Guo et al. Health Inf Sci Syst (2017) 5:8
https://doi.org/10.1007/513755-017-0032-y

Using neutrosophic graph cut

Health Information Science
and Systems

@ CrossMark

segmentation algorithm for qualified rendering
image selection in thyroid elastography video

Yanhui Guo' ®, Shuang-Quan Jiang?, Baiging Sun?, Siuly Siuly*, Abdulkadir Sengiir’ and Jia-Wei Tian?

Abstract

Recently, elastography has become very popular in clinical investigation for thyroid cancer detection and diagnosis.
In elastogram, the stress results of the thyroid are displayed using pseudo colors. Due to variation of the rendering
results in different frames, it is difficult for radiologists to manually select the qualified frame image quickly and effi-
ciently. The purpose of this study is to find the qualified rendering result in the thyroid elastogram. This paper employs
an efficient thyroid ultrasound image segmentation algorithm based on neutrosophic graph cut to find the qualified
rendering images. Firstly, a thyroid ultrasound image is mapped into neutrosophic set, and an indeterminacy filter is
constructed to reduce the indeterminacy of the spatial and intensity information in the image. A graph is defined on
the image and the weight for each pixel is represented using the value after indeterminacy filtering. The segmenta-
tion results are obtained using a maximum-flow algorithm on the graph. Then the anatomic structure is identified in
thyroid ultrasound image. Finally the rendering colors on these anatomic regions are extracted and validated to find
the frames which satisfy the selection criteria. To test the performance of the proposed method, a thyroid elastogram
dataset is built and totally 33 cases were collected. An experienced radiologist manually evaluates the selection
results of the proposed method. Experimental results demonstrate that the proposed method finds the qualified
rendering frame with 100% accuracy. The proposed scheme assists the radiologists to diagnose the thyroid diseases

using the qualified rendering images.
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Introduction

Elastography is a newly developed imaging technique to
measure tissue’s hardness. It uses ultrasound to estimate
tissue’s hardness through evaluating the degree of tissue’s
deformation under an external force [1]. Its principle is
when tissue is compressed, the softer parts deform more
easily than the harder parts [2]. The important applica-
tions of this technique are to differentiate benign and
malignant tumors [1], and also to diagnosis breast cancer
[3], thyroid cancer [4], and prostate cancer [5] in clinical
investigations.
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The thyroid elastography video is captured using an
ultrasound machine with stress elastography function.
In the elastogram, the examination results were repre-
sented as color-coded images superimposing the conven-
tional B-mode image depending on the strain magnitude
[3], where red is for the softest tissues, and blue is for the
hardest tissues, and green color indicates the average
strain in the region of interest.

In thyroid elastogram video, the stress result of the thy-
roid is displayed using pseudo colors. The original ultra-
sound image of the thyroid is displayed next to rendering
image side by side. The qualified rendering criteria are
the thyroid tissue region is rendered in green dominated,
the upper tegument region of the thyroid is in red domi-
nated, and the subcutaneous tissue region is in green
dominated. Due to variation of the rendering results in
different frames, radiologists must select the qualified
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frame image manually one by one. The qualified frame
selection is time-consuming and tiring. In addition, the
results are subjective and depend on experience of radi-
ologists. The purpose of this study is to automatically find
the qualified rendering result in the thyroid elastogram
video.

To solve the problem in qualified rendering image
selection, the thyroid ultrasound image should be seg-
mented firstly and then the anatomic regions must be
identified. Then the rendering colors in these regions are
extracted and valid if they satisfy the selection criteria.

Many thyroid ultrasound segmentation methods have
been proposed [6-9] in literature. These methods use dif-
ferent approaches such as edge detection, thresholding
between different gray values, region splitting and merg-
ing. These techniques are generally difficult to choose a
threshold in inhomogeneous images when using thresh-
olding method and with that produce a lot of false and
discontinuous edges when using edge detection. The
methods based on support vector machine and neural
networks require a huge amount of data for training [10].

In this paper, an automatic approach is proposed to
select the qualified rendering image in thyroid elastic
video using a neutrosophic graph cut (NGC) segmenta-
tion algorithm. At first, the thyroid video is preprocessed
where the elastic rendering region and gray scale region
are separated individually, and the gray scale image is
processed to reduce the speckle noise. Then the gray
scale image is segmented using a NGC algorithm which
combines neutrosophic indeterminate filtering into the
graph cut for image segmentation. At the same time, the
region of the upper tegument of thyroid is enhanced in
gray scale image. After segmentation, a detection algo-
rithm is used to find the thyroid tumor region, tissue
region, and upper tegument region. The rendering qual-
ity of each frame is measured using the metric which is
computed using the detection results and their color val-
ues. Finally, the qualified frame is selected for radiologists
in the further diagnosis.

The new contribution of the proposed method includes
that an automatic method to select a qualified rendering
image for radiologists’ diagnosis using the thyroid elas-
tic video, and a NGC algorithm combining neutrosophic
indeterminate filtering is used for image segmentation.

The rest of the paper is structured: “Proposed method”
section describes the proposed method. “Experimental
results” section provides the experimental results, and
conclusions are drawn in “Conclusion” secction.

Proposed method

The input of the system is the thyroid elastogram video
which is composed of several frames. At first, the render-
ing region and gray scale region are extracted from the
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elastic thyroid video, and the speckle noise is reduced in
the gray scale region. Then the gray scale image is seg-
mented based on NGC algorithm. A thyroid ultrasound
image is mapped into neutrosophic set, and an indeter-
minacy filter is constructed to reduce the indeterminacy
of the spatial and intensity information in the image. A
graph is defined on the image and the weight for each
pixel is represented using the value after indeterminacy
filtering. The segmentation results are obtained using a
maximum-flow algorithm on the graph. Then the ana-
tomic regions are identified automatically in thyroid
ultrasound image. Finally the rendering colors on these
regions are extracted and validated to find the frames
which satisfy the selection criteria.

Elastic thyroid video preprocessing

1. Extract the elastic rending image and gray scale

image

At first, each frame is extracted from the thyroid elas-
togram video and stored for next steps. Then, the elastic
rending region and ultrasound region in each frame are
extracted using the color and gray scale information. The
elastic region image has same structure as the ultrasound
region image and the hardness information is rendering
on the ultrasound image using pseudo colors.

2. Speckle reduction in the gray scale region image

Due to the speckle noise in the ultrasound image, a
speckle reduction algorithm [11] is then used to remove
the speckle noise and increase the contrast. At the same
time, the line-like structure is also enhanced by the algo-
rithm for further processing.

Ultrasound image segmentation

In this stage, the thyroid ultrasound image is segmented
using the gray scale information and different layers
and tissues are identified using their anatomic structure
information. Due to the indeterminate information exists
in ultrasound image such as vague boundaries between
layers, a novel image segmentation algorithm is proposed
based on NGC, which reduces the indeterminacy on the
image and define a new energy function to separate the
pixels into different categories. The detailed steps are
described as:

1. Map the thyroid ultrasound image into neutrosophic
set domain

A pixel P(xy) in an image is interpreted as

Py (x, y) = {Ts (x,y) ,1s (x,y) ,Fs (x, y) } Ts (x,y), in neu-
trosophic set, where Is (x, y) and Fs (x, y) represent the
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memberships belonging to foreground, indeterminate set
and background, respectively.

g (x’ y) — min
Ts(x,y) = ——"+—"— 1
(x Y) Emax — &min )
Is(ry) = 2A8) = G @)
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where g(x,y) and Gd(x,y) are the intensity and gradient
magnitude at the pixel of (x,y) on the image.

2. Indeterminacy filtering

A filter is defined based on the indeterminacy to
remove the effect of indeterminacy information for seg-
mentation, whose kernel function is defined using a
Gaussian function:

1 2 + 2
GI (x, Y) = ?(JIZQXP <_x 2012y ) (3)
or(x,y) =f(I(x.)) = al (x,y) + b @)

where oy is the standard deviation of the Gaussian filter
and it is defined as a function f(-) associated to the inde-
terminacy degree. a and b the coefficient of the linear
function. When the indeterminacy level is high, o7 is large
and the filtering can make the current local neighbor-
hood more smooth. When the indeterminacy level is low,
oy is small and the filtering takes a less smooth operation
on the local neighborhood. The reason to use Gaussian
function is that it can map the indeterminate degree to a
filter weight more smooth.

An indeterminate filtering is taken on T,(x,y) to make
it more homogeneous [12].

Ts (x,y) = Ts (x,y) ® Grs(u,v)
y+m/2  x+m/2

Z Z Ts(x — u,y — v)Grs(u,v)

v=y—m/2 u=x—m/2

(5)

1 24,2
Grs(u,v) = mexp (_u2012:> (6)
ors(x,y) =f (Is(x,y)) = als(x,y) + b 7)

where T, is the indeterminate filtering result. a and b are
the parameters in the linear function to transform the
indeterminacy level to parameter value.
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3. Neutrosophic graph cut

A cut C = (§T) partitions a graph G = (V,E) into two
subsets: S and T. The cut set of a cut C = (5,7) is the
set that have one endpoint in S and the other endpoint
in T. Graph cuts can efficiently solve image segmenta-
tion problems by formulating in terms of energy mini-
mization, which is transformed into the maximum flow
problem in a graph or a minimal cut of the graph. The
function based on Potts model is defined as [13]:

EF) =3 Dolp)+ D Vioarlforfy) ®)

peP {p.q}eN

where p and q are pixels, and N is the neighborhood of p.
Dy, evaluates how appropriate the segmentation is for the
pixel p.

In the proposed NGC algorithm, the data function D,
and smooth function V{, 4 are defined as:

Dy(p) = |Tny(p) — G| 9)

Vioay Ui Sfq) = ud(fy # fo) (10)
-

o6 219 = { o Dbl an

where u is a constant numbering [0, 1] and used for a
penalty of the disagree of labeling of pixel p and q.

After the energy function is defined in neutrosophic
set, the maximum flow algorithms used to optimize the
energy function and classify the pixels into different cat-
egories using the minimized energy function.

Anatomic regions identification in thyroid image

After NGC algorithm, the thyroid ultrasound image is
segmented into several categories according to their gray
scale values. A thyroid ultrasound image includes differ-
ent layers as skin, subcutaneous tissue, muscle, thyroid
tissue layers from top to bottom. To measure the render-
ing quality, we have to separate these layers according to
their characteristics. The regions of subcutaneous tissue,
upper tegument of thyroid, and thyroid tissue are iden-
tified according to their intensity and morphologic fea-
tures. In some cases, there are tumors in thyroid region.
We have to exclude the tumor regions from the thyroid
region.

Quality indicator computation

After the region detection, we identify the subcutane-
ous tissue region (Rst), thyroid upper tegument region
(Rut), and thyroid tissue region (Rtt). Then an indicator
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of qualified rendering image is defined using color domi-
nation in these regions.

QR(£) = PGy (t) % PGra(£) * PRyt (1) 12)
PG = Sy 15)

where QR(t) is the rendering quality value for tth frame.
PGps(t), PGrey(t), and PRpy,(t) are the percentage of
green color in the subcutaneous tissue region, the per-
centage of green color in the thyroid tissue region, and
the percentage of green color in the upper tegument
region, respectively.

All steps in the proposed method can be summarized
as follows (Table 1).
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Table 1 Detailed steps of the qualified rendering image
selection algorithm

Input: Elastic thyroid video
Output: Vessel image

Step 1: Extract rendering region and gray scale region from the elastic
thyroid video

Step 2: Speckle noise reduction in the gray scale region

Step 3: Gray scale image segmentation based on NGC algorithm
a. Map thyroid ultrasound image into NS

b. Apply indeterminacy filtering on the gray scale image

c. Define the node weights in a graph

d. Segment the graph using a maximum-flow algorithm

Step 4: Identify the anatomic regions in thyroid image

Step 5: Extract the rendering colors on these anatomic regions

Step 6: Find the frames which satisfy the rendering qualified criteria

Experimental results

Materials

The study was taken in accordance with the ethical guide-
lines of the Helsinki Declaration and was approved by the
Ethics Committee of Harbin Medical University.

Cc

the qualified rendering image

Fig. 1 Result of the proposed method. a Orignal ultrasound image; b segmentation result by NGGC; ¢ region identification result; d final selection of




Guo et al. Health Inf Sci Syst (2017) 5:8

The cases included 33 patients diagnosed thyroid uni-
nodular solid goiter examined by ultrasound (US) from
January to December 2016. Histopathological analysis
was performed in all cases and was considered the golden
standard diagnosis. Conventional gray scale and strain
elastography (SE) were performed prior surgery by one
radiologist with more than 10 years experiences in con-
ventional ultrasound and 5 years in elastography.

All patients received an ultrasound examination of
the thyroid gland using Hitachi HI Vision Preirus or
HI Vision Avius (Hitachi Medical Corporation, Tokyo,
Japan) machine with 6-13 MHz linear probe. The patients
were positioned in a supine position with dorsal flexion
of the head. Strain elastography was performed with
the same machine. The calculation of tissue elasticity
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distribution was performed in real-time and the exami-
nation results were represented as color-coded images
over the conventional B-mode image (blue = hard, red &
green = soft tissue). All the image data was recorded for
offline analysis.

Results
To validate the performance of the NGC approach on
image segmentation, we test it on many videos and the
selection results are validated by experienced radiolo-
gists. Three cases are selected randomly to demonstrate
the performance of the proposed method as shown in
Figs. 1, 2, and 3.

All experiments are taken using the same parameters
as:a=10,b=0.25,c=10,d =0.25and u = 0.5.

C

the qualified rendering image

Fig. 2 Result of the proposed method. a Orignal ultrasound image; b segmentation result by NGC; ¢ region identification result; d final selection of

d
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the qualified rendering image

Fig. 3 Result of the proposed method. a Original ultrasound image; b segmentation result by NGC; ¢ region identification result; d final selection of

In Fig. 1, a tumor appears in the thyroid region which
will affect the distribution of the intensity in ultrasound
image. The original ultrasound image (Fig. la) is seg-
mented using NGC and result is shown in Fig. 1b, in
which line-like regions and tumor region are segmented
correctly. The identification results of subcutaneous tis-
sue, upper tegument, and tumor are outlined in green,
red and blue lines in Fig. 1c. The quality indicator is cal-
culated on each frame using the detection result. The
frame with biggest quality indicator value is selected as
the qualified rendering image shown in Fig. 1d, where
the upper tegument is rendered in red, tumor region is
in blue, and normal thyroid tissue is in green. An experi-
enced radiologist validates it as a qualified frame accord-
ing to his knowledge and experience. The selection
result demonstrates that in the case with thyroid tumor,
the proposed method segments the ultrasound image

correctly, detects the layer in thyroid image clearly, and
the finding result is accurate and efficient.

Figure 2 shows the similar result as Fig. 1, where a
benign tumor is in the left part of the image. The tumor
is segmented accurately with small branches shown in
Fig. 2b. In Fig. 2c¢, the subcutaneous tissue and upper teg-
ument are identified accurately. In Fig. 2d, the qualified
rendering image is found and the upper tegument region
is rendered in red, and normal thyroid tissue is in green,
which is very clear in the rendering and satisfies the clinic
requirements.

Figure 3 is an ultrasound image without solid tumor
in the thyroid region. In the detection, it is hard to iden-
tify the tumor from tissue background due to its inten-
sity is similar to thyroid tissue. Our detection algorithm
fails to find the tumor region. However, it still identifies
the thyroid tissue region and use it for qualify indicator
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computation. The final finding result is still feasible and
satisfies the clinic requirements.

In this study, we developed an efficient thyroid ultra-
sound image segmentation algorithm based on NGC
to find the qualified rendering images. The experimen-
tal results demonstrate the proposed method is effi-
cient to find the qualified rendering images quickly and
accurately.

Conclusion

Our study presents an efficient thyroid ultrasound image
segmentation algorithm based on NGC to find the quali-
fied rendering images. In NGC, a new energy function is
designed using the neutrosophic values after indetermi-
nacy filtering. The segmentation results are obtained by
maximum flow algorithm. Different anatomic regions are
then identified in thyroid ultrasound image, and the ren-
dering colors on these regions are employed to find the
frames which satisfy the selection criteria. Experimental
results demonstrate that the proposed method is efficient
to find the qualified rendering frame with 100% accuracy.
The finding results are used for further diagnosis on the
thyroid cancer.
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