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ABSTRACT

E-commerce is a growing market for selling gods and digital images
are often used to display the product. However, there is a problem
when the color of the object does not match the reality. This can lead
to a dissatisfaction of the customer and a return of the product. Returned goods causes a significant loss in revenue for the suppliers.
One reason for untruthful rendering of colors in images is due to different temperatures, or colors, of the illumination sources lighting the
scene and the object. This effect can be reduced by a method called
white balance.
In this thesis, an algorithm based on the technique in Hsu et al. [11]
was implemented for a more truthful rendering of images of clothes
and toys used in e-commerce. The algorithm removes unwanted color
casts induced in the image from two different illumination sources.
The thesis also marks important details missing in aforementioned
paper as well as some drawbacks of the proposed technique, such as
high processing time.
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1

INTRODUCTION

In this chapter, the problem definition is stated together with the problem statement and the purpose, goal and contribution of the thesis.
1.1

problem definition

Images are often used in e-commerce as a way of representing the
product, including clothes. However, the color representation of the
objects in the image may not always correspond to the reality. This
can cause a dissatisfaction of the consumer and a return of the product. Returned goods causes a significant loss in revenue for the suppliers.
There are studies which indicate that over 55% of the asked consumers would not do a re-purchase from a supplier that sold them
a piece of clothing that did not match their expectation in color [18].
This marks the importance of correct color representation in images.
Humans can interpret colors of objects regardless of the lighting conditions. This feature in the human vision system is called color constancy. However, when capturing an object on an image, this feature
does not exist in the imaging system.
Every pixel in an image holds information about reflectance and
illumination. The color of the illumination source is often referred to
as its temperature. Due to different temperatures of the illumination
sources and the reflectance of the objects material, unwanted color
casts can transform the objects color and make it differ from the reality. To avoid this, professional photographers makes sure that the illumination sources in the scene has the same temperature. They then
apply a technique of removing the color cast, called white balancing.
This is both impractical and takes a lot of time for the photographer.
In this thesis, an algorithm based on a technique developed in Hsu
et al. [11] will be studied. The focus will be to transform the color
representation in images of clothes and toys used in e-commerce automatically. This project has been proposed by Bigsafe Technology AB.
1.2

problem statement

Some problems that have been assessed in this thesis are: How will
parts of algorithm not specified in the aforementioned paper be implemented? What are the drawbacks of the proposed technique? Will
the performance of the algorithm result in a truthful rendering of col-
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ors of clothes? Will it be possible to use real images of high resolution,
in terms of processing time?
1.3

purpose

The purpose of this project is to reduce the time of removing color
casts in images of clothes used in e-commerce.
1.4

goal

The goal of this thesis is to develop a color correction procedure that
will automatically transform images of garments and toys for truthful
rendering.
1.5

contribution

A contribution of this thesis is to confirm the technique in "Light
Mixture Estimation for Spatially Varying White Balance" [11] as an external party, implementing it based on published papers and partially
available code. This turned out to require unpublished knowledge
including
1. how the technique implements the clustering algorithm [17] for
material color estimation. This is explained in Section 4.2.4
2. how the color estimation method deals with blue material colors
due to the chromaticity space used, see Section 4.2.4
A second contribution is that this thesis has shown that the technique
is sensitive to selecting illumination colors, as read in Section 5.1. This
can be due to untruthful caption of the illumination color in the image. It can also be due to different illumination colors is not true in
reality, whilst the white balance technique relies on that fact.
A third contribution is that the technique is evaluated on a class of
images not present in aforementioned paper, in terms of objects of
textile materials. This is presented in Section 5.5.
A fourth contribution is that this thesis has shown important drawbacks of the technique in terms of difficulty to transform material
colors similar to the illumination colors and high processing time.
This is discussed in Section 6.3 and Section 6.5.

2

L I T E R AT U R E R E V I E W

As mentioned in Section 1.1 an algorithm will be implemented based
on the technique developed in "Light Mixture Estimation for Spatially
Varying White Balance" [11]. The aim of the technique is to solve the
white balance problem but assuming two illumination sources which
can have different temperatures blended at different ratios at every
pixel and photograph. This technique builds on the relationship between the reflectance and illumination information in every pixel,
where the illumination information is assumed to come from the two
illumination sources. The technique suggests itself to cover different
types of materials. However this thesis will focus primarily on textile
material, which is not explicitly studied or concluded on in the paper.
The mathematical model of reflectance and illumination is also covered in Micheal J. Vrhel and H. Joel Trussel’s paper "Color Device Calibration: A Mathematical Formulation" [22].
White balancing is a common topic in both the photography field
and in the image analysis field. Therefore, several studies have been
done to effectively solve this problem. One of these is covered in Junyan Huo et al. paper "Robust Automatic White Balance Algorithm using
Gray Color Points in Images" [13]. This paper takes into account only
a single illuminant and does not cover the reflectance aspect. This
thesis will assume two illumination sources and use the information
of the materials reflection. There are also studies made on how to
efficiently choose an existing algorithm for white balancing. In "Color
Constancy Using Natural Image Statistics and Scene Semantics" [9] by
Arjan Gijsenij and Theo Gevers, a method for choosing algorithm is
proposed by using image statistics to find the characteristics of the
image. In this thesis however, one algorithm will be implemented.
In Tao Jiang, Duong Nguyen and K. D. Kuhnert’s paper "A Flexible Auto White Balance Based on Histogram Overlap" [14], a white balance technique is developed. The technique is based on overlap of the
color histogram in the image. The paper describes the image model
by the reflectance and illumination information. This research aims
on an outdoor environment and the focus of this thesis will be images taken in indoor environment where the illumination is human
made. Another method of automatic white balancing is developed
in "Segmentation-Based Automatic White Balance Algorithm" [12]. This
method uses the HSV color space. In this thesis, the color space remains in RGB space since this is the space used by displays and will
therefore be more suitable for the purpose of this thesis.
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White balance concerning two illuminations has been studied in Ivaylo
Boyadzhiev et al. paper "User-guided White Balance for Mixed Lighting
Conditions" [7]. The approach in this paper is to solve the white balancing problem with mixed lighting by letting the user mark neutral
colors and features that should have the same color, on an image that
has been transformed using traditional white balance. In this thesis,
the user input will be minimized. Another paper based on white balance with mixed illumination is "Color Constancy for Multiple Light
Sources" by [10] where the focus is to increase the performance of
existing algorithms. In "Color Constancy for Scenes with Varying Illumination" [5] another color constancy technique concerning two illumination sources is proposed. This paper assumes that the illumination
sources comes from different directions and in this thesis no such
assumptions will be made.

3

BACKGROUND

This chapter includes a background to the problem definition. It covers some theory about color representation in images, such as the
terms color constancy and white balance. There is also an introduction to the implementation of the proposed algorithm.
3.1

representation of colors in images

Representation of colors in images are not necessarily a truthful rendering of the reality. In this section, some theory about colors in images are presented as well as some methods of transforming images
to increase the similarity to the reality.
3.1.1

Color constancy

The human eye perceives colors of objects as constant despite the
illumination source. A green apple is perceived as green whether it
is lit under an incandescent or fluorescent light. This effect is called
color constancy [8]. Whereas by capturing the object on a photograph,
this feature does not exist. Different temperatures, or colors, of the
illumination sources present in the scene effects the perceived colors
in the photograph. A method of reducing this effect is called white
balance. See Figure 1 for colors of common illumination sources.

Figure 1: Color of common illumination sources

3.1.2

Gamma correction and white balance

The relationship between how a pixel color appears on a screen or
display and the actual pixel color value is called gamma. Gamma correction is used for adjusting the brightness of a pixel to make it appear
more accurately on a display [1]. This technique is often used by photographers who shows their photographs online, like in e-commerce.
The process of selecting the nonlinear transformation of the gamma
correction can however be time consuming.
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Another method of transforming digital images is called white balance. White balance removes unwanted color casts, as read in Section 3.1.1, by assuming that all illumination colors are white. This feature is present in most of the popular software programs for image
editing, it is even a feature in modern mobile phones. These programs
are generally only assuming one illumination source. However, when
taking photographs, more illumination sources are often present in
the scene.
3.1.3

Color space

Color is an individual perception of reflected light. However, there is
an international standard for colors produced by displays etc. developed by Commite International de l’Eclairage (CIE). The CIE diagram
use a color space called XYZ.
There are a number of different commonly used color spaces. One
of them is the HSV-space. HSV translates to Hue, Saturation and
Value. The latter is sometimes exchanged by a B for Brightness. This
color space is often used in image editing programs because its way
of describing the colors to humans. In this thesis another color space
is used, the RGB-space. The RGB-space is closely linked to the XYZspace and is in general used in all displays. The RGB-space describes
the mixture of red, green and blue in the pixel color [6].
3.2

white balance algorithm

In this thesis, an algorithm based on Hsu et al. [11] was implemented.
The algorithm transforms images into white balanced images by removing unwanted color casts induced by two different illumination
sources. This technique is based on the illumination mixture at every
pixel, the spectral reflectance, also referred to as material color, and
the illumination colors, see Equation 1.
~I = R(k1~L1 + k2~L2 )

(1)

Where
~I
vector of the pixel color
R
~L1,2

diagonal matrix of the spectral reflectance (material color)

k1,2

positive real weights adjusting the mixture proportions of the illumination color

vectors of the illumination colors

The illumination mixture proportion, ↵, is the relative amount of the
two mixtures, k1 and k2 , see Equation 2. It is possible to compute
these in two steps. First, ↵ is jointly estimated for some pixels, which
necessitates estimating the material colors at those pixels, see Section 4.2.4. These pixels are the reliable pixels. Second, by applying a

3.2 white balance algorithm

Matting Laplacian to the ↵ image, one extends the ↵ estimation of the
reliable pixels to the remaining pixels, where ↵ has been marked as
unreliable in the first stage, see Section 4.2.5. It should be noted that
the material color is not needed when applying the Matting Laplacian
in the second stage.
↵=

k1
k1 + k2

(2)

The illumination colors are selected by the users input. The user
clicks on two different parts on the image where the illumination
color is visible. This is presented in Section 4.2.2.
The role of knowing the set of material colors and then their association with the pixels, was ambiguously presented or not discussed
at all in the original paper. How material color estimation influences
the white balance is detailed in Section 4.2.4.
Information of the spectral reflectance is only needed at this step,
it is not needed when applying the Matting Laplacian neither when
performing the white balance transformation. Material color does not
influence the white balance matrix estimation because the white balance matrix, W, only relies on the illumination mixture proportion ↵
and the illumination colors, see Equation 3 and Section 4.2.7.

Wc2r,g,b =

1
↵~L1 + (1 - ↵)~L2

(3)

With the white balance matrix known at every pixel, it can be multiplied with the color-triplets of the original image pixels to obtain
the white balanced image, see Equation 4.
W~I = WR(k1~L1 + k2~L2 )

(4)

It is worth knowing that it is the left hand side of Equation 4 that
is executed to achieve the white balancing, and that W is actually a
diagonal matrix, as seen from Equation 3. It means that the matrix
multiplication needs only three real multiplications, instead of nine,
per pixel value.
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METHODOLOGY

This chapter presents the chosen methodology in this thesis. The
chapter explains each step of the implemented algorithm as well as
important characteristics of the input image. It also describes how
the implemented algorithm was evaluated and verified to confirm
achieved purpose of reducing time of removing color casts and goal
of developing a color correction procedure for a truthful rendering of
images of garments and toys to be used in e-commerce.
4.1

image characteristics

This section describes necessary characteristics of the input images,
in terms of size and format.
4.1.1

Image size

To decrease the computational time of the algorithm, images of a high
resolution are downsampled, see Section 4.2.3. The chosen threshold
of image resolution is 1000 pixels in either dimension, decreased by a
factor of ten. The illumination mixtures, see Section 3.2, are computed
on the downsampled low resolution image whilst the white balance
transformation is performed on the original high resolution image.
This is done by upsampling the illumination mixtures. Further details
is described in Section 4.2.6.
4.1.2

Image format

In aforementioned paper, a brief statement is made on how the performance of the technique is depending on the format of the input
image. The authors of the paper claims that the technique performs
best when camera raw files are used instead of compressed file types
like JPEG.
Raw is an umbrella term for uncompressed unedited photographs
that has meta-information about the image stored. It is similar to a
photograph negative but in digital form. There are several file formats
that falls within the the class of raw files. These are generally brand
specific like Nikon’s NEF format or Canon’s CR2. To view raw files,
some pre-processing is generally needed to display the image [20]. To
use a raw file in the implemented algorithm, it is necessary to convert
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it to a suitable format, e.g. TIFF or DNG. This can be done by different
software programs, Adobe Photoshop is one of them.
In Section 5.2 a comparison is made between two transformed white
balanced images with different input formats. One in JPEG and the
other in TIFF.
4.2

implementation

In this section, methodologies for the implementation of the algorithm is presented in terms of chosen programming language and
methodologies presented in the paper where the technique is developed.
4.2.1

Programming language

The chosen programming language for this thesis was MATLAB because of its mathematical functions. MATLAB is a matrix-based programming language suitable for e.g. image analysis tasks [2].
4.2.2

Illumination color selection

The illuminant information does not vary per pixel and is static throughout the image. To retrieve the information, the user is asked to click
on different parts of the image where an unwanted color cast is visible, as seen in Figure 2. If there is only one illumination color visible
in the image, the user has to click on two nearby pixels on the visible
illumination color.

Figure 2: Original image with illuminant color selection

4.2 implementation

4.2.3

Downsampling image

Images of high resolution are downsampled before computing the illumination mixtures, due to the processing time of the algorithm. The
downsampling is done by Matlabs function imresize [4]. This function
uses bicubic interpolation as a default for the downsampling, which
was used in the implementation of the algorithm.
The bicubic interpolation downsamples images by taking the weighted
average of neighboring pixels in the 4 ⇥ 4 neighborhood [3].
4.2.4

Material color estimation

According to Ido Omer and Michael Werman in "Color Lines: Image
Specific Color Representation" [17], material colors in images can be
represented as color lines in the histogram of the original image. By
assuming that images only contains a small set of colors, possible
material colors of the objects in the image can be sampled.
In [11] this is interpreted as lines in the histogram of an image
whose color-triplet are transformed to duplets. These color-duplets
are obtained by transforming the triplets by blue-normalization and
then applying the logarithm, named the chromaticity space, see Equation 5. After that the color-duplets are used to establish a 32⇥32 histogram in the chromaticity space.
0

log IIbr

1

B
C
Ig C
Ĩ = B
@log I A
b

(5)

0

The material colors are obtained from the peaks of the histograms,
by visiting them in the order of the height, and testing every pixel if
they are compatible with the double illumination source and single
material model of the pixel, see Equation 1.
Conceptually, for a pixel, we insert the material color into the equation and solve it for k1 and k2 . Then the estimation is retained as good
if the residual, which is the modelling error, is small.
In practice, this is done by taking the material color with the highest
frequency, visit a pixel and inject the material color into the equation.
If the estimation is retained as good, the underlying material color
gets a vote from the pixel to explain an observed pixel color. See
Equation 6.
t 6k I - max(0, k1 )R̃L1 - max(0, k2 )R̃L2 k , where t = 0.002 (6)
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Here k1 and k2 are estimated from singular value decomposition
of Equation 1 when R is known.

⇣

R̃L1 R̃L2

0

1
k
R
1
b
⌘B
C
C
k
R
-I B
@ 2 bA = 0
1

(7)

In the original paper [11], how to solve for k1 and k2 has not been
discussed. In the above equation it is assumed that R = Rb R̃, i.e. R̃ is
the same as R except that it is normalized with its blue component, Rb .
It is also implicit in the notation what SVD delivers, a triplet of real
numbers of k, must be normalized with its third component, secured
to be one.
Because of the division of blue color in the chromaticity space, it is
important to note that voting of blue color is not present in the histogram voting which can be a problem when the featured object is
mostly of blue material color. Therefore this is needed to take into
consideration when implementing the voting scheme of material colors. This is not discussed in the original paper [11] and one has to
deal with it in practice.
The problem of voting for blue material color can be addressed
by assuming that both illumination sources together represents the
blue material color when the illumination intensities, k1 and k2 , are
equal to zero. This is achieved by setting the illumination mixture
proportion, ↵, to 0.5. The pixel is then marked with a negative integer of choice to represent a voting of blue material color. The voting
scheme is done repeatedly on the remaining unmarked pixels. The
voted material colors, which has a number of votes of at least 4%,
will be gathered into a set of material colors {R̃n }.
The pixels can thus vote for more than one material color, and can
get marked as belonging to them. However, they can also vote for
no material color, the modelling error being unacceptably large. If
a pixel votes for more than one material color, or it does not vote
for any material color, ↵ is marked to be unreliable. The estimation
of the illumination mixtures of the unreliable pixels is described in
Section 4.2.5.
4.2.5 Matting Laplacian
Matting refers to the problem of mixing two images F and B by using a so called matte image, ↵, such that the ↵ defines essentially
what is foreground and what is background, as discussed in Thomas
Porter and Tom Duff [19]. Essentially in this context means that ↵
is predominantly a binary image except at boundary regions where
it is allowed to take intermediate fractional values. The value of one
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selects F and zero B, as shown in the linear interpolation equation
Equation 8. The matte image is also one way to implement transparency, i.e. how much of the image B shows through F, in computer
graphics.
I = F ⇥ ↵ + B(1 - ↵)

(8)

Where B and F are the background and foreground image and ↵
is the matte information, the degree of coverage, i.e. the extent of the
partial image B or F covers the image, of an element at the pixel.
By taking Equation 1 and transform I into chromaticity spaces, Equation 9 can be derived.
Ĩ bc = R̃ bc

⇣k L +k L ⌘
1 1c
2 2c
k1 L1b + k2 L2b

(9)

Here the index c can take the values r or g. The blue component
can be assumed to be equal to one, due to the chromaticity space.
Ĩ = [I br , I g , I b ]. This results in L1b and L2b to be equal to one, which
b
b
yields equation Equation 10.
Ĩ = R̃

⇣k L + k L ⌘
1 1
2 2
k1 + k2

(10)

1
Where k1k+k
can be identified as ↵, as read in Section 3.2. This
2
gives Equation 11.

Ĩ = R̃L1 ↵ + R̃L2 (1 - ↵)

(11)

Equation 11 resembles the matting mixture problem in Equation 8,
except that the vectors L1 and L2 are normalized with their third component.
To estimate the illumination mixtures, ↵, of the remaining pixels from
Section 4.2.4, the solutions of matting problem can be utilized. This
problem amounts to minimization of a quadratic cost function with
respect to ↵ when it is partially known, the knowledge being ↵⇤ .
J(↵) = ↵T M̃↵ + (↵ - ↵⇤ )T D(↵ - ↵⇤ )

(12)

where D is a diagonal matrix with its iith element is 1 if the pixel
has a reliable estimate of ↵ from Section 4.2.4, ↵⇤ is a vector of the
↵ estimates, = 10-2 and M̃ is a matrix where the i, jth element is
defined by:
i
X h
⇥
⇤-1
1
"
(Ĩi - µk ) ⌃k +
E2
(Ĩj - µk )
(13)
ij |wk |
|wk |
k|ij2wk
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Where
wk
|wk |

3 ⇥ 3 neighborhood of pixels, centered around pixel k
number of pixels in wk
identity matrix

ij

µk

mean colors of the pixels in wk

⌃k

co-variance of the pixel colors in wk

"

10-6

E2
the identity matrix
The windows w are placed over all pixels k that do not have a
reliable estimate of ↵ from from Section 4.2.4. In computer graphics
literature, M̃ is known as Matting Laplacian [16].
By differentiating 12 and setting the derivatives to zero, ↵ can be
solved by:
(M̃ + D)↵ = ↵⇤
4.2.6

(14)

Joint Bilateral Upsampling

Images taken from a professional camera is often of high resolution.
Therefore to decrease the processing time of the algorithm, the images are downsampled before computing the illumination mixtures.
The white balance transformation is however done with upsampled
illumination mixtures. To upsamle the illumination mixtures, a technique called Joint Bilateral Upsampling (JBU) [15] is used.
computes full resolution results from low resolution solutions. It
uses the fact that the original high resolution image is known together
with the low resolution solution. JBU is ideal to use when a solution
needs to be upsampled, not the image itself.
It is similar to the class of bilateral filters [21]. A bilateral filter is a
non-linear edge-preserving smoothing filter. It replaces the intensity
value of the pixel by a weighted sum of its neighboring intensity
values. This is computed by range and spatial gaussian filter kernels,
see Equation 15.
JBU

Jp =

1 X
Iq f(k p - q k)g(k Ip - Iq k)
kp
q2⌦

Where

(15)

4.3 evaluation

J

high resolution image

I

low resolution image

p and q

pixel coordinates in I

kp

sum of filter weights

⌦

spatial support of filter f

f

spatial filter kernel

g
range filter kernel
Bilateral filters give high resolution images as output, JBU produces
solutions, see Equation 16.
↵˜ p =

1 X
↵q# f(k p# - q# k)g(k Ĩp - Ĩq k)
kp

(16)

q# 2⌦

Where
Ĩ

high resolution image

p and q

pixel coordinates in Ĩ

p# and q#

pixel coordinates of ↵

↵˜ p

upsampled solution of light mixture ↵q#

↵q#
low resolution light mixture
p# and q# is given by dividing pixels p and q by the scale factor.
The range weights are computed by taking a neighborhood of pixels
around p and q, except p and q, in the size of the scale factor in both
directions. The size of the spatial filter kernel is 5 ⇥ 5.
4.2.7

White balance transformation

White balancing is method of balancing the colors in an image due
to different illumination sources. To construct the transformed white
balanced image, a diagonal matrix W, see Equation 3, is multiplied
with the pixels, color-triplets, of the original image, see Equation 1
and Equation 4. Note that W is pixel location dependent, since it
depends on ↵ which is essentially an image, having different values
at different pixel locations.
4.3

evaluation

The white balance algorithm was evaluated during the implementation by images given in [11]. This is done to increase the confidence
that no significant errors have been made in the implementation of
the algorithm by comparing the quality of the white balance transformation results, see Figure 9.
Additionally, to verify if the algorithm meets the purpose and the
goal, images taken by the author was used. They were taken in an
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ordinary room under different illumination sources such as tungsten,
daylight and flash. The images were taken by a Nikon D3000 camera
and the objects were clothes of different colors. See Figure 6.

5

R E S U LT S

This chapter presents the results on each step in the white balance
algorithm. The results are achieved by experiments on and comparisons between original images and transformed images.
5.1

illuminant color selection

As mentioned earlier, the white balance algorithm is dependent on
the illumination mixtures at each pixel. To retrieve the information,
the user is asked to click on two parts on the image where the illumination color is visible, see Section 4.2.2. This is a crucial step in
the white balance transformation. Experiments has shown that the
algorithm is sensitive to the selection of illuminant colors. See Figure 3 for a comparison of two white balanced images with different
illuminant color selections. As depicted by Figure 3, the second clicking, Figure 3c and Figure 3d, results in a whiter background. This is
also valid for the letters of the word "LEVIS" on the garment, which
should be white.
5.2

image format

As read in Section 4.1.2, a comparison was made on transformed
white balanced images with different input formats. This is done to
validate the discussion in [11]. See Figure 4 for a comparison.
5.3

down- and upsampling of the image

Because of the heavy computations of estimating the illumination
mixtures, images of high resolutions has to be downsampled before
computing them. After experiments, a threshold of 1000 pixels, in
rows or column counts, was set to reduce image sizes with too high
resolution. Note that "too" is relative to what the algorithm is capable
to process within up to a few minutes. The images photographers
normally work with must nearly always be downsampled for this
method to work. If the image exceeds this threshold, it is downsampled by a factor of ten.
The reason for why it takes time is because of the illumination mixtures estimation part of the method takes time. For this reason this
part must be computed for a low resolution version of the original
image. After that, the estimated illumination mixtures are upsampled using Joint Bilateral Upsampling, Section 4.2.6. This means that

17

18

results

(a) Original image

(b) White balanced image

(c) Original image

(d) White balanced image

Figure 3: Comparison of white balanced images where different illumination colors where selected

the mixtures are interpolated, albeit using the original image as a
"guide". After that, the white balance transformation, needing illumination mixtures, is applied to the original high resolution image.
White balance transformation in itself is computationally not heavy,
a few multiplications per pixel value, per and location.
This procedure is necessary due to the effect of processing time. Experiments has shown that it decreases the processing time to minutes
instead of hours.
5.4

estimation of illumination mixtures

The illumination mixtures were estimated in two steps, as mentioned
in Section 4.2.4 and Section 4.2.5. By following the method in Section 4.2.4 and sample possible material colors on Figure 5a, four material colors were estimated. The pixels that voted for these material
colors got a reliable estimate of illumination mixtures. The remaining unmarked pixels, see Figure 5d, illumination mixtures were estimated by performing a Matting Laplacian process, which propagates
the ↵ values from reliable pixel location to unreliable locations.

5.5 white balance

One question raised in the beginning of the implementation of the
material color estimation was how blue material colors would be handled. As can be read in Section 4.2.4. An experiment was made on images with mostly blue material colors to evaluate the method. In the
experiment, the white balance transformation was performed with
special consideration of blue color implemented in the material color
estimation method. This was also done without consideration of the
blue votes. The similarity of the two output images was checked by
calculating the difference of them. This resulted in zero difference.
5.5

white balance

After estimating the illumination mixtures at every pixel, the diagonal transformation matrices are constructed and multiplied with the
original image, see Section 4.2.7. See Figure 6 for the original images
and transformed white balanced images.
The images in Figure 6 were taken without any white balance transformation done in the camera. To verify the results from the algorithm, images taken under same illuminations but with camera white
balance transformation were compared to the images in Figure 6. See
Figure 8.
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(a) Original image

(b) Input format TIFF

(c) Input format JPEG

(d) Original image

(e) Input format TIFF

(f) Input format JPEG

(g) Original image

(h) Input format TIFF

(i) Input format JPEG

Figure 4: Original images and transformed white balanced images where
the original image have different input formats

5.5 white balance

(a) Original image

(c) Voted
color

blue

material

(e) Voted beige material
color

(b) Voted white material
color

(d) Voted yellow material
color

(f) Remaining
pixels

unvoted

Figure 5: Voted material colors of original image (5a) and remaining pixels
with no votes (5f) (Original image 5a was taken from [11] but 5b-5f
are due to our results)
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(a) Original image

(b) White balanced image

(c) Original image

(d) White balanced image

(e) Original image

(f) White balanced image

Figure 6: Original images and transformed white balanced images

5.5 white balance

(a) Original image

(b) White balanced image

(c) Original image

(d) White balanced image

Figure 7: Original images and transformed white balanced images
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(a) Original image

(b) White balanced image(c) White balanced image
from algorithm
from camera

(d) Original image

(e) White balanced image(f) White balanced image
from algorithm
from camera

(g) Original image

(h) White balanced image(i) White balanced image
from algorithm
from camera

Figure 8: Comparison of white balanced images where the left column
are transformed by the implemented algorithm and right column
comes from the camera auto-setting

5.5 white balance

(a) Original image

(b) Result from paper (c) White balance transformation from algorithm

(d) Original image

(e) Result from paper (f) White balance transformation from algorithm

(g) Original image

(h) Result from paper (i) White balance transformation from algorithm

Figure 9: Comparison of white balanced images where the middle column
comes from [11] and the right column are from the implemented
algorithm
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DISCUSSION

The goal of this thesis was to create a color correcting procedure for
truthful rendering of images of clothes and toys. We addressed the
problem by verifying the usefulness of a well received algorithm in
research for this purpose by own images and originally images from
published paper by using our own implementation. The original publications did not consider clothes. Below are some discussion points
before attempted conclusions.
6.1

illumination color selection

The performance of the white balance algorithm is very dependent
on the selection of illumination colors, as can be seen in Section 5.1.
This is stated in Hsu et al. [11] but not further discussed. The robustness and performance of the algorithm might increase if a more detailed guidance as how to select illumination colors were suggested in
the paper. As it stays it is a serious problem because a photographer
might loose time with this if white balancing is to be done on nonstudio photographs, i.e. previous illumination color estimates are to
no avail.
6.2

consideration of blue material color

As the results showed in Section 4.2.4 a concern was raised on how
blue material color would be handled. However, as read in Section 5.4,
results of experiments showed that this was not an issue. This was
however a valid consideration since it was not discussed or concluded
on in aforementioned paper. We did use blue color garments with
reasonable variation in blue color from pixel to pixel. Nonetheless, we
did not do an exhaustive set of "blue" garments to see if the problem
can be excluded even without special care in the implementation.
6.3

processing time

The time of processing the implemented algorithm is quite high, up
to ten minutes. This is due to heavy computations of the illumination
mixtures. The time is though immensely reduced when using the
down- and upsample methods. Since the processing time still is high,
the algorithm does not fulfill its purpose of reducing the time for the
photographer. However, it still may serve a photographer well, if the
procedure is sped up further, e.g. parallelization.
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discussion

6.4

image format

In Hsu et al. [11], the authors state that the best input format of the
images are raw files. This is however contradicted by the experiments
made in this thesis, as can be seen in Figure 4. The results does not
confirm this unequivocally. By contrast the results of our images indicate that the resulting white balanced images can be more truthful
even if the input image format is JPEG.
6.5

white balance transformation

The implemented algorithm does reduce unwanted color cast, given
right illumination colors are selected. It transforms the images to a
more truthful rendering of the colors. See Figure 6. By testing the
results against images white balanced by the camera, using a less
sophisticated strategy, see Figure 8, results showed that the algorithm
does not perform better than the camera in terms of color rendering.
As seen in Figure 9, the achieved results from the implemented algorithm are not identical with the results from the paper were the
technique was developed. This is to be expected because
1. some details of the implementation are not revealed in the paper, such as how to implement the clustering algorithm of material color estimation.
2. the results depend on manual selections of illumination colors,
which were not stated in the original paper
3. the ground truth data neither regarding illumination colors nor
the original image with white diffuse color, was not stated in
the original paper
In Figure 6d and Figure 9d, yellow and orange material colors are
not rendered truthfully. One reason for this can be that the material
colors are to similar to one of the illumination colors.

7

CONCLUSIONS

The aim of this thesis was as an external part implement a color correcting procedure based on a technique in Hsu et. al [11] to be used
on images of clothes and toys in e-commerce.
The implemented algorithm does reduce unwanted color casts, given
right illumination colors are selected. It transforms the images to a
more truthful rendering of the colors. This was tested on given images from aforementioned paper, see Figure 9, and own taken images,
see Figure 6. By using the algorithm on images of textile materials, we
could verify that the results could be useful in rendering them, e.g. in
e-commerce. However, the method is costly in terms of computational
time. The photographer must have patience in the current implementation, in the order of minutes, before obtaining the white balance
results.
This thesis marked important details lacking in aforementioned paper.
It has also discussed some drawbacks of the technique, such as high
processing time and difficulty to render material colors similar to the
illumination colors.
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FUTURE WORK

This chapter presents some additional features that could be implemented to the algorithm in the future.
8.1

illuminant color estimation

One possible implementation of the algorithm in the future would be
to investigate if it is possible to estimate the illuminant color automatically. This by taking the most popular material color, see Section 4.2.4,
and assuming it is the background color. A region of interest would
be extracted by placing a rectangle in the middle of the image and
investigate all pixels outside of the rectangle. This because photographers generally puts the objects in the middle of the image, which
makes the background pixels to be placed outside of the rectangle.
Since the illumination colors casts similar colors to the background, a
histogram can reveal which colors that deviates from the background.
These two colors would be the illuminant colors.
This feature to the algorithm would decrease the human interaction
and possibly enhance the performance of the white balance.
8.2

time optimization

Since the focus of the algorithm developed in this thesis is to decrease the time of removing unwanted color casts in images, a good
feature of the algorithm would be speed. Therefore, a future work
of the algorithm would be to optimize the processing time, by e.g.
parallelization.
8.3

graphical user interface

As for now, there is no graphical user interface implemented to the
algorithm. To make it simple to use, this would be a good feature to
implement in the future
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