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ABSTRACT

This paper presents some integrated mathematical modeling and simulation for visualizing a 3D medical
image and estimating the volume of tumor growth. Thus, these two indicators will determine the pathology
zone and to provide revised evidence-based on tumor histology, location, growth and the treatment effect.
There are three phases of modeling and simulation for volume visualization of the 3D tumor. The first
phase is converting from 2D signal images to 2D digital images based on edge detection of the tumor.
Geodesic Active Contour (GAC) model based on additive operator splitting (AOS) will be used to detect
the contour line of a brain tumor on 2D images. The second phase is pre-constructing of 3D digital image
from the 2D images by applying two numerical models such as an image manifold model (IM) and volume
estimation model (VE). The third phase is implementing the numerical simulation and visualizing the 3D
medical image on a hardware and software computational platform. The numerical comparison of VE and
IM will be investigate using some performance measurements and interpretation in terms of VE, RMSE,
run time and computational complexity cost. In this case study, the medical image is based on a set of 2D
MRI brain tumor images from Kubang Krian Hospital Malaysia (HKK). The numerical results will
determine the pathology zone and to provide revised evidence-based on tumor informatics. As a
conclusion, this paper proof an alternative numerical model is superior to construct and visual the 3D
medical images. Thus, volumetric image estimation from the 2D image and extended to a 3D volume image
is essential for accurate evaluation of the high resolution 3D medical images.
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1. INTRODUCTION mathematical modeling and simulation for

visualizing 3D digital medical image and estimating

The previous research [1] was focused on high
resolution of 2D GIS and medical images by using
AOS and GAC techniques. Some multi-
dimensional partial difference equation with
parabolic type has been used for visualizing the
tumor growth in 2D and 3D [1-3]. The validation of
most of the modeling and simulation has based the
set of 2D MRI medical images from HKK. The
previous research is limited to governing the
advance mathematical modelling as the tool of
prediction of the tumor growth. Based on this
limitation, this paper proposes some integrated

the volume of tumor growth to determine the
pathology zone and to provide revised evidence-
based on tumor histology, location, growth, specific
disease and the treatment effect. Visualization of a
3D image will give significant information on the
tumor growth, feature and property [4-9]. In this
survey, however, the construction of a 3D image
will be combined with three sides of view: front
view, side view and top view of a 2D MRI image.
In 2012, [3] has introduced GAC model based on
an AOS scheme to detect the edges of a brain tumor
on 2D MRI images. Thus, research question is how
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to estimating the volume of tumor growth via
visualization of a 3D digital?. The algorithm for
edge detection on MRI image is proposed by [30].
An excellent study on AOS has been done in [10-
13].

Our goal is to build a fast and reliable model to
measure the volume of tumor and determine the
pathology zone of tumor evidence-based, based on
the GAC-AOS technique. Most of this work has
been done with 2D medical images. Based on this
limitation, we propose to select and combine
images by constructing the 3D medical
image visualization using manifold model. A
classical snakes model originally works by [14] has
been improved to give a stable boundary detection,
which is known as GAC model based on semi-
implicit AOS scheme. Thus, the manifold model is
capable of smoothing and de-noising the boundary
detection of image patterns of pathology zone from
medical scans.

Generally, the manifold model is a generative
model for the high dimensional medical image.
Some manifold model has been established in the
recent image literature [15]. The manifold model
has been successfully employed by Davis et al as a
feature to estimate the structural changes caused by
aging. However, in practice, it is difficult to
compute the geodesic distance directly in the high-
dimensional space. To overcome the difficulty, [15]
implemented high-dimensional data onto the low-
dimensional manifold space [16-18]. In addition, it
has been shown that the implementing of geodesic
distance in high-dimensional manifold space can
yield more accurate measurement computational of
the similarity between images [15] and AOS
scheme provides near the execution time for the
shape completion [19]. In terms of that, it
motivates us to visualize the 3D medical image and
determine the pathology zone of tumor evidence-
based using manifold models based on GAC-AOS
techniques.

The main interest of this paper is to estimate the
volume of medical images using manifold model
and VE model. This leads a series of this paper
where we are starting with detection of pathology
zone of tumor evidence, then smoothing and
measure the volume of the tumor using manifold
models compare with VE model. VE of the tumor is
important in many neurological applications [20],
thus it becomes an interesting research for a
mathematician to apply mathematical approaches
into medical applications. Manifold model and VE
model are an effective technique in image analysis
and 3D medical image construction. Based on
embedding 2D images, IM model maps 2D images

into a 3D image [21-24]. Likewise, VE model
provides the practical improvements to the
reliability of medical diagnosis process by
constructing the 3D visualization of brain tumors
[25]. The selected contour line of 2D MRI brain
tumor images will be used to construct the 3D
image by applying the IM and VE models.

This paper has three phases which organized as
follows: The first phase is converting from 2D
signal images to 2D digital images which will be
explained more in Section 2. The second phase
consists of constructing 3D digital image from the
2D images using the IM model and VE model. The
third phase is the implementation of numerical
simulation and 3D medical image visualization. A
set of numerical result and discussion are provided
in Section 5. Finally, we conclude our work in
Section 6.

2. EDGE DETECTION MODELING FOR
DIGITAL 2D IMAGE

The first phase of this work consists of
converting from 2D signal images to 3D digital
images based on edge detection of the tumor. The
process of pathology zone extraction in some cases
is very difficult and time-consuming. In order to
decrease the computation time, we extracted the
region of interest around the image center with the
size of 256x256 pixels. MATLAB software was
used to carry out the extraction process. The pixels
of 2D brain tumor images will be decomposed by
Geodesic Active Contour (GAC) model based on
additive operator splitting (AOS). Thus, GAC-AOS
will use to detect the contour line of a brain tumor
on 2D images.

Geodesic active contour (GAC) model was
first introduced by [26] as a segmentation
framework, derived from energy-based snake active
contours and performing contour extraction via the
computation of geodesic. We use the GAC model
to detect the pathology zone of tumor evidence-
based. The model was given by:

ou . Vu
e |Vu|d|v[g(x)w] +Vv[Vulg(x)

on
Qx(0,0) M
Subject to u(x,0) = UO(X) on

2)

Vu L
where | | to controls the interior and
external contour to ensure that the gray level at a
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point increase proportionally to the algebraic
curvature, is a positive real constant and a

correction term and g(x) is the stopping function.
Then, an additive operator splitting (AOS) model is
employed to further improve the efficiency of the
flow-field smoothing by doing some modification
on a semi-implicit scheme. Modifying the semi-
implicit scheme:

1

ot =13 A W) w0

A3)
We get
m -1
TR :i.Z(I ~-mz.A (u")) u
m I=1
“)
GAC-AOS model is the integrating

modeling between GAC model and AOS model
[13]. The AOS model will overcome the
weaknesses of GAC model where the AOS model
derives to the linear system of equations in the form

of a matrix; Au = f as stated in the equation
below.
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In this case study, the medical image is
based on a set of 2D MRI brain tumor images from
Kubang Krian Hospital Malaysia (HKK). The 3D
image was produced from 2D images slices. To
build a 3D image we have to convert the signal data
from MRI image to a digital data based on the

Partial Differential Equation (PDE) involving
Boundary Value Problem (BVP) of (6):
o’u
- +au=f ,0<1<1
ot and & > 0
(N
Definitely, the centered difference

approximation of finite difference method (FDM)
has been used to discretize equation (7). GAC is an
effective technique, which able to detect several
objects simultaneously. Governing the contour of
2D MRI requires applying the GAC model with
semi-implicit AOS scheme proposed in [27]. Semi-
implicit AOS scheme is applied to the GAC model
and has been implemented in MATLAB
programming system. The solution of linear system
of the equation above can be done using some
numerical approach, thus we can determine and
detect the edges of the pathology zone of tumor
evidence-based. Thus, these motivate us to
determine the edges of the pathology zone of tumor
evidence-based using equation 5 and 6. Formerly,
the edge detection process can be performed using
the integrated GAC and AOS method by applying
2D MRI images corresponding to the slice
directions. The resolution in the direction
of slices respects to x-direction and y-direction.
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Figure 1: Flow chart of the GAC-AQS algorithm on 2D MRI images image

The numerical simulation of GAC-AOS algorithm
can be illustrated in figure 1. The sequential
algorithm of GAC-AOS programming is based on
Matlab software run on CPU system. Referring to
the figure 1, the edge detection of a number of MRI
image slices can be described in three steps. First,

select the original 2D MRI
imaging in tumor localization  based on the
pathology zone of tumor evidence. The

transition zones were identified on each MRI slice

Original image

b. Crop the image

Figure 2: Three steps of edge detection process using GAC-AOS algorithm based on 2D MR images (a)
Select the images; (b) Crop the selected tumor area; (c) Obtain the final edge detection.

as shown in Figure 2 (a). Second, cropping the
exact location of the tumor and the high degree of
infiltration for tumor boundary identification as
shown in Figure 2 (b). Third, implement the Matlab
programming and perform a number of iterations of
the GAC-AOS simulation for visualizing the edge
detection of 2D MRI images as shown in Figure 2
(c). Similarity, the three steps was implemented for
vertical and horizontal resolution of different view
2D MRI slices.

c. Final edge detection
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Furthermore, previous research has done
an edge detection of breast cancer using 2D
Helmholtz equation. Figure 2 proved that the
equation is successfully applied in visualizing the
early detection of breast cancer growth [28]. The
four numerical methods were applied for solving

(a)

250603 +

200603

1.50€-03 4

1. DOE=03 4

5 00E-04 o

CLOOE=DO

r i
= —
313?4549$5&157 73719
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the discretization of 2D Helmbholtz equation such as
AGEB, AGED, GSRB and JB method. The
comparison of numerical performance was proven
that AGEB is superior in terms of execution time,
RMSE, accuracy and convergence rate [28].

120000
LOOE-0N
Lo o)
BoGESE +
400804
20004
CLDOE D0

(d)

(€)
Figure 3:The 2D Helmholtz equation for detecting the breast cancer growth using: (a) MRI image; (b)
AGEB; (c) AGED (d) GSRB and (e) JB method

3. PREPROCESS OF CONSTRUCTING
MODELS FROM 2D IMAGE INTO 3D
IMAGE
The second phase is preprocessing of

constructing 3D digital image from the 2D images

by selecting 2D-images and then applying edge
detection technique. Based on two different
platforms, namely 3D slicer software and

MATLAB, we build 3D images. Volumes of
selected images are computed by IM and VE
models respectively. The properties of selected
images are IGS sT1W 3D+C, FOV 240.0 x 240.0
mm. These images are real data collected from
Kubang Krian Hospital Malaysia (HKK) related to
a live patient. The process of constructing 3D brain
tumor will be explained in Section 4 with the
numerical implementation process.
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3.1 IM Model edge detection by using GAC-AOS method. Figure

The IM model describes an approach of 3D model 3 illustrates the image selection by constructing
reconstruction from 2D MRI image. There are two  forms from three points of view; front view, side
main steps have to performed before constructing  view and top view of 2D MRI images.

3D images. Namely, images selection process and

Figure 3.1: Three MR images selected from different sides
The second step is applying GAC-AOS method to perform edge detection on every MRI image. The
process on edge detection as follows.
1. Select the image. 2. Crop the selected tumor area. 3. Perform edge detection.

i) .

a)
Original image F
b) cropped image ¢) final contour

Figure 3.2: The process of edge detection on the brain tumor for front view image

Original image b) cropped image ¢) final
contour

Figure 3.3: The process of edge detection on the brain tumor for side view image

@l
h\.

Original image b) cropped image ¢) final contour

Figure 3.4: The process of edge detection on the brain tumor for top view image
The full scale of the image after we paste the result in the original image illustrated in Figure 3.5.

n correspond‘s-{o CST level

Figure 3.5: Contour result of the brain tumor in full scale
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3.2 VE Model
VE model is a robust strategy to visualize 3D medical images and geographical images. This professional

technique converts 2D images into a 3D image. The route of converting based on the main following

aspects as shown in Figure 5 by [25].

(a)

Figure 3.6: Demonstration chart to compute the VE for (a) two brain tumor contours; (b) three brain
tumor contours.

Cumert
PAKHRURAZI HASHIW A

PAKHRURAZI HASHIM
02062012
08:01 FM

(a) sizel

b LA o -

size 4

size 5 (f) size 6

Figure 3.7: Six real 2D-MRI images selected from different sizes
Figure 3.7 (a) until 3.7 (f) show a brain tumor with  edge of the brain tumor. Since we need to focus
six different sizes. The selected images will be used  only the edge of the brain tumor, we need to edit
to calculate the volume of the brain tumor. Firstly, the figures by using crop technique. All the edited
we need to apply GAC-AOS method to detect the  figures as shown below:
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(a) sizel (b) size 2

size 6

(c) size 3

(d) size 4

(e) size 5 ®

Figure 3.8: Six cropped brain tumor at different sizes

Figure 3.8 (a) until 3.8 (f) show the edited brain
tumor using crop technique. We need to edit the
figure because we need to reduce the time consume
during the edge detection process. This is because
we have 43 figures of a brain tumor and we need to

(a) sizel

(b) size 2

size 6

run the edge detection process for all the figures.
After the processes have been done, then we will
select the best figures to perform volume
calculation. All the result of edge detection are

shown in Figure 3.9 below:
.

Figure 3.9: Edge detection on a brain tumor at different sizes

Figure 5.3(a) until 5.3(f) show the result of edge
detection on a brain tumor. The green line shows
the contour of the edge detection. Once we have
done with edge detection processes, we need to use
these contour to calculate the volume of the tumor.
The expected volume of the brain tumor is designed
according to the formula:

v=>y, ®
i=1

Where n is the number of slices of a brain tumor
contour, and V; is the volume of the zone between
the segments of image slice and it is calculated
according to the trapezoid volume formula:

v, :%D(A1 +JAA, + SA2) ,1=123,..,n
)

Where i is the number of contours. D is the distance
between the two brain tumor contours. Al is the
areas of a brain tumor contour in slice i. A2 is the
area of a brain tumor contours in slice i +1. Then,

after constructing models from a 2D image into the
3D image, we can precede to the next phase where
we want to prove that the consideration numerical
method and simulation are enabling to construct
and visual the 3D medical images.

4. 3D MEDICAL
CONSTRUCTION,
AND VE

The third phase is implementing the
numerical simulation and visualizing the 3D
medical image on a hardware and software
computational platform. The numerical

performance and its comparison of VE and IM

models will be investigated using some

performance measurements and interpretation in
terms of VE, root means square error (RMSE), and
execution time. On the other hand, 3D slicer is an
effective software to construct 3D medical images
and has progressed to support a wide variety of
clinical applications [29]. Based on a 3D slicer

IMAGE SIMULATION,
VISUALIZATION
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program with IM model, there are three main steps  as follows.
in constructing a 3D image from 2D image shown
1. Choose File — Add Data — grayscale.nrrd

Edit Wieww Help
=t Add Data il A
28 DICOM
- Dowvenload Sample Data

Ea sawve Ctrl 45
Recentdy Loaded L

'i";:ﬂ Closse Scens Crl 4+
Exit

2. Choose Volumes module — volume name: 3D and click Apply

Slicer displays the
image in the 3D viewer
after clicking the eye
icon

3. Creating Models: Editor module — choose Master Volume, then select Level number and color in
Edit Selected Label Map window. Click Threshold — choose range, then click Make Model.

Besides, the process of visualization and volume  Secondly, running the programming in Matlab to
calculations using VE model is illustrated in calculating the volume of a brain tumor by using 3
MATLAB code. Firstly, creating the Matlab file to  selected images. Finally, obtaining the volume
save all the data including selected images. result as shown in diagram b).

Figure Surface of 3D brain tumor visualization by using VE and IM

5. NUMERICAL RESULTS AND DISCUSSION

The contribution of this paper illustrates resolution 3D medical images. Additionally, the
the main characters of both models. Thus, comparison of the numerical analysis demonstrates
the numerical measurements in terms of maximum
error, RMSE, volume, and time execution. Table 1
and Table 2 show the comparison of edge detection

volumetric image estimation from the

2D image and extended to 3D volume image is
essential for accurate evaluation of the high

B ———————————————
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and volume computations between IM and VM

models.

Table 1: Edge detection: comparison in terms of number of iteration, error, RMSE and time consumes

IM model VE model
No. of iteration Min : 500 Min : 500
(for all images) Max : 650 Max : 800

Maximum error

2.55828e-004

2.50109¢e-004

RMSE

3.25902¢-006

3.78996¢e-006

Time execution
(to converge)

567.621563 seconds

753.463601 seconds

Table 2: Comparison of the volume and time execution results between IM and VE models

IM model VE model
Volume 1.953.648 mm® 1.567.432 mm’®
Tumor volume 122.103 mm? 97.964,5 mm®
Time execution 16 seconds 0.053827 seconds

The results in Table 1 show that IM is better than
the VE in terms of edge detection process. Besides,
in terms of maximum error, RMSE, and volume
calculation they are comparable. In contrast, VE is
better than IM in terms of volume computations as
shown in Table 2. Therefore, the results in Table 1
and Table 2 proved that an alternative numerical
model is superior to construct and visual the 3D
medical images. This study consistent with study
via [30] explores two-way relations between
visualizations in mathematics and mathematical
simulation. In this research we proposed some
integrated mathematical modeling and simulation
for visualizing 3D digital medical image. Thus, we
suggest for future work to more researches on
simulation and visualization of 3D of different
samples.

6. CONCLUSION

Based on the numerical results above, the
conclusion of this paper is the
volumetric image estimation from a 2D image and
extended to the 3D volume image is essential for
accurate evaluation of the high resolution 3D

medical images. The three phases are integrated
mathematical modeling and simulation for
visualizing 3D digital medical image and
estimating the volume of tumor growth is well

suited to determine the pathology zone and to
provide revised evidence-based on tumor histology,
location, growth and the treatment effect. In
addition, we have successfully converted the 2D
signal images to 2D digital images based on edge
detection of the tumor and detect the contour line of
a brain tumor on 2D images using GAC-AOS
model. Then, the 2D slices images of brain tumor
that obtained from the first phase will be
constructed into 3D digital image using the IM
model and VE model. Thus, by implementing the
numerical simulation and visualizing the 3D
medical image on a hardware and software
computational platform, we obtained results of
comparison among IM and VE models. It is shown
that VE model is faster than IM to estimate the
volume of tumor growth and determine the
pathology zone. As a conclusion, this paper proof
an alternative numerical model is superior to
construct and visual the 3D medical images.
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