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Abstract: Image matting is a fundamental technique used to extract a fine foreground image from a
given image by estimating the opacity values of each pixel. It is one of the key techniques in image
processing and has a wide range of applications in practical scenarios, such as in image and video
editing. Deep learning has demonstrated outstanding performance in various image processing
tasks, making it a popular research topic. In recent years, image matting methods based on deep
learning have gained significant attention due to their superior performance. Therefore, this article
presents a comprehensive overview of the deep learning-based image matting algorithms that have
been proposed in recent years. This paper initially introduces frequently used datasets and their
production methods, along with the basic principles of traditional image matting techniques. We
then analyze deep learning-based matting algorithms in detail and introduce commonly used image
matting evaluation metrics. Additionally, this paper discusses the application scenarios of image
matting, conducts experiments to illustrate the limitations of current image matting methods, and
outlines potential future research directions in this field. Overall, this paper can serve as a valuable

reference for researchers that are interested in image matting.
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1. Introduction
1.1. Image Matting

Image matting [1] is a technique that is used for extracting the fine foreground of
images, which is a computer vision task that has a wide range of application scenarios.
The foreground of an image may include entities such as humans or animals, with delicate
and complex edges such as hair as well as transparent objects such as glass, light bulbs,
or water. These elements can be difficult for computers to accurately recognize. Image
matting calculates the opacity of each pixel in an input image to obtain the alpha matte,
which allows for the separation of the foreground from the background. The foreground
can be composited with any background image to obtain a new image, as shown in Figure 1.

Chroma key matting [2] is a classic image matting technique that can be used to obtain
the foreground from a solid background by adjusting the colors of pixels in the background
to make them transparent. This technique requires a special shooting environment, which
is considerably limited in practical applications. Therefore, researchers have focused on
extracting alpha mattes from images that have natural scenes as the background. However,
image matting in natural scenes loosens the constraint of setting a solid color background,
which leads to a decline in alpha matte accuracy. Mathematically, the problem of image
matting can be expressed as follows:

I; = a;F; + (1 — «;)B; 1)
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where I; denotes the RGB value at pixel i of the input image, #; denotes the opacity value
at pixel i ranging between 0 and 1, F; denotes the RGB value at pixel i in the foreground,
and B; denotes the RGB value at pixel 7 in the background.
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Figure 1. Specific process of image matting. @ indicates the foreground extraction operation,
and ® indicates the image composition operation.

In image matting, the input image can be represented as a linear combination of
foreground and background, with each pixel having only three known variables (RGB
values) but seven unknown variables to be solved, as shown in Formula (1). Moreover,
the definition of the foreground in an image is not precise and varies depending on the
intended use. Consequently, image matting is a highly ill-posed problem that typically
necessitates the use of auxiliary inputs such as trimaps to provide additional information.

1.2. Trimap

The trimap technique was proposed by Sun et al. [3] in 2004. A trimap is a mask
that contains a foreground region, a background region, and an unknown region, and the
regions are represented by « values of 1, 0, and 0.5, respectively. Figure 2 shows the image
and corresponding trimap. The trimap can either be manually provided by users or auto-
matically produced during network computations. When using the trimap as the auxiliary
input, the known foreground and background regions provide considerable prior informa-
tion, which helps to narrow down the solution space for unknown regions. Researchers
can design relevant algorithms by using the information of these known regions.

i

b

Image Trimap

Figure 2. The image and its corresponding trimap are presented, where the foreground, background,
and unknown regions of the trimap are denoted by white, black, and gray colors, respectively.
1.3. Distinguishing Image Matting from Image Semantic Segmentation

The results generated by image matting may appear similar to those of semantic
segmentation; however, in reality, they are fundamentally different techniques. Semantic
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segmentation is a classification task that extracts the semantic information in the input
image and then classifies the pixels individually to obtain the semantic mask of the input
image. When semantic segmentation only segments the foreground and background,
the binary nature of segmentation leads to a strict boundary near the foreground edge.
Image matting is a regression task that involves estimating the opacity of each pixel in
an input image, which results in the extraction of the foreground via the alpha matte.
A comparison of the results of semantic segmentation and image matting is shown in
Figure 3.

Semantic Image
Segmentation Matting

Figure 3. Comparison of the image semantic segmentation and image matting results.

1.4. Classification of Image Matting Methods

Over the years of research and development, researchers have designed a series of
effective algorithms for various application scenarios of image matting; these algorithms
can be categorized into three groups: sampling-based, propagation-based, and learning-
based methods. Sampling-based algorithms predict the opacity of the unknown region
by collecting a series of pixels or pixel blocks from the known regions of the trimap.
Propagation-based algorithms typically establish connections between adjacent pixels and
then use an optimization strategy to propagate the opacity information of the known
regions to the unknown regions in order to predict the opacity of each pixel in the unknown
region. Learning-based algorithms learn the features of the image by using a considerable
amount of data and use these features to predict the opacity. As deep learning algorithms
have already been applied to various visual tasks and have completely surpassed traditional
learning-based algorithms, they are gradually being introduced into image matting.

1.5. Contributions

Traditional image matting algorithms (non-deep learning algorithms) have already
been comprehensively reviewed [4-7], but there is still no comprehensive review of deep
learning-based image matting methods. Thus, this article provides an extensive overview of
deep learning-based image matting methods. The timeline of the deep learning algorithms
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mentioned in this paper is shown in Figure 4. The main contributions of this article are
as follows:

*  We present a comprehensive overview of deep learning-based image matting
approaches;

¢ We extensively introduce and analyze innovative deep learning-based image matting
algorithms that have been developed in recent years and highlight their advantages;

. We outline the dataset, evaluation metrics, application scenarios, challenges, and po-
tential research directions in image matting;

___ HATT, AlphaNet MODNet, RVM, PPMatting
() SHM, AM .~ BGM, JMNet, SSM ) GFM, DIIM, UGIM
() DAPM AlphaGan GCA MatteFormer
2019 2021
2016 2018 2020 2022
(L Trimap-free method DisIM, CAM, LSM
) IndexNet, VDRN SIM, HRM, LFPNet
Trimap-based method P
LFM BGMv2, AIM, P3M, SalientIM, IIM

A4 A4

Figure 4. The timeline of deep learning-based matting methods is presented with the methods
being listed chronologically according to the year they were proposed. Trimap-based methods
are denoted by circles, whereas trimap-free methods are denoted by diamonds. (Related methods
and corresponding references: DAPM [8], DIM [9], SHM [10], AM [11], AlphaGan [12], DisIM [13],
CAM [14], LSM [15], IndexNet [16], VDRN [17], LEM [18], HATT [19], AlphaNet [20], BGM [21],
JMNet [22], SSM [23], GCA [24], SIM [25], HRM [26], LFPNet [27], BGMV2 [28], AIM [29], P3M [30],
SalientIM [31], IIM [32], MODNet [33], RVM [34], PPMatting [35], GFM [36], DIIM [37], UGIM [38],
MatteFormer [39]).

1.6. Organization of the Remaining Sections

The subsequent sections of this article are arranged in the following order. Section 2
discusses some well-known image matting datasets and introduces the method of creating
a dataset. Section 3 introduces the fundamental principles of various traditional methods
and analyzes their advantages and disadvantages. Section 4 provides an overview of the
existing end-to-end deep learning matting algorithms. Section 5 introduces some commonly
used quality evaluation metrics of image matting. Section 6 introduces the application
scenarios of image matching. Section 7 presents the current challenges and potential
research directions in image matting. Section 8 provides a summary and conclusion.

2. Datasets

Rhemann et al. [40] created a benchmark comprising 27 training images and 8 test
images that can be utilized to evaluate the accuracy of online image matting algorithms in
terms of alpha matte quality. The images and corresponding trimaps in this dataset have
two different resolution sizes, small and large, which can be used for different application
scenarios based on specific requirements. This dataset is the initial benchmark that is
specifically designed for image matting, which offers a reliable benchmark for assessing
the effectiveness of image matting approaches.

Xu et al. [9] created a large-scale dataset named Composition-1K, which contains
49,300 training images and 1000 test images. This dataset was created by manually extract-
ing the foreground from the image using image processing software and then compositing
it onto a new background image. This is the inaugural large-scale image matting dataset,
which furnishes an ample quantum of data for the training of neural networks.

Shen et al. [8] created a portrait dataset containing 2000 images. The authors used
advanced image matting algorithms to obtain the alpha mattes of each image and then
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constructed the dataset by manually selecting high-quality alpha mattes. The alpha mattes
of each image contained detailed information that was necessary for training and valida-
tion. However, noise is inevitably introduced into the alpha mattes of this dataset during
algorithm execution.

Sun et al. [25] produced a semantic dataset with extensive coverage of image matting
patterns, taking into account the balance of data across various semantic categories. This
balance ensures that images containing foreground objects in each category are almost
equal in quantity.

Chen et al. [10] created a large-scale and high-quality portrait matting dataset contain-
ing 52,511 images. This dataset includes the foregrounds of humans carrying accessories
such as mobile phones and handbags. After recruiting volunteers and carefully screening,
the researchers obtained 35,311 foregrounds with high-quality alpha mattes. Additionally,
they also selected 202 human foregrounds from the Composition-1K dataset [9]. Back-
ground images without humans were selected from the COCO dataset [41] and from the
Internet, and they were then composited with the foregrounds.

Qiao et al. [19] created a dataset called Distinctions-646, which is a large-scale matting
dataset consisting of 59,600 training images and 1000 test images. This dataset contains a
total of 646 foregrounds composited with different backgrounds.

Lin et al. [28] created two datasets named VideoMatte240K and PhotoMatte13K, re-
spectively. VideoMatte240K was created by collecting 484 high-definition green screen
videos at 4K resolution. Chroma key software was then used to generate 240,709 frames
of alpha mattes and foregrounds. The dataset includes people with different outfits and
postures. It is noteworthy that this is the initial video matting dataset consisting of consecu-
tive frames, which is distinct from static images and offers immense potential for future
research on video and motion information. PhotoMatte13K comprises 13,665 images taken
in a studio setting against a green screen background. Although the dataset offers a limited
number of people poses, it boasts a high resolution, which allows it to capture finer details.

Li et al. [29] developed the AIM-500 benchmark, which comprises a diverse set of
natural images of different types. This benchmark is equipped with high-quality alpha
mattes, which provides a means for evaluating the generalization capability of algorithms.

Ke et al. [33] created the PPM-100 benchmark, which contains 100 finely annotated
portraits with different backgrounds. The benchmark defines several classification rules
to balance the sample types, such as the inclusion of an entire human body, existence of
background blur, and whether the person is holding objects.

Li ei al. [36] have created two large-scale natural image datasets, namely AM-2K and
BG-20K. AM-2K contains 2000 high-quality animal images along with a finely annotated
alpha matte. YOLO-V3 [42] was utilized by the authors to construct BG-20K, ensuring
the absence of salient objects in each image. BG-20K encompasses 20,000 high-resolution
background images, which can improve the quality of matting and composition datasets
by avoiding cluttered backgrounds that may affect model training.

Li et al. [30] developed a large-scale anonymized portrait dataset named P3M-10K
with a primary focus on portrait privacy issues, setting it apart from other portrait matting
datasets. This dataset includes 10,000 high-resolution portrait images in which faces
are blurred and alpha mattes are of high quality. As the privacy of datasets has gained
increasing attention, this dataset provides a solid foundation for future research on the
impact of privacy-preserving training on portrait matting.

Building Matting Datasets

The primary challenge in creating an image matting dataset is obtaining high-quality
alpha mattes for images. The alpha matte labels the opacity value of each pixel, which
cannot be directly discerned by the human eye. Consequently, opacity values are obtained
through the following methods: (1) using chroma key: a scene is initially set up with the
foreground and camera fixed while capturing the natural image. Subsequently, a screen
is placed between the natural background and the foreground and is set to alternate be-



Appl. Sci. 2023,13, 6512

6 of 22

tween red, green, and blue, capturing images of the foreground against different color
backgrounds. The chroma key is subsequently applied to obtain the alpha mattes from the
images, and the final alpha matte is computed by taking the average of these alpha mattes.
High-quality alpha mattes can be obtained from different natural scenes by repeating this
procedure; (2) using image processing softwares (e.g., Photoshop [43]): the alpha matte ob-
tained by this method is rough and influenced by human subjectivity; and (3) using current
state-of-the-art image matting algorithms: this approach enables the rapid attainment of
high-quality outcomes. However, the performance of the algorithm constrains the quality
of the obtained alpha mattes, and the quality of the alpha mattes obtained from different
types of natural images varies significantly.

Additionally, trimaps should be included in an image matting dataset alongside alpha
mattes. There are two main methods of generating trimaps: (1) manually annotating: the
trimaps generated through this approach demonstrate high accuracy, but the process is
exceedingly costly; and (2) using alpha mattes: this method utilizes image processing
techniques, such as dilation and erosion, to obtain trimaps from alpha mattes, which is
a low-cost approach. However, the trimaps generated by this method may have a lower
accuracy compared with those generated by manually annotating, as shown in Figure 5.

(c) (d)

Figure 5. Image matting process: (a) original image, (b) corresponding alpha matte, (¢) manual

trimap, and (d) trimap automatically generated by expansion and corrosion. It is observed that (d) is
significantly rougher than (c).

Due to the high cost of obtaining alpha mattes, some datasets obtain the foreground
by using the alpha matte and then compositing it with different backgrounds to generate
new images and expand the dataset. Although this method can quickly increase the size of
the dataset, datasets that contain a large number of composited images with compositing
artefacts may affect the generalization ability of models in applications [9,10,19].

3. Traditional Methods

A large number of concepts and techniques in deep learning methods are derived
from traditional methods. Therefore, we introduce the fundamental principles of tradi-
tional methods before delving into the remarkable deep learning methods that have been
proposed in recent years. Traditional methods primarily rely on low-level image features,
such as color and brightness differences between the foreground and background, as well
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as handcrafted features to extract alpha mattes; there are the three main categories of
traditional image matting methods: the sampling-based method, the propagation-based
method (i.e., affinity-based), and the hybrid method based on both the sampling-based and
propagation-based methods.

3.1. Sampling-Based Methods

Sampling-based methods [44-49] sample a series of pixel pairs from known regions of
the trimap before predicting unknown pixels; then, they directly estimate the alpha mattes
by comparing the similarity between the pixels to be predicted and the sample pixel pairs.
Sampling-based methods can be further divided into two categories: (1) Local sampling-
based methods, in which the samples are collected near the edge of the known regions
in the image. Then, the alpha mattes are estimated according to the sample pixel pairs.
This method has the advantage of having a smaller sampling range and faster processing
speed. However, as the sampling space is confined to the edge of the known regions, this
method may overlook the optimal sample pixel pair for the pixels to be predicted, leading
to a lower accuracy in the predicted alpha mattes; and (2) Global sampling-based methods,
which collect samples from all known regions and focus on the trade-off among the sample
set size, coverage of the optimal pixel pair, and design of the pixel pair evaluation functions.
Collecting samples from all known labeled regions in the images can effectively compensate
for the shortcomings of a method using local sampling and improve the accuracy of alpha
mattes. However, the processing speed decreases as the number of samples increases,
and the sampling quality is unstable as the collected samples may also miss the optimal
pixel pairs in complex situations.

3.2. Propagation-Based Methods

Propagation-based methods [3,50-53], also known as affinity-based methods, initially
establish connections between adjacent pixels and then use a specific optimization strategy
to propagate opacity information from known regions to unknown regions, leveraging
this information to estimate the alpha mattes. Propagation-based methods can be divided
into three categories: the one-level color smooth model, two-level alpha-color model, and
three-level color mixture model. The one-level color smooth model calculates the alpha
values of unknown pixels based on the assumption of color smoothness, which means that
the foreground and background images of an arbitrary image are locally smooth and that
each pixel in a small region of the image can be represented by a linear combination of
adjacent pixels. The two-level alpha-color model estimates the alpha values based on the
alpha-color assumption, which implies that alpha values can be generated by combining
the corresponding color channels linearly. The three-level color mixture model is similar to
the one-level color smooth model as it also relies on the color approximation of pixels in a
small local region of images. However, in the three-level color mixture model, pixels that
need to be predicted are represented as a linear combination of all pixels within a region.
This suggests that each pixel is expressed as a mixture of several similar pixels.

The advantages of the methods that are based on propagation are as follows. (1) The
alpha information is propagated from known regions to unknown regions, ensuring that
the estimated alpha matte has local smoothness characteristics to avoid the problem of
discontinuous alpha mattes caused by sampling methods. (2) The propagation of alpha
information between unknown and known pixels can be modeled as an optimization
problem based on quadratic objective functions, which can be solved efficiently using
mature mathematical optimization tools, resulting in low computational cost. However,
the working principle of propagation-based methods also leads to a considerable decrease
in the performance of extracting the foregrounds of discontinuous objects. Moreover,
the space complexity of propagation-based methods significantly increases as the image
resolution increases as they need to store the correlations between pixels. This limits their
application in high-resolution images.



Appl. Sci. 2023,13, 6512

8 of 22

3.3. Hybrid Methods

Hybrid methods [54-58] that incorporate both sampling and propagation techniques
typically use a quadratic cost function that takes into account the smoothness of the alpha
matte as well as the user input. The alpha matte is estimated by solving a sparse linear
system of equations. There are two ways to implement a hybrid method: (1) the smoothness
refinement method, which uses sampling-based strategies to initially estimate the alpha
mattes and then utilizes propagation-based strategies to further refine the alpha mattes; and
(2) the non-local affinity method, which is an extension of local affinity-based methods that
searches for pixels with similar features to the target unknown pixel, establishes non-local
affinity connections between them, and propagates alpha information from known regions
to unknown regions.

Hybrid methods can effectively enhance the accuracy of alpha mattes by leveraging
the strengths of both sampling-based and propagation-based approaches. However, this
improved accuracy often comes at the cost of increased computational complexity, as these
methods require performing both sampling and propagation operations. Therefore, a bal-
ance between accuracy and efficiency needs to be carefully considered when selecting an
appropriate method for image matting.

4. Deep Learning Methods

Compared with traditional methods that rely on low-level and manual features to
extract alpha mattes, deep learning methods leverage extensive datasets to train neural
networks that can automatically learn image features and predict high-quality alpha mattes
without requiring manual intervention. This approach has significantly improved alpha
matting performance and has become increasingly popular recently. Deep learning-based
image matting algorithms can be categorized into two categories: (1) algorithms improving
the shortcomings of traditional algorithms through deep learning; and (2) end-to-end deep
learning algorithms that generally achieve better performance than the former. Therefore,
this paper focuses on recent innovative and breakthrough end-to-end deep learning al-
gorithms, which can be categorized into two categories: trimap-based methods, which
use a trimap as an additional input; and trimap-free methods, which do not require a
trimap. The relevant methods mentioned in this article and their major innovations will be
presented in Table 1.

Table 1. The major innovations and contributions of relevant image matting methods.

Method Major Innovations and Contributions
DIM [9] The first model to implement end-to-end neural networks for image matting.
AlphaGAN [12] The first generative adversarial network in image matting.
The introduction of a residual structure in the encoder helps to address the issue of performance degradation
VDRNet [17] . oy .
that arises with increasing network depth.
The proposed method has improved the accuracy of alpha mattes by reducing unknowns through the
LSM [15] calculation of foreground and background colors and by combining sampling methods with deep learning

techniques.

MatteFormer [39]

The first method that introduced a transformer into image matting.

The proposed model with an additional module named the guided contextual attention module effectively

GCA24] addresses the issue of poor matting performance in semi-transparent areas of images.
The proposed approach has enhanced image details by learning index functions and leveraging them to
IndexNet [16] id d . ) .
guide the down-sampling and up-sampling processes.
Expanding the traditional trimap to a semantic trimap that can provide various semantic information for the
SIM[25] model.
DisIM [13] Proposed a network that consists of one encoder and two decoders to identify the real mixed pixels in the

unknown regions and estimate their alpha values simultaneously.
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Table 1. Cont.

Method Major Innovations and Contributions
CAMatting [14] .Propose.d a two-encoder-two-decoder network to estimate the alpha matte and foreground
image simultaneously.
HRMatting [26] An approach specifically designed for high-resolution images, which involves running matting by cropping

and stitching image patches. This approach can effectively process high-resolution images.

LFPNet [27]

Proposed a two-stream structure to learn long-range features outside the receptive field that can help
distinguishing local foreground and background.

DAPM [8] This is the pioneering end-to-end matting algorithm that can perform the task without the need for a trimap.
SHM [10] Proposed the first two-stage CNN matting model, which uses a semantic segmentation model to generate a
trimap and inputs it into the matting model to generate the alpha matte.
JMNet [22] Introduction of a posture estimation module to provide global structural guidance and local focus

of attention.

SalientIM [31]

Combined a salient object detection model to achieve a matting algorithm for the arbitrary
salient foreground.

LEM [18]

Employed two decoder branches to make predictions on the foreground and background of an image, which
are subsequently fed into the fusion module to generate the alpha matte.

GFM [36]

Designed a network consisting of a shared encoder and two decoders, which serve to learn semantic features
and extract low-level structures to preserve details.

PP-Matting [35]

Similar to the idea of GFM [36], a guidance module is designed on this basis, which uses semantic features to
provide guidance for detail prediction.

P3M [30]

The first algorithm designed for privacy-preserving portrait matting.

AlphaNet [20]

Developed an attention module that directs the up-sampling and down-sampling processes of the matting
network, refining the alpha matte edges.

HATTMatting [19]

Combining appearance cues and pyramidal features through the integration of both spatial and channel
attention mechanisms; uses hybrid loss functions to guide the network to improve foreground structure.

Used attention to generate specific trimaps for different foregrounds, guiding the matting network to

AM [29] improve the details in unknown regions.
BGM [21] Proposed a matting algorithm that uses a background image as an auxiliary input to generate the alpha
matte instead of a trimap.
Implemented a real-time video matting algorithm using the background as an auxiliary input; Runs at 60 fps
BGMV2 [28] .
in HD on modern GPUs.
ModNet [33] Proposed a CNN-based efficient and real-time human video matting method that does not require a trimap.
RVM [34] Introduced ConvGRU module to utilize temporal information and achieved a robust real-time video matting
algorithm.
AM [11] Proposed a novel active learning approach that utilizes reinforcement learning to automatically determine
the most informative labeling regions, while also obtaining a satisfactory alpha matte in user interaction.
The model is able to effectively identify informative regions in the image and use information propagation
SmartScribbles [23]  methods to reduce the user scribbles. It can generate a high-quality alpha matte based on limited user
scribbles.
An end-to-end CNN is designed in this method that supports arbitrary forms of trimap inputs,
UGIM [38] from completely unknown trimaps to carefully edited ones. The foreground and background regions of the
trimmed map can be guided by user scribbles.
This method generates heatmaps as prior information based on the user’s clicks. The model predicts the
1M [32] foreground and background based on the click location, uses uncertainty estimation for fine-tuning
adjustment, and then generates the alpha matte.
DIIM [37] The model converts clicks into Euclidean distance maps and inputs them along with the origin image to the

CNN for predicting the alpha matte.
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4.1. Trimap-Based Methods

Trimaps can provide significant prior knowledge for deep neural networks, making
them a popular choice as auxiliary inputs to reduce the difficulty of model training in
many methods. This section provides a detailed introduction to representative trimap-
based methods, which can be roughly categorized into three categories based on their
network structure: a one-stream structure, one-stream structure with additional modules,
and multi-stream structure.

4.1.1. One-Stream Structure

The one-stream structure was the earliest deep neural network structure used in image
matting, and it remains a very popular structure to this day. Xu et al. [9] highlighted a
limitation of the prior techniques, which solely rely on low-level features. The efficacy of
such approaches might decline if the colors of the foreground and background are alike or
if the texture of the image is complex. To overcome this challenge, the authors proposed a
deep encoder-decoder neural network architecture that can automatically learn high-level
features from input images and use them to predict the alpha matte. This groundbreaking
study provided valuable insights for future research directions in image matting. Build-
ing upon the work of [9], Lutz et al. [12] introduced the use of generative adversarial
networks (GANSs) to tackle image matting challenges. The authors designed a generator-
discriminator model to solve the matting task, where the generator is an encoder-decoder
network; this innovative approach significantly improved the performance of image mat-
ting, demonstrating the vast potential of GANs in image matting. Expanding on the work
of [9], Tang et al. [17] proposed several improvements. The authors developed an enhanced
encoder-decoder network architecture to obtain more comprehensive foreground objects
and introduced a residual structure in the encoder to address the performance degradation
that arises with increased network depth. These advancements have significantly enhanced
the accuracy and robustness of image matting.

Tang et al. [15] utilized a one-stream deep neural network to estimate the foreground
and background of the input image before estimating the opacity values. The proposed
method has conceptual similarities to sampling-based methods where color samples are
selected for each pixel from the foreground and background; additionally, an initial alpha
matte is obtained using Equation (1). However, the implementation of sample selection is
different in this method as it trains a deep neural network specifically for sample selection.
This approach utilizes the structure and texture information of the image by initially
estimating foreground and background colors, thereby providing a more dependable
estimation of the alpha matte.

In recent years, transformers have made significant progress in natural language
processing and have shown a potential to replace CNNss in some computer vision tasks.
Park et al. [39] were the first to introduce transformers into image matting and proposed a
transformer-based one-stream matting architecture. The architecture employs both spatial
tokens and prior tokens for self-attention, where prior tokens, which are global represen-
tations of each region in trimap, are utilized through prior-attention swin transformer
modules to address the issue of an insufficient receptive field caused by the self-attention
mechanism in local regions. Multiple outputs are initially generated in the alpha matte
generation stage, which is selectively fused to gradually refine the unknown regions and
generate a fine alpha matte. This research demonstrates the promising potential of trans-
formers in image matting.

4.1.2. One-Stream Structure with Additional Modules

Although the one-stream structure is simple and has relatively low computational
complexity, it often lacks sufficient auxiliary information, leading to poor performance
in some complex scenarios. To overcome this limitation, some methods have proposed
additional modules to augment the model with more contextual and structural information.
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Li et al. [24] observed that previous methods often resulted in an unclear structure
or texture of semi-transparent regions due to the local blurriness of transparent objects.
To address this issue, they developed an encoder-decoder network with an additional
module named guided contextual attention module. Specifically, their approach involves
guiding alpha information from the image context to unknown pixels and using low-level
feature information to propagate alpha features. Additionally, they proposed a guided
contextual attention module that can distribute opacity information globally by relying
on the learned low-level affinity information, leading to an improved performance in
semi-transparent regions. These advancements offer a promising approach for improving
the matting quality of transparent objects.

Lu et al. [16] discovered that index-guided decompression performs better than other
up-sampling operators in restoring edge details during the decoding process of neural
networks. The authors suggested a unification of current up-sampling operators with
index functions, which can be treated as a function of the feature map that the network
model can adaptively learn from the data. Specifically, they designed a one-stream model
with a custom additional module, called IndexNet, which can dynamically predict and
learn indexes based on the given inputs. The learned index function can then guide the
down-sampling and up-sampling processes in the network to achieve better performance
without requiring additional supervision.

Sun et al. [25] proposed that previous methods had not adequately considered the
potential impact of semantic information of the foreground on the matting effect. There-
fore, the authors proposed expanding the traditional trimap to a semantic trimap, which
includes semantic information. They introduced a patch-based classifier to extract semantic
information from the input image and merge it with the original trimap to create the
semantic trimap. The semantic trimap and input image are fed into the u-structure for
learning. Additionally, a multi-class discriminator and gradient constraint with weights
sensitive to the content were introduced. The utilization of a multi-class discriminator
regulates alpha mattes at a semantic level, while the inclusion of a gradient constraint with
content-sensitive weights balances the various regularization losses. The utilization of a
semantic trimap enhances the prior knowledge of the model and reduces the search space
of the model when reasoning foreground objects.

4.1.3. Multi-Stream Structure

Because the one-encoder-one-decoder structure can only address a single problem,
several matting methods have introduced a multi-stream structure to tackle multi-task
problems. By utilizing these approaches, the network is able to acquire and extract a wider
range of features from the input image, leading to enhanced flexibility and performance for
various tasks.

According to Cai et al. [13], inferring the alpha matte directly from the trimap can lead
to a decrease in algorithm performance due to difficulties in identifying the real mixed
pixels in the unknown regions and estimating their alpha values simultaneously. In order
to tackle this problem, the authors put forward a new method that decomposes the matting
task into two subtasks and developed a one-encoder-two-decoder model to solve both
problems simultaneously. This approach enables better utilization of semantic information
and provides the model with additional structure awareness and a fault-tolerant capability.

Hou et al. [14] proposed a context-aware method for image matting in natural settings,
which allows for the simultaneous estimation of the foreground and alpha matte. This
method investigates the impact of both local regions and global contextual information on
high-quality matting and designs a network that contains two encoders and two decoders
and integrates global sampling and local propagation strategies to estimate the context-
aware foreground and alpha matte in parallel. Through the fusion of regional visual
features and global contextual information, the neural network provides sufficient feature
information for estimating the alpha matte, effectively improving its accuracy.
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Most matting methods have shown excellent performance on test datasets, but their
practical performance can be less impressive due to the high resolution of images and due
to hardware limitations. Therefore, Yu et al. [26] proposed a method specifically designed
for high-resolution images, which operates by cropping and stitching image patches while
explicitly modeling contextual information across them, addressing the issues of context
dependency and consistency between different image patches. Specifically, the proposed
method employs a dual encoder structure to extract features from both the image block and
trimap block. The resulting feature blocks are then processed using a custom cross-patch
context module, which captures long-term contextual dependency information across
image blocks, making stitching boundaries smoother after restoring all image blocks. This
approach was the first to address the challenges of high-resolution image matting.

Liu et al. [27] discovered that the effective receptive field of ordinary convolutional
neural networks (CNNJs) is often too small to connect pixels in unknown areas with pixels
in known areas, which can significantly affect the performance of the model. To address
this issue, the authors designed a two-stream structure model based on the crop and
patch approach; one branch called the matching module was used to process cropped
image blocks, and the other branch called the propagating module was utilized to process
context image blocks centered around the cropped image blocks. This processing strategy
allows for the learning of long-range features outside the receptive field, which helps in
distinguishing the local foreground and background and in solving the issues mentioned
above, ultimately improving the overall performance of the model.

4.1.4. Summary of Trimap-Based Methods

The introduction of trimaps provides clear foreground and background information
for the deep neural network such that the model can focus on the calculation of unknown
regions, which optimizes the training effect of the model and allows the model to infer high-
quality alpha mattes with fine edges. However, the difficulty of generating a trimap and
the demand for matting-related knowledge limit the application of trimap-based methods.

4.2. Trimap-Free Methods

The underconstrained nature of the image matting problem necessitates that a trimap
be used in most methods as an auxiliary input to add constraints that are difficult to apply
in the real world. Trimaps are also difficult to deal with in large-scale data or in tasks with
timelines (e.g., videos, live streaming). Therefore, in recent years, many image matting
methods without auxiliary input have been proposed; these methods are called trimap-
free methods. Trimap-free methods are more applicable to the real world. This section
introduces recent superior and breakthrough trimap-free methods.

4.2.1. Methods for Automatically Generating Trimaps

Due to the complexity involved in creating trimaps, it is unfriendly to users that do not
have knowledge of matting. As a result, many researchers have begun exploring methods
for automatically generating trimaps to avoid user interaction. This approach makes image
matting techniques more accessible and user-friendly.

Shen et al. [8] proposed a method for automatic portrait matting. The authors regarded
the trimap prediction as a semantic segmentation task with three classes (i.e., background,
foreground, and transition regions), using FCN [59] for prediction and facial landmark
points to align the mask. Additionally, they proposed a matting layer that can perform
forward and backward propagation, achieving an end-to-end automatic portrait matting
system. Shen et al. [8] only used a CNN model in the trimap generation stage, whereas
Chen et al. [10] utilized CNN separately for both the trimap generation and matting tasks.
The authors also introduced a fusion module to preserve the semantic information of
the foreground and background, allowing the results generated by two distinct networks
(semantic segmentation and image matting) to blend with each other. Wu et al. [22]
proposed a new portrait matting method that differs from the sequential approach used
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by [8,10]. The authors used Resnet50 [60] to serve as the backbone, which was coupled
with the ASPP [61] module for the extraction of multi-scale features. These features were
subsequently fed into the human pose network, trimap network, and matting network
individually. With the semantic information generated by the human pose network assisting
the trimap and matting networks, the authors achieved better results. The resulting alpha
matte was more refined compared with previous methods. As trimap-free methods heavily
rely on expensive alpha matte annotations, most of the existing methods are targeted
at portrait matting. Therefore, Deora et al. [31] proposed a framework for salient object
matting that utilizes the U2Net [62] network to generate a trimap for any salient object
present in an image. This trimap is then passed to the matting model for further refinement,
effectively solving the problem of previous trimap-free methods being only capable of
single-object matting. As a result, this approach expands the application scenarios of
trimap-free models.

4.2.2. Dual-Decoder Structure

To achieve a trimap-free method without using a semantic segmentation network to
generate trimaps, researchers have designed a one-stage dual-stream network structure.
This parallel decoder network structure makes the model simpler and easier to train com-
pared with the two-stage network [8,10,22,31] while achieving equally precise visual effects.
Zhang et al. [18] extracted semantic features from the image using a dual decoder and
predicted the foreground and background separately. As the semantic segmentation results
are coarse, the authors designed a network that blends the foreground and background to
produce a refined alpha matte without generating a trimap, which achieves excellent results.
In contrast to [18], which predicted the foreground and background, Li et al. [36] proposed
a division of the matting task into two simultaneous subtasks: a high-level semantic seg-
mentation alongside the preservation of low-level structural features. The two decoders
respectively learn semantic features to distinguish the foreground and background and ex-
tract low-level structures to preserve details. The two decoders work together to complete
the matting task. Chen et al. [35] share a similar idea to Li et al. [36] through the use of
two decoders for the semantic learning and detail extraction of the transition region. The
authors added a guidance module to provide guidance for detail prediction using semantic
features, achieving interaction between detail and semantic features. This enables the
network to generate an alpha matte with excellent detail effects in the transition region.

4.2.3. Attention Method

Attention mechanisms have demonstrated significant effectiveness and power as a
tool in the field of computer vision, which can help models better focus on key information
in images. In the image matting domain, many CNN models have adopted attention
mechanisms to obtain more precise alpha mattes. We will now introduce the relevant
research works of other researchers in detail.

Sharma et al. [20] proposed an attention module that projects the entirety of the
feature map’s channels onto a singular attention map. This map is adaptively learned
from the training data and guides the up-sampling and down-sampling processes of the
matting network for better boundary detail enhancement. Qiao et al. [19] proposed a
hierarchical attention-based matting network that utilizes spatial attention to capture image
textures and appearance clues; the method also uses channel attention to extract semantic
features, similarly to some dual decoder networks [35,36]. Li et al. [29] classified foreground
types in images and employed SE attention [63] to learn the semantic features of different
foreground types, enabling the attention to guide the matting network to improve detail in
the transition regions of different foreground types.

4.2.4. User-Friendly Input

The process of creating a trimap requires a significant amount of time and effort. When
there is no trimap available, trimap-free methods often extract all salient objects in an image,
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making it challenging to extract specific foregrounds based on user requirements. Therefore,
designing a more user-friendly auxiliary input or interactive segmentation methods would
meet user demands and also have high research value.

Sengupta et al. [21] proposed a portrait matting method using a background image as
an auxiliary input, which replaces the trimap. By designing a network architecture, this
method simultaneously achieves the output alpha matte and foreground image, further
improving the efficiency of the matting process. Then, Lin et al. [28] modified the network
structure based on [21] to achieve real-time video matting and proposed a new idea of
using the foreground residual as the prediction target. Experimental results indicate that
the utilization of the foreground residual can substantially enhance the convergence rate of
the network and effectively address color overflow problems.

The difficulty of obtaining a background image is much lower than that of creating a
trimap; however, usually only the background image can be conveniently obtained in the
real world, and when processing videos, this method’s effectiveness significantly decreases
when the background changes. In addition to using the background to replace the trimap,
researchers have designed models where users provide constraint information through
interaction. Yang et al. [11] designed a recursive reinforcement learning model that can
detect the marked regions in the image to obtain a good alpha matte and can provide
feedback for detecting the next suggested marked region based on the foreground and
background of user scribbles. Through iteration, the model obtains a fine alpha matte.
On the other hand, Qiao et al. [23] divided the image into blocks and automatically selected
important regions for generating the alpha matte based on the image content. Users
scribbled the foreground, background, and transition regions, and the CNN expanded
the scribbled information to the entire image to iteratively generate an accurate trimap.
These models combine user interaction with traditional matting algorithms to generate
the final alpha matte. Unlike the approach of combining interactive information with
traditional matting algorithms [11,23], Fang et al. [38] implemented a CNN architecture
that supports arbitrary trimap inputs. In the absence of a trimap input, the model assumes
a completely unknown trimap as the input and generates the corresponding foreground
and background. The model can also be guided by user scribble markings to correct the
generated alpha matte. Wei et al. [32] and Ding [37] et al. used user clicks as auxiliary inputs.
Wei et al. [32] marked the foreground and background of the image by utilizing user clicks.
The corresponding heat map was generated for the click position and was inputted into
the model to generate the alpha matte. In addition to using clicks to mark the foreground
and background, Ding et al. [37] also added markings for the unknown area, which would
generate the corresponding Euclidean distance map. The model gradually propagated the
marking information to adjacent areas through a specific strategy to continuously correct
the alpha matte generated by the model.

4.2.5. Real-Time Video Matting

Real-time scenarios, such as video conferences and live streaming, commonly utilize
image matting techniques. Therefore, designing a lightweight and efficient video matting
model framework that operates at high resolutions without requiring auxiliary inputs is an
important research direction for scholars.

Lin et al. [28] utilized the background to assist image matting, which increases the user
threshold and limits the application scenarios. Therefore, Ke et al. [33] proposed MODNet,
a lightweight network that employs branch networks for edge refinement and achieves
real-time video matting without auxiliary inputs. MODNet also addresses the issue of
flickering in the video matting process, resulting in output results that are more in line
with human perception. After proposing [28], Lin et al. went on to propose a real-time
video matting model [34] that operates independently without requiring auxiliary inputs.
This model utilizes ConvGRU [64] to leverage temporal information in videos and uses
DGF [65] modules to enhance image resolution, thereby improving the robustness and
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matting quality of the model. The RVM [34] model highlights the importance of temporal
consistency and quality in video matting models.

4.2.6. Summary of Trimap-Free Methods

The trimap-free methods utilize the powerful feature extraction ability of deep neural
networks to generate alpha mattes without the need for a trimap. Researchers have contin-
uously improved the quality of trimap generation using semantic information, attention
mechanisms, or user interaction. As these models do not require the production of a trimap,
the user’s expertise requirement is greatly reduced, and the application scenarios for image
matting models are becoming more widespread. However, it is important to note that
without the guidance of a trimap, these algorithms may be less robust in certain scenarios.
For instance, in images with multiple objects or moving objects, the models may struggle
to accurately separate the foreground from the background. This limitation arises because
the absence of a trimap makes it challenging for the algorithm to differentiate between
different objects or track their movements effectively.

5. Evaluation Indicators

The evaluation indicators of image matting are employed to assess the quality of alpha
mattes, which reflects the quality of the corresponding image matting algorithm. Image
matting evaluation techniques can be divided into two groups: subjective evaluation and
objective evaluation. Due to the subjectivity of subjective evaluation, it is generally not
used. Therefore, this section aims to introduce objective evaluation indicators and briefly
outline their usage methods.

Objective evaluation indicators measure the disparity between algorithm-generated
alpha mattes and ground truth alpha mattes to assess the quality of image matting, and
they can be classified into single-point and multi-point evaluation methods depending on
the range considered for the opacity value difference.

5.1. Single-Point Evaluation

For single-point evaluations, the discrepancy between the ground truth alpha mattes
and alpha mattes estimated by the algorithms is calculated for each pixel using the mean
square error (MSE) and sum of absolute difference (SAD). To mathematically represent
the calculation of the discrepancy between the estimated alpha matte and ground truth
alpha matte for pixel i, the MSE is expressed as

MSE = & %(02- _ &) o)
N l 1 1 .

The smaller the MSE, the better the model fits the dataset. The MSE has strong
robustness to changes in brightness and contrast, but it gives higher weight to errors with
larger pixel values, which may lead to less accurate evaluation results.

The sum of absolute value errors is denoted by

N
SAD =Y |&; — &|. 3
i

where N represents the number of unknown pixels in the unknown region of the trimap,
while &; and &; denote the alpha values of pixel i in the estimated and ground truth alpha
mattes, respectively.

The smaller the value of the SAD, the higher the degree of fitting between the model
and the dataset. The SAD is sensitive to changes in brightness and contrast and therefore
is not suitable for evaluating image quality in complex scenes.

Single-point evaluation indicators such as MSE and SAD are simple to use and
have low computational costs. However, they may not accurately capture the subjective
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perception of image quality by the human eye, which limits their ability to reflect the true
performance of algorithms in practical applications.

5.2. Multi-Point Evaluation

A single-point evaluation is a straightforward method to calculate but fails to reflect
the relationship between the opacity differences of multiple pixels. Therefore, in specific
cases, a multi-point evaluation is necessary. Multi-point evaluations take into account
the differences between the ground truth alpha mattes and algorithm-generated alpha
mattes from the perspective of a series of pixels, including gradient error and connectivity
error [40], among others. The gradient error reflects the discrepancy in the transparency
alteration between the ground truth alpha matte and the algorithm-generated alpha matte
and is calculated as

Grad = Z(Vofi — ;)T 4)

1

where 1/d; and /«; denote the normalized gradient magnitude of the estimated alpha
matte and ground truth alpha matte at pixel i, respectively; they are calculated using the
Gaussian first derivative. q is a custom parameter.

The algorithmic matting performance is deemed superior when Grad attains a smaller
value. The efficacious evaluation of algorithms in terms of details (e.g., hair, fur, etc.) can
be achieved via the gradient error.

The connectivity error represents the difference in connectivity between the ground
truth alpha matte and the estimated alpha matte, and it is mathematically defined as

Conn =} (¢(d;, Q) — ¢(a;,Q))". ©)

i

where () represents the largest connected region in both the ground truth alpha matte and
the estimated alpha matte, which is the foreground. p is a custom parameter. ¢ is a function
that characterizes the extent of connectivity between pixel i and (), which is calculated as

p(d;, Q) =1—(A;-6(d; =2 0) - dy). (6)

Pixels are fully disconnected when ¢ = 0 and fully connected when ¢ = 1. A;
corresponds to the mean distance between pixel i and the nearest connected pixel to (2:
A = ﬁ Yrex dist(i), K is the set of discrete values between [; and ;. The disk; func-
tion computes the normalized Euclidean distance between pixel i and the nearest pixel
connected to (2 when using a threshold of k. In the equation d; = d; — I;, I; refers to the
maximum binarization threshold that is needed to ensure four-connectivity between pixel i
and (); ¢ denotes the Dirac ¢ function, which is used to ignore d; being less than 0. 0 is a
custom parameter where pixels are considered fully connected when d; < 6, resulting in a
more flexible error calculation. The smaller the Conn, the smoother the surface changes of
the foreground object, the clearer the boundaries, and the better the matting effect.

However, as neither the gradient error nor the connectivity error alone can compre-
hensively assess the quality of the alpha matte, a combination of both indicators is often
employed to evaluate the performance of a model.

5.3. Utilizing of Evaluation Indicators

The deep learning-based algorithms of image matting predict the alpha matte of unla-
beled images using training models to learn image features from labeled data. During the
training process, evaluation indicators are typically used to supervise and optimize the per-
formance of the model. These evaluation indicators can reflect various differences between
the predicted alpha mattes of the model and the ground truth alpha mattes. The training
objective aims to minimize the values of these indicators, narrow the disparities between
the algorithm-generated alpha mattes and the ground truth alpha mattes, and optimize the
performance of the model.
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Specifically, a loss function such as MSE can be employed to quantify the discrepancy
between the alpha mattes generated by the model and the ground truth alpha mattes; then,
optimization algorithms such as gradient descent can be used to minimize the value of this
loss function as much as possible. During the training process, we input the training data
into the model, calculate the predicted alpha matte of the model, and input the estimated
alpha matte and corresponding ground truth alpha matte into the loss function to calculate
the difference. Subsequently, an optimization algorithm is utilized to update the model
parameters. This process continues to iterate until the difference reaches the optimum or
converges to an acceptable value.

6. Applications of Image Matting

As mentioned earlier, image matting is a widely used image processing technique
that has numerous applications in various scenarios. It involves image editing, medical
imaging, cloud detection, and other related fields. In this section, we discuss the application
scenarios where image matting plays a significant role as well as the fundamental principles
behind their applications.

Image Editing: Image matting is a versatile tool for fine-tuning and manipulating
images to achieve various desired effects in image editing. Foreground separation is a
key application of image matting, which enables image composition and finds use in
diverse fields such as advertising design and video production [66,67]. Additionally, image
matting is useful in image inpainting [68], which is a technique for repairing damaged or
missing parts of an image. Beyond these, image matting can also be utilized for background
replacement and object movement; with the former, the background of an image can be
replaced with another image or color, while the latter allows for the movement of the
foreground object to another position. These applications can be used to achieve a range of
visual effects for the image.

Medical Imaging: In the field of medical imaging, image matting technology has
found applications in the segmentation and analysis of medical images. For example,
Wang et al. [69] introduced alpha mattes of image matting into medical imaging, which
better described lesion details and addressed the blurring problem associated with binary
masks. Moreover, image matting can also be utilized for medical image segmentation and
disease detection [70,71]; the former can be used to separate various structures or tissues
(such as lungs and bones) in medical images, assisting in analysis and diagnosis, while the
latter can detect diseased tissues in medical images and help to locate lesion locations.

Cloud Detection: The utilization of image matting technology can be extended to
the domain of cloud detection [72-74]. Traditional techniques encounter challenges when
attempting to accurately segment clouds in remote sensing images due to their uneven
brightness and irregular shapes. However, image matting offers a more superior perfor-
mance by separating the foreground and background of clouds, resulting in improved
accuracy and efficiency in cloud detection.

Aside from the mentioned applications, image matting is widely applicable in var-
ious other domains. For instance, in game development, this technology can facilitate
the free movement and operation of game characters by separating them from the back-
ground. In intelligent transportation systems, image matting allows for the precise detection
and tracking of vehicles or pedestrians by separating them from the background. Addi-
tionally, image matting is extensively utilized in multi-modality, automatic driving, and
3D applications.

7. Challenges and Future Directions
7.1. Constructing Large-Scale Datasets

Datasets play a critical role in deep learning methods, and high-quality datasets such
as COCO [41] and Imagenet [75] have made a significant impact on related research fields.
However, due to the laborious process of annotating alpha mattes, most publicly available
matting datasets are constructed using synthetic techniques. These involve synthesizing
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different images by combining foregrounds with different backgrounds to effectively
expand the dataset. However, the limited variety of foreground types and the introduction
of artefacts in the synthesized images can result in poor learning outcomes, leading to
overfitting and a reduced generalization ability in neural networks.

Furthermore, due to the expensive production costs, current hand-annotated image
matting datasets focus on a single category, typically humans or animals. Natural multi-
class image matting datasets are therefore rare. Some recent studies, such as GFM, have
proposed methods to improve image synthesis that address issues such as resolution and
noise. These studies have also constructed unique background datasets to enhance the
quality of synthetic datasets.

We believe that proposing new data augmentation and synthesis strategies to over-
come the limitations of synthetic datasets in image matting is crucial. Additionally, explor-
ing how advanced image generation algorithms can assist in constructing matting datasets
is an important area for future research. In summary, building large-scale high-quality im-
age matting datasets that include diverse foregrounds and backgrounds as well as precise
alpha mattes is necessary to advance the field of image matting.

7.2. Multi-Class Matting

Currently, image matting is a binary classification problem of foreground and back-
ground. Exploring how to add more class information on this basis to achieve multi-class
classification without auxiliary input, similar to semantic segmentation, is a new research
direction that is worth exploring. This will greatly enhance the application scenarios and
flexibility of image matting because it can freely choose the foreground category that needs
to be extracted. For example, in an image of a little girl holding a dog, current models can
only extract the girl and dog as the foreground together rather than separately extracting
her pet dog, which is very inconvenient. With multi-class matting, desired foreground
objects can be extracted through semantic information. Research on multi-class matting
will provide more value for the industrial application of image matting.

7.3. Robust Trimap-Free Matting

The current trimap-free methods combined with the powerful feature extraction
capability of CNN and increasing number of open-source datasets can already generate
fine alpha mattes without the need for a trimap. However, they still have limitations,
and their performance is not ideal in some special scenarios. We randomly experimented
with some open-source trimap-free matting models [29,30,34,35], and the results are shown
in Figure 6. When processing moving foreground objects, the edges of the objects in motion
may blend and overlap with the background, creating blurry areas that greatly increase the
difficulty of image processing. The model fails to match them correctly. In addition, current
models also struggle to perfectly extract small foreground objects with different scales
when they appear in images. This is because most matting datasets contain images with
large foreground objects that dominate the image. The model tends to overlook smaller
foreground objects within an image when there are foreground objects of varying scales
present. It is currently a major challenge for trimap-free methods to extract foreground
objects with completely different scales and to deal with motion blur.
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Input Image

Figure 6. The first row displays the model’s output alpha mattes for a motion-blurred image, while
the second row displays the model’s output alpha mattes for different scales in the foreground image,
where (a) represents the output of the PPM [35] model, (b) represents the output of the AIM [29]
model, (c) represents the output of the P3M [30] model, and (d) represents the output of the RVM [34]
model. As shown in the figure, the methods perform poorly in capturing the motion-blurred objects
indicated by the red rectangles in the first row. Additionally, when objects with different scales, as
indicated by the red rectangles in the second row, appear in the image, these methods generally fail
to extract them accurately and tend to only capture the most prominent objects.

8. Conclusions

In conclusion, image matting is a fundamental problem in computer vision and has
garnered significant attention from the research community. Over the years, numerous
approaches have been proposed to solve this problem, including traditional methods
based on manual and low-level features as well as more advanced deep learning-based
techniques. In this paper, we have provided an extensive survey of image matting methods
based on deep learning. We first introduced well-known datasets and traditional methods.
Subsequently, we concentrated on summarizing notable image matting methods based
on deep learning and analyzing their innovations. Additionally, we discussed typical
evaluation indicators for image matting quality, along with several applications of the
technique. Finally, we explored the primary challenges and future directions of image
matting. Despite significant progress, image matting remains a vibrant research topic,
and we believe that future work in this area will undoubtedly drive advancements in
computer vision and related fields.
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