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Abstract— Automated image processing has become very
popular in the field of digital histopathology. [t
histopathology is an upcoming area of research evher
diagnosis decisions are made by quantitative aisalyt
image content. The problem of color variation isesious
issue in this field. Color variation is a result of
inconsistencies in staining procedure or due touse of
different scanners. Color normalization aims ahdirig a
histological image into a different color appeaenaf
another image which standardizes the color reptaen

of both the images. This literature gives a desionip of
various color normalization approaches used toesddthe
problem of color variation in histopathology imagds
focuses mainly on methods used in normalizatiobrefist
cancer images.
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[. INTRODUCTION

Color normalization is a topic in computer visiaancerned
with artificial color vision and object recognitionThe
distribution of color values in an image depends on
illumination which varies depending on lighting ditions,
cameras and other factors. Color normalization tasn
used for object recognition on color images in fietd of
robotics, bioinformatics and artificial intelligesc It is
important to remove all intensity values from theage
while ensuring preservation of color values. Thimids
loss of information obtained from source image. Whe
color normalization is applied to images, minimum
information should be guaranteed.

Il. OVERVIEW

When preparing histopathology slides, multiple dyee
used for staining. The use of multiple dyes maylteis
color variation. It may be caused due to differecéinners
used while digitizing the image. It may result ws$ of
histopathological information like tissue textuhe.order to
address all these problems of color variation, rcolo
normalization can be used. Images prepared arecteljto
varying conditions such as illumination, stain cemkation
etc. All these factors make color normalizationryve
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challenging. It must be ensured that there is rgs lof
histological information.

. QUANTITATIVE IMAGE ANALYSIS
Quantitative image analysis involves using inforiorat
within a scientific image to extract data. Exampé
quantitative information includes number of cells an
image. Manual analysis is very slow. This problean be
overcome by automating image analysis. In [1] tteps
involved in quantitative image analysis are disedssSix
steps are involved in quantitative analysis namely:

» Sample preparation and image acquisition

» Preprocessing of acquired images

e Segmentation of preprocessed images

» Feature extraction based on segmented images

» Validation of feature extraction

« Data analysis
The author has also presented case studies regardin
quantification of buds, peroxisomes, lymph nodes et
In [2] the authors have presented two mechanisms fo
overcoming many of the known inconsistencies in the
staining process namely: stain vector variation and
correction intensity and variation and correction.
Stain vector variation and correction:
Slide preparation can vary widely due to differestain
manufacturers, different staining procedures, dffdrdnce
in storage times. The author assumes that thexesjgecific
stain vector corresponding to each of the two stamesent
in the image, and that the resulting color (in Qiace) of
every pixel is a linear combination of these stajnvectors.
Since there has to be a non-negative weight on each
component, every value must exist between the tam s
vectors.
Intensity Variation and Correction:
The intensity of a particular stain depends ondtiginal
strength of the stain, the staining procedure, houch
fading has occurred since the sample was originally
processed, and how much of the cellular substarfice o
interest is present in the material as well. The tuantity
is measured. Removing the confounding factors that
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degrade the signal is necessary for direct analydinalysis
of these samples.
Here the authors performed tests on melanoma sides.

results of the tests were accurate. There were some

inconsistencies when three or more stains wereeptés a
single slide.

V. VARIOUSCOLOR NAORMALIZATION
METHODS

4.1 Histogram Based Method

The early normalization techniques were based on
histogram matching in RGB color space. After the
preprocessing steps, matching is performed separate
red, blue and green channels respectively. In @] [d] the
authors have presented application of such a naratiain
scheme. As local differences of image content gnered

in this method, matching of irrelevant stains maletplace.
This will result in loss of histological informatio

4.2 Color Transfer

The author has presented color transfer techniqufbli
Images stained with multiple dyes will have differeolor
distributions. The image is divided by manual segtaigon

or by automatic segmentation to avoid mixing ofocol
components. The mean and variance in each chaffireel o
query image are matched with that of a referencagam
The major drawback involved in this method is ththg
tissue details may not be preserved after normuadizét is
overcome in the methods mentioned later in thésdiure.

4.3 Spectral Matching

Spectral matching aims at removing stain variatlorthis
method stain spectra is evaluated either by ustaptave
estimators as in [2] or by using dedicated hardvasén
[6]. It estimates stain spectra and corresponditajns
proportions at each pixel in a histopathology imageis
method has an advantage over other methods asnit ca
preserve histological information. It can be amplie
situations where stain variation is the only reabehind
color mismatch. The regions of interest for estingastain
spectra are selected manually. It makes this meshtiche
consuming one. There are many other methods totfiad
stain spectra other than the above mentioned metfidds

is applied in blind color decomposition as in [T{.is
obtained by performing expectation — maximization o
color distributions in the Maxwell color triangleStain
estimation may not be precise when spectral vanain
stains used occurs between a query image and rtgaini
image.

The major drawbacks involved are that the methdd &
the stain absorption is poor or if a stain is naspgnt. The
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specimen preparation andimaging artifacts may teisul
variations in the estimation.

4.4 Color Deconvolution

Colour deconvolution is a method to obtain stain
concentration values when the stain matrix, desaibow
the colour is affected by the stain concentratisngiven.
Instead of depending on standard stain matriceghwhay

be inappropriate for a given image, a colour basassifier
that incorporates a novel stain colour descripgozaiculate
image-specific stain matrix. This method accurately
separates up to three stains. In [8] the authaemts a stain
normalization technique based on colour deconvaiutA
stain decomposition algorithm consisting of fourdules:
stain matrix estimation, CD, nonlinear mapping béwnel
statistics, and reconstruction is also presented.

Compared to other methods the color deconvolutiethod
performs better in many aspects. It involves adeussain
separation which is a major advantage. Color dedlotion
separates out the effect of variation of each staiit can

be corrected independently.

V. CONCLUSION
This literature presented several color normaliati
approaches applied to histopathology images. Itodpiam
matching method an unwanted bias is caused due to
mismatches. In color transfer technique, segmemtadif
image is performed before color transfer makingoicol
transfer technique a time consuming process. Staiation
can be removed by spectral matching. Its succegendis
on accuracy of stain spectral estimation. It isaad&geous
over the other methods as it enables normalizatien if
only stain variation is the reason behind coloratan. It
can be understood from the literature that color
normalization approach helps in handling problems tb
color variation in histopathology images. It is e useful
concept in medical field.
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