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There are many types of diamond cuts in the world. However, many
people still does not know anything about them. Diamond recognition can use the four
C’s, which are diamond clarity, carat, color, and cut, and in this research the diamond
cut was used for recognition of the diamond, in which the texture of the diamond was
classified, because it is the single most important factor of the four C’s. So, the
diamond cut needs to be recognized using the texture of those diamonds. A good
solution would be to use the image to recognize the texture, so texture recognition
from an image has therefore been researched. The best way of recognizing the
diamond cut is to find the value, which can be classified as feature extraction. The
wavelet transform is one form of algorithm which can perform feature extraction and
obtain more features from texture. For this reason, a wavelet transform is appropriate
for texture feature extraction, and the subsequent performance of the feature extraction
is displayed as statistical properties of the coefficients. The statistical properties of the
coefficients are standard deviation, median absolute deviation, and mean absolute
deviation of horizontal, vertical, and diagonal from wavelet transforms, which are used

for those coefficients for achieving success in texture recognition.
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CHAPTER |
INTRODUCTION

1.1 Background and significance of the problems

The Diamond is very valuable material and many people want to have it as
their assets. So, the diamond was often stolen or was copied to fake diamond. It is very
difficult to protect it if the protection or careful observation is not good enough and the
fake diamond verification is also difficult too because the diamond verification
processes need the diamond expert for verifying. However, sometimes the verification
may take a long time and low accuracy if that expert’s experience is not good enough.
It will charge very high cost if we decided to use the diamond tester for verification.

On the other hand, there are only few people who really have the
knowledge about the diamond if they are not interested in or learn in details such as
diamond clarity, diamond carat, diamond color and diamond cut. Especially in the
diamond cut which is a style or design guide used to shape a diamond for polishing.
The diamond cut is also the calling name for the types of diamond which have many
names separated by diamond sharp following the diamond’s lapidary made it. In fact,
the people cannot know what the name of that diamond. So, the best way to know that
is to ask the expert. It will be great if we have some remarkable signs which is easy to
recognize the name of diamond from diamond cut without any cost or time.

Texture analysis is often used in image processing and pattern recognition
processes widely. It was the beginning of the introduction into the desired target. If the
analysis is not enough, the desired results would not be shown as well. E.g. In the
feature extraction, if the texture has no features appear at all, it is impossible or the
result is incorrect.

Texture classification is very important in image processing and pattern
recognition areas. The methods known are Fourier transform, Linear transforms,
Chain code, Shape Matrix, Region moments, Gabor filtering and Co-occurrence

approach but there are many methods to be use with and include Wavelet transform
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too. According to the abstract, the wavelet transform is a method which used to
analyze the texture because the wavelet transform can help to solve problems in
diamond quality by analyzing the differentiation between defective and flawless
diamond. Because of the each image of the diamond has difference texture. The
wavelet transform has 6 features to operate the feature extraction which refers to the
statistical property coefficients more than feature extraction by Fourier transform with
less response time, reliable, better technique and localized in time and frequency. Then
classification use coefficients from wavelet transform such as standard, median, mean,
standard deviation, median absolute deviation and mean absolute deviation of
Approximate, horizontal, vertical and diagonal coefficient of wavelet transform which

can be described by the tree diagrams to display result of classification.

1.2 Research objectives

1.2.1 To learn about wavelet transform algorithm for feature extraction.

1.2.2 Find factor from wavelet transform for pattern recognition

1.3 Delimitation of the research

1.3.1 Use clearly 8 diamond cut image in texture recognition is Round
Brilliant, Oval, Marquise, Pear, Heart, Emerald, Princess and Radiant with top-view of
diamond image.

1.3.2 Use two dimension wavelet transform for diamond cut texture
analyze with Biorthogonal wavelet mother of order 2.2 in level 1

1.3.3 Use factor of horizontal, vertical and diagonal image from wavelet
transform of standard deviation, Median absolute deviation and mean absolute

deviation only and analyzing by decision tree J48.

1.4 Expected outcomes and benefits

1.4.1 The people can recognize the name of diamond cut.
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1.4.2 Can be applied with real diamond.

1.4.3 Can be used factor’s result for pattern recognition of diamond cut
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CHAPTER Il
REVIEW OF RELATED LITERATURE AND RESEARCH

2.1 Diamond

£
Tl
o

Figure 2.1 Diamonds

A diamond (from the ancient Greek daddpoc — adadmas, meaning
"unbreakable,” "proper,” or "unalterable") is one of the best-known and most sought-
after gemstones. Diamonds have been known to mankind and used as decorative items
since ancient times; some of the earliest references can be traced to India.

The hardness of diamond and its high dispersion of light — giving the
diamond its characteristic "fire" — make it useful for industrial applications and
desirable as jewelry. Diamonds are such a highly traded commodity that multiple
organizations have been created for grading and certifying them based on the four Cs,
which are color, cut, clarity, and carat. Other characteristics, such as presence or lack
of fluorescence, also affect the desirability and thus the value of a diamond used for
jewelry.

Perhaps the most famous use of the diamond in jewelry is in engagement
rings, which became popular in the early to mid-20th century due to an advertising
campaign by the De Beers company, though diamond rings have been used to
symbolize engagements since at least the 15th century. The diamond's high value has
also been the driving force behind dictators and revolutionary entities, especially in
Africa, using slave and child labor to mine blood diamonds to fund conflicts.
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2.2 The Four C's of diamonds
When you are planning on purchasing a diamond it is important that you
know as much as possible about how diamonds are classified. There are four topics

you need to become familiar with Cut, Color, Clarity, and Carat Weight.

2.2.1 Cut

The different Facets of a round brilliant cut
diamond,. ————— Tahle

Girdle

Pavilion facet  Pavilion
Culet

Figure 2.2 The different facets of round brilliant cut diamond

When we speak of cut we are more interested in the proportions of the
diamond as opposed to its shape (Round Brilliant, Marquise, Pear, Princess, etc.)
Every diamond regardless of its shape gets it brilliancy and scintillation by cutting and
polishing the diamond facets to allow the maximum amount of light that enters
through its top to be reflected and dispersed back through its top. A correctly cut,
"well made”, stone is pictured in Figure 2.3 (1).

Figure 2.3 A cut stone
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As you can see if the angles are correct the light that enters is dispersed
properly back through the diamond's top facets. When a stone is cut too shallow in
Figure 2.3 (2) or too deep in Figure 2.3 (3) the light that enters through the top is
allowed to escape through the diamond's bottom and does not allow the maximum

beauty of the diamond to be realized.

2.2.2 Color

Diamonds come naturally in every color of the rainbow. However most
people are concerned with diamonds in the white range. The Gemological Institute of
America (GIA) rates the body color in white diamonds from D (colorless) to Z (light

yellow) shown in Figure 2.4

e e e e e
A e B R Yl et T
W - e S e Sl i S TR
T H L k r
=11 DJE|JF| @[ H ] |4 K ] L | M| H]o|F|a|R[s]|T|u|¥|w]|x]|¥]|=
; Wary Light f
Colorlasa| Maar Colorlaza | Faint Yallow nglln-.g-.- Lig ht ¥allow

Figure 2.4 The Gemological Institute of America (GIA) rates

The best color for a diamond is no color at all. A totally colorless diamond
allows light to pass through it easily, resulting in the light being dispersed as the color
of the rainbow. Colors are graded totally colorless to light yellow. The differences
from one grade to the other are very subtle and it takes a trained eye and years of

experience to color grade a diamond.

2.2.3 Clarity

The clarity of a diamond is determined by the amount and location of
flaws, or blemishes, in the diamond when viewed under 10 power (10x) magnification.
GIA rates clarity grades in diamonds from Flawless to Imperfect 3 (Figure 2.5). The
Diamond Shopping Network offers you diamonds from the Imperfect 1 grade through

Flawless.
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Most diamonds contain very tiny birthmarks known as “inclusions.” An
inclusion can interfere with the light passing through the diamond. The fewer the

inclusions, the more beautiful the diamond will be.

Flawless Internally Flawless
mingr surlace blemishes Small Inclusions
IF

Yery Small Inclusions Small Inclusions
V8,-VS, 81,-5l1, eye-visible inclusions
lelgly

Figure 2.5 GIA rates clarity grades

Diamonds have the capability of producing more brilliance than any other
gemstone. A diamond that is free of inclusions and surface blemishes is very rare and

therefore very valuable.

2.2.4 Carat

This is the weight of a diamond measured in carats. As the carat weight of
a diamond increases so does its rarity and therefore its price.

One carat is divided into 100 "points," so that a diamond of 75 points
weights .75 carats. The carat-weight of a diamond is the easiest measurement to
determine. Most importantly, two diamonds can be of equal carat-weight, but their

value can differ greatly due to their cut, color, and clarity.
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CARAT WEIGHT
&3 1.00 carat
€3  1.25carat
&)  1.50 carat

@' 1.75 carat

2.00 carat

@ 2.50 carat
@ 3.00 carat

Figure 2.6 Carat weight

2.3 Diamond Cut

Cut refers not to a diamond's shape (e.g. round, oval, pear, etc.) but to a
diamond's proportions, symmetry and polish. The beauty of a diamond depends more
on cut than any other factor. Though extremely difficult to analyze and quantify,
diamond cut has three primary effects on appearance: brilliance (the brightness created
by the combination of all the white light reflections from the surface and the inside of
a polished diamond), fire (the dispersion of light into the colors of the visible
spectrum, seen as flashes of color), and scintillation (the flashes of light and dark, or
sparkle, when a diamond or light source is moved).

When a diamond is fashioned from a rough stone, the cutter must balance
optimal cut (and therefore appearance) against maximum yield (cutting the diamond to
maintain as much carat weight from the rough stone as possible). Because many
customers are willing to pay more for a larger, fair-cut cut diamond than for a slightly
smaller, well-cut diamond, there is pressure on the cutter to sacrifice appearance for
weight. This is why the Cut grade is so important; it allows the purchaser to identify

those stones that were cut Fair to Poor in an effort to gain carat weight.
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Figure 2.7 Rough stone

In Figure 2.7, the same rough stone (shown in blue) can yield one of two
potential diamonds:

A too deep cut diamond (orange) would yield a significantly larger
diamond, earning the diamond cutter a larger profit on his investment.

A smaller, well cut diamond (white) may sell for less in total than the
larger diamond, but it will command a higher price-per-carat not only because of its
superior appearance, but also due to decreased yield from the rough stone (which
therefore makes the diamond more expensive to create).

2.3.1 Diamond cut proportions

Diamond proportion refers to the relationship between the size, shape, and
angle of each facet of a diamond. A wide range of combinations are possible,
ultimately determining the diamond's interaction with light.

When light strikes a diamond, approximately 20% immediately reflects off
the surface (as glare). Of the 80% that enters, a portion will escape through the bottom
of the diamond (where the observer cannot appreciate it). A well-proportioned
diamond will have each facet properly placed and angled so as to maximize the
amount of light that reflects back out of the crown (top) of the diamond, to the eye of
the observer. This reflected light is perceived as scintillation, fire and brilliance.

In the table 2.1 as below, three common light patterns are shown. When
light meets any facet of a diamond, it will either reflect (bounce back) or refract (bend
while passing through the facet). The angle that the light hits the facet determines

whether the majority of light reflects or refracts, which is why cut is so important.
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No

Pattern

Description

If the diamond cut is too shallow, entering light
strikes the pavilion facet at a low angle and passes
through the facet (refracts), escaping through the

bottom of the diamond.

If the diamond cut is too deep, entering light
strikes the first pavilion facet at an angle sharp
enough to reflect to the second pavilion. But the
light strikes the second pavilion at too low an
angle, causing the light to refract (pass through
the facet), escaping through the bottom of the

diamond.

In a well cut diamond, the light strikes each
pavilion facet at an angle which allows most of
the light to reflect back to the crown (top). As it
passes through the crown facets at a low angle,
the light refracts upon exit. In this case, refraction
is a good thing, as the bent light travels to the

observer's eye and is perceived as a lively fire.

Every Diamond comes with a GIA Grading Report or Dossier certificate,

most of which include a proportion diagram. The proportion diagram is a graphic

representation of the diamond's actual proportions.

The proportion diagram shows the diamond's girdle size, culet size, table

and depth percentages, as well as other measurements, such as the crown and pavilion

angles.

Each angle and dimension is measured electronically using a light scanner.

The proportion diagram is a "fingerprint™ of your diamond.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Mgmt.) / 11

T very

smal
Profile to actual proportions.

Figure 2.8 GIA Diamond Proportion Diagram

2.4 Diamond Type

The diamond cut is using in this research have 8 types as

2.4.1 Round Brilliant

Figure 2.9 Round Brilliant Diamond

The round cut diamond is the most popular diamond shape, representing
approximately 75% of all diamonds sold. Due to the mechanics of its shape, the round
diamond is generally superior to fancy shapes at the proper reflection of light,

maximizing potential brightness.
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2.4.2 Oval

Figure 2.10 Oval Diamond

Because the oval diamond is a modified brilliant-cut (like virtually all
round cut diamonds), the two diamond shapes possess a similar fire and brilliance.
However, oval cut diamonds have the added advantage of an elongated shape, which

can create the illusion of greater size.

2.4.3 Marquise

Figure 2.11 Marquise Diamond

The marquise cut diamond is a football-shaped, modified brilliant-cut.
Because the marquise diamond is long and narrow, it can also create the illusion of
greater size. Carat for carat, the marquise diamond has one of the largest surface areas
of any diamond shape, making it a good choice when trying to maximize perceived

size.
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2.4.4 Pear

Figure 2.12 Pear Diamond

The modified brilliant-cut pear shaped diamond is a combination of a
round and a marquise shape, with a tapered point on one end. Ideally, a pear shaped
diamond should possess excellent or very good symmetry. The point should line up
with the apex of the rounded end. The shoulders and wings (the upper and lower
curves on the right and left side of the diamond) should form uniform, symmetrical

curves.

2.4.5 Heart

Figure 2.13 Heart Diamond

The modified brilliant-cut heart shaped diamond is a unique and
unmistakable symbol of love, popular in solitaire pendants as well as rings. Heart
shaped diamonds less than .50 carats may not be a good choice, since the heart shape
is more difficult to perceive in smaller diamonds, especially after they are set in

prongs.
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2.4.6 Emerald

Figure 2.14 Emerald Diamonds

The unique look of the emerald cut diamond is due to the step cuts of its
pavilion and its large, open table. Instead of the sparkle of a brilliant-cut, emerald cut
diamonds produce a hall-of-mirrors effect, with the interplay of light and dark planes.

Often, inclusions or body color are easier to see in an emerald cut diamond.

2.4.7 Princess

Figure 2.15 Princess Diamond

The princess cut diamond, first created in 1980, is the most popular fancy
diamond shape, especially for engagement rings. Like round cut diamonds, princess
cut diamonds are a good choice for their flexibility in working in almost any style of

ring.
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2.4.8 Radiant

Figure 2.16 Radiant Diamond

The radiant cut diamond is the first rectangular cut to have a complete
brilliant-cut facet pattern applied to both the crown and pavilion, creating a vibrant and
lively diamond. The modified square shape is a nice bridge between a cushion and a
princess cut, and for that reason looks beautiful set with both rounded or square

cornered diamonds.

2.5 Wavelet Transform
The wavelet Transform is normally used in decomposition and
reconstruction. Figure as below is shown the methodology of decomposition what

used in two dimension discrete wavelet transform.

along rows along columns

—[T @)

HL,

—[ o }~(2)—~ m. |LH, |HH,

image

{7}~ w | LH HH,

HP.F. [FT] LPF. (12) DS by 2

Figure 2.17 Wavelet transform process

The (continuous) wavelet transform of one dimension is defined as,

WE® = [ 108, @dt= (12,00 2 0



Peerapat Sriangsuthananon Review of Related Literature and Research / 16

Where the wavelet ¥, ; is computed from the mother wavelet ¥

1 t—b
¥, 5 () = :w( )
. Ja "

And can be discretized by restraining « and & to a discrete lattice.

For feature extraction, the decomposition step is used for finding the factor
which takes in texture pattern recognition by high frequency pass filter and low
frequency pass filter with the original image called filters bank. That is usually

performance by using a product of one dimension filters can defined as,

1aot) = [l ), ] (3)
Dua(b5) = [HalGyLasal ] (i)
(i) = [Gelty et ] (503)
Dua (b)) = [GelGyLani],, ] (o))

The filters bank is four different image which pass low and high filter
called approximation, horizontal, vertical and Diagonal. The filters bank can be
explained following Fig.4 as the approximation image which is got form original
image by passing low-pass filter and then passed low-pass filter again. This image
must use in second time or next time as soon as possible, the horizontal image is
passed high-pass filter, the Vertical image is passed low-pass filter and passed high-
pass filter again, the diagonal image is passed high-pass filter and passed low-pass

filter again and image’s result is shown as Figure 2.19 as below.

Appraxim

. Horizontal
HITE T

Original Image .

Vertical Diagonal

Figure 2.18 Result of wavelet transform



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Mgmt.) / 17

The statistical property coefficients can get form those image. As
mentioned above, the approximation image cannot use it. Therefore, the only three
images are horizontal image, vertical image, diagonal image which are used in feature
extraction for pattern recognition and the statistical property coefficients which are
used in this methodology is standard deviation, median absolute deviation and mean
absolute deviation of those three images. According to the feature extraction, we will
get them from two dimensions discrete wavelet transform have totally nine features
and are suitable features for texture classification

The original image which is used in two dimension discrete wavelet
transform must be chosen by the best size of height or row and width or column of
image which is 2n pixel of both size when n is 1, 2, ... such as 512 pixel or 1024 pixel
which is 29 and 210 as sequence. Because of the pass wavelet transform in first filter
once time, the size of columns is decreased by a half with keeping the even index of
columns. Then, when pass again in second filter the size of rows is decreased by a half
too with keeping the even index of rows. So, the size of image will be decreased by a
half when passed wavelet transform once time and decrease again when passed it

again time by the size when passed wavelet transform is ?r when x is total time or

called “subband”. It will get a good coefficients if we choose the good size of image

for analyze. Although, wavelet transform can used in rotation and scaling.

\ N

A

Y-

A T T P HP

X \ N

A AN
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Figure 2.19 Subband of wavelet transform

¥

¥y

1] —

¥




Peerapat Sriangsuthananon Review of Related Literature and Research / 18

2.6 Decision Tree

The automated classification of objects from large catalogues or survey
projects is an important task in many astronomical surveys. Faced with various
classification algorithms, astronomers should select the method according to their
requirements. Here we describe several kinds of decision trees for finding active
objects by multi wave length data, such as REPTree, Random Tree, Decision Stump,
Random Forest, J48, NBTree, AdTree.

All decision tree approaches investigated are in the WEKA package. The
classification performance of the methods is presented. In the process of classification
by decision tree methods, the classification rules are easily obtained, moreover these
rules are clear and easy to understand for astronomers. As a result, astronomers are
inclined to prefer and apply them, thus know which attributes are important to
discriminate celestial objects. The experimental results show that when various
decision trees are applied in discriminating active objects (quasars, BL Lac objects and
active galaxies) from non-active objects (stars and galaxies), ADTree is the best only
in terms of accuracy, Decision Stump is the best only considering speed, J48 is the

optimal choice considering both accuracy and speed.

2.6.1J48

J48 is slightly modified C4.5 in WEKA. The C4.5 algorithm generates a
classification-decision tree for the given data-set by recursive partitioning of data. The
decision is grown using Depth-first strategy. The algorithm considers all the possible
tests that can split the data set and selects a test that gives the best information gain.
For each discrete attribute, one test with outcomes as many as the number of distinct
values of the attribute is considered. For each continuous attribute, binary tests
involving every distinct values of the attribute are considered. In order to gather the
entropy gain of all these binary tests efficiently, the training data set belonging to the
node in consideration is sorted for the values of the continuous attribute and the
entropy gains of the binary cut based on each distinct values are calculated in one scan
of the sorted data. This process is repeated for each continuous attributes. For a deeper
introduction of this method, readers can refer to (Mitchell 1997; Quinlan 1986).
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CHAPTER 11
MATERIALS AND METHODS

3.1 Materials and Schedule

3.1.1 Schedule
Schedule of this research has start at September and use 4 months for

research with any topic in table 3.1

Table 3.1 Schedule of research

Task\Month September  October November December

Learning diamond

Learning Wavelet

Use Matlab with Wavelet
Transform

Analyze data

Use decision tree for recogize

3.1.2 Tools

List of tools for process pattern recognition of diamond has

3.1.2.1 Hardware
e Personal Computer: Intel Core i5, RAM 8 GB, HDD 1 TB.

3.1.2.2 Software
e Matlab version for using image processing with wavelet

transform.
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e Weka version for using pattern recognition with decision
tree.

e Microsoft Windows 8 for Operating System of personal
computer.

e Microsoft Excel 2012 for using database to keep data form
Matlab and input data to Weka.

3.1.3 Data

The Data of Diamond cut that used in this research, will used the image of
diamond cut as Figure 3.1 in 8 types only. But the real diamond cut image is difficult
for analyze because reflect of light have more or other problem, it is a problem when
learning data.

N

L6l (s
w;“‘.’ ’ “‘.1;'
.”’:n“‘ 7“'
1 \, ‘.‘p.’_ y

%7
Round Brllant Marquise
Emerald Princess Radiant

Figure 3.1 Real diamond cut image

So for eliminate those problems. This research is used diamond cut image
in clearly image as Fig 3.2 by each image will have scaling in 0.5x, 1x, 2x pixel and
rotating in every 90 degree angle
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&

ROUND OVAL MARQUISE PEAR
BRILLIANT

Y

HEART EMERALD PRINCESS RADIANT

Figure 3.2 Clear diamond cut image

Some clearly image have different size in same image but some image in
rotating is not different that can guess in same size the data must like in every angle
too.

3.2 Method
( START )

b

/ Diamond Image /

b

Pre-Processing

b

Wavelet Transform

|

Analyze Data

b

[ ]

Y

( END )

Figure 3.3 Flow process diagram
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3.2.1 Initial
The diamond image is used in this processing totally 8 types but before
process with wavelet transform. The diamond image will be pass pre-processing to

edge detection for get line of diamond cut.

3.2.2 Processing

When the diamond image is passed in pre-processing. The diamond image
that clearly and ready to use. That image must have edge of diamond cut and then take
it into wavelet transform processing each image in Matlab. The statistic coefficient
data will show for each image. Use those data to find important factor for pattern

recognition.

3.2.3 Result

After get the static coefficient data, those data is used to factor and used all
factor from each data take into Weka and use decision tree function for create a tree
that show the result form data which important data for pattern recognition will show

in tree.
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CHAPTER IV
ANALYSIS AND RESULTS

4.1 Analysis

The clearly diamond cut image data in chapter 3, every image in scaling at
0.5x (64x64 pixel), 1x (128x128 pixel) , 2x (256x256 pixel) and rotating at 0°, 90°,
180°,270° will take it into Matlab with “wavemenu” command. And used 2D wavelet
transform for analyze the image by use bior 2.2 as mother wavelet transform on level
1.

When each image input into processing wavelet transform, the statistic
coefficient will showed as result in Fig4.1 — 4.8 and data in table 4.1 — 4.8 that is
“feature extraction”. It is the factor for use in pattern recognition by this research, the
factor of standard deviation, median absolute deviation and mean absolute deviation is

focused because those value is deviation of image.
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Figure 4.1 Emerald image output

Table 4.1 Emerald data output

Horizontal Vertical Diagonal
Std Med Mea Std Med Mea Std Med Mea
Dev. Abs Abs Dev. Abs Abs Dev. Abs Abs
Dev. Dev. Dev. Dev. Dev. Dev.

Scale  Angle

Ix  0°180° 2370 0.00 7.92 3090 000 1222 7.02 0.00 1.97
2x 0°180° 758 000 260 922 000 361 082 000 0.24
0.5x  0°180° 37,02 0.06 17.27 50.95 0.13 27.79 16.16 0.00 4.99
Ix 90°270° 3091 0.00 12.14 2532 0.00 929 7.04 0.00 1.93
2x 90°,270° 924 000 360 7.58 000 258 0.82 000 0.23
0.5x 90°.270° 5070 0.06 27.63 42.27 006 19.63 1640 0.00 5.10
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Figure 4.2 Heart image output

Table 4.2 Heart data output

Horizontal Vertical Diagonal
Seale  Angle Std Med Mea Std Med Mea Std Med Mea
Dev. Abs Abs Dev. Abs Abs Dev. Abs Abs
Dev. Dev. Dev. Dev. Dev. Dev.
1x 0° 2459 031 981 2604 038 1098 10.15 0.25 4.22
2X 0° 760 013 303 790 006 334 116 000 052
0.5x 0° 4055 1.34 1941 4560 1.22 21.60 23.03 0.75 11.27
1x 90° 2646 038 11.25 2443 038 995 994 025 4.27
2x 90° 799 013 340 7.64 013 306 119 000 053
0.5x 90° 4672 1.88 2344 4261 166 20.73 2244 1.00 11.48
Ix  180° 2451 038 986 2585 044 1092 984 025 421
2x  180° 764 013 305 792 013 335 115 000 051
0.5x  180° 4083 147 1954 4473 150 21.94 2333 1.00 11.65
Ix  210° 2590 044 11.18 2498 038 1012 993 025 4.20
2x 210° 799 013 339 763 013 3.05 119 000 053
0.5x  270° 4561 1.63 2212 4066 1.63 19.86 22.97 1.13 11.37
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Figure 4.3 Marquise image output

Table 4.3 Marquise data output

Conclusion and Discussion / 26

Horizontal Vertical Diagonal

Scale  Angle Std Med Mea Std Med Mea Std Med Mea
Dev. Abs Abs Dev. Abs Abs Dev. Abs Abs

Dev. Dev. Dev. Dev. Dev. Dev.

Ix  0°180° 1235 0.00 399 2986 0.00 11.67 7.04 0.00 2.50
2x  0°180° 389 000 127 892 000 339 084 000 031
0.5x 0°180° 1853 000 7.23 46.89 0.0 2079 16.83 0.00 6.50
Ix  90°270° 2937 0.0 1161 1159 0.00 390 7.63 0.00 2.65
2x 90%270° 893 000 340 388 000 128 087 000 031
0.5x  90°270° 4630 0.00 2053 19.07 0.00 7.42 17.24 000 6.88
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Figure 4.4 Oval image output

Table 4.4 Oval data output

Horizontal Vertical Diagonal
Std Med Mea Std Med Mea Std Med Mea
Dev. Abs Abs Dev. Abs Abs Dev. Abs Abs
Dev. Dev. Dev. Dev. Dev. Dev.

Scale  Angle

Ix  0°180° 2255 019 854 2874 019 1230 800 013 3.31
2x  0°180° 681 000 253 864 000 359 098 000 0.42
0.5x  0°180° 3771 1.16 1643 5051 1.06 25.62 20.00 0.75 9.25
Ix  90°270° 2826 013 11.87 21.88 0.14 821 853 0.00 3.46
2x  90°270° g72 000 364 680 000 256 101 000 0.43
0.5x  90°270° 5048 1.19 2547 36.63 097 1590 20.16 0.75 9.37
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Figure 4.5 Pear image output

Table 4.5 Pear data output

Horizontal Vertical Diagonal
Std Med Mea Std Med Mea Std Med Mea

Scale Angle
Dev. Abs Abs Dev. Abs Abs Dev. Abs Abs
Dev. Dev. Dev. Dev. Dev. Dev.
1X 0° 2174 013 793 2784 013 1153 886 0.13 3.58
2x 0° 663 000 246 876 000 360 1.05 0.00 0.44
0.5x 0° 3405 0.81 1514 49.28 081 2331 2100 0.63 9.56

1x 90° 2808 019 11.94 21.04 019 7.99 871 013 3.63
2X 90° 884 000 365 663 000 246 1.08 000 0.46
0.5x 90° 4817 081 2303 3363 075 1536 2175 063 9.78
Ix  180° 2052 013 7.89 2929 019 1242 9.00 013 3.72
2x 180 660 000 244 876 000 359 105 000 0.4
0.5x  180° 3396 0.75 15.18 4877 0.75 2351 2159 063 9.95
Ix  270° 2957 025 1241 2179 019 7.99 884 013 3.68
2x  270° 883 000 367 6.65 000 247 1.08 0.00 046
0.5x  270° 5018 0.88 2421 3465 0.88 16.15 20.71 050 9.20
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Decomposition at level 1

Figure 4.6 Princess image output

Table 4.6 Princess data output

Horizontal Vertical Diagonal
Std Med Mea Std Med Mea Std Med Mea
Scale  Angle
Dev. Abs Abs Dev. Abs Abs Dev. Abs Abs
Dev. Dev. Dev. Dev. Dev. Dev.
. 0°,90°,
X
180°,270° 2465 0.00 8.78 2588 0.00 9.27 354 0.00 0.97
) 0°,90°,
X
180°,270° 774 000 271 772 000 276 047 0.00 0.16
0°,90°,
38.20 0.13 17.07 4562 0.25 17.77 7.21 0.00 2.49

180°,270°
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Figure 4.7 Radiant image output

Table 4.7 Radiant data output

Horizontal Vertical Diagonal

Std Med Mea Std Med Mea Std Med Mea
Scale  Angle

Dev. Abs Abs Dev. Abs Abs Dev. Abs Abs

Dev. Dev. Dev. Dev. Dev. Dev.
0°,90°,

Ix 180°.270° 27.07 0.00 10.37 2462 000 987 649 000 224
0°,90°,

2X 180°270° 814 000 295 776 000 297 082 000 031
0°,90°,

180° 270° 40.29 0.38 1948 4582 050 22.61 1565 025 6.45
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Figure 4.8 Round Brilliant image output

Table 4.8 Round Brilliant data output

Horizontal Vertical Diagonal

Std Med Mea Std Med Mea Std Med Mea
Scale  Angle

Dev. Abs Abs Dev. Abs Abs Dev. Abs Abs

Dev. Dev. Dev. Dev. Dev. Dev.
0°,90°,

Ix 180°.270° 28.64 119 1247 2755 131 1244 9.86 0.75 450
0°,90°,

2X 180°,270° 878 050 382 834 044 372 115 0.13 0.56
0°,90°,

180° 270° 48.11 3.53 2462 46.71 331 2401 23.20 2.13 12.08
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From data factor output of wavelet transform as shown in table 4.1 — 4.8,

the data is familiar in rotating but in scaling factor data have different upon scaling.

For the data that will use to find the important factor, it need to use the data

is stable. For data is stable which need to average those data as shown in Table 4.9 —

4.16.

Table 4.9 Statistical property coefficients of Round Brilliant

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 28.67 1.375 12.58
Vertical 27.57 1.5 12.54
Diagonal 9.876 0.875 4.58

Table 4.10 Statistical property coefficients of Oval

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 22.58 0.25 8.576
Vertical 28.78 0.1875 12.34
Diagonal 8.002 0.125 3.324

Table 4.11 Statistical property coefficients of Marquise

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 12.36 0 4.02
Vertical 29.89 0 11.72
Diagonal 7.041 0 25.26
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Table 4.12 Statistical property coefficients of Pear

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 21.76 0.3125 8.012
Vertical 27.88 0.3125 11.61
Diagonal 8.86 0.125 3.622

Table 4.13 Statistical property coefficients of Heart

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 24.63 0.5 9.898
Vertical 26.05 0.5 11.07
Diagonal 10.16 0.25 4.284

Table 4.14 Statistical property coefficients of Emerald

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 23.72 0 7.974
Vertical 30.92 0 12.25
Diagonal 7.021 0 2

Table 4.15 Statistical property coefficients of Princess

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 24.64 0 8.812
Vertical 25.91 0 9.324

Diagonal 3.555 0 1.004
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Table 4.16 Statistical property coefficients of Radiant

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 27.09 0.0625 10.43
Vertical 24.65 0.125 9.931

Diagonal 6.507 0 2.29
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CHAPTER V
CONCLUSION AND DISCUSSION

This object of this research is to find factor from wavelet transform for

recognition diamond’s cut. The research used decision tree J48 for find factor which

can used in recognition by used WEKA application in create decision tree from data in

table 4.9 - 4.16 for find final factor that can recognize diamond cut.

5.1 Conclusion

From chapter 4, the wavelet transform can exact the feature from diamond

cut image that shown many factor but the factor used have totally 9 factor is

Standard deviation in Horizontal
Median absolute deviation in Horizontal
Mean absolute deviation in Horizontal
Standard deviation in Vertical

Median absolute deviation in Vertical
Mean absolute deviation in Vertical
Standard deviation in Diagonal

Median absolute deviation in Diagonal

Mean absolute deviation in Diagonal



Peerapat Sriangsuthananon Conclusion and Discussion / 36

Med abs dev.
Diagonal
|
< >
{ <0 0 l
Med abs dev. Med abs dev.
Horizontal Diagonal
< > <0.125 | >0.125
F,O—l— Oj ! <0.12 0.12 1
Std dev. Radiant Std dev. Std dev.
Horizontal Horizontal Horizontal
| | 1
< < <
r_12.36 >12.367v f—21-76 >21.76—¢ f—24-64 >24.64jv
. Std dev. Round
Marquise Horizontal Pear Oval Heart billiant
|
<
r723.72 >23.72jv
Emerald Princess

Figure 5.1 Tree model

In Figure 5.1 shown is the result of pattern recognition by used those 9
factor and use decision tree J48 in pattern recognition. So, the final result of factor for
pattern recognition have just enough 3 factor only that can recognition is

J Median absolute deviation in Diagonal
. Median absolute deviation in Horizontal
. Standard deviation in Horizontal

And test tree model with image in rotate, can show correct output target
and get accuracy rate equal 100 % although use other degree as 30 degree, 45 degree,
60 degree or other , accuracy is still 100 %.

But in scaling image is tested within range from 0.5x to 2x size, the
accuracy is absolutely not equal 100% by upon scaling if scale of image is near range
origin 1x size accuracy will near 100% but if scale of image is wide range, the

accuracy will decrease or output result wrong if so wide.
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5.2 Discussion

5.2.1 This research of pattern recognition of diamond cut should be
collected data from many image of rotating and scaling.

5.2.2 This all research used biorthonogal mother wavelet transform in one
order only, next time should be use another mother wavelet transform and other order,
will be get the better data form this research.

5.2.3 In next time should be used other diamond cut than 8 types in this
research for improve this research than better.

5.2.4 In next time should be used other view of diamond cut image for
improve this research.

5.2.5 In next time should be change diamond cut image to real image for

recognize form real diamond.
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Abstract—The diamond cut, there are many types in the world. However,
many people still does not know about those types. The diamond classification can be
used in four C’s which are diamond clarity, diamond carat, diamond color and
diamond cut and this paper used diamond cut for classifying the diamond which is
texture of diamond because this is the single most important factor of the four C’s. So,
the diamond cut need to classify by texture of those diamonds. It will be good if we
use the image for classify texture and the texture classification from image which has
been researched. The best way for classification is to find the value which can classify
from feature extraction. The wavelet transform is the one from all of algorithm which
can do feature extraction and get more features form texture. For this reason, the
wavelet transform was appropriate for texture feature extraction and the performance
of feature extraction was shown as Statistical property coefficients. The Statistical
property coefficients was standard deviation, median absolute deviation and mean
absolute deviation of horizontal, vertical and diagonal form wavelet transform which
used those coefficients for achieving a success in texture classification.

Keywords—Pattern Recognition; wavelet transform; diamond cut; texture

classification

I. Introduction

The Diamond is very valuable material and many people want to have it as
their assets. So, the diamond was often stolen or was copied to fake diamond. It is very
difficult to protect it if the protection or careful observation is not good enough and the
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fake diamond verification is also difficult too because the diamond verification
processes need the diamond expert for verifying. However, sometimes the verification
may take a long time and low accuracy if that expert’s experience is not good enough.
It will charge very high cost if we decided to use the diamond tester for verification.

On the other hand, there are only few people who really have the
knowledge about the diamond if they are not interested in or learn in details such as
diamond clarity, diamond carat, diamond color and diamond cut. Especially in the
diamond cut which is a style or design guide used to shape a diamond for polishing[1].
The diamond cut is also the calling name for the types of diamond which have many
names separated by diamond sharp following the diamond’s lapidary made it. In fact,
the people cannot know what the name of that diamond. So, the best way to know that
IS to ask the expert. It will be great if we have some remarkable signs which is easy to
recognize the name of diamond from diamond cut without any cost or time.

Texture analysis is often used in image processing and pattern recognition
processes widely. It was the beginning of the introduction into the desired target. If the
analysis is not enough, the desired results would not be shown as well. E.g. In the
feature extraction, if the texture has no features appear at all, it is impossible or the
result is incorrect.

Texture classification is very important in image processing and pattern
recognition areas. The methods known are Fourier transform, Linear transforms,
Chain code, Shape Matrix, Region moments, Gabor filtering and Co-occurrence
approach ™7 but there are many methods to be use with and include Wavelet
transform too. According to the abstract, the wavelet transform is a method which
used to analyze the texture because the wavelet transform can help to solve problems
in diamond quality by analyzing the differentiation between defective and flawless
diamond. Because of the each image of the diamond has difference texture [3]. The
wavelet transform has 6 features to operate the feature extraction which refers to the
statistical property coefficients more than feature extraction by Fourier transform with
less response time, reliable, better technique and localized in time & frequency[2,6].
Then classification use coefficients from wavelet transform such as standard, median,

mean, standard deviation, median absolute deviation and mean absolute deviation of
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Approximate, horizontal, vertical and diagonal coefficient of wavelet transform which

can be described by the tree diagrams to display result of classification.

Il. Method

The method for texture classification of diamond cut in this paper is used a

flow diagram that shown in Fig.1 as below

START

Diamond Image

!

Pre-Processing

!

Wavelet Transform

!

Classification

-

Result

END

Fig.1 Flow diagram for classify diamond cut

This diagram in Fig.1 is shown the flow for analyzing texture classification
by wavelet transform. The first, Diamond image is a clear top-view diamond image
and eight types of diamond cut as mentioned above in Fig.2. After that, in pre-
processing is used algorithm for transforming to the edge line following the line of
diamond cut as shown in Fig.3. Next, we will use the two dimensions discrete wavelet
transform for decomposition to analyze the diamond image and get the Statistical
property coefficients from it to be feature (feature extraction) and to use those
coefficients for classifying result which will show specific feature of that diamond cut.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Info. Sys. Mgmt.) / 43

\‘\"I ‘ »‘"‘?
’~"“‘\\T 7' ﬁ‘ ‘;
: b
Round Brillant Marquise
Emerald Princess Radiant

Fig.2 clear top-view diamond image

In texture analyze, the diamond image is used in texture analysis with two
dimensions greyscale image level by edge transform from three dimensions color
image in top-view diamond cut. The diamond cut which is used in the paper can define
following the images as round brilliant, oval, marquise, pear, heart, emerald, princess

and radiant and each diamond cut is used 10 sample images in rotating and scaling

Q0O QY

with Similar size.

ROUND OVAL MARQUISE PEAR
BRILLIANT
(A==
-
AN
\‘.‘4‘.‘!’,
HEART EMERALD PRINCESS RADIANT

Fig.3 Top view’s edge of diamond cut

The wavelet Transform is normally used in decomposition and
reconstruction. Figure as below is shown the methodology of decomposition what

used in two dimension discrete wavelet transform.
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Two-Dimensional DWT
Decomposition Step
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Fig.4 Decomposition step of two dimension discrete wavelet transform

The (continuous) wavelet transform of one dimension is defined as,
Wh®) = [ O ¥n(Ddt = (f¥ap)a # 0
Where the wavelet #_, is computed from the mother wavelet ¥

t—b
#s® = =¥ ()

And can be discretized by restraining a and b to a discrete lattice.

For feature extraction, the decomposition step is used for finding the factor
which takes in texture pattern recognition by high frequency pass filter and low
frequency pass filter with the original image called filters bank. That is usually
performance by using a product of one dimension filters can defined as,

Lo(bob) = [mA L], | (2oB)
Db by) = [HelGoLamil,, | (808)

D [b:’ _;l)_ _Gx[H_}'Ln—l]ngL [b:’ _;l)

n:i[:b:’ _;l) = _Gx[G}'Ln—l]LL:L (b:’ _;l)

The filters bank is four different image which pass low and high filter
called approximation, horizontal, vertical and Diagonal. The filters bank can be
explained following Fig.4 as the approximation image which is got form original

image by passing low-pass filter and then passed low-pass filter again. This image
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must use in second time or next time as soon as possible, the horizontal image is
passed high-pass filter, the Vertical image is passed low-pass filter and passed high-
pass filter again, the diagonal image is passed high-pass filter and passed low-pass

filter again and image’s result is shown as Fig.5 as below.

AppRoxim
P . Horizontal
HITE Y

Original Image .

Vertical Diagonal

Fig.5 Result of wavelet transform

The statistical property coefficients can get form those image. As
mentioned above, the approximation image cannot use it. Therefore, the only three
images are horizontal image, vertical image, diagonal image which are used in feature
extraction for pattern recognition and the statistical property coefficients which are
used in this methodology is standard deviation, median absolute deviation and mean
absolute deviation of those three images. According to the feature extraction, we will
get them from two dimensions discrete wavelet transform have totally nine features
and are suitable features for texture classification (4],

The original image which is used in two dimension discrete wavelet
transform must be chosen by the best size of height or row and width or column of
image which is 2" pixel of both size when n is 1, 2, ... such as 512 pixel or 1024 pixel
which is 2° and 2'° as sequence. Because of the pass wavelet transform in first filter
once time, the size of columns is decreased by a half with keeping the even index of
columns. Then, when pass again in second filter the size of rows is decreased by a half
too with keeping the even index of rows. So, the size of image will be decreased by a

half when passed wavelet transform once time and decrease again when passed it
ATl
again time by the size when passed wavelet transform is ? when X is total time or

called “subband”. It will get a good coefficients if we choose the good size of image

for analyze. Although, wavelet transform can used in rotation and scaling.
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So, the diamond image is taken as top-view type for diamond cut’s name.
The wavelet transform uses the two dimension discrete wavelet transform in first order

for analyzing that image to find result classification.

I11. Experiment & Discussion

In this experiment, it will start after pre-processing methodology which
will be used the edge of diamond cut image as Fig.3 for completed analyzing with two
dimensions discrete wavelet transform to do the feature extraction with size of each
edge’s image in 128x128 pixels by the diamond cut which is in center of image.

Then, we use those images to analyze with Biorthogonal Wavelet of order
2.2 and level 1. So, the Statistical property coefficients is got from image as below by
get the value of mean deviation (MD) signature as texture feature. The mean deviation

is defined as,
1
M'Dni = EZ | Dnz’[b}"bk) |

When N is the total number of wavelet coefficients in D,, which is a sub

image.

Table | Statistical property coefficients of round

Round Brilliant

Type Std dev. Med abs dev. Mean abs dev.
Horizontal 28.67 1.375 12.58
Vertical 27.57 1.5 12.54

Diagonal 9.876 0.875 4.58
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Table Il Statistical property coefficients of oval

Oval
Type Std dev. Med abs dev. Mean abs dev.
Horizontal 22.58 0.25 8.576
Vertical 28.78 0.1875 12.34
Diagonal 8.002 0.125 3.324

Table 111 Statistical property coefficients of marquise

Marquise
Type Std dev. Med abs dev. Mean abs dev.
Horizontal 12.36 0 4.02
Vertical 29.89 0 11.72
Diagonal 7.041 0 25.26

Table IV Statistical property coefficients of pear

Pear
Type Std dev. Med abs dev. Mean abs dev.
Horizontal 21.76 0.3125 8.012
Vertical 27.88 0.3125 11.61
Diagonal 8.86 0.125 3.622

Table V Statistical property coefficients of heart

Heart
Type Std dev. Med abs dev. Mean abs dev.
Horizontal 24.63 0.5 9.898
Vertical 26.05 0.5 11.07

Diagonal 10.16 0.25 4.284
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Table VI Statistical property coefficients of emerald

Emerald
Type Std dev. Med abs dev. Mean abs dev.
Horizontal 23.72 0 7.974
Vertical 30.92 0 12.25
Diagonal 7.021 0 2

Table VII Statistical property coefficients of princess

Princess
Type Std dev. Med abs dev. Mean abs dev.
Horizontal 24.64 0 8.812
Vertical 25.91 0 9.324
Diagonal 3.555 0 1.004

Table VIII Statistical property coefficients of radiant

Radiant
Type Std dev. Med abs dev. Mean abs dev.
Horizontal 27.09 0.0625 10.43
Vertical 24.65 0.125 9.931
Diagonal 6.507 0 2.29

Finally, the classification will use the value from feature extraction follow
TABLE I-VIII when Std dev. is standard deviation, Med abs dev. is median absolute
deviation and Mean abs dev. is mean absolute deviation of horizontal, vertical and
diagonal image which are totally nine features that are average from each image in
same diamond cut. The classification uses the one of top three in classification and
performance of decision tree is J48 P! for classifying those values and show as Fig.6 is

below
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IV. RESULT & CONCLUSION

The Result of classification from the decision tree can be summarized as
follow, the features of image which is used in classify diamond cut have three features
which are 1.median absolute deviation of diagonal 2.median absolute deviation of
horizontal 3.standard deviation of horizontal by value condition as Fig.6. So, the three

features can identify eight types of diamond cut

Med abs dev.
Diagonal
; <0 ‘ >0
Med abs dev. Med abs dev.
Horizontal Diagonal
l—so—L>o—l l—go.lzs—‘—w.lzs—l
Std dev. Radiant Std dev. Std dev.
Horizontal Horizontal Horizontal
i—§12.36i>12.36—¢ 5521.76L>21.76—l 5524.64i>24.64—¢
. Std dev. Round
Marquise Horizontal Pear Oval Heart billiant

rsr2lsnn

Emerald Princess

Fig.6 Result of classification

In the future, the diamond cut image would be useful for the real diamond
image. If we use the real diamond image which is taken the pre-processing for getting
edge image which may be different one from this experiment.
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