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Deep Color Transfer using Histogram Analogy

Junyong Lee -
Seungyong Lee

Hyeongseok Son - Gunhee Lee -

Abstract We propose a novel approach to transferring the
color of a reference image to a given source image. Although
there can be diverse pairs of source and reference images in
terms of content and composition similarity, previous meth-
ods are not capable of covering the whole diversity. To re-
solve this limitation, we propose a deep neural network that
leverages color histogram analogy for color transfer. A his-
togram contains essential color information of an image, and
our network utilizes the analogy between the source and ref-
erence histograms to modulate the color of the source image
with abstract color features of the reference image. In our
approach, histogram analogy is exploited basically among
the whole images, but it can also be applied to semantically
corresponding regions in the case that the source and ref-
erence images have similar contents with different compo-
sitions. Experimental results show that our approach effec-
tively transfers the reference colors to the source images in
a variety of settings. We also demonstrate a few applications
of our approach, such as palette-based recolorization, color
enhancement, and color editing.
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1 Introduction

Color transfer is the task of converting a source image ac-
cording to the reference color information that has desired
color characteristics. Many previous methods use guidance
images for the reference color information, where the refer-
ence images with similar contents and compositions to the
source images are needed to obtain visually pleasing results.
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Fig. 1 Color transfer results on various cases.

Such a setting would not be ideal for users as an additional
task of searching desired images is required. In this paper,
we focus on handling various reference images so that our
method can produce plausible color transfer results for di-
verse pairs of source and reference images (Fig. 1).

We first divide various correlations between source and
reference images into three cases (Fig. 1). The first case is
the strong relevance, where two images have high similar-
ity both in the contents and positions of semantic objects.
Second, the weak relevance refers to high similarity in the
contents but with less correlations in the object spatial con-
figurations. The last case of irrelevance includes image pairs
with dissimilar contents and special settings with graphic
design images and color palettes as the reference.

Traditional global color transfer methods (GCT) [30,29,
5], which transfer the global color statistics of the refer-
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Image correlation [[ GCT [ LCT [ Ours

strong relevance O (6] (6]
weak relevance X (0] O
irrelevance (0] X O

Table 1 Comparison of different approaches. Global color transfer
(GCT) may produce less desirable results when the source and target
images have similar contents but different object configurations. Local
methods (LCT) would not be effective in handling irrelevant source
and target images. Our approach uses simple information of color his-
tograms but can handle all cases effectively.

ence image to the source, work well for the case of strong
relevance. They can also produce faithful results for irrel-
evant image pairs, as the overall color distribution is more
important in that case. However, in the case of weak rele-
vance, global methods would not effectively reflect seman-
tic correspondences between images and may fail. Local
color transfer methods (LCT), which include photo-realistic
style transfer [26,17] and a dense correspondence based ap-
proach [8], can successfully handle weakly correlated image
pairs. Such methods can also be applied to the case of strong
relevance, where the semantic correspondences are rather
obvious. Nevertheless, local methods may not produce the
best results for the case of irrelevance due to unclear seman-
tic correspondences and less clear style information (Table
D).

For more robust color transfer on various cases, we intro-
duce a novel deep learning based approach using color his-
tograms. Our approach includes two networks; Histogram

Encoding Network (HEN) and Color Transfer Network (CTN).

Our HEN extracts encoded information from the histograms
of source and reference images, which is fed into our CTN
to guide the color transfer process. Although a histogram is
a simple and global representation of image colors, convo-
lutional neural networks with encoded histograms can con-
ditionally transfer the colors of reference images to source
images.

Conceptually, our approach can be interpreted as his-
togram analogy (Fig. 2), in the sense that the correlation
between the source and reference histograms is transferred
to the source image, similarly to image analogy [9]. His-
togram can be extracted from other inputs than ordinary im-
ages, such as graphics design images and color palettes. Ex-
perimental results demonstrate that histogram analogy pro-
vides sufficient information for color transfer in a variety of
settings.

In our approach, histogram analogy is exploited either
uniformly or adaptively on the source image, depending on
the relevance of an input pair. For strongly relevant and ir-
relevant cases, the same histogram information is used for
all parts of the source image, and this is the default setting.
When semantic object information is important, as in the
case of weak relevance, we can use semantic image seg-
mentation [24] and the histogram analogy is extracted and
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Fig. 2 Histogram analogy. In our histogram analogy, the color correla-
tion between A and A? (the source and reference histograms, respec-
tively) is transferred to the source image B to obtain the color transfer
result B. The visualization of a histogram shows the 2D normalized
histograms of 12 in the Lab color space, where the colors and intensi-
ties are determined by the representative colors and occurrences of the
histogram bins.

applied for corresponding semantic regions between source
and reference images. With the default setting and the vari-
ation with semantic segmentation, our approach can support
both global and local color transfers, covering the whole di-
versity of input image pairs.

Our main contributions are:

— We present a robust deep learning based method for color
transfer that can produce plausible results for a variety of
input images.

— To the best of our knowledge, ours is the first approach
that directly utilizes histogram analogy in a deep learn-
ing network for image color transfer.

— Our framework can deal with various types of inputs for
reference colors, such as arbitrary images, color palettes,
and color histograms.

2 Related Work

Image analogy For an image B, image analogy [9,20] gen-
erates a converted image B’ by transferring the analogy among
a given pair of images A and A’, achieving A : A’ :: B : B.
Image analogy has shown dramatic performance on image
stylization as well as other applications. In our histogram
analogy, A and A" are the source and reference histograms,
respectively, and the color correlation between A and Al is
transferred to the source image B to obtain the color transfer
result BY. Note that the reference image itself is not used in
our color transfer framework as we use only its histogram
instead. Liao et al. [21] consider image analogy in color
transfer but their method heavily depends on dense corre-
spondences between the reference and source images at the
feature level. In contrast, our approach utilizes abstract in-
formation of color histograms to exploit the analogy and can
handle more various cases.

Color transfer Early color transfer approaches [30,29] change
colors of a source image based on the global color distribu-
tion of a reference image. Reinhard et al. [30] perform color
transfer by matching the means and standard deviations of
source to reference images. Pitie er al. [29] explore color



