APPENDICES

Appendix 1

Modeling Files of LabVIEW Programming

Single View of The Linear Back-Projection (LBP) Algorithm:

Linear Back Projection Plane 2

[ C:\Users\user\Desktop\FYP 2020\t (1-40)\bx9.txt | ~—= Loveer stream) 2
Double ] ] .

122
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LabVIEW Graphical Coding for Views 157 To 160 In The 4th Projection:
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Abstracy— This research discusses an application of Couple-Charge Device
optical tomography (OFT) system. Tomography is a system that could
data scattered across the periphery of the examining device in the n
project focuses on quantifving the level of object transparency based on
The ehjective of this project is to investipate the light refraction., cition

The study will include a discussion on the light parameters whm

measured by CCD defines the degree of intensity of afier hroughy different object

ransparency. In conclusion, this research has successfl ential tion to detect
different sire diameters of a targeted transparent ohject, w an bubble in non ) linguid.
Keywonds— Charge-Coupled Device (OCD): optical tomagraghy:
-
I. NTRODUCTION i g \iil‘.‘ﬂl&. As a result, this
Charge-Coupled Device (CCD) is an in - CCD 1o detoct the difforent
sensitive circuil thal siores and displays i i Ewll evenindly. msnlt in
order 1o prevent any serious damage that may o in a
: s

TURE REVIEW
is sensitive 1o light imensity. It will
nsity indo voltage signals. This sudy
s of light characteristics; light absorpdion,
tiering. By going throwsh a panicular type
ight is atenuaied. In the optical path, the
n object gave attenuation exponentially o dhe
the light hased on Beer-Lamben Law shown in

b {1)and 21
o

important details fir process contr
mechanism 100l 10 deal with this isswe 1

system, the monitoring process of steam b
is essential for the engineers. The parcenta
fluid solwion, the Gow rate of gas, S T
of gascous liquids, the shape and
ols.
& a ool for ¢ 1
scat
Yy !] A

tomography process. Tomogr
cross-sectional image hased
the visuslization system's
tomography is one of
tomo graphy approache

S}'SItI'I'I.hI'I:II:I'IiIII:I' maul % L=Ige™ iy
The primary By

levd of object h(,ﬂ =xx 2

muathematical . i i From equation 2, @ is the linear atienuation vector, and x is

e TEmgh i y el the distance traversed by the beam of light From the may

Ml i sum of the cocfficients of lincar atteneation distributed along

the path inside the target, the real logarithm of the intensity-
of the light reflection and absomtion to-iransmil infensity factor incident is obtaincd. The losses
. The volage output me of energy arise as light travels in the form of light
vel of light intensity rec after refleclance across an inderface. Reflectance, defined by the
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symbol R and shown in equation {31, is the ratio of light y
reflacted on cach surface. .
= n —II[ i

N= A, oy &
Where 1ty 5 a transmitted refractive index and 1, is an
incidence refractive index.
Below are the eguations that are involved when light
peneiraiad from air io Parspex {equation {4)) and from water
to glass surfaces { aguation { 511

For air-perspex imterface:

2
1LE-1
R= L_w] = 0.04 or 4% @
For weter-glass imfarface:
Le—133]°
- L_“m] =0.0036 or 036%  (5)

The R value is the minimum swrface reflection and
occwrs on plane surfaces whare the surface is normal 1o the
light ray. This represenis a greater fraction of ray reflection
as the incident ray angle of incidence increases. The amount
of light that the panicle transmiis i decncased by these
reflactive effects [3] Basad on Hechi E, the diffraction
plenomena occumed when an opague ohject located
hetween a sareen and a light source produces a bright and
dark shadowy area In Figure 1, the diffraction effea s
known as Fresnel or Near-ficld diffraction doe 1o the
position — either the panel or the light sowrse & near to the
blockage or obsiruction. Besides, there was Fraunhofer or
Far-fiddld diffraction whenever the sowrce of light or the
panel is distant from the blockage.

In a case where the particle or the targeted ohject is
near 1o the lincar CCD sensor {the length beaween the objeal
and the sensor is 71 mm), the diffraction effect in the optical
tomography mathod is expecied 1o be primarily Fresne

diffraction. The diffraction effect is closdy connected 1o
obstruction 5 height. The effects of diffraction will

minimal if the particle size or obsiruction is wvery,
relative 1o the light source wavelkngth x. The diffra

effacis bocome more promineni 3 the obsino g
deareased.

e ar \n optics is the propeny of
thing. It is a iranshicent
saen through an ohject, ba

¢ lost. Frosted glass, paper and
cxamples of ranslucent matenialks.,
¢ is the ability o allow light 1o pass
is position-sensitive detector will
nsor is struck by light [5] In essence,
ems consist of an opivelecronic sensor
convens digital code 1o an analogue form

small cells, The cel is a lighi-smsitive
¢ device that can penerate dedrical impulses
to light incidents of different imensities. This
15 sensitive 1o the light intensity but not 1o the colours,
te its photosensitivity. It is cnocial to implament the
ical filters 1o differentiate the three main colowrs, which
¢ the red green amd blue in a sdecied pixel sensor.
Instinctively, as in the human vision, three speciral hands
{red, green, and blue) formalize the scane.
CCD sensor (Figure 5) has high affectability and
exactness, high signal mtes, a wide unigue range and wses

Each ohject has
univarse. Based on i
maiarial will determine
it. The intensity of Ji
output vohage [4]
object, the subse,
diffraction ¢ff

low powa consumption. The basic principle of OCD is 10

mecasure the light ray dimension acguired by its sensors that

\ are oreated using semiconducior componenis. Thus, CCD is
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accepiad to have the option to distinguish hary items as it a Light attenuation duc 10 sheomption.
were. This is on the basis that the light that reaches their b. Light reflectance

surface may imitatc or shsorh hary posts. The existence and
location of the objact will be detamined by the last measure e
of light power obtained by the OCD. These developments —
demonsirate that OCD has a high affeciahility to distin guish g
dull spots [6].

In different investigations, rescarchers explore the :
utilization of CCD lincar sensors in an optical vmographic e
instrumentation  fFamework  implemented  to cstimate L
panticls. Four OCD linear sensors are mounted around an
octagonal flow pipe for a fouwr-projection system. Optical
tomagraphy is commonly wsed both in manufactuning and
medical indusiries [7]. There are several factors that make -
thizs form of womography the best device for non-invasive —
amnd non-ininsive sensors. B is resistant o elecimcal
interference and noise and consisis of hard fidd sensoms with
high resolution. In estimating an object, the fumndamental
S B Wt ety i I e g

the Beer-Lambent Law
or ils inlensity
cxponcntial a
represents ihe

Figex: 5. CCD Lincar Army Semmor o, and thus. W
I (EL
The OPT sysiem's primary idea is 1o observe e, L0

radiation force and wave pemeraied within the midst of |

intersection of the deliberate material. Additionally, A= /\ 15
sysiem works to break down the struchwre and format 0 c}

objecis. In fact, opiical iomography sensors are 1 Whae B

as oplo-clectronic smsors. Thae are three
constitwie the basic constmuction of an optical
application: ecquipment (hardware), the appli

itted B¢ fractive and incidence refmactive index
 In nnﬁ generale mathematical ox pression,
light wation duse o absorption and light
mad 1o caloulste the transparency of the
tomography meihod. Equation 9 w0 27
tical expression steps invelved when
ir bubble in the pipdine system full of water.
5 quaniifying object iransparency cxperimeni,
funther observed with the sclection of air
the subject. The M ;. puppie Which reprosents
le’s refractive index, was assumed to be [9].
K £ is the modellad light siriking the air bubble, which
Egghs the static object in the centre of the flow pipe. The

ﬁcﬂ:r of the air bubble will be varied, which are lmm,
( and Smm.

mdn@-: ds fo reflection ration,

i travel and d wirh e
ich are the air, perspex and Ll
it two medes n{nnlh:mljcq\% ion
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Substitmte equation 13 indo equation 14, henoe it bac
equation 1 5;

" = 0.B1TSI, 15)

MNext is the watar-to-air bubble calculation {1
lichi intensity value due to the n:ﬂ:x:nm;&
iMerface,

conducted.
I, is diminished due 1o the waicr-air bubble

- e s
' i therefore it bocomes;
Semm 1xderem Serm L = B = riviona = ;™ = [f r}]
: : S L : ) 3 w—
Figwe & The light sriking a s object in the middle of e pipe L =5"- P ..(I—IJ-I] ] =0 - (16

Mathewmatcal equation for cxdewlating where there is an air
Fuch e (1 wume) Replace equation 15 into . Heneg, the parameter

of I;" is replaced with 0. the v@lue of Iy as in

Firstly, as the sowrce of light entered the flow pipe, L {light

intensity) is reduoccd due to e reflection at the airperspex an

interface
b = &= bppemmy =1 = I-L[""_‘-‘:::I:] FJ i z
n=n- [;{%:ﬂ =S, {9 Al -
Light is then ahsorbed in travelling through perspex i i i :3.0’:1
i sity value
1 = 10" oo™ ywhere the ot ;
is 000 3mm ™" and the glass length, X = 5mm
L = Lo~ Demmean - o ggs1]’ {10

Substinde cquation ¢ indo 10 results into cequation 11, which

is {18}
I = 0.9851 (0.96L)
&2 = 0.9457% i i il LA therefore equation 19
Iz is funher reduced & the Perspevwater interface :
becomes I ; {19)
» R ar—H,
L'"=Il.—1 r;l"irnin‘=f‘_ I
B 2ing 2 [_{""' aier lengih 49 Smm where
L'=l- [I: ::ﬂ]-]= 0.99641 \
Then, substitule equation 11 nte 12 results i 13,
whiich is;
12" = 0.9964 (094571 {200
I’ =0.9423L

tion 19 into 20, henoe it beoomes;

The calculation below is the ¢ N i

the light absoption in the ke the witer, 5" = 068111, 2n

air bubhle diameter mea: i

= l_._” -~ I?._h- = 0 ' Lﬁ&u passes through from water to parspex, the intensity
. ? ('Q.: of I," is the intemsity value of light duc 1o the

L' tmnsvese the cell tienu r & = flectance process.

0002 &7mm !

N 5™ B = Lypioeions = h" = [‘-'ifﬁfﬂql
ik V)’” $

D ] e ML
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Substitute equation 2] into 27, then it becomsss equation 13;

TABLE L
_l'a_ = 06T Iﬁ,."l 23 REELATIONSH I OF BUBBLE SIZE AND VO TAGE OF
Diameter of | Distanceof | Value of final fioliag
As light crossing throwgh the Perspex-glass phase, lighi i ) fraed ;
at i ) air bubble ligha light intensity
5= L Tt e e e B imm) transvemse E iv)
0.003mm ! and the glass { mm)
lengih, X = 5mm
- 1 49.5 .79
L' = l',_e"m"" i ) _ 058511, 24 0.641
3 485 530 L.77
Substitute equation 23 into 24, therefore it beoones;
Iy’ = 066751, (25) 3 4T3 0649 175
As lighi passes through ffom waier io Perspex, the iniensity Themrefore, as i ity ipcreascs, the air
value of f‘ is the iniensity valwe of light due 1o the bubble also ncreases in % ph ; shows that

reflactance process. the light intensity is i ly p omal
L = Li=1 =5 = pofr= )= lnﬂr.Lin_‘.IS:m Charge 5 {OCDL
4 1 7 rafieccieni — 3 L e ——— A decreasing value of e aied
¥ s fi=iiy? v
R (1) LM N

Replace equation 25 1o equation 26, henoe it becomss
equation 27;
I, = 064081 ]

As in cquation 17, there is no light absorpiion in the air
bubhble, thus producing the final light inensity mathematical
EXpression as in equation 27.

The procedure of equation 14 10 27 is repeated with 3mm
and Smm size of air bubble diameter.

V. DISCUSSION

4 - ermas e babble <
Table | below shows the resuli obiained from the the 0 C? ghiciael .
mathematical calculation when there is an air bub 1 17} &u
Imm diametar, an air bubble with a 3mm dia a
. v, SIONS
Smm dismeter The output wvoltage of the

theoretically determined usirg the formula: ionship between the diamcier of an

light i jty, and voltage of CCD is measured
Voltage.ep = (1- 1,15 T (28) ma expression  identification. In
sich, if is n from the theoretical caleulation tha
light intensity equation is then multiplied d d}
maximum volage output of this lecironic se "%\ b
The relationship between the jze, the valuc ACENOWLEDGEMENT
final light imensity, and the d o eof he amhors would like to thank to Universiti Sains
CCD is shown inthe table F: laysia and ADS rescach group for their
\ ' tion in this research paper. The research is supponed
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ABSTRACT

Ninety percent o fihe ruby stones available worldwide co
of the countries that have been importing muby
industries, medical and denftistry applications. There
investigate the grading of ruby stones such as loop,

are highly dependable on human visual assessment an i
since Tuby stone quality iscvaluated based on i
simulation shudy on the optical propertics of n
approach. This paper indicates the capabili
optical propentics throuch image reconstns

From these image reconstruciions, the
Kevwords: Ruby Stone, O 3

1. Imtroduction

The optical property of nuby i itati ing of this gem=sion: owards the gemologisis,
stones indusiries, manufachring indusin illi i ic istry application. The grading valuation
of ruby sione is categonized i i cific characterization of diamonds that
influence their value and rs. These charactenistics are refemed 10 4Cs
which are the carat wei ity (145 wei is measured in carais. Five karats = 1 gram
[2] The higher the weight of ar its value when all other conditions are egual
from one variety lowsa appearance ofa well-cut oval- shaped ruby for the

given caral weight, :
f= ] L} arn : g e Ion LT 0D
: 1. The spproxmate Ww well-cut oval -shaped niby for a given caral wezhi [2)
s irappad within the gem tQasindminm relatively indicate the clanty grading of the gemstone.
‘s clarity grade indicates the relative ahsmee of inclusions {materials trapped inside the gem), cracks and

ace deficiencies) affecting its appearance and swrface area. There are very different clanty cnitaria fior
d translscent gems than for clear gems [3].
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Colour has an imponant role in the diamond demonsration. For some consumers, its a hard C 1o compneheny \z

it is an imporiani pan of the entire value view that is required to make purchasing decisions. Ruby differs inffol
depending larg dy on their chromivm and inon content. Consaguently, rubics have various prevalent colours f
pans of the world such as in Cambodis, India, Myanmar, Sri Lanks, Tanzanis, Vietnam, India, Tajikistan and
Ruhics, mainly red, span from brownish and purple 1o orange and pinkish. The most commonly wsad
grading is the one established by GIA [4]. It has 23 prades of letters that num from D {colowrless) 1o Z (light yellew,
hrown, or greyl

meant 1o have normal shapes. There ane numerons geomol

Available devices such as hinocular microscope lou kens [7] are used for
ruby stone inspection. The basic principle of the ¥ stnucture for visual
inspection. Neverthdess, this is mot a systemati i 1 i vahe Yrading of ruby stone
transparency and blemishes. Therefore, this paper i o .

programming simulation through OCD and To

2. Methodology \

The main sim of this paper i
propentics. Meanwhile, two obje
the light intensity of by sione

w i !’-m:l’ighl refraction and the absorption effect
1o the ruby stone. The next objoctive is esig m elling tomography approach using LahVIEW
%H :;&:‘

phy system for ruby stone optical

in the Mgindaim of this rescarch, that is 1o examine

software. This could be do fivr the CCD and ruby stone placcment fior
concepiual modelling. The #ia wsSljin this snfulation ovided first ohjective.

11 Optical pwﬂ
From Figure 3 i

through different obj

G

r diﬁmmiﬂm which are air and ruby stone. As light passes
wil mﬁ light absorption, lighi reflectance and light seatienng.

jIe an iffraction effact are negleciad in this calculation with the
usE light) is too small compared to the size of diamater of the
o types of algonthms invelved in this simulation, which is light

1. ight ahsorpiion.

\co ight reflectance.
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L ) - .\)
10rmem
A0 q
Figure 3. Light penetration throagh maby sone and OCD. V

L1l Light absorption

Light is attenuated when it passes through from 3 medium 1o anofher medivm e wation phenomena
happened due 1o absorption. All the three differeni mediums consist of respectively e @ wihich will he
used inthe Boer-Lambert Law shown below.

e = g™ \\d
. . - .‘

From this formula, the outpui of light iniensity is multiplied by the exponeniial 2
passcs throwgh it. Wherdby, x i the distance of light ransverse.

212  Light reflectance

Energy of photo { light) will decresse when light goes through the
next to it. The light reflectance equation is
Irinatvefiections = finwia) = [hmﬂ: . =
= "')\
R = Reflection ration ) \
1, =Tranemitted refractive index % (] C‘)

n; = Incidence refractive index

Both of this light atcnuation due to abso IIN * ,%i-q <<',lm: matematical cxpression
o % gm

iy 3 Huimﬁl!qnﬁ m :_x? al ’I and OCIL
Fimstly, asa source of ligt entarad bl 3 i i ity is poduwced due 1o the refleciion ai the airmby
stone inlarface. &’ ' e
I =dy—- lrenMions =
#

Light is when elli ha .
L= !<" ¥ € ey 0.003mm ™! and the by stone length
is n i

4
Y'
L= J;r{tmw} = 0.997,"
N
;\ )
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sy
S
l

I, = 092381,

M = ﬁ‘-—}z
it ¥ Ty st s

E=l - [12{%31 = 092381,

L' = b=l oz = b= l’z

I = 0LB535],

. T
1762 and opypycrome is 0003mm™ ! is fT-uﬂz?.E_

1 is further reduced at the by sione/air interface. V
The final light intensity ratio when a light strike through the ruby stone with Ry gone —‘

L3 Image Reconstruction

Laboratory Virteal Instument Engineearing Workbench {(LabVIEW) is Nation
framework and visual progamming lanmesge developmeni environment ]
operating systems {(05s], inclding Microsofit Windows, various varsions of Unix,
instrumeni conirol, and industrial amomation. In this project the image isp
{LEP) algoritum. Figure 4 and 5 show the graphical coding for both light
refraction respectively.
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number of sensors wsed for the algonithm is increasing. The Equation{ 10 i
the single lincar projection view of fhe construction of 2D image [%].

Vige [E0] H-s}{x- ]"} - E{,‘;’. E&I'fznsu;r’nu.u

3. Results

transparancy and blemishes of ruby stone.
optical propertics of an object accurately
taofan image, will conven the light inensity
wdinm [11] [12] [13] omn the optical tonmes raphy
effectively witha low power laser diode, which is
jpable 1o identify the exisience of differemt ohject
sparency and blemishes classification are done by

y afier peneirating the object. Figure 7 shows the upper
The dark blue is the objoct which exists in the cylindrical

[10]. CCD, alight-sensiti
recaved © the output
system using CCD.F
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O
O
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Figure 7. Upper view of OC D aptical tomography with the red light source [11]

In 2020, SM. Raisin [14] had constucied a simulation using LabVIEW progra ingruish the image
reconstruction detectod by OCD in optical tomo graphy method. This research will be the g the expeciod owipas

from different ransparency and clanty of a ruby stone. Table | below shows the simulatid ei ¢ §atecied with
different size of diam ater, ransparency and opacity [14]. w
Table 1. The compartion for the mage detected with dif lerent tramspasen d Spacity (W] @ Y'

Transparent (hject Solid €

The first si i OTe2 inggihe Bize o nspancni objoct and the (b)) solidobject is 2mm. Table 14a)
and {b) shao s M, 21,27 80, 10 L 140, 141 and 142 are used 1o get the intarcept modeling
location of, ni and s8li i nihe 51 diameteris 2mm. The second simulation is done by assum ine
the size
. e .8

i< reni ohjeci a { sn]idn%ﬂisSﬂm.Tab]t 1 i) and {d) showed smnsors 16, 17, 1§, 19, 20,
. 5899 60, 61, 62, %6, 97, 98, 99, 01, 102, 136, 137, 138, 139, 140, 141 and 142 are used to get the
ling location of the iranspar id ohject when the size of diamter is Smm [14].
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5. Conclusion

In conclusion, this paper indicates the capability of COCD and tomography system to analyze the ruby sione
properiies through image reconstruction. To validsie this hypothesis, two objectives were outlined and
achicved as well throu ghout this project simulation devcdopment The first objective is 1o modd the light cha
aquation based on the optical tomo graphy system. The first ohjective is indeed acnuci al point to gain. The
diagram of nuby stone in the OCD tomography sysiem consists of an amrangement of a different medivm, which
attenueate the light incident from the laser beam before it reaches the OCD. The laser was the iransmitier
was the receiver. The second objective isto construct the 2-D images that was proven by the previous r
the comparison of different level of object transparency. The images of captured data are reco
Back Projection (LBP) Algorithm shows that the diffarance images formed as different level of ob
the mecasuwrement soction.
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ABSTRACT

The world developed apidly to provide better s1a
revolution 4.0 promising in great revenue, investment
various seclors. This paper presents an overview of o
4.0. Tomography i esentially a technigue for i
such as a pipeline or the human body, in the tw
Sevenal tomography sensors, including optical
an clectrical tomography system, are discussed in
provide a cear view of lomogmaphy sy
meedical and process indusirics are discussed.

Keywords: omography, image r\:cuﬁ plicati

1. Introduction

Induesirial Revolution
cfficiency nowadays by i
by revolutionizing the cngi

enhancad the human well-being and
s, manufactring hes evolved and sill
late 1700s 1o carly 1800s [2]. The wse of
by peopled and somatimes ssisied by
ate the secomd phase of indusinal revolution.
, the assembly line concepts was introducad 1o
the productivity. Evennmlly, decronic and
process starting in the e of 1950s [4]
nical technology indo the digitalized and awiomation
tion, more complexation and sustainshle production so
pe y operate the machine The more comprehensively,
d i the past few decades as the Industry 4.0 take places. Those
mew level with the integration throwgh the Intemet of Things
mihe data acoess, anificial imeligence (Al) and big data analysis. The

I‘l@fﬂ has improve the manwiacmrnng

32
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and maintenance management. This will eventually allow betier cooperation batweon the physical and digi
componand, product and people acmss the place and time.
One of the mpid tachnologies developed in Industry 4.0 is the signal processing. Signal processing i

the enginearing approaches 1o mode] and interpret data representations received of physical evenis [6]. 5
signals like images, sounds and other scientific measurement are required for data analyzing, jing and
maodifying. This mahod has empowered the ability 1o commumicate between the bistechnology
interaction [6]. One of the examples of signal processing is the tomography system. To
commonly known for viewing the 2D or 3D images in a function of time. Figure | Error! Re
found. shows the basic block diagram for tomography system [T].

existing machine is then converied into self-aware and self-leaming machines 1o boost ther overall :ﬂ:':d:lt

S

Sonee Type  Bahod

-y Apegencn

Lanmerey  Refecton

PET LriMazaon

MR e
Frocess Lapactarce  Trarmemisan
vezsel Fe=tiarce

Ampeaance

Mhicr v

Ao

Crptaal

Elpctrics charge

Figure 1. Block diagram of typical f

Huge application of tomography was applied in_the
computed mography {CT or CAT) is the composit
other organs and body tissues [£]. Compared 1o a regular
e of the pipe

image construcied. Swch as in indusiry, monit ipeli \&n iifing el
cavilation degradation, media comosion and mat joration afier | i % i
to leakage and explosion accident [9]. L ¥ Wasel 1 &\ 5 isswe by giving

high attenuation of uhrassonic emergy to the ipes igplemenigtiond. For flow indusiry,
tomography systam is the best approach i:gq n ve and non-invasive
moniloring sysicms [10]. \ %:

(

2. Twpes of Tomography S

There are vanous [ypes o e thasd
tomography, capacilance tonmograp ical 1 hy, and resistance tomssgraphy.
Thi tomography method is developed ugl\l nd nonintnesive monitoring so that it

sigmificantly will help e arch 1o dizcover mew ‘ledpe abowt intarmal characienstics of
matter such a5 10 the “velocigy, “diame tegl distance e, mass fow rae, counter, shape and
concentration [11]. Eg k) s the =1 raphy system.

’

10 years ago swch as ulirasonic

23ty D

Rk

(o
&
=
S
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/.

Optical tomography approaches are non-intnsive in practioc and sec
with the flow is not required by the transdwcer. The sysiem has high productivity
in the chemical industrics. Optical technigues can produce high-resolutjgn i
transparent substances and other paris where the optical penciration is
approach is compatent o accomplish on-line measurements with its dire

Opiical tomography reconsinicis the image on the basis of oplica
edee and receiving light heam from another edge. By using van
CCDs, LEDs, cic., optical radiation can be produced. The drawbac
the restriction of its optical surface where it is not possible o put the
prevent reflection and io simple detect the image betwean the dical se

As the sensing field is based on the calculation of the gfien
tomography device i called a hard-ficld sensor. Typically,
the struciure and nature of objects by analyzing the
sofi-ficld sonsors, this optical tomography device has seve

o3 @10 analyze
G d 1o other

M resi o electrical

moise of interference and also high resolution. 1 can have high
resolution and insignificant response time as the &
In tomography systam, ulimsonic iomo gra pMential i Mu’m since it has

the liguid Aowsbubble imaging. The ul a5 i oraph y sy stems such as
[16]. it is a mon-invasive system where 1 wd. I doss not use any
radioactive maierial which are safer ¢ emission tomography). In
as need only low anergy
owever, some of the limitation
there is a medivm. Mext ina

levels o excite and this does
found in this acouwstic charac

recaiver recaved the ulirasonic waves and
reaciver pan is consisting of the band pass,
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il Haidware

The software part for image reconsinuction in the ulirasonic fom,
algonithm choose by the rescarches. The popular mathod usad for the i
algonithm method. Indtially, this method is introduced for wse in X-
algonthm method providss low cost compuiational that eve L
mescarchers. The back projection is solved once the solution fior the fo

Liu o al [ 19] has addressad a circnlar scanning method wse
wsing the Pieroclectric Micromachined Ulirasonic Tra
which has higher density evenneally will distinguwish the
breast maode] [ 20]. Figure 4 below shows the location g
5.0 am, 5.1 em and 4 9 cm respactively.

HElectrical tomography has
as; low cost consumption, imwvasi
lomog raphy. There are
Resistance Tomogra
Tomography (EIT).

imaginary pan w €
properties in ENPare ;

tomso graphy due o its advamages such
on comparad 1o some othar type of

phy (ECT) and Electrical [Impedance
rement of impedance that comprise of e
reactance r refered i the resistance. The dominants
disiribution of pamittivity ai non-conductive
ductive continuous type of process. Basically, the
i i function both as elecirode and sensor. When curmnent is

d:&ncf clearode will measure the volages value received.
omple o measure the voliage, the process is repetitive for the
e in three types of elecirical tomography is the type of sensor

S
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3. Application of Tomography System %

Tomography have biggest contribution in medical field through its ability to obiain the informan
from human body that is valuable in clinical applications [21 ]. Tomography method such a5 X-ray, P'iovs T 00
Emission Tomography (PET ), optical coharance tomography {0OCT) and Magnetic Resonance Ima
are some of method usad to visualize the tissue structure and detect the cancenows constituent in human

The widely used of tomography operation in madical sector is X-rays. Inessentially,
clectromamnedic anagy that is performed by paticles known as photons [8]. The energy leve
photons, ako known as the wavdength of mdiation, is the difference between X-rays a 1

filaments.

Figure 5.

To analyse blood vessels
infused into the patient’s bloo

conirast madiom will be
onirasi medivm is also uwsed.
the body 1o a Auonescent screa
y, doctors can use fluoroscopy.
film which combine processes in a

digital form. The images senaaied om and adiggraphy [E] 1o display the nfrmation
ohserved. Figure 6 sh © vauk
the

the compact bone ark ciural dements that allow the passage of
radiation.
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Figure 6. A typical X-ray radiograph of the chest, in which the negi

The most prevalent disease in women worldwide is breast cane
detection approach on this issuc. Liu o al. [19] address a modal o v
wlirasound compuiea tomagraphy (ISCT)L The USCT method is radi

types of breass compared o the mammography, the magmet Tan AT
result in dangerous mdistion and painful compression . Fi i
cxperimental setup of this operation and the ultmsound i )

aT
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"i

Figure & Ulirasound iomography transducer a i rg; {b)
Transdwcer ring confisuration platform; () Slice ma odel [ 19]
Tomography system also widdy wsed in oraphy is used

in metal indusinies. Afier a cenain period of time,
substances leakage and explosion crashes mi
indusiry, an isswe poiency resulis due 1o the defac
financial lost in tems of product losses, o
23] Thercfore, a moniloning operati
human and environment. Tomog raphy is one
cost and simple cirouit constnodtion.

Hong ¢t al [ 7] has revigy icati i i nmu-gmph}' sysiem for i'.c mecial
industry. The steel pipes hay i i
atienuation and high bulk way
two types of mode which are the
phenomenon such as scal

@ fecis cracking,
i N% In peetrionc heemiizal
&,ﬂi& that will result in

%mﬁrmm] cleanup
; that might harm 1o the

jloning process due to it low

ulirasound was examined by wsing

efect]. The other method 5 by using the

irasonic wave atfeneated due 1o a
1;;{ in velocity recaived by the ulirasonic

sted pipe.
Ramsey ciljal ] 1 meial AM pans using this approach. The
measurement i : with inspecting the complex geomeiry and

volume defiecis. M J m rey exiemal and intemal features of metal and the
example of i 1 l.hc m] e inside incandescent bulb, a Aworescent light bulb and

?mmmm of CT method 1o see the intarmal pant of

9 .
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Figure 9.

Figure 10. CT imag® by Meminso Vill3ngges-Gieez demogatging the capsbilitics of micro CT technologm
From lefi 1o MShi an Edison-style 1hegnd®ropt bulb, § Aubrescent light bulb and an LED bulb [24]

Tomograp hyaeiflge provided massiv@On@bution 1n powda indusity. Dawning of a new ara, the wse of
modean prodmgion skifl: in the adopiion Wi new [nfogmation technology plays a key ok in economic
competitiv g [@Sjondustry @volutigh 4.0 cncogrsgs the convergence of sman systems for manofscunng
and advgited tfagnation 1gBhn®lomy 4 this recapis g, additive manufacturing {AM) is regarded as an integral
ingrodi g, A is important "o MGl non-ganyPntional manufounng method due 10 the need of mass
cusiofMisatiofghd manufaciunng in Indusirg 4.04 Thus, because of is ability to build specialized objocts with
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sophisticated featwes (mew materials, shapes), AM has become a leading technigue for menufacmn
customised poods.

Therefore, moniloring on the cross contaminaton of AM s required in order 1o wilize the manufa
outpul cfficiency. The laser powder bed fusion or known as L-PBF cross contaminstion A dditive Man
{AM) might change the chemical properties and shear siress in 3 component intanally. [t may ako lead to faull
formation and witimately, reduce the mechanical eficiency of a pan. Jamshidina et al. | 26] implemen
Computad Tomography {(CT) 10 monitor the in-process and cross contaminafion dwe 10 the tungsie rder
panticles in the consecutive layas. The 3D image reconstnuction of the specinmen thai have Cconia ied
with the iingsien powda particle was illusiraied in Figure 11 below where sevenieen la cn fetocied
coniaminsied with tungsien powda. Meanwhile, white stars labellad on the figure indicate the mi layerin
the socond layer from botom The image produced from figue below indicate thar L have the
minimum and maximem amount of powder depos ited capiured by the CT respeativel 1

Figure 11. The vertical cross-sectional vig

stribytidPar 1 Mg the six lavers of

it

Figure 12 shows the honzontal vie

conamination. A noticeable maich was

acheal distribution within the sample [ 26]

& -
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Figure 12. The honzontal cross-sectional views of the specin

In addition, Sinico et al. [27] siudy the charactenstic of §
approach. Their work is i examines the ahility and limitation of i
allin-one method to desoribe the stnsciure of metallic Additive Mamn
panticle size and, possibly, the contamination of the feedsioc!
of indusirial microfocus CT {p-CT). This rescarch stro
eveniually the degradation for crosscontamination of AM

of
its
it Al

; and could
provide detail analysis on the paricular metal powder whicl i 1 139 powder bed
fusion processes. This famework for image reco gt i 1 asity, particle
size distribution (volume, fidd, sphericity ) and 1
The CT scan image below (Figure 13 and 14)

surface view of the exitenor morphology of the i : q %
N KN
N

9.
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LRl

>

o s

fasd ;_i ‘
5
2 e TR I
¢ N Wigure 14. j,?ug.g_:_'. rekiilts s how _i_u‘wjmwmw vie [28]

.t

Next are thelfigunig] F‘;u_.I ure 5 and 1G)pRer (88 3D infagh of porosity analysis in tems of its size diameter
and cross-secliggal 1D iglage ul'jﬁ:ﬁcluuc\lguﬁ sis réspegtively [2£].
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the hardware and software famework on difference type of tomography system and its significant cutput
mechanism efficiency. Tomography approach provide assembly analysis and reverse engineening tochmo!
where the fecdback mechanizm is dynamic and accurate. Tomography system has promising a better m

and analysing approach through image reconstrection and eventually contribute as an cssential role in indusinia
revolution. The collection of data from production lines and optimisation of that data result in i
naachine, encrgy saving and scheduling of optimised maintenance Furtharmore, insiead of its conin

avioid false and losses in manufaciuring, discussion on CS5 pipedine monitoning alse proved ﬁ capabily

cheap data processing and transmission enhance the commumication from cach other. This paper has tl'gﬂ:iﬂlx\

iomography to prevent harm io buman life. In conclusion, this papar proven the ability
tomtraphy framework in the vanows sector of fouwrnth industrial revolution.
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