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CHAPTER |

INTRODUCTION

1.1 Background and Motivation

People could die from many diseases and one of deadly diseases is
cancer that kills many people in many countriesaround the world. There are several
kinds of cancers, they dependon-the IO(ietion oi~eancer in the body and several treatment
are used to cure the patients depend on the kind of'eancer and individual patient. One
kind of cancers that is+often.found amon? many cancers is cancer in colon or colorectal
cancer. There is statistical that colorectall_c’ancer usually ean be found in old population.

The colorectal cancer population in Thailand is reported to be increased in every year.

L A%

For elderly who have colorectal ‘cancer‘! ‘have to suffer from digest and evacuation

problem. There is possibility to/be’ cure by ms‘pectrng early in range of risk age.
ald ..I' i

The progress frdrn polyp toE_’rmi’j@‘r depends on what kind of cancer and
ups to lifestyle and heredity. of patient. There"ere differences of symptoms to indicate the
stage of cancer after patrent—eheeked—ep—?he—susp@eus ,tlssue is inspected for stage of
cancer or the development of its. The polyp is the begrnnrng stage of cancer which can
be cured. The treatment for each stage is different, depends on individual stage and
patient. Coloretial '‘¢ancer focuses on detecting cancer‘iniearly'stage to cure it by specific

way.

Colorectal | caneer, lean =happen, in. colon, | rectum, [or appendix. The
beginning stage of cancer, polyp, have variety shapes. It is detected by its shape in
possible area inside colon from doctor decision. The inspection of suspect tissue inside
colon needs patients to prepare themselves before passing the optical camera through
their anus and cutting suspect tissue to test. The procedure seems to be invasive,

inconvenience, and uncomfortable for patient for couple days.
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Virtual Colonoscopy system has been designed and developed for these

problems. This system needs computed tomography images, CT-scan images, to create
the virtual colonoscopy or 3D-view of colon structure to diagnose or analyze the shapes in
colon structure. The patient preparation requires patient to take only low residual for a
couple days and then take tagged solution(barium) for enhancing the intensity of the
residual or fecal inside colon, normally the residual is liquid(water from patient
preparation). After this, patients are inflated CO, into colon via anus for extending the
diameter of colon. Patients take abdominal CT-scan images and doctor can diagnose
from the extended colon structure. The tagged.solution enables doctor distinguishes
between the residual or feealinside colon and tissue outside colon easier. The doctor can
have vision for air, residual ertagged material, and tissue but it is still not automate tool to
help doctor to find and' diagnose the suspicious tissue by their shapes. Virtual
Colonoscopy system makes doctor’s job a lot easier to'find and diagnose the suspicious
tissue by using electronicscolon Cleansinté technigue, 3D reconstruction from CT-scan
image method, and navigation al_lon_g the ’@?Jept}ral line of colon to measure the distance
from anus to the suspicious tissgés. Thé;:sy-ccessful of this system is convenience,
comfortable for both doctor and/patient, an@.i;{o less invasive for patient and is able to

specify the location of the suspicious tissuesjé;u'tdmatioally.

This thes—ls pProposes method for électroniébblon cleansing which is used
in Virtual colonoscopy ito remove the tagged material or residual inside colon from
abdominal CT-scam imagess The tagged material is removed for 3D-reconstruction of
colon structure ta merge thervolume of tagged material and air gogether to obtain the real
structure inside colon because the structure of colen needs to be geconstructed from air
inside ¢olon'and volume of tagged material.inside colon.|Another benefit is doctor can do
the patient screening a lot easier after there is no tagged material inside colon to confirm
result from Virtual colonoscopy. Sometimes the suspicious tissue could be missed identify
from Virtual colonoscopy or doctor then the confirmation is needed also. By the way, this
is the main important method for other methods in Virtual colonoscopy to use this result

produce precise output.



1.2 Research Objectives

This research is a part of virtual colonoscopy to improve electronic colon
cleansing for CT scan images which have to correctly classify regions in colon into air,
tagged material, bone and tissue. The fecal or tagged material inside colon is removed
after classification. The result from removing tagged material inside colon yields the step
edge between removed tagged material and tissue boundary and the artifact between air
and tagged material remain in the image which is not desirable. The artifact between air
and tagged material needs to be identified begause its intensity is similar to the intensity
of tissue. The surfaces of«colon wall Jbetween removed tagged material and tissue

boundary need to be reconstructed.to make it smoeih.as the boundary between air and

tissue.

.

1.3 Scope of work L

_—

The scopeg of this re-search‘;'isdfhe abdominal CT-scan images which were
taken from CT-scanner maghine and patien‘fwh'o took the tagging solution to enhance the
intensity of fecal or residual in abdominal C‘i_:fsp_an iImages. The patient was inflated the
CO, into anus to extend the dia'met:er of COT&IT?%I’ clear structure of colon. The CT-scan
image slides are processed inai'Qidually. The.':r-j;gbc;sed method focuses on the slides that
contain colon only arn:él'will not identify the type of volume |n abdominal CT-scan images
data to distinguish betWeen colons, stomach, and lung volume and leave identifying task

be manual for user.
1.4 The definition; of the research

Electronic colon cleansing iss method [for removing the tagged material
inside colon in abdominal CT-scan images. Therefore, the 3D-reconstruction of colon
structure can be improved by merging of the tagged material, which is volume inside
colon, with air inside colon. The result from this method also enable view of inside colon in
abdominal CT-scan image without tagged material and artifact layer between air and

tagged material.



1.5 Expected Advantages

This research could be used in medical area as a tool for Virtual
Colonoscopy system. The result is the 3D-reconstruction colon structure. Doctor will be
able to remove the tagged material inside colon without artifact between tagged material
and air boundary to analyze the shape of surface inside colon for making a decision and
also use their opinion compare with Virtual colonoscopy system result. It will be easier for

doctor’s task. Patients who come for creening do not have to be uncomfortable,

T’y | camera through the anus as in the
écal software is very expensive so it

could have the same standard

inconvenience and invasive by
past. The economic advan
wouldn’'t waste to invest

as commercial softwar:
1.6 Research Processes

In order t 1 ' above, the following processes

will be stated:

rea then defines a problem and

Uitable for such a problem.

£

To study conce _ gies by reviewing related

Esratures,
Hcéa’ﬁal

AULINININYNT

q 3 To study the eaS|b|I|ty and avallable teohnology for this problem.

YWY ﬂ%ﬂﬁoﬁ%&l‘lﬂﬂ NYIRE

9

and ge@g data from Chulalongkorn

5. To define objective function and constraint in mathematical terms.
6. To realize a mathematic function in Matlab programming codes.

7. To extend scope and data for the experiment.



1.7 Literature Review

Several techniques for colon cleansing have been introduced in the
literatures. For example, the electronic cleansing (EC) and digital bowel cleansing (DBC)
techniques for digital tagged material removal using contrast agents [1] use prior
knowledge about class intensity to initialize 6 classes by Markov random field for
classification in order to remove bones and enhance material class. D.Chen et al. [2]
extended their previous work to three dimensions with Markov random field and used
local feature vector to classify the body voxel intensity. H.Yoshida et al. [3] pointed out
the use of 3-D geometric features to reducethefalsepositives and the use of fuzzy
clustering for segmentationswhich-are aimed at polyp-detection from defined shape. L. Li
et al. [4] developed a statistieal method of maximum a posterior probability (MAP) for an
optimal classification by combining MAP-EM (Expectation Maximization) segmentation
method with a hidden Markov randor field (MRF). |. Serlie et al. [5] focused on mixture
model to segment partial volume values attfhrge—material transitions into volume
percentages to recover.material mixtures V\;?thsub-voxel accuracy to avoid the estimation
of the contrast between enhanced- rr_{éterial a?q i‘luid fraction from all voxels. M.E. Zalis et
al. [6] used combination of morphelogical ar’idé,@atial filtering technique to deal with

artifact and to find volume of colon-whose thg.ﬁn'ajn_idea is about using edge threshold

value for morphologigcal with specific mask. Z. Wang et a/._[?l improved their previous

work for mixture segmientation by using expectation maximization as a parameter in
maximizing a posterioriprobability (MAP) solution and usifig morphological technique for
artifact removal=L.W.Q Serlie-etraly [8] improvedimixture,model efthree-material transitions
to segment each,componentfrom'image to deal with"hoise, global signal fluctuation,
anisotropic.scale., and pon.cubic yoxels to,make. the method mare.precise for computer
aided diagnosis and visualization‘of three dimensional colonic view. W.€ai et al.[9]
introduced a method, called structure-analysis cleansing, to preserve the soft-tissue
structures that submerged in or covered by tagged fecal materials using their local
morphologic signature based on the characteristic of the Eigen values of a three-
dimensional Hessian matrix. S. Quadfel et al. [10] used swarmed based intelligent to
automatically classify the pixels in an image into groups by the observation of real ants

colony and based upon their collective foraging behavior.



CHAPTER I

Proposed Method
This chapter provides the methodology in this research.
2.1 Data

This project uses CT scan images data sets from Chulalongkorn hospital
by collaboration between department /of ~mathematics of Faculty of Science

Chulalongkorn  University _and- department_.of radiology, Faculty of Medicine in
-
Chulalongkorn Hospital. The sample or data sets-irom two patients in two positions which

are supine, patients lay.en their back, and prone, patients lay on their stomach, were

tested with our methodsEach CT-scan irlhage is a gray scale image with size 512X512

')

pixels. There are 512 images.in gagh data:s:e't which alseo includes lung in our images.

4 -;i ¥
2.2 Proposed Method

The proposed method consists of four steps: preprocessing, edge

b ) i el i
detection, region classification, and-artifact removal.

o
[ el

2.2.1 Preprocessing:. -

The first'step in colon cleansing Is to preparesimage data for electronic

colon cleansing by converting image format from Dicom file to 8-bit gray-scale images.
The range of the input is from*0_to 2000, The range 500 to 1500 js selected to convert into

256 gray-scalelimages las follow:

Iout = Iin (21)

Iout('in S tl) r tl (22)

Iout((lin > tz) =1, (2-3)

| o=l ong (2.4)
2 _tl

Where |, is dicom image. |, is selected range image. t; is the lower bound threshold
of selected range, in this case is 500. t, is the upper bound threshold of selected range,
in this case is 1500. | is an 8-bit gray-scale image. This can be done by starting with

initial 1, equals to I, and then rounds up pixels that have value less than t, to t,and



rounds off pixels that have value more than t, to t,. After this is normalization of |, to

[0, 1] range of intensity and then multiplies |_ . with 256. To do this can reduce the

out
computational time to compute just only 8-bit integer number value. Furthermore, we also
reduce the computation time by reducing the number of pixels that are needed to be
processed. This can be accomplished by first finding the boundary of a patient’s body
using Canny’s edge detection, by using 0.1 as high threshold and 0.2 as low threshold
for ignoring sensitive edge from small change of intensity, as show in Fig 2.2 and then
removing the content outside the body that don't need by fill inside the boundary, the
pixels that cannot be reached by filling in the:background from the edge of the image is
set as 1 and other is set as'zero, as shown in Fig: 2:2: " Next, the mask of the body is
generated as shown in Fig..2:8" and erosion on the mask is performed once in order to
shrink the area of the bodyBy using the structure element size 9 x 9with 1's, B, as shown
in Fig. 2.4. Where the erosion of the binarﬁr’hage , A |, Fig. 2.3, by the structuring element

_—

B is defined by: / \ 4
ACBE {2 cE| BACA} (2.5)

) ; 4
Which It = Z and Z° Is the integer grid for some dimension d ,(d =2), Bisa 9x9

11 ¥ YrEa 11l
11 1 1200, 1) e,
11111111
gttt
=1-1 1111111
square, that is,
11 1111111
1 21111 194
1% 1) iR YD 1
111111111

Then we perform‘logical’AND operation‘between the originakimage ana-the mask (Figure
2.1) and the result image is shown in Fig. 2.5.

As we mentioned above about Canny’s edge detection is be used in this
preprocessing. Next section we will give more detail about Canny’s edge detection which
provide all notation and equation and algorithm in this method. We select this method
because of its advantage over other popular edge detection method. For pro and con of

other method can be reviewed in Appendix A.



Figure 2.1: Original image with 256 gray-scale levels.

Figtre 2.2: Ganny's edge image.

Figure 2.3: Mask image which positi@’gﬂ/hite pixel is used in this method.

A
-

Figure 2.4 Erosion of Figure 2.3.

Figure 2.5: The pixels in the considered position.



2.2.2 Edge detection
This section explains the description of Canny’s edge detection among
many well-know edge detections with there are three advantages of this method to detect
edge. Other well-know is explained in Appendix A. Three advantages of Canny’s method
are:
1. The detection criterion focuses on the fact that real edges should be detected

and there should not be spurious responses.

2. The localization criterio ith the distance between the real and
detected position -
3. This third criteri ith\!\e Mn edge corrupted by noise and
works agains‘(r
The detec '7 en hich depends on position,

orientation, and magnitud intensity function (strength of
edge). This can be d i ' ith @ symmetric 2D Gaussian filter then
finding the gradient whi difection to effective directional

operator.

(26)

To following the concept above, the | imag: fieye to convolve with the

derivative of 2D Gau35|

ﬂ U EJG’}?EJ%? NEIN? (2.7)

Where G is 2D Gaussian function and nis perpendigular direction to edge

wnen o oA 7173 E V1A VIEI TR E)

_ V(G=*I)
i = NG| (2.8)

Where | is an image. The edge position is at the local maximum of the convolution

o encﬁular to the edge which can be

achieved by:

between | and G, in direction of fi as follow:
0
—G,*1=0 2.9
e, (29)

substitute the Eq. (2.6) in Eq. (2.9) for G, , then:
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82
25G*1=0 (2.10)

Eq. (2.10) shows how to find local maximum in the direction perpendicular
to the edge which is called non-maximal suppression to suppress multiple responses in
the neighborhood of single boundaries. The details of this method are as followed:

Non-maximal suppression of directional edge data algorithm

1. Quantize edge directions eight ways according to 8-connectivity

2. For each pixel with non-zero edge magnitude, inspect the two adjacent pixels
indicated by the direction of its edge:

3. If the edge magnitude of eithir of'these iwo exceeds that of the pixel under
inspection, markitfor deletion.

4. When all pixels have been inspected, re-scan the image and erase to zero all
edge data marked for deletionl.. 4

The strength of the edge is‘:r_e.presented by:

FYST (2.11)

The streaking problem-is Ca:L;-SEd Py noise which edge detector responses
it as spurious to the edge. There sh’o'uld be %ﬁ?@sholds to distinguish between significant

S el
edge and streaking edge which sheuld be suppressed. The strength can be above or

below the thresholds=Two thresholds are usé‘a'iéq(_j‘etermine significant edge ad streaking

edge from each othérf@led thresholding with hysteresis."lf}-he strength of edge is higher
than a high threshold, th_e pixels with that strength are edgé for specific o in 2D Gaussian
filter. The pixels that are connected with actual,edges, more likely to be edge, will be
edge if only its|strengthiis over lower threshold. The low and high thresholds are
estimated from signal-to-noise ratio.

Hysteresis threshold algorithm

1% Mark all edges with strength higher than a, as correct.

2. Scan all pixels with strength in the range[a0 , al].

3. If such a pixel borders another already marked as an edge, then mark it too.

'Bordering’ may be defined by 4- or 8- connectivity.
4. Repeat step 2 until stability.
Canny edge detector algorithm

1. Convolve an image | with a Gaussian of scaleo .



11
2. Estimate local edge normal directions i using Eq. (2.8) for each-pixel in the
image.
3. Find the location of the edges using Eqg. (2.10) which is non-maximal
suppression.
4. Compute the strength of the edge using Eqg. (2.11).
5. Threshold edges in the image with hysteresis to eliminate spurious responses.

There are two parameters which are high and low thresholds for hysteresis
thresholding and standard deviation forimage.scaling. Thresholds are divided into two
values; high threshold is used to detect strong.edgeand low threshold is used to detect
weak edge. The threshold*hasrange in [Ofl] The highthreshold is set to 0.2 and low
threshold is set to 0.1. The standard deviation is setto 0.5. These thresholds and standard
deviation value depend onrdata. \

Canny’s edge detection iswised to find edge for segmenting the area of
the body from the CT-sCcamiimage as expl%ne_d in section 2.2.1 and edge that we have
got from Canny’s edge algogithm ig u_sed to’ip}grﬁqrm with logical AND operation to obtain
only the edge inside the body.as shéwn in F|9__28 The edge inside the body will be used
later for classification. S _“

The main problem-of any edge?_détection methods is the possibility of leak
edge. All regions or'¢lasses cannot be classified Dy using_qﬁnly edge detection. They need
the algorithm to help thelproblem from edge leaking to perfd?m cluster of classes which
are air, tissue, High derféity (bone or tagged material). For the objects in image that can
be enclosed by.edgeldétectionicanibe used-toidentify the region inside the boundary by
its intensity. Thetarea inside enclosed boundary performs by using the fill holes method as
in section 2:2:6~After we identify semerobjectssor regions in images=there are some pixels
that are not'identified or classified yet so the similarity meastre is used to apply as in
section 2.2.11. The minor problem of any edge detection methods is about noise when it
is used to work with CT-scan image because the protocol of CT-scanner machine that
converts signal from many radiation axis’s yield to CT-scan image result. Next section

explains about how to remove noise from Canny’s edge detection with specific parameter

value that we choose.
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Figure 2.6: Canny’s edge image.

Figlre 2.¢: Brosion of Figure 2.3.

Figure 2.8: The €envolution ('D_frlrr'-igure 2.6 and Figure 2.7.

2.2.3 Salt Noise Removal ’ -3

For edge image obtained from the previots step, we only need to define
the boundary of objects.in an image, thus there are noise that need to be removed. These
noises are objects in anfimage that seem like edge but they are smaller, disconnected
and typically remoyed by non-edgespixels, (background)= The pixels, that are edge, are
labeled as 1’s injmage and the pixels that are not'edge, are labeled as 0’s. A pixel that is
edge but surrounded by the pixels.that.are not edge, is remoyved. The 8-neighbor is used
to find an edge pixel'that is surrounded-by the pixels which-are not-edge. Next, we

explain a method that can help solve the problem of edge leaking when unconnected

edges have a few pixels to connect to each other.
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2.2.4 Interpolation

If there are only two edge pixels in a 3x3 mask, a pixel in the middle of the
mask will be disconnected edge pixel. The boundary will not be closed, if there are
disconnected edge pixels. After the disconnected pixel is found, the mask will be
extended until finding other disconnected pixels. Each mask extension is (2*n+1)x(2*n+1),
where n is 2 to 6 because the new pixels, which just come in the extended mask, may
come from the other boundaries, thus the extended mask size is selected to avoid the
accident on the boundary of other abject when interpolation . The interpolate line

between two disconnected pixels are drawn as.Fig..2.9.

Figure 2.9: (Left) part af Canny’s‘edge irﬁaicje and (Right) the interpolation in Canny's
edge image by whiie arrow. Yellow;{row shows unexpected interpolation.

After we perform clese bounjd:ér_'-y as much as possible next we fill in the
close boundary to obtain the area-ier calculafrﬁgz'lfhe average the intensity pixels value in
each close boundary: s
2.2.5 Holes Filling

A holeris a set of background pixels that cannot be reached by filling in the
background from the edge of the image. The closed boundary is the line of edge in the

image. The areais created by filling the holesithat are surfounded by the edge line as

shown in Fig. 2.10.

AT

Figure 2.10: (Left) edge image which are filled in the closed boundary.

(Right) image is a zoom in version of CT-scan image of left image.
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Next section is about how to separate two regions that connect to each
other.
2.2.6 Separation connected regions
The binary image is used to illustrate edge image as shown in Fig. 2.11
with yellow pointer. A closed boundary in edge image is filled inside by 1's as show in Fig.
2.11 in white area that blue pointer points. Edge line is the partition line between two
regions but when the region is filled the partition line is gone because they are also
represented by 1’s in pixels that are in the partition line. The subtraction of two binary
images which are filled edge image and edge image can separate two regions that are
adjacent to each other assshow-in Fig. 2:41 by-red pointer. Fig. 2.12 is pointed by red and
blue pointer on the left shows«the.separated regions which is different from Fig. 2.10

which is also pointed by red'and blue pointer.

— = & L L. - . W -

Edge af twoobjects

Example Fill Irgthe ot jset
Tissue 1

fecal

Adjacent of | |
Two objects ¢ oerdd

A

Gray scale image Binary image
Figure 2.11:.Separation of the connected different region types.

Figure 2.12: (Left) the result of subtraction of filled image and edge image.

(Right) image is a zoom in version of CT-scan image of left image.
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Next section will explain about classification method which is used to
identify the regions that we have right now by using histogram and average of intensity of
each region.
2.2.7 First Classifying: Region classification

The regions that are originated from closed boundary must be classified
by its average intensity. The structure of closed regions inside body which are air and
High density (fecal tagging material and bone) are classified by comparing with intensity
of tissue. The intensity that is used to represer]}issue is the intensity that was the highest
frequency or mode in statistic. when the pixels ih'tﬁ__e,background outside the body are not

considered. The intensity-value with the*highest frequency in the body pixels, is

represented by max frequency IntenSIty, (MFEI), is used to classify each region as

L

followed:

/4« round) % _ w
background / -

it
i gissue-% -~ .
/ ._ B o A L

4|

T
‘_‘nl*‘-_ FRRIIEE T N -

, tissue

#

(b)

tagged material

tissue

Figure 2.13: (Left) image shows each component in"CT-scan image by different color of
pointer. The middle image, (a), is histegram image with background, pixels. (Right) image,
(b),/is"histogram image without:considering background pixels.

The left image of Fig. 2.13 shows each component with color arrows. The
blue arrow points to the background. The yellow arrow points to the air region. The pink
arrow points to fecal tagging material. The red arrow points to tissue region. The middle
image, (a), shows the histogram of an abdominal CT-scan image. The background has
the most pixel numbers in an abdominal CT-scan image. The right image, (b), shows the

histogram of an abdominal CT-scan image without background pixels. This histogram
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shows that when the background is not considered for histogram so the most number of
pixels is tissue type. The MFI is used to be the partition between air region and high

density region.

bone

——
L]
1
£
Ll

]

tissue

MF|

Figure 2.14: (Left) the originalimage. The middle shows the regions in close boundaries are
labeled as different classgs. (Right) imagey (b), is histogram image without considering
backgrb’uq_d pixels.

The regions that have avera}g_e of their intensity less than MFI go to air
class as shown in Fig. 2.14'in the middile. The-é_:ré-gions that have average of their intensity
more than MFI go to high density,{fecal taggi_lr_;égmaterial and bone) class as shown in Fig.
2.14 in the middle. The high density class co_r)—;sii_s_gs_ of fecal tagging material regions and
bone region in abdominal CT-scan image. Now we have already initialized two classes
which are air class and-high density class.

The problem from edge leaking yields to the classification of every pixel in
abdominal CT-scan. image are not covered. .There are some.pixels that are already
classified and the rest ofthe'pixels, which'could'be air and high'density, need pixels that
have been classified in order to compare the similafity with them. Thesair class is not
interesting to classify because it isinct the target class. The.objective is.to gain all pixels
which should be in high density classes.

Next section explains about how to classify the rest of the pixels which
should be air, tissue, and high density but pixels that belong to air class is not considered.
The similarity classification is the classification between two classes which are high
density class and tissue class. The result from the next section is all pixels that belong to

high density class are classified and these pixels will be removed.
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2.2.8 Second Classifying (Similarity function): Region classification

All pixels, as shown in Fig. 2.15 in the middle image, that have not been
classified and should belong to one of two classes which are high density class or tissue
class will be considered in this section. The MFI value is used to initial pixels in tissue
class so every pixel that have intensity equal to  MFI are in the tissue class. The rest
pixels that have not been classified and higher than MFI are used to compare the
similarity with the pixels that are classified as high density and tissue class that have just
been initialed. One pixel in the rest pixels is Used to compare the intensity to every pixel in
both of two classes, tissue and high density Claé:s.'One of two classes that is similar to this
pixel the most will take thisspixel-as one of pixelsin-thatclass as in Fig. 2.16. The rest

pixels will be compared with two _glasses and classified to one of two classes until there

are no pixels left to be owéd. \1

tissue

MFI

-
4 v

SIS -l
-

Ir;

Figure 2.15: (Left) image is an abdominal CT-scan image. The middle show the rest pixels

, Ir,, that have fiot been-classified and have the intepsity higher than MFI. (Right) image is
an histogram of the left image and shows the intensity value of MFI.
Thesimilarity function is'used only on the pixels withythelintensity value
higher than MFI to calculate the similarity between high density class and tissue class.

The similarity function is shown as followed:

31:%><21/(Iri—ej)2 (2.12)
j=1

S, :%xz,/ill’i—tjiz (2.13)
j=1
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Where S, is the similarity of a pixel and pixels in the high density group,
S, is the similarity of a pixel and pixels in the tissue group. Ir; is the i™ of the pixels with
the intensity value higher than MFI and are not in any group. m is the number of pixels in
high density group. n is the number of pixels in the tissue group. €; is the jth of pixels in

high density class, E , which are fecal tagging material and bone. tj is the jIh of pixels in

tissue class, T .

Similarity measure

1 FIe
s — 5= (k)
:rn pramm— b

J!r‘_ r N F A

do

Figure 2.16: the.process of similarity classification.
If s, >s,, Ir,will be added inthe elass of tissue and labeled as tissue pixel.
IreT|s, >s, (2.14)
If s, <s,, Ir; will be added in the class of high density.and labeled as high density pixel

as in Fig. 2.17 in the leftimage:

IreE|s, <5 (2.15)

g 8.

Ir Label [/ asoneof L’I,

Classification process Final result:tagged & bone

Figure 2.17: The left image shows the process whens, <'S, . The right is the final result.
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This classification locates all the pixels that should belong to the class of
high density, and then these pixels are removed from the CT-scan image.

The next section we will deal with the artifact problem. The artifact is the
layer that has the intensity similar to tissue class but there is possibility that it is not tissue.
The location of this kind of layer is in between air and fecal tagging material. It could be
either artifact or real tissue. The character of artifact layer has high gradient magnitude
value. The next section explains about gradient magnitude.

2.2.9 Magnitude of gradient

Gradient is used to measure the.differences in x-and y-directions. The area

of high rate of change of intensity (air-to<t@gged-material, air-to-tissue, tissue-to-tagged

material) are in image. The gradient equation is as follow:

i@ 2 (216)
Y
Magnitude of gradient js us:ed to find the rate of change of intensity in both
axes which is: J
A Ao
VIOEYIE .|| 222124 2.17
| VICEY) \K@xj (@J (2.17)

'y i e Ad
The magnitude of gradient valug 1S converted into gray-scale (0-1) as in

Fig. 2.18. The visible value of magnitude of gray-scale gradient is higher than 0.1 because

the pixels in magnitu'_dé of gray-scale gradient image are abi_é, to see when they are more
than 0.1 as in Fig. 2.2%. '_The structure of colon and bone g"rédient magnitude (Fig. 2.22) is
extracted by COHVOlutiOVF} with the erosion of mask body (Fi’g. 2.20) like in section 2.2.1.
Classification the artifact layeriand the real tissue layer needs to use the

gradient magnitude by thresholding method and position of the patient in abdominal CT-
scan image. /Next section is aboutthe definition of artifact layer antieal tissue that are in
between'air and fecal tagging material. This yields better result when the result is the input
of 3D-reconstruction because the artifact can be in the 3 dimensions structure when it is

not removed which it is not desirable.



Figure 2.18: Gradient magnitude image.

2

Figure? 419 Body position (white pixels)

2%

Figure-2.20: Erosion of Figure 2.19.

Figure 2.22: The convolution of Figure 2.11 and Figure 2.12.

20
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2.2.10 AT vs. ATT Layer

AT and ATT are the layers that are between air and fecal tagging material
which layer could be the artifact layer between air and fecal tagging material as Fig. 2.23
at red arrow, which is called AT, or could be the tissue layer between air and fecal

tagging material as Fig. 2.23 at yellow arrow, which is called ATT.

-

Figure 2.23: The red:a?_row points to AT layer. The yellow aZL@\N points to ATT layer.

AT and ATT are distinguished by the values of their gradient magnitude
and the positions of the layembetween fecal tagging material and air region. The threshold
of AT and ATT gradient magnitude comes fram the mean of the gray-scale value of
gradient magnitude—values above 0.1~ plus three quarter of mediangfithe gray-scale

value of\gradient —values above 0x1-.as:followed:
3 .
threshold _mag = mean + 2 median (2.18)

The gray-scale value of gradient magnitude of AT layer is significantly
higher than ATT layer as in Fig. 2.24, thus another threshold is needed to differentiate the

AT layer from ATT layer. The threshold of AT layer is as followed:

threshold _ AT = %mean + median (2.19)



22

Figure 2.24: The red agow points t© gradient magnitude of AT layer. The yellow arrow

peintsftojgradientmagnitude of ATT layer.

However, this gradient magnitude values are the area between air-tissue
or tagged material-tissue soi@ 3x3 mask is used to remove the pixels that do not involve in
air-tagged material layer By considegring the:intensity value of pixels along the threshold of
AT gradient gray-scale value. The pixels in the mask with only the intensity value less than
MFI minus standard deviation of-the body pixel or with.the only intensity value higher than
MFI add standard deviation-ef-the-body-pixelwil-be-ignored. Because they are not the
pixels between air andtagged material regions. The mask'which contains the pixels with
both intensity value less than MFI minus standard deviation and the intensity value more
than MFI add standard'deviation/will be extended, until it coversthe gray-scale gradient
pixels with the intensity value less than 0.1. The all pixels in mask are removed because
they are AT layer:

The position of the layer between fecal tagging material and air region is
used to consider the AT layer that has lower intensity than threshold _ AT because
sometimes tagging solution is not concentrated enough when it is mixed with water inside
colon so fecal tagging material in abdominal CT-scan image has insufficient contrast. The
tagged material region that has the highest number of pixels in the image and is
surrounded with two different components (air and tissue) is used to be considered. The

boundary between tagged material and air is able to define the layer whether should be
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removed or not. If the tagged material is above the air, all the layers between the
tagged material region and the air region, are on the air region, have to be removed. If the

air is above the tagged material, all the layers between the air region and the tagged

material region are on the tagged material have to be removed.

AT
gray-scale gradient magnitude lower than 't}}i;eﬁbold _ AT which also is better than to only
i # i“_"‘ J

consider the position of the at chrrjgr_'jt of té:ggfd material and air region because the
layer between these two co pongrﬁs-could"@éé’l’ layer and can lead to a mistake. The
second benefit is a case that thé,ce{iS}the fe_cgté-éging material on the tissue layer and the

fecal tagging materia{.lémdpr the tissue layer. Itis ahlﬁ%ﬁ—r@é‘o\/e the AT layer in both

* P

cases of tagged material as shown in FigR2e298 —

Next is the last section of the proposed method. The result from previous
section is the claésification anddtie fecal tagging/materialand artifact removal from
abdominal CT-sean image. The removing the fecal tagging material is the detection of
locatiop=of fecal tag_gingr material and;then ehange itlo-seme intensity that is preferred.
The intensity that'is'used is the'intensity of air or zero because the objective needs to
synthesis the boundary as air and tissue. The boundary from removing the fecal tagging
material from abdominal CT-scan image is not so smooth. Next section we will give simple

detail to synthesis the boundary between air and tissue from removing fecal tagging

material.
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2.2.11 Reconstruction

The abruptly changed edge happens after the pixels are set to zero. The
reconstruction is a method of changing contrasted area to be shaded area as the real
boundary between air and tissue. The Gaussian’s blurring technique with standard
deviation equals to 1 and a mask of size 7x7 size is used to blur the areas that have
abruptly changed edges after that a 3x3 average filter is used to make it smoother as in

Fig. 2.26-2.28.

Figure 2.26: (Le%efébdgm_inalgjﬂ,scan image.(Right) the abdominal CT-scan

Image _f.rorr].rr‘emovfﬁg the fecal tagging material.

Figure 2.27: (Left) a zoomed version of Figure 2.26(Right). (Right) the abruptly

ehanged edge which is zoomed version of Left.

Figure 2.28: (Left) the result image. (Right) the shaded edge.
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Result
3.1 Analysis result

The examples of successfully results are shown in Fig. 3.1-3.5. Fig. 3.1
shows the preservation of the layer that is between fecal tagging material and air as
pointed red arrow and removing the artifact layers are between fecal tagging material and
air as pointed by white arrows. Fig. 3.2 shows _hew well the electronic colon cleansing
proposed method can perform as white Arrows point but some fecal tagging material that
the contrast is not very clear€ould yield inefficient colon cleansing because every pixel in
CT-scan image have influencesftoeach ofher from reflection of each particle when it takes
CT-scan image from thefradiation ‘as ﬁo’i"nted by yellow arrows. Another reason for
inefficient colon cleansing.in propose(;l me_':t:hod involves with the regions that can perform
from edge detection indnitialization of regiiﬁ_fr]ls for classification. If it can cover pixels that
are very sensitive that could be eith_ér tissuéf'ﬁrqfecal tagging material, the classification for
pixels identification will be better.* This is @&’:‘some fecal tagging material in Fig. 3.6

pointed by red arrow and Fig: .3:2',pointed:;by'»yeﬂow arrow are treated differently. The

reason is because théy are-in-different-abdominal (\T—er{,‘image and the abdominal CT-
scan image of Fig. 36 can perform the classification that ‘C,;)vers the pixels in red arrow
but the abdominal CT-scan image of Fig. 3.2 cannot perform in the same way because
the individual (slice CT-scan image have“histogram ‘which #ield the classification by

similarity clustening as shown also in Fig. 3.7-3.9 pointed by yellow arrows.

Sometimes the glassification/is nat carrect when it lglassifies the pixels that
could be in either tissue or high density class. The yellow arrow in Fig. 3.10 points the
area that the classification method classifies pixels in that area as high density but it

should classify only small part in that branch to be high density only.

Sometimes the classification is correct when it classifies the pixels that

could be in tissue or high density class. The red arrow in Fig. 3.11 points to the area that
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the classification method classifies pixels in that area as high density and it classifies

the small part in that branch to be high density which is correct.

Figure 3.1: Left is the area of tagged or enhance material region. Right is the removed

arrow points to ATT layer.

tagged area and red

r d - J &
Figure 3.2: Leftis aggec \ prone patient pose. Right is the resuilt.

Figure 3.3: Left is the.tagged area of prone patient pose. Right is the resuilt.

. -

al 9| &
:-!'NI e

Figure 3.4: Left is the tagged area of prone patient pose. Right is the removed tagged

area. Red arrow shows ATT layer.
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Figure 3.5: Left is the tagged area (white arrow) of prone patient pose. Right is the

removed tagged material area (white arrow).

a?gged material on the tissue (white arrow) and

o

idd

Figure 3.6: Left is the cas 'bath
' 4
oved tagged material version of Left.

under the tissue (red arrow gt is then

Figure 3.7: Left image is the result from proposed method. Right is the original abdominal CT-scan

image.



Figure 3.8: Left image is the result from p Ise"d method. Rightis the original abdominal CT-scan

- .
. T

___limage.

Figure 3.9: Left image is the result form proposed method. Right is the original abdominal CT-scan

image.




Figure 3.10: Left image is the re ed method. Rightis the original abdominal CT-
) Tl .

écéﬁ image.

Figure 3.11: Left image is the result from proposed method. Right is the original abdominal CT-

scan image.
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For conclusion of this kind of sensitivity will be mentioned again in factor
analysis section. The conclusion for this section is a few case of the colon cleansing in our
proposed method is not efficient and give an explanation why it is but the most case of
our proposed method work properly as in the next section that shows the evolution of our

proposed method by physician.
3.2 Comparison results

The comparison result shows just our evaluation result in statistical version
because there is still limitation that we could‘net use the same sample or data as related
work and also we could not'use other Work to-exam our data. The experimental results
were evaluated by the physician under two criteria: percentage of cleansing and
confidence score on accuracy: Fhe per&entage of cleansing is divided into 5 levels of
completeness where leveld méans/0:25%, level 2 means 26-50%, level 3 means 51-75%,
level 4 means 75-99%, and level 5 rﬁeang 100%. The confidence score on accuracy is
divided into 4 levels of Conﬂdence__oh the reéults where level 0 means no confidence, level
1 means low confidence, level 2 [r_}l_eans m'égieirate confidence, and level 3 means high
confidence. Table 1 shows perc_éntage of C@_@ng and table 2 shows confidence score

on accuracy on four datasets of Iwo‘patientsf.;-’:j--’g —

Case Level 1 | Level 2 Level3 | Level4 Level 5
Case#1 prone | 19.94% 0% 0% 1.84% 88.21%
Case# supine’ 1 12.68% 1.87% 0.72% 0.43% 84.29%
Case#t1 prone | 17.91% 2.09% 2.39% 4.78% 72.84%
Case#2 supine | 11.07% 0% 0% 6.56% 82.38%
Average 12.9% 0.99% 0.78% 3.4% 81.93%

Table 3.1: Percentage of cleansing




31

Case Level O Level 1 Level 2 Level 3
Case#1 prone | 7% 0% 0.74% 92.27%
Case#1 supine | 14.84% 0.29% 0.58% 84.44%
Case#2 prone | 14.93% 7.46% 5.07% 72.54%
Case#2 supine | 11.46% 0% 11.07% 77.45%
average 12.06% 1 .84% 4.37% 81.68%

Tabler8.2¢Confidence score.on accuracy

3.3 Factor analysis result L 4

Our proposgd method depé:nds on two main algorithms which are Canny's
§

edge detection parameteér selection and similarity measure. An important parameter which
is o as we know that if this value :is high,-,‘j'}t__ makes image blur and distorts the image
information especially at boundaty-6f objects inimage and if this value is low, it cannot

remove the suffering from noise in-image wh[é_h‘»_'r;esults in wrong edge boundary because

the pulse of noise celn_activate edge_detection to_detect this spike. The other one is

similarity measure, it groups similar pixels into belonging-group without concerning about

local spatial intensity that is too sensitive to assign into the Tight group.

Another possibility far the efficient results is the patient preparation. If the
patient preparation is not very well especially where.the tagging solution cannot tag the
fecal inside colon in‘every/corner|or is too dilute to enhance-the contrast between tissue
and fecal'tagging or to identify fecal tagging material and turn out to be tissue because of

its contrast.

However, the efficiency of our results is still good enough. The evaluation
from the physician is used to explain how good and bad our method can perform. The
evaluation shows that the mistakes as shown in previous section is not that many and the

result is in a fair level. The number of data sets that is used to test our proposed method
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is still very low to confirm our proposed method for real world commercial software. It
needs a lot more data set to confirm our proposed method and improve it but now the

principle that is used in this proposed method has been accepted from this evaluation.

Next chapter we will conclude what we have done in conclusion and more
discussion about our proposed method and future work about what we are going to do

next for related research
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CHAPTER IV

Conclusion and Future work
4.1 Conclusion

This thesis purposes a new method for EC method. Unlike existing EC
methods, this method subtracts a fecal tagging material region by using the Canny’s
edge detection for capturing the boundary of colon, interpolation, hole-filling, the
similarity function for fecal tagging material region, and the reconstruction of Gaussian’s
blurring and averaging filter. Moreover, this'methodwas shown successfully to preserve
the thin tissue layer adhering to fecal ta'gging material regions while removing the AT

boundaries; thus, it could effectively remove the artifacts of pseudo soft-tissue structure.

\
4.2 Discussion

i

From thesexpgrimental ,resquts on fours sets, we can see that our
proposed method can clean the fecél taggihg’materials that are remained in the colon
regardless of their positions. As can.be see_'n-ffrom Fig. 3.1 that tagged materials located

- o
at normal position can be cleaned efficiently,fr_e_Sprecially at the position pointed by an
i e s ‘_:J‘_.l
arrow at lower right corner, it can be-seen thattagged material is removed while colonic

walls is kept untouched. Fig. 3.2-3.6 shows the removal of fecal tagging materials by

arrows (pointed frorﬁ_ e‘a:prone—posed image where the posit}@_hs of tagged material are
located up-side down).j_’he air-tissue AT layer and high d@rnsity region are successfully
removed from the originakiimage, then the images is enhanced during the reconstruction
in order to generate new smooth boundary between air and tissue. However, the partial
volume effect or PVE between three components: air, tissue, and enhance material still
remainsiin some ofithe'resultedimages. due to the problem;that thistintensity is in the
same range between two classes. The similarity function is used to avoid biased
intensity value of high density pixels. The time consumed per CT-scan slice image is
between 20 seconds to 3 minutes. Although the program is not essentially concerned
with time rate due to the relatively unurgent nature of the subject, colon cancer

detection, the speed is still subject to improvement.



4.3 Future work

In future work we try to extend our work into 3-dimensional and look for
new method that reduce computational time in colon cleansing method because a data
set is quite huge with number of pixels or voxels ( 3-dimensional). The drawback from
the evaluation method is a few numbers of samples for experiment. The number of data
set that is used to examine should be a large number of patient in future work to confirm

the result and method. In this paper is just a pilot case which starts our idea and initiates

the project with a few cases in the ossibility to continue our project into

larger volume of experiment. to create virtual colonoscopy with
new methodology in futur i \ scause the software for virtual
colonoscopy is costly so | if we coul 'nt our own software to save
the cost. The full automati irtbial colonosc needs colon cleansing
method, simulation of 3-Di ' \ 2 nd outside structure, the
navigation inside the \ rom anus to suspect region

or volume.

M,
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This section will give a review on popular edge detector as promising in
Chapter II. The popular edge detection are Sobel , Prewitt, Roberts, and Laplacian of

Gaussian (Log). Before we can that far we will give a review to the convolution concept.

1.Convolution

The linear operation calculates the resulting value in the output image pixel

|

g(x,y) as a linear combination of

in a local neighborhood N of the pixel

)els in the neighborhood N is

f(x,y) inthe inputimage. Th

weighted by coefficient, C:

(22) = c(L)* g () _;___; “g(13)+e(21)* g (21) +
c(2,2)*g(2,2) +c(2,3)* 3,2) +¢(3,3) * g(3,3)

2.Sobel’s edge detect|on

mw%uﬂQMﬂmgwaan;mmmmme
" ARIRIN Iy Inenat

vertical_mask=| 0 0 O
-1 -2 -1
-1 01
horizontal _mak =|-2 0 2
-1 01
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These two mask are used to convolute with pixel one by one in both x and y

direction and then find the strength of edge by:

JLOyP+L,0y)? or L) +[1,(00Y)
Where 1 is an image.l = I *vertical _mask, |, = 1*horizontal _mask and direction

of edge is arctan

3.Prewitt’'s edge detector§ /

The prewitt's ed [ Sobel which is used the approximation

of first derivative by es ' - in eight direction. The
gradient in each dire x ection. The direction of

edge can be found by findi om each mask. The example is

:: : j:;v:::: @ﬁ ﬂﬁﬁgﬁ%ﬁ g uﬁj ﬂ ﬁob ject cannot be vary
4R°beﬂsWWﬁ‘@ﬂim UAIANYAY

Robert s edge detector is simplest edge operator because of its mask that is

used to convolution with pixels in an image as follow:

10 01
m, = and m, =
o o mem

The magnitude of edge can calculate by:
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A=Al +[A-A
A A A
Where A is the convolutionresultand A=| A, A A
ACA A

The main drawback is sensitivity to noise because very few pixels are used to estimate

the gradient.

0.4038 0.8021
h={0.8021 .—4.87
0.403 ;;,r.:‘r.:::'.‘.:: ,"-:"
H |
The main drawb
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