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2 Alocal Type-2 Fuzzy Set Based Technique For He Stain Image Enhancement

Abstract

The proposed approach in the paper comes under “Advanced Soft Computing Based Medical Image Processing
Research" and the work has been conducted by Dr. Dibya Jyoti Bora (Assistant Professor), School of Computing
Sciences, The Assam Kaziranga University, Jorhat, Assam in the year 2018-2019.

Introduction: HE stain images, although considered as the golden standard for medical image diagnosis, are
still found to suffer from poor contrast and degradation in color quality. In this paper, a Type-2 fuzzy set-based
enhancement technique is proposed for HE stain image enhancement with special care towards color-based

computations and measurements.

Methods: This paper introduces a new approach based on Type-2 fuzzy set for HE stain image enhancement
where Bicubic Interpolation plays an important part. Unsharp Masking is also employed as a post enhance-
ment factor.

Results: From the results, it is clearly visible that cell nuclei and other cell bodies are easily distinguishable from
each other in the enhanced result produced by our proposed approach. It implies that vagueness in the edges
surrounding the objects in the original image is removed to an acceptable level.

Conclusions: The proposed approach is found to be, through both subjective and objective evaluations, an
efficient preprocessing technique for a better HE stain image analysis.

Originality: The ideas involved in this paper are original. If work by other researchers are mentioned in any part
of the paper, then they are cited properly.

Limitation: The relatively high time complexity is the only limitation associated with the proposed approach.

Keywords: Bicubic Interpolation, HE stains image, color image processing, color image enhancement, HSV
color space, Type-2 fuzzy set.

Resumen

El enfoque propuesto en el articulo se encuentra en el proyecto “Investigacion avanzada de procesamiento de
imagenes médicas basadas en computacion suave”, el trabajo ha sido realizado por el doctor Dibya Jyoti Bora
(profesor asistente), de la Facultad de Ciencias de la Computacion, Universidad de Assam Kaziranga, Jorhat,
Assam en el afio 2018-2019.

Introduccion: las imagenes de tincion HE, aunque consideradas como el estandar ideal para el diagndstico de
imagenes médicas, aun sufren de poco contraste y degradacion en la calidad del color. En este documento se
propone una técnica de mejora basada en conjuntos difusos tipo 2 para optimizar la imagen de tincién HE con
especial cuidado hacia los calculos y mediciones basados en el color.

Métodos: este documento presenta un nuevo enfoque basado en el conjunto difuso tipo 2 para mejorar la
imagen de tincion HE, donde la interpolacion bicubica juega un papel importante. La mascara de desenfoque
también se emplea como factor de mejora posterior.

Resultados: a partir de los resultados es claramente visible que los nucleos celulares y otros cuerpos celulares
son facilmente distinguibles entre si en el resultado mejorado producido por el enfoque propuesto. Esto implica
que la vaguedad en los bordes que rodean los objetos en la imagen original se elimina a un nivel aceptable.
Conclusiones: se encuentra que el enfoque es, a través de evaluaciones tanto subjetivas como objetivas, una
técnica de preprocesamiento eficiente para un mejor analisis de imagen de tincion HE.

Originalidad: las ideas involucradas en este documento son originales. Si el trabajo de otros investigadores se

menciona en alguna parte del articulo se citan correctamente.

Limitacion: la complejidad de tiempo relativamente alta es la Unica limitacion asociada con el enfoque propuesto.

Palabras clave: interpolacion bicubica, imagen de tincion HE, procesamiento de imagen en color, mejora de
imagen en color, espacio de color HSV, conjunto difuso tipo 2.
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Resumo

A abordagem proposta no artigo vem do trabalho “Advanced Soft Computing Based Medical Image Processing
Research" (Pesquisa de processamento de imagem médica baseada em computagao suave avangada), rea-
lizado pelo Dr. Dibya Jyoti Bora (Professor Assistente), da Escola de Ciéncias da Computagdo do The Assam
Kaziranga University, em Jorhat, Assam, em 2018-2019.

Introdugdo: embora sejam consideradas o principal padrao para o diagndstico de imagens médicas, as ima-
gens com coloragao HE ainda sofrem com pouco contraste e degradacédo na qualidade da cor. Neste artigo,
uma técnica de melhoramento baseada em um conjunto difuso de tipo 2 é proposta para melhorar a imagem
com coloragao HE, com um cuidado especial a respeito dos calculos e das medidas baseados em cores.

Meétodos: este trabalho introduz uma nova abordagem baseada no conjunto difuso de tipo 2 para melhoramen-
to de imagem com coloragdo HE no qual a interpolagao bicubica tem um papel importante. O filtro de desfoque
unsharp masking também é empregado como um fator posterior de melhoramento.

Resultados: a partir dos resultados, é bastante visivel que os nucleos e outras partes da célula sao facilmente
diferenciados uns dos outros no resultado melhorado que é produzido pela abordagem que propomos. Isso
implica que a imprecisao nas bordas que circundam os objetos na imagem original é eliminada a um nivel
aceitavel.

Conclusdes: notou-se, por meio de avaliagdes subjetivas e objetivas, que a abordagem proposta é uma técnica
de pré-processamento eficiente para melhorar a anélise de imagem com coloragao HE.

Originalidade: as ideias envolvidas neste artigo sdo originais. Se o trabalho de outros pesquisadores é citado
em qualquer parte deste artigo, eles foram citados adequadamente.

Limitagdo: a complexidade de tempo relativamente alta é a Unica limitagao associada a abordagem proposta.

Palavras-chave: interpolagao bicubica, coloragao HE, processamento de imagens coloridas, melhoramento de
imagens coloridas, modelo HSV, conjunto difuso de tipo 2.

1. INTRODUCTION

In medical diagnosis, HE stain images are frequently used for detecting cancer and
other serious diseases. The accurate results of this diagnosis process are totally de-
pendent on the quality of the input image. It is found that medical images often suffer
from low contrast issues. The fuzzy behavior of the boundaries of the images makes
it difficult for traditional techniques to enhance these images. So, Type-2 fuzzy set
based techniques have been selected for the contrast enhancement purpose. The
proposed technique is an extended version of the one that has been introduced in
[1]. Here, the color computation part has been taken very seriously. RGB color space
is not suitable for color image enhancement purpose as hue values are associated
with each of the three layers R, G, B [2]. So, there may arise the problem of a col-
or mismatch after the enhancement process. Hence, we go for other color spaces
than RGB. LAB and HSV color spaces are two frequently adopted color spaces in
colorimage processing but it has been found through experimentation that HSV color
space is more efficient than LAB [3]. Hence, we have adopted an HSV color space for
our proposed technique. One special reason for this is that HSV color space has a
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4 Alocal Type-2 Fuzzy Set Based Technique For He Stain Image Enhancement

devoted V-channel especially for luminance level measurements and so it acts as an
intensity channel. Our proposed technique is based on the concept that the enhance-
ment can be achieved without altering the hue values if we perform the enhancement
only on the intensity channel [2]. An unsharp masking based technique is used as a
post-processing technique to remove unwanted blurriness that may be occurred after
the fuzzy enhancement. The remaining portion of the paper is organized as follows: In
section 2, a review of previous work done in the field with motivation for the present
work is presented. The steps involved in the proposed approach are clearly illustrated
with the flowchart in section 3. Section 4 and its subsections explain different tech-
nigues and areas involved in the proposed approach. Section 5 is the experiments
and results discussion section. Finally, the conclusion is drawn in section 6.

2. RELATED WORKS AND MOTIVATION FOR
PROPOSED APPROACH

In this section, we have presented some of the important contributions in this area
which help us to understand problems and thereby motivate us towards the develop-
ment of the proposed approach.

In [3], the authors introduced a new fuzzy Type-2 Possibilistic C-Means clus-
tering (PCM) method for image enhancement. It is found the performance is better
than Fuzzy C-Mean (FCM) and Possibilistic C-Means (PCM). The reason behind is that
both FCM and PCM are based on Type-1 fuzzy logic. While Type-2 fuzzy set-based
techniques have much better performance than Type-1 fuzzy set-based ones.

In [4], Chaira proposed intuitionistic fuzzy set-based theory image enhance-
ment techniques. These techniques take into account two uncertainties and hence,
there is a good possibility of better enhancement of medical images. Then in [5],
Chaira introduced a new Type-2 fuzzy set-based medical image contrast enhance-
ment technigue where she used Hamacher T co-norm as an aggregation operator to
form a new membership function with proper upper and lower membership function.
The enhanced image is the one produced from the new membership function. The
efficiency of the Type-2 based enhancement techniques is found to be better than the
other traditional techniques including intuitionistic ones.

Gu et al. [6] applied the Y-H(Young-Helmholtz) transformation with an adap-
tive equalization of intensity numbers matrix histogram for the enhancement of color
medical images. The contrast is enhanced by adaptive histogram equalization and
thereby suppresses the noise present in the original image. Then they carry out the
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inverse transformation from Y-H to RGB to show the enhanced color image without
affecting hue and saturation values. The experiments proved that the proposed tech-
nique is well suitable for diagnosis of medical images as it carries low computational
complexity.

Ensafi et al. [7] discussed the solutions for the image enhancement problem
using Type-2 based enhancement techniques. The authors introduced a new Type-2
fuzzy membership function for this purpose. Zarinbal et al. also proposed a Type-2
based enhancement technique forimage enhancement and analyzed its performance
in detecting noise pixels and improving image quality [8]. The proposed method suc-
ceeds to produce the better image quality and could preserve edges and other details
of images better than the other methods.

Bora [9] has introduced a new efficient technigue for color image enhancement.
He claimed that removal of noise first and then contrast enhancement on the noise-
free version as the mandatory steps in the image enhancement process. A new noise
removal technigue Improved_Median() is introduced for the noise removal process
and AA_CLAHE() is proposed for the contrast enhancement task. HSV color space
is found to be very useful in the proposed technique for the enhancement operation.

So, by analyzing the previous work in this field, we have come to the conclusion
that medical images are very difficult to be dealt with via traditional state of the art
algorithms. The main reason is due to the fuzzy behavior of the boundaries of such
images. HE stain images are the commonly used images for medical diagnosis of
serious diseases and in this case, the quality of image matters a lot for an accurate
diagnosis process. Primarily, the color images need special treatment due to the hue
information involved. So, we have been motivated towards developing a new tech-
nique for HE stain image enhancement that is based on the Type-2 fuzzy set and for
the color computations we have adopted HSV color space. The work presented by
Ensafi and Chaira [5][7] aided us in the development and formulation of the Type-2
fuzzy set membership function presented in this paper.

3. STEPS INVOLVED IN THE PROPOSED
APPROACH

The whole enhancement process consists of two phases: First pre-enhancement
using a Type-2 fuzzy set-based technique and the second stage involves post en-
hancement using an unsharp masking based technique.

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 15, no. 3 /2019 / Bogotda D.C., Colombia
Universidad Cooperativa de Colombia



6 AlLocal Type-2 Fuzzy Set Based Technique For He Stain Image Enhancement

3.1 FIRST PHASE

Input HE stain image.
Conversion of color space from RGB to HSV takes place.
Extract V-channel.

N~

The extracted V-channel undergoes contrast improvement with the pro-
posed local_type2_fuzzy() method. This outputs the contrast-enhanced
V'- channel.

3.2 SECOND PHASE

1. The V'- channel is passed to the proposed Unsharp_Mask() and it outputs
a V"-channel.

2. The V-channel(obtained at step 3 of phase 1) is replaced with the V'-
channel. This enhances the image in the HSV color space.

3. HSV to RGB conversion takes place to obtain the final enhanced color
image.

The above steps can be clearly depicted in the following flowchart:

RGB to HSV color space HSV to RGB color space
conversion conversion taken place

Extract V-channel 0Old V-channel has been
replaced by v' '-channel

V-channel has been
contrast enhanced with
Local_Type2_Fuzzy() and
results V'-channel

V'-channel has been passed
to Unsharp_Mask() and it
results V' '-channel

Figure 1. Flowchart of the proposed approach
Source: own work
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4. MATERIALS AND METHODS

In this section, we are going to discuss the different terminologies and the proposed
techniques in detail:

4.1 HE STAIN IMAGES

HE stain image is the most widely used in medical diagnosis and often regarded as
the golden standard in histology and pathology laboratories [10][11][12]. Actually, most
cells are colorless and transparent and hence very difficult to analyze. The histologi-
cal sections should be stained in such a way these cells should be visible [12]. HE stain
is one of the popular techniques. This staining method involves the usage of hema-
toxylin and eosin which color nuclei and cytoplasm differently [12]. Here, hematoxylin
is a dark blue or violet stain which is Basic/Positive and Eosin is a red or pink stain that
is Acidic/Negative. A combination of hematoxylin and eosin generally produces blues,
violets, and reds. Because of the long history of HE staining, well-established meth-
ods, and an incredible amount of data and publications, there is a strong belief among
many pathologists that HE staining will continue to be the universal practice over the
next 50 years [13]. However, these images suffer from poor contrast and vagueness in
the boundary regions and so a proper enhancement technique is required to improve
the quality of these images.

Figure 2. Histologic specimen of human lung tissue stained
with hematoxylin (violets) and eosin (reds)
Source: [14]
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4.2 HSV COLOR SPACE

To describe the organization of different colors of an image, we need a mathematical
model known as color space. Color space characterizes different color attributes with
respect to three or more components that facilitate the process of learning precisely
what each color spectrum looks like [15][16]. RGB, LAB, HSV are some popular color
spaces and RGB is the default one in most cases. In our previous work, a LAB color
space was used [1]. But experiments prove that HSV color space is more efficient than
LAB color space for color image pre-processing tasks [17]. Also, HSV color space
has a very special characteristic of organizing any color image in the same way that
our human eyes can perceive. This color space consists of three channels: Hue (H),
Saturation(S) and Value (V). Here, hue is an angle in the range [0,2r] and is directly
related to color. Its different values represent different colors. The distribution of dif-
ferent colors with respect to hue values (ranges 0 to 2m) can be shown in the following
color wheel diagram [15]. The color first starts with red and, as the hue value changes,
it then changes in the following pattern:
red — yellow — green — cyan — blue — magenta — red.

Red

Magenta

Yellow (Red+Green)
(Blue+Red)

Add Red Subtract Red

Blue Green

/

Add Blue

Subtract Green

Cyan
(Green+Blue)

Figure 3. Color Wheel Showing Distribution of Different Colors in HSV Color
Space with Respect to Different Values of V
Source: own work

Saturation is used to describe how pure the hue is with respect to a white refer-
ence and is measured as a radial distance from the central axis with values between
0 at the center to 1 at the outer surface. Finally, the value channel signifies a percent-
age value going from 0 to 100, conveying the amount of light illuminating a color.
Therefore, the V-channel is the channel for luminance level measurements and keeps
the intensity values. We have employed our proposed local Type-2 fuzzy set-based
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image enhancement technigue and the unsharp masking-based post enhancement
technique on the V-channel so that the hue values will not be altered.
A simple diagram for the HSV color space is [15]:

=

Figure 4. HSV Color Space Showing the Relation between H, S, and V
Source: own work

Figure 5. HSV Converted image of the HE image in figure 2
Source: own work

4.3 Local_type2_fuzzy()

This is a Type-2 fuzzy set-based image enhancement technique. This is the local
and improved version of the one that we have introduced in [1]. Instead of applying
the enhancement technique to the whole image at the same time, here, we divide the
image into tiles of size 3x3 and then apply the enhancement on every tile separately.
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10 AlLocal Type-2 Fuzzy Set Based Technique For He Stain Image Enhancement

After that bicubic interpolation is used to merge them. Local contrast enhancement
is found to be more efficient than a global one, since in the latter case, the over-en-
hancement may arise if a high peak occurs in the histogram [9]. In the case of medical
image enhancement, over enhancement will be a serious problem as this could cause
some regions to become darker or brightness factors could be increased to a level
where edges surrounding different objects are hard to distinguish. In this way, the
vagueness in the image will not be removed to a satisfactory level or it may be in-
creased furthermore. So, taking this problem in hand, we introduce the local version
of the Type-2 fuzzy set-based enhancement technique, local_type-2_fuzzy(). A Type-
2 fuzzy set can be defined as follows:

Arypen ={x,ﬁA(x,u)|‘v’xe X,Vuel, g[O,l]} )

where f,(x,4) is the Type-2 membership function, J_is the primary member-
ship function of x.
In our case, J_ is calculated using the following equation:

I—1
J — min 2
T @

ax ]min
where | is the gray level of the concerned image tile (say A) of the range 0 to L-1,

| isthe minimum and |__ is the maximum gray value of the image tile.
The Type-2 membership function is calculated using the following equation:

)

T iy ® A+ Uy, ® (1= A)
=9 2
ﬂA {1_(1_/1)./[110w .luhigh

prer =(1, 1

where, . 4
e =1, @

ﬂ — avg (5)

and & (0<a=T)is calculated on the trial and error basis. The optimum value
of & is found through experiments and the value is 0.8. @ is termed as “degree of
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contrast enhancement” and 0 < 8 <1. We fix the value of @ as 0.5 as at this value,
the result of contrast improvement is found to be optimal. Its value may be increased
or decreased as per the requirement of the application.

4.3.1 BICUBIC INTERPOLATION

Interpolation can be defined mathematically, as a process of estimating approximate
continuous values of a function. In image processing, interpolation is used to trans-
fer an image from one resolution to another so that the quality of the image will be
improved by removing artificially induced boundaries [17][18]. Interpolation methods
may be adaptive or non-adaptive [19][20]. Adaptive techniques consider different fea-
tures like texture, edge information, intensity transformation, etc., while non-adaptive
techniques directly manipulate pixels without considering any feature like adaptive
ones. DDT, ICBI, NEDI, etc. are some selective adaptive interpolation methods and
nearest neighbors, bilinear and bicubic methods are a few important non-adaptive
interpolation techniqgues. Bicubic interpolation, a non-adaptive based interpolation
technique, is adopted here as the cost involved in this case is less in comparison to
the adaptive ones. Bicubic interpolation is best known for its ability to produce ap-
parent and sharper images and is also regarded the best among the non-adaptive
interpolation techniques. The reason behind this is that here, the sixteen closest pix-
els' weighted average is used to fill the interpolated point, while in the case of nearest
neighbors interpolation, only the nearest pixel is used to fill the interpolated point, and
in the case of the bilinear interpolation technique, the interpolated pixel is filled with
the four closest pixels' weighted average [17].

The following diagram [17] shows the use of sixteen nearest neighbor pixels in
the bicubic interpolation algorithm:

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 15, no. 3 /2019 / Bogotda D.C., Colombia
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12 Alocal Type-2 Fuzzy Set Based Technique For He Stain Image Enhancement

Q/' Neighboring Pixels

Point To Be Interpolated

Figure 6. Bicubic Interpolation
Source: own work

The interpolation kernel, 'u’ (which must be symmetric) for bicubic interpolation
[18] is estimated using the following equation:

2 -Saf e 0sd<
u(d)={~[d[ +2Jd} —4|d|+2 1=d <2 ©
2 2
0 2<d

Where 'd" is the distance between the interpolated point and the grid point to
be considered.

As the bicubic interpolation algorithm succeeds in producing a clear picture
quality while preserving image details in a better way than its bilinear counterpart [17]
[19][20], this technique has been adopted for our local_type2_fuzzy() technique.

4.4 UNSHARP MASKING, Unsharp_Mask()

Unsharp masking is a very efficient image sharpening technique [21, 22]. The work-
ing methodology of unsharp masking is very simple. It first finds out the blurred or
negative version to create the unsharp mask of the original image. It then subtracts
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the blurred version (means combines the unsharp mask) from the original image
resulting in an edge enhanced sharpened version of the original version. We have in-
troduced the concept of post-enhancement by unsharp masking in [1] and the results
found are quite advanced. In our proposed approach, unsharp masking is employed
on the Type-2 fuzzy set enhanced V-channel to remove unwanted blurriness that, if
still remaining after the initial enhancement, are used to finally produce enhanced
and edge sharpened version of the same. The steps and equations involved in our
unsharp masking technique [1], Unsharp_Mask() are illustrated below:

Say, V(x,y) isthecurrentV-channeland 7'(x,y) isits smooth version obtained
with anisotropic Gaussian Smoothing [23] with kernel values along with row and col-
umn directions respectively o, =1,0,=8.

Then, the edge image L.(x,y) is given by the following equation:

Ve(xay):V(xay)_V'(xay) (7)
Now, the final sharpened image V.., (x,») can be obtained by:

Voarp 1) =V (X, y) + ¢ 5V (x,y) ®)

where ¢>0.1 is a scaling constant. We have taken ¢=0.5 through trial and error.

5. EXPERIMENTS AND RESULTS
DISCUSSION

The supremacy of the proposed approach has been experimentally verified through
both subjective and objective evaluations. The approach has been implemented in
Matlab in a system with an i-5 processor, 4 GB RAM and Windows 10 operating sys-
tem. The enhancement technique has been applied to 30 different HE stain images.
Originally, these images are of poor contrast and carrying a high level of fuzziness
with them, mostly in boundary edges surrounding the different objects, cell nuclei,
or region of interests. After enhancement, the results are found to be of improved
quality, with sharpness in the edges and hence a better identification of the region of
interests. Below are the results for three such images. The results are compared with
those obtained by some of the state of the art algorithms and recent techniques: Bora
[1], Histogram Equalization, CLAHE and Ensafi et al [7].
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Figure 8. (a) Original Image; (b) Histogram of the original image;

(c) HSV Converted Image; (d) V-channel; (e) Type-2 fuzzy set-based enhancement
without contrast enhancement factor; (f) Type-2 fuzzy set enhancement with
contrast enhancement factor value 0.5; (g) Post enhancement by Unsharp_Mask();
(i) Final Result of our proposed approach (j) Enhancement by Bora[1];

(k) Enhancement by Ensafi et al. [7]; and (l) Enhancement by CLAHE.

Source: own work
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Figure 9. (a) Original HE Stain Image collected from [24]; (b) Enhancement by CLAHE;
(c) Enhancement by Ensafi et al. [7]; (d) Enhancement by Bora [1]; (e) Enhancement
by Our proposed approach.

Source: own work

Figure 10. (a) Original HE Stain Image collected from [25]; (b) Enhancement by CLAHE;
(c) Enhancement by Ensafi et al. [7]; (d) Enhancement by Bora [1]; (e) Enhancement
by Our proposed approach.

Source: own work

Ingenieria Solidaria e-ISSN 2357-6014 / Vol. 15, no. 3/2019 / Bogota D.C., Colombia
Universidad Cooperativa de Colombia



16 AlLocal Type-2 Fuzzy Set Based Technique For He Stain Image Enhancement

5.1 SUBJECTIVE EVALUATION

From the results, it is clearly visible that cell nuclei and other cell bodies are easily
distinguishable from each other in the enhancement result produced by our proposed
approach. It implies that vagueness in the edges surrounding the objects in the orig-
inal image has been removed to an acceptable level. The result obtained through
CLAHE is not acceptable in the sense that regions of interest here are not clearly visi-
ble. This means this method does not succeed in dealing with the fuzziness involved
in the original HE stain color image. The result produced by the method proposed by
Ensafi et al. [7] is acceptable in this case. This method is implemented on HSV color
space for the color medical image enhancement in this paper. Also, Bora [9] produces
a good enhancement result, but not to a level produced by the approach proposed in
this paper. The reason is in [1], color space involved is LAB, while in this paper we are
employing HSV color space for the color-based computations and HSV has proven
itself to be better in this case [17]. Also, the method introduced in [1] is working on a
global basis. While, here in this paper, the enhancement is done through local basis.
After all, if we focus on the results more closely, then it is obvious that the results
produced through our proposed approach are better than those produced with other
state of the art techniques.

Subjective evaluations are carried out on the experimental results of our pro-
posed approach by 5 experts from the same research area. They have evaluated the
result on the basis of how much fuzziness is removed in the boundary regions of ob-
jects present in the image, how much color information is restored with fewer color ar-
tifacts, the preservation (or not) of brightness levels, anincrease of darkness levels due
to over-amplification of noises present in the homogeneous regions which crucially
decide the overall visual improvement obtained through a color image enhancement
technique for a medical image [9]. Table 1 presents the experts' report:
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Table 1. Subjective evaluation

Viability Rating related

Is Visual Visual Improvement Rating to the application of the

Improvement Done (Value Ranges from 1 to 10,

Expert After Enhancement: 1is the lowest and 10 is the Proposed Appr'oa‘ch to
Yes/No highest rating) enhance HE Stain image
(Value Ranges From 1 To 10)
1 Yes 7 8
2 Yes 9 9
3 Yes 7 8
4 Yes 8 9
5 Yes 8 9
Average Yes 7.8 8.6

Source: own work

So, from the subjective evaluation, it is found that our proposed approach suc-
ceeds in producing an efficient enhancement for low contrast HE stain image (with
an average rating of 7.8).

5.2 OBJECTIVE EVALUATION

To mathematically claim the superiority of our proposed approach, we have to de-
pend on the objective evaluation. For this, we select two metrics: entropy and PSNR.
The entropy of an image can be calculated using the following equation (9):

E = —sum(p.*log,(p)) 9)

where p is the histogram counts obtained from the histogram of the concerned
image [26]. A higher value of entropy results in a better enhancement [26].

In the same way, a higher value of PSNR implies less distortion by noise, hence
a better enhancement [9]. The PSNR of an image is calculated using the following
equation (10):

PSNR =10 loglo(MAXiz/MSE) (10)
Where MAX is the maximum possible pixel value of the image and MSE is the

Mean Squared Error which is calculated using the following equation (11):
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MSE =Zﬂyl=1zg=1[1(x.}’) - Il(x»)’)]z (-H)

Table 2. Objective Evaluation

Image No. CLAHE Ensafi et al. [7] Bora [1] Our Proposed

Approach
Entropy 7.8269 7.8782 7.8513 7.8813
Image 1
PSNR 7.1241 7.1284 7.1251 7.2583
Entropy 7.3041 7.3194 7.3103 7.3346
Image 2
PSNR 9.3880 9.3882 9.3934 9.4030
Entropy 7.6971 7.6978 7.6979 7.6988
Image 3
PSNR 9.2988 9.3016 9.3028 9.3246
Source: own work
Entropy Values Comparison
10
9
8 [ I I
o 7
a 6
2 5
S 4 — Image 1
3
—— Image 2
9 g
1 Image 3
0
CLAHE Ensafi et al. [7] Bora[1]  Our Proposed
Approach
Enhancement Techniques
Figure 11. Entropy Values Comparison
Source: own work
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PSNR Values Comparison

— Image 1

—— Image 2

Image 3

PSNR Values
O —=NWooro)~ 00WO

CLAHE Ensafietal. [7] Bora[l] Our Proposed
Approach

Enhancement Techniques

Figure 12. PSNR Values Comparison
Source: own work

So, from the above table (and more clearly from figure 11 and figure 12), the
entropy and PSNR values calculated for the proposed approach are higher on average
than those calculated from the other state of the art techniques. Hence, the objective
evaluation also claims that our proposed approach succeeds in producing a better
enhancement of HE stain color images than the other techniques in comparison.

6. CONCLUSION AND FUTURE RESEARCH

Only a good quality HE stain image can result in an accurate diagnosis result. These
images suffer from the problem of vagueness throughout the boundaries covering
important regions of interest. So, to reduce the fuzziness level and to improve the
contrast is an important and mandatory part of HE stain image analysis. However,
it is observed from previous literature that traditional hard-based techniques, even
Type-1 fuzzy set-based techniques are not able to tackle this problem efficiently.
Therefore, to deal with this problem, we have to rely on advanced fuzzy logic-based
technique. The Type-2 fuzzy set-based technique is one such technique which
has the capability to measure and deal with the fuzziness involved in the prima-
ry membership function itself. So, an effort has been made to introduce a Type-2
fuzzy set-based local contrast enhancement technique for HE stain image in this
paper. This technique involves two-phase enhancement: pre-enhancement using a
Type-2 fuzzy set local contrast enhancement technique, local_type2_fuzzy() and
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post-enhancement by an unsharp masking based technique, Unsharp_Mask(). The
efficiency of the proposed approach is verified by applying it to several poorly con-
trasting HE stained color images. The enhancement results are found to be free
from vagueness and contrast is improved to a satisfactory level. Also, brightness
is preserved and hue values are not altered. Both subjective and objective evalua-
tions prove that the proposed approach succeeds to produce better enhancement
of HE stain images than some recent techniques and state of the art techniques. We
therefore may conclude that the proposed approach is an efficient preprocessing
technique for an improving the analysis of HE stained images.

In our future research, we will focus on analyzing the effectiveness of our pro-
posed approach as a preprocessing technique for segmentation of HE stain images.
Segmentation is the most crucial part of the analysis process as it helps to isolate
the regions of interest and to focus and investigate only on the segmented area, so,
processed HE stain images should be of very good quality and free from vagueness
especially on the boundary regions. Our future research will try to inmprove the seg-
mentation outcome through an integrated approach where the preprocessing part will
be conducted through the proposed technique. Also, the proposed approach will be
extended for edge sharpening for accurate analysis of cell nuclei in HE stain images.
Color computation is a very sensitive part of the proposed technique. Although HSV
color space was chosen for this particular task, in future we will explore other available
color spaces to investigate the possibility of increased efficiency and improvements
for the same task.
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