2. The semantic
consistency module encodes and learns the diverse appearances dis-
played by cartoon characters. It designs a memory-based learning
structure to conduct consistency learning of diverse body parts. The
memory-based semantic consistency learns the visual di�erences
of cartoon characters, which aims to alleviate the rich diversity of
cartoon images and improve generalization ability. The structure
correlation approach focuses on modeling and learning the intri-
cate and irregular structures exhibited by cartoon characters. It
leverages graph attention networks (GATs) [2, 11, 31] and a main
body-aware mechanism to facilitate structural learning and cor-
relation. By modeling the structural features of cartoon images
across the main bodies, the method focuses on important parts of
cartoon images to alleviate the structural complexity of cartoon
parsing. Experiments conducted on cartoon parsing and human
parsing datasets demonstrate the e�ectiveness of the proposed ap-
proach, which outperforms the state-of-the-art methods for cartoon
parsing and achieves competitive results on human parsing. The
contributions are summarized as follows:
� CartoonNet is proposed to address the challenges of visual diver-

sity and structure complexity in cartoon images, which designs

a memory-based semantic consistency module and a main body-
aware structure correlation strategy for cartoon parsing.

� A memory-based learning structure is proposed to facilitate ap-
pearance learning, which captures the inconsistent appearances
of di�erent cartoon characters and utilizes self-attention mecha-
nism to achieve semantic consistency among diverse body parts.

� A main body-aware structure correlation method is proposed
to model the structural information of cartoon characters with
complex structures, which employs the graph attention networks
and a main body-aware mechanism to focus on the important
structures.

� The proposed method achieves state-of-the-art performance on
the cartoon parsing datasets, which demonstrates the e�ective-
ness of CartoonNet.

2 Related Work
2.1 Human Parsing
Human parsing [5, 16, 29], the task of segmenting human body
parts in images, has achieved signi�cant progress. Previous human
parsing methods develop approaches such as hierarchical structure
learning [12, 34, 35, 43], pose estimation-guided learning [19, 41],
and self-correction strategy [14], achieving satisfactory results on
recognition of body parts of humans. However, applying human
parsing methods to cartoon parsing presents challenges due to
fundamental di�erences. Cartoons are known for their complexity,
diverse styles, irregular lines, unique color schemes, and abstract
representations, varying greatly based on creators and cultural con-
texts. Human parsing models [15, 18] are designed on real-world
human images, making them unsuitable for cartoon parsing, where
characters often have unconventional body proportions and ar-
ticulations. Cartoon parsing necessitates dedicated research and
specialized algorithms to address its unique characteristics, empha-
sizing accuracy and e�ectiveness in dealing with the diversity and
complexity of cartoon images.

2.2 Cartoon Parsing
The task of cartoon parsing has gained increasing attention in
recent years due to its relevance in various multimedia applica-
tions. Researchers have proposed several approaches to address
the challenges posed by diverse and complex cartoon appearances
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and structures. Early works in this domain primarily focused on
rule-based methods and handcrafted feature extraction techniques.
These approaches, while capable of capturing some aspects of car-
toon images, often struggle with the diversity and complexity of
cartoon imagery. The emergence of deep learning techniques, par-
ticularly the convolutional neural networks (CNNs) [1, 17, 25, 27],
has signi�cantly advanced the �eld of cartoon parsing. DFPNet [32]
applies feature pyramid network to cartoon dog parsing, which
alleviates the varied scales in cartoon parsing. However, it ignores
the correlations of visual cues and structural features in cartoon
characters. CPNet [23] recognizes the irregular cartoon structures
and body parts with di�erent semantics but have visually akin
appearances, by introducing a pixel and part correlation learning
structure. However, it ignores the semantic consistency of diverse
cartoon images and the structure correlation of complex cartoon
characters. Although CNN-based methods demonstrate improved
performance in recognizing cartoon characters, addressing the di-
versity and complexity of cartoon images remains a challenge.

2.3 Memory-Augmented Networks
Memory-augmented neural networks [36, 37] have shown promise
in capturing and utilizing long-term dependencies in data. These
networks [13, 24] employ an external memory structure that can be
read from and written to, enabling the storage and retrieval of infor-
mation over extended sequences. In the context of cartoon parsing,
memory-augmented networks can o�er a promising potential for
encoding and learning the diverse appearances exhibited by cartoon
characters. Despite the growing interest in memory-augmented
networks, their potential for cartoon parsing remains unexplored.
The ability to store appearance information and perform semantic
consistency learning opens possibilities for addressing individual
visual di�erences. Therefore, this paper proposes a novel approach
applicable to cartoon parsing to address the issue of signi�cant sam-
ple diversity in cartoon parsing through a memory-based structure.

3 Cartoon Parsing
3.1 Framework
CartoonNet is proposed to address the problems of cartoon parsing,
which are caused by visual diversities and structural complexities
of cartoon characters. A two-fold strategy integrating appearance
learning and structural modeling is introduced to capture features
of diverse visual appearances and model complex structural repre-
sentations. The framework is illustrated in Fig. 2, in which ConvNet
[10] is employed to encode and extract features for cartoon images.
The memory bank is adopted to store features of diverse samples
with a three-column structure. The stored features are matched
to current images by measuring feature similarity, which aims to
parse current samples by recalling previous experiences. The previ-
ous experiences are integrated into current samples by adopting
self-attention mechanism, which achieves semantic consistency
among diverse samples. To learn the correlation of complex body
parts, a main body-aware structure correlation strategy is designed.
It incorporates graph attention networks and a main body-aware
mechanism to facilitate part correlation. The graph attention net-
works model the structural representations and capture important
relations among the body parts. The main body-aware mechanism

learn important body parts that re�ect the complex structural prop-
erties of the cartoon images.

3.2 Memory Bank Construction
Previous cartoon parsing methods only consider multi-scale learn-
ing, as well as pixel and part correlation among a single cartoon
character [23, 32]. They have di�culties in identifying diverse car-
toon images. Therefore, the �rst signi�cant component of the ap-
proach is to encode and learn the visual appearances of diverse
cartoon characters. A memory-based learning structure is proposed
to address the problems caused by visual diversity, which aims to
achieve semantic consistency among di�erent semantic parts. The
memory-based consistency learning includes two parts, representa-
tion consistency and classi�cation consistency. The representation
consistency is designed to conduct consistency learning on seman-
tic parts from di�erent cartoon characters at high-dimensional
semantic feature level. The classi�cation consistency is proposed
to achieve consistency learning of semantic parts from various car-
toon characters at the semantic recognition level, which leverages
the constraint information.

Given a cartoon image- , � 2 R� � � � , is the encoded image
features outputted by ConvNet.� denotes the number of channels.
� and, refer to height and width of the feature maps, respec-
tively. A memory bank with three columns is de�ned, where the
prediction column stores the two-dimensional prediction maps, the
representation column saves one-dimensional feature representa-
tions, and the label column one retains labels. Speci�cally,� is fed
into a decoder with three convolution layers [4] to obtain the two-
dimensional feature maps� <4< 2 R� = � � � , , where� = denotes
the number of classes.� <4< is then stored in the prediction column
of the memory bank. Additionally, the operation of information
aggregation with global adaptive max pooling is performed on each
feature map of� , which outputs a feature vector� E 2 R� � 1� 1. � E
is the representation of- and it is stored in the representation
column. Label! corresponding to- is stored in the label column
of the memory bank, which aims to provide supervision for the
semantic consistency learning. In the initial stage, all three columns
of the memory structure are initialized as zeros. During the training
process, image features of each iteration are stored in the memory
bank. When the memory is full, the earliest stored features are
deleted from memory to ensure that the memory bank has space
for features of new iterations, which aims to continuously update
the memory bank throughout the training process.

During each iteration,� not only gets stored in the memory
structure but also undergoes further forward operations. A mem-
ory selection operation is performed to choose samples from the
memory structure. These selected samples have some similarities to
current sample and they are used to achieve semantic consistency,
which aims to enhance the semantic reasoning of the network for
targets sharing similar characteristics. Speci�cally, when inputting
a new sample, the network selects similar samples from the memory
structure. By leveraging the knowledge acquired from these learned
samples, the network accurately infers and identi�es current sam-
ple. To achieve memory selection, during each training iteration, a
similarity calculation is performed between current� 2

<4< and the
stored� <

<4< within the memory structure. This is done using the
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Figure 3: Memory-based representation consistency learning.

Euclidean distance, which retrieves= samples from the memory
structure.

3.3 Representation Consistency Learning
The problem of inconsistent appearances among di�erent cartoon
images poses great challenges for cartoon parsing. To achieve con-
sistency learning for the body parts that belong to the same class
but from di�erent samples, the network initially performs consis-
tency learning at the representation level. The framework of the
representation consistency learning is illustrated in Fig. 3, which in-
volves the integration and consistency of feature representations of
current sample and feature representations of the relevant samples
retrieved from the memory bank. Multi-head self-attention [30]
is employed to achieve consistency learning among the semantic
parts from di�erent samples. It ensures that current sample and
the samples stored in the memory structure are associated and
consistent at the feature representation level.

To conduct the representation consistency learning,� is mapped
into 1-dimensional feature representation� 2

E with a global adaptive
max pooling operation. Through the memory selection,= feature
representations� <•=

E that represents the retrieved samples are se-
lected for current sample.� 2

E is then duplicated= times and con-
catenated with� <•=

E to aggregate features from diverse samples.
The above operations are formulated as follows:

� 20C
E = �0C¹�>?~ ¹�0? ¹� ºº• (4;42C8>=¹" ºº (1)

where � 20C
E is the concatenated features.�0? ¹�º denotes global

adaptive max pooling operation.�>?~ ¹�º is the duplication opera-
tion. �0C¹�º refers to concatenation operation.(4;42C8>=¹�º denotes
the memory selection operation that retrieves the related sam-
ples from memory" . Subsequently, multi-perceptual (MLP) layers
are adopted to create queries, keys and values for multi-head self-
attention. It is formulated as,

& = � 20C
E , & •  = � 20C

E ,  • + = � 20C
E , + (2)

where, & ,,  , and, + are learnable weight matrices that project
the input vectors� 20C

E into queries&, keys , and values+ , respec-
tively. Multi-head self-attention mechanism calculates the output
vectors� >DC

E as a weighted sum of the input vectors� 20C
E , where

the weights are determined by the attention scores. The attention

Figure 4: Memory-based classi�cation consistency learning.

scores are calculated as,

�CC4=C8>=¹&•  •+ º = B>5 C<0G

 
& )
p

3:

!

+ (3)

where dot products of the query& with all keys are computed and
scaled by the scaling factor1p

3:
. 3: is the dimension of query. The

softmax operation generates the attention scores. The dot products
of the attention score and value+ associate the representations of
di�erent samples.

Multi-head attention mechanism hasCheads and it performs
the attention calculation in parallel for each head. The outputs
of the heads are concatenated and projected back to the original
dimension of� 20C

E , which is formulated as,

�4038 = �CC4=C8>=¹&, &
8 •  ,  

8 •+, +
8 º (4)

� >DC
E = "D;C8�403¹&•  •+ º = �0C¹�4031• ” ” ” • �403Cº, $ (5)

where, &
8 , ,  

8 , , +
8 , and, $ are parameter matrices.

The representation consistency learning with self-attention mech-
anism allows the model to attend to di�erent representations of
the same input sequence when calculating the output vectors� >DC

E .
The consistent features,� >DC

E , is fused to the original features� as,

� A2= �0C¹�• � � (86¹� >DC
E ºº (6)

where(86¹�º denotes sigmoid operation that aims to map the val-
ues of vectors into calibration weights.� refers to element-wise
multiplication.

3.4 Classi�cation Consistency Learning
To achieve semantic consistency, supervisions are required for di-
verse body parts during the training process. Therefore, in addition
to representation consistency learning, classi�cation consistency
learning is proposed and performed through loss weighting, which
achieves semantic consistency among current sample and the sam-
ples retrieved from the memory bank. The labels of current sample
and the retrieved samples are utilized to provide supervision.

With the memory selection operation, predictions� <•=
<4< of the

retrieved= samples are obtained, which are related to features
� of current sample- . � is mapped into category dimension for
semantic prediction. The decoder of DeepLabV3+ [4] is adopted
for the mapping, which is widely used in previous human parsing
methods. It is formulated as,

� 2
<4< = �42>34A¹�• � 0º (7)
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