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ABSTRACT. The image color transfer process enhances images’ color features for wide
applications in different fields. This paper presents a multiple regression analysis based
algorithm for global color transfer between images. Both the target and source images
are first transformed into the CIELAB color space. Multiple regression analysis (MRA)
is then conducted on the L*, a* and b* planes to find the corresponding best fitting
functions for each plane, respectively. The new value of each pizel on each plane is then
evaluated using the best fitting function. These new values are then combined into the
LAB color image result. The result image is then transformed into the RGB color space.
The experimental results show that the presented approach has three major advantages:
(i) the proposed algorithm is manual free, simple, effective and accurate in transferring
color between images without any change in the image details; (i) the proposed algorithm
saves time and the time consumption is independent of the number of bins selected and
the degree of regression; (iii) there are no restrictions in the image dynamic color ranges
in the proposed algorithm.
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1. Introduction. Digital color images are the most important media for efficient infor-
mation presentation and communication. They are widely applied in the multimedia,
biomedical, Internet and video and push people to pay more attention to color image
processing to meet human requirements [1]. Color is a significant source of information
for image analysis [2], classification [3], segmentation, recognition and retrieval [4]. It
provides artists with the ability to show creativity and style [5] and also offers doctors
a means to describe tissue pathology and aesthetics in dermatology and dentistry [6].
Because some of the original colors in an image might not be suitable for analysis, the
colors must be adjusted. The appearance of an image can be adjusted manually to obtain
specific effects but that requires advanced image manipulation techniques which consume
a great deal of time. Color transferring is one of the most popular techniques in image
color processing for changing an image’s color and preserving the image’s original details
and natural look at the same time. This means replacing the target image’s colors using
the source image’s color without any change in the text and certain visual qualities [7].
Color transfer between images is a challenging task because both the source and target
images may consist of various colors, causing multiple shades in the transfer results [8].
Several schemes have been proposed for global color transfer between images. Reinhard
et al. [9] proposed a statistical based scheme. Their idea is based on transferring the
original RGB color images into the laf color space proposed by Ruderman et al. [10],
in which the correlation between channels is minimized and the color perception can
be evaluated better. They assumed that the pixel values of each channel in the [af
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color space was a Gaussian distribution and the color transfer process shifted and scaled
each channel’s pixel values from the target image to match the corresponding source
image mean and variance because of the uncorrelated laf color space axes. The color
transferred a8 image is finally converted back into the RGB color space. Reinhard et
al.’s scheme allows operating the transfer independently in each channel to convert a
potentially complex three-dimensional problem into three much simpler one-dimensional
problems. Although this technique is simple and efficient for a large range of images, it
has three disadvantages: (i) it is time consuming because it must perform color space
conversion three times to transfer color from a source image into a target image; (ii) the
color transfer quality depends on the composition of the target and source images [5];
(iii) overflow will appear when the image hue is oversaturated and may not be good for
images with a big gap between different chromaticity’s [7]. S. Xu et al. [7] transformed
target and source images into the [af3 color spaced first. They used the Gaussian Mixture
Models-Exception Maximum (GMM-EM) method to cluster the source color image into
specified areas and used the K-means algorithm to segment the target image. They then
imposed mean chromaticity values from the source image onto corresponding areas in the
target image. C. C. Liu and G. N. Hu [11] considered the histogram in each plane of a
color space as a probability density function. They first transformed the target and source
images into LAB color space and then computed the probability density characteristics
of each plane in each image to find the correlation function for every two corresponding
planes between the target and source images. The transferred pixel values for each plane
are determined by conducting the corresponding correlativity function on each target
image plane. The color transferred target image is finally constructed by replacing each
plane with its corresponding transferred plane. G. R. Greenfield and D. H. House [12]
proposed an approach to recolor a target image according to the color scheme from the
source image. The target and source images are first decomposed into clusters of pixels
with similar color. The color palette for each image is constructed by selecting the most
typical colors from the above decomposition. The color transfer from source image to the
target image is evaluated by matching the decomposed areas between the target and source
decomposition using a Euclidean metric. The resulting quality of the color transferred
image is highly dependent on the previous segmentations. Zhou et al. [13] synthesized
a natural scene using multiple labeled level eigen-spaces to generate a depth map, using
multiple color level eigen-spaces to generate natural textures to fill in the label maps.
Their approach can model natural textures and common depth layouts without learning
large numbers of parameters to synthesize perceptually natural scene images. However,
they often needed more than fifty sample images (depending on the complexity of the
sample image) to train their system to extract sample textures and eigen-spaces. The
goal of this paper is to find a simple and efficient global color transferring approach and
a measurement metrics to evaluate color transferring scheme performance.

Multiple regression analysis is a statistical method used to model the relationships
between several independent variables and a dependent variable by fitting an equation to
the observed data. Numerous experiments have shown that multiple regression models
can be used to make accurate predictions. Multiple regression procedures are very widely
used in the social and natural sciences today [14]. It is also a suitable technique for us in
global color transferring from a source image to a target image. The RGB color space is
the most popular space used in sensor and display devices. It is reasonable to take use
of multiple regression analysis on each component in a color image in the RGB domain.
The RGB pixels of an image are often correlative. On the other hand, the uncorrelated
CIELAB defines colors that are more closely related to human color perception and is
often used in colored products quality control. Multiple regression analysis is conducted
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in this work on the LAB and RGB domains of two images for global color transferring.
The main stages in the proposed algorithm are: (i) best fitting functions are determined
from the target and source histograms using multiple regression analysis; (ii) the color
transfer is turned into a pixel value evaluation by conducting best fitting functions on
the target image. The experimental results show that the proposed algorithm is effective
and validated. The remainder of this paper is organized as follows: Section 2 presents
the proposed algorithm; Section 3 describes the empirical results; Section 4 concludes this

paper.

2. The Proposed Algorithm. This paper presents a way to transfer the colors from a
source RGB color image to a target RGB color image. Figure 1 is the flow chart of the
recolor for a target RGB color image with multiple regression analysis. In order to obtain
a more accurate color transfer result, both the target image and source image are first
transformed into the CIELAB color space from the original RGB color space. Multiple
regression analysis is then conducted on each plane (L*, a* and b* planes) to find the
corresponding best fitting functions for each plane. These best fitting functions are used
to determine the new values for each pixel in the target image on each plane. These new
values are then combined into the LAB color image result. The final result RGB color
image is obtained by transforming the LAB color image result into the RGB color space.
Detailed descriptions of the proposed scheme are illustrated as follows.
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Figure 1: The flow chart of the proposed color transfer algorithm

2.1. Color space transform. In this step, the original target image and source image
are transformed from the original RGB color space into the CIELAB color space. RGB
is the most popular and natural color space conventionally used in computer monitors
and other raster devices to store, process, display and analyze color images. However,
the RGB model cannot accurately and suitably describe human perception of color [15].
Due to the high correlation of R, G and B, a respective modification of the red, green and
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blue channels may result an out-estimated color. Therefore, measures such as the color-
difference and intensity-difference defined in the RGB color space are not appropriate
to quantify the perceptual differences between images. CIELAB model is a standard
measure of color defined by CIE in 1976. It is more suitable and effective for description
of human color perception than in RGB space. It is irrelative with equipment and is also
effective in separating color and brightness of the image. So, the CIELAB model is great
appropriate for color processing of color images.

2.1.1. The RGB color space. The color of an object can be explained scientifically as the
color of light reflected by the particular object. Although the range of colors is infinite,
a full range of perceivable colors by human eyes is able to be reproduced by combining
different proportions of the three primarily colors: red, green and blue [16].

In televisions, computer monitors and colored image projection systems, by using only
the three colors are enough to adequately represent any of the unlimited visible colors
[17]. The image in RGB color space is the most suitable for the color representation of a
color image. The RGB color model is the most popular and natural color model, because
it can compose any color adequately. R, G and B component of a color in RGB color
space are given by:

700
_&QB:k/ TN®(N)S s (), (1)
400
where £ is a constant that defines the total overall brightness response of the human eyes,
I[] is the illumination spectral intensity of a color, ®[)\] is the object spectral reflectivity,
Sr.c.p[A] is the spectral sensitivity of the R or G or B channel of the detector and A is
the wavelength. The normalized red, green and blue coordinates are defined as follows:

r=R/(R+G + B) (2)
g=G/(R+G+ B) (3)
b= B/(R+G + B), (4)

where R, G and B are the intensities of red, green and blue light at a given pixel [18].

2.1.2. The CIELAB color system. CIE 1976 L*a*b* (CIELAB) is an approximately uni-
form color space developed by the International Commission on Illumination Commission
International de I’Eclairage (CIE) in 1976 [19]. The L*-component represents the light-
ness of the color, a*-component represents the position between green and magenta, and
b*-component represents the position between blue and yellow. It is more perceptually
uniform than other color space to be the most complete color model for describing all the
colors visible to the human eyes [15]. CIE LAB color space is used in this paper because
it has accurate color representation.

The transformation from the RGB color space to CIELAB color space consists of three
steps: (i) converting nonlinear RGB (or called gamma-corrected RGB) values into stan-
dard RGB values; (ii) converting standard RGB values to CIEXYZ values; (iii) converting
CIEXYZ values to CIELAB values [20]. The original color space of the images that we
frequently obtain is nonlinear RGB space: the nonlinear RGB is always represented with
three 8-bit unsigned integers ranging from 0 to 255. In this paper, the inverse gamma
correction (ITU-R BT.709) is conducted to convert the three integer values from 0 to 255
into floating-point numbers from 0 to 1 with the following equations [20,21].

b { B/11475, 0< Ry <21 )
ST\ (((Ry/255) + 0.099)/1.099)1/045 21 < Ry < 255
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. — | Gn/11475, 0< Gy <21 (6)
ST (((Gn/255) + 0.099)/1.099)1/°4 21 < Gy < 255

5. | By/11475, 0< By <21 )
ST (((By/255) + 0.099)/1.099)1/°45 21 < By < 255,

where Ry, Gy and By are red, green and blue component value in nonlinear RGB space,
respectively. Moreover, Rg, Gs and Bg are red, green and blue component value in
standard RGB space, respectively. The corresponding converting from standard RGB
space to nonlinear RGB space is given by the following equations.

R — | Jiz(11475 x Ry), 0 < Rg < 0.01830 )
N fiw(255 x (1.099 x R%*® —0.99)), otherwise

o = { Jiz(1147.5 x Gy), 0 < Gs < 0.01830 )
N7 fiw(255 x (1.099 x G%*® —0.99)), otherwise

B — | Jiw(11475 x By), 0 < Bs < 0.01830 (10)
N7 fiz(255 x (1.099 x BY% —0.99)), otherwise.

The converting from the standard RGB color space to CIEXYZ (ITU-RBT.709) space
is given by the following equations [20-22].

X = 0.412391 x Ry + 0.357584 x G + 0.180481 x Bg (11)
Y = 0.212639 x Ry + 0.715169 x G + 0.072192 x Bg (12)
Z =0.019331 x Rg +0.119195 x G + 0.950532 x By .. (13)

Finally, the converting from the CIEXYZ space to CIELAB space is given by the
following equations [20,21].

L* =116 x f(Y/Y,) — 16 (14)

a* =500 x (f(X/Xn) = f(Y/Yn)) (15)

b* =200 x (f(Y/Yn) — f(Z]Zn)) (16)
u'/3, if 0.008856 < u

flu) = { 7.787 x u + 16/116, otherwise = (17)

where X,,, Y,, and Z,, are the CIEXYZ tristimulus values of the reference white point, they
are 0.950456, 1.0 and 1.089058, respectively, for the CIEXYZ (D65). The corresponding
inverse converting from the CIELAB space to CIEXYZ space is given by the following
equations.

Xn X Ui, Vg > )
X = { 362 x (v, — 16/116) x X,,, otherwise (18)

Y, x v3 vy >0
— n Yy Yy
Y { 36% X (v, — 16/116) x Y,,, otherwise (19)

Zn X Ug; U, > )
Z= { 362 x (v, — 16/116) x Z,, otherwise ’ (20)

where § =6/29, v, = (L* + 16)/116, v, = v, + a*/500 and v, = v, — b*/200.
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2.2. Normalization. In the CIELAB color space, colors are represented by varying val-
ues of L*-component, a*-component and b*-component. The values of each of the L*-
component, a*-component and b*-component are represented with 8-bit unsigned integers
(uint8) on a scale from 0 to 255. The higher degree polynomial regression should not
work since it becomes impossible to avoid the overflow when the data are represented
with uint8. In multiple regression stage, the values of L*-component, a*-component and
b*-component are normalized to compress and limit the dynamic range to avoid the over-
flow. The mean and standard deviation of L*-plane, a*-plane and b*-plane are evaluated,
respectively. And then the values of L*-component, a*-component and b*-component of
a M x N CIELAB color image are normalized by the following equations.

px =YY X(i,j)/(M x N), X e{L*,a",b"} (21)

i=1 j=1

ox = ZZ(X(Z}J') —ux)?/(M x N), X e{L"a"b"} (22)

Xn(i,j) = (X(4,5) — px)/ox, X € {L*,a", 0"}, 1<j<M, 1<j<N,(23)

where X (i,7), X € {L*, a*, b*} is the pixel value of pixel p(i, 7) in the X plane of original
CIELAB color image, and Xy(i,7), X € {L*, a*,b*} is the corresponding pixel value of
pixel p(i, 7) in the X plane of normalized CIELAB color image.

2.3. Multiple regression analysis (MRA). When performing experiments, data are
frequently tabulated in the form of ordered pairs (z1,y1), (2, y2), -+, (Tn, yn) With each
x; distinct. Given the data, it is then usually desirable to be able to predict y from = by
finding a mathematical model, that is a function y = H(x) that fits the data as closely
as possible. One way to determine how well the function y = H(x) fits these order pairs
(x1,11), (2, y2), - - -, (T, yn) is to measure the sum of squares of the errors (SSE) between
the predicted values of y and the observed values y; for all of the n data points.

Multiple regression is one of the widely used statistical techniques [14]. This technique
is used to find a polynomial function of degree k, v = By + fix + Box® 4+ -+ + Bpa’ as
the predicting function, that has the minimum of the sum of squares of the errors (SSE)
between the predicted values of y and the observed values y; for all of the n data points
(x1,11), (T2, y2), -+ +, (Tn, yn). The values of By, B, B2, « -+, B that minimize

n

SSE(Bo, b1, Be) = D i — (Bo + Brzs + Box} + - + S}’ (24)

=1
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are obtained by setting the k+1 first partial derivatives %SSE(BO, By Br), %SSE
0 1
(Bos Brs =+ Br)s s %SSE(BO; B1,- -+ Br) equal to zero, and solving the resulting simul-
k

taneous linear system of the so-called normal equations:

n n n n
nﬁo+512$i+622$?+"'+5k2$§:Zyi (25)
i=1 i=1 i=1 i=1
n n n n n
302%’+51Z$?+52237?+"'+5k2$f+1:Zfﬂz‘yi (26)
i=1 i=1 i=1 i=1 i=1

n n n n n
Bod ab+ By aft B> T B> 2 =) aly,, (27)
=1 =1 =1 =1 =1

and the matrix form solution of the normal equations system be

Bo
B B
B | =B=[X"X] [XTY], (28)
Br
where
1 xi e x'}: "
1 xy x5 -+ x5 Yo
X=|1 23 22 -+ 28|, Y=|", (29)

2.4. Best fitting functions determination. At the beginning of the process, the L*,
a* and b* planes of the My x Np normalized target LAB color image and the Mg x Ng
normalized source LAB color image are uniformly split into [ non-overlapping blocks,
4 < | < min(Myg, Ny, Mg, Ng), respectively. The mean of each block is then served as
the input data for multiple regression analysis. Figure 2(al) shows the target RGB color
image with size 853 x 602 pixels, it is a traditional Chinese painting. Figure 2(a2) is the
histogram of the target RGB color image, Figure 2(a3) is the histogram of the normalized
target LAB color image, and Figure 2(a4) is the histogram of the 100 non-overlapping
blocks of the normalized target LAB color image. Figure 2(b1) shows the source RGB
color image with size 1024 x 768, it is an outdoor scene taken in autumn. Figure 2(b2)
is the histogram of the source RGB color image, Figure 2(b3) is the histogram of the
normalized source LAB color image, and Figure 2(b4) is the histogram of the 100 non-
overlapping blocks of the normalized source LAB color image. The shapes of Figure 2(a3)
and Figure 2(ad) are almost the same, the major difference between them is the height
(number of each pixel value). The comparison result between Figure 2(b3) and Figure
2(b4) is like that between Figure 2(a3) and Figure 2(a4). Tables 1-3 are respectively the
L*, a* and b* components of the 100 non-overlapping blocks of the normalized target LAB
color image. On the other hand, Tables 4-6 are respectively the L*, a* and b* components
of the 100 non-overlapping blocks of the normalized target LAB color image.

The multiple regression analysis is used to find the best fitting functions (polynomials)
of the three elements L*, a* and b* of these color-block images. These best fitting functions
of MRA are used to find out the transferred L*, a* and b* values of each pixel of the target
image. These transferred values are conducted in a transform from LAB to RGB, and
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Figure 2: The target image and source image
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then constructed into the transferred target RGB color image. Figure 3 shows the curves
of the degree 1, degree 5 and degree 9 best fitting functions of component L*, a* and b*
between source image and target image. Tables 7-9 are respectively the tables of the best
fitting functions’ coefficients of component L*, a* and b*.
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Figure 3: The curves of degreel, 5 and 9 best fitting functions

Table 7: Coefficients of best fitting functions for L* component

Bo Bs B Be Bs Ba Ba B2 B1 Bo

Degree 1 0 0 0 0 0 0 0 0 0.87682 |—5.70e—15
Degree 2 0 0 0 0 0 0 0 0.33983 | 1.2507 | —0.33981
Degree 3 0 0 0 0 0 0 0.14093 | 0.6874 | 1.1911 | —0.5323

Degree 4 0 0 0 0 0 0.075242| 0.46947 | 0.8809 | 0.8878 | —0.60033
Degree 5 0 0 0 0 0.039776 | 0.32632 | 0.82987 | 0.7227 |0.57363| —0.56125
Degree 6 0 0 0 0.017063| 0.17485 | 0.62811 | 0.89836 | 0.41333 (0.47728 | —0.51124
Degree 7 0 0 0.013664 | 0.14732 | 0.57393 | 0.96348 | 0.58115 |0.005104 |0.53043 | —0.46366
Degree 8 0 0.013864 | 0.16889 | 0.75244 | 1.4323 | 0.86048 |—0.44713(-0.27407|0.77922 | —0.44087
Degree 9]0.011261 | 0.15988 | 0.86564 | 2.1483 2.0572 |-0.56507| —1.7347 |10.064714 | 1.0855 | —0.47083

Table 8: Coefficients of best fitting functions for a* component

Bs Bs B Be Bs Ba Ba B2 B1 Bo
Degree 1 0 0 0 0 0 0 0 0 0.88168|—1.22e-14
Degree 2 0 0 0 0 0 0 0 0.077088|0.86619|-0.07708
Degree 3 0 0 0 0 0 0 —0.05749 | 0.14161 | 1.1625 |—0.13004
Degree 4 0 0 0 0 0 —0.013283|-0.044292| 0.25699 | 1.15 |-0.17663
Degree 5 0 0 0 0 0.008457 |—0.028272| —0.14399 | 0.35893 | 1.3424 | -0.22992
Degree 6 0 0 0 0.002250( 0.004328 |-0.064943| —0.10487 | 0.49875 | 1.3152 | —0.26551
Degree 7 0 0 -0.00094910.004609| 0.02206 |—0.097519| —0.1931 | 0.58943 | 1.3999 |-0.29663
Degree 8 0 —0.000532| 0.000472 |0.016991 [—0.002987| —0.18747 |-0.086218| 0.7949 | 1.341 [-0.33601
Degree 9/0.000141|{-0.000980|-0.003142{0.026609 | 0.027287 | —0.24603 | —0.17513 | 0.88859 | 1.3905 |-0.35861

3. Experiment Results. These experiments were conducted on a computer with a 2.8
GHz Intel Pentium processor and 2 GB RAM running Matlab version 7.6. For 853 x 602
target image and 1024 x 768 source image, the color transferring procedure lasted about
0.05 seconds while the scheme was performed in RGB color space. About 3.17 seconds
were required for the scheme to operate in the LAB color space. The reason is that the
original input images and the output image are RGB color images. Additional procedures
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Table 9: Coefficients of best fitting functions for b* component

Bo Bs B Bs Bs Ba Bs B B Bo

Degree 1 0 0 0 0 0 0 0 0 0.8602 |2.741e—-14
Degree 2 0 0 0 0 0 0 0 -0.2269411.2909 | 0.22693
Degree 3 0 0 0 0 0 0 -0.00256 {—0.21976 {1.2954 | 0.2246

Degree 4 0 0 0 0 0 0.04562 |—-0.16885 |—0.349251.7012| 0.34661

Degree 5 0 0 0 0 -0.013040.10415 |-0.13243 |-0.60732| 1.695 | 0.41196
Degree 6 0 0 0 —0.003504 [ 0.006702 | 0.10639 | —0.25123 | —0.55923 | 1.8078 | 0.41988
Degree 7 0 0 0.0040672 | —0.028953|0.004521 {0.30803 | —0.35421 |—0.92933 [ 1.8736 | 0.49496
Degree 8 0 —0.000687|0.0091706 | —0.031305 | —0.04293 | 0.36372 | —0.2341 | —1.0449 |1.7999| 0.50457
Degree 9|-0.000530 | 0.003767 |0.0050341|-0.075644|0.034932 [0.48979 |-0.45215| -1.153 |1.8873| 0.52539

are required to transform the input images from the RGB color space into the LAB color
space and transform the output image from the LAB color space into the RGB color space
while the scheme is conducted in the LAB color space.

This section presents experimental results under various conditions to illustrate the
utility and efficiency of the proposed scheme. The input target RGB color image is a
traditional Chinese painting with size 853 x 602 pixels. The input source RGB color
images with different sizes are outdoor scenes shot in autumn (1024 x 768), a mountain
scene shot on a winter sunny day (700 x 525), flower (499 x 396), watercolor painting
(550 x 322) and city scene shot on a cloudy day (1024 x 689).

In order to give a detailed description of the color transfer results, several measure-
ment metrics are conducted to measure the color transfer performance of the proposed
algorithm. They are the difference in mean values of the color transferred image from
the source image in lightness/darkness (L*), in red-shade/green-shade (a*), in yellow-
shade/blue-shade (b*), in chromaticity (C*), in hue (H*) and in total color (E*) [20,21].
These performance measures are based on two images: a source color image and the color
transferred image. These performance measures are described as follows:

C" = /(a*)? + (b")? (30)
B = P+ @)+ ) @)
H* = (180 x arctan 2(b*/a™))/m (32)
(33)
(34)
(35)

_ M N o .
X =307 S XA/ x N),X € {L',a" ', C HL By (33
AX =X, — X,

AX (%) =100 x (|AX]/X,),

34
35

where X (i,7), X € {L*,a*,b*,C*, H*, E*} is the pixel value of pixel p(i, j) in the X plane
of original CIELAB color image, M x N is the size of the test image, X is the mean
of X, X, is the mean of X component of color transferred image, X, is the mean of X
component of source image, AX is the difference of X component mean of the transferred
image from the source image, AX (%) is the difference ratio of X component mean of the
transferred image from the source image and tan 2 is a more novel version (four quadrant)
of the arc-tangent function that returns the angle in the full range (—7, 7], and is defined
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as the following equation [36]:

(arctan(y/z), x>0
7+ arctan(y/z), =<0,y >0
Y\ _ ) —m+arctan(y/z), =<0,y <0
arctan2<x> = % /2, 2=0,y>0 (36)
—m/2, xr=0,y<0
( undefined, r=19y=0.

For testing images, these measurement metrics are evaluated by applying the proposed
algorithm in the RGB domain and LAB domain, respectively. These measurement metrics
are listed in tables for the performance analysis. Figures 4, 5 and Table 4 are used to
demonstrate the color transfer results corresponding to the variation in the degree of best
fitting polynomials (functions) and the color transfer result corresponding to different
color spaces. Figure 4(T) is the original target image and Figure 4(S) is the source image.
Figure 4(aj), j = 1,3,5,7,9, represent the color transferred image obtained with the
J best fitting function in the LAB color space. Figure 4(bj), j = 1,3,5,7,9, indicate
the color transferred image obtained with the j best fitting function in the RGB color
space. Figure 5 shows the box-plots of L*, a* and b* for the target image, source image,
and color transferred images obtained by applying the best fitting functions in the RGB
domain and in the LAB domain, respectively. The upper row shows the LAB component
distributions of color transferred images obtained by applying the best fitting functions
on the target LAB image. The lower row is the LAB component distributions of color
transferred images obtained by applying the best fitting functions on the target RGB
image. Column 1 indicates the L* component, Column 2 indicates the a* component
and Column 3 indicates the b* component. We can make the following conclusions based
on the above box plots: (i) Processing in the LAB color space, the performance of any
degree best fitting functions are almost the same on the L* a* and b* components; (ii)
Processing in the RGB color space, the performances of the higher degree (larger than
2) best fitting functions are almost the same on the L*, a* and b* components; (iii) The
higher degree multiple regressions are superior to the lower multiple regressions for color
transfer in the RGB color space. The measurement metrics for the target image, source
image and color transferred images in Figure 4 are arranged into Table 10. Table 10 shows
the same conclusions as Figure 4 and Figure 5.

Table 10: Statistical values of CIELAB components of target image, source image and
color transferred images

CIELAB L a* b* c* m* E*
Components | MEAN | STD | MEAN | STD [MEAN | STD | MEAN | STD | MEAN |STD | MEAN | STD

Target 212.64 |50.25 | 121.70 | 11.27 | 136.43 |14.68 | 183.60 | 7.47 | 41.84 | 5.13 | 283.45 | 34.10

source 111.65 | 70.78 | 142.04 |13.43 | 150.89 | 17.08 | 207.45 {19.43| 43.34 | 2.68 | 243.66 | 39.01

LAB | 92.56 |57.48 | 140.17 |11.78 | 144.90 [10.91 | 202.07 | 8.31 | 44.04 | 3.85 | 228.18 |26.54
RGB| 82.08 [57.50| 139.77 |12.06 | 148.03 | 12.98 | 204.00 |12.15| 43.38 | 3.60 | 225.75 | 29.02
LAB | 92.69 |57.50| 140.18 |11.78 | 144.92 [ 10.91 | 202.09 | 8.32 | 44.04 | 3.84 | 228.26 | 26.58
RGB| 76.98 [50.67| 142.20 |12.19| 150.12 | 12.94 | 207.04 |14.44 | 43.46 | 2.83 | 225.25 | 28.83
LAB | 92.44 |57.45| 140.13 |11.77 | 144.92 | 10.89 | 202.05 | 8.31 | 44.03 | 3.84 | 228.11 | 26.53
RGB| 76.17 |50.55| 143.08 |12.01 | 150.00 | 13.06 | 207.54 |14.73 | 43.66 | 2.70 | 225.38 |29.15
LAB| 92.81 |57.55| 140.20 | 11.75| 144.90 | 10.90 | 202.07 | 8.30 | 44.05 | 3.84 | 228.31 | 26.58
RGB| 75.26 |48.98| 143.44 |12.36 | 150.27 | 13.17 | 207.98 |15.08 | 43.68 | 2.71 | 225.16 |29.18
LAB| 92.61 |57.52| 140.18 |11.77 | 144.89 [10.90 | 202.07 | 8.31 | 44.05 | 3.84 | 228.21 | 26.56
RGB| 74.40 |47.77| 143.95 |12.40 | 150.26 |13.24 | 208.32 |15.20 | 43.79 | 2.69 | 224.99 |28.73

Degree 1

Degree 3

Degree 5

Degree 7

Degree 9
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Figure 4: The color transferred images
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Figure 5: The box-plots of target image, source image and color transferred images
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Source image Liu scheme[11] Reinhard scheme[9] MR_RGEB

Here, |T'-T| is the absolute difference images between the original target image (T) and
the color transferred image (T') obtained using the MRA scheme in the LAB color space.

Figure 6: The performance in visual result for different techniques

To evaluate our approach, we compared our results with two color transfer algorithms:
the color transfer technique proposed by Reinhard et al. [9] and the approach proposed
by Liu et al. [11]. Figure 6 is used to demonstrate the color transfer visual results with
different schemes for four source images. The items in Figure 6, Column 1 show the input
source color images, Column 2 shows the color transferred images obtained by using Liu
scheme, Column 3 shows the color transferred images obtained by using Reinhard et
al. scheme, column 4 shows the color transferred images obtained using MRA scheme
on RGB color space, column 5 shows the color transferred images obtained using MRA
scheme on LAB color space and column 6 shows the absolute difference images between
the original target image and the color transferred image obtained using the MRA scheme
in the LAB color space. The absolute difference images show that the target image colors
are almost completely replaced with the source image colors. In the visual result, Figure
6 clearly shows that the presented algorithm provides superior results over that of the
other two schemes.

The statistical values (mean, standard deviation (STD)) of the measurement metrics
for each image in L*, a*, b*, C*, H* and E* are arranged into Table 11. Table 11
demonstrates that these statistical values are almost the same between the source images
and the corresponding transferred images obtained using the proposed scheme. Due to the
numerical differences between colors in the CIELAB system is very consistent with human
visual perceptions, the color distance in terms of CIELAB components really indicates
how much the color transferred image differs from the source image. To present the color
distance between the transferred image and source image with CIELAB component units
is the most suitable way to measure the performance of color transferring schemes. In
this paper, the color distance measured with CIELAB component units was conducted
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Figure 7: The absolute difference ratio from transferred image to source image
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to measure the color transferring performances among the presented MRA approach, Liu
approach [11] and Reinhard et al. scheme [9]. The color distance from the transferred
images to the source image measured with CIELAB component units are arranged into
Table 12. The comparisons in terms of the absolute distance ratios among previous
schemes are plotted in Figure 7. Both Table 12 and Figure 7 illustrate that the presented
MRA approach can transfer the color between images better than the other two schemes.

4. Conclusions. Color is the most important feature in color images and is applied in
many different areas, such as medical image analysis, video object extraction, image com-
pression, tracking systems. Transferring a source image’s color to a target image involves
changes the target image’s color to enhance the target image’s color features. This paper
presented a multiple regression analysis based algorithm for global color transfer between
images is presented. The above experimental results and performance analyses validate
that the presented approach has three major advantages: (i) the proposed algorithm is
manual free, simple, effective and accurate in transferring color between images without
any change in the image details; (ii) the proposed algorithm saves time and the time con-
sumption is independent of the number of bins selected and the degree of regression; (iii)
there are no restrictions in the image dynamic color ranges in the proposed algorithm.
In the future, we are going to combine the proposed scheme with image segmentation
schemes to improve the color transfer results.
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