CHAPTER 1
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INTRODUCTION @
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1.1 Introduction

Ruby is one of the gemstones in the corundum g@ed s‘ﬂghl precious.
The market demands for rubies, particularly in the jewelfy industr eﬂhigtz-and

\
rur'vith:) which
Yv

y is one-of the most

unceasing. The term “corundum” comes from nskrit word

4
translated as “hardstones.” Compared to iron, sWn \Jid\
beautiful naturally produced red stones @Mig g&o c vtﬁl’he values of

iron, silver, and gold are determinedmght and pufrity. F\ll{@ on the contrary,

require more complex grading tec %a, ju's’.t radin ’é:hniques established by
égr

, clarity, ¢ ,aﬁcﬁﬁa').

the diamond trade using the 4

\
Rubies can only'be formed in aLas ere @ographical structures comprise

’
their constituent elw& uc| N‘Q yanrr@?}’l’ hailand, Africa, and Madagascar
(Giuliani etal., MUet
been synthesi aboratori Later toVits increasing demand (Sahoo et al., 2016).

Hence, @'es cjaaMg to,@rmine and distinguish whether the rubies are
tural

o

-ge racteristic, several synthetic rubies have

fornﬁ ly or artificially.c_},
\

.
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The cost of a ruby is generally based on its color because it is easier to
differentiate this particular feature with the naked eye (Intarasiri et al., 2016). \Vv :
the grading valuation of rubies is solely based on the experts’ experi to the
lack of a globally standardized grading valuation (Giuliani et al., 2020):O%f the four
grading valuation criteria of rubies, three criteria—namely color cIXan cut—are

quite difficult to grade. These criteria need further evaluation epth analyses. In

terms of color, rubies appear from pink to blood red, depe thJII’ proportion of

Cr".
I

Besides, cut plays a crucial part in find ngﬁue ff?e types
of cut afford different appearances to rubies WhIC ecom f Rbd;termmmg
the attractiveness of rubies (Moses a ) A ea entloned three
criteria, this research focuses on th Iarlty f bTa e ’&Q optical properties of
rubies closely related to their clarlt 0 C}

&

Generally, the clarit Ies |l ﬁojmc Aons and blemishes. Inclusions
are the natural element st Wlt n duce geological features such as
fissures, fractures, V|t|es|( et al. 6) whereas blemishes occur on the
outer surface 0 |es, su c hes @%tllms 2010). Transparency is also a vital

aspect that /may a ct the clari o ru y stone, regardless of whether the ruby can

transm% n

200 inclusions and opa@ of rubies can be detected using a charge-coupled

\E\CCD) linear sensor equipped with a laser-diode.

Q This research aims to develop an inspection system using a CCD linear sensor

for determining the clarity of ruby stones. A detailed study on the clarity criteria of ruby

o
)
Se

iped b§_ e presence of opacity in the rubies (Moses et al.,
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stones is performed, along with the analysis of the characteristics of the CCD linear
sensor. Simulations are conducted using the LabVIEW software to investigate tWt
intensity emitted by ruby stones. Furthermore, a CCD linear sensor system @%oped
to inspect the clarity of ruby stones. Finally, statistical engineering an IS used to
validate the data obtained from the CCD linear sensor system. Fme statistical
analysis, it shows that this CCD linear sensor system can disﬁ% between natural

and synthetic rubies with the accuracy of 96.90%. Det peri,nent setup and

discussion is thoroughly explained in Chapter 3 and 4. .\d‘
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1.2 Problem Statement Y. \ X~
VAP S

The combination of clarity, cu@and color istused @%termine a ruby’s
quality and value. Except for car t,‘b?ther criteni a @ill need professional
and experienced gemologists @ al. ) deci c?e value and quality of the
ruby. This is because thes crittia are diffic ‘Ao differentiate by naked eye
(Tariwong et al., 202% over, ',t Jﬁ/ 4Sb'uby plays an important role in
determining the ap Mce offhe\ (Sinl%&r'lus et al., 2017). The light reflection
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rub@ affect the clarity of the ruby as the light
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and light abso@ occ

' S
will pass taug he blemi .\@;Iusions in the ruby. The higher amount of
inclusi in the rub& W pake ruby looks duller and less attractive (Matlins,

o\ &

In addition, Gemology Tools Professional software is used to evaluate
Qmstones. It comprises almost 542 databases of gemstones, consisting of a series of
different estimations of the weight of gemstones, colorful stones, and cabochons,
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spectral images of gemstones, carat weight charts, and precise gravity calculators
(Gemology Tools Professional, 2016). This is another approach to classify ge e
criteria using previous databases as guides for evaluating gemstone. Suc@ds of

visual evaluation are based on years of knowledge from gemologis&gemstone

traders (Gemology Tools, n.d.). i

Thus, these methods result in an unstandardized ev; IuWue to human error

(Brazeal, 2019). Notably, light absorption, light reflecti n Iig%ty can be

used to analyze the clarity of rubies. A CCD lineargsensor can be us d’etKErand
!$ | &
0

analyzed the light intensity quantitatively. There IS resE'ar h afms t @yze the

characteristic of light distribution in ruby stones ng a \:Nk ar se w}’
O X
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1.3 Aim of the Research %
I s
This research propose arity inspecti ystemii%ﬁ rubies using a CCD linear

~
sensor. The analysis of-the Yight inte’sity CF“@ the CCD linear sensor will

determine the transparency.@f the % cé',' @@Iarity of the ruby can be analyzed.
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1.4 Obj@} the Resear
bl
The objectives of the research ar@‘ollows:

\C.)

0 design and develop a CCD linear sensor system for inspecting the clarity of

S
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2. To conduct several experiments for validating the capability of the CCD linear

sensor to be used as a clarity inspection system of rubies. \Yv

3. To perform statistical analysis and reverse mathematical modell |;)rder to

validate the effectiveness of the CCD linear sensor. Y'

1.5 Scopes of Research :
.\.d- :
r

This research analyzes the characteristic ofglight distributio |? uag' for
grading valuation. The experiment is set up in an&con‘dit'bﬁythe QC\) linear
sensor to work efficiently. The temperature is s&‘i.z , ligh 'ﬁt?r:sity in the
black opaque box is maintained at 0.5 u@ut lg ourcngl for the CCD
linear sensor are the main conditio % t a'T [ ed_QCtRat the CCD linear
sensor does not become saturate Hoc“(%ram@ults. Simulations have
been developed based on Bee?\ ert law_tesi estig&&ge light intensity received

N
by the CCD linear sen froRrubies ith di ere@ties.
) F &

4
The light Bq%ﬁon i}i} invo&ﬂn this research—Ilight reflection and
absorption—areﬁql dm ially @% the LabVIEW software. Then, the light
¢

intensity d r%ce’/ed by the s scﬁ, v@}c is represented by the CCD output voltage,
% NN
is statisz/ alyzo'dﬁgahe M'I%ab software. These data determine the clarity of

% For this research, the CCD linear sensor system was designed and developed

Oed on the study conducted. The CCD linear sensor system was operated in a black

opaque box. The light intensity of the laser was fix to a distance of 16 mm between the



CCD linear sensor and the laser. The CCD linear sensor was equipped with lens and a

filter to acquire the optimum result with minimum noise. \Yv

Several experiments were conducted under different conditions, i mg laser
ON and OFF conditions, with and without the ruby. The experi data were
obtained using Agilent U1620A oscilloscope These data is in the% CCD voltage
output values, where it represents the light intensity refle edWruby. Finally, the

refractive index of the ruby is acquired using the rever emati I'expr sio
@
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