CHAPTER 3

3.1 Introduction

Y~
METHODOLOGY @
<

This section describes all the modelling proced txchi ve the planned

objectives. The primary goal of this study is to develo onceptualmo or optical

L ]
properties and ruby stone valuation using a CCD t raphy method. ',‘he &rch
-
1s shown

defined three objectives in this study. The flow_of thé%bjectiVe % igure 3.1

t\nsity (@. ruby stones
so@‘ﬁn effect. The first

flow chart below. Objective 1 was to investigate the li

based on their theoretical values, suchl\bfractio
Kén, theoretical value via

procedure is to examine the light int€nsity of ru N?b
N

the CCD tomography approaci%\A dﬂabas?!;.lllelé_rhl., 2014). In this phase,

light attenuation due to absorm an? Was‘\&nsidered to investigate their

=)

=

relationship with the refrac 'V;'ndex of the byl st@ established from the ruby stone.
, 4 2
hose" li \&Q tion

The consideration of those feCts is due to the different types of

ﬁ
medium passes ‘& lig rée” with @erent refractive index and attenuation

\ Y
coefficient Va% roas, 2004): b (_/
jeke 2 irvblxzdesig@ a conceptual model of the CCD tomography

techgiqs using the LabVIE\Y'*)sgf:ware. For this purpose, an octagon orientation
N

C Nfor CCD and the placement of the ruby stones for conceptual modeling were

loped. The octagonal orientation gives a wide coverage area of the ruby stone
easured.
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The mathematical expression derived from Objective 1 was used for the
simulation of conceptual modeling of CCD tomography technique and ruby sto?ﬂe
result of the simulation is the three-dimensional image. The analysis of th \ralue
is done to evaluate the capability of CCD tomography and LabVI tware to
validate that this system can be used to quantitatively grade ruby sms such, the
three-dimensional image from the simulations and experimésry compared and

analyzed through statistical and relative error analysis. Fig rovides a flow chart

of the methodology of this study. .\d
'S

| &

s \,‘Z'
3.2  CCD Tomography System Modeling ? \ Y.
This present study used a CCD%NMlph us\'st to v, ﬁe the optical

properties of ruby stones. This methcm selected on tQﬁndings of extant

studies, which concluded thai@an% %p y a)q-\m could be used to
differentiate between differenk of Msg@ successfully (Jamaludin,
Abdul Rahim, et al., 2 16,?8,'Jam'1udi Rlah§ al., 2018; Jamaludin, Rahim,
Rahim, et al., 2017). The blo dia& isnbr%nt study consists of three important

O

parts; the object &Xst @ne) alzd&}l'ardware part, interface, and software
B
Figure 3.1). \ ! (J
(Fig ) C ¢ P (Jc,)
N

I%': A

CCD  sensor Data Interfacing
and — | ACquisition | gy,

e

@eas:uemnet system
circunt

- Ruby stone Image
\ reconstruction

v

Figure 3.1: Block Diagram of The CCD Tomography System
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Examine the light intensity of ruby stone based on
thearetical value via OCD tomography approach and
GlA database

b

Design the conceptual modelling by create the 1
A

octogen arientation for CO0 and ruby stone
placement in LabY1EW

"
=

! |

Establish the 30 image recanstruction based on Establish the 30 image reconstruction based on the
theoratical value in LabViEW experimental valus in LabVIEW

Analyse the quality of image reconstruction through
the plkals walue
A

- Mo
-"’F-f El'/rl:l:;l:h

o
Yes [

¥

‘alidate the quantitative grading waluation based on
statistical and relative error analysis
A

Mo

-

" Data vald

.-"f--

fag

=

- - z .
@e 3.2: Flo a &Jf he Methodology of This Study
<</ /s l\
\ >

The hardware used in this present study included CCD sensors, electronic

surement circuits, and the measured object, i.e., ruby stones. Ruby stones measuring
.18 mm in diameter were used to investigate optical properties. This size of the ruby
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stone is chosen because it is compatible and convenient for the SONY™ ILX551A CCD

Linear Sensor to measure and analyze (Jamaludin, 2016). Figure 3.3 depi

diameter of a sample ruby stone; ruby stone z; as measured using a Vernie\%.

—

-
Figure 3.3: Diameter of Rub As Cea culat{&ﬁ' sing a Vernier Calliper
X~ S
s s &

The data acqqutem'( as us interface the hardware; i.e., the CCD
. e

reconstruction software. The choice of

sensor and mea\ t cir 1
’ C.)
tomography,depends on the me 'uI{ o(i_r}terest as it affects the choice of sensor used to

N
measur% iumdof,i ?t (\@b et al., 2014). As such, this present study used

aC sor for the tomogr; process to produce the quantitative grades of ruby

st?\y analyzing their clarity.
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3.2.1 Theoretical Value for CCD Voltage Output

In order to obtain a theoretical CCD voltage output, a study was conduct&?ﬂg
a laser diode (0.3 lux value) in a SONY™ [LX551A CCD Linear Senso:@.\dln,
2016; Mohd Rahalim et al., 2022). As a laser diode provides a mon atic light
source, it is the best choice of the transmitter. The experimental setup*for the ‘On’ and

‘Off” conditions is shown in Figure 3.4. N

Figure e grlment Set p|fo§f ‘On’ and ‘Off”

C"

Table 3. 1 en all ntal s derived from the CCD Tomography
System using outpat 23 Veﬂhg'él when the laser was kept ‘On’ and ‘Off” in
addltlo spect eli y Values

!

w g 1: CCD Voltage Ohuts and Laser Light Intensities in Off and On Mode

04 Condition of Laser CCD Voltage Output (V) Light Intensity

4.2817 0
On 1.5834 1
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This experiment passes the light beam through the air before it hits the CCD

sensor. Figure 3.5 indicates that the laser intensity was inversely proportiona

(¢]

CCD voltage output based on the experimental results. The equation@ th

correlation between light intensity and CCD voltage output. A
A U

CCD Voltage Output vs Light Intensity

V= -278l + 4.3

I

bn = L p3 n Wi bn o bnown
h

=
4"1

La

V=-2781+43

152

=

CCD Voltage Qutput (V)
Fa

=]
(=]

0.6 0.8 1 12
Light Intensity (1)

v ¢
Figure 3.5: tID Qltage O#put z F&%)n of Light Intensity

F 4 's
As seen '%re 3: tagecj%'ﬁe obtained from the equation was V =

¢
—2.781 + 4.3."Thejvoltage val &s on the final light intensity ratio was further
N

investig%h is explain )n the ults section.
Y N

=]
=
[
=
5

\C.)

54



3.3  Gemmology Tools Software
This present study investigated the refractive index of ruby stones to ana S

optical property further. Figure 3.6 shows the range of the refractive index @tone

as stated in the databases of the Gemology Tools software.
. :

A
Gemstone Species |Group IRefmch Index

Ruby Corundum 1.770-1.762 +.009 -.005
urce'Fuller etal. (2014)

Figure 3.6: Refractive Index Range of Rubies from Th mmalog ilre‘"lz"gols
Databases ' _\C‘}

4 b &
The ruby stone shows the highest refracth inde W e of L@i while the
lowest RI value was 1.762. These two @’ere th paregég terms of their
image reconstruction based on the final light intensity of t_‘{gtical properties of

the rubies. The following mathe cal xpge i Rse@ using the RI obtained

7
from the Gemology Software %%‘ ata%jer egk%OM).
N

3.4  Mathematical Exstsio for

In this stu@ctiw@ievelc@ to investigate the light intensity of the
B
ruby stones be% théir theo tif

al
effect. Th@nism yta e&&éxperimenting with the CCD and tomography
W o

o types rériméﬂ’['s conducted in this present study are:

3
7

s, such as light refraction and absorption

syste
N
\. The system includes'a ruby stone, laser, and CCD apparatus (System A).

N

2. The system includes a ruby stone and CCD (System B).

55



As shown in Figure 3.7 below, the light passed through 2 differing mediums,
the air and ruby stone, while the laser acted as the light source. However, in Fig?.@,

the light reflection reached the CCD directly without the laser as the light %&

-,

Ruby stone

Laser

160mm

Figure 3.7: Flow of Light Through ﬂ@tone a CC@ Seen in System

A Q) \To},‘\'\
%

Ruby stone

160mm CCD

N

6%& 3.8: Flow of Light Through the Ruby Stone and The CCD As Seen in System B

56



Earlier studies have stated that light attenuation occurs when light travels

through a transparent or translucent object due to different phenomena li\?@t

reflection, absorption, and scattering (Jamaludin, 2016). Based on Nassa@, the

light scattering could be ignored because the wavelength of the incid that was
used (laser light) was smaller than the diameter of the object of intere?"his statement
is also supported by Idroas (2004), where the light diffraction and light scattering effect
could be ignored if the diameter of the object under study i ma the laser diode
wavelength. In this research, the size of ruby z usedWfor an lys\&{d9.l8 mm.

[ ]
9
0 ési&@»\s the
to li&h%'cattering
X

c%arch used two

different types of algorithms for the si in i @ion was due to:

e Light absorption

e Light reflectance

%;s att&uﬁa&he asses from medium 1 to medium 2 which has two

diff&ensity level (Nassa 3), wherein attenuation occurs because of absorption

(I%\; 004). The different mediums possess their respective coefficient values, a,
h

QOI 6):

h are used in the Beer-Lambert Law as described below (Idroas, 2004; Jamaludin,
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lout = lin€™™* (3.2)

Based on the above formula, the output light intensity lout of thi%Xch is
gained by multiplying the light intensity input (/;;,) by the exponenti*uation of
the medium density after the light passed through the medium. a Rers to a linear

attenuation coefficient of substance, while x indicates the thi%y distance of the

medium penetrated by the light beam. Table 3.2 pres the lidear attenuation
coefficient values (Jamaludin, Abdul Rahim, et al., 20 lon vw I‘{I values

Y-v

(Fuller et al., 2014) for the two different mediums investigated infthi d‘/ @inear

attenuation coefficient of the ruby stone was pr to l%' Pemg; (Idroas,

2004). N tw\
Table 3.2: Linear Attenuation Coef% and Re\ﬁvgl e}Q}fAir and Ruby Stones
": ? o

QQJ Refractive index
y ]

Medium Linear atten nt ( al)

Air ~ 1.0003
N
Ruby stone > 1.762-1.770

Source: Jamaludin (2016)

3.42 Light @n.;gtanc p i C‘)(J

Th@' ight) enefgy crekgad when the light beam passed through different
s i

assed “thigtgh!an ct near the medium. Light reflectance can be

mediu
N
;as follows (Idroas, 2@; Jamaludin, 2016):

eX\
Npy,—nq 2
Irinai reflectionl = Linitiar = |linitial (m) (3.3)
Q R = (lzzn)’ (3.4)

npy+n,
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R = Reflection ratio

=Transmitted refractive index %\

n, = Incidence refractive index

Nreﬂectance and

essi')n in this study.

en lw;dia%l.eter

ruby stone is situated between the measurement area a laser be d]lec_éd)to the

The light attenuations for the two mediums, owing

absorption, can be integrated for developing a mathemati

Section 3.4.3 provides the full mathematical expressio

CCD sensor (System A). In contrast, Section he aﬁ'l al e@ésmn for
System B. V 0\ g
=\
3.4.3 Mathematical Expresswn stem A &
0 :
The first situation in t lm r sen Wst@bccurs when light travels

Ky

from the laser toward the this light_hits the y’s surface, reflection occurs
where the light gets re% ay fi ?1[) th1s situation, the light intensity

calculation involv % hght‘ nce e ion, which is equation (3.3). The
incidence RI in s si atlo 'the @galr which is equal to 1 (Idroas, 2004).
The trans w111 et c';f tUuby, with a value of 1.762. Hence, the light
intensit the firstsi e}lon @e calculated using equation (3.3) as follows:

2
= e ()]

\ Nyrubystone *Nair
N2
QE I =1 - [1. (”62 1) ]= 0.9238I; (3.6)

t\1.762+1
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When the light enters the ruby, it gets absorbed. Thus, the light absorption equation

(3.2) will calculate the light intensity in this second situation. The a of the Ts

0.003 mm™1, and x of the ruby is 19.18 mm. Hence, the light intensity @by is

determined by the following equation.

12 — I{e—(0.003mm_1x19.18mm) — 09911 (37)
I, = 0.9239]; z | (3.8)
NJ.

N4

In the third situation, the light travels out of the @vard t I‘ne;al nsor.
4
ce

This situation involves the reflection of light T& sust e ru‘r ward the
CCD linear sensor. Thus, equation (3.3twe uséq in_this sit%n, where the

transmitted RI is the RI of the air aM' cidence S the® of the ruby. The

calculation is performed using the %ng e@g.?
< I F

’ Nair —MNgibystone z
L=1 Ire!%tionz = N ) (3.9

@ rubystone
I =1\k2 s . 2 (3.10)
&
I 4..%7 I; ) (.)O (3.11)
@

¢
Qv N
wing to ﬁq lofl 3.1 @ theoretical final light intensity ratio, for system

NV
b\(—) 1:. 1

A,%a inimum RI of nyypystone 0f 1.762 and a ruby stone of 0.003 mm™" is II— =

478. The mathematical expression was repeated with a maximum RI of 1.770. The
dle of results is shown in Chapter 4.
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3.4.4 Mathematical Expression for System B

The mathematical expression was repeated with a different image reconswﬂn
system, System B, which did not have a laser for a transmitter. The light re% rom
the ruby stone passed directly through to the CCD and ignored the ﬂ&bsorption
phenomena in this mathematical expression, as there is no specific siz€ diameter for a

medium transverse within the light (air). The mathematical e eror System B is

as follows. The Ii (light intensity) is decreased because tion' at the Air-ruby
stone interface. The light intensity calculation involves light ew ’equation,
which is equation (3.3). The incidence RI in this situati i f‘air_\gv}ich is
equal to 1. The transmitted RI will be the RI of i of ]@&'

X

Hence, the light intensity during the first Situati i @smg equation

(3.12)

(3.13)

*.

mathematical !)(pre\ggfbn was repeated with a maximum RI of 1.770. The
)
ta%results is shown in Ch%ter 4.

J,
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3.5  Software Development

Generally, a simulation model can be used for handling real-world prob?ﬁh
an orderly and safe manner. It offers a convenient technique for analysis @ps in
discussing, verifying, and comprehending the problems. A simulati&iel offers

valuable solutions across all disciplines and sectors as it presents a ¢élear insight into

complex systems. The simulation was an important aspect of twsent study as it

validates the ability of the CCD tomography system to est graciing valuation of

ruby stones based on clarity. .\d
'S

N
LI FS
3.5.1 LabVIEW 4 \,‘T

LabVIEW (Laboratory Virtual In @1 Wo@ich, National

Instruments) is a reliable system erNer' g softwarc ythat @% a development

environment for a visual programr%anguage\@%xy A‘]:}ZOOS). Owing to the

N

different operating systems @;, such as i%ros@ indows, Linux, many

e C‘Sle used for instrument control,

versions of Unix, and mach'
data acquisition, and% al au:g ati .‘.La'QEW consists of two types of

windows: the bl(;&ram, 'w : ses g cal representations of functions to
complete calcul'&ns frotggnel objects, and the front panel, which

dc
¢ C,)
perform as the user interfac Lgar{i_l}g Center - NI, n.d.). This section will discuss
N
the app ioof Lab ‘prog%&x?ming software to produce the modeling for the

gradi luation of ruby ston@’
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3.5.1.1 Mathematical Expression of Rubies and CCD Tomography in LabVIEW

The previous step was to be used in modeling the LabVIEW program b?ﬂ‘n
the interaction of light in the pipeline of an optical tomography system. Fi@ and
Figure 3.10 present the block diagram of the graphical code for the ﬂ*tenuation
owing to light absorption and light refraction, respectively, deérived from the
mathematical equations presented above. V

i.  Light absorption equation and the block diagra Cphi 1 code for the

LabVIEW model \d
L ]

X
lout = lipe™* % ' *%-14)
I, = 0.6408I 4 (3.15)

Attenuation coefficient [Initial light intensity]

of ruby stone Final light intensi

12
LB = F‘Eﬁ.

Bl bE

Distance

- . .
N \j @urce. LabVIEW Programming Software Tools

Figure 3{9: LabVIE r?ﬂhuﬂsgode for Calculating Light Absorption

¥

&ure 3.9 shows two @é of controllers, the attenuation coefficient of ruby

S ,%9.003 mm™?! (Idroas, 2004), and the x value, which is the distance transverse
epresenting the size diameter of the ruby stone (19.18 mm). Meanwhile, the constant

always 1 (Jamaludin, 2016), which is the I;;, (initial light intensity). Based on equation
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(3.14), the initial light intensity value is multiplied by the exponential power of
multiplication for the attenuation coefficient of ruby stone and the size diameterw
stone to get the final light intensity value (Iyy¢). The I,y 1s the indicator r%\ed in
this LabVIEW block diagram of graphical code for calculating light a ion.
v
ii.  Light reflection equation and a graphical code for the LabVIEW model.

na—ny 2

Ipinai reflectionl = Linitiar — [Iinitial (m {13
L 2

4

N I S1S

light intensity
w-]
5

: ‘

LIDELES

refraction index of glass

refraction in dexLY water } lb .
|_::‘_ b Numeric

b > b

light intensity L=l
"
|-.'=_HL i
\ l <> @Jce: LabVIEW Programming Software Tools
’&0: L 'Codit%%‘f Calculate Light Reflection

Q- &
4 £ . :
3.10 shows i typaz-of nodes referring to the equation (3.16). The node
N
used 1 subtraction, diViSR’E‘? multiplication of two, and common multiplication.

%re two constants: the RI of air and ruby stone, n, and n,. The numeric from the

001{ diagram is the indicator that represents the IFinal reflectionl. Meanwhile, the
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light intensity depends on the previous calculation of this mathematical equation. A
further explanation has been explained in the next section. Y'
iii.  Final light intensity equation that was obtained from the previous:_c':;ulation

and the graphical code for the LabVIEW model with a front p}nel gew for

—
System A as shown in Figure 3.11 and Figure 3.12 respectizely. The light

equation for this LabVIEW block diagram of graphiqil coding is as in (3.7),

139 <

(3.8), and (3.9).

li (Light irtensity)
B
Refractive index =l
of ruby stone
n
.5@ . > ‘ - bz
—
>
E] . . Attenuation coefficient [
of ruby stone —Eh‘ =
JTE:"% |
L=
B 2
Distanc
transverse, x (size dismeter of ruby stone) [
filza% -l> =
= =
>

) P 4 ‘u-im{zflj@bVIEW Programming Software Tools

Figure 3@hi@for T@bVIEW Model for System A
B
N 1 O
(0 ‘Y2 (j’)
Ei %.11 i?t e cogmbinatiotr and sequence from equations (3.7), (3.8), and

) off

(3.9‘. 56 light intensity Valu%\)l,i will be the indicator for equation (3.7) and the

N
C Nr for equation (3.8). Next, the light intensity value, I, will be the indicator for
equat

AP

ion (3.8) and the controller for equation (3.9). Finally, the light intensity value, I}

ill be the equation (3.9) indicator. From the graphical code in the LabVIEW block
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diagram of Figure 3.9 to Figure 3.11, two important values will be considered: the

attenuation coefficient (Idroas, 2004) and the RI of the ruby stone (Fuller et al.,

as shown in the front panel of Figure 3.12. %\

b

Ko

j Theoretical Value_Mathematical Expression (Laser as transmitter).vi Front Panel *

I Edit View Project Operate Tools Window Help

o ¢ () 1l | 8ptApplicationFont ~ | 3o~ g~ i~ Gy-R

FROMT PAMEL VIEW OF THE MATHEMATICAL EXPRESSION FOR 5YSTEM A

Refractive index

of ruby stone li (Light intensity)
;}iﬁréz' ' 3:1

[
Attenuation coefficient

of ruby stone 0.92388¢
3E-6

'l'_ .

v 12

Distance 0.923%4

tranzverse, x (size
diameter of ruby

ctone) [
geae o.847821

\ N o . | ﬁQ}II‘CG: LabVIEW Programming Software Tools
(—2 F 9
i

@ e 3.12: Fton an@ew of LabVIEW for System A
<Q LI AL

%9
NG
\System A, the light attenuation due to the reflection and absorption is considered
. étge

laser acts as the source of light in this CCD tomography system approach. The

ont panel in Figure 3.12 gives better visualization of the user interface as code in the
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LabVIEW block diagram in Figure 3.11. As the R, attenuation coefficient, and size
diameter of ruby stone z is 1.762, 0.003 mm™}, and 19.18 mm, respectively, tw

light intensity value I for system A is 0.8478. The result of this calcul@ll be

explained in Chapter 4. A
~ :

A
iv.  Final light intensity equation that was obtained from the previous calculation
v

and the graphical code for the LabVIEW model with a front panel view for

Ty
System B as shown in Figure 3.13 and Figure espectlvely

nrubystone nalr

I[[ =L —1 ; =1 - '
1 i reflection1 i
nrubystone+ i *

Yv
2
I =1 — [I- (2= ]= 0.9238]; \’

(R (3.18)
\‘%’ l?

17)

li (Light intensity)

Refractive
index
of ruby stone

Hzz
DE

% For System B, the light attenuation effect is only the light reflection since there

010 light source from the laser propagating through the ruby stone; hence, no light

absorption occurs. The light reflection block diagram in the LabVIEW software is
67




shown in Figure 3.13 as in Equation 3.18. The front panel in Figure 3.14 below shows
that for RI value of the ruby stone is 1.762 and, the initial light intensity I; is 1, t?ﬂl

light intensity value, I received by the CCD is 0.9238.

A -
B Mathematical Expression (Mo laser-no light absorption).vi Front Panel *

File Edit View Project [[EflSgedl Tools Window Help
# () 11 | 8ptApplication Font ~ | Jov g~ ¥~ 29~

FROMT PAMNEL VIEW OF MATHEMATICAL EXPRESSION FOR 5YSTEM B

Refractive index 11!
of ruby stone
;_'} 1.762 0.9238

li (Light intensity)
Py ]
ol

' So cei: LabVAEW Programming Software Tools
Flgure 3.14: aont nél of &VIEW for System B

@
3.5.2 Image e nstruction st'en(-j deling
3.5. 2 1 tter & ntatlon

bll’lll’lg the rectﬂn@nd orthogonal projection in one plane generates an

Eo 1 shape for the sensor orientation. Multiple projections help decrease the
r

ing effect during image reconstruction (Maurice, 2012). The Sony ILX551A has

048 pixels (size range of 14 um x14 um). The total length of the sensitive pixels is
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28.6720 mm. Figure 3.15 depicts the sensor orientation of these CCDs. They were
arranged in an octagon and parallel to the incident light (laser) to provide wide cw
of the ruby stone diameter. The image captured is displayed in 64 x 64 ima@:tion
but in different numbers of views. A view is a term for the single combi*of emitter
and detector aligned in a parallel array known as projection (Ferns Imd.). Each of

the sequences of laser and CCD will provide a single projectiqq: as shown in the figure

below.

»
N
N
8
5’ @m S\
(-]
3
L

ééJ
tured imABe can be‘q'isplayed in the 64 x 64 image resolution, however,
N

usi@erous views. As shcw in Figure 3.15, every CCD presents 40 views of the

age. A view refers to a single combination of the emitter and detector aligned

ohe parallel array called projection (Jamaludin, 2016). Every view presents the no. of
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sensors and pixels in the CCD. Figure 3.16 below shows the SONY™ [LX551A CCD

Linear Sensor used in this research, such as the experimental setup in Figure 3.?‘

Figure 3.16: SONY™ JLX551A CCD Linear gsor'

Nd.

Four CCDs provided 160 views, which was better in term§ of a Tcy the

=\
80 views from four CCDs used in previous studie malugin, Abdul Ra?m, et al.,

Y' Y4
2018). Figure 3.17 shows the 2048 pixels of the 160 vie \fhe C@gauation 3.20

indicated that the total number of pixelf\ 40 vi 51. h{(he 40 views, total
CCD voltage output values acquired from the 5

aer calculated to derive

the mean value (Jamaludin, 2016). tal pixels ofi40 Vier}
« Q-

% &

¥ A\

/

(3.19)

(3.20)
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Xg =2 MXsg

'1 2048 pixels A4 l’

As explained in 3.5.2.1 am%l, fo \O_w?l

views by the CCD. And for ea%ctio

the 4 CCD will contribute 6(%@ \1

views per CCD (Jama% dul R
A

diagram for this Vi“&\/isuah
3.20. Meanwhi@e 3s
.. ‘

algorithm an ditignal gr

@resent the number of
N

b iews which summarize

bettaécuracy compared to only 20

~

t dl.,\bl 8). The graphical coding block

igure 3.18, Figure 3.19 and Figure

am—N]

iguré»ﬂ shows the single view of the LBP

i€al éﬁ? for the 3D image output, respectively.

S
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Figure 3.22: (m
e b%‘diagram of function involved is the

ical,
For each sin%oz' ti \x&

sensor, the funcNa could read fro spreadsheet file, the array to matrix

function, the %\nu iplicati Jtl'lat ﬁfg tiplies the array to matrix function with the

sensor, %ly jo thef 3 @ce to enable the three-dimensional image
fﬁfi 3
reconsttuction.

Therefore, to ge@le 160 views, 160 sensors were combined with
di t sensor values. The d%erent sensor values will form pixels of various values

t will evaluate the optical properties of ruby stone. The number of sensors used for
0%18 mm of ruby stone z was tabulated in Table 3.3 section 3.5.2.4.
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3.5.2.3 Image Reconstruction Algorithm

In this study, the image was developed using the Linear Back Projection )
algorithm that could be applied for the reconstruction analysis of 160 imag@ This
technique was repeated 160 times to acquire a clear picture. An increa e number
of pixels increases the number of sensors for the algorithm. The LBP algorithm has been
used in this study as it is effective and convenient for procgssing“the output image
(Jamaludin, 2013a). Compared to other methods, the Eo

'1 is one image

reconstruction algorithm with fast and real-time imaging'speeds (B. al., 2
L ]

015).
In reconstructing the image using LBP, each ser@natﬁx ] i}z‘i@th its
se

% ocesgi%' (Wahab

corresponding sensor reading, which is convent
et al., 2017). The equation that was used; EJ?;

ViLBP (160views) (x,v) %0 %2:0\‘%3/’

< &
Where Siy ry 18 to the Voltge o,t e C mﬁ and V¢cp and My, ., are the
sensitivity map (Jamalud’ 6). l 0'
o

3.5.2.4 Simul @d I Q

Th@ of a/sin D\Q_g., 28 mm, was considered to determine the
numbe ors thgz d'be @in this study. By dividing 28 mm over 40 views
(se LabVIEW), a Valuo«&%,] mm was obtained. Figure 3.3 depicts the diameter
of ?' stone z, 19.18 mm, determined using a vernier caliper. The equation below

Uws the number of sensors to be used for the diameter of interest; 19.18 mm.
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Size of diameter of interest

(3.22)

0.7mm

19.18mm = 27.4~27 3
0.7mm \;z
Number of sensors x 4 views : ) 3

As such, the total number of sensors used for a ruby ston@:g 19.18 mm

in diameter was 27 x 4 = 108. By rounding off to the ne estWal number, it was

N
~

24)

determined that 27 sensors would be used for each DWOW pipe

projection. Therefore, 108 sensors were used in thegsimulation modelgfo a'c@ete

Cy

CCD measurement. Table 3.3 provides the divisi f the 108 sensofs forﬁé(')mplete

}b\ Ds andrthe laser, as

etical yalue used in this

CCD measurement (four CCDs) based on the pgition

seen in Figure 3.14. The simulation mo ded

study. This model was crucial in anal %e ixel v
. . d,} N A
on the theoretical and expemmen&a S tﬂ 1date the a@ﬁy of CCD tomography
7}

tl‘li ruby image based

Q

and LabVIEW programming to pro optiﬁ‘lﬁdroperties valuation of ruby

. . N
stones based on statlstltl andfrelative error ana 31§

NUie
Table 3.3: @of eLsors sed f ﬁe Complete CCD Measurement

a

§ N,gnf,r\
er of Sensors
b ¢

%

125,126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140,
141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155

0 A 6,7,8,9,10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, 34, 35, 36
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3.5.2.5 Monitoring the Model System for the Optical Properties of Ruby Stones in

LABVIEW Y’

Figure 3.23 illustrates the monitoring model system used to quantitati rad

(¢]

ruby stone consisting of 160 partial views (sensor) from four CCDs ﬂ*D image
reconstruction. The sensor turns ON based on the position and locg)n~ of the ruby
stone. By comparison, the value of the sensor indicates the v Nput of the CCD
based on the final light intensity ratio of the CCD from t U%a:d ruby stone. The

3D image consisted of the z-axis, which represents the value. Ml value of

the reconstructed image was then analyzed to meas

[ ]
he varyin ar'tie_{a"ruby

stones to produce the quantitative grades of the

As described in Chapter 2, the CCDxtom:

raphﬂ techniques )@st.hree optical

sensor modeling processes, which ca mr used fo sitis@gmap applications.
];c'\ﬁ\?ration technique, and

These include the optical path la%echnique\)ﬂ&'%l
N
optical path width technique. %ent s’t‘udy ed thzs;acal path and the optical
attenuation methods to in k tl:l“ﬁajl;l @parency of ruby stones (S.
Ibrahim et al., 1999). lgorithm refers lto*@'sum of sensitivity matrixes used
4 ¢ &
for every sensor th \then ml.ll y a séof voltage. Figure 3.23 shows that the

z-axis, which represe ained \%ﬁ equal to 221.74 when the value of the

(2

sensor was !;% This 1.99 v&s Qljo obtained during the previous mathematical

N\
the fi intensity ratio was 0.8478 for a ruby stone RI of 1.762.

expression

The pixel values gained from Klﬁ%}ffferent ruby stones were used to validate the optical

p \es of various ruby stones.

S
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