CHAPTER 3

Yw
METHODOLOGY @
<

3.1 Introduction z '

The first section of this chapter explains the hardware dev: IoMﬁthe@CD

linear sensor system, followed by the mathematic elling based th! CED linear
s X
W value?r!r the data,

at
mathematical modelling is implemented iCMV”EW S are.<<

sensor system. In order to run simulations and

. N
3.2 Flow Chart of the MetMogyl Aj \AQ/

i e
The overall me% y is co clu (}l% flow chart shown in Figure 3.1.

The experiment st ts\@h an :ina\of theé{acteristics of light distribution of the

ruby, followed e har wgr qﬁv&eﬁ%velopment. Then the data obtained from
both simulatien experi ?re’ C@\{mpared and analyzed statistically. If the data is
not suﬁw ess tfﬁ data f ch sample of experiment) or there are too many
errorS=inithe data, the data e@t be used to validate the system using statistical
%&ring analysis. Hence, the experiments need to be repeated. Once the satisfactory

a is obtained, the relative accuracy of the data is observed.

68



Investigation on ruby stone
characteristic (specific on clarity)
for grading valuation.

o

A A

( Design mathematical models for A
light reflectance and light
| attenuation (LabVIEW simulation) )

. ~
Hardware construction of the CCD

linear system
\ J

s ™
Conduct experiment on synthetic

and natural ruby
. J

A A

( Analysis on the experimental
voltage value obtained by the CCD
L linear sensor

L 4

(" Perform statistical analysis on data h
obtained from the theoretical and
L experimental value )

Is the data valid?

Validate the CCD linear system
(Relative accuracy)

End
\J’
Figure 3.1 Flow Chart of the Methodology.
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3.3 Mathematical Modelling on the Effects Due to Particle

The mathematical model developed to analyze the light d& ion

characteristic is as follows. As light passes through a translucent particle, cnaﬁpacts
occur: absorbance, reflectance, and dispersion (neglected du its complex
mathematical model and the fact that the particle size of interestsis much greater than

the wavelength of the incident light) (Idroas, 2014). The f IO\Wbsection explains

the mathematical modeling for light reflectance and ab nand t e'r corgesponding
LabVIEW simulation (Figure 3.2). Finally, the theorgtical values for t D s&&br’s

| &
voltage outputs are estimated using the refractive x of a ruby of 11762, 5\9tated in
N

R
S
O

F 4
the GIA database (Gemology Tools Professional;32016). \

O

File Operate Tools Help

B LabVIEW 2018

Recent Project Templates All Recert Files -

Blank Project Light Absorption.vi
Light reflectance vi

Find Drivers and Add-ons Community and Support Welcome to LabVIEW
C d expand the 3 sion forums or a
WA

M LabVIEW News |

Q Figure 3.2 LabVIEW 2018 Software Interface.
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Two conditions must be considered. The first condition is that the light is
absorbed and attenuated when it enters the ruby. The other condition is that the S
reflected away as it reaches the ruby’s surface. This chapter shows that the @tical
modelling is designed according to the light characteristics of the rubm the light
travels through the air and passes through the ruby. Later in Chapter¥d, these models
will be applied to obtain the expected refractive index of the s@nd natural ruby

samples involved in the experiments.

3.3.1 Light Reflectance i \ ! V?/
This research involves the i raveling from our@i’aser) to the ruby
through the air. Light reflectance oCc %/el I@ﬂ the air and hits the

N
Iighcfe?lection interface, energy

>
~—+
0 E
He >
wn D
D >
w

ruby’s surface, losing energy.

is the ratio of light ref% the surface Ddrm@’et al., 2020; Idroas, 2004; Mohd
v

Rahalim et al., 2021\ l %(J

S s
Qc? ?ze’: % (3.1)
& A3

is the transmitted re(&btlve index, while n, is the incidence refractive index,

AN &
is lost (Idroas, 2004), which_in th aseLr the ai “kbyinterface. Reflectance (R)

acc\g to Equation (3.1). R represents the least surface reflection from planes where

& ight beam is normal to the surface. As the angle of the incident beam rises, a greater

amount of light is reflected (Idroas, 2014; Raisin et al., 2021). This reflection decreases
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the amount of light emitted through the ruby. The final light reflectance can be obtained

using Equation (3.2) where I; is the initial light intensity (Durmus et al., ZOZO;W,

2014). @

ny — Ny Y v
Ifinal reflectance — I — lli (nz n nl) l V (3.2)
(3.2)

The LabVIEW programming construction of the abo@ is as in Figure
3.3, .\d
L 4 \Y-
O
4
\ \T
SN\

J
o K
o b T

DEL!

’ 4
o > i
ng for (gnt Reflectance Equation (3.2).

en\v?hen it passes through a medium. According to Beer—law, Lambert's the object
nsity along the optical path attenuates the output light intensity exponentially (Idroas,

QLM; Idroas et al., 2010). The light is absorbed by the ruby in this experiment, which
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becomes the effective light that falls on the CCD linear sensor. The light attenuation is

represented by the Equations (3.3) and (3.4) below: \Y’

In ( Lin ) = ax V (3.4)

In this equation, a is the linear attenuation cient nd\isf distance
L 4

travelled by the light. a for the ruby is 0.003 mm%wc is thel diam tep of@mby
which is 19.18 mm. The line integral or sum of the @istribui %
coefficients within the object is equal to t nmogim\of th@of incident
intensity to transmitted intensity (Durr\s@ 2020; 014+Raisin et al., 2021).
The LabVIEW programming for th@gﬂtion is MT F %3.4.

4

@

A,
e

 [FH)
2 ’_q lout
DEL r
‘ !1__2_3_% . 41%“1.23 :
DEL

|oEl

DEL

y
S
0 Figure 3.4 LabVIEW Programming for Light Absorption Equation.
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This mathematical modelling will be applied in Chapter 4, which involves
Equations (3.2) and (3.3). These two equations are used to find the expected re e

index values for the synthetic and natural rubies when investigated using th inear

3.3.3 The Mathematical Modeling Involved in the Linean SensorgSystem

oy
In the CCD linear sensor system, the firs%n occurs when 'ig_@*avels

from the laser toward the ruby. As this light hits rface of th : ref@’o’n occurs

i \tion,@g;culation of

sensor system.

where the light gets reflected away from the ruby” In
the light intensity involves the light re\ Ema equatio ch i@uaﬁon (3.2). The
incidence refractive index in this si%n will i@»’ndex of air, which is

N
equal to 1. The transmitted refragti ex Wi ref(rzg‘:'?/e index of the ruby with

16). ce, the light intensity during

a value of 1.76 (Gemology hofer'
g

the first situation will ted using E atlor»@'Z) as follows:
d f &
& <~ .
Ny Nair
W - ( ) ] , 3.5)

(3.6)

I, = 0.9242],. (3.7)
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When the light enters the ruby, it gets absorbed. Thus, the light absorption
Equation (3.3) will be used to calculate the light intensity in this second situatiWe

a of the ruby is 0.003 mm™2, and x of the ruby is 19.18 mm. Hence, the Ii%\nsity

of the ruby is determined by the following equation. A

I, = 0.9242 I, .'\d (3.9)
@ \Y-

In the third situation, the light travels ou@erubyt a he’C linear
4

sensor. This situation involves the reflection of h?ﬂbm tw e of t@dby toward

the CCD linear sensor. Thus, Equation (3:2) Will be uts}d inthis sit(ﬁ)n, where the

transmitted refractive index is the refram ex of the aifyiand t cidence refractive

12 — Ile—(0.003 mm-—1)(19.18 mm)

index is the refractive index of ruby. ulati ném performed using the

following equations: A<§)
(3.10)
Q
N
(0 (3.11)
&
A (3.12)
\

QE As a deduction, the theoretical final light intensity ratio, II—Z in the laser ON

situation with the presence of the ruby is 0.8541. In the laser OFF condition, the
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luminescence light from the ruby is reflected toward the CCD linear sensor. Hence, only

the light reflectance Equation (3.3) is used to calculate the light intensibYHe

calculation is as follows: %\
) 1—1.76\%
Lyaserorr = I — |1 (m) , V (3.13)
IélaserOFF = 0'92421i' ' (3.14-)

. . . . . ' q
Thus, the final light intensity ratio, M of t e 15 0.9242. g
’ ’
<

3.4 Hardware Development of DLinezﬂ%y e
E ) S
5

hardware ¢ p?ise@ack box, laser, CCD, and
objects that need to be evalw Ias'r is noc atic, consistent beam of light
with low distortion, |O\%, and an %J;;égg:tional beam that can travel long
distances at a Iow@@t ande.\

gare t\@nds of laser diodes: low-power lasers
and high-pow rs. The hi

% O

>

The CCD linear sensor,

4

N

er aﬁjgy, optically saturates the CCD sensors and

tal QO&l; Jamaludin, 2016).

¢
raises thei@' turesi(ld 2
& ! p-): ‘Zg\
&aludin (2016) con@d a study on the optical tomography system using the

\hear sensor. The authors proposed an approach to detect solid objects in crystal-

6&; water using the CCD linear sensor. This research will use the CCD linear sensor
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to detect the light intensity of the ruby, but the light will travel through the air instead

of crystal-clear water. \Y-
The Sony ILX551A CCD linear sensor is in this system owjn& I;S better

advantages compared to the other types of CCDs, as stated in Sectio 1. Figure 3.5

displays the CCD linear sensor Sony ILX551A spectral sensitiV| tures. The high

relative sensitivity of Sony ILX551A sensor, marked by th ntal ashed line, was
believed to be greater than 0.85. The effective spect Ilgh D linear
sensor Sony ILX551A lies between the wavelength 0 nm and 68 nrr ﬁ;g- ked

by the vertical dashed lines (Jamaludin, 2016; Sony poratpn

SRS

Spectral sensmwty characteristics
(Standard characteristics)

1.0 T T
>0.85 {0.9 P VA Ta=25°C
06 \‘

Relative sensitivity
o
()]
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0
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Source: Sony Corporation (n.d.)

dure 3.5 Spectral Sensitivity Characteristic Chart of Sony ILX551A CCD Linear
nsor.
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The overall system of the CCD is illustrated in Figure 3.6. The CCD linear
sensor system is designed in a black opaque box to provide minimum externWt
possible where the laser is beamed toward the CCD linear sensor. A blac@ box
is used to improve the accuracy of the CCD sensor, allowing the Ccﬂéigceive the
most intensity of light from the ruby with the fewest external light soufces. Figure 3.6
illustrates the front view of the CCD linear sensor system. Th mstone with the
diameter of 19.18 mm is placed between the laser and CC a sens'or. A light filter

is placed in between the laser and the ruby to reduce the n@ise in t ewpsi%gata

as explained in the Chapter 4. é J _\'C—}
% ¢

Laser

Light filter
16 mm

Ruby sample

CCD ILX551A

40 rovly
.\. Figure 3.6 IIIust&)i@ of the CCD Linear System Setup.

¥
4
g
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Light source from low

| CCD linear sensor
power laser

Pixel data
Clock Start
storage
Oscilloscope Arduino Uno Microcontroller
Figure 3.7 Block Diagram of the CCD Li nsor, S tem
O

Figure 3.7 depicts the block diagram of

LA

}ar{ sor s§ The light

from the ruby falls onto the CCD linear s N laser i

irected toward it and then
the laser light passes through it. The I| |ve IS Su entli lyzed by the CCD
sensor, which turns the measu |nt a vegge. The Arduino Uno

Microcontroller produces the ckvand ROGssign sret&&bythe CCD linear sensor

IS
g b o
NQox

ar E@)B:r system that is connected to the resistors,

oscilloscope.

Flgure %s the

capacitors d| e acgording éﬂs(_pn the application circuit of CCD ILX551A

system. The final voltife datalls th e using the Agilent U1620A

shown e 3.9 Is* oth_, d from the datasheet. Figure 3.10 shows the
exp tal setup of the C Inear sensor system before placing it in the black
0 ox, where the CCD linear sensor Sony ILX551A is connected to the Arduino

Microcontroller and the oscilloscope. A laser is beamed towards the ruby stone

and the light that passes through the ruby is captured by the CCD linear sensor as shown
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R
O

nsor System.

T o o o oo
=8 ceec¢cecececce

LSHDdONWIALrIH9 43028

in Figure 3.10. The front view of the CCD linear sensor system experimental setup is

depicted in Figure 3.11.
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Figure 3.9 Application Circuit of CCD ILX551A.
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Figure 3.10 Experimental fetup 0 tt&?@ ,S\eqsor System.
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igure 3.11 Front View of the CCD ILX551A Linear Sensor System Experimental
Setup.
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The CCD linear sensor system is then placed in a black opaque box as shown in
Figure 3.12. A light filter is placed at the opening of the box that is in between t@!!r
and the ruby. The light intensity in the black box is maintained at 0.5 @}void
saturation of the CCD linear sensor as shown in Figure 3.13 Then, the &*eted CCD
linear system circuit is connected to the oscilloscope and tmduino Uno
0

Microcontroller, where the ATMEGAS328P microcontroller i mmed using the

codes in Figure 3.14 to run the clock signal that will trigge t inl,snsity data from

v

the CCD linear sensor.

.....

Light Filter ’

7 =

Fig % xper(m 3 tCD@ 51A Linear Sensor Setup in a Black Opaque
E Box.
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] arduino_clk_rog_CCD | Arduino IDE 2.0.0
File Edit Sketch Tools Help

Arduino Uno g

arduino_clk_rog_CCD.ino

% int pin7 = 7;

2 int ping = 8;

3 int i = o;

4

5 void setup() {

6

7 pinMode(pin7, OUTPUT);
8

9 pinMode(ping, OUTPUT);
10 }

11

12 void loop()

13

14 digitalwrite(pin7, LOW);
15

16 if (i < 2090 )

17 {

18

19 digitalwrite(pin7, HIGH);
20 it++;

21 delay (1);

22 {

23 for (i = 0; i < 2090; i++)
24 {

25 digitalwrite(ping8, HIGH);
26 delay(8);

27 digitalwrite(ping, LOW);
28 delay(8);

29 it++;

30 }

31 }

}
A 33 if (i > 2089 )
34 {
35 i=e;
36 digitalwrite(pin7, LOW);
37 delay (4);

38 }
39}

Figure 3.14 Arduino Codes for CCD Sony ILX551A.

83



The Sony ILX551A CCD sensor requires two input signals, the readout gate

(ROG) and clock signals, therefore both signals must be programmed. The sig e

~—+

programmed in C++ language in the Arduino Integrated Development @‘nen
software. The program is then uploaded into the programmable in@ﬁ‘ed circuit
(ATMEGA328P-PU). In particular, the CCD Sony ILX551A sensor has 2048 sensitive
pixels. According to the datasheet, there are 2090 pixels. C mtly, 2090 clock
signals are programmed. Other than the 2048 sensitive pix %e'

m,ining pixels act

as the dummy signal at the start and end of each clock s LT Min code

script is shown in Figure 3.14. é J | _\0}
4 \)‘Z"

0 boa V‘zﬁe codes are

Before uploading the programmed %‘o t
run in the Proteus software for verific@ed on

system, it should have two main sigmals—the cl d? /iéqals—that triggers the

clock signal (Figure 3.9). The‘% e upload the@uino Uno board in the

Proteus, and the waveforms fo cl G s‘@%fg are observed through the

virtual oscilloscope, a: OWR'; Figur1;3jlrl F,@ﬁ 3.15, it can be observed in the
a ! S

at the O| tgnal(blue line) successfully triggers the end of the

2
<

e). O@Lomplete period has a 2090 clock cycle

sheédt the CCD sensor

digital oscilloscope

period for the cléﬁgnal (
. \ . | . .
that includes ﬁae fecive Si s“anej.ﬁl rest as dummy signals programmed in the
NN

Ardlﬂi% ,V)"‘_}?%\
‘é\ S
N
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Figure 3.15 Simulation of the CCD Linear Se@stem odes F]ro&&r}
4
\ \/‘r
X
Figure 3.16 illustrates the ro@e p Wra h
whe

declaring the variable pin7 and pin

é gTe %output pin and clock
output pin respectively. Then, initializ€ the counter i :&:\)Fhe pin7 and pin8 also
o
initialize at O value. Then, the’h@ tarts Whe&ﬁ'{e counter i less than 2090,
N

the pin7 will give the h@' va% of 1 an! the ping v@ernately executes low and high
value with the delawu n emé ch"

cé}fd. When the counter becomes more
than 2089 it mearf‘%one set of hav@ executed, the counter will be set to 0

and pin7 also %\W Il%m{h (Jt set of data will be continuously executed
st

e program starts with

@

fol|2®ﬂe exe b'uj;' c};ﬁg}bove.
‘$ NS
N



Declare variablei, pin7 and z
pin8 c
| 4

!

Initialize pin7 = output ROG
and pin8 = output clock

N |
>

i=0

| P
*~

Set pin7=0 and pin8=0

¥
L 2
Delay 8us Y'

!

Set pin7=0 and pin8=1

!

Delay 8us

l

Set pin7=0and pin8=0

!
Delay 8us

* Yes

» i+1
No
i=0

‘

Set pin7=0

4 }
Q Delay 4us
A |
‘éElgure 3.16 Flow Chart of the Clock (Pin8) Signal and ROG (Pin7) Signal of the
Q CCD Sony ILX551A.
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The Arduino Uno Microcontroller also connects the CCD linear sensor to the
Agilent U1620A oscilloscope, where the real-time signal of the light intensity a
by the CCD linear sensor is collected. The Agilent U1620A oscilloscope @ this

step is shown in Figure 3.17. The data collected from the oscilloscope ‘A&e form of

a voltage that represents the light intensity captured by the CCD IineaEensor.

Nl

Figure 3. %D c‘?e Used to Produce the Digital Signal from
ar Sensor System.
4
& Ly
9

\/\/?hen a ruby is placed in the CCD linear sensor system, the signal appearing on

& oscilloscope is retrieved and the data distribution of the CCD voltage output is

plotted as shown in Figure 3.18. This experiment is conducted using the CCD linear
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sensor to detect the transparency of the ruby, which is directly related to the light

intensity of the ruby. The CCD linear sensor detects the light intensity and covﬁt

into the voltage value. Since this CCD linear sensor is very sensitive to Ii?@pixel

<

e

captured can detect each slightest change that occurs in the system.

CCD Output Voltage (V) Data Distribution from
Oscilloscope with the Presence of Ruby

4.50E+00
4.00E+00
3.50E+00
3.00E+00
2.50E+00
2.00E+00
1.50E+00
1.00E+00
5.00E-01
0.00E+00

CCD Output Voltage (V)

49
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145
193
241
289
337
385
433
481
529
577
625
673
721
769
817
865
913
961
1009
1057
1105
1153

Number of Data (N)

Figure 3.18 Dmibutiqn 0 CCi§ﬂage Output from the Oscilloscope

the System.

: \
%ally, a‘s'uﬂﬁgénvi$ent is prepared to prevent the CCD linear sensor

N

fro@ saturated. The CCéRinear sensor requires relative humidity to be within

%5% and the temperature to be within 25°C-33°C (Jamaludin et al., 2017, 2018).

ilarly, the laser is maintained at 0.5 lux for optimum CCD linear sensor working
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conditions (Jamaludin, 2016). Figure 3.19 shows a synthetic ruby sample (man-made

red silica glass), and Figure 3.20 shows a natural ruby stone from Myanmar_\Y'

a@ Ruby Stone from Myanmar.
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3.5 Laser Diode System

A laser diode is used in the CCD linear sensor system as it helps inﬁq ing
effective results. Although the ruby itself can radiate and produce its o@seence
when placed under natural or artificial light, the CCD linear sen tem cannot
effectively detect the light from the ruby because the CCD linear sepsor,IS very sensitive
to light. Thus, only the light solely from the ruby is needs to b ted. Additionally,
the CCD linear sensor system is designed in a black X t Jnsur minimum
intervention from lights of any other possible sources,invading t eqc\ééz&é?nsor

system. Because the CCD linear sensor syste S in an‘.al 0S omp{g‘fély dark

environment, the laser diode is needed to help thefruby hmq effec '\fy show its

light characteristics on the CCD linear se@( i iment, a ser diode with

a 630 nm to 650 nm wavelength is used (J 4 diode is displayed

in Figure 3.21.

Figure 3.21 Red Laser Diode with 650nm Wavelength.
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3.6 Summary

In this chapter, there are three main sections. First, the discussi&ithe

mathematical modelling which involves the light reflection and light ahsorption
equation. Both of these equations are synthesized according to the si?’m in the laser
condition ON and OFF and the final light intensity equation feg.both¥conditions are

executed. The following subsection provides detail e Iar@on the hardware

development of the CCD linear sensor system. Lastl ief e Ia@ the laser
diode system is provided in the last section. ¢
y p N4
|9

Y-

. 4 ;
The next chapter presents the experiments ctew CCDtinear sensor

3

system. The results and discussions for e rimeﬁ‘ are_explained_briefly and the

results are validated using the statisticN sis meth he racy of the CCD

. _ =\
linear sensor system is also calculat hap \&
[ &
é %
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