CHAPTER 1

Yw
INTRODUCTION @
<

1.1 Background of the Research

The ruby is a corundum combination (a-Al2O3), w rer amount; roughly

1%; of chromium cations (Cr*") substitute aluminium I°%) t ’eld istinctive
crimson colour (Nassau, 2003). Natural rubies are org,of the most pre u,s g’ecn'gzc?nes
in the world. It is very rare to acquire large-sized @Wiﬂl igh clarity. T?s rubies
are even more valuable than the same-sized dianw Fi }1\ provi Q}a,n image of

19 <

a ruby stone.

\; Ee commercial Value\of a ruby is based on its colour, size, appearance, and

. Historically, rubies have been mined in Asian and African countries like Burma

0 Myanmar), Thailand, Sri Lanka, India, Afghanistan, Cambodia, Kenya, Vietnam,

Tanzania, and Madagascar, which are the major suppliers of this precious stone.
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The region that lay at the border of Thailand and Cambodia also produced high-quality
ruby stones from the late 1800s to the 1990s, though this deposit came to light zwnb
1960s (Tang et al., 1988). In the last few decades, owing to technological ad@}ents,
many gemmology tools have been used for determining the optical ies of the
synthetic and the non-synthetic rubies, which include a microscop€, loupe and a
dichroscope (Liao et al., 2017; Mukherjee, 2012). These t lMased on visual

assessment and require vast experience. However, since th dures rely on visual

—g

4

te grading
[ ]

1
valuation (Liao et al., 2017; Mukherjee, 2012). ' _\"}
Genuine rubies have a deep, intense, al li ht!e r, whilé imitation
stones are often dull. Darker red stones arew e than Y..There 1S no

such thing as a naturally-occurring cle@zs all rub1
inclusions. They enclose microsco@stals o\fhegmi

N
angular grains, irregularly shap 4 and?)atch of 10<x§%1eedle-like crisscrossing
canals that reflect light to cr Xky T&j i

inspection, they are need to be standardized as they candgesult i

%

ve <<fappear to be silk

q@}?in the form of pale,

agnif; glass is necessary to identify

' g &)
likely red glass if uch inc]r ﬁdole, even under high magnification.
Furthermore, inglusi are ent i{(_)%/nthetic or imitation rubies. They may,
¢ L%
however, eEEl bble-like 1 lufio;(s-}o apparent cracks similar to those found in
C

N
ks hdve a y cd& and are even (Ferns Icon, n.d.).

these patterns, especia% are not app ent ta@ naked eye. A gemstone is most
4
\\a.re ob

glass. Thes

&ny industries like p@'us stone businesses, manufacturing sectors (drilling

a%\ing), gemologists, and medicinal and dentistry applications benefit from the
tafida

rdized optical properties and valuation of the ruby stones. The transparency and

Qperfections of the ruby stones determine their grading value. Recent technological



improvements have led to the use of gemology equipment, such as a binocular
microscope loupe and a portable dielectric tune able forensic lens, to analyze thew
qualities of synthetic and non-synthetic ruby stones (Liao et al., 2017;®rjee,
2012). These tools magnify the image of the ruby stone structure for vi essment.
However, these visual assessment techniques require gemologists an<¥n~stone traders
to have years of experience. It may also lead to inaccurate gradingWaluations due to

ts of a diamond

human error (Sinkevicius et al., 2013). Figure 1.2 de

magnifying loupe to grade gems.

s@szsienh‘%yhd

¢ %@weptual model of the optical properties

osterc‘h@nds .com/blog/the-diamond-loupe/
g@lng Loupe

This s me to e
aluatlon ones st C(,“\Q)omography method. Based on the Australian

Bureaz wstlcs ({ dlant@e data refer to the data that can be measured by

d could be counted’os'g'l usually expressed in numeric variables. Meanwhile,

@twe data is measured of ‘types,” and usually, the data is about the categorical

Qlables This research will focus solely on the ruby stone's clarity. Previous Gemology

tools such as the loupe, microscope, and dichroscope, which depend on the human eyes,
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result in qualitative data. The CCD and tomography structure proposed the optical
properties of ruby stone based on the z-axis value of the three-dimensionaw
produced from the effective pixels value of the rubies. Therefore, the z—a@s the
numeric value, which will ease the classification of the grading of the ne based
on its clarity. Y'

The first objective of this present study was to examine_the optical properties of
ruby stones. The data would be used to generate a m éY;d 'expression that
highlights the relationship between the light intensity ived y\hd? after it
penetrates the ruby stone. CCD tomography should itate the id ﬁ‘a@f the

optical properties of ruby stones. The second objeeti as@ igate Qe};by stone
o ¥crs X

grades outlined in the Gemological Instit rﬁa (GHA) dat@&e to facilitate

identifying the light intensity values wa grades o y st@f'Sas commercially
classified by the GIA. The third %Ve of t\bu?y qs:‘&ﬂ validate the optical

S
properties of ruby stones using .stati 1 anzﬂysis. 9 &

The expected output refers™to T ardized c@mal modeling of the optical
properties valuation o@ston ﬁg lo1'x®'CCD tomography method. The
conceptual modewﬁs reie
could establish the optieal properti

¢ J (?
LabVIEW amming/softw. Jd@ tatistical engineering analysis of t-tests. The
\
ok

LabVIE% are produceéd,a thr%imensional image consisting of the z-axis. The

z-a&esents the effective@&s value which is varied based on the clarity of the

Xne. Meanwhile, the ruby stone’s clarity differs based on the refractive index

GE, which will be further analyzed in Chapter 4.

cludeéﬁow the CCD and tomography system

of thed%ﬁ stone. The concept includes integrating



Malaysia has the potential to become a global hub for gemstones, and the

country can provide Southeast Asian countries with ruby stone-related reseaw

technical expertise. Malaysia can also be a great economic and soci@r of

Myanmar by becoming a global hub of ruby stone production and a Is for the

high-end luxury market worldwide. ?
1.2 Problem Statement z '

The Gem and Jewellery Institute of Thailand (GIT) belie att ew iew‘ezllery
industry grows effectively with the new emergin ets in Asi da@yi &
Khaskin, 2021). Despite the lingering uncertai e t% D- andemic,

Allen Nogee, the President of Laser Markfw rch,”lf optimistic @t the trend of

the laser market in 2021, with the prirN of rub

to the data presented in Figure 1.3 (%tskyi &\agk“l

$18.48B «Total

14.94B $14.72B
$13.77B : 3

B $10.49B

$10.07

$9.56B

=ho .
sg73@  $8.97B &8 <4 Non-Diode

4 Diode

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
-
% ' ) \\'} Source: Holton et al. (2016)
' é
Figur &ends inT Léer Wl’ket Between (A) 2012 To 2015 And (B) 2017 To
2029.&the Future \c,}z

% Based on the data seen in Figure 1.3, the laser market has nearly doubled. The

Qrket has constantly and gradually increased (except 2019), despite many issues like



weaker investments, global trade conflicts and COVID-19. All these events negatively
affected the global economy and amplified the risk of a long-term economic A
The percentage of non-diode lasers; including ruby lasers; is much highet%\at of
diode lasers. Over time, standardisation should create uniformity to @&) the gem
and jewellery industry (Bernatskyi & Khaskin, 2021) more effectiveR'

Recent technological improvements have led to the use of many gemology tools,

f')rensic lens, for

analyzing the optical qualities of synthetic and non-s i bwlg 2022).
These tools are based on visual judgement, whe logi r}q > vast
experience to assess the quality of the gemsto not.standardized
and may lead to inaccurate grading valuati pic@) inspections.

Apart from that, Wang et al. (@ i ult@%let luminescence
imitations or originals. Me
standards that only ap%? determini code chart for grading the ruby

stones and sapphir e basedl cribed by ISCC-NBS (Inter-Society

Color Council-National B ds). Dealers and gemologists would
¢ I C—)

determine if system ¢an be e(; asel}e of the qualitative approaches. However, this

N\
method% avily” Pinati‘& with the human eye, which may lead to errors
(Led&anasuk etal., 2014).\0}'

QE Thus, it has become clear that a lack of standardized and systematic techniques
0

r quantitatively grading the ruby stones affects its proper appraisal. Hence, this study



developed a conceptual model for quantitatively grading the valuation of ruby stones

g
O

The research aims to introduce conceptual modeling of optical prop s of ruby stone

using the CCD tomography technique.
1.3 Research Aim

via Charge Coupled Device (CCD) Tomography approach. Y'

1.4 Research Objectives .\d'
| S
The aim of this study was achieved using ing obje st AL
1. To study the light intensity of the ruby s d@ coretical values.
e Optical properties, such W absofption tten@l and index

refraction, of ruby stoneN tamed fr em.y Software Tools.

=\
Laboratory Virtua %ment ing AMorkbench (LabVIEW)
n S
programming s ¢ was then used t§ m atically express the ruby

stone's rock ity N
z l %
2. To develop co 1"modelj g 0 f tomography technique using the

LabVIEW l é)

. a oct 1ent t\n concept for CCD and the ruby stone

forco eptu@nodehng This involves dynamic calculation
d ov]

om,.Gemology Tools Professional and real-time

N
A experiments. \"‘)
\?o validate the optical properties of ruby stones based on image reconstruction.

e The simulated and experimental images constructed were compared and

analyzed using statistical and relative error analyses.
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1.5 Scope and Limitations of the Research Y'

This research introduced conceptual modeling of optical properties @mby
stones using a CCD tomography technique. The scope of this researcfo*e divided
into three main parts. This present study emphasized the clarity cmby stone in

determining the standardized optical properties of this stone. macteristics, such

as the carat, cut, and color, were negligible due to the mainiobjective of this research is

its re awsx %i.ned
S

from the Gemology Software Tools (Fuller et al., 2014). '

The first scope was to analyze and de mat%' exp ‘%n of the
X
he,CC

final light intensity ratio of ruby stone tOWM D’ienso The eguations for light

&

reflection, absorption, and refraction Nazsidered a S stwhereas the light

scattering and diffraction effects are%gible m\mﬁ %Y @ﬁe the diameter of the
;* @

object under study is greater th. er diode w elen%lﬂf?droas, 2004) (Jamaludin,

to analyze the optical property of the ruby stone based

(¢]

o

2016). In this research, thei\g ruj sedfor @is is 19.18 mm. Meanwhile,
t

the laser diode which a% rani' ibttJ ‘}ﬁ@deling study is the red laser with
650 nm wavelength? herefie:}\ehght %ﬁﬂ!aﬁon due to light scattering and
diffraction is in%a ible isiTesear; Pf\({'he refractive index of ruby stone was
¢
obtained fr %olog So e&ozﬂ;(?uller etal., 2014). The block diagram of the
\
final m@;al expressi nwas @blished in LabVIEW.

e conceptual mode]@fhe CCD tomography was demonstrated in three-

—)

di \)nal images in LabVIEW, which involved the simulation setup in this research.

G arrangement of three-dimensional graphical code diagrams has been made up in

e LabVIEW programming software. From the three-dimensional image



reconstruction, the z-axis will be analyzed and compared between the simulation and
experimental data, which involve two CCD tomography image reconstruction s S
to be analyzed. The first system used a laser as a transmitter or light sour@e the
other system did not use a laser as a transmitter. This stage aimed to ine which
condition can work effectively and distinguish between two differefif levels of ruby
stone grading indicated by a different refractive index valu Mrom Gemology
Software Tools was used where this software consists of g marrom gemstones
from around the world, including the refractive index va f the 1!}ﬁ@from the
different values of the refractive index, modelin rading v tidn @Yd' be
achieved, represented by the z-axis value co% ree@ensional
. o
images. V é

In the final evaluation stage@ experir:\ We@%nducted by my
colleague using a sample of ruby %(Mol@;ﬂ% @2022).The refractive

N\
index of this ruby stone is unkt%w experim tqwaiégaducted using a SONY™
%ﬁ:

ILX551A CCD Linear %nd 1 s‘é@ure 1.4 below shows the

experimental setup ( halim fet al., b@ The data obtained from the

4 &
experiments are @ recr \eg he i of ruby stone using LabVIEW
programming. Eurtheranalysi ima onstructions is conducted. The data was
¢
st

i
% :
analyzed u 'wnita ti 'ca; a(e;gis software and a statistical engineering
\
l:e. b o (e

analysi%

O



e

ohd Rahalim et al. (2022)
Figure 1.4: Experimental Setup of Ruby ith STA CCD Linear
Sensor and Laser Diode \

O

1.6 Research Methodolog)%ary 6
Aojl

This present study attem d I m@econstmc‘uon using a CCD
tomography system w% Y™ JLX5 lC and laser diodes arranged in an
octagon to cover al reglo r @ o different software programs were

used in this stud\ ag ctloﬁ(th laser (System A) and without laser as
¢

s
a transmltter of light ( sé Both image reconstruction systems were

O
\ . .
objectiy, % aredito de ine which system more effectively evaluated the optical
o

Y-v

ruby stones beforq-feal-time image reconstruction was conducted. The

\g was developed using LabVIEW, and the linear back-projection (LBP)

e
6 ithm was used during real-time image reconstruction.
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The ability of the CCD tomography system to detect and differentiate between
the different clarity levels of the ruby stones is based on the refractive indew
determined using the Gemology Software Tools, which was investigate(%\ few

experiments. The acquired data was then analyzed and examine Minitab

software and a statistical engineering analysis technique. q
1.7 Structure of Thesis z '

This thesis is divided into six chapters, which are liste OW.

1. Chapter 1 briefly summarizes the research&,round obje i\f{\@Y{em
statements, scope, and contributions. P 4 \}Y‘

ii.  Chapter 2 presents a literature re%x.thg‘ \tones%b,‘gr industrial
applications, their characteris\%ous Gemelo to@‘used for grading

valuation, and the conceptual*framewor

S
iii.  Chapter 3 describes the methodo bas@n the CCD tomography

system model and the La used Ahe technique.
s lof th¢'CC

N
iv.  Chapter 4 presénts thCesult Qﬁography image reconstruction
, '3
system base%dl reil

m e indéx yalues. The research also presented a
detailed anhalysis and
¢

for rul%‘nes

the coi{oeptual modeling of the optical properties

nc_)(.z
L

research conclusions and recommendations for
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