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Abstract

This project, which is the continuation of the
previous research, focuses on the clinical measure-
ments of the glomerulus and renal tbular. In the part
of glomerulus, the Hough transform is used to extract
the boundary of the red blood cells and nucleus. Then,
the classification of both objects can be automatically
performed based on their environments. The color
normalization is proposed and successfully resolves
the problem of the inconsistent color of biopsy. The
segmentation of the renal tubular is then carried out by
vsing the Chromatic color space, The segmentation
results are better than that using the waditional RGB
color space. A software system with graphic user in-
terface is developed to provide good operation envi-
ronment and complete report for clinical application.

K eywoms: Color Normalization, Hough Transform,
Renal Biopsy

Introduction

Renal disease, such as nephritis or nephropathy,
is one of the ten major death diseases in Taiwan. Ac-
cordingly, how to achieve early diagnosis and enhance
treatment for kidney disorder would be the major le-
sion of our medical systematically”™?, Nevertheless,
the clues from the clinical data, such as biochemistry
examination, serological examination and radiological
studies are quite indirect and limited. Because of the
progress of basic medical science of molecular and
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cellular biology, pathological reading of renal speci-
men is not only for staining of tissue structure, length
or area of target site. The small and weak signals from
the intracellular target gradually become the major
roles for disease pathogenesis. However, these always
need special tissue staining and quite deftly expert
technician.

The major problem of the renal biopsy image
analysis is the inconsistence of the hue, which can in-
terfere the criteria of image processing. The neural
network method was used to obtain the color pattemns
for a sequence of processes by training steps®. How-
ever, the training steps are very time consuming and
are not easy to operate for the clinicians.

Under the continving evolving of instrumentation
and technology, tissue pathology has played a decisive
role in diagnostic and clinical medicine. Therefore we
propose to investigate and anzlyze the electric micro-
scopic biopsy image of tissue structure of glomerulus
in renal and then establish a system to help doctor
analyze in clinical. By utilizing the image processing
technique to achieve the function of automatic analysis
and doing statistics of images, the tedious and time
consuming routine image examination procedures ex-
pect to be reduced. Therefore it will reduce the human
emror from the individual diagnosis and obtain more
objective analytical data for the diagnostic.

Method

As we know, color can be qualitatively described
using the terms hue, saturation (also referred to as
chroma}, and intensity (also referred as to brightness),
which is the HS}! color model. The major component
of color is hue. Visually, different hue makes the im-
age present different color. Videlicet, if we can make
the color of AOIs on different images with the same
hue, then we can say that the different images are in
the same color. This assumption is very helpful for our
study. Therefore, the hue histogram warping technique
are applied to make the color of AQIs on different
images be the same.

There are two steps in our research; the first is the
color normalization by means of HSI histogram wam-
ing, and the second is the segmentation based on the
chromaticity diagram. They are described in detail as
following subsections.



Color Normalization by Means of Warping HS1 His-

togram

Warping hue histogram means a transformation
of the hue histogram. If we want to modify the color of
Figure 1 (b} into the color of Figurc 1 (z), then the hue
of the AOTs have to be obtained. The tue histogram of
Figure 1 {a} and Figure 1 (b) are shown in Figure 2 {z)
and (b), and the hue of ACI locate at the red *** mark
position. In the hue histogram, the hue value equal to
zero Tepresents the red color, and the hue value equal
to 1 also represents the red color. The hue histogram is
circular repeat.

The simplified case is only one AOI in each im-
age. Let the hue of the AOI in Figure 1 (a) be A, and
A, in Figure 1 {b), respectively. Now, the hue histo-
gram of Figure 1 (b) has to be translated to make A,
be A,. The hue component of each pixel in Figure 1 (b)
{hizes) adds the velue of (4, - 4,), as shown in Eq. (1).

hue, = hue, + (4, ~ 4)) {n

Since the hue histogram is circular repeat, the
following step is necessary.

{ime, =1 if huey >1

hue, = .

hue, +1 ,if hue, <0

2)

The Segmentation Based on the Chromaticity Dia-

gram '

The C.LE. (Commission Intemationale de
I'Eclairage) has developed a standard artificial pri-
mary coordinate system in which all tristinulus values
required to match colors are positivel*l. The amounts
of red, green, and blue needed to form any particular
color are called the tristimulus values and are denoted,
X, Y, and Z, respectively. A color is then specified by
its trichromatic coefficients, defined as

e X
X+Y+Z
__r (3
T X+Y+2Z
Z
E=—
X+Y¥+Z
QObviously, from these equations,
x+y+z=1. (4)

The C.1LE. chromaticity diagram is used for seg-
mentation in this project. In C.LE. chromaticity dia-
gram, we find that the colors with little hue deviation
locate together, while the RGB color system does not
have such behavior. This phenomenon can be used for
obtaining better color segmentation results. In addition,
hue and saturation taken together are called chroma-
ticity. The segmentation used two parameters (hue and
saturation) may be better than that used single pa-
rameter®),

In clinic the tissue anomaly in the biopsy of
glomerulus is an important indication to diagnose if
there is a disease in renal. Usually the number of cells
in glomerulus is a key point to diagnose if there is a
disease in renal; by observing the HE color enhanced
images, we can find out the location of the nucleus and
from this we can tell the number of renal cells.

¥

In glomerulus analysis, we reduce the noises from
the original image by Gaussian blur filter and then
transform it 10 a gray level image. In order to locate all
the edges of the nucleuses in the image, we utilize the
Sobel edge detection as an edge detector. Via the gra-
dient operation in the horizontal and vertical directions
in the image, we obtained Gx and Gy two images re-
spectively. The gradient image then can be approxi-
mated by /7 = |Gx[+|Gy| « This gradient image con-
tains the information of the edges of nucleuses. We
will use this information to locate all the nucleuses.

Obviously, nuclenses are circular like. Hough
proposed a concentric detection method called Hough
transform'*M*]. For the special character of renal bi-
opsy image, we made some changes. In the process of
transforming we directly used the gradient image after
Sobel transform and selected a threshold value to get
rid of ths none edge points. In addition, by using the
gray level values of the transformed image as accu-
mulative weights, the result we obtained is more pre-
cise. Because in the image, the nucleuses are not all
the same sizes and the accumulative weights are great
difference, the radius parameter is in a range rather
than just a fixed value through the whole transforming
process. Moreover, we reduce the resolution of the
parametric space in the transforming process in order
to lower the computation time,

After the Hough transform, we can find out points
that add up more times than others in accumulator
cells. These points will correspond to centers of circles
and with radius they will form specific circles, which
will probably be the cells that we are looking for.
We adopt small threshold values, but these points have
to be the local maximum in order to determine the
location and sizes of the nucleuses.

In our system, we provide an easy and friendly
user interface (fig-2) in order to reduce the error aris-
ing from estranged operation. The system will auto-
matic output the number of blood cells and nuclens
{fig-5) after the operator provide a few parameters
{fig-3) and circle an active scope (fig4). This infor-
mation will provide doctors for pathological reading.

Results

A renal biopsy image is show in Figurs 1 (2). The
AOls are the proximal renal tubule with purple color
(label as ‘A’) and the tubular nucleus with dark purple
color (label as ‘B”). Figure 1 (k) shows the other renal
biopsy image. Observably, the colors of these two im-
ages are extremely different.

The Color Normalization

The hue histograms of Figure 1 (a) and (b) are
shown in Figure 2 {a) and (b), respectively. To sim-
plify the procedure, only the renal tubule is dealt with.
The red star mark in Figure 2 (a} and (b) represent the
hue of the renal twbule on the position of label “A’,
which are interactively selected by GUI interface.
Since hue represents the color in term of angle, we use
the circular warping to make the both selected hues be
the same. Figure 3 shows the hue histogram of Figure



1 (b) after circular warping, and the resulting image is
shown in Figure 4. Actually, the colors in Figure 1 (a)
and Figure 4 are not exactly the same, but the colors of
renal tubule in the two images are very close. There-
fore, the results of the color normalization are accept-
able.

The segmentation

As we mention before, we use the chromaticity
diagram for the segmentation. The chromaticity dia-
grams of Figure 1 (a), (b), and Figure 4 are shown in
Figure 5, Figure 6 (a), and (b), respectively. The *+’
mark in Figure 6 (a), and (b) represents the original
color of the renal tubule. In Figure 6 (b), the yellow
‘+* mark represents the color of renal tubule after cir-
cular warping of hue histogram, and the cyan ‘+’ mark
represents the color of renal whbule in the Figure 1.
Observably, they are very close. Therefore, we can use
the same color patterns to segment the renal biopsy
images, which are applied the hue histogram warping,
for obtaining the stable segmentation results.

The segmented image of Figure 1 is shown in
Figure 7 (a). The renal tubule, tubular nucleus, and the
background are represented in green, red, and blue
colors, respectively. The resulting image seems to be
more reasonable than the conventional method Figure
7 (b). '

Figure 8 illustrates the scgmentation of the
glomerulus. With the original biopsy image that went
through the procedures, we got the result image and
the scatter of red blood and nucleus. Compare the re-
sult and the original image, we can identify the purple
part is the nucleus and the redder part is the blood cell.
Figure 9 are our experimental results after setting
suitable parameters. The report dialogs tell doctors
there are 92 and $3 nucleuses respectively. Comparing
these outputs with the clinical doctors' results, we can
get above 87% accuracy.

8 )
Figure 1: Original renal biopsy images.
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Figure 2: Hue histogram of Figure 1 {a} and (b)

Tk e

b 0
e
L

G we gt E i ap B% B S &
Figure 3: Histogram of hue after circular warping.
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Figure 4: Resulting image after circular warping.
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Figure 5: The chromaticity diagram of Figure 1.(a)
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Figure §: The chromaticity diagram of Figure | {b) and Figure 4.
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Figure 7: The scgmentation based on the chromaticity diagram (a)

and RGB {b).
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Figure § Flowchart of the scgmentation of the glomenulus
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Figure & The sesmcma results of the glomerutys

Conclusion

A piece-wise linear warping technigue is devel-
oped to perform the color normalization. The color
normalization can successfully overcome the draw-
back of the inconsistent colorant during the staining
procedures of the renal biopsy. The segmentation
based on chromaticity diagram can obtain more rea-
sonable results. The proposed method can reduce the
interactive opcrations during the analysis procedures,
therefore, we can setup a almost automatic system for
biopsy image analysis. Such a system is very conven-
ience for the clinicians.

We use our proposed method to establish a sys-
tem to analyze the structure of glomerulus, It can
greatly simplify the routine and tedious procedures for
examining the renal biopsy images and provide a set of
precise data for analysis. With the add of these infor-
mation we believe that in clinic we can provide doc-
tors a set of quantified data as a reference for diag-
nosing the renal disease.

In clinical application, not only the information of

number of cells can be provided in glomerulus but also
like the number of capillaries, the thickness of base-
ment membrane and the number of inflammatory cell
are the important significance. With the assistance of
these data we believe it might to provide doctor a
strong reference in decease reading.
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