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Abstract

Objectives: To propose a better image fusion approach for detecting different stages of cancer and suggesting suitable
technique for treating cancer to medical practitioners. Methods: Diagnosis of cancerous region is carried out by wavelet
based fusion technique on PET/CT images and the thermal effect on cancer tissue growth is analysed using RF module of
COMSOL-Multi-physics software. Findings: Multimodal image fusion technique helps to identify the growth of object which
is carried out by wavelet technique. The Computed Tomography (CT) scan helps to determine extent of the cancer, while
Positron Emisson Tomography (PET) scan finds areas of cancer spread. There after the results acquired will enhance visual
effect and help the medical practitioners to examine the development of tumour. In case of tumour, cell spreads beyond
the infected portion of the organ, treatment using chemotheraphy is harmful while, surgery can be fatal, and hence Radio
Frequency (RF) heating technique may be a better solution. The important issue in cancer treatment is to bind the area
of human body under the RF energy influence, to avoid unwanted radiation or heating effects on healthy human tissue.
Applications: The results acquired will enhance visual effect and help the medical practitioners to examine development
of tumour. Further in this paper, the various graphs of temperature variation, electric field distribution, degree of tissue
injured, at various times instant versus cancer region are plotted, also expression for the space Eletromagnetic (EM) wave
propagation and its mathematical analysis is carried out.
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1. Introduction

Nowadays, increasing number of population is prone to
various health related issues caused due to stressful work,
culture and unhygienic habits. It includes exposure to
radiation, consumption of toxic materials like cigarettes,
alcohol or other carcinogenic items. This increase in
the number of patients has put more attention towards
generation of faster and easier methods for finding abnor-
mality. Such systems will aid doctors in analysing critical
test reports and scans. The body space between thorax
and pelvis is known as abdomen, constitutes of stomach,
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small and large intestines, pancreas, liver, and gallblad-
der. Abdominal cancer can be regarded as uncontrolled
growth of abnormal cells anywhere in the abdomen.
Detailed literature survey is carried out for variety of
modalities like Computed Tomography (CT), Positron
Emission Tomography (PET), Magnetic Resonance
Imaging (MRI), Single-Photon Emission Computed
Tomography (SPECT) and many more that can be com-
bined by fusion techniques, can result in better detection
of cancer region.

Particularly in this paper, we have focused on image
fusion using PET/CT images for detection of abdo-
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men cancer’. Bi-orthogonal transform, with absolute
maximum selection and energy based fusion rules for
qualitative and quantitative analysis in various fusion
methods and edge preservation using contourlet are
elaborated®?. This transform method with maximum
rule for low co-efficient and energy rule for high co-effi-
cient gives better fused image. The combination of PCA
and dual tree complex wavelet method improves fusion
approach for MR plus CT to refine spectral and spatial
information as well as soft tissue details of tumor?. The
lack of phase information and over shift sensitivity was
overcome by weighted fusion using Daubachies complex
wavelet transform®~. To make diagnosis much easier and
accurate there is a need to select a proper wavelet kernel
and fusion rule along with their objective evaluation®.
The limitations of 2-D analysis due to lack of directional
sensitivity by Wavelet Transform (WT) can be overcome
by using shearlet transform and is also recommended for
3-D analysis'®L.

Angoth Vivek et.al.”>* proposed an efficient wavelet
based algorithm to detect the size and location of brain
tumour by utilizing the complementary and redundant
information from imaging modality. The review of qual-
ity metric to validate fused image on the basis of different
parameters like SNR, PSNR, mutual information, SSIM,
etc. are reported>-'Z. Wavelet based image fusion approach
is used to detect the size and shape by evaluation of simi-
larity metric®. Identification of stages of cancer, based on
different classifiers and feature extraction, is proposed for
diagnosis*. Authors have proposed Discrete WT with HH
band decomposition due to micro-calcification of cancer
tissues in breast*. A detailed review on cancer diagnosis
in various organs is carried out with WT using ultrasound
images®.Use of color graphs for mapping stages of cancer
with structural method® is proposed for cancer diagno-
sis. Authors suggested the acoustic source for accurate
reconstruction of electrical conductivity and compared
different image reconstruction algorithms®. Prostate
cancer diagnosis by texture analysis is carried out on
biopsy sample using computer aided diagnosis for feature
extraction, validation and classification®. Image fusion
of multi-modal images is acquired from PET-Ultrasound
for detection of prostate cancer?. Computer aided detec-
tion for breast cancer by pattern classifiers using wavelet
neural network is proposed®. The results obtained in®
correlate respiratory motion with functioning of abdo-
men or chest using external biomarkers obtained by MRI
investigation. The authorsin®® demonstrated use of ultra-
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wideband microwave system for breast cancer detection
using hemi-spiral antenna array. Early stage cancer detec-
tion and segmentation of breast cancer is carried out by
combining wavelet and genetic algorithm?.

Author® suggested selection of abnormal portion
infected by cancer considering group genes from micro
array data. Feature detection of colorectal cancer using
one dimensional continuous WT and genetic algorithm
for biomarker detection is proposed®. The experimental
results obtained in*, characterize mitotic and non-mitotic
cells using dual tree continuous WT. Cancer therapy with
magnetic fluid RF hyperthermia and COMSOL simula-
tion of liver and breast tissues are carried out in**>*2. The
deep portion of abdomen can be removed by thermo-
therapy with magnetically excited metallic stents instead
of surgery*®®. The electric filed strength distribution is
determined for brain tumor is reported in*®. Magnetic
materials can be selected to destroy bone cancerous tis-
suel.

The rest of paper is divided into two sections, wiz,
diagnosis and treatment. In the first section diagno-
sis is explained with the help of fusion technique which
includes WT on PET/CT images. Using image process-
ing algorithm abdominal cancer tumour size in different
stages has been determined. In the second section of
treatment, various methods such as chemotherapy, radio-
therapy, surgery are proposed to be compared with RF
module. Implementation of RF module using COMSOL-
Multiphysics is explained. The focused derivation after its
implementation resulted in the RF heat required for the
treatment. Finally detailed graphs of variation of temper-
ature, electrical field distribution, degree of tissue injured
at various time instant versus cancer region are shown.
The next section concludes the work. After the conclusion
compliance with ethical standards is mentioned for your
reference.

2. Diagnosis of Cancer Tumour

Abdominal cancer analysis is needed for detection of
tumour cells which affects organs producing hormones,
for example gastric juices, renal cells and also the inner
lining that covers abdominal region. The growth of cancer
tissues can be observed in different stages which are as
T, T,, T, and T, which means primary stage i.e. tumour
started to grow, grown into the layer of muscles, outer
lining and spread up of tumour cell affecting other body
parts, respectively.
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2.1 Wavelet Based Image Fusion

Image fusion technique not only combines but also
enhances region of abnormality, as seen from a set of
multimodal images. Output of these systems, result in
a single image of high quality. There are various meth-
ods for extraction of features from biomedical images
such as Fast Fourier Transform (FFT), Discrete Fourier
Transform (DFT), Principal Component Analysis (PCA),
WT, etc. But WT provides better time-frequency reso-
lution where as FFT gives only frequency resolution.
Equation (1), defines the mother wavelet governing the
entire WT kernels.

vty = (F V= [ et (9 as
" ':(::':]_{:';’::';}_[m ( \"?J ( 5 )u- (1)

Depending on the nature of mother wavelet, we have
various kernels functions. It provides multi-resolution anal-
ysis for signal of any dimension. Particularly for variable
separable kernel, 2-D image transform can be simply real-
ized as 2-fold WT of columns followed by rows. In order to
preserve the time and frequency, details of the images that
are to be fused, wavelet fusion algorithm can be preferred.

2.2 Image Fusion Architecture

The proposed fusion architecture is shown in Figure 1
which consists of registration, analysis, fusion process
and synthesis. In the pre-processing part, the registra-
tion takes place on real PET/CT multi-modal images.
Apply 2-D Discrete WT to these registered images, which
decompose into four sub-bands as LL, LH, HL and HH.
In the fusion process, fusion operator selects a proper
fusion rule (Min, Average and Max rule) to merge indi-
vidual sub-bands of input images. The synthesis process
is carried out by taking inverse WT to produce resultant
fused image shown in Figure 2.
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Figure 1. Architecture of proposed image fusion method.
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Figure 2. Flow-diagram of wavelet based image fusion.

2.3 Diagnosis Results and Discussions

The quantitative evaluation of this research work using
various stages of abdomen cancer has been shown in
Table 1, and the performance comparison of the pro-
posed method is accomplished with WT in terms of some
non-referential and with reference image quality mea-
sures such as Entropy (EN), Average Gradient (AVG_G),
Edge Intensity (EI) and Standard Deviation (SD) shown
in Figure 3. The superiority as well as robustness of the
proposed image fusion technique is evidently justified
from the fused image quality of different stages of cancer
tumor as shown in Figure 4, Figure 5and Figure 6 respec-
tively. From the image quality assessment tables, it is clear
that the proposed fusion technique outperforms stage I,
II, IIT abdomen cancer stages in terms of different quan-
titative with and without reference parameters as EN,
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Cross Entropy (CE), AVG_G, EI, SD, Fusion Similarity
Metrics (FSM), Spatial Frequency (SF) and Fusion Mutual

Information (FMI).
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Figure 3. Graphical view of different cancer stages.

Figure 5. Stage II (T,) cancer.
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Figure 6. Stage III (T,) cancer.
The calculation of actual size of cancer tumor from
PET/CT fused image is given in equation (2)

NxK
Imm = -
dpi 2)

Where, N is number of pixels, dpi is ‘dots per inch;,
factor K=25.4 unit is the constant multiplier for this equa-
tion. The value of dpi is 96 which are measured from image
properties. Therefore, we can calculate from equation (2)
one pixel=0.26mm approximately. From equation; the
actual size of stage- I tumor is 5.55mm x3.96mm shown
in Figure7. Similarly the size of tumor stage II 6.35mm
x8.47mm Figure 8 and Stage III 4.76mm x5.29mm and
11.64mm x6.08mm Figure 9 are calculated

5.55mm <3.96mm

Figure 7. Tumour size of stage I cancer: 5.55mm x 3.96mm.
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6.35mm ~8.47mm

Figure 8. Tumour size of stage II cancer: 6.35mm x8.47mm.

476mm ~5.29mm

/ 11.64 <6.08
- h /mm _______ e
[

Lase o |
Figure 9. Tumour size of stage III cancer: 4.76mm x5.29mm
and 11.64mm x6.08mm.

3. Cancer Treatment Using
COMSOL RF Module

The important issue in the cancer treatment is the influ-
ence area of human body by the RF energy to avoid
unwanted radiation or heating effects on healthy human
tissue'®. The size of tissue accurately measure using wave-
let image fusion techniques. In this section, we expose
one method for removing cancerous tumors of size
6.2mm x 8.4mm, from healthy tissue which is to heat
the malignant tissue to a critical temperature that kills
the cancer cells. The COMSOL provides 2D/3D flat-form
for Electromagnetic heat engineering problem. Its multi
Physics capabilities can solve Hyperthermic Oncology
and it models the electromagnetic field coupled to the
bio-heat equation (3).

The modeling issues and techniques are generally
applicable to any problem involving electromagnetic
heating. The localized heating of cancer tissue in com-
bination with chemotherapy and radio therapy is often
used by oncology department. Sometimes, cancer tissue
is inside the deep-region of human body. To operate this
tissue without affecting the surrounding tissue is a crucial
task. The major challenge here is selective heating, spa-
tial distribution of heat (i.e. space distribution of heat)
and placement of sensor for RF heating. The small tiny
antenna is used for such an operation. The antenna size
depends upon the operating frequency. The quarter wave-
length antenna length is used.

The model here is designed to get the temperature dis-
tribution and Specific Absorption Rate (SAR)2. Specific
absorption rate is calculated using equation [3]

Absorbed heat Power
Tissue density 3)

SAR =

The temperature distribution is calculated using time
dependent bio-heat equation (1). The acceleration of
charges is dependent upon the frequency of operation.

Table 1. Objective evaluation of various stages of abdomen cancer

Cancer SD EN CE FSM EI SF FMI AVG_G

Stages

Stage I 0.516999 0.358389 0.272011 0.390624 0.415408 0.320852 0.327888 0.384203
Stage II 0.495129 0.347432 0.327603 0.389658 0.3902 0.306917 0.327484 0.356941
Stage III | 0.448301 0.331756 0.314544 0.415117 0.375245 0.293694 0.32499 0.343706
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Higher the rate of acceleration gives more current flow
in the terminating device. The electrical field distribution
can be adjusted by using the electric current interface
which couple to the bio-heat equation. The simplified
model of heat and electricity is presented in this paper.

Antenna
Rod

Figure 10. The schematic of antenna has one wavelength
dimension.
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Figure 11. Visualization of the region that has reached 50 °C
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at 8 minutes.

The tumour tissue can be burnt at an about 45°C to
50°C. Thus, it is necessary to create the localized heating
up to 45°C to 50°C. The inserted electrode is electrically
insulated. The antenna has single monopole type of rods
for radiation. The schematic antenna is shown in Figure
10. The electric current through the connecting rod has
stronger resistive heating loss at tumour.

0.9
0.8
0.7

0.6

Y 0.16

Figure 12. Fraction of necrotic tissue.

The model locates the probe along the cylinder’s center
line with its electrodes span the region where the tumour
is located. The geometry also includes a large blood vessel.
The normal temperature at initial condition is 37°C which
is called heat sources from metabolism (Q_ ). The plan-
ner view temperature variation in the muscle region is
shown in Figure 11. The damage of cancer tissue is shown
in Figure 12.

The bio-heat equation governs heat transfer in the
tissue-

x—_ + V- (V) =0, Cow (T — T+ Qrcrpcr
Pl 3 phptpl; dmatsext 4)

Where, § - Time-scaling coefficient;
p - Tissue density (kg/m3);
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C -Tissue’s specific heat (J/(kg-K));

k - Thermal conductivity (W/(m-K));

p,- Blood’s density (kg/m3);

C,- Blood’s specific heat (J/(kg-K));

w, - Perfusion rate (1/s);

T,- Arterial blood temperature (K);

Heat sources are from metabolism and external heat-
ing (W/m3).

_ o
E =g, —gglwi—ns
Ty (5)
co
H = e, —eelt t—KE
Z (6)
Pty — J--D'_.:_—'.'
@)
L 2m
Where, X
— -1
Vx (51 - ) VxH,|-uk3H, =0
L'.-'Eﬂ
(8)
Where, ? X £ =0
n X feE —fuH, = —24uH )
H.,
i T (10)
... = =Rellc —jwe)E-E*
o R [z — jwe) 1 (11)
Where, 7t - ¥1 =10
da ( dE)
—=Aexp|—- 5=
@t ot (12)
Thus,
G: =1-expl—x) (13)

In this model, the bio-heat equation also models heat
transfer in various parts of the probe with the appropri-
ate values for the specific heat, C (J/ (kgK)), and thermal
conductivity, k(W/(mK)). The degree of tissue injured (
&), can be calculated from the equation (13).

The process of shrinking the tissue is one of the impor-
tant steps in cancer treatment. This can be achieved by
electromagnetic heat generation process. The RF energy
is deposited into the cancer tissue using antenna shown in
Figurel2. The RF to heat conversion is formulated using
following equation.
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=

]

oCp—+ pCpU. VT = V. (k¥T)+
L7 ar ! bl (14)

The space and time relation for the electromagnetic
wave is derived from the Faraday’s law of induction given
in equation (15).

B

(1}

VxE=-

=

at (15)
The relation between magnetic flux density and inten-
sity is given by equation (16).

B=pH (16)
Thus,

oM

VXE="7% (17)

o dH

VXE=ug (18)

Taking the curl on both side-

- dH
Fx¥Vxi=VFx _“c?-f

(19)
3{V x H)

at (20)

Where, V is the space variation also called spatial
derivative denoted by-

g, 8, 8

Eatyta (21)
B, P 3R #E PE, s,
T aE tam - W Ge e T aR) (22)

Line Graph: Temperature (degC) D
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Figure 13. Variation of tumor effective space (mm) versus
temperature (degC).
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The space versus time is an important relation for
the further analysis such as temperature, E-field varia-
tion versus space. Figure 13 shows the line graph along
r-coordinate versus temperature for RF effective area of
cover. This plot shows the maximum area covered up
to 30 mm which is the normal size of human abdomen
cancer tumor. The exceeded size of tumour can be tested
under different size of antenna. The antenna used in this
RF heating is 5 mm in length. We define the r-coordinate
asa 2D cut line on the tumor cell shown in Figurel1. This
cut line on 2D is defined from 2.5 mm to 30 mm along
the x-axis named as r-coordinate. Thus, plots shown in
Figure 13, Figure 14, and Figure 15 varied from 2.5mm
to 30 mm.

Line Graph: Electric field, z component (V/m) 5]

Electric field, z component (V/m)

Figure 14. Z-component of electric field intensity (V/m)
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Figure 15. r-component of electric field intensity (V/m)
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The variation of z-component and r-component of
electric field intensity (V/m) versus space (mm) is shown
in Figure 14 and Figure 15 respectively. The temperature
(degC) variation at various time steps is shown in Figure
16. The variation of temperature versus z-component of
electric field intensity is plotted to understand the non-
linear relationship for treatment. This nonlinear plot is
shown in Figure 17. The degree of tissue injury versus
temperature and space are shown in Figurel8 and Figure
19 respectively.

Line Graph: Temperature (degC) 5}
80 —
&0 min
&-0.25 min |}
s [0 min
075 min ||
70 +1min |
1.25 min
g 15min |5
g oo || --1,75 min ||
3 2min ||
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5 &0 4| 2.25 min |y
2 e
£ 4
& 55 ' .
5
F 3 f
50 1
3 -]
45 | i
$ ! f
40 1 1

0 20 40 60 80 100 120
Time (s)

Figure 16. The temperature (degC) variation at various time
steps (sec.).
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Figure 17. Temperature versus z-component of electric field
intensity (V/m).
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Figure 18. Degree of tissue injury versus temperature
(degC).
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Figure 19. Degree of tissue injury versus space (mm).

4. Conclusion

The value aided information and visualization in image
fusion, helps doctor in rapid and efficient cancer detec-
tion which reduces time as well as efforts. The manuscript
presents comparison between different stages of abdomen
cancer tumor with their growth. The wavelet function and
fusion rules together are optimized using various qualita-
tive parameters such as CE, FMI, EI, fusion quality index,
etc. The COMSOL-Multiphysics modeling of cancer tis-
sue treatment is achieved effectively. Hence results shows
the significant contribution towards the treatment of
cancer tissue size varies from 5.55 mm to 11.64 mm at
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various stages. The planner view of temperature variation
and degree of damage of cancer tissue are presented with
color legend which can help medical practitioners. Finally
it is concluded that the 45°C to 50°C temperature is suf-
ficient to burn the cancer cells (5.5 mm to 11.64 mm size)
in 0.25 min to 0.5 min.

5. Compliance with Ethical
Standards

All procedures performed in this study involve human
participants who are in accordance with the ethical stan-
dards of the Padmashree Dr. D.Y. Patil Medical College
& Hospital and Research Centre Institutional Ethics
Committee (Ref. No. PDYPMC/Ethics/Sept-02/2015)
and its later amendments are comparable with ethical
standards. We have complied with the ICH-GCP ethical
guidelines regarding research with human participants
and in the conduct of the research presented in this man-
uscript.
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