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Abstract—This article reviews published research in the field of
computer-aided colorization technology. We argue that within this
context, the colorization task can be considered to originate from
computer graphics, advance by introducing computer vision, and
progress towards the fusion of vision and graphics. Hence, we pro-
pose a specific taxonomy and organize the research work chrono-
logically. We extend the existing reconstruction-based colorization
evaluation techniques on the basis that aesthetic assessment should
be introduced to ensure the computer-coloredimages closely satisfy
human visual-related requirements. We then perform an aesthetic
assessment using the proposed metric and existing evaluations,
comparing the colorization performance of seven representative
unconditional colorization models. Finally, we identify unresolved
issues and propose fruitful areas for future research and develop-
ment.

Index Terms—Colorization, computer graphics, a taxonomy of
colorization technology, colorization aesthetic assessment.

I. INTRODUCTION

OLOR is an integrated and crucial part of the real world.
While appreciating the world’s natural beauty, humans
have never stopped trying to capture the rich colors of nature
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by utilizing methods ranging from painting to photography.
A Canadian, Wilson Markle, first invented the computer-aided
colorization technology in 1970 to add color to monochrome
footage of the moon obtained during the Apollo program.
Nowadays, such colorization-related technologies have a wide
range of applications, including restoring the original colors of
black-and-white photos [1], legacy films [2], cartoons [3], [4],
[5], animation colorization [6], [7], [8], etc. Moreover, color
has been an indispensable element of the digital world, such as
in computer graphics research [9], and a significant component
of computer-aided visualization of information, concepts, and
ideas.

Computer-aided colorization can be defined as generating
color information from gray-scale images and line drawings (or
sketches) while keeping the structural details unchanged through
computing technology. For more than two decades, this field has
attracted the attention of many researchers in computer graphics
and computer vision, who were trying to tackle four main prob-
lems: 1) Difficulty in recovering the original color information;
2) Integration of semantic understanding and different color
sources; 3) Non-photorealistic colorization and 4) Evaluation
of colorization.

Researchers have proposed various solutions to address these
four challenges: (1) To tackle the multi-modal problem of image
color [10], such as varying the colors of leaves in different
seasons (from green to yellow), two leading approaches have
been used: user-guided conditional colorization and deep color
priors-based automatic unconditional colorization. The former
provides precise color information through various forms of
user interaction (e.g., reference images, color hints, palettes,
and text prompts), emphasizing the user’s dominant role in the
coloring process, while the latter relies on prior color informa-
tion learned from large-scale datasets, offering more prosperous
and more accurate data modeling and generation capabilities.
(2) Semantic correspondence has different implications in both
conditional and unconditional coloring processes. In conditional
coloring, this is primarily reflected in techniques based on refer-
ence images and user hints/scribbles. The coloring result must
ensure that the color in the current area matches the color of
the same semantic area in the reference image or aligns with
the user-provided color information. It is also crucial to manage
different sources of color during the coloring process [11], such
as resolving conflicts between user-provided color information
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Fig. 1.

Taxonomy of colorization technology. We classify colorization as a sub-task of computer graphics, in which the green sections belong to the explicit

diverse colorization, using conditional controls, and the blue sections belong to the unconditional colorization methods and applications for vision tasks. Video
colorization is separately shown in yellow to indicate it as an extension of image colorization in spatiotemporal dimensions.

and learned color priors. The unconditional method involves
image semantic understanding at three levels: global, pixel, and
instance, which are analyzed in detail in the following technical
review. (3) In the colorization literature, an increasing number
of articles address the colorization of manga, line drawings,
and sketches, in addition to gray-scale images. Chen et al. [12]
provided a detailed comparison of these non-photorealistic col-
orization targets, which we generally refer to as line drawings
in our survey. Unlike gray-scale images, line art presents more
challenges, including sparse information, a lack of high-quality
paired data for training, and complex line structures with unique
tones and textures in anime and manga. Therefore, methods
designed explicitly for line drawing colorization often utilize
user inputs or reference images as a pre-condition. (4) Evaluating
colorization results is challenging because they are inherently
ill-posed and subjective. Ground truth is not always available.
Even when gray-scale versions of a color image are constructed
to create ground truth, the results can be diverse and subjective
and may not necessarily align with the ground truth. Evaluation
metrics dedicated to colorization need to be developed for the
benefit of the research community.

Although some excellent reviews have been published on col-
orization, they generally have certain limitations. For example,
Anwar et al. [13] mainly focused on single-image colorization,
while Huang et al. [ 14] focused on deep learning-based coloriza-
tion and largely ignored traditional methods. Chen et al. [12], on
the other hand, reviewed the field of colorization, from image
analogy to learning-based methods, but did not discuss the latest
advancements, and their proposed taxonomy was developed ac-
cording to various types of colorization objects. Comparatively,
our survey addresses some of the above-mentioned weaknesses
and gaps, providing a much more detailed, comprehensive, and
up-to-date review of the field of computer-aided colorization.
We also present our taxonomy to organize existing related work
from the perspective of methodological approaches. Consider-
ing colorization as a kind of computer graphics task, we divide
colorization into three broad categories: conditional methods,
unconditional methods, and video colorization (see Fig. 1).
This survey complements previous reviews, analyses the devel-
opment of colorization technologies, and identifies potentially
rewarding future directions in colorization research. Moreover,

reviewing the existing work reveals that evaluation metrics
for reconstruction-based models were not initially designed
for the colorization task, and there is no ground truth image.
The effectiveness of computerized colorization, precisely the
coloring quality, is a relatively abstract concept that is hard to
quantify and involves aesthetic assessment. This paper proposes
a novel colorization aesthetic assessment method inspired by
CLIP-based image quality assessment research. The method
simulates a human vision perception system.

The main contributions of our paper can be summarized as
follows:

A thorough review of the research and other materials
on colorization technology published during the past two
decades provides a precise, insightful literature-based anal-
ysis for follow-up research.

The first introduction of aesthetic assessment of colorized
images and the first evaluation of seven unconditional
image colorization methods.

A discussion of the main challenges, development trends,
and suggestions concerning potentially fruitful future re-
search directions and technological advancements.

The remainder of this survey is structured as follows:
Section II reviews the published work on colorization tech-
nology and is organized according to our proposed taxonomy.
Section IIT summarizes representative datasets that can be used
for training learning-based colorization models. Section IV in-
troduces the concept of colorization aesthetic assessment and
compares seven unconditional colorization techniques based on
the proposed new aesthetic assessment. Section V discusses
future research directions, and Section VI contains a summary
and conclusions.

II. COLORIZATION
A. Conditional Colorization

Conditional colorization refers to the colorization technology
that can explicitly generate diverse colored results according
to different types of user inputs, namely conditional controls.
Conditional methods involve five main types of control, namely
reference image, hint/scribble, palette, text, and multi-modal
controls. The earliest natural image colorization publications
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Fig. 2. [Illustration of reference-based colorization. The top row shows
reference-based gray-scale image colorization and the bottom row shows
reference-based line drawing colorization. Images courtesy of [15], [19].

are based on reference images [15] and user hints [16]. With
the development in technology, the colorization methods have
also evolved from the traditional non-parametric optimization
paradigm to the learning-based paradigm, with the coloring
objects extending from gray-scale images to line drawings,
including manga [17], [18], anime [19], [20], [21], [22], car-
toons [23], [24], [25], icons [26], [27], etc.

1) Reference-Based Methods: Reference-based colorization
methods convert color information from the reference images to
the target gray-scale images or black-and-white line drawings
(see Fig. 2).

Gray-scale Image Colorization: Reference-based gray-scale
image colorization originates from the concept of image anal-
ogy [28], amethod of automatically learning an image filter from
training data. As in the case of other classic computer graphic
tasks, such as texture synthesis, texture transfer, and artistic
rendering, reference-based image colorization can be considered
an image filter simulation based on image analogy, depending
on establishing semantic correspondence between the reference
and target images, i.e., identifying and aligning similar semantic
features or objects in both images so that the color information
from the reference image can be accurately transferred to the
gray-scale image.

Optimization-based ~ methods: ~ Inspired by  this,
Welsh et al. [15] proposed the first method of transferring
color from a source image to a target gray-scale image. Their
basic idea was first to perform pixel neighborhood matching
in the luminance channel and then to transfer chromaticity
values from the source to the target. Irony et al. [29] introduced
an exemplar-based colorization technique, incorporating a
specially designed texture-based classifier for more accurate
localized color transfer. This classifier is derived from a detailed
analysis of low-level features in the reference image. In the
early studies, gray-scale image colorization models were built
upon the assumption that similarities in gray-scale intensities
indicate color similarities. Colorization algorithms can be
misled by intensity disparities arising from variations in shades
and brightness between its reference image and the target
image. To address the problem of illumination inconsistencies
between target and reference images, Liu et al. [30] introduced
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an intrinsic colorization approach, which involved computing
an illumination-independent reference image by means of
intrinsic image decomposition. To mitigate the problems
caused by variations in illumination, their method leveraged
multiple reference images obtained from the internet. A similar
concept of using an extensive online image database to colorize
gray-scale images was also proposed by Morimoto et al. [31].
The success of such reference-based methods, however,
depends heavily on retrieving a suitable reference image. To
expand the colorization target range from famous landmarks to
general objects and scenes, Chia et al. [32] proposed a more
user-friendly colorization method that utilized semantic labels
to search appropriate reference images from the internet and
thereby facilitate accurate color transfer. To improve the speed
of image colorization, Gupta et al. [33] proposed a method
that used a fast cascade feature matching scheme for rapidly
finding correspondence between reference images and target
images at the superpixel level. Bugeau et al. [34] designed a
variational model simultaneously modeling color selection and
spatial constraints. Li et al. [35] presented a novel approach
to colorizing target superpixels by formulating it as a problem
of dictionary-based sparse reconstruction. They introduced
the first sparse pursuit image colorization method, using a
single reference image. By reducing limitations in terms of the
images provided by users and improving the precision of dense
feature matching between images, it can make reference-based
colorization technology more versatile. It generally presents a
challenge when users provide reference and target images of
objects with different scales. To tackle the problem of feature
matching involving different scales, Li et al. [36] introduced
a cross-scale matching technique that incorporates localized
considerations of various potential scales during the matching
process. They subsequently employed the graph-cut technique
to fuse the scales globally, aiming to identify spatially coherent
scales that exhibit high-quality matching. Fang et al. [37]
approached exemplar-based image colorization from the point
of view that it was a problem of color selection, incorporating
regularization constraints. They focused on utilizing superpixels
as processing units so as to improve both the efficiency and
robustness of colorization. Notably, their work introduced the
utilization of superpixel-based non-localized self-similarity
and localized spatial consistency as novel techniques for image
colorization.

In summary, the technological developmental route of
reference-based gray-scale image colorization was first started
with single image analogy, then utilizing the retrieval-based
method for selecting appropriate reference images when involv-
ing multiple reference images, until the superpixel became the
most effective solution among the traditional techniques.

Learning-based methods: Since 2012, with the successful
application of Deep Convolutional Neural Network (CNN)
models [38] for many vision-related studies, reference-based
image colorization methods have also changed from tradi-
tional optimization-based non-parametric models to CNN-based
parametric models. To address more complex situations where
clear correspondence between the target and reference images
is lacking, He et al. [39] proposed an end-to-end network
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to learn the selection, propagation, and prediction of colors
from existing data. Unlike earlier deep learning-based coloriza-
tion approaches, their method effectively captured local and
global contents, resulting in improved colorization outcomes,
which avoided semantic inaccuracies or low color saturation.
Xiao et al. [40] presented a Dense Encoding Pyramids Network
for colorization, which mapped the color distribution from a ref-
erence image onto a gray-scale image. Their model incorporated
novel Parallel Residual Dense Blocks to capture comprehensive
local-global context information. Furthermore, a Hierarchical
Decoder-Encoder Filter was employed to aggregate color dis-
tribution information across adjacent feature maps. Inspired by
work of stylizing photorealistic images [41], [42], Xu et al. [43]
designed a deep learning model consisting of a transfer net and
a colorization net to perform real-time exemplar-based image
colorization. For a reliable reference-based image colorization
system, the semantic colors associated with the objects and
global color distributions are important color characteristics of
the reference image. Lu et al. [44] introduced Gray2ColorNet to
address this aspect. This end-to-end deep neural network innova-
tively combined reference image semantics and global colors for
effective image colorization. Yin et al. [11] modeled colorization
as a query-assignment problem for different color sources and
designed a unified attention mechanism framework. Under this
unified framework, selecting and assigning colors from a refer-
ence image to the gray-scale image adhered to a shared criterion,
utilizing the semantic features as a primary factor. Inspired
by the observation that a broad learning system was capable
of efficiently extracting semantic features [45], Li et al. [46]
proposed Broad-GAN as an approach for semantic-aware image
colorization. They devised a customized loss function to improve
training stability and to evaluate the semantic similarity between
the target and ground-truth images. Attention-aware methods
have recently emerged to tackle the inherent semantic corre-
spondence problem in reference-based image colorization. Car-
rillo et al. [47] introduced a super-attention block that leveraged
superpixel features to transfer semantically related color char-
acteristics from a reference image across various scales within
a deep learning network. Similarly, Bai et al. [48] proposed
a Semantic-Sparse Colorization Network, which employed a
sparse attention mechanism to transfer global image styles
and detailed semantic-related colors to gray-scale images in a
coarse-to-fine manner. Wang et al. [49] developed an effective
exemplar-based colorization strategy utilizing a pyramid dual
non-local attention network to explore long-range dependencies
and multi-scale correlations.

In summary, Learning-based reference colorization research
mainly tackled the semantic correspondence problem by intro-
ducing different solutions, including local-global deep features
aggregation, exemplar-based style transfer formulation, and
attention mechanism modules. In addition, the decoupling of the
color sources when performing the reference-based colorization
is of significance. Usually, the color comes from 1) the semantic
colors linked to objects in the reference image, 2) the global
color distribution encompassing tones and hues of the reference
image, and 3) the color information learned from large-scale
datasets.
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Line Drawing Colorization: The early method [50] formu-
lated reference-based line drawing colorization as a neural style
transfer problem [51]. Since basic neural style transfer models
designed for natural images cannot deal with line drawings, they
incorporated a residual U-Net architecture and utilized an Auxil-
iary Classifier Generative Adversarial Network (AC-GAN) [52]
to apply the desired style to the gray-scale sketch. In line draw-
ing colorization, a specialized group of researchers focuses on
‘manga’ and ‘anime,” namely comics and animations originating
in Japan. Furusawa et al. [18] introduced Comicolorization as
the pioneering approach to colorizing complete manga titles,
encompassing sets of manga pages. The semi-automatic system
uses reference images to colorize the input black-and-right
manga images. In the anime creation industry, artists often
manually draw anime character illustrations with empty pupils
first and then only thereafter fill in the preferred colors or details
in the pupils. Akita et al. [53] introduced a colorization model,
combined with a pupil position estimation module, to colorize
anime character faces automatically with accurate pupil colors.
To solve the problem of not being able to obtain paired training
data before and after colorization, Lee et al. [54] proposed
a training scheme aimed at learning visual correspondence.
They achieved this by generating self-augmented references
with a self-supervised training scheme, eliminating the need for
manually annotated labels of visual correspondence. This de-
velopment facilitated end-to-end network optimization without
explicit supervision. Cao et al. [55] developed a segmentation
fusion model to reduce the color-bleeding artifacts effectively.
Li et al. [56] identified the problem gradient conflict within the
attention modules during line-art colorization, negatively im-
pacting the training stability. To address this issue, they proposed
a training strategy called Stop-Gradient Attention. This strategy
eliminated the gradient conflict problem, enabling the model
to learn improved colorization correspondence. Liu et al. [24]
employed a multi-scale discriminator to enhance the visual
realism of colorized cartoons, focusing on improving both global
color composition and local color shading. Chen et al. [25]
introduced an active learning-based framework that combined
the local-region matching of line art and reference-colored im-
ages, followed by spatial context refinement using mixed-integer
quadratic programming (MIQP). Cao et al. [19] devised an ex-
plicit attention-aware model for generating high-quality colored
anime line drawing images. Wu et al. [57] proposed a pioneering
self-driven dual-path framework for reference-based line art
colorization based on limited data. More recently, Cao et al. [21]
introduced AnimeDiffusion, the first diffusion model tailored
explicitly for reference-based colorization of anime face line
drawings.

In summary, reference-based line drawing colorization re-
search focused on cross-domain semantic correspondence and
color consistency to generate appropriate colored results. Nev-
ertheless, due to the lack of pairs of high-quality training data,
it is difficult to train models in a supervised manner. Since there
is a lack of large-scale training data, like natural images, the
generalization of existing models is still limited.

2) Hint/Scribble-Based Methods: Hint/Scribble-based col-
orization is a technology that performs colorization by

Authorized licensed use limited to: National Cheng Kung Univ.. Downloaded on September 16,2025 at 07:05:46 UTC from |IEEE Xplore. Restrictions apply.



9328

Fig. 3. Illustration of colorization using color scribbles (or strokes). The top
row shows gray-scale image colorization, and the bottom row shows line drawing
colorization. Images courtesy of [16], [17].

Fig.4. Tllustration of colorization using color points. The top row shows gray-
scale image colorization, and the bottom row shows line drawing colorization.
Images courtesy of [50], [61].

propagating local user-provided color scribbles (Fig. 3) and
color points (Fig. 4).

Gray-scale Image Colorization: Levin et al. [16] introduced
an innovative interactive colorization technique that assumed
neighboring pixels in space-time, with similar intensities, should
exhibit similar colors. Using a quadratic cost function, they
formulated the color propagation process as an optimization
problem. Manual scribbling can be tedious and time-consuming
for images with complex details and requires aesthetic-related
skills to obtain realistic results. The method developed by
Irony et al. [29] can automatically generate ‘micro-scribbles’
from the image the user provides as an example, greatly facili-
tating user involvement. To solve the ‘color bleeding’ problem in
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boundary regions, Huang et al. [58] developed an adaptive edge
detection scheme to prevent colorization from bleeding over
boundaries. Yatziv and Sapiro [59] designed a fast colorization
framework based on the concept of color blending to speed up the
colorization process, and their method can be easily extended to
video colorization without the need for optical flow computation.
Since previous user-guided methods require a vast number of
user inputs (e.g., in the form of strokes) to achieve high-quality
colorization of images with complex textures, Luan et al. [60]
considered the colorization problem as one of image segmen-
tation by using the concept of texture cluster, and proposed an
easy two-step colorization system, including Color Labeling and
Color Mapping.

After 2017, user-guided colorization methods have entered
the era of deep learning. Zhang et al. [62] introduced deep
learning technology to assist users in making informed color
input decisions. By training a model on large-scale natural image
datasets, the model acquires fundamental capabilities for image
semantic recognition and color information statistics. Assisted
with an interactive system, users can specify their preferences
using the trained model and thereby generate plausible col-
orization results [62]. Kim et al. [63] designed a simple add-on
edge-enhancing network to enable users to interactively annotate
the color bleeding region with scribbles. Instead of performing
a direct operation at the image level, their model used scrib-
bles and intermediate feature maps to generate edge-enhanced
colorization outputs. Xiao et al. [64] designed a two-stage deep
colorization model that simultaneously accommodated inputs
of both local color points and global palette. Yun et al. [65]
proposed the first color point-based real-time colorization model
based on the Vision Transformer [66] which, by leveraging
the self-attention mechanism, can avoid producing partially
colorized outputs.

Line Drawing Colorization: User-guided colorization meth-
ods for line drawings can be traced back to the work of
Qu et al. [17], who developed a stroke-based approach that
was tailored specifically for colorizing manga, characterized by
intensive strokes, hatching, halftoning, and screening. Due to the
sparse continuity of patterns in manga, conventional intensity-
continuity-based techniques are ineffective. Qu et al. [17] pro-
posed a method to propagate the color in pattern-continuous
and intensity-continuous modes automatically. Sykora et al. [67]
presented a flexible colorization tool that could be applied to
various drawing styles as opposed to the previous style-limited
approaches.

As in the case of natural images, starting in 2017, many
user-guided line art colorization methods using deep learning
techniques were developed. Sangkloy et al. [68] formulated
the colorization process as a sketch-to-image synthesis problem
involving scribbles control. They were the first to utilize GAN to
generate realistic images according to sketches and sparse color
scribbles. Liu et al. [23] designed the auto-painter model, based
on conditional Generative Adversarial Networks (cGAN) [69],
which automatically generates colorized cartoon images from
a sketch. Ci et al. [70] proposed a model based on cGAN
architecture for scribble-based anime line art colorization. To
generate authentic illustrations with accurate shading, they in-
tegrated their framework with WGAN-GP [71] and perceptual
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loss [72]. Zhang et al. [61] proposed a learning-based framework
consisting of two distinct stages: drafting and refinement. This
decomposition simplified the learning process and enhanced the
overall quality of the final colorization outcomes. In line art
colorization, flat filling is a process that uses relatively flat colors
rather than color textures. Zhang et al. [73] proposed the Split
Filling Mechanism framework to control the areas defined by
user scribbles and thereby generate realistic color combinations.
Their method can fill in flat, consistent colors to regions instead
of pixel-level color textures. Yuan and Simo-Serra [74] presented
a Concatenation and Spatial Attention module that can generate
consistent and high-quality line art colorization from user inputs.
Previous methods performed colorization in RGB color space,
which resulted in dull colors and inappropriate saturations. To
address this problem, Dou et al. [75] introduced the DCSGAN
model, which was the first to utilize Hue, Saturation, and Value
(HSV) color space to enhance anime sketch colorization. The
HSYV color space closely aligns with the human visual cognition
system. It is well-suited for colorization tasks incorporating
prior human drawings, including hue variation, saturation con-
trast, and gray contrast. Recently, Carrillo et al. [76] introduced
an interactive method for colorizing line art using conditional
Diffusion Probabilistic Models. Cho et al. [77] developed the
GuidingPainter model to improve the efficiency of the interactive
sketch colorization process, based on the concept that making
the model actively seeks regions where color hints would be
provided rather than rely too heavily on deciding color local-
position information provided by users.

There are two primary research motivations for hint/scribble-
based methods. First, they enhance the accuracy and naturalness
of image coloring. User-provided color cues can serve as prior
information, helping the algorithm more accurately infer the
color distribution across different image areas. Second, these
methods increase user engagement and satisfaction. Allowing
users to provide color prompts gives them greater control,
enabling them to customize the image’s colors according to their
preferences and needs.

In addition, it is important to note that user-hint-based
colorization methods are more commonly used in non-
photorealistic sketch coloring tasks. This is because, unlike
natural images, line art images lack a large dataset that defines
prior color distributions. Furthermore, in animation or artistic
creation, many color schemes do not exist in nature. Due to
the unique nature of non-photorealistic art coloring, interactive
user-hint-based methods provide users with greater control and
creative freedom.

Finally, to effectively manage conflicts between user-provided
hints and the color priors derived from the algorithm’s semantic
understanding of the image, colorization systems should be
designed with a flexible architecture that prioritizes user input
when necessary. Additionally, incorporating feedback mecha-
nisms that show users how their hints are being applied can
help achieve the desired results while maintaining a balance
between algorithmic suggestions and user creativity.

3) Palette-Based Methods: Palette-based image colorization
is a technique where a limited set of colors, known as a palette,
is used to colorize a gray-scale image, as illustrated in Fig. 5.
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Fig. 5. Palette-based colorization. Images courtesy of [78].

The color palette usually reflects the overall tones or themes of
the image, while the image color conveys emotions by means of
color themes. Wang et al. [78] proposed the first system, called
the Affective Colorization System, which can efficiently colorize
a gray-scale image semantically, using a color palette with emo-
tional information incorporated. Bahng et al. [79] regarded the
palette as an intermediate representation that conveys the seman-
tics of the image. They first designed a model to generate multi-
ple palettes according to different text inputs and then performed
palette-based gray-scale image colorization. Xiao et al. [40]
proposed a reference-based colorization framework, with the
palette being one reference type, to generate realistic colored
outcomes. Wu et al. [80] introduced a flexible icon colorization
model based on user-guided images and palettes.

Compared to other conditional colorization technologies,
palette-based methods have attracted relatively less attention
[from researchers, with publications dealing with palette-based
methods mainly covering natural gray-scale image colorization
or icon sketch colorization.
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Fig. 6. Illustrations of text-based colorization. The top row illustrates gray-
scale image colorization, and the bottom row line drawing colorization. Images
courtesy of [84], [85].

4) Text-Based Methods: Text-based colorization [81] per-
forms coloring according to users’ instructions provided in the
form of texts (natural languages), and being a relatively novel
cross-modal interactive method, to both natural and line images,
as illustrated in Fig. 6.

This technology can be categorized as non-diffusion-based
and diffusion-based methods. For traditional non-diffusion-
based methods. Chen et al. [82] pioneered a text-based method
for colorization. They developed a comprehensive modeling
framework that completes two interlinked tasks of image seg-
mentation and colorization for language-based image editing.
Their approach involved using a CNN to process the source
image and an LSTM [83] network to encode the textual features
according to the language-based user inputs. Another important
approach was that of Bahng et al. [79], who focused on linking
specific words to particular colors and thereby encapsulating
the semantics of the text input. Their method produced relevant
color palettes that captured the essence of the text and which
were then applied to add color to gray-scale input images.
They mentioned that their technique allows individuals without
artistic expertise to create color palettes that effectively commu-
nicate high-level concepts. Weng et al. [86] presented a method
that decoupled colors and objects into different spaces. Their
approach allowed for correctly applying designated (potentially
unusual) color words to objects, successfully addressing the
common problems associated with coupled color and objects,
and mismatches between them. Chang et al. [84] introduced
the first transformer-based text-based colorization system by
analyzing the cross-modal relationship between images and texts
using cross-attention learning, thereby addressing the large gap
between the two modalities. Early methods independently lever-
aged two distinct architectures for feature extraction: CNN for
images and LSTM for relevant textual descriptions. In another
study, Chang et al. [87] proposed a Transformer-based frame-
work to automatically consolidate related image patches and
attain instance awareness without additional information. Their
method solved the problem encountered by previous researchers
in differentiating between different instances of the same object.

Due to the cross-attention mechanism module, Stable
Diffusion-based approaches can be easily combined with text
control for image coloring tasks. Chang et al. [88] utilized
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the robust language understanding and extensive color priors
provided by Stable Diffusion [89] for text-based colorization.
Unlike previous approaches, which relied on comprehensive
color descriptions for many objects in the image, this method
avoided suboptimal performance, especially for items without
color-matched descriptive words. Thanks to the excellent data
distribution modeling performance of diffusion models and the
color priors learned in large-scale image datasets, [90], [91] can
perform text-based coloring tasks well and can even be extended
to support other interactive methods or unconditional automatic
coloring.

Unlike natural gray-scale images, which can combine color
and semantic descriptions for accurate colorization, cartoon line
art coloring benefits from the rich tags provided by the Danbooru
dataset. These independent tags can be combined to produce
coloring results with different effects. Kim et al. [85] proposed
an alternative approach, employing a GAN for colorizing line
art. Their method used monochromatic line drawings and color
tag data as inputs to generate high-quality colored images.
The current popular ControlNet-based anime content generation
method [92] also utilized these tag-based prompts to perform
sketch-guided anime content generation.

Text-based image colorization is a technique that involves
adding color to gray-scale images or sketches using textual de-
scriptions as guidance. It is worth noting that the forms of the two
types of text guidance are different. For natural images, the text
descriptions typically combine color and semantic information,
whereas, for cartoon line art, tag-based prompts are mainly used
to depict characters or scenes.

5) Multi-Modal Methods: Multi-modal colorization meth-
ods perform colorization by combining different types of con-
trol. Huang et al. [93] presented UniColor, the first unified
framework that enabled colorization in multiple modalities, en-
compassing both unconditional and conditional approaches and
accommodating various conditions, including stroke, exemplar,
text, and combinations. The framework involved a two-stage
colorization process that integrated these conditions into a single
model. In the initial stage, the diverse multi-modal conditions
were transformed into a shared representation, known as hint
points. Notably, they introduced a CLIP-based [94] approach
to convert textual inputs into hint points, ensuring compati-
bility with other modalities. The subsequent stage involved a
Transformer-based network consisting of Chroma-VQGAN and
Hybrid-Transformer components. Recently, two diffusion-based
models for natural image colorization [95] and anime sketch
colorization [20], [96] have been proposed, both supporting
multiple types of control for interactive colorization.

In summary, with the great improvement in the performance
of generative models, multi-modal interactive coloring technol-
0gy has gradually become the research direction and has high
application potential.

B. Unconditional Colorization

Unconditional image colorization is a process where a gray-
scale image is converted into a color image without any ad-
ditional input or guidance from the user. In previous studies,
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