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CHAPTERI
INTRODUCTION

1.1 Background and Problems

Human’s vision is natural and seems easy to uratetsanything around
them but digitize image form computer is differefitle make computer try to
duplicate the effect of human vision by electroltycperceiving and understanding an
image. It has many standard to usdrftage processing.

Image processing &pply signal processing for the input is an imageh
as photographs or frame of videoes. The outpuimaige processing can be either
image or set of characteristics or parameter relaémage.

Breast cancer is almost discovered in women, bist ibund out in little
men. Medical attempt to conduct to breast carcinoma early detection.
Mammogram are widely used, because it is cost#&ffecand the most reliable
instrument available today. However, it's time-caméng and hard to read
mammography and find out two abnormalities micriziGiaation clusters and tumors
that can indicate to be cancer excludes from reigyldn the mammogram screening
surround, A radiologist can fail breast cancer a@@% by the time, says Bin Zheng,
an associate professor of radiology at the Unityersi Pittsburgh School of Medicine
and co-leader of the collaboration along with leleague Drazen Jukic, an assistant
professor of dermatology and pathology. Because gdpecificity of screening
mammogram is not high, the doctor provides a bidpsthe patient. Moreover, the
outcome correctly shows breast cancer less thasthimeof patients. Many medical
institutions use computer-aided diagnosis (CAD)tays to detect the cancer, but
those systems find out inferior results of deterttomors. Therefore, radiologists
frequently disregard to CAD outcomes, and they ddpen observation to decide
what type of those masses between benign or maligii@ support physicians
interpret mammograms and further reliability in CAf@sults. As a result, we

developed a system to help interpretation resaitsfammogram. The system consists
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of image processing part and data mining part. fiits¢ part is image processing
prototype that emphasis in feature extracting saglntensity, center of highlighted
density, center of groups of highlighted densitigtahce from center of groups of
highlighted density, shape and size when it getsegaof those parameters then
transmits to data mining process to interpret tedubm available rules.

This research interest to develop method for algmmand feature

extraction.

1.2 Objectives

1.2.1 To develop alignment method for feature exioa.
1.2.2 To develop feature extraction method.

1.2.3 To collect the feature from extraction method

1.3 Scope of Work

1.3.1 Sample ware demonstrated in this reseaiioly ppeototype.

1.3.2 File format of photo is either PNG or BMP.

1.3.3 To study the theory and method for alignmeith Dynamic time
warping.

1.3.4 Using Dynamic time warping algorithm to dep alignment
method.

1.3.5 To study the theory and method for applyettidre extraction.

1.3.6 Implement feature extraction after alignment.

1.3.7 Precision of the feature check by expert.
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1.4 Expected Result

The results of this work are expected to proposeatiynment method and
feature and discover some valuable knowledge. Theardage and disadvantage

points of this method will be analyzed.
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CHAPTERI I
LITERATURE REVIEW

2.1 Dynamic Time War ping

Dynamic Time Warping (DTW) [1] based algorithms wizg O(If)
distance computations to perform an alignment. @/bptimization techniques can be
used to reduce the search space for the optingairaént, the produce only a linear
factor of improvement. The Vector Interpolation Heijue that we propose can
perform a time alignment and estimate the distdreteeen two sequences with O(n)
distance computations. The Vector Interpolation oatgm uses linear time

normalization. The alignment function defined as
Dy =Xik=1d[w(k)] 1)
is minimized subject to the following constraints

Monotonicity: The alignment function must be monotonic to presehe natural time

ordering in the sequences. That is

i) > ik — 1)
Jlky Z gk —1). 2)

End-Point AlignmentThe end-points (first and last samples) of the eeges must

be aligned. That is
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i(K) = N

Continuity: The alignment function must not skipyasamples in the two sequences,
therefore
ik)y—ik=1)<1
TORFCESESE

(4)

the solution to the above optimization problem igeg by solving the recursive

equation

Dlwik)| = dlw(k}| + min, -lj{ﬂlhu[.ﬂ: = 1)}

(5)

With initial condition

D[w(1)] d[‘TL‘I:_]::i

(6)

The overall discrepancy between the two resporfsesadignment is given by

D., = (1/K)Dlw(K)). @

From the monotonicity and continuity constraintposed on the alignment function,
itw(k) =[1,]], then w(k-1) consists of [ i-1], [ I, J-1] and [ i-1, j-1] and the recursive

equation becomes

DIi, j| = dli, j| + min {Dfi — 1,3], Dli j - 1]
Dli—1,5 - 1]} 8)
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Generally, D[ i, j ] is computed only for [ i, jJalues in a band along the
diagonal of the N x M array because the optimajratient path for sequences with
similar features tend to fluctuate in the neighloadh of the diagonal. This not only
restricts the region of search for the optimal raingnt path in a meaningful manner
but also reduces the number of computations redjuifer typical pattern recognition

problems, the discrepancy is computed betweentaptdtern and all the reference

patterns.
m @ [n,m] m @ [0,m]
TYPEI m-1 TYPEIII m-1 ]
m-2 @ ¢ m-2 L]
n-2 n-1 n n-2 n-1 n
TYPEII TYPEIV

Figure 2.1 Local constraints determine alignmesiBility
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m
)
= ML

| s Reference

—

Warping path w

Figure 2.2 Alignment between reference patterntaatipattern

2.2 2- Dimensional Dynamic war ping [3]

Consider two images A ={a( i, ))} (i,J=1.....Nand B = {b(x, ¥)} (X, y
=1.....M). The optimal monotonic and continuous {mensional warp between A
and B is defined by the warping function {x(i, p(i, j) } which minimizes the

following criterion function

N

N
Z el g} = blaliog)oyliog))]-
e

(9)
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Subject to the following monotonicity and continpudonditious

< yleog)—yleog =11 <2,

wli gy —alig—1) < 1.

< wfigpt—wle =17 < 2,

|/

|.'l.lr:. "I-'l: - .'l.lr:."l- - ]-.II:| i ].

(10)

Vertical and horizontal monotonicity and continurglations between a
pixel and its 4-adjacent pixels are preserved legehconditions, thus the topological
structure in images is preserved after warping.atidition to these conditions,

boundary conditions, i.e.,
X(1,j) = y(, 1), x(N,j) = y(i, N) =M (11)

are also used, Let D(A,B) denote the minimum ofdtirion function

D{A. B} = miu Z Z leali. gy —blalic )yl ).
el .'-l - | II_ |

(12)

The quantity D(A,B) gives a superimposing distarsween A and
optimally deformed B, and can be interpreted asréis&lual error between A and B
yielded by the warping. From the view point of stural analysis, the optimal
warping function {x(i, j), y(i, j) } gives an intg@retation of the image A according to

the generation model B.
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cost: a(i,j)-b(xy,y )l
XY (1,N) XY (ij-1) XY (i,j) XY (N,N)

i J T '
5 . i)
r A Xy/_':f
y —1. local warp— }7—_?-‘-!'/ f 4"‘ > ':“‘:.;/7
"., W; B | / 7 7 . \

('LN) (ij 1) transition (i j)- stage (N,N)

iy

Sta}es

L)

Figure 2.3 Multi-stage decision process for the-timensional warping problem

2.3 File Format

File format, by Kwantlen University College [4].fees to files’ type based
on a files’ structure, layout or how a particulde handles the information contained
within that file. A files’ format is usually indi¢dad by three or four letter file extension
in the MS-DOS filename. All of these file formatarle different information
(sounds, words, images) in different ways.

The focus of this study is Digital Map that impliesage file format.
Various types of image file format have been uded,nstance, BMP, JPEG, GIF,
PNG etc. Each of type has itself properties. Is thesis only two type of image file
format is referred, one is BMP file format and dmetis JPEG file format.

2.3.1BMP[7]

BMP is a standard file format for computers runnitige Windows
operating system. The format was developed by Madftdor sotoring bitmap files in
a device-independent bitmap (DIB) format that veillow Windows to display the
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bitmap on any type of display device. The term idevndependent” means that the
bitmap specifies pixel color in a form independehthe method used by a display to
represent color.

Since BMP is a fairly simple file format, its sttupe is pretty
straightforward. Each bitmap file contains:

a bitmap-file header: this contains information atbthe type, size, and
layout of a device-independent bitmap file.

a bitmap-information header which specifies theafisions, compression
type, and color format for the bitmap.

a color table, defined as an array of RGBQUAD dtnes, contains as
many elements as there are colors in the bitmap. ¢ihor table is not present for
bitmaps with 24 color bits because each pixel jgagented by 24-bit red-green-blue
(RGB) values in the actual bitmap data area.

an array of bytes that defines the bitmap bits.s€hare the actual image
data, represented by consecutive rows, or "scas,lirof the bitmap. Each scan line
consists of consecutive bytes representing thelgixethe scan line, in left-to-right

order.

BMP files always contain RGB data. The file can be:

o 1-bit: 2 colors (monochrome)

o 4-bit: 16 colors

« 8-bit: 256 colors.

o 24-bit: 16777216 colors, mixes 256 tints of Redwidb6 tints of Green
and Blue

The main advantages of this type are the easdeofdiimat and no data
loss, however, the disadvantage in size of fileoissiderable. This thesis also suffered

from the large size of this file format in memorsage, so compression is reasonable.
2.3.2JPEG
JPEG stands for Joint Photographic Experts Groupjchw is a

standardization committee. It also stands for tbengression algorithm that was

invented by this committee. To complicate thingdia more, JPEG compressed
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images are often stored in a file format calledFJEAIPEG File Interchange Format),
which a lot of people also refer to as JPEG!.

JPEG is a lossy, loss in data, compression algorithat has been
conceived to reduce the file size of natural, pgaphic-like true-color images as
much as possible without affecting the quality loé image as experienced by the
human sensory engine. We perceive small changasghtness more readily than we
do small changes in color. It is this aspect of parception that JPEG compression
exploits in an effort to reduce the file size

The JPEG algorithms perform its compression in fihases:

First, the JPEG algorithms first cut up an imagesaparate blocks of 8x8
pixels. Since the format is based on luminancefoinmance perception, it does not
analyze RGB or CMYK color values but instead cots/eimage data to a
luminance/chrominance color space, such as YUV.s Thilows for separate
compression of these two factors. Since Iuminangemore important than
chrominance for our visual system, the algorithtairs more of the luminance in the
compressed file.

The next step in the compression process is apfiedDiscrete Cosine
Transform (DCT) for the entire block. DCT is a cdexpprocess that is let loose on
each individual pixel. It replaces actual colorad&ir each pixel for values that are
relative to the average of the entire matrix tisadbeing analyzed. This operation does
not compress the file, it simply replaces 8x8 pixelues by an 8x8 matrix of DCT
coefficients.

Once this is done, the actual compression cant. skrst the
compression software looks at the JPEG image guhlg user requested (remember
PhotoShop ‘low quality’, 'medium quality’, ...) asadculates two tables of quantization
constants, one for luminance and one for chromi@a@nce these tables have been
constructed, the constants from the two tables wsed to quantize the DCT
coefficients. Each DCT coefficient is divided by itorresponding constant in the
guantization table and rounded off to the neargsiger. The result of quantizing the
DCT coefficients is that smaller, unimportant caaénts will be replaced by zeros
and larger coefficients will lose precision. Itties rounding-off that causes a loss in

image quality.
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The resulting data are a list of streamlined DCe&flicients. The last step
in the process is to compress these coefficientsywsther a Huffman or arithmetic
encoding scheme. Usually Huffman encoding is uddds is a second (lossless)
compression that is applied.

Advantage of JPEG

By putting 2 compression algorithms on top of eatiter, JPEG achieves
remarkable compression ratios. Even for prepressymi can easily compress a file
to one fifth of its original size. For internet pishing or e-mail exchange, even better
ratios up to 20-to-1 can be achieved.

JPEG decompression is supported in PostScript waeid 3 RIPs. This
means that smaller files can be sent across theoretto the RIP which frees the
sending station faster, minimizes overhead on tim¢ perver and speeds up the RIP.

Disadvantage of JPEG

The downside of JPEG compression is that the dhguoris only designed
for continuous tone images (remember that the PPIBG stands for Photographic).
JPEG does not lend itself for images with sharpngba in tone. There are some
typical types of images where JPEG should be adoide

« Images that have had a mask and shadow effect amddégem in
applications like PhotoShop.

« Screen dumps or diagrams.

« Blends created in PhotoShop.

« Images containing 256 (or less) colors.

« Images generated by CAD-CAM software or 3D applocet like Maya
or Bryce.

« Images that lack one or more of the process cofwmetimes images
are created that use for instance only the magamablack plate. If such an image is
compressed using JPEG compression, you may séacsstshow up on the cyan and
yellow plate.

Because of its lossy nature, JPEG should only bed uduring the
production stage of prepress (making PostScriptP@F, imposing, proofing,
outputting). During the create process when imagesstill edited, cropped and color

corrected, each new SAVE-command leads to extsaadbsmage quality when JPEG
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is used.

2.3.3DICOM

Digital Image Communication in Medicine (DICOM) defs a standard
method of transmitting digital medical-image infation between devices, such as
computers, servers, or imaging equipments. Thedatdnnot only prescribes how to
communicate with other imaging equipments and deted, but also how to store

images.

DICOM Server

1

¢

Images

Patient
database

Imaging device

Figure 2.4 Digital Image Communication in Mediciiizd COM)

M.Sc. (Tech. of Infeys. Manag.) / 13
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2.4 Feature extraction by shape matching [5]

In feature extraction, we generally seek invariapoaperties so that the
extraction process does not vary according to chasmnditions. The techniques
should find shapes reliably and robustly whatehervalue of any parameter that can
control the appearance of shape. We seek to fsithpe whether it is light or dark, In
principle, as long as there is contrast betwedmge and it background, the shape can
be exist. Following illuminations, the next mostpontant parameter is position: we
seek to find a shape wherever it appears. Thisuslly called Position, location or
translation invariance. Then, we might seek to mieitee the object at whatever size it
appears, which might be due to physical changeowr to close the object has been
placed to the camera. This requires size or scalarinnce. These are the main
invariance properties we shall seek from our sheyeaction techniques. However,
nature (as usual) tends to roll balls under our. there is always noise in images.

But before we can develop image analysis technjgueseed techniques
to extract the shapes. Extraction is more comphlan tdetection, since extraction
implies that we have a description of a shape, sisclis position and size, whereas
detection of a shape merely implies knowledgesoéxistence within an image.

To extract a shape from an image. It is necessargeantify it from the
background elements. This can be done by consglémmintensity information or by
comparing the pixels against a given template. Tatepmatching is a model-based
approach in which the shape is extracted by saaydbr the best correlation between
a known model and the pixels in an image. Therealtexnative ways in which to

compute the correlation between the template amdhtage.
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Figure 2.5 Template matching

2.5 Related Research

2.5.1 Nonlinear Alignment and averaging for Estimating the Evoked
Potential

Gupta, L.; Molfese, D.L.; Tammana, R.; Simos, P(E996) applied
nonlinear alignment for method which incorporateslimear alignment of the EP’s
into the averaging operation is developed. The otktimakes no prior assumptions
about the properties of the EP or which responskdrset best characterizes the EP to
be estimated. The nonlinear alignment procedurdesigned to pairwise generate
optimally aligned EP’s by backtracking along thetim@l alignment path. The
nonlinear alignment and averaging operations aseenyatically combined to develop
methods to estimate the EP. Results from a sefiesxperiments conducted on
simulated and real sets of responses show thaiughr nonlinear alignment and
averaging, the events in the EP’s are preservedtandstimates of the EP are quite
robust. [1]
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2.5.2 Word Image Matching using dynamic time war ping

Rath, T.M.; Manmatha, R. (200®yoposed an algorithm for matching
handwritten words in noisy historical documentse Tdegmented word images are
preprocessed to create sets of 1-dimensional fsgtwhich are compared using
dynamic time warping. We present experimental tesah two different data sets
from the George Washington collection. Our expentaeshow that this algorithm

performs better and is faster than competing magctechniqued2]

2.5.3 Direct Image Matching by Dynamic War ping

Hansheng Lei; Govindaraju, M2004) proposeda new and efficient
2DDW (2-dimensional Dynamic Warping) algorithm flirect image matchingrhey
extend DTW to 2-dimensional elastic image matclggnaking use of DTW's DP
(dynamic programming) methodrheir algorithm also guarantees continuity and

monotonicity and the complexity is only OUN[3]

254 A Partial Shape Matching Using Wedge Wave Feature
Extraction

Mori, K.; Ohira, M.; Obata, M.; Wada, K.; Toraich{. (1997) proposed
matching method is classifying convexity of shapetour with wedge wave, the
base of convexity, and detecting correspondencesmiexities between two shapes
by extended DP matching, which deteat®-to-zero correspondence as well ase-

to-one correspondence.[9]

255 Multi-Dimensional Dynamic Time Warping for Gesture
Recognition

G.A. ten Holt.; M.J.T. Reinders.; E.A. Hendriksepent an algorithm for
Dynamic Time Warping (DTW) on multi-dimensional enseries (MDDTW). The
algorithm utilizes all dimensions to find the baghchronization. It is compared to
ordinary DTW, where a single dimension is useddigning the series. Both one-
dimensional and multidimensional.

DTW are also tested when derivatives instead dufeavalues are used

for calculating the warp. MD-DTW performed bestfinding a known ground truth
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under noisy conditions. The algorithms were alsedus perform simple classification
of a set of 121 gestures. MD-DTW performed as veall better than any single
dimension in all tasks. In general, DTW on featteeivatives gave better results than

DTW on feature values.[10]
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CHAPTER 11
RESEARCH METHODOLOGY

3.1 Research Methodology and Procedure

5.Evalution
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This chapter describes the research method and material in development
alignment and extraction method.

3.1.1 To study the theory and method for alignment.

3.1.2 To study the theory and method for feature extraction.

3.1.3 To collect the images.

3.1.4 To analyze and design the prototype.

3.1.5 To create and devel op the prototype.

3.1.6 To implement and test the prototype.

3.1.7 To evauate the efficiency of prototype.

3.1.8 To conclude the result.

3.1.1 To study thetheory and method for the alignment.

input »| Test Pattern » Output

Reference
Templates

e  Study theory for alignment method.
e  Study theory for 2-d dynamic time warping.
e Develop methodology for aignment image.

3.1.2 To collect theimages.

We use the prototype images for all our experiments. We make the

template pattern images and test pattern different views for testing the system. The
images are many different important locations.
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3.1.3 To analyze and design the prototype.

e Definetheinput and output of system.
e Define the algorithm and operation of system.

3.1.4 To create and develop the prototype.

e Create and develop al agorithm and operation by
MATLAB.

3.1.5 Toimplement and test the prototype.

e  Testing sub-program.
e Testing whole program after testing sub-program.

3.1.6 To evaluate the efficiency of prototype.

Efficiency of prototype is performed by percent of accurate alignment

images and feature collected.

3.1.7 To concludetheresult.

Conclude the researched result if correctly in line with the objectives,

present the idea in order to better the system and issue the research document.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Manag.) / 21

3.2 Materials

3.2.1 Hardware

Personal Computer
- CPU

- RAM

- Hard Disk

- Monitor

- Peripherals

3.2.2 Software

- Operating System

AMD Turion 64 x2 processor 1.6 GHz

DDR 2048 MB

120 GB

ACER

Keyboard, Mouse, Printer, Diskette and CD-ROM Drive

Microsoft Windows XP

- Programming Language : MATLAB
- Graphics Adobe Photoshop
- Document Microsoft word

- Presentation

Microsoft PowerPoint
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Activities

Time (Months)

3

4

5 6 7

1. Literature Review

2. Data Preparation

3. System Analysis

4. System Design

5. System Development

6. Testing

7. Conclude the results

8. Final thesis document
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CHAPTER IV
RESULTS

This chapter will describe the results of thiseaesh. It was about result of
alignment method with dynamic time warping and deatextraction for medical
image. There are the patient’s pictures of digmammography derived from
Ramathibodi Hospital total 180 images from 45 pdasi¢o use in method.

4.1 Dynamic time warping

4.1.1 System overview

We attempt to apply the dynamic time warping togmalignment. In our
experiment, we convert DICOM file to PNG file inetlpreprocessing step. We use
dynamic time warping for an alignment and extrdut feature with the template

matching.
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v

Preprocessing

Wieal

Alignment

& W,

Template Matching
Y

Result

W

Figure 4.1 DTW methods for alignment and extraatifee

4.1.2 Preprocessing

Digital Imaging and Communications in Medicine (D®) is a standard
for handling, storing, printing, and transmittingfarmation in medical imaging. It
includes a file format definition and a network gammication protocol. The protocol
that uses TCP/IP to communicate between systen3OMII files can be exchanged
between two entities that are capable of receiinmage and patient data in DICOM
format. It has large size before using into proc®¥s need to convert it to to use in
the process.

However, something indispensable for this reseaschthe template
provided by expert. In the preprocessing step, wistnprepare template. Obtained
from experts in the order.
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Figure 4.2 Example of reference pattern

4.1.3 Alignment

Alignment that a result of dynamic time Warping (@) This
demonstrates the heart of the data matched thenditaach corresponding position.
This will make us say that the different regiomsages were tested with the direct any
templatesAnd will lead to the extraction processing stage.

The algorithm involves the distance matrix condiucand the searching

for optimum warping path. The minimum cumulativesicat the end of the warping
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path becomes the DTW distance that can be viewdidtance measure between two
time series sequences. For example, Two time seei@sencesl andR of lengthm

andn, can produce an m x n distance mattix {d}mxn

22 23 24 25 26

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21

Figure 4.3 Warping path

We can find the optimum mapping path in DTW. It densummarized in

the following three steps:
1. Optimum-value function: Define D(i, j) as the DTWsthnce between

t(1:i) and r(1:j), with the mapping path from (J,tt (i, j).
2. Recursion: D(i, j) = [t(i) - r(j)? + min{D(i-1, ), D(i-1, j-1), D(i, j-1)},
with the initial condition D(1, 1) Ft(1) - r(1)]2.

3. Final answer: D(m, n)

T=[1112...,2,33,21]; 03,2,2,1,11;

R2[1,2 3,...
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1|1 2 |6 |10 .. |11|12|12|12
211 |2 | 6|10|... |11|12|12|12
311 216 [10]... |11|12 12|12
312 |1 |2 |3 3 (3|45
313 |1 |2 |3 3 (3 |4
417 |21 |1 2 |3 |7
5|18 |3 |1]1 2 (3 |7 |11
5|6 |32 2 1|1 |2 |3
6|5 (4|6 6| ..] 2(2 |1

Figure 4.4 Warping distance

4.1.4Feature extraction

In this step, we use template matcl to match between the actual d
model and templajewhict created or selected by experi&/e can extract the
properties of the bree before the first thing to note that the decision of thaxtors
will consider briefly the following feature

(@) (b)
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(€)

Figure 4.5 Examplef Feature

From the samples, we used a template to matchrtagea of the patier

and scored as percente

4.2 TestResuli

Theresults of this research i the characteristic feature of which showe
similar reference patte obtained from expert how much thmrformanc.

Firstly, we will put Distance or Similarity as Performance index ia
range of 0 and 1 or [0, 1] in short. The processrafisforming our index from
value into a range of 0 and 1 is calnormalization. | will also briefly discuss abot
statisticalnormalization i this sectionSuppose the dissimilarity index is in the rau
of [ d max, d min] @nd is not in the range of [0, 1]. We want to tfarm it into range o
[0, 1]. Let us put notation d to the original dmdarity and § to the normalized
dissimilarity. There are several ways to normalize an index. Imcjpie, to aggregai
a sequence of numbers into range of [0, 1] we needake them positive and divi
with something that is bigger than the nominatosing this principle, we can mal

use any inequdly to normalize the inde:
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Statistic Normalization

You have your data X then you minus with the mefahe data X, and

divide this difference by the standard deviationy@&i will get another Z that has
normal distribution with zero mean and unit variauit is also called Standard
Normal distribution, N(0,1) ).

The Experiments result as shown in the followirgea

Table 4.1 Example result

Number. Feature Performance

1 round 0.28
oval 0.73

lobular 0.32

irregular 0

Circumscribed 0.35

Microlobulated 0.39
Obscured 0.72

Indistinct 0.35

Spiculated 0.24

Low density 0.66

Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).

Results / 30

Number. Feature Performance

2 round 0.73
oval 0.28
lobular 0.32
irregular 0.35

Circumscribed 0.72

Microlobulated 0.39

Obscured 0.64
Indistinct 0.53

Spiculated 0.44

Low density 0.62

Equal density ( isodense 0.46
High density 0.58
Number. Feature Performance

3 round 0.28
oval 0.73

lobular 0.32

irregular 0

Circumscribed 0.35

Microlobulated 0.39

Obscured 0.72

Indistinct 0.35

Spiculated 0.24

Low density 0.66

Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).

Number. Feature Performance

4 round 0.28
oval 0.73
lobular 0.32
irregular 0.11

Circumscribed 0.35

Microlobulated 0.39

Obscured 0.72
Indistinct 0.35

Spiculated 0.24

Low density 0.66

Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance

5 round 0.28
oval 0.73

lobular 0.32

irregular 0

Circumscribed 0.35

Microlobulated 0.39

Obscured 0.72

Indistinct 0.35
Spiculated 0

Low density 0.66

Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).

Results / 32

Number. Feature Performance
6 round 0.28
oval 0.43
lobular 0.32
irregular 0.54
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.34
Low density 0.42
Equal density ( isodense 0.62
High density 0.66
Number. Feature Performance
7 round 0.28
oval 0.43
lobular 0.32
irregular 0.43
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.53
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).

Number. Feature Performance

8 round 0.28
oval 0.33
lobular 0.32
irregular 0.54

Circumscribed 0.35
Microlobulated 0.39

Obscured 0.72
Indistinct 0.35

Spiculated 0.74

Low density 0.55

Equal density ( isodense 0.42
High density 0.58
Number. Feature Performance

9 round 0.28
oval 0.66

lobular 0.32

irregular 0.38

Circumscribed 0.35

Microlobulated 0.39

Obscured 0.72

Indistinct 0.35

Spiculated 0.42

Low density 0.46

Equal density ( isodense 0.42
High density 0.48
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Table 4.1 Example result ( Continue ).
Number. Feature Performance
10 round 0.28
oval 0.62
lobular 0.32
irregular 0.18
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.16
Indistinct 0.35
Spiculated 0.72
Low density 0.56
Equal density ( isodense 0.45
High density 0.52
Number. Feature Performance
11 round 0.28
oval 0.63
lobular 0.32
irregular 0.40
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.89
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).

Number. Feature Performance
12 round 0.28
oval 0.43
lobular 0.32
irregular 0.22
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.42
Indistinct 0.35
Spiculated 0.44
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
13 round 0.28
oval 0.73
lobular 0.32
irregular 0.36
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.45
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).
Number. Feature Performance
14 round 0.28
oval 0.73
lobular 0.32
irregular 0.63
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.54
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
15 round 0.28
oval 0.65
lobular 0.32
irregular 0.64
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.84
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).

Number. Feature Performance
16 round 0.28
oval 0.72
lobular 0.32
irregular 0.57
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.63
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
17 round 0.28
oval 0.05
lobular 0.32
irregular 0.73
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.73
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).
Number. Feature Performance

18 round 0.28
oval 0.73

lobular 0.32

irregular 0.08

Circumscribed 0.35

Microlobulated 0.39

Obscured 0.72

Indistinct 0.35

Spiculated 0.67

Low density 0.66

Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance

19 round 0.28
oval 0.73
lobular 0.32
irregular 0.54

Circumscribed 0.35

Microlobulated 0.39

Obscured 0.73
Indistinct 0.35

Spiculated 0.62

Low density 0.42

Equal density ( isodense 0. 66

High density 0.62
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Number. Feature Performance
20 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
21 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42

High density

0.62
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Table 4.1 Example result ( Continue ).
Number. Feature Performance
22 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
23 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Number. Feature Performance
24 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
25 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42

High density

0.62
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Table 4.1 Example result ( Continue ).
Number. Feature Performance
26 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
27 round 0.28
oval 0.73
lobular 0.32
irregular 0.08
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.06
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).

Number. Feature Performance
28 round 0.28
oval 0.73
lobular 0.32
irregular 0.42
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.41
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
29 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).
Number. Feature Performance
30 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
31 round 0.28
oval 0.73
lobular 0.32
irregular 0
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).

Number. Feature Performance
32 round 0.28
oval 0.73
lobular 0.32
irregular 0.18
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.73
Indistinct 0.35
Spiculated 0.72
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
Number. Feature Performance
33 round 0.28
oval 0.73
lobular 0.32
irregular 0.24
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.20
Low density 0.66
Equal density ( isodense 0.42
High density 0.62
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Table 4.1 Example result ( Continue ).
Number. Feature Performance
34 round 0.28
oval 0.53
lobular 0.32
irregular 0.60
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.47
Low density 0.62
Equal density ( isodense 0.40
High density 0.52
Number. Feature Performance
35 round 0.28
oval 0.32
lobular 0.37
irregular 0.45
Circumscribed 0.35
Microlobulated 0.39
Obscured 0.72
Indistinct 0.35
Spiculated 0.55
Low density 0.46
Equal density ( isodense 0.52
High density 0.62
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CHAPTER YV
DISCUSSION

The purpose of this research is aignment image of medical image and
extract feature by apply dynamic time warping agorithm. In performance comparison,

we eva uate the performance of each algorithm in the 45 case, 180 testing data.

5.1 Data Collection

The raw medical images have a large size. Cause inconvenience to the
process. As aresult, raw medical data must be requiring data preprocessing that make
the data more suitable for alignment.

By improving the collection of the data can reduce the problem of image

Size, resource used, time spent in the process the data

5.2 Alignment

Alignment is a result of dynamic time warping, representing the matching
of each data point with the corresponding position. This is a key process to extract the
desired features.
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5.3 Feature extraction

Matching between the actual data and reference patterns or templates.
Template may be created a draft by hand or selected by experts. Each template is a
location to extract information out already. In this work, template matching is used

dynamic time warping. The alignment is compared with the template of testing data.

5.4 Tool in theresearch

This research used Matlab. Developed by the MathWorks, Mathlab allows
matrix manipulation, implementation of agorithms, creation of user interfaces and
interfacing with programs written in other languages. It can help to easy for

devel opment, researching and calculating.

5.5 Problem during resear ching
In the processing stage, we found that the recursive function use to many
resource. We will be reduced the image size down and manage direction of recursive

function flow.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

This research proposed the dynamic time warping for aignment medical
image. The results we fine feature by compared between reference template and
testing image. We found that the dynamic time warping method used to feature
extraction because dynamic time warping is one of the tools, similarity measure.
Particularly in the fields related to the processing time series. Results from the calculation
used dynamic time warping is the distance between the measured time series and the

alignment between the two time series.

6.2 Recommendation

Template matching can be used to extract the properties very well.
However, there are important factors that determine the reference pattern. It will not
only have reliable data. It can also check the alignment template to improve a better

future.
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APPENDIX B
Mammogr aphic analysis according to BI-RADS

a J aw 4
WE. WY, FaNWY ITANWUD

AudItatedIuL 7M1A3NSIFINGT AazUNNIMAA3 15aN1IT LA

UN
BI-RADS 8911911 Breast Imaging Reporting and Data System %99A%11 1A8 American
[ s A
College of Radiology (ACR) laafiiagilszasmiie linisulananaz sieaumanuy Tunnsy
o o I a = o o 9o A A
voesydunnaduldlunamafenuy aaanuduaulumslediussoreaensiany doniu
= s Y Y Y 1 A a a A 1 A a a 3}./ )
nuedunndves [YRa11931M3A5INL ARl navs e la nazasRalnAtuli Tema

U

I <3 Y =\ ) [ Y 3}./ [ [ a
Lﬂuuglﬁ\TNTﬂu@ﬂLWﬂQiﬂ L!a3“1!3u]uuQV]TQ‘IUﬂTﬁﬂL!aiﬂHTﬁjﬂ’JﬂiTﬂuu"] @I@]’Iﬁl] LU AN
g‘/ A 2 Lg dy = o Y a 4 o
WNATTYSTU Y79 TUAITIVISYUIUD u@ﬂﬂ1ﬂu€l\13~11J3318%“1“ﬂ'luﬂ'li'llﬂﬁ'lgﬁﬂ'liﬂ'l\ﬂu
. 7 Y ' VA Y
(audit) VDIFUILDNHLTYAUNUADSLUNIDNAIY

dm¥0 BI-RADS A l¥oglutfaniiuilu 4 edition Fuaualuil 2003

Breast imaging lexicon

wienitedondu A. Masses
B. Calcifications
C. Architectural distortion
D. Special cases

E. Associated findings
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A. Masses

[

o o . . { g 4 <
MINANIVVDY “Mass” 7D space-occupying lesion Muluwenssd 2 aw a1y
~ L q Yg Yo 1
e I lan il 17 196191 “asymmetry” tnu
a {3 a J Y
mMylszilinusoslsaniily Mass 9W91501910 1.51/919 (shape) 2. VOUVDINDU

[

F4
(margin) 1182 3. ANUHUWUUVEIADY (density) Taelisrvazideadail

1. g‘l.l’a!N (shape)
a. gﬂﬂam (round)
b. gﬂllﬂi (oval)

c. 3 1Jnén (lobular) Lobular .

d. gﬂi'”NﬁU?Ui% (irregular)

Irregular

MUANITIT061994 1

2. YBUVDINOHU (margin)
a. VOVI3ED (circumscribed, well-defined, sharply-defined margin)
aa o 19 = =) Y Y Y = @ [
ﬂ1iﬁuﬂﬂﬂj1ﬂ@u1ﬂmﬂﬂﬂﬁﬂﬂ ﬁmmmsaszu"lmwaumamamiﬂmﬁuaﬂuamq
v Y o A A ) A 9 Y Y A
UBY 75% UVDINDU IﬂﬁlﬂW]’N’c’f’Juﬂ!ﬁa@@'ﬂUﬂﬂﬂ (obscured) INUBDIEUNUNULAYT DIUTIU
I % (Y] . .. I . @ ] @
Tadaunilsvoulida (indistinct) Wiovouiuunn (spiculated) 1Hvnoglu 2 Uszianvas
1379 circumscribed
b. YeUWENAUY Ha8dU (microlobulated margin)
c. "Ilé)‘]Jgﬂ‘]Jﬂ‘]o.lJﬂ (obscured margin)

v o X 9 Yy A A& a ¥ Y, ' -
TﬂEJGU@1]GlJi’]Qﬂ@u@jﬂﬂﬂﬂ\iﬂ1ﬂluﬂlﬁ1uum1qlﬂfN PIVINE) UAIVDUUBDINDUUIISLTYY

(circumscribed)



Phuwit Raksakaew Appendices/ 58

d. veu'lu¥a (indistinct, ill-defined margin)
' Y Y "o A A o . . o 9 @
"lmmﬁaizumammﬂau”lmuﬁm IUBDINNUANY MY infiltration %Wﬂﬂﬁﬂﬂulﬂﬂqﬂﬂﬂ
X 9 Y a
IUBDIATUHNUNLIAYN

g . 0
e. vouiluunn (spiculated margin)

Circumscribed ‘
Microlobulated .

Obscured ‘

Indistinct .
Spiculatei_:*

MNNNHIITDS1994 1

3. ANUHMMHHUVDINOH (Density)
a . ~ o & Y .
Tagna1san X-ray attenuation 193598 15AMNIUNVILDIA UL (fibroglandular tissue)
v Y dyd o 1A [l [ 1 Y a "9 A
NIVDUUAIUA aﬂmﬂmﬂau"lﬂmwgﬂimmzmammﬂauiumiﬂizmmmauw
= 3 ] 9 ~ A < 9y o A . Y A '
ATIINU anJmmﬂummmnuamwaﬂﬂ HBDNNUELTUATUNNNY density NN ﬁi@’g\‘]ﬂQW
j’ 9y dy 3 9 (=) o Vo & =] A R .
IUBDINTUY Ll@ﬂiﬂﬂHN%L?QM”IH?J%%lliJiJll"UEJHLWﬁﬂﬂg mumz"lmmumnmwu radiolucent
kY
melunou

. Y I~
msudana density vosnou vztemily

a. High-density

=

Equal density (isodense)

Low density ue lai 9 fat-containing

e

d. Fat-containing radiolucent

{ g ) 1
TagsauseeaTsandlulviiy Taun Oil Cyst, lipoma, galactocele tiag

= 1

A v Y [ Y] 9 1 A A A A
i’e]ﬂIiﬂﬂNﬁNi%ﬁ’JNﬂ@uﬂUll‘lliJu Vlﬂllﬂ hamartoma ¥390NLT3YNDNYDIN
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[

. < { . 4 o &
fibroadenolipoma 58815AlANAUNNSAYYE radiolucent 1Ho991nT Ty

d1115znoVazIAY UGN benign mass

B. Calcifications

Msuana calcifications 9 W1319IN31/3196N UL (morphology) HATNITNTLIA
. . . A a ~ 12 19 1 3 A a A A 9 o < 9 =
(distribution) Ba#iu)ulivia Ivaaelulsuzise ieosnniduluiinertesnvuzizuauuez
1 %} a 1 %} U { 1 .
Auiutiauannnetiuy lagmmnzysnaneiuuaiutaleiizonit Terminal ductal lobular
. =2 A <
unit (TDLU) &9011aLa0
Y o ' . . kS 19 1 3 ' ] 1o & vy
Tumssieauna 81311971 calcifications Hu T lguz5 soeaninou 019 lisuiudes
- sy Y 1 < . . =
53u‘SWﬂﬁzL@ﬂﬂlHiUiWﬂﬂWHWﬂﬂqﬂ 1Y 11U round calcifications IW84 1-2 99
Y . . G Y ' 2 9 @ A A
210U vascular calcifications Tﬂmﬂwwﬂuﬁmmquaamw 50 U AT NANMTLIN
a . Y
0190A coronary artery disease a
. . ' A 3 ¢ v o X
Calcifications 1119913 TomanvzIuuzs uauuasil
13 < v ! . .
1. ludlunzs advyedrautiveu (Typically benign)

3 & < < . .. . .
2. mnaneatlunzEa (Intermediate concern, suspicious calcifications)

3. ulemd q nvzithuuzsa (Higher probability of malignancy)

1. nguithiifluazidadused1auiivou (Typically  benign) laun calcifications 1l

Y
anvazaaan 11l

Y] [

. . . = = 1 < ~
a. Skin calcifications: NUANHYUE lucent-centered BI1VNJ Usrutlumaesw (polygonal shape)

WANUN inframammary fold, parasternum, Soud (axilla) BAZATUHIUY (areola)

] Y]

Y v
Tangential view 92 %2881 calcification HOENHINIIA

U

<3 . . o
b.Vascular calcifications: (%1 calcifications an¥aziviions1930 v Tmuveudndnaves

L g . { a g . .
tubular structure H41JU calcified artery Mnalug Tunica media
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v

F4
c. Coarse 1130 “Popcorn-like” calcifications: calcifications iy ﬂﬁﬂlu”lﬂclﬁillu (>2-3 yaaLuNg) X
o ' F v a . .
anvaz3lienarsinTnand tnaly involuting fibroadenoma
. . . . . v A a . o] & ¥
d. Large Rod-like calcifications: calcification anvauziazina Iy ductal ectasia (WY WIdUE1)

ADNY YUIANNUINNIIUTBININD 1 Tadiwas 8190ATINA1T lucent 11109910 calcifications 0

= 4 & 9

! Y 1 ¥ I . . 3 { o
!ﬂW]gﬁWHQmBQV]@u1uN W%@Lﬂut%u%uﬂqm\uﬁu%Alﬂ calcified secretion 11!1/]91!']1!1117]61]818@3

. = @ = @ 3 A 3 (= Y
(ectatic ducts) ﬂTiL‘iEN@n%z"lﬂ@lmmitiﬁlwa‘llmﬂ@umu Aot usAN0ONINKIUY B1UAN

A g v

1 ] ¥ . . ' @
ﬂqmummﬂﬂmwamuu wazanung 2 Gﬁ)N secretory calcifications Ul uﬂwu“luﬁm'%mq
11NN 60 1

. . . . (2 ‘:9/ Y A v W g’/ Y A
e. Round calcification: calcifications aNHUTUDIUNITNTLDIYNIND €] NAUATUY (scattered) 8
q 1 < Y A < ' A A o ] . Y . . =
vliJGlGlﬁle,N DINVUIAUANNIT 1 UAALUAT uﬂagflu acini U®Y lobules 91 round calcifications 3
< 1 a a ~ [ A g .
VUIAANNI 0.5 UAdIIAT 32iT8n1 “Punctate” TunsaNU isolated cluster of punctuate
. . o 3 Y A o A D) 2 A . v g
calcifications ﬁmﬂu@mmmuwaﬁwmu HNIDD1ANDIUINCTUIUD (blopsy) anu
. . A a da! A ] Y 9 = v A o < 9 1
calcifications ‘V]LﬂWIJLlGLWJJ wsaagiummmnmmnumﬂasﬂymmmmuumﬂau
Y
f. Lucent-centered calcifications: calcifications 8 nHULIFUT YYUIALANAIL ﬂu"l,ﬁ'mﬂ 979NN
1 %’ . . 1
]'l@’]}il”lﬂ fat necrosis 130 calcified debris 1UN®UIUY VOVVDY calcifications ILHUINI
calcifications LU “rim” 130 “eggshell”

. . . < . . A o A I 9 T Aa

g “Eggshell” or “ Rim” calcifications: 11U calcifications NIV WIZNVO VT WAULN il T3ipu
Aa a = 1 ] . A . . A o ¥
1 Yaalung ugﬂﬁmam mmg]mmﬂumﬂ fat necrosis 139 calcifications NHUIVDIPIU (cyst)
I . .
h. Milk of calcium calcifications: 11 UN15ANALNOUVDI calcifications 11 macro 130
. . ] g ' Q& ' ] &
microcysts 14 CC view dztrivilugisnnauiuilu ) (fuzzy) Tum 90° Lateral aziwiuilugi

[

Pt . . 1 ' . . 1
WIZAUNTLTED (semilunar, crescent shaped, curvilinear) agﬁ’mmwm cysts Milk of calcium i
Y

<3| . . a A A~ = J ~ %
13]U calcifications %uﬂmﬂmuﬂmﬂaemgﬂswiumwumimmm 2 MUNAININAU (CC uay

90’ Lateral)

. . . < . . Ao A Y A Yy A A Vo
i. Suture calcifications: 13/ calcifications NIUNYNAY HIDAINHAUKHADIINNITHIAA
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@ o [ a @ <
j. Dystrophic calcifications: WU luduNNBHAINTNITIATNY WIOMAAUHAINTLIARLY
(trauma) WouUA N 1nfigUirsaguse hisen uazlivinalugnii 0.5 Tadmas 1aginil lucent

centers

2. Calcifications nmpanerilunzisa (Intermediate concern, suspicious
. . ) A
calcifications) 12 1sz1an Ao
A . . . . . . 1 dy ~ < Y ~
a. Amorphous ¥19® Indistinct calcifications: calcifications I¥UY ITUUYUIALAN g]l?hc] (hazy) "
] J @ A Y 9 A v v Y
Vlllffﬂiﬂiﬂﬁ%ﬂgﬂiﬂﬁﬂ‘ﬁﬂ!%ﬂmw1$ﬁn$i]\‘lulﬂ DIUNITNITTIYAIND ) IATUY (scattered) IS
19 1 <3 1y v 3 @ . . G
Tiilouzi5e uaginmsnszaredntluanyme Clustered , regional, linear ¥J® segmental
o & Y o L2 X .
NWuAoIINMSINEFUILD (biopsy)
I . . { (% ]
b. Coarse heterogeneous calcifications: 92131 calcifications Ny NHUSVFVIE YUIANUINNI
0.5 Hadmas uazinazsauaanu uavuialilvaiing dystrophic calcifications, calcifications
Aa d" [ ?x‘a ~ ] ] < ~ 9 o < ~ ] 1 < ] .
FUAU wu“lﬂm°lum:1$1n"lzu“lwzﬁmazmmmmﬂ‘umm ﬂ1’J$TIl13JGLGlﬁJ$L§Q 1% fibrosis,
A 3 9 & 9 g Ay g < ] .
fibroadenomas 1139 N1TUIALDUVDUATUY G])’\‘lﬂnﬂu‘mﬂﬁn‘ﬁﬂﬂllﬂJalflﬁlei\i iuan evolving

dystrophic calcifications

3. Calcifications ﬁﬁiamagaﬁ%nﬂums%a (Higher probability of malignancy):

[ [}

[ F4
calcifications Nvnag lunguil 1 2 1szian fe
. , s g N - 4 1 o oa
a. Fine pleomorphic calcifications: 111 calcifications 31/319U5vszNuAazdu UANY
v
1 R J o < 1 a A
HANANAUNIVIIALAL 31319 TpTVLIAENNI 0.5 Taawag
. . ] . . . . . v 3 Y !
b. Fine linear %30® Fine-linear branching calcifications: Wtluduana d gt

A v A Y 9y 1 A a = . . A 3 A g 3
ABDIUBDINU WAINNNINNUBYNIT 0.5 UAALNAT G]NHJH calcifications ﬂ@gﬁluﬂﬂumumﬂuumiﬂ
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Distribution modifiers

@ 1 I

1%}U55818ﬂ15ﬂ53ﬂ18ﬁ3 AIGN| calciﬁcationSIﬂEJLLlN@Bﬂlﬂu

a . Diffuse/Scattered:
' Y 1

UMINTLNT 9 NUAIUN punctate 1A amorphous calcifications NINITATLIEAD
o dy 19 1 3 . v & A Y y 9
aﬂymzu“lﬂ%mm (benign) HazUNUNAIUNNIFTDI19
b. Regional:

" . . [ g Y =y 1 '

N1INTLYNIVDA calcifications 2gNI 11!&1!9&9]11!111]5%1@]5%1ﬂﬂ’31 2 cc. !,Laxllullﬂ

= o 3 . . . Y I 2 A 1 & Y
AINNTLTYINIVDINDUIUY (duct distribution) autlung quadrant Y159 ¥1NNIIHUN quadrant UN

1 ' < v a3 Y @ U . . 1 @
Tailosuzis @&m”liﬂmmm@aﬂyngﬂﬁw (morphology) ¥®1 calcifications  UAALDU
Usgnoume
¢. Grouped or clustered:
4

1155010 calcifications 0819108 5 90 lwtiouilsuiasiesnii 1 co

d. Linear:
. . ~ ~ @ Y K o 9 [ < A =
calcification NUNITLIYIAIATNUUITU °]N°V]ﬂfﬁ1!Wﬂ\‘lﬁﬁlﬂ’ﬂNzlﬁiluﬂ\ﬁﬂﬂuﬁﬂ\‘lﬂiﬂTﬁ

~ o vo9
Ljﬂ\‘]ﬁjllﬂﬁAllwlf’JU]ujJ

e. Segmental:

Y
S 1

. . A ~ v o o A < < A = @
calcifications NUNTEEIAIANHULHUFIToNILTUNLITI 1HOINITIIAINUA IV
v 3 ] < A 19 1 ] 1 . . = = o v A
VBDINBDUIUY E]EJNVlﬁﬂGIHJﬂTJgﬂubJGl“IﬁJ&iQ 1YY secretory calcifications 19UNITLTYIAUTUY
v = 1

o J 1% ' 4 o ] I
18 noniuTasguingisanbazaed calcifications 15U SlianyuzEovaeiiionuy Wiy

. . 1 . . . v I o 1 °
secretory calcification @7JU malignant calcifications ndluduuann luGevasinae
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Clustered Segmental Regional Diffusely

Scattered

C. Architectural distortion

=) d' &' 9 = a dy A ] d’ ] [ ] [ IE-Y J

AemsMiladuniimsiadonvsosy laeh liuaaianyazYod mass 919LUTA LA

A . . J Y Y 1 oal) Yo < A 1w Y

919NV mass , asymmetry Y30 calcifications 3INUAY m"lmﬂsz*m“lﬂ VUIARUUITONIAALA
o & £y o L R & . . . | < A

UNTUYUABININITIEFUIUD 1109910 architectural distortion 21U UNANIVINNSLINKNITD

radial scar

D. Special case
1. Asymmetric tubular structure/ solitary dilated duct

= v

I 1 % J %‘ a 1 %’ Y
U density aﬂymmﬂuwa%ﬁﬂmmmmmmumu Lﬂﬂi]”lﬂi/]i’]‘lﬂullﬁﬂ”liellﬂ”lﬂﬁj GLL!

v

dd’ =} a Qd‘l 1 9 [} dy @ ] = o
ﬂimﬂﬂmhﬂ’ﬂmﬂﬂﬂﬂﬁ@uiﬂhﬂ’w ANk tubular StructureullﬂhliJﬁlﬂiiJﬂ’NiJ’c’ﬂﬂﬂJ
2. Intramammary lymph node

1 %’ a 1 .
anvauzaoniurasslwduuindsziizilseadiela (reniform)

~ . o oA o A a A g 1 " Ay
92U radiolucent notch i]"lﬂulellll‘l!‘ﬂ hilum YPUVUIA TLEUALUATHIDANNIT WUUDINATUY

A Y
lateral Y19 upper UBIUATUY
3. Global asymmetry

. . = 1 a = [ Y 9 =

Asymmetric breast tissue VTINYUITEUINNUIIUAYINUUDUATUNTDIVII LIETAIN

YSuasveud uNNYINAI1 92A09 13T mass, architectural ~ distortion %3 ® suspicious
. . < . . ] .. v =

calcifications 1aga 1y global asymmetric breast tissue WU normal variation LA

anudaytadmuauAalnAnAMIATINAILLNIAALNT A
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4. Focal asymmetry
d’d 1 9 [ o J v ] 9 [
WU asymmetry 1’11!31]51\‘]ﬂﬁWﬂﬂuiuﬂWWL@ﬂcﬁlﬁﬁl 2Mm Lm”lummimzumamw'lmgu
v o Yy 1 A a &’ 9 [ A ] ] Yy < @
G]fﬂ‘ﬂﬂ‘]ri”lllﬂillﬂu mass amﬂﬂinmuammﬂummmﬂumau Tﬂamwwmmu”lmummsﬂ
Y

v Y v 2. g = A a A A o g ~ Ay
[317) (1nterspersed fat) aﬂ‘]ﬂﬂlglsﬁuu‘1]']lﬂu@f]QiJﬂ'liﬁﬁjﬁ]lwulﬂulwaﬂuﬂUQHﬂULWﬂﬂlu@l@nuu

IFU NAUNVIIIRNIZYA 13 DATIV0AATIN N

E. Associated findings

v 1

1. Skin retraction: JIM3vAAITIVRIHIMTURMIZN

. . y = ¥ 9 v 3 & 9 S Ay 1
2. Nipple retraction: HIUNYNAITUVTU E]”IHJ‘L!‘VNﬁ’ﬂ\‘]“’ll1\1LLE1$L1J1!3J11!11!I@]ﬂ‘ﬂllllllﬂ’ﬂll
a ad ' Y . . Ay A 9 [ <3
mﬂﬂ@muq 37UAIY nipple retraction u”lmﬂmsumﬂfuumﬂ

. . . 3 A A g s ¥ 9 . a o 1
3. SKin thickening: 19 umWIEN (focal) I UNINUATUY (diffuse) TagAIMHIuUIN 2
Haawas

Y

4. Trabecular thickening: Fibrous septum VOAUMUUHUITY

. . 4 & J 9 9 R o Y 9 a
5. SKin lesion: ﬂzizuiuﬂ1itzﬂawam’amuiumwmﬂ%wmmuum 2M G]waﬂmmﬂ%m

Y1 I ~ ] Y A v 1Aa @ a ~ a

"I,ﬂ'J”IL']JUﬁJEJIiﬂV]@QGlUWHUN ﬁ”lll”lii]ﬂi!flu'ﬂi’JQTIW’JWIN Tﬂﬂﬂ”ﬁ@]ﬂ marker V]i@ﬂiiﬂlﬁﬁm
A1 IAINA

. Y 1 3 A Ao Y A Aa ay Yy o 1 [
6. Axillary adenopathy: 019N UUYADINTNLUT llﬂ'J”IiJWﬂ']Jﬂﬁ]lﬂLLﬂ "IJU”I@lWiIJ?ﬂﬂﬂ'J”I 2

a 1A . o & Y P aa
L UALUNT, hllJiJ fatty hilum %WL‘ﬂu@ENi%uﬁluﬂTiLL'l]ﬁNaiﬁNﬂWiﬁi’J‘ﬂﬂWiﬂﬁuﬂ LAZHNTIY
VAU MUANUIHIZ T
. . . & = o & = : v

7. Architectural distortion: u@ﬂilTﬂi%‘].qlL']JUﬂ”Iiﬁi'Jﬁ]WUL@EJ’JG] EJ\TL']J‘Hﬂ15@]§’Ji]W1JT]W‘]Ji’J§Jﬂ‘LI
AnuAalna au g 1% mass, calcifications

I A ! o g 1 o ) a
8. Calcifications: u@ﬂﬂ1ﬂlﬂuﬁﬂ@]§]ﬁ]‘w1_llaﬂj’r] EJ\‘]LTJUﬂT'iﬁ5']5]W‘].|533Jﬂ‘].|ﬂ311]ﬂﬂﬂﬂ@]ﬁu¢]

1 mass, architectural distortion
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APPENDIX C
MATLAB Sample Code

Getpolygon.m

function  getpolygon(fname)
img = dicomread(fname);
imagesc(img);
[X, y, b] = ginput(1);
while (1)
imagesc(img);
hold on
plot(x(1), y(1), ™)
X2 = X;
x2(1) =I;
y2=y;
y2(1) =1I;
hold on
p = plot(x2, y2, =)
set(p, ‘LineWidth' , 2);
hold off
[x1, y1, bl] = ginput(1);
if bl==3,
% x = [x; x(2)];
% y =1[y; y)I;
break ;
else
X = [x; x1];
y=1[y; yif;
end
end
imagesc(img);
hold on
plot(x(1), y(1), ™)
X2 = X;
x2(1) =I;
y2=y;
y2(1) = [I;
p = plot([x2; x2(1)], [y2; y2(1)], L
set(p, 'LineWidth' , 2);
hold off
save([fname, "mat" ], X' , 'Y )
msk = roipoly(img, x2, y2);
imwrite(msk, [fname, ‘png" 1, ‘'png' );
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Cdtw.m
function  [Dist,D,k,w,rw,tw]=cdtw(r,t,pflag)

% Distances matrix Thanks for Pau Mic o
d=zeros(2*M-1,2*N-1);
for i=1:2:2*M-1
m=floor(i/2)+1;
for j=1:2:2*N-1
n=floor(j/2)+1,;
d(i,j)=(r(m)-t(n))"2;
if (m<M & n<N)
if  ((t(n)<=r(m) & r(m)<=t(n+1)) | (t(n+1)<=r(m) &
r(m)<=t(n))) d(i,j+1)=0;
else d(i,j+1)=min([r(m)-t(n) r(m)-t(n+1)]."2);
end
if ((r(m)<=t(n) & t(n)<=r(m+1)) | (r(m+1)<=t(n) &
t(n)<=r(m))) d(i+1,))=0;
else d(i+1,))=min([t(n)-r(m) t(n)-r(m+1)]."2);
end
end
end
end

% Accumulated distance matrix

D=zeros(size(d));

D(1,1)=d(1,1);

for i=3:2:2*M-1
D(i-1,1)=d(i-1,1)+D(i-2,1);
D(i,1)=d(i,1)+D(i-1,1);

end

for j=3:2:2*N-1
D(1,j-1)=d(1,j-1)+D(1,j-2);
D(1,))=d(1,))+D(1,j-1);

end
for i=3:2:2*M-1
for j=3:2:2*N-1
D(i-1,))=d(i-1,j))+D(i-2,));
D(i,j-1)=d(i,j-1)+D(i,j-2);
D(i,j)=d(i,j)+min([D(i,j-1) D(i-1,j) D(i-2, -2));
end
end

% Looking for the optimal path
i=2*M-1;
j=2*N-1;
w=[M NJ;
rw=r(end);
tw=t(end);
while  ((i+j)~=2)
m=floor(i/2)+1;
n=floor(j/2)+1;
if (i-2)<0
w=[m n-1; w];
rw=[r(m) rwl;
tw=[t(n-1) tw];
=-2;
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elseif  (j-2)<0
w=[m-1 n; w];
rw=[r(m-1) rw];
tw=[t(n) tw];
i=i-2;
else
[values,number]=min([D(i,j-1) D(i-1,j) D(i- 2,i-2)D;
switch  (number)
case 1,
if  ((t(n-1)<=r(m) & r(m)<=t(n)) | (t(n)<=r(m) &
r(m)<=t(n-1))) x=(r(m)-t(n-1))/(t(n)-t(n-1));
elseif  ((r(m)-t(n-1))*2 <= (r(m)-t(n))*2) x=0;
else x=1;
end
w=[m n-1+x; w];
rw=[r(m) rw];
tw=[x*(t(n)-t(n-1))+t(n-1) tw];
=-2;
case 2,
if  ((r(m-1)<=t(n) & t(n)<=r(m)) | (r(m)<=t(n) &
t(n)<=r(m-1))) x=(t(n)-r(m-1))/(r(m)-r(m-1));
elseif  ((t(n)-r(m-1))*2 <= (t(n)-r(m))*2) x=0;
else x=1;
end
w=[m-1+x n; w];
rw=[x*(r(m)-r(m-1))+r(m-1) rw];
tw=[t(n) tw];
i=i-2;
case 3,
w=[m-1 n-1; w];
rw=[r(m-1) rw];
tw=[t(n-1) tw];
i=i-2;
=-2;
end
end
end

% D normalization in order to plot w
D=D(1:2:2*M-1,1:2:2*N-1);
Dist=sum((rw-tw)."2);

k=size(w,1);
if pflag
% --- Accumulated distance matrix and optimal path

figure( 'Name' , 'CDTW - Accumulated distance matrix and optimal
path' , 'NumberTitle' , 'off )

mainl=subplot( 'position’ ,[0.19 0.19 0.67 0.79]);

image(D);

cmap=contrast(D);

colormap(cmap); % 'copper' 'bone’, 'gray' imagesc(D);
% colormap('gray'); % '‘copper' 'bone’, ‘gray’ i magesc(D);
%  brighten(0.7);

hold on;

x=w(:,1); y=w(:,2);



Fac. of Grad. Studies, Mahidol Univ.

ind=find(x==1); x(ind)=1+0.2;
ind=find(x==M); x(ind)=M-0.2;
ind=find(y==1); y(ind)=1+0.2;
ind=find(y==N); y(ind)=N-0.2;

plot(y,x, -w' ‘LineWidth' 1);

hold off ;

axis([1 N 1 M));

set(maini, 'FontSize' |7, 'XTickLabel'

colorbl=subplot(
nticks=8;

'position’
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"YTickLabel' )

,[0.88 0.19 0.05 0.79]);

ticks=floor(1:(size(cmap,1)-1)/(nticks-1):size( cmap,l));

mx=max(max(D));

mn=min(min(D));

ticklabels=floor(mn:(mx-mn)/(nticks-1):mx);

colorbar(colorbl);

set(colorbl, 'FontSize' |7, 'YTick' ticks,
'"YTickLabel' ticklabels);

set(get(colorbl, 'YLabel' ), 'String' , 'Distance'’ , 'Rotation’ ,-90,
'FontSize' ,7, 'VerticalAlignment' , 'bottom' );

leftl=subplot( 'position’ ,[0.07 0.19 0.10 0.79));

plot(r,M:-1:1, b );

set(leftl, 'YTick' ,mod(M,10):10:M, 'YTickLabel' ,10*floor(M/10):-
10:0)

axis([min(r) 1.1*max(r) 1 M]);

set(leftl, 'FontSize' ,7);

set(get(leftl, 'YLabel' ), 'String' , 'Samples' , 'FontSize' 7,
'Rotation’ ,-90,  'VerticalAlignment' ,'‘cap’ );

set(get(leftl, 'XLabel' ), 'String' , '"Amp' , 'FontSize' 6,
‘VerticalAlignment' ,'‘cap’ );

bottom1=subplot( 'position’ ,[0.19 0.07 0.67 0.10]);

plot(t, o)

axis([1 N min(t) 1.1*max(t)]);

set(bottom1, 'FontSize' ,7, ‘'YAxisLocation' , 'right’ );

set(get(bottom1, 'XLabel' ), 'String' , 'Samples' 'FontSize' 7,
‘VerticalAlignment' , 'middle’ );

set(get(bottom1, 'YLabel' ), 'String' , "Amp' , 'Rotation’ ,-90,
'FontSize' ,6, 'VerticalAlignment' , 'bottom' );

% --- Warped signals

figure( 'Name' , 'CDTW - warped signals' , 'NumberTitle' , 'off );

subplot(1,2,1);

set(gca, 'FontSize' ,7);

hold on;

plot(r, “bx" );

plot(t, )

hold off ;

axis([1 max(M,N) min(min(r),min(t)) 1.1*max(max (n,max(®)));

grid;

legend( 'signal 1' , 'signal 2' );

title( 'Original signals' );

xlabel( 'Samples' );

ylabel( 'Amplitude’  );
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subplot(1,2,2);

set(gca, 'FontSize' ,7);

hold on;

plot(rw, “bx" );

plot(tw, )

hold off ;

axis([1 k min(min([rw; tw])) 1.1*max(max([rw; t wD)D;
grid;

legend( 'signal 1' , 'signal 2' );

title( '‘Warped signals' );

xlabel( 'Samples' );

ylabel( 'Amplitude’  );

end

Alignimg.m

function  varargout = Alignimg(varargin)
gui_Singleton = 1;

gui_State = struct( 'gui_Name' , mfilename,
'gui_Singleton’ , gui_Singleton,
'gui_OpeningFcn' , @Alignimg_OpeningFcn,
'gui_OutputFcn' , @Alignimg_OutputFcn,
'gui_LayoutFcn' 0 .
'gui_Callback’ )E

if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
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[varargout{l:nargout}] = gui_mainfcn(gui_State, varargin{:});

else
gui_mainfcn(gui_State, varargin{:});
end

function  Alignimg_OpeningFcn(hObject, eventdata, handles, v
handles.output = hObject;

guidata(hObject, handles);

function  varargout = Alignimg_OutputFcn(hObiject, eventdata,

varargout{1} = handles.output;

function  pushbuttonl_Callback(hObject, eventdata, handles)

[filename, pathname] = uigetfile({ *.png" ; ".jpg' ; "™*.jpeg’
eval(sprintf( 'pathFile = "%s%s";' ,pathnamefilename));
if ~isempty(pathFile)

set(handles.text1, 'String' ,pathFile);

image = imread(pathFile);
axes(handles.axesl);
imshow(image);

end

function  edit2_Callback(hObject, eventdata, handles)

arargin)

handles)

D
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function  edit2_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, '‘BackgroundColor’ ),

get(0, 'defaultUicontrolBackgroundColor' )
set(hObiject, 'BackgroundColor’ , 'white' );

end

function  pushbutton2_Callback(hObject, eventdata, handles)

function  pushbutton3_Callback(hObject, eventdata, handles)
resu=randint(1,2);

if resu==

feature=( 'testl /n,test2 /n' );
set(handles.text3, 'String' [feature);
end

MatchingTemp.m

close all
clear all

% read Template image
iml=imread( 't00l.png" );

% read Traget Image
im2=imread( 'p00l.png" );

% apply templete matching
result=dtw(im1,im2);

DTW.M
function  [Dist,D,k,w]=dtw(t,r)

for n=1:N
for m=1:M
d(n,m)=(t(n)-r(m))"2;
end
end

D=zeros(size(d));
D(1,1)=d(1,1);

for n=2:N
D(n,1)=d(n,1)+D(n-1,1);

end

for m=2:M
D(1,m)=d(1,m)+D(1,m-1);

end

for n=2:N
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for m=2:M
D(n,m)=d(n,m)+min([D(n-1,m),D(n-1,m-1),D(n, m-1)]);
end

end

Dist=D(N,M);
n=N;
m=M;
k=1,
w=[];
w(1,:)=[N,M];
while ((n+m)~=2)
if (n-1)==0
m=m-1;
elseif (m-1)==0
n=n-1,;
else
[values,number]=min([D(n-1,m),D(n,m-1),D(n-1, m-1)]);
switch  number
case 1
n=n-1,;
case 2
m=m-1;
case 3
n=n-1,
m=m-1;
end
end
k=k+1;
w=cat(1,w,[n,m]);
end

DTWTest.m

fs=125;

f1=1; A1=1;

f2=5; A2=0.8;
t1=0:1/fs:1/(2*f1);
t2=0:1/fs:2/(2*f2);
n1=(A1/10)*rand(size(t1));
n2=(A2/8)*rand(size(t2));
s1=Al*sin(2*pi*f1*t1)+n1;
s2=A2*sin(2*pi*f2*t2)+n2;

figure; hold on;

plot(tl,s1, '),

plot(t2,s2, ™),

grid;

xlabel( 'time (s)' );

ylabel(  ‘amplitude (mV)' );

title(  'Original disaligned waves' );
pflag=1;

[dtw_Dist,D,dtw_k,w,s1w,s2w]=dtw(s1,s2,pflag);
dtw_Dist, dtw_k
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[cdtw_Dist,D,cdtw_k,w,s1w,s2w]=cdtw(s1,s2,pflag);
cdtw_Dist, cdtw_k
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