CHAPTER 4

EXPERIMENT, RESULT AND DISCUSSION %\

4.1 Introduction Y.
This chapter describes the experiment in deta@ng%sum and
discussions for the optical tomography system usingy,the CCD linear sensor, Ch‘)@ﬂtab

software, and MATLAB programming.

Y

The experiment is conducted twe following’ con ns: the room

temperature is at 25°C. The experiment
| | SN2 )AL
the radiant power emitted by the | ain )Qsthls experiment.
< '3l P
&

The results and discussion ;Q(_)X_n thr ap inc!ge“}the following analysis:
(

i.  Analysis of twgol ut WhJl laser is in ON and OFF conditions
without tf&ence l ruby in th D system.

ii. AnaIy@e CCDVo g(!uéid'DWhen the laser is in ON and OFF conditions

i t”%‘genc; a ruby/in L@SCD system.
QQ 4
:he

nalysis of the r%"l involves statistical engineering to validate the

¥

=

e Mental data. The Minitab 16 software is used to conduct the statistical calculation

analysis. Six hundred data are taken from each of the experiments. The t-test is

Qducted on the samples to validate the data, and the finalized data is then tested for
its accuracy.
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4.2 Experiment

The experiment is conducted under the condition when the ruby is placedyin a
black box and the laser is beamed onto the ruby. The CCD linear sensok, receives the
light from the ruby and converts the light intensity into a voltagew\value. For this
experiment, the laser light beam should give a voltage value >16,V tq ‘avoid the CCD
linear sensor from being saturated (Idroas et al., 2011; Jamaludin'et'al., 2016). A filter
is used to reduce the light intensity that hits onto the CCB/linear sensor surface. High
light intensity will cause the CCD linear sensor to be saturated as mentieped in the\Sony
ILX551A data sheet. Then, a ruby is placed onto"the, CCD linear sensor glass ‘surface,

and the analysis of the light intensity is conductedk

i Agilent Technologies WED 1AN 30 05:51:17 2165

Pk-Pk(1): No signal Freq(1): No signal 30 January 2165 05:51:17

Figdre4.1 Waveform Obtained.When the Laser is Beamed Directly to the Ruby without
aFrler.
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When the laser light is beamed directly to the ruby, the data waveform shown
on the oscilloscope contains noise, as shown in Figure 4.1. Alternatively, a Iowe e
data waveform as depicted in Figure 4.2, can be obtained when the filter is @t the
small aperture which situated at the top of the black box, as shown in 4 2. This

proves that the CCD sensor is very sensitive that detects every detail 0 |ght which can

;q

affect the data (Mehta et al., 2015). A data waveform W|th 0|se is vital to

make sure valid data can be extracted from the experiment

% Agilent Technologies WED JAN 30 05:42:24 2165
1 oc (20 1V/  oc 5s/ OOOmS Stop £12 294V

Figure 4.2 Waveform @btained when
Filter.
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Figure 4.3 Laser is Beamed toward the Ruby through a Filter.
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4.2.1 Experimental CCD Voltage Output when Ruby is Not in the System

When a collimated light is focused at a CCD linear image sensor QKS sor
detects the object's shadow cast on the sensor (Ramli et al., 2011). The light intensity is
transformed into voltage based on the amount of light detected b CD sensor
(Jamaludin et al., 2021; Mohd Rahalim et al., 2022). In any situation, reflection on
the front of the CCD linear image sensor is ignored (Idr S,WThe CCD output
voltage in the OFF and ON conditions of the laser i ze us'mg'\thalinitab 16

software (Figure 4.4). "
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<Q 4 D“JPU re @Ainitab 16 Software.
@ Analysis on the Mean CCD Output Voltage

0 First, the analysis of the samples investigated with the laser in the OFF condition

is performed. Six hundred data points are considered (Figure 4.5). The same procedure

95



is repeated with the laser in the ON condition. The mean value from the same amount

g
O

of 600 data is also recorded (Figure 4.6).

File Edit Dats Cale Stat Graph Editor Tools Window Help Assistant
FH|GiRe--E1 4s020]CRBOIE: EBEE
BEETTIEE D

I & & + 2| HlxjalikTooN - |
7] Filtered Data Laser OFF Dark Area MTW =

. c1 | c2 c | s c5 6 | o | c8 c | cio cn c1z | 13 |~
Time (s) | CCD Voltage Output (V)| | Time (5)_1| CCD Voltage Output (V) 1] | Time (5)_2| CCD Voltage Output (V) 2| | Time (5)_3| CCD Voltage Output (V) 3] [ |

580 | 240E-03 3156400 176E-02 3.54E+00 6.60E-03 3.75E+00 1T4E02 41TE+00

581 | 174E-02 3.15E+00 177E02 3.54E+00 6.90E-03 3.75E+00 175602 41TE+00

582 | 1.75E-02 3.15E+00 178E-02 3.54E+00 7.00E03 3.75E+00 176E-02 41TE+00

583 | 1.77E-02 3156400 186602 3.54E+00 710603 3.75E+00 177E02 41TE+00

584 | 1.78E-02 3166400 189502 3.64E+00 7.20E03 3.76E+00 187602 41TE+00

585 | 1.67E-02 345E+00 1.90E-02 3.54E+00 730503 3.75E+00 1.89E-02 41TE+00

586 | 189E-02 3156400 191502 3.54E+00 740603 3.75E+00 190E-02 41TE+00

587 | 1.90E-02 3156400 192502 3.54E+00 750503 3.75E+00 191E-02 41TE+00

588 | 191E-02 315E+00 194602 3.64E+00 760E03 3.75E+00 192602 41TE+00

589 | 1.92E-02 3.15E+00 1.70E-02 3.50E+00 7.80E03 3.75E+00 193502 41TE+00

500 |-170E-02 310E+00 1.58E-02 3.50E+00 7.90E03 3.75E+00 194E-02 44TE+00
1.69E-02 310E+00 167602 3.60E+00 8.40E-03 3.76E+00 ALT0E02 413E+00
1.50E-02 310E+00 1.56E-02 3.50E+00 8.50E-03 3.75E+00 58E-02 4.13E+00

593 |-157E-02 3.10E+00 -1.85E-02 3.50E+00 8.60E-03 3.75E+00 S7TE02 413E+00

504 | -1.55E-02 3.10E+00 1.54E-02 3.50E+00 140502 3.75E+00 15602 413E+00

595 | -152E-02 310E+00 163602 3.50E+00 171E02 3.75E+00 A5EE02 413E+00

596 | 140E-03 3.10E+00 1.20E-03 3.50E+00 172602 3.75E+00 L54E02 413E+00

597 | 150E-03 310E+00 130503 3.50E+00 2.03E.02 3.75E+00 1.20E-03 413E+00

508 | 1.60E-03 310E+00 140503 3.60E+00 1.00E-04 371E+00 130503 413E+00

599 | 1.80E-03 3.10E+00 150603 3.50E+00 200E-04 3.71E+00 140603 4.13E+00

600 | 200E-03 3.10E+00 1.60E-03 3.50E+00 1.16E:03 371E+00 [ES] = | .

<
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Figure 4.5 Voltage Output Dat Dat e lyzed in the Minitab

Current Worksheet: Filtered Data Laser OFF Dark Area MTW

Software with OFF Laser Conditi ithouf'the R in tQi_ stem.
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@Ede Edit Date Calc Stat Graph Editor Teels Windoew Help Assistant
sH@lipe-~ B 1 #4s02H|CRBOSH v CEE
AR LT IEEId

I =i e+ ezl HixlalivTaoN - b
+ ca | 2 | a3 | cs5 [ e T e ] cs [ co T co ] cn [ci2 [ c13 [
Time (5) | CCD Voltage Output (V)| | Time (s)_1| CCD Voltage Output (v)_1| | Time (s)_2| CCD Voltage Output (v)_2| | Time (s)_3| CCD Voltage Output (v)_3| | Time (s) 4] C
577 | 2.83E-02 1.33E400 282602 8.75E-01 266E-02 1.60E+00 204E02 1.4BE+00 275602
578 | 285E-02 1.33E400 283E02 8.75E-01 269E-02 1.60E+00 29602 1.4BE+00 281602
579 | 286E-02 1.33E400 284E02 8.75E-01 270502 1.60E+00 2.96E-02 1.4BE+00 282602
580 | 2.87E-02 1.33E+00 286E-02 8.76E-01 271E02 1.60E+00 297E02 1.46E+00 283502
581 | 2.80E-02 1.33E+00 286E-02 8.76E-01 27402 1.60E+00 2.96E-02 1.46E+00 284E02
582 | 2.89E-02 1.33E+00 28TE02 8.76E-01 27502 1.60E+00 2.99E-02 1.46E+00 287E02
583 | 2.90E-02 1.33E+00 288E-02 8.76E-01 278E-02 1.60E+00 1.66E-02 1.60E+00 2.90E02
584 | 2.91E-02 1.33E+00 289E-02 8.76E-01 279E-02 1.60E+00 1.76E-02 1.60E+00 293502
585 | 2.92E-02 1.33E+00 290E-02 8.76E-01 280502 1.60E+00 2.99E-02 1.68E+00 2.94E02
586 | 2.93E-02 1.33E+00 291E02 8.76E-01 281E-02 1.60E+00 1.68E+00 295602
587 | 2.94E-02 1.33E+00 292602 8.76E-01 282502 1.60E+00 1.68E+00 16602
588 | 2.95E-02 1.33E+00 293E02 8.76E-01 286602 1.60E+00 1.68E+00 3.00E02
589 | 2.96E-02 1.33E+00 294E02 8.76E-01 2.86E-02 1.60E+00 1.68E+00 2.99E02
500 | 2.96E-02 1.33E+00 296E-02 8.76E-01 288602 1.60E+00 1.68E+00 2.98E02
501 | 299E-02 1.33E+00 296E-02 8.76E-01 289E-02 1.60E+00 1.68E+00 2.9TE02
592 |-3.00E-02 1.38E+00 297E02 8.75E-01 291E-02 1.60E+00 1.58E+00 2.96E02
593 |-169E-02 1.38E+00 298E-02 8.75E-01 292502 1.60E+00 1.58E+00 295602
594 | -1.16E-02 1.38E+00 299E02 8.75E-01 2.94E-02 1.60E+00 1.58E+00 2.94E02
4| 595 | 640E03 1.38E+00 283E-02 9ATEN 2.95E-02 1.60E+00 1.58E+00 293502
596 | 7.30E-03 1.38E+00 -1.69E-02 9ATEN 2.97E-02 1.60E+00 1.58E+00 2.92E02
597 |-299E-02 1.46E+00 -3.00E-02 1.00E+00 -3.00E-02 1.73E+00 1.58E+00 291602
2.97E02 1.46E+00 299E02 1.00E+00 -2.99E-02 1.73E+00 1.58E+00 2.90E02
2.94E-02 1.46E+00 298E-02 1.00E+00 -2.98E-02 1.73E+00 X 1.58E+00 2.89E02
2.93E-02 1.46E+00 29TE02 1.00E+00 297602 173E+00] X 1.58E+00 280502

—
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Figure 4.6 Voltage Output Data (600 Data Points) are Analyzed in the Minitab
Software with the Laser ON Condition without the Ruby in the System.
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Data Distribution of Laser OFF Condition without Ruby
5 -
x Max=4.71V
A —
4_
e
e
=
B 3
8
L]
o
2
o 2]
>
o
o
1-
0_
T \'D Y'}"
Figure 4.7 CCD Output Voltaw Lase\r OF#F, Condition.
Data Distribution of Laser ON Condition without Ruby
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Figure 4.8 CCD Voltage Output in the Laser ON Condition.
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From the box plot in Figure 4.7, the CCD output voltage shows a mean value of
4.282 V, with the maximum value of 4.71 V and minimum value of 4.13 of 6 a
points considered. In Figure 4.8, the box plot shows a mean CCD output \/alue
of 1.583 V, with the maximum value of 1.73 V and minimum value d‘&v of 600

data points considered. Table 4.1 shows the value of the CCD voltage Qtput in the two

laser conditions, OFF and ON, as well as their respective Iighﬁw.

&
X
i thé I.h%@r\OFF
N1

Table 4.1 The Mean CCD Voltage Output and L ight Intensit

and ON Conditions. 2
9w

g e X
Condition of Laser CCD Volta u t@lgh nsity
N S
OFF % .28 \? &.\ 0

s

jonal tc{by CCD output voltage. Figure 4.9 shows

1 O
stis

thﬁ‘mtensity of the laser. Based on this graph, it
o@ output is inversely proportional to the laser

The Iasethy i
the voltage o&u}the

can be z%’a@that,t C
intensi& W

\
i ity. The relationship between CCD voltage output and light intensity is

0 esented by Equation (4.1).

V = —2.69831 + 4.2817 (4.1)

@,

a gradient of 2. and an interception value of 4.2817 at zero light
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CCD Voltage Output (V) vs Light Intensity
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Figure 4.9 Graph of the CCD VoItage@s Light Inte it’. _\C}

4.2.2 Theoretical CCD Voltage OutpltWNatuWI

Based on the mean CCD vol mut igthe |

SO} W2

Equation 4.1 is executed. Since the atign on th heo@l light intensity, | value
q

for the natural ruby is performw e secti 3, th&ﬁéoretical light intensity, I is

N
0.8541. Hence, the the ticailghtinte'sity, :p.@man be included in the Equation
C}

v@n natural ruby is in the system. The

4.1 to get the theore@ voka,é ut
(7 ¢

NQ%FF condition, the

s

calculation iszsq\ 31/ ) :' G)O
. 831 + 4.2817
S
N

V = Q.'6983(0.8541) + 4.2817

0% V = 19771V

Hence, the theoretical CCD voltage output is 1.9771 V.
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4.2.3 Experimental CCD Voltage Output when Synthetic Ruby is in the System

This experiment investigates the phenomenon of light propagation frw air
into the synthetic ruby. Since light goes from air into the synthetic ruby ‘the refractive
index of air to the synthetic ruby is involved in this case. Due to t ction at the
air—ruby interface, the incoming light intensity (1) is lowered atthe synthetic ruby's

initial surface. Table 4.2 displays the theoretical light in nsw theoretical CCD

voltage output obtained by solving Equations (3.2), (3. (477). Twmns (3.2)

and (3.3) are explained in Chapter 3, where each equation
and absorption, respectively. ‘<‘

Table 4.2 CCD Voltage Output a

Light Propagation E

Situation of light

propagation Yv
Laser ON with%thetlc & 1.9941
Ru& l ' '

I.\“wjing to Table 4.2% voltage output will be higher when an object is
\

Nn the system than without any object. The laser light absorption and reflection

ss resulted in high voltage output (Jamaludin, 2016). Figure 4.11 depicts the
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distribution of the CCD output voltage value while the synthetic ruby is in the system

Yv
N
e

with the laser turned OFF.

Eile fdt Dats Calc St Graph Editor Tooks Window Help Assistapt

FHS@rmE/- F 1 LALFOYH|dRROII W CEOE &
A ET Y Ik
T e psll XN
I Fiteed Dats Laser OFF with Ruby MTW oo
“ =] 5] | o s & | o 8 | o o | o [ ciz ci3_ -
Time (s} | CCD Voltage Output (V) Time (s) 1 CCD Voltage Output (V)_1 Time (s]_2| CCD Voltage Output (V) 2 Time (s]_3| CCD Voltage Output (V)_3 @
580 154E02 T60E+00 A51E02 360E+00 240603 3026400 180503 3386900 TaBE 0L
581 15302 260E+00 AS0E02 360E+00 250603 3026400 190503 3388900 154502
582 152602 260E+00 148602 360E+00 260E03 3026400 200503 3388900 15302
583 151602 260E+00 0.00E+00 360E+00 33603 3026400 210503 3388900 15202
584 150E02 260E+00 160603 360E+00 175E02 3026400 220603 3388900 A 51E0E
585 000E+00 260E+00 170603 360E+00 176602 3026400 230503 3388900 150602
586  150E03 260E+00 180E03 360E+00 178602 3026400 250503 3388900 000400
s 160E01 260E+00 190603 360E+00 167E02 3026400 260503 3388900 15008
588 170E-03 360E+00 200603 360E+00 189E-02 3026400 186E-02 3386400 reee:
589 1B0E03 260E+00 210603 360E+00 190602 3026400 187802 3388900 170808
590 150503 260E+00 230603 360E+00 191602 3026400 188502 3388900 180E0 \
591 200E01 260E+00 250603 360E+00 192602 3026400 189602 3388900 190808
592 185E-02 260E+00 187602 360E+00 193602 3026400 190602 3388900 185502
593 | 186E-02 260E+00 188602 360E+00 194602 3026400 19102 3388900 185502
594 187E02 260E+00 189602 360E+00 AT0E02 298E 400 192502 3388900 187502
595 188E02 260E+00 190602 360E+00 158E02 298E 400 195802 3388900 188502
59  189E02 260E+00 191602 360E+00 ASTED2 298E 400 170502 3336900 e |
57 1%0E02 260E+00 19E02 360E+00 156602 298E 400 189502 3336900 191802
59  193E02 260E+00 69E02 3566400 155602 298E 400 156502 3336900 170802
599 170E02 3565400 160E02 3566400 1303 298E 400 156502 3336900 -1 89E02
600 161E02 3565400 158602 3566400 13603 298E 400 -1 85502 3336900 -1 B0E0Z
601

Current Workshet: Fitered Data Laser OFF with Ruby MTW.

Figure 4.10 Voltage Output Data mt ' Amlyzed in the Minitab
Software with Laser in OFF Condit d the in the System.

W
%,
w,,€;

Data Distribution of Laser OFF Condition with Ruby

*» Max =423V

4+ I Fm | Mean - 389V
Min=3.73V

CCD Voltage Output (V)

0-

<
N

oﬁgure 4.11 Box Plot of the CCD Voltage Output with the Laser in OFF Condition and
the Synthetic Ruby in the System.
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When the laser is turned on, the data reveals a substantially lower value of the
CCD output voltage, as seen in Figure 4.12. Because the laser is turned on, trw
linear sensor receives significantly increased light intensity. Figure 4.13 de@ data

distribution of the CCD output voltage when the synthetic ruby is pres&we system

and the laser is turned on.

EEHE Edit Data Calc Stat Graph Editor Tools Window Help Assistant
W8t me[-c[E 1 AFCeH]CBROEE Y CER ®
AEET IR

—lsix]

[ EEIL RN Sl x|aljx TooN - bl
c | c2 | e | e | c5 [ e T a ] c8 [co T e ] cn -
Time (s) | CCD Voltage Output Value (V)| | Time (s)_1/ CCD Voltage Output Value (V)_1| | Time (s)_2| CCD Voltage Output Value (V) 2| | Time (s)_3| CCD Voltage Output Value (V).
577 |-3.00E-02 1.63E+00 2.96E-02 7.08E-01 277602 1.65E+00 -2.96E-02 T.08E-0
578 |-299E-02 1.63E+00 2 95E-02 7.08E-01 278E02 1.65E400 29502 7.08E-0
579 |-298E-02 1.63E+00 2 4E02 7.08E-01 27902 1.65E400 294E02 7.08E-0
580 |-297E-02 1.63E+00 293502 7.06E-01 280502 1.65E+00 293E02 7.08E-0
581 |-2.96E-02 1.63E+00 292602 7.06E-01 281602 1.65E+00 292602 7.08E-0
582 |-2.94E-02 1.63E+00 291E-02 7.06E-01 282602 1.65E+00 291E-02 7.08E-0
583 |-2.93E-02 163E+00 2 90E-02 7.08E-01 28TE02 1.65E+00 290E-02 T.08E-0
584 |-2.90E-02 1.63E+00 2.89E-02 7.08E-01 2.91E02 1.65E+00 -289E-02 7.08E-0
585 | -289E-02 1.63E+00 2 8BE-02 7.08E-01 293E02 1.65E400 288E02 7.08E-0
58 |-288E-02 1.63E+00 2 87E02 7.08E-01 29402 1.65E400 287E02 7.08E-0
587 |-287E-02 1.63E+00 2 86E-02 7.08E-01 2.96E02 1.65E400 2.86E-02 7.08E-0
588 |-2.86E-02 1.63E+00 2 86E-02 7.06E-01 297E02 1.65E+00 286E-02 7.08E-0
589 |-279E-02 1.63E+00 2 B4E-02 7.06E-01 2.98E02 1.65E+00 284E-02 7.08E-0
530 |-277E-02 163E+00 2 83E-02 7.08E-01 29902 1.65E+00 283E02 T.08E-0
501 |-273E-02 1.63E+00 282602 7.08E-01 3.00E-04 1.73E+00 -282E02 7.08E-0
592 |27T1E-02 1.63E+00 281E02 7.08E-01 3.00E-02 1.77E+00 28102 T.08E-0
593 |-270E-02 1.63E+00 2 B0E-02 7.08E-01 2.99E-02 1.77E200 280E02 7.08E-0
504 |-2.69E-02 1.63E+00 279E-02 7.08E-01 2.97E-02 1.77E200 279E02 7.08E-0
595 |2 67E-02 1.63E+00 2 78E-02 7.08E-01 29602 1.77E200 2.78E02 7.08E-0
596 |-2.66E-02 1.63E+00 277E02 7.06E-01 296502 1.77E200 27TE02 7.08E-0
597 |-265E-02 1.63E+00 276E-02 7.06E-01 2.94E02 1.77E+00 276E-02 7.08E-0
598 |-264E-02 163E+00 275502 7.08E-01 293602 1.77E+00 275E-02 T.08E-0
599 |-263E-02 1.63E+00 2 74E-02 7.08E-01 2.92E02 1.77E+00 2T4E02 7.08E-0
600 |-262E-02 1.63E+00 27302 7.08E-01 2.91E02 1.77E+00 27302 TOBED
< i 3>
Current Worksheet: Filtered Data Laser ON with Ruby.MTW — |
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Figure 4.12 Voltage Output Data (6
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Data Distribution of Laser ON with Ruby
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Figure 4.13 Box Plot of the CCD Voltage Out ith th gse *ON Gezﬁtion and

the Synthetic Ruby in the System. Vz ’1 EY'
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4.3 Statistical Analysis: t-Tes \’\
? 6 ,
d

&
A 2-sample t-test canN 0 rate 'L\ﬂht the means of two samples
differ significantly, ac dingo the Minitah"16 s@e. The mean data collected in

:
the presence of the Kthet' an "ra ubies@)‘fhe system is compared to the mean
data obtained Wi&he rubies inghe sys@%m laser OFF and ON circumstances in
| (O
this experime@ res’lt:m?/g!sangp'm t-test is the ideal tool for data analysis.

O

< k, S
more, th ataglz%'grarge enough, with 600 data points for each sample.

TW ere also taken in ah%a%le condition, where the CCD linear sensor is placed

ost optimum condition, together with the optimum light intensity of the laser

od rubies. Thus, the data obtained is in the average stable range, and only minimum

outliers occur in the data.
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Moreover, there is no need for the data to be normally distributed because the
sample sizes are 600 samples for each condition of the experiment. Accor
Minitab 16, the data need to be normally distributed if the sample sizes areeﬁu\n 15.
Obviously, the data size in this experiment is large enough to ignoAnormally
distributed data. Similarly, the two samples do not need to have identical variances

because the Minitab 16 program employs an alternative test, V\%_ -test, which does
not require equal variances. According to research, the tes S V\fll with unequal
variances, even when the sample sizes are not equal. .\d‘

J ! _{‘)\Y’
Yv \ NV

=
4.3.1 t-Test for the Sample Data wit@th u‘h nthe@&: uby in Laser
OFF Condition \ O
c A

In the laser OFF conditi Iack%paq box p@e the minimum external

7

light possible. The CCD lin rﬁbr c e Iumi@ce of the synthetic ruby only.
I;

The t-test is performed mples:ithe fifst in (@aser OFF state with the synthetic
42
a

ruby in the system, the secor ser §Bcondition without the synthetic ruby

in the system. The null hyp

value when th&”heti ruby i 'r\(t-r}bsystem while the laser is turned off is equal
% NN

to the voltage ut vaé? when the synthetic ruby is in the system while

the h&s turned off. The alte(ﬁ;tgl-\;e hypothesis for this t-test is that the mean CCD
\

r thii':%!st is that the mean CCD voltage output

utput value when the synthetic ruby is not in the system as well as the laser is

& d off is not equal to the mean CCD voltage output value when the synthetic ruby
i

in the system when the laser is turned off.
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2-Sample t Test for the Mean of With Ruby and Without Ruby
Summary Report
Mean Test Statistics With Ruby Without Ruby
Is With Ruby | than Without Ruby?
BN LA E R R Sample size 500 500
9 0.05 0.1 >0.5 Mean 3.8926 4.2817
Yes No 90% CI (3.887, 3.898)  (4.2751, 4,2883)
Standard deviation 0.03086% 0.098134
P = 0.000
The mean of With Ruby is significantly less than the mean Difference between means™ -0.33907
of Without Ruby (p < 0.05). 90% €I (-0.39761, -0.380532)
*The difference is defined as With Ruby - Without Ruby.
90% (I for the Difference
Does the interval indude zero?
e Comments
_0' 4 _0' 3 _0:2 _0' 1 oo - Test: You can condude that the mean of With Ruby is
less than Without Ruby at the 0.05 level of significance.
- CI: Quantifies the uncertainty assocated with estimating
the difference from sample data. You can be 90% confident
Distribution of Data that the true difference is between -0.35761 and -0.38052.
Compare the data and means of the samples. -- Distribution of Data: Compare the location and means of
with Ruby samples. Look for unusual data before interpreting the
m results of the test,
Without Ruby
’_’._1_‘
3‘9 4‘2 4.‘5 4‘8 5‘1 5‘4

\':0" V'
Figure 4.14 Summary of t-Test: When the Isgw in QFF dition@;nd without
&

Synthetic Ruby in the System.

e N\%)A

2-Sample t Test for the Mean of With Ruby and Without Ruby
Diagnostic Report
Data in Worksheet Order
Investigate outliers (marked in red).
With Ruby Without Ruby
5.6
4.8
4.0 %
i 61 121 181 241 301 361 421 431 541 i 61 121 181 241 301 351 421 481 541
Power What difference can you detect with your
What is the chance of detecting a difference? sample sizes of 6007
< 4% 60% 0% 100%
Difference Power
-0.0098598 -0.015201 ~0-0098555 88-0
. . ! -0.011268 70.0
For alpha = 0.05 and sample sizes = 600: 0.012915 30.0
If the true mean of With Ruby was 0,0098598 less than _0'015201 90'0
without Ruby, you would have a 60% chance of detecting the ’ .
difference. If With Ruby was 0.015201 less than Without
Ruby, vou would have a 90% chance.
Power is a function of the sample sizes and the standard deviations. To detect a difference smaller than -0.012915, consider increasing the
m sample sizes,

\

igure 4.15 Summary of t-Test: When the Laser is in OFF Condition with and without
Synthetic Ruby in the System.
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With a 0.05 level of significance, the t-test reported in Figure 4.14 shows that

the mean of data with the synthetic ruby is lower than the mean of data with e
synthetic ruby. As a result, because the P-value is less than 0.05, the null @sis IS
rejected. The confidence level is the percentage of certainty that the re!Aqatches the
population outcome. Confidence intervals provide a range of values indicating the
likelihood of the outcome occurring in the population. The af \eh(oned t-test has a
90% confidence level with confidence intervals of differen (Y;t and without the
synthetic ruby and is in the range of 0.3976-0.3805. This ests hM)ﬁperiment

Y

IS repeated, this outcome will occur 90% of the time. ' _\“}
4
<

From the distribution of the data, it {b,zeen*w\edata we synthetic
ruby are distributed in a slightly Iowe@ range dao'not 8Uap with the data
i ro

T?s vies that the CCD linear

N

without the synthetic ruby, as shOV\c in Figure
sensor detects higher light inten@ thésynthet rub& n the system as some of
the light from the synthetic rukNetelt CCD-ﬁ%e’ar sensor. When there is no

N
ruby in the system, the/CCD Rear sensor detects @ht intensity as the system is in
E Z g s
an almost completel%k Iting@ higher CCD voltage output value.
séq

nij' 'bn,{
Furthermore, thi alidates.thatithe chjnear sensor can detect even the smallest
?%1

changes in Iig&}sit as dn pr&/bus research and Chapter 2.

O
&S

d
N
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4.3.2 t-Test for the Sample Data with and without the Synthetic Ruby in the

In the laser ON condition, the laser is beamed toward the synthetiﬁﬁmnd the

light that passing through the synthetic ruby falls on the CCD lIi ensor. Two
samples are analyzed in the t-test. The first sample is the mean dJﬁCD voltage

output in the laser ON condition with the synthetic ruby i thw, and the second

Laser ON Condition

sample is the mean data of the CCD voltage output i se N@?n without
H @
the synthetic ruby. \Y'
|.S
P 4 E’
The null hypothesis for this t-test is that t n data of t CDY. ge output

in the laser ON condition with the synthettm th

equa‘&he mean data
of the CCD voltage output in the las conditi

AN
Whereby the alternative hypothesi %t the @\iago
[} .,

the laser ON condition with th\ etic ruby in't s‘flsteqcﬁ unequal to the mean data

K

of the CCD voltage output ser ON ¢ ion ‘@hout the synthetic ruby.
N
N3 £ &

<)
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2-Sample t Test for the Mean of With Ruby and Without Ruby
Summary Report

Mean Test Statistics With Ruby Without Ruby 4
Is With Rub ter than Without Ruby?
R Sample size 500 500
B e e S Mean 1.7918 1.5834
Yes No 0% CI (1.791, 1.793) (1.5818, 1.5850)
Standard deviation 0.018005 0.024511
P =0.000
The mean of With Ruby is significantly greater than the Difference between means™ 0.20843
mean of Without Ruby (p < 0.05). 90% CI (0.20639, 0.21048)

*The difference is defined as With Ruby - Without Ruby.

90% CI for the Difference
Does the interval indude zero?

- Comments
0.00 0.05 0.10 0.15 0.20 —Test: You can condude that the mean of With Ruby is
greater than Without Ruby at the 0.05 level of significance.
— CI: Quantifies the uncertainty assocdiated with estimating
the difference from sample data. You can be 30%: confident
Distribution of Data that the true difference is between 0.20639 and 0.21048.
Compare the data and means of the samples. - Distribution of Data: Compare the location and means of
WWith Ruby samples. Look for unusual data before interpreting the

results of the test.,

Without Ruby

[

144 1.52 1.60 1.68 1.76 1.84 1.92

ib_/ ‘\:"

-
Figure 4.16 Summary of t-Test: When the aserz in ition with and without

the Synthetic Ruby in the System.
3 )
fa - P AN

2-Sample t Test for the Mean of With Ruby and Without Ruby
Diagnostic Report
Data in Worksheet Order
Investigate outliers (marked in red).
With Ruby Without Ruby

1.81 I
-
1.61
1.44
1 61 121 181 241 301 351 421 481 541 i 61 121 181 241 301 361 421 481 541
Power What difference can you detect with your
What is the chance of detecting a difference? sample sizes of 6007
< 40% 60% 90% 100%
Difference Power
0.0023583 0.0036357 00023583 &0.0
Iha = ! d e si _ . : 0.0026950 70.0
For alpha = 0.05 and sample sizes = 600: 0.0030891 80.0

If the true mean of With Ruby was 0.0023583 greater than
Without Ruby, you would have a 60% chance of detecting the
difference. If With Ruby was 0.0035357 areater than Without
Ruby, you would have a 90%: chance.

0.0036357 0.0

4

Power is a function of the sample sizes and the standard deviations. To detect a difference smaller than 0.0030891, consider increasing the

‘\iample sizes.

Igure 4.17 Summary of t-Test: When the Laser is in ON Condition with and without
he Synthetic Ruby in the System.
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With a 0.05 level of significance, the t-test results in Figure 4.16 show that the

QO

mean of data with the synthetic ruby is substantially higher than the mean w

D

without the synthetic ruby. As a result, because the P-value is smaller t@, th
alternative hypothesis is accepted. The t-test above has a 90% confi vel, with
confidence intervals indicating a difference in value between data Wit%nd without the

synthetic ruby ranging between 0.2064 and 0.2105. This suggeﬁhg T the experiment

l

Nd.

Based on the distribution of the data, the mean'ef the datalwith t'he Qg'sx.etic

IS repeated, this outcome will occur 90% of the time.

=\
ruby does not exceed the 1.68 V, whereas the mean d ith the syrﬂmﬂc ruby
Y
is 1.76 V, as in Figure 4.17. This proves th the D q§ Ilgh ensity when
the synthetic ruby is in the system be s e of th romé&laser is absorbed

in the synthetic ruby. When there i ruby |§T 'F\ D detects high light
di

intensity as the light from the Ia er gatés directly to t?@D passing from the air.
c_j X | '}{\*
! 0

4.3.3 t-Test fo Ie pa h th esence of Synthetic Ruby in Laser

N

OFF a N hyg , c.)(-’
T an‘ql ~@«'ng the data in the laser ON and OFF conditions

with t sy etlc ruby in the s . A t-test is conducted to analyze both conditions.
T, II hypothesis is that tf?mean CCD voltage output value in the laser in OFF
ition with the synthetic ruby is equal to the mean CCD voltage output value in the
er ON condition with the synthetic ruby. The alternative hypothesis is that the mean
CCD voltage output value in the laser OFF condition with the synthetic ruby is unequal
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to the mean CCD voltage output value in the laser in ON condition with the synthetic

ruby. T
2-Sample t Test for the Mean of Laser ON and Laser OFF
Summary Report
Mean Test Statistics Laser ON Laser OFF
Is Laser ON less than Laser OFF? i
Sample size 600 600
0 005 01 >0.5 Mean 1.7918 3.8926
Yes No 90% CI » (1.791,1.793)  (3.8872,3.8981)
Standard deviation 0.018005 0.080864
P =0.000
The mean of Laser ON is significantly less than the mean Difference between means* -2.1008
of Laser OFF (p < 0.05). 90% CI (-2.1064, -2.0952)

* The difference is defined as Laser ON - Laser OFF.

90% CI for the Difference
Does the interval include zero?

° Comments
20 15 10 05 0.0 -- Test: It can be concluded that the me-an .of Laser ON is
less than Laser OFF at the 0.05 level of significance.
-- CI: Quantifies the uncertainty associated with estimating
the difference from sample data. You can be 90% confident
Distribution of Data that the true difference is between -2.1064 and -2.0952.
Compare the data and means of the samples. -- Distribution of Data: Compare the location and means of
Laser ON samples. Look for unusual data before interpreting the
® resutts of the test.
Laser OFF

Figure 4.18 Sum ?Nf t-Test:

e Lase@ ON and OFF Conditions with the
Synthetic Ruby i ste
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2-Sample t Test for the Mean of Laser ON and Laser OFF
Diagnostic Report
Data in Worksheet Order 4
Investigate outliers (marked in red).
Laser ON Laser OFF
4 H .
S
5]
2
1 61 121 181 241 301 361 421 481 541 1 61 121 181 241 301 361 421 481 541
Power What difference can you detect with your
What is the chance of detecting a difference? sample sizes of 600?
< 40% 60% 90% 100%
Difference Power
0.0064265 0.0099076 100064265 600
el - -0.0073442 70.0

For alpha = 0.05 and sample sizes = 600: 0.0084182 80.0

If the true mean of Laser ON was 0.0064265 less than Laser -0'0099076 90'0

OFF, you would have a 60% chance of detecting the . .

difference. If Laser ON was 0.0099076 less than Laser OFF,

you would have a 90% chance.

Power is a function of the sample sizes and the standard deviations. To detect a difference smaller than -0.0084182, consider increasing the
sample sizes.

%‘V | Q‘
Figure 4.19 Summary of t-Test: ThN inQa OFF *Cenditions with the

Synthetic Ruby in the System. c

> 07
&
3
From the t-test sum zed in Rigure4.18, i be concluded that the mean of

[
data with the laser in ON condition wit syhtHetic ruby is significantly less than the

@
mean of data Witb@r i (lJFF conditio h the synthetic ruby with a 0.05 level

N
of significanc(.h&e, the pull ?he&%& rejected because the P-value is less than
0.05. The@.ﬁbove shows %&éonfidence level with the difference in the
'3
confid

intervals in the ra{ge&‘ﬂme data with the laser in ON and OFF condition is
—2% —2.0952. This mea&at when the experiment is repeated, 90% of the time,

ult will occur, and the difference in value between the condition laser ON and

QF with the presence of synthetic ruby will fall in between the range —2.1064 to

—2.0952.
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In Figure 4.19, the data with the laser in ON and OFF conditions with the
synthetic ruby are arranged according to the worksheet order. The data with the?ﬂh
ON condition with the synthetic ruby shows a more uniform distribution,@s the

data with the laser in OFF condition with the synthetic ruby shows a ntly less
uniform distribution. This concludes that the probability of the Cmnear sensor
showing a value of 1.7918 V in each repeated experiment is hi Nerwise, the data
with laser in OFF condition with the synthetic ruby sho "%ifprm distribution

where each experiment is likely to show a different v e value. ,‘the CCD

Y
voltage output value with the synthetic ruby in the | N conditi islse d for
4
<

the subsequent analysis. Y. \
Y, ad

4.3.4 t-Test for the Sample Da%iath% sence of N@ural Ruby in Laser ON

“« Q-
Condition A%
N ‘f}j 2
The experiment is pro ‘th th

previous experimen!ﬁqe t at| i % ce a uniform distribution of data in
the laser ON conditiofyThe \?bbuti@(the CCD voltage output in the laser ON
condition Wit}‘@watur[ rJ @:}gm is shown in Figure 4.20 where the mean
CCD v%%'mut raLDe'_)}. 8 .\e maximum value is 2.04 V, and the minimum

=3
=]
e
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Data Distribution of Laser ON with Original Ruby

2- Max = 2.04V
Mean= 198V
| g Min=1.63V

CCD Voltage Output (V)

0-

TP <

seréﬁN Condition and

Figure 4.20 Box Plot of the CCD Vo &amt with
the Natural Ruby in the System.

A
A
n S
‘&
t-test is conducted \C outp ta in the laser ON with the
natural ruby is in the rsenso sys rr_ l1 vhplet test is conducted where the
experimental data @e sensggsystem is compared to the theoretical
CCD voltage output value o w Wi‘ﬁatural ruby is in the system as executed
¢

in section : e null h egs Qj‘?‘ns t-test is that the mean data of the CCD
voltage theda cono‘lé.\ on with the natural ruby in the system is equal to
1. 9 Alternatlvely, the aJ@ré\tive hypothesis for this t-test is that the mean data

D voltage output in the laser ON condition with the natural ruby in the system

@Equal to 1.9771 V.
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1-Sample t Test for the Mean of Laser On Ori
Summary Report

Does the mean differ from 1.9771? Statistics
0 0.05 0.1 > 0.5 Sample size 98
Yes _ No Mean 1.9839
95% CI (1.9700, 1.9978)
P =0.333 Standard deviation 0.069337
The mean of Laser On Oriis not significantly different from Target 1.9771

the target (p > 0.05).

Distribution of Data
Where are the data relative to the target?
1.9771 Comments
H.{ -- Test: There is not enough evidence to conclude that the

] mean differs from 1.9771 at the 0.05 level of significance.
-- CI: Quantifies the uncertainty associated with estimating
the mean from sample data. You can be 95% confident
that the true mean is between 1.9700 and 1.9978.

-- Distribution of Data: Compare the location of the data to
the target. Look for unusual data before interpreting the
test results.

T T

1.68 1.76 1.84 1.92 2.00

i \J
Figure 4.21 Summary of t-Test: Th@yr in ON\d%‘?Z)sAﬁ\?h the Natural Ruby in

the System. c}

From the t-test rized in

data with the Iaser&%& condlti

from the targe e wh ch‘is

\Y @33 level of significance. Hence, the null

2 9

hypothesis@ ed beca e P-yalue is more than 0.05. The t-test above shows a
95% c we Ieve{ means,that when the experiment is repeated, 95% of the
_ N

tin\ sult will occur. Th a are also distributed uniformly according to the data

S

tion in Figure 4.22.
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1-Sample t Test for the Mean of Laser On Ori
Diagnostic Report

Data in Worksheet Order
Investigate outliers (marked in red).

2.0

1.8 1

1.6 -

Power
What is the chance of detecting a difference? What difference can you detect with a
sample size of 98?
< 40% 60% 90% 100%
g 2 = ° Difference Power

0.015657 60.0
0.015657 0.022932 0.017575 70.0
For alpha = 0.05 and sample size = 98: 0.019820 80.0
If the true mean differed from the target by 0.015657 in 0.022932 90.0

either direction, you would have a 60% chance of detecting
the difference. If it differed by 0.022932, you would have a
90% chance.

Power is a function of the sample size and the standard deviation. To detect a difference smaller than 0.019820, consider increasing the
sample size.

i \J
Figure 4.22 Summary of t-Test: Th@yr in ON\d%‘?Z)sAﬁ\?h the Natural Ruby in
@

the System. c}
"~

o
N RN
& S
e
4.4 Mathematical ion to I'd nti Bezl(/ fractive Index of the Ruby
& @)

ean @1 in this experiment is either natural or

synthetic, th@one is’se g'theﬁ&glayan Gemological Laboratory Services

ne analyzed in this experiment is shown in Figure 4.23.

g
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oo MALAYAN

t-‘ GEMOLOGICAL LABORATORY SERVICES

\?
GEMSTONE: SILICA GLASS (Man Made)

Gem Description:  Loose Stone

Cut/Shape: Cabochon/Round

Dimension (mm):  19.22X19.18 X 9.24

Colour: Red

Carat: 24.10 cts / 4.83 gm

Clarity: Good V

Transparency: Transparent
Enhancement: Not Observed Q T
Origin: NA '
Inclusion: Glass Swirl \ '

500650660550560450406\4
‘Yw

ABSORPTION SPECTRUM : NA

e

Figure 4.23 MGLS Gemstone Identification Certi or th thetic Ruby

Analyzed in this Experiment. \%

MGLS GEMSTONE IDENTIFICATION CERTIFICATE

{
N\
\ S S—

CERTIFICATE NO: MGLS-10032022-SILICA GLASS-LS-01
Gemological testing and w

% | microscopical  inclusion
% ’ 7 studies suggests that the

gem is Man-Made R
| Silica Glass.

Principal Gemologist/Economi¥ @&nidgist
3 . B.Sc (Hons) Mal; M.Sc (Ind. Min), Leic.UK

\ . Adv. Dip (Gemology), Leic.UK
NO. 7, FIRST FLOOR, JALAN 8/1D SEKSYEN 8, 456050 PETALING JAYA
SELANGOR. HP: 019 988 1958 matruzlin@gmail.com

gure 4.24 MGLS Gemstone Identification Certificate for the Synthetic Ruby
nalysed in this Experiment.
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According to the certificate in Figure 4.24, the gemstone analyzed in this

experiment is a man-made red silica glass. Thus, the gemstone analyzed WS

S

Since the gemstone is proven to be silica glass, the linear atterww! coefficient

experiment is a synthetic ruby or a transparent amorphous stone.

of silica glass is considered in the mathematical expression. B n the research
conducted by Bam et al. (2020), the attenuation coefficient ig siliia is 0.96 cm™™.,
Hence, the calculation of the light reflectance eq is dan he linear

attenuation of silica and the final output voltage of D linear sensor 7@)

Y—-

ical char, otp})stlcs One

The ruby gemstone is analyzed throug ever
important optical characteristic that is @

index. On account of the natural ruby supp dI serﬁ
016

ime the refractive
fr t(l;g index in the range

of 1.762-1.770 (Gemology To P. fe§ ), reverse mathematical

I
expression is conducted to d h olt@Walue obtained by the CCD
linear sensor can produ th actlv indeX'in th '@ve range. If it can produce the

refractive index in the ran of 762

ofi %n be concluded that the gemstone

analyzed is a nat@ ge !tone ther\@ the gemstone is a synthetic ruby. The
N
Equation (4. 3@Nve emmath rgdlcﬂ_&f)ressmn for Equation (3.2), where the light

travels fro%hser, passes gh uby, and then finally falls onto the CCD linear
4 :
sensor
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4.4.1 Analysis of the Synthetic Ruby using the Reverse Mathematical Expression

From the final light reflectance equation obtained in Chapter 3, the % IS

derived backward, as shown in the following mathematical expressions. :

2
P Py R
Nair + nruby ‘

(3.2)

Nair—Nruby

L=1I- [12 (m)

ax
1

o)

light refl tar&e eqRStion when the light enters the ruby from the laser.

where
N
T _ ,
le tion of light reflectance is expanded in the form of I} =

IingirNruby

i)
& 2+2nairnruby+"air2

hence,
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4Iingimn
' 2 ’ r 2 _ —ax i'tair'ruby
Iznair + lenairnruby + Iznruby - 4nairnrubye ( 2)'

nrubyz +2ngirNrupy +Nai

Hence, the final reverse mathematical expression to find the value ofs&gactive

index is expressed as the Equation (4.2).

Iénruby4 + 4Iénairnruby3 + (6Iénair2 - 16”airZlie_ax)nruby2 + 41%":11‘ 3nrub Ilznair4 =0 (4.2)

The value of the refractive index of the synthetic . 0 tain@lving the

polynomial equation using the MATLAB soﬂwar@ 4.25), wher h(i ro‘ot-sgf' the

equation are as follows:

¥
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4\ MATLAB R20210

PuUsLS vEw
21 ] % -7 - =] Section Break. 5 @
@ O EH G- € B nudig .. | H E P s
New Open Save Gy pin; » GoTo “ATMd ™ Retactor el lix (0 R BiRunand adance g gep stop
- v - ~ [ 8ookmark = - - Section P Runto End - ’
s cooe anavze scTion z
it Sains » Desitop » Matao rl
inah Mohd Rehalim\OneDrive - Universiti Sains lslam Malaysia\ DesktopMat ® x| Workspace ®
* - — - Name - Value
“& Hp 109228.36912,1..
i solution [-5.9572:149510..
r*2 + A12'Na*3r + I2'Na*d = @
4
15 _
16 pl = [0.9228 3.6912 -10.4632 3.6012 0.9228] .
17 solution = roots(pl)
New to MATLAB? See resources for Getting Started x
Pl =
0.8228  3.6912 -10.4632  3.6812  0.9228
Details ~
solution =
-5.9072
Setect a file 10 view et 1.4851
ceen
1667 I
fx

Synthetic Ruby.
\ &
\‘f S

1.when calculated using

The refractive index of the ynhc %‘
in

A'@B software, as shown in

Figure 4.25.

Equation (4.2). The equation is also“simulated
¢
4.4.2 Analysi&t%Natu s@ e Reverse Mathematical Expression
¢
(0 P g
TE me“ repeated u a natural ruby from Myanmar, with the actual
refracﬁe x of the uby"as\lyé, stated in the MGLS gemstones identification

X i
S
@
c: ate shown in Figure 4.26\?1d Figure 4.27.
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in this Experiment.

C@MALAYAN‘W” A=

?" GEMOLOGICAL LABORATORY SERVICES

MGLS GEMSTONE IDENTIFICATION CERTIFICATE

GEMSTONE: RUBY (Natural). ! %\

Gem Description:  Loose Stone

Cut/Shape: Cabochon/Oval |
Dimension (mm):  13.26 X 8.05 X 3.21
Colour: Red
Carat: 3.60
Clarity: g 1, (Moderately Included) V
Transparency: Translucent
Enhancement: Not Observed
Origin: Myanmar |
Inclusion: Solid Inclusions, Rutile, Bandings. N '
0 0 @0 s sw o w0 i\d

ABSORPTION SPECTRUM : NATURAL RUBY \i
[ crow o en] o [ s oo | &

Figure 4.26 MGLS Gemstone Identification,Cert z'cateusor atural y Analyzed

(
N
S

&

gem is Natural Ruby froj HW
Myanmar. AT RUZIIN BIN HYAMAULUELS

S WS

CERTIFICATE NO: MGLS-180222-RUBY-LS-01

Gemological testing and DATE : 18™ FEB 2022
microscopical  inclusion
studies suggests that the

Principal Gemologist/Econotld 3&IGi
B.Sc (Hons) Mal; M.Sc (Ind. Min), Leic.UK
Adv. Dip (Gemology), Leic.UK

o _“N
=

(o
&
<

NO. 7, FIRST FLOOR, JALAN 8/1D, SEKSYEN 8, 46050 PETALING JAYA
SELANGOR. HP: 019 988 1958 ;: matruzlin@gmail.com

igure 4.27 MGLS Gemstone Identification Certificate for the Natural Ruby Gemstone
Analysed in this Experiment.
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Using the same Equation (4.2) from previous Section 4.4.1, the refractive index

of the natural ruby is obtained by simulating the equation in the MATLAB s@s

shown in Figure 4.28. The following are the roots of the equation.

o\ MATLAB R2021b

O

Npypyr = 1.7839
Nrupyz = 0.5605
nrubys

Nyrubys =

f O Geomewe~ A *

New Open Save i prin

e
<+ DA » C: ¥ Users » Fatinah Monhd Rahali

Current Folder
Name

=] equationn
) Reverse Math Equation

Details

Select a file 1o vi

e et

equationruby asy
uby.m

Rubym

tails

T—

% 9| = [E) section Break r
: 5 g B2 b &
GoTo “Afind ™ Retactor (1) £ (B8 [ Anayze_Rim Runand Advance o siep Stop
* A 2ookmark >~ M- Sectio -
HaviGATE cone ANALYZE =

-p
Bl vorkspace ®
Name + Value
Him 108477339081..
| sotution [-6.18281.783%:0..
15 N
16 pl = [0.B477 3.3968 -10.9138 3.3908 0.8477) .
17 solution = roots(pl)
18
Command Window =
New to MATLAB? See resources for Getting Started. x
0.8477  3.3908 -10.5138  3.3908  0.8477
solution =
-6.1828
1.7939
0.5606
-0.1617 I
S >
Zoom 100%  |UTF-8 CRIF | script In 16 Col 4

\(

4.28 MATLAB Simulation of the Reverse Mathematical Expression for the
Ruby.
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In this case, the most suitable value for the refractive index of the natural ruby

is the one with the value closest to the real refractive index of the ruby, i.e., 1.7889.

4.5 Accuracy Assessment A :

An engineering statistical analysis tool is used to analyz% data collected
C

in this investigation. Based on the light intensity acquired Vg
itative

statistical analysis findings will be used to estimate the g

D sensor, the
drading value of

gemstones. Equation (4.2) is used to determine the theor I r erex the

| &
silica glass (synthetic ruby) and natural ruby. Y
4
<

Yl
UL
45.1 Accuracy Assessment for @ R _\O
5. 3¢

The theoretical refracti or the silica'glass j 1, as stated in the MGLS
gemstone identification cerl?\gand hee ime@fractiveindex is 1.49. Table
4.3 shows the theoretic%a tual r %(zjij‘nl%lsbfor the silica glass.

N N O
e e
Tabl@heoret aﬁd xperimental Refractive Indices for Silica Glass.

A ':-.._ a8 -
i x
Theoretical Refractivedindex | Experimental Refractive Index
\
% 1.41 1.49

S
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Theoretical value — Experimental value

Relati A=1-—
etattve accuracy Theoretical value

1.41—1.49 co
Relative accuracy,A =1 — |T| s (4.3)

Relative accuracy, A = 0.9433

Percentage Accuracy = 0.9433 X 100%= .330‘)

N

There is a slight difference of 0.08 between heoretical dxp@ental

refractive index. The accuracy of this system is e% rml.Ljél,%;c relative

accuracy, as shown in Equation (4.3). Fromﬁw ulm\the curac;@‘gis system is
obtained where the relative accuracy i%@or 94.33%yFhis p@% that this system

can provide a standardized grading %ﬂ for the\b)aT
>
452 Accuracy Assessme,[

For the naturalyuby;

etic active index acquired from the reverse

!

¢

mathematical%ssi(?jis 1.78; and Kuie?xperimental refractive index is 1.78. Table
N

4.4 sho%keoretjc and ac ual@‘ractive index of the natural ruby.
3
3

124



Table 4.4 Theoretical and Experimental Refractive Index for the Natural Ruby.

Theoretical Refractive Index Experimental Refractive In

1.78

~

Theoretical value=E rimpnlal value

Relative accuracy, Angturai rupy = 1 —

tical valu

Percentage Accwécy)z

The theoretical refr dex

0.02 from the experif%r fractl

assessment done i ion (14),
é«f
N | O
<0 BV
Q. &
? >
4.5. 3 II Accuracy As se@nt of the CCD Linear Sensor System

i ased on the accuracy assessment calculated in the previous sections, the
verage accuracy of the CCD linear sensor system is calculated as follows. Table 4.5

ows the refractive index of natural and synthetic rubies with their respective
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percentage accuracy. The average accuracy of the CCD linear sensor system is

calculated using Equation 4.5. \Y’
Table 4.5 Refractive Index of Natural and Synthetic Rubies and tha’%e;tage

Accuracy.
Types of Rubies Refractive Index ercentage
accuracy
Actual Value Experimental '

Synthetic Ruby 1.41 1. 9}.3@‘?
(man-made silica
glass) b 4 \’Y"

Natural ruby 1.76

<
(Myanmar) ' \(ﬁ : ( § 98.87%

Average Accuracy = ' 0 Q'\ (4.5)
> MG u-j £ &

NS 2
1 O
(’} ‘}’ &
% e g@curacy = 96.90%
NG
AN the cCD I
overall accuracy Ot‘:ihe CCD linear system is 96.90% as executed in the

tion above. This also proves that the CCD system developed in this research is a

Oable system for determining the grading value of gemstones particularly the rubies.
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The Gemology Tools software provides the estimation of clarity of rubies by
classifying the rubies into the clarity types such as clarity type Il, as shown m?ﬂ(e
2.22 in Chapter 2. This software needs the researchers or users to input the \rved
using other tools such as the data on inclusions, color range, chemlcﬁ%ents, and

optical properties of the stone. Then, the software analyzes the input &a and provides

an estimation of the closest possible types of rubies accordmgQ-

The CCD system developed in this research p es an ex of clarity
in the form of voltage value, where the CCD Imea@wnl praduce IP \Tage
value when there is no light in the system. When the @CD lingar ‘sengor det Ilght in

the system, the voltage output produced will Io as t eh mte@?ncreases A

more standardized and accurate clam@ the f oltéﬂ/alue is obtained
using this system. Hence, this systec IS proven \r&b{% x?u'.tatively assessing the
o >
N

clarity of the ruby. \% A} q\i@
Sdis

echn and CCD System

g 3)& @ug'r}ent technique depends mainly on the

p &veral types of microscopes, and other related

4.6 Comparlso

CD
oo
@)
o
=
-
@D

In an
magn|f| Is sjgc as

tools s are expenswe and r quwe specific expertise in their usage to ensure the

=

r:Nan be analyzed accuraa/ Moreover, other techniques such as the LA-ICP-MS,
a

n microscopy, X-ray, and others may disturb the internal environment of the

0 stones as the observation is conducted invasively. This research shows some

advantages over the current techniques in some aspects as tabulated in Table 4.6.
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Table 4.6 Difference Between the Current Technique and the CCD System.

Characteristics/Type of
Techniques

Current Techniques

Yv

Basic Principle

Most of the current
techniques are based on
the magnification and
image capture of the
inner environment of the
ruby gemstones and then

ccb Syza\
The CCDyli sensor
captures the light beamed
from“the laser through the
ru

TheYlight intensity
cap by the CCD
ensar is then

proceed with the huma nverted into the voltage
visual analysis. Iue.’ .
Y, §
hefe &
Invasive / Noninvasive Invasive and nonir&e Noninvasive X
N
" N &

Destructive /
Nondestructive

Destructi N
nondes&e

=

Quantitative/Qualitative

q{.

S\
JAT

ntitative (the data is
&alyzed in voltage (V))

Accuracy

More Accurate

- The technique does
not depend on the
human vision and the
data obtained are in
quantitative manner.

Nnes Analysis
ss and Setup

ly complicated as
technique requires
huge and heavy devices.
Most techniques need to
be done in the laboratory
and need professional
skills to operate.

Simple and easy (no
skills required to analyze
the ruby using the CCD
system)
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Table 4.6 continued.

N

Characteristics/Type of Current Techniques CCD sy@gs

Techniques :

The CCD linear sensor is

proveq to bervery
Some of the current sensiti light and it

techniques are sensitive .
a very detail

to electrical noises that CE Lo
. erence in light
can result in errors. 7 .
tensity,wnen Itis Iin Its
optim’mWn.
L 2
A

?

é\ 0
AT 5
4.7 Summary %N w\

In this chapter, detail explanation on the ﬁ?ts r)d\.‘tbeir respective results
and discussions focused. The expe t ishcond ch in@ous conditions and the
data obtained from two differen pl %j%nat\%{nd synthetic) are analyzed.
The statistical analysis%z:ductl on the p@alidate the hypothesis deduced

conducte

>
t

W verse ematical expression is executed to

Sensitivity

peses 28

before the experime

proof the techni Mhd experime %alue is almost similar to the theoretical
| x | (O . |
value. Fmall;(k) lec a 9‘nenf’|3 conducted to justify that the CCD linear
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