CHAPTER 2

2.1 An Introduction to Ruby Stones

¥
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Gems like diamonds, rubies, sapphires, and emeral

ha?been valued for their
ey are %owledged

as being stunning and having exceptional value (Wise, 2021). The rub 's'a g(()f)@'aum
1%; of Cf3+ bstitQé__Q\ABJr to
NV

}d‘colore gemstones that

color, transparency, brilliance, and durability for deca

combination (a-Al,O3), where a small amount; rou

yield a distinctive crimson color (Nassau, 2003). iubie

are hexagonal and treasured for their bea@g

than diamonds as rubies are harder to obtain'@nd are rare
accentuates the natural color of mshi r%i es the'n ml@of milky particles in the
stone (Whitney, 2011). Natur S

“« Q-
N are so the ngéﬁ( precious gemstones in the
\
Re Iarge- 1 @

(¢}

usua{Qf more expensive

di‘glonds. Heat treatment

world. It is very rare tgpacq zed blies high clarity. These rubies are
even more valuable tha%-siz% dg E‘S@carat, color, beauty, and origin of a
ruby determine i@( va ! Rubies ha\@a%aditionally been mined in the Far East,
while Afghar% urma (or j{lm @)\ambodia, India, Madagascar Sri, Lanka,

Tanzania %d, Kenya,fand V ('ejlm are the leading suppliers. However, for
< ; 4

decadés, t obal supp of{u@ﬁas come from two regions; modern-day Sri Lanka
an%yanmar, specifically M@k. From the late 1800s through the 1990s, the border

of Thailand and Cambodia produced high-quality diamonds; however, this was

bmed only during the 1960s (Tang et al., 1988).



2.2 Application of Ruby Stones in the Industry

Rubies have a long history, and both synthetic and natural rubies haveWe
range of applications in modern society. Rubies are widely used in jewelq%r they
are set in valuable metals, such as platinum or gold. They can be utilize the focal
point of a piece or to complement other gemstones, such as diamond§. As rubies are
extremely hard, they are easy to care for and virtually impervi micks and cracks
from everyday wear and tear (Issa & Brabazon, 2021). Ac ing to FFrns Icon (n.d.),
if one was to wear a ruby, the gem should ideally weigh ast 1/10 e W%ECI"S

body weight in carats. Therefore, someone weighin kg should ar,a _@ of at

least seven carats. This translates to approximat e t% in wegﬁt. Figure
2.1 provides a picture of a ruby jewellery EN '-1 é

- - O

%\ ’ ?:'htMWww.pinterest.com/kiranmaimadadi/ruby-necklace/
Qv F e Qé(uby Jewellery Set
& v
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he moving parts of various gadgets rely on bearings, little balls that move or

rotate particular sections of a machine; for flexibility. Ruby bearings are often used if
ic

tion is a problem. Although rubies are smoother than most metals and produce less
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friction when used as bearings, the cost of a gadget increases when rubies are used

(Ferns Icon, n.d.). Y'
Jewel bearings are commonly employed as the moving parts o@nical

watches as they prevent friction, wear, and tear among mechanical e to their

toughness and rigidity. Jewel bearings' benefits include precision,%¢mall size, low

weight, predictable friction, exceptional thermal stabili wmbrication-less
N

performance for decades (Naas, 2013). The complexity

determines the number of rubies in a mechanical watch; mo M required
e_

V':ments required

'Y
when there are more moving parts. A typical full led ti oﬁ v‘a@as 17
jewels. However, watches can contain many megegewels. F 1g1r%2) depicts the use of
\ Yy
rubies as bearings in a mechanical watch. 0‘ é

Source: https:/fen.wo

% Scientists have recently used rubies in laser technology due to their ability to

Qus light and produce a higher intensity than most gemstones. Like diamonds, rubies

can transmit light from one point to another with low-energy waste. As such, they are
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frequently a key component in precision lasers. In their study, Maiman (1960)
developed the first ruby laser that could be used for commercial purposes. TW
lasers consist of aluminum oxide (Al>O3) as a host, while Cr3+ (t%\zized
chromium ions) acts as a lasant. This laser shows an output wavelen, 6943 nm
and operates in a pulsed mode. A flash lamp that gives a capacitive disgharge is needed

as an excitation medium. V

Ruby lasers have a red tone and are commonly em K’n th[ military and in

range-finding equipment for surveying purposes. A so ate | e.r\wd‘for high-
ing (Whitney, 10&)\§Ilby
ds, se‘d' ood@;es, hole
\(seveé‘o:ﬂes) in one
tate@%‘s, rubies provide

power tasks, such as welding, cutting, drilling, and

lasers can be used for spot welding, drilling

piercing, and pulsed holography, as it rele

pulse (Hung et al., 2019). However, ufw y other soli

= - N
remarkable laser light emissions (Whitney, 2011). This, is ]@'he reason why many

2.7 Y S
commonly associate the color r ithlasers (Raytnond, %i;@ Ruby solid-state lasers

have significantly more be mn gasTasersy(RF V\@ess World, n.d.). Firstly, the

beam diameter of a rul%t smal}e&}m}t}lﬁt @' carbon dioxide (CO») laser. The

power output of a%&?aser is r parabgo)that of a helium-neon (He-Ne) laser.
Furthermore, asgubiesvare sohid;
@

N S
Fok %017) examt ed&ul@}l ser treatments to remove and fade grayish-

N
brown % tion Jpatc ,from& skin of 40 patients (Fok et al., 2017). A Q-

swi%%nm ruby laser ( at an energy density of 8—10 J/cm? could clinically
a

ﬁmentaﬁon on human skin. Figures 2.3 and Figure 2.4 present the real-time

\gmitoring using photothermal images, of the plots depicting the patient's facial skin

¢ 1s n. *%f( of wasting active medium material.

\temperature before and after the Q-switched ruby laser treatment.
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Figure 2.3: Plot Depicting the Patient's :? Temp t Be,’@%~ The Q-

Switched Ruby Laser Treatment for The Ne of Ota Using Infrar ermal Image
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Source: Fok et al. (2017)
dure 2.4: Plot Depicting the Patient's Facial Skin Temperature 15 S After The Q-

Switched Ruby Laser Treatment Carried Out Using an Energy Density Of 9 J/cm?
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Figure 2.5 depicts the results of a 19-year-old female after four QSLR treatments
over two years. The results showed an excellent cleaning and fading re |

Therefore, due to the diverse uses for ruby stones in various industries; suc elry,
bearings, welding, and medical; it is important to have a standardized m&f grading

ruby stones. This is because these standardizations will facilitate the effgctive utilization

of these gemstones in the relevant industries. Therefore, this, ngmdy proposed

producing a conceptual model to grade ruby stones tivily using CCD

tomography. \d
®

N
O

—

v \; )
é s’ Source: Fok et al. (2017)
ure,2.

5: A 19-Year-Old Asian Female Having Nevus of Ota on Her Right Cheek:
efore Laser Therapy; (B) 2 Years After 4 Treatments Using The Q-Switched Ruby

aser (694 nm) at an Energy Density Of 9-10 J/cm
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23 Characterisation of Ruby Stones

Although no two diamonds are the same, they all have some features tha t
their values. 4Cs categorize the properties of a diamond; carat weight, clari@, and
cut; are the properties of a diamond (Diamond Council of America, 2014). However,

E=—

how each aspect affects the cost varies from one type to the other (Leelawatanasuk et
al., 2014). For example, yellow sapphires have higher clari MG average blue
sapphire, and blue sapphires have a higher clarity than th rQe rt,by As a result,

clarity flaws in rubies have a lower pricing influence than¥flaws i b ires.

2.3.1 Clarity

Inclusions, substances trapped within the gem, ar

grac%ﬁh%. gemstone's

r@lsts often use a

purity. Nevertheless, viewing inclusi s%be di

microscope to study them, rably wi l?el /{hmmatlon While a
o

magnification of 30—-60X (the moﬁt ster ‘?Opl croscopes) may resolve

many inclusions, some tinier o re(‘;[ll ﬁcat@of 200X or more. Knowing

how to use your microsco Varlo lighting t®; ques is essential for identifying
' '3
n so

inclusions. Howeve\ \S\gs ng t1 etails into sharp focus often proves
quite challengi @t m \éome s, student gemologists can easily jump

to conclusmn t wh they eﬂlro(l%'ﬂ magnification.

ty grgd of @ denotes the absence of some materials trapped

within é%n such as 1nclus&)m flaws, or surface fissures, which impact its final

ce and total surface area. Rubies rarely exhibit the high clarity of fine
‘%

nds. When viewed at 10x magnification, even the best rubies are likely to have

q:lusions. However, a ruby with no imperfections should be regarded with caution as
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it may be a synthetic stone or a glass imitation. Inclusions come in nine different

varieties and are common in rubies. The inclusions that could be seen in diamow

analogous to needles, crystals, cavities, twinning, and feathers. However, ti@%nﬂy

encountered inclusions unique to rubies are silk, fingerprints, scra nd color

zoning. i
2.3.1.1 Silk : '
The silk structure of a ruby reveals a lot about it ment isWrubies are
@

often heated to change their color or improve clan?ever, the str gfqia\t%s dto
treat rubies partially melts or decomposes its silk, and perfect silk indi€ates {H}Qﬁhe ruby
was not heat-treated. In contrast, degraded 'lklx; \‘e ina nified image
and recognized by an expert gemolo&%’s that

y stongwas subjected to
heat treatment (Walter, 2021). Fi gurc2.6 shows r$

six-rayed star, which indicates ‘@ton&has
o~ =

=]
':(D
Q
=]
-
=
Q
=1
o)
o

9

0 i Source: Walter (2021)

Figure 2.6: A Deep Red Cabochon Ruby with A Perfect Six-Rayed Star
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2.3.1.2 Fingerprint

Fingerprints are incredibly common in sapphires and rubies because t

evidence of fractures occurring and healing in the stone naturally. Many sth@ not
ific

heal their fractures, like emeralds. While this is a naturally-occusLi lusion,
synthetic rubies can show fingerprints, too, because this is a specifi cteristic of
the corundum mineral and not its inclusions (Walter, 2021). Fingws are inclusions

that are clustered together and quite literally can look li ugn ﬁnferprints. These

inclusions are typically small and rarely impact the q a bW] below
@

shows the fingerprint inclusion of rubies. ’ c}‘?
-

%3

Source: Walter (2021)

&

('}Fi re2.7: jp!ge{f%r( Inclusion of Rubies
‘ NN
& S

2.3.1.34Sc
i original ruby is notc\&sily to scratch; the corundum family is one of the

S

st st types of stone. Composite rubies have the drawback of including glass,

Oking them vulnerable to chemical damage from cleaning products and easy to

fracture. One practical test to validate the originality of ruby stone is by scratching the
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surface of the ruby by using nails or any other stuff that is neither a diamond nor
moissanite. Only a real gemstone with a higher Mohs rating could scratcw

gemstones (Walter, 2021). Figure 2.8 below shows an example of a scratc%

N

A Source: Walter (2021)
6 e,
Flgure\ icture@f a S t&K@By
e X~ ' %\
2.3.1.4 Color Zoning Ej '
S, €O 0

Common in corund ning is a concentration of color in

different parts ofas cutte e advantage of color zoning to display
color in parts ston that n&'h Ve ny. Color zoning in corundum can produce
multico nes :h be) 1001@ tourmalines, sometimes called particolored
sap Ifthis were to happelt%a ruby, it would only qualify as a ruby if red accounts

than 50% of the stone's color. Figure 2.9 below shows the blue color zoning

6 rved in some of the unusual rubies; immersed in methylene iodide.
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The ideal clarity grade for ruby is called “gye-c
no apparent inclusions to the human e\ ore tr
valuable it is (Renfro et al., 2018; Walter, 2021): i

%z? n /b\% location, and overall
peats thata xpe@siders when evaluating

o

2.3.1.5 Grading of Ruby Stone Based on its CIJY~E ? & J \)T

ta by is, the more

visibility of the inclusions are essen

a ruby stone's clarity. There N

gemstones compared HCCleazems. F
ruby stones accordiwl S

fe i critiﬁ(for opaque and translucent
Iure .10 @shows the different grades of
£ &y
5
o4
J

A ) (

Source: https://www.withclarity.com/education/gemstone-education/ruby/ruby-grading

) .
GRADE GRADE GRADE GRADE
0 AAA AA A B

Figure 2.10: Different Grades of Ruby Stones According to Clarity
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As all other criteria; such as carat (weight), colour, and cut; are equal, rubies are
priced according to their clarity grade (Table 2.1), where I indicates inclus??l

denotes slight inclusion, VS indicates very slight inclusion, and VVS denot@very

slight inclusion (Grande & Augustyn, 2010). A

Yv

Table 2.1: Price of Ruby Stones According to Clqritf de
Level of Clarity (Grade) Quality of Rubies @Perl Carat (Dollar, §)

D Very low

(1-SI) Low

(VS) Good

(VVYS) Very good

c % Augustyn (2010)
Based on all these criteria %ualit@in
? (|

=\
%@,this present study will
",

focus on clarity to establish a propetties of fuby s using CCD tomography.

X

The CCD sensor’s superio mlaice Wi ex@ined in the literature review.
? L
Extant studies have fo%a CCD',t mo, apher‘/ effectively identify an object's

varying transparen 'Nmalufin\bdul R%&{ 2016). Therefore, the clarity of ruby

90

stones will be Nla n _subj 'his @ent study as it is difficult to detect the
( ¢
inclusion oqate jals trapped, w h1{1 \r(t_)jes with the human eye.

& v
A\ N
2.4\ mology Tools fo mstone Characterisation

% A ruby stone is graded and valued based on color, transparency, and blemishes.
eral Gemology tools have been developed for determining the optical characteristics

of synthetic and non-synthetic ruby stones, like a loupe, microscope, and dichroscope

23



(Liao et al., 2017; Mukherjee, 2012). However, all these tools depend on human visual
assessment, where the assessor needs many years of experience. However, aw
techniques are not standardized and can lead to inaccurate grading mlu@ they
depend on graphical inspection (Liao et al., 2017; Mukherjee, 2012).

Multiple gemstone-related studies have conducted different ty¥o7 research on
gemstone characterization. In one such study, Yu et al. (2019) state t the gemstone's
chemical and physical characteristics and inner structures X:errlly analyzed by

polarizing microscopy, microscopic observations, and an s cw Here the
[ ]

inated By a 'n‘li&; orms
th% ogy%‘raccurate

s,vr\ma it a,@m:ehable and
inconsistent technique. \) é

A few researchers (Abduri W Kita \,50 ﬁ:\fherland et al., 2019)
N

employed the LA-ICP-MS %Abla 1on—I mtlve@’Coupled Plasma—Mass
Spectrometry) technique f myinl tg position of particular gems

to pinpoint their origif% hy. Sutherl (} & @019) determined the age of the
d
opes

light reflected off the region on the gemstone, when i

a bright light band on the convex gemstone. H

and relies on the inner structure of thew

o€

rubies using the ura; -lead (U- titanite inclusions (Thurein Taung;
32.4 Ma) and t n n u 23 9 Ma) and basalt dating in New
South Wale ) > —4:0 alm could be tested after analyzing the ruby
stones i from ? Hs ureln Taung, and Mogok. The researchers

the data collected f@N ew England and East Australia with that collected

:% proposed Mong Hsu field, as shown in Figure 2.11.
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® Mong Hsu Red
® Mong Hsu Fink v
® Mong Hsu Violet

# Thurein Taung Red
B New England Red
B New England Pink
B MNew England Violet

f'\h \
‘

Cr/Ga

0,001 LiLi]| .1 i 1] 10 10

Fe/(V + Ti)

V‘ ree: Su nd etal. (2019)
Figure 2.11: Ruby Plots of Stones a%rom u (69 Thurein Taung

(TT), Myanmar, and New England#East Austr: \Q{l% lél:esented in The Oval

N\
1agram. All Plots Were

Enclosing Field Boundaries in

Colour- And Locality- Codedm cr" i

Abduriyim i awaki|(2
very effectlve lo y. Ge ge , and materials science as it presents an

efficient a o re u(rg any sample preparation. The LA-ICP-MS

analys lot 0 1 1ve@ for detecting the presence of major, minor, and

N
trac ents in the analyz mples, which help design variation diagrams and

@ al element fingerprints.” These fingerprints highlight variances between

Ul\ples, attributable to geographic location or sample treatment. Figure 2.12 depicts

the instrumentation of the LA-ICP-MS.
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Y
stl': rated I11_- mass- ||
to-charge ratio (mdz} e
s_ . O ||!I_“I"“.
stalecules i Dhetector
. e
Spectra Computers
Source: Ahamdj &iyiml& Kitawaki (2006)
Figure 2.12: A Graphical Depiction Describing How th ss S ew ('}enerated
: N
by A Sample. In This Process, The Gaseous Molecul Sample ( dlcﬁ@d and
They Form Gaseous lons (B). These lons Are hr% ass .@Iyser (©)
And Are Separated Based on Their Mass“Te-Charge i h@'assed to The

Detector (D). Thereafter, Computer ( rangforms the Sighal @ated from Every

Element into The Spectrum That Is %nted on tA‘éScreen (F)
a S

‘% ¥ ‘&
However, the abov@ione' establi h%. \asurement techniques cannot
‘ E (
offer a standard grading of t rub& oﬁqu;earchers have used the LA-ICPMS
technique to det(w&&\e elelnent comp

ion of certain gems for the origin of
N

geography. BlﬁMet ak. (200 }etl %Jnergy ultraviolet luminescence to process

gemstone % Over the decade ologists have discovered that genuine and
e Lot ws
rea

n gem ct dif@renﬂy to UV radiation because the treatments
N

labora
fre% alter fluorescent réactions. The standard hand-held UV lamps can be

%«ely used for observing the bulk fluorescence colors and the distribution patterns

Ogemstones; however, they do not reveal weak or intricate patterns within the stones.



The DiamondView™ device, manufactured by the Diamond Trading Company,

induces fluorescence in diamonds and reveals growth patterns that help dist

natural stones from synthetic ones using very high-energy ultra—short-wa@ nm)

UV radiation. Figure 2.13 shows the DiamondView™ device. *

¥

A

DhamondView™
‘T “ %ource: Breeding et al. (2006)

\’ &
Figu 13¥Di dVi WTM§}ument
X 'S
F &

UM

The devic@high-lesolu on ca@ with aperture and exposure-adjusting

N
abilities to digitally, capgurg e "tle &gakest luminescence. The high-energy UV
imaging ilifies of] the Diamo ew™ can do more than identify synthetic
4
diam: n paired ith geﬂgﬂogical observations or high-tech spectroscopic

o
oY
in\ﬂ ns such as laser-indueced photoluminescence. However, this framework can

%fferentiate and analyze the originality of gemstones, whether artificial or natural,

Oich is not a quantitative grade in the valuation of rubies.
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Imaging spectroscopy, developed in 2006, is used to distinguish gemstones in
terms of color intensity (Del Re, 2006). As presented in Figure 2.14, a trianw
figure) can be used to represent the pillars of the hyperspectral imaging S)% hese

include different instruments like imagers, spectrometers, and radiom t capture

the gem stones' spatial, spectral and intensity data.

A

Spatial Information

e

Imaging
Spectroradiometers

Spectyometers Spectroradiometers Radigmeters

Spectral information Intensity information

ﬁ .4 ‘,' , 2 . Source: Ahmadja (2006)
Figure 2.14: Dif@}mes ',f \aThat Is~Sought and Various Sensors That Are
he'Data

Used for Acqui t
s

’
f these c p(f?lentﬂ'c'ontains information in multiple dimensions. For

ypelégoctral Imaging System

)

a
iné\ere are multiple spe\;rjal bands in the sampled volume, which facilitates the
%s extension to the “nth” dimension. The concept of n-dimensional space, often
led hyperspace, is used when working with multidimensional systems. Hyperspace

is a logical expansion of the 3-D space for analyzing intricate multivariable situations.
28



In such situations, multivariate image analysis and chemometrics (use of
mathematical or statistical methodologies to chemical data) are usefuvﬂé
chemometric tools are applied to the gemstones when mapped, allov@ the
acquisition of chemical, spatial, functional, structural, and even tem ata. This
method may provide more comprehensive solutions for some of theYnilenges faced
by the gemological industry today. Nevertheless, color alone_does 1ot determine the

quality of a ruby stone, which is a qualitative step in de ining ﬂf grade of ruby

stones.
XY
Pan et al. (2019) used statistics to grade gem . A tofal o (,j@-jade
(red) samples of varying colors were statisticall ed, THe ated\tF samples

with the help of an integral spherical specw metsj, X-Rite SP&ey used the

K-Means clustering analysis techniq@the Statisti Pa@e for the Social
Sciences (ver. 2.0) to grade the re%@ite-jage\brx. I @‘mn to developing an
% o

N
objective and efficient color g ssment tec Q(:.)research used the Fisher

Ly

cedure's viability (Pan et al.,

discriminant analysis appro }st tT i S

2019). They could classi differént gfadds e jadeite-jade red color: Fancy
4 ¢ &
Bright, Fancy Dz@w In‘e \Eancy &p, and Fancy. Because the result is
dependent on c% r th 'meri@}j&’alue of the gemstone, this technique has
@
some limita 'hlass' icatio o;th@ mstone based on the light intensity values
< k, N\

derived %

eGIAisa non-prof@itution that is a leader in the knowledge, standards,
a%\cation of gems and jewelry. They designed a micro-feature of the ruby chart
6 includes highly detailed photomicrographs. They highlight the internal features of

29
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the natural, treated, and synthetic rubies that gem traders and gemologists can use as a

standard (Renfro et al., 2018). Y‘

Apart from that, Gemology Tools Professional is a software t%\mms

approximately 542 gemstone databases. It gathers various gemstone we imations,

colored stone weight estimations, cabochon weight estimations, ge % ctral images,

specific gravity calculations, and carat weight charts (Cl ) Jewelry and
gemstone appraisers can use the databases in Gemol ols rofesswnal as
references to identify gem characteristics (Clark, 20 wware the

German Gemological Association compiles and up%emolo ca l{s @%nufy
natural and synthetic gem materials, organi Ja cts and
imitations (Boehm, 2021). The layout featuwfﬁmﬂs 0 opert@;rtmg with a
column of ascending RI values convehient y cated on ar |1 <<f each page. This

is followed by birefringence, optic ter, dens %r, -sﬁ"arency, pleochroism,

hardness/cleavage, the gem m% e, an ml
crystal system), and, final hs 0 1tignal @cterlstlcs such as structure,

fluorescence, inclusim%kzns l';rj e!lt nd reaction to hydrochloric acid

(Boehm, 2021). \
Howevw el

¢

!
provided in ogy Tools oésse}n and the gemological tables, a qualitative

method% s onfh ?cpens&e and pictorial ability. Table 2.2 summarizes the

opetating, principles of existi \ﬁemology tools and their limitations in providing
<

oﬁe\ropemes valuations.

omposmon (along with

ers v@j&‘ull need to depend on the color spectra



Table 2.2: Summary of Existing Gemmology Tools
N,

Type of Gemmology Tool

Operating Principle Q Y

4

Limitation(s)

Loupe, Microscope, and Dichroscope (Liao et
al., 2017; Mukherjee, 2012)

Evaluation of a gemstone's clarity, cut, and color direct
observation with the human eye. Highly depend plctorlal
inspection and jewelry appraisal experience. Q

Prone to human error.

Polarizing microscopy and Raman

spectroscopy (Yu et al., 2019)

Analysis of the chemical and physical charact}hﬂcs as well as
the inner structure of a gemstone.

Not a consistent method as it depends on
the inner structure of the gemstone.

Laser Ablation—Inductively Coupled Plasma—
Mass Spectrometry (LA-ICP-MS) (Abduriyim

Identification of the element compositi a gemstone in
order to determine its geographic ori

Can only be used to determine the origin
of a gemstone.

& Kitawaki, 2006; Sutherland et al., 2019)

High-Energy  Ultraviolet =~ Luminescence It does not effectively reveal the @hﬂd/o i lff ;L&‘mrled Causes changes in the pattern of a
(Breeding et al., 2006) patterns as the treatments causc“wfew ;V rigfions'yin the gemstone due to a fluorescent reaction.
fluorescence reactions. \"

DiamondView™ diamond appraisal device Uses a very high-energy (2@ nm) UV Can only be used to determine the

(Breeding et al., 2006)

B

radiation to induce ﬂuor%
ou

growth patterns, which ¢ el% in

a5

i ﬁto reveal the
er& ng the natural
and synthetic stones.

originality of a gemstone, if it is man-
made or synthetic.

Imaging spectroscopy (Del Re, 2006)

Capturing the spectra atial, and in éo\lty of a gem to
distinguish its colo sity,"whichl is 2& §0a qualitative method
\

The results are color-based and do not
offer a quantitative value of the
gemstones.

Statistical gemstone grading (Pan et al., 2019)

of gemstone grad,v_
l
ati s&"c‘e’tlly analyzed the different

In this study, @searc
samples. All samples are

colors of Jad (r
assessed n iate ; sph al spectrophotometer, X-Rite
SP62, ﬁﬂ\klssyfym e|cq,16_J rade.

The results are color-based and do not
offer a quantitative value of the
gemstones.

Gemology Tools Professional software

(Renfro et al., 2018)

y almost 542 g mstone databases, it gathers various
weight esti s, colored stone weight estimations,
nwéi eStimations, spectral images of gems, specific

Still relies heavily on the appraiser's
experience, which is prone to human
error.

calculatlons,\@?d carat weight charts.
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2.5 Conceptual Framework of CCD and Tomography

2.5.1 Tomography \Yv

Signal processing is a rapid technology developed in Industry %1 1S an
engineering approach that helps interpret the data received from physical eveénts (“IEEE

Signal Processing Society,” 2018). Many signals like sound, image: and scientific

measurements are needed for analyzing, modifying, or synthesizing the data. This
technique has improved the communication between nol'»gy and social
interactions (“IEEE Signal Processing Society,” 2018). .\d‘

-

time. Figure 2.15 presents the basic blo lagram ﬁ’fT a tomogra system (Abd

Rahman et al., 2015). \ CS<

IDES

N4
One prime example of the signal processi chnique isgthe 'tomi@raphy
system. This tomography system is used for Vi?ﬁ o% es asx%:lction of

S
4 Display Unit Applications
Sensor it y Pp
¢ Analysis material
Sensor Type Method _
characteristic
¢ X-ray - Impedance + Inspection
+« Gamma-ray - Reflection Image < P
* PET - Diffusion Reconstruction . inr:l;::;zi:itnrgomtonng and
« NMR - Attenuation/ System
. . ¢ Process control and alarm
* Capacitance Transmission §
* Resistance 4 function
Process * Optimisation of equipment
* Impedance 5 " ;
Vessel . Mi including retrofit design
icrowave ¢ Verification of models
« Ultrasound Data
* Optical Acquisition
+ Electrical charge System
9N

v \(ﬁ Source: Jamaludin et al. (2015)
: S v >
Figure 2.15: Bl k\(b?

\ ock ®iagram of a Typical Tomography System

N
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The tomography process includes using non-invasive sensors to capture

significant data and generate 2D and 3D images, which help determine the S

systems' variable internal properties (Abd Rahman et al., 2015). In the flo ries,

these constructed images help identify the vector velocity, ﬂo&me, and

concentration distribution (Goh et al., 2016). q
as

This data helps improve the process equipme M the existing
CO

computational models, simulation processes, and contro nl'oring processes

(Nassau, 2003). Currently, the tomographic systems us Wining the
@

Y~

concentration profiles of the necessary moving co ents withj h' @Jring

section. These are obtained as visual images th e L!.xl\de rate.@ggd on the
process being analyzed (Tang et al., 1988). 0\ S.
Tomographic processes have w) ely used e m@: 1 field since the

QQ s the combination of

N
any organs, s, and body tissues (Abd

Rahman et al., 2015). A c %m Z’ im@o the X-ray images showed
led i

f‘ée@is technique is also used in many

&)

4
industries for moni&ga pipf \hy\preve& splitting of welding defects, media
corrosion, cavi% gra d ma@ﬂl deterioration after a specific time, as
¢ J (?
these could o explosion o ea&agej ated accidents (Abbaszadeh et al., 2013).
% ic todlogr ‘y wasﬂ%eloped for handling these issues as it attenuated

the ultrasenic energy in the ste@es. This system is also widely used in the multiphase

1950s. For example, Computed Tox%)hy (C !\&AP{_ )i

Computers and X-rays to displayg s of r91

that the CAT method re det

xustry, as it is a non-invasive and non-intrusive monitoring system (Cailly et al.,

6 ). This present study used optical tomography as a sensor to measure output, and
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its use as a light-sensitive sensor is discussed in the next section—CCD. Table 2.3
provides a summary of other types of tomography and their characteristics. Y’
Optical tomography is a very effective technique as it is easy to \nend,
inexpensive, and presents a better dynamic response than other *on based
tomographic techniques like X-ray and Positron emission tomogr Whao et al.,

2017). Optical tomography has developed into a feasible new im ng technique in
zesp

recent years. The benefits of optical sensors are their se time, great

performance, and uncomplicated architecture (Dharnidharka ef al’; ). This is

9
structed i e‘ t@n be

in% ren@és of the
aging@hmques The
igh@d particles to be

'%Equlred a transparent

regarded as an active and linear system that presents

directly connected to the visual images that a

process vessel, thereby outperforming other to ograﬁhic

optical fiber sensors possess a wide \hh, allow1

measured. In the past, the optlcal t aphy ( h

section in the pipeline system ed 1gh- @dutl age (Tang et al., 1988).
OPT shows many advanta \p M é sensors (Mukherjee, 2012),
wherein the OPT sens endent fth dliife es in conductivity or permittivity

values of the sub;§also i lgh 1 resolution, which helps acquire a
detailed and clear image wit ahng(J pixels.

(a)
&
N
N

34



Table 2.3: Summary of Other Types of Tomography and Their Characteristics
o
No. Types of Tomography System Characteristics X C,\\ References
1. Ultrasonic tomography (UT) e Image produced using ultrasound waves * J (Asher, 1983;
e Can differentiate the elasticity and density of in objects very well Sallehuddin Ibrahim et
e Provides quick responses (within seconds) ?ﬂ al., 2014; Qorbani &
e Can only travel effectively through a mediu Aghdam, 2020)
e Less radiation exposure
e Reasonable cost |
e  Multiple pieces of physical data can obtaipeldqng a small power supply
2. Electrical e Based on electrical conductivity ( ent-vilta ‘qor}égﬁon) (Holden et al., 1998;
Resistance e Measure the resistivity of an obj = Hoyle et al., 2001; Kim
Tomography (ERT) o  Able differentiate between p o -D a@- 3-D images et al., 2006; Li et al,
e Shorter computational tlm > é\ 2020; Sher et al., 2016)
o Cost-effective %
3 Electrical e Measure the 1mpedanc object d" (Boone & Holder, 1996;
Impedance e  Generates less noise due to v -Ya k&xcnatlon schemes Faia et al., 2020; Mat-
Tomography (EIT) e Low cost ¢) % c} Shayuti et al., 2019)
Electrical e Non-obtrusive ‘% Q’
tomography e Ableto produce\osq-M 1@ge of multiphase flow systems
4, Electrical e Measures (%Ena e ofar @:t (Cui et al., 2015; Lei et
Capacitance o Generates% ss-sectiopals image that depicts the concentration and al.,, 2018; Yang et al.,
Tomography (ECT) distributien of di i ials in the region of interest (ROI) 2004)
e Meas the differ i germmlwty of two types of materials
. No 51 e andJion-i ive
: %s‘t Ev
o %l B)u (ﬁ:oss -sectional images
. per co pufatl ost

~ %

N
N

\(.)
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Table 2.3: Summary of Other Types of Tomography and Their C

cteristics

A
NN\

Tudisco et al., 2015)

No. Types of Tomography System e Characteristics References
5. Optical tomography o Generates images and models using light that n&@t{ered and transmitted (Bouma et al., 2022; S.
around the system Ibrahim et al.,, 1999;
e Depends on the intersection of light beams and'particle movements Shaipanich et al., 2017)
e The concept of optical coherence is based on¥ight reflection
e Uses low coherence light and ultra-sh er pulses
6.  X-ray tomography e Able to penetrate the internal structure object (Liu et al., 2016)
e High-scan speed
e  Micro-CT provides spatial resolu downlto the §u5,mf§ron level
7. Magnetic resonance imaging e Uses non-ionising electromag radiatic’n map*the internal structure (Geva, 2006; Katti et
tomography and functioning parts of an obj 4 N al., 2011)
e Uses radio frequency in th %ce ighly-eontrolled magnetic fields
e No risk of exposure K/
e Produces high-quality ectlona i Q
e Able to noninvasively ana ical gpa,que multicomponent systems
8. Microwave tomography e Generates images ofidi (!te istics based on measurements of the (Larsen & Jacobi, 1979;
dispersed electro: tlcgeldgci‘eaz&l— y an object Peronnet et al., 1983)
9.  Gamma-ray tomography e Gamma cameras™or merash capture the radiation emitted by (Bieberle et al., 2013;
radiopha ce?c'ﬁls t{ prdduce the desired images Dudukovic¢ et al., 2002)
e Able to pe % metallic eissal(;'
o Capable% nil e (%?9 s
e Provi ibility fhan X-ray imaging
e Significantly lo ost, (}
10.  Neutron tomography e N s piod'u from’nuclear fission are split into higher and lower (Afework et al., 2018;
N3 Tengattini et al., 2021;
and’l@%ergﬁeutrons are used to produce images

4

~

N
N

\(.)
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Table 2.3: Summary of Other Types of Tomography and Their C%@teristics

No.

Types of Tomography System e Characteristics

A
N

4

References

11.

Wire mesh tomography

Relies on the instantaneous local conductivity o%%hase mixtures

Can efficiently monitor multiphase flows

The multiphase flow characteristics are der'vemng image reconstruction
A sensor monitors the capacitance or condwce

Conductivity WMT determines the uﬁ? (or voltage proportional to
current) that reflects the local cond@ f fluid
ta

e Permittivity WMT assesses the ca n WSpace adjacent to the
% A

(Banowski et al., 2017;
Shaban & Tavoularis,
2017; K. Sun & Li,
2020)

electrodes proportional to the permittivity agj
e Requires a relatively high amo lectrica or’dm(avity
\"bJ' '3

Y}i
S WS

-
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252 CCD

Soft-field and hard-field sensors are the two types of sensors. The disper: f
material in the assessing volume determines the response of a soft% nsor
(Mukherjee, 2012). Soft-field sensors include magnetic, capacitanc&electrical

charge sensors. A hard-field sensor is sensitive to any parameter meaged in different

positions within the measuring volume. Thus, the measured mers' distribution
. g (

inside and outside the measuring area does not affect its se M'lkherjee, 2012).

T,

In this study, the researchers used the C(@graphy rocess ‘0 éamine
the transparency and presence of blemishes in Ty st% i non—&sive and
e pbje

non-invasive technique helps properly ass C

The CCD (a type of OPT sensor) is classified as a hard-fi

researchers (Jamaludin, 2016; Jamalu t alt, 2015; Ja

2016; Jamaludin, Rahim, Rahiman,% 2017) h\;

0
. . @
the optical tomography syste.\ in

works well with a low-pow dlor mittihg regg t. The main objective of this
study is to measure the% of the light cellvﬁy the CCD. Figure 2.16 provides

a theoretical under&'ng of }lo \ht pene%d objects of varying transparencies.
&

N, 1§
..V)\"l\\“
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O

The light waves strike the Ci il%ce axd\ﬂ sf(_)gned into an electrical

voltage output value signal. The ta@%p esen@e light intensity level.
% “« Q-

light w re ccﬁé&'ed by the CCD pixels, such

N
that the more the numb of&tc’n chatges r eiv@he CCD, the greater the clarity
da 0

The photon charges received

of the gemstones (Jamaludin’et al. 01

Iﬁ&halim et al., 2021).

Accordin@resm@med @se studies, the CCD Sony ILX551A

NS
works well (1%10 pow ?lr ﬂi%t(e (red light source). The CCD optical
tomograp, m can identi tl@ésence of blemishes and transparency of the

’
object$ipl in crystal- lear:w@ The CCD optical tomography technique notes the

li intensity that enters thh)bjects, and this value is used for classifying the

rency and presence of blemishes within the object. The above principle is used
0 determining the intensity of light received by CCD.
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The architecture of the CCD sensor is unique; it includes thousands of very small
pixels that are responsive to light sources. CCD pixel provides micr S
measurements, allowing thousands of pixels to exist in one device. This t nsor
shows many advantages, like quick detection speed, low noise interf& and high
resolution (S. Ibrahim et al., 2012; Jamaludin et al., 2015). Mohd Rawmet al. (2022)
review the application of the CCD tomography system for t Nogical industry,
where the CCD architecture has been proved to be able to e %h:

ortical properties

of gemstone since it is very sensitive to light (Mohd Rahalim et al., W
"X

The light signals that strike the CCD surfac t converte ﬁn @trical

% he ]@ntensity
theé,g~ pixels. The

e gr@gf the clarity of the

higher the number of photon charges ¢ hy the C
A

gemstones that are being examined ludin et\%(WS)
S
Jamaludin et al. (2016) i)%l?&ﬂso%d a low-power laser diode

to capture images of a glass?a. atch 10 an@lsparent hollow straw placed
in crystal-clear water. % ograph y(y :‘n‘dlb@ that the CCD technique could
differentiate betw Vari(]u lev (&.»bf the various static rods placed in
crystal-clear water (Jamaludi , et t./ 016; Jamaludin & Abdul Rahim, 2016).
a\ . [ ‘?h
In this study %earc aim tJ apely e above process for determining the optical
N\
propert% of riby_stenes ba@ on the CCD voltage output value and the light

Y—v

inte@tio. The CCD data \v&@!’d be used to develop a mathematical expression that

h%ﬁs the relationship between the light intensity received by the CCD after
e

6 trating the ruby stone.

voltage output signal. Here, the CCD voltage

level. The photon charges obtained from W
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2.5.3 Image reconstruction model

Image reconstruction combines data acquired from sensors that have CTU
images of a subject from various angles and views (Zeng, 2001). A%\, the
appropriate algorithms are required to solve equations and reconst al cross-
sections to generate the final image (Haneberg, 2004). The most coqused image
reconstruction methods are linear, iterative, and heuristic, of hicNear methods are
the simplest and fastest. Linear methods commonly use LB \YV-

er, "t produces poor

image reconstruction for analysis. This method was a sed 1 w stages of
@

medical tomography (Isaksen, 1996). The drawback%BP include [*O&‘C}S):l of
blurry images and complications in compiling ir% ch c%g:ﬁltering
is often used to improve image reconstrumgzlm\red k-pro@go.n algorithm
is well-known to enhance image recm@ (Zeng, 2

As computing loads yield inear iter\V\axgo t _‘§ that are too slow to

N
process the data, they are not s%real ithage re@‘:@tructions. However, this

method makes it easy to m }mj pro ctio-S\o e (Isaksen, 1996). There are

two types of heuristi . line
4 &

correlation betwee trainedla Msurec@dges (Tapp et al., 2003). Most image

analyses rely @ values, 'sime‘l'gs{mage analyses use the pixels' mean,

@

minimum, %imu values. fhec}mes of these pixels represent concentration,
\

filling f%k, r pagki ‘gsity @p et al., 2003).

Y—v

e OPT tomography g@(ns used three types of optical sensor models for their

a%xon in sensitive mapping, i.e., optical attenuation, optical path length, and
a

an 1::)111%1@1‘. This method is based on the

1 path width. Effective measurement of the sensor value in the optical path length

chnique was based on the interception of a light beam length. There is an increased
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probability of the particle intercepting the light beam with an increase in the active light
length (Abdul, 1996). Furthermore, the optical attenuation technique inclu?ﬂé
absorption and reflectance values of the light beam caused by a blo% ject
(Sallhuddin Ibrahim, 2000). However, the optical path width sensor m& includes
an obstacle's interruption of the light beam width (Abdul, 1996). Y'

The CCD tomography model comprised two methods. The was the optical
path length method, where the voltage value increases as th t]o rate increases.
Similarly, if many particles intersected the light beamahe vo agw increase

(Abdul Rahim & San, 2008). Furthermore, the opti

®
eam may cdm&@ly or
d t% etec@ volume.

ich s@g.that optical
attenuation occurs in measurement se\%ﬁh varyin ical@c%ities (S. Ibrahim

et al., 1999). Owing to the complex%wzhe mat % gc@“and since the particle
N
size was greater than the wavel%lhe llght be ecz'{?‘?, the research considered

the absorption and refraction atten tioI

attenuation phenomen , 2004 [ 0’
4 ¢ &
Process twhy }Ia Nsivelyé.ukd the LBP algorithm, originally
developed for xsra og
@

’%
(Jamaludin Efb)M). he LBP {pp@ calculates concentration profiles from the

uesjhoweyer, they neglected the scattering

it %e advantage of a low calculation cost

-Q‘

NN
measured sensor readi Pg seﬂ&vity maps developed for individual sensors. S.

Ibra‘& al. (1999) propose@'fudy on different optical sensor configurations that

used for process tomography. The LBP algorithm calculated the sum of the

itivity matrixes for every sensor multiplied by the sensor voltage value. The

G
ensitivity matrix for every sensor included one 8 x 8 matrix with 64 numerical values,

42



most of which were zero. This resulted in ‘n” 8§ x 8 matrixes, where n represented the

no. of projections. This procedure was mathematically described as follows: Y'

Where: V
Vii = Voltage distribution in one 8 x 8 matrix z '

V,, = Voltage for the n'" sensor .\d . Y'

. )| &
Sn = Sensitivity map for the n™ sensor represente x 8 matri _\
0 4
¥

m = Total number of sensors used. \

WV 9

The matrix was generated after caleulating the ratig of the @1 of the light beam

Vij = 2a=1 Vs, Sn (2.1)

in every pixel to the correspondin area p e,é&the travel length of the
[ &
whole pixel beam was 10 mr\ ixel area wasksecn tqgeT 100 mm?, the beam area

X

was 10 mm?, and the sensit as 0.1. Each pixel evaluated independently, and

o
a sensitivity map wa%generat usi grtll(z, m of each pixel's contribution.

Jamaludin et al. ﬁ&Nsed alC \d theééal tomography system to detect the
ar water

matter in cry &
¢
i d in@ve the ability of CCD to identify objects that

?ppl ng the LBP algorithm. In her study, she
proposedm echnique*go
wer@e. The'i sfwer onstructed based on the orthogonal projection of

N
the d CCD results in t peline, as shown in Figure 2.17.

d
N
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The research applied the fi

using the LabVIEW software.

help of different objects, s

color intensity increase%% I

between 3D image %cted ]0 \‘su ject@@o)the filtering LBP technique was also

validated in thiséThe Qresk@()peration has been investigated and was
% ¢

!
found to reduceimage artifacts? h€ ﬂw‘?istribution and fraction of flow components
%t N
influencg the level of thr lding&s a result, adaptive thresholding is frequently

Y-v

requi S. Ibrahim et al., 19%),\”Figure 2.18 depicts images generated without LBP

?EXi while Figure 2.19 depicts images generated with LBP filtering. As seen, the

& es in Figure 2.19 provide a clearer and more accurate position of a static object
amaludin, 2016).
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Figure 2.18: Appearance and Location of

\ Source: Juliza et al. (2016)

Figure 2.19: Appearance and Location of Static Objects Post-Filtering

45



The research studied and compared the appearance and the location of different
static objects in the above image sets. A hybrid reconstruction algorithm w
alternative approach that could be used instead of the LBP algorithm havin%Xhold
value (Jamaludin, 2016). The sensor voltage output is set to a binary Vaﬁ&,he hybrid
technique, wherein it is one when the light beam intercepts an item Wo if there is
no obstruction. Therefore, this strategy can be used to reduce_the impact of smearing
and ambiguity. The heuristic technique's correlation Yn-t e trained and

measurement images is the basis. The mean, lowest, a axi um\piédvalues are

@
used in simple image analyses. These pixel Values@ﬂ the ima r#:e@on.

In the case of a 2-phase flow imaging a n% que @vn as the
Average Grouping Color can be used to in$ LﬁP intage rec@s;ction with a
smearing effect (Muji et al., 2012). '\%ﬂique div the@%r bar for picture
reconstruction into eight groups ba% a thres \‘eo%ce t& value is determined

N
based on the color group once %ﬂt value ofithe sen(i’q‘?‘-as been averaged. Dark

colors usually represent soli \b&tsl ele den-gl jects are usually represented

by bright colors (Muji 12). ificial he‘h\a' networks (ANNs) are a new
4 ¢ &
technique that can wd in f \rsa ed s (e.vhs for pattern recognition and trend
ﬁhw

prediction. NeU\ ork are dé{bed as parallel information processing

systems ma % ic {eL(c-;g (also called nodes or units) linked with one
% N

another% S ﬁngJ?ned @ﬂect the densely connected architecture of the

brai nervous system in K Is and humans, with neurons representing the cell

biﬁ' nd links corresponding to the axons in nature (Dieterle, 2003). Figure 2.20
resents an example of the multilayer feedforward NN using 3 input variables

\of X1, X2, X3, and a single response variable (y).
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<::| Backpropagation of Errors \Y’

Input Meurons Hidden Meurons utpu
' X
Feedforward of Information ® C}
terle (2003)

V ourcem
Figure 2.20: Network FElements in A w ed ard @kpropagatlon
Network \) O
\ _\
&
() ")
The ANN's neurons \ 1

individual output based_ on t 1ght

weights are adjusted to acﬁle’e lea,K

that the NN can bg usedrto ot]Jectlv y cla @ the liquid-vapor dispersion data and

(9]

004). Earlier studies have indicated

N
process the to@h}, images l}o[;h ,2012; Mi et al., 2001; Rosa et al., 2010).

A few r@rs have (-éf the measured or simulated impedance
' 4 3

(condugt 31gnals rather éan ﬂ?‘ECT input (Ghosh et al., 2012; Hu et al., 2011; Mi
. ; N
1;

et Rosa et al., 20f07¢ Furthermore, most of the extant studies on neural

%k based flow identification focus on vertical flows.
0 Past studies showed that CCD could identify different object transparencies

when it is used as the sensor during optical tomography (Jamaludin et al., 2015;
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Jamaludin, Rahim, et al., 2016; Jamaludin, Rahim, Rahiman, et al., 2017; Jamaludin &
Abdul Rahim, 2016). The three-dimensional image produces a z-value tw
recognize the opacity of an object. As such, this present study utiliz@LBP

algorithm to quantify the standard grading valuation of ruby stonef% on their

optical properties. Q
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