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ABSTRACT

This thesis presents a design of vertical-rotating x-ray miniature computed
tomography system. Before creating the prototype, we use computer to designs and
analyzes center of mass of gantry in order to ensure that it can work perfectly. Then we
test the system by cross-sectional images construction, we found that the acceptable
result with 3.18 percentage error were performed in this study. The uniformity and
resolution of the X-ray detector were determined. For a uniformity test, the results show
that a standard deviation (SD) of a background pixel intensity profile equals to 5.38
percent. For the application of miniature computed tomography system, the total
volume of object was performed in 1 samples. The results show that the accuracy of the
total volume calculation as compare with Eureka method is 94.62 percent (5.38 percent
error).

However, limitations of the vertical-rotating x-ray miniature computed tomography
system were considered and analyzed. Discussions and suggestions were described in this
thesis. Also, the performance should be improved for the further computed tomography

development in variety applications.
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% [ [ ¢l vas i % " %

2. AIRTIRIULDNUTINTIoNITET1NMNE8Y (Indirect Imaging)

mnsvdudnasdvialazlildaunsalnviiminmiuasudnasdidundaaulni
RIS LLGia]ﬂ%’qﬂﬂifﬁﬂ%ifﬁ@%UﬁﬁﬂMﬁﬁLUﬁauwé’qmutﬁﬂ%LiéLﬁuwé’ngﬂﬁuﬁmaﬁ]ﬁ"fu
9 1wy wasunas danuufe wiudewamsenoanestuimiNagundanudnisd
Wundsnunas naaanuu gUnIalngI9duKas (PhotodetectorDevice) Agvimtfuaeu

(v I~4 (% 1 % a 6 @ 6

pasuwandunasnulndl wazdalUussulanan1unauRILA I AT LANININLONYLSIUU
winsenouiuneslufian #1e819 Photodetectorithuildludinsraduidnaisdussinni
louA Tllalalen (Photodiode) lllamsuGainas (Phototransistor) 50 aunsalanewusey

(Charge-Coupled Device; CCD) WWudu

2.6 wuNlEISNULTE

(%

' ) v & ] 1 = v a
VU'JEJ‘VIQLSU'JWL@ﬂGULTEJlI 29474 [7] AD ﬂﬂm‘ﬂ’]WLLagjﬂﬂiuﬁlm

2.6.1 N1IINAUAMN

1Y

nsinnunnFeMInAuautFlunsatenzangeel 3 350

1. nemsinaruemeduauemaduduiistunamzanzandldn

2. nsnsianadanuvessididudidnaseuliad (Electron volt) wassuundl
FIUNIAINLANLAIUN

a I3 -12 as
1 @Lgﬂmialﬂjam 1.60 x 10 1930

[y

7 a I a P
1998 10" 195nAIUNT
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1 5930 = 746 98
9 a¢ 1 a a
= 7.46 x10 LD5nADIU
21 a &1 a P
= 4.66 x 10° DlAnmnsaulafroIWI9

3. lnansinsiunanzalavie (Half value layer ; H.V.L) Wupmumuniy

= =

fiafnsvedanzidunsunisezaiiloniaiunsonseudngsdwaianysunnssd

aslppSenilavaauSunanmu

2.6.2 N159AUSUU

=

annsadnlaty 2 dnway [7] Ao

[

1. USunausagsaanuyedduna (Expose radiation)

2. USinusadngneanauidigsianie (Absorbed radiation) miesngqildlunisin

Toun

' [ 12
1 U Al = 2 a

A3 (Curie ; ) Wumhedanldiumlulnesiteiurdwinuinuulsaswayand

=

Yuaspilarunusiamioy asilunitednninuuswessidlagivundnansiudunsedn

Y] ) 10 FAO D> ~ a Y a | '
da1gAilugnsn  3.7x10 AR DIUIMMALUAINULLIILNINY - 1 AINIDYNILYU EPA

(Environmental Protection Agency tu USA) wisuiisunismslaienasisneu (Jusig

1
v U v a s

fusfumssduianile) WluTuag 10 Dussn3rednsvosennie (1Pci=1 gaudududuci s
Andnsndesdensidulsauzidwenfumsguyniiuas 1 vos

Tulw.a. 2471 Msygudsduwmduunndlannasiuiingianenlasduusemaaiinuli
Founandnatsdfemhoiuiinudiomlutn e 2480 Tun1sUsvyAeaduiiunsdenln
ansgousmloanadlildmbeiBuiinuinUSinasdunuunmems s Sdununinaziangsdll
Snwagmiioutunnegrsusnandidalimfioutufednssduysivituudsadunuiie
Tngs55umAsed 1 FusdinuaiesuenawisdaL 0.001293 n$u 11 0 ssrwaldea Ay
fiu 760 fadmnsUsenazihliluianavesenialaesdesudliinain 1 miseuseqliin
adnvse 1 Biedy (electrostatic unit ; es.u) 1A dunaanu LiSudinuazindu 83 183n
RonsueIN1AnIe 93 1Bsnseniy

15U (roentgen equivalent physics ; RE.P) flesruiusedlagillindsau 93 184nde
1 gAUIANLIUALIAS

153 (roentgen equivalent man ; REM.) fadruinuisdlagiilinansdyingnvinfu

NATILARINLNDLSE 1 1SUALNY
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A (roentgen absorbed dose ;R.AD) Tudw.a. 2496 Iumiﬂﬁzﬁ;u%ﬁ?ﬁwm

WINAATINT Muasiaulany Judlildusadunieinusinasdngnaalaedditinlu

sUramnAsunaradludnamile

1 U 1 % '1
sMedANIAY 2 Jkg

100 rad = 1.0 Gy

1 rad = 0.01 Gy =1 cGy
1 mrad = 0.01 mGy

10 mrad = 0.1 mGy

#1350 (Sievert; SV) Hunmizglusyuuiedloresiuiudidfiuniaafiuywdaunse
Iasumemnulasadailudiuiuiisenia relative biological effective (RBE) @3 1rem =
2
10 SV uag 1 SV = 100 rem

2.7 szuudnaisanidlunieniswnng

2.7.1 Photofluorography [8]
vieIsundndentiain Mass miniature radiography sJumadafideuldlumusnnsg

ns1enlaeun1stuinn wenalsdasuuidudsasiuinlamiesnsafenonay 1 weiu

JUN 2.11 wansnisanenmdnesdLuuldndy
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2.7.2 Cinefluorography [8]

[ v = fu a @ Y v J ¢ A 1% v 6 a6

L'Uu’lﬁﬂ'ﬁ‘Uu‘V]ﬂﬂ']WEJu@ii\‘laL@ﬂ"?ﬁ@lEJIGUﬂa'E]\Tﬂ']EJﬂ'TWHUWiﬂiﬂﬂaaﬂiﬂﬁﬂﬂULquwaﬂJ
I = a P ' P - . = & & ¢ &
LONYLIYYIDNATYNDNDYIINUII Television Clneﬂuorography %QLﬂi@ﬂL@ﬂ“ﬁLsﬂz‘ULLUUu"ﬂg

Dususuulumswaunlugundsganglunaisienn

5UN 2.13 uansilauinldduiin Cinefluorography vausEvlngn
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2.7.3 Angiography [8]

JuignisasianisdidvemaendenunfudndudonazlusailonsSediindasuy
flaudsonilidudeniiulaonisdnasiiviadinluluduieniisdioamagisnmstiannsn
analmsvinuuinaduldsndefsideFendesadumuninaildnury

Vertebral Angiography nmsasianiedidvesdudoniitosauasdiund

Branchial Angiography n3msianiessavenduidenunsiludswauieio

Cerebral Angiography n1saT1anssedveaduLdonluaues

Cardio Angiography AM13A53aN NS IEUDEUG DALALTLABITLA

ad é‘

5UN 2.14 UanuA3es Angiography Ualeviin1sldau

JUN 2.15 uansnmdnaisdiilaaniases Angiography
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2.7.4 Xeroradiography [8]

& &

Wumaianisaren mdneisdasuundusdafieuidudnasgsiaiazanaiuai ¢

Y
a a

v a ~ v vaa A o8 va an & o a ¢ ) '
aN5593vNaNL ALY DI TIDNITRNIZE Y NN 1NlaeASn1staunsat aunauunlalny

¥ o v &

Iawnatiatilundenlilunsdnusdnszanuinausunwagnsienuenaniduduitely

v o ! A Y a v Y] d'
ﬂ'ﬁlﬂjLaﬂsIJLi‘t’nmqmq\‘]s]LWE]G]TJQ?{@‘UJ‘I']ﬂiu‘Vl'ﬁ@EﬁTﬂ@ﬂﬂ'ﬂEJQNE‘U‘V] 2.16

5UN 2.16 uaninsld Xeroradiography Tun1snsiaaeuingsineg

2.7.5 Dental x-ray machines [9]
- [ 3 ) Yo o & ¢ v o i i
inseadnsdilutiuaslddmsudnusddnvaziagdumisasiiunelugosnlag
srlindsnudnasdlusyauiineudrsimnluldedn 50kv 7 mA vhlinsesdnaisditull

‘U‘L!']ﬂﬁLgﬂLLag’dqﬁJ’]iﬂLﬂﬁ@ul‘ﬂﬁlléfl,ﬁ@ﬂ’]’magﬂ’lﬂiusﬂmgﬂ’lﬂLgﬂ‘ljljﬁjﬁa@ﬂLSﬂGZILEEj“UENLﬂ%EN

Wnysdfluilesidnwasfieyfolindanuegszninawalnauaziealuatiioninisdnis e

i

a & vy ] a A U v ayy Ao 2 o v |
danasoulrdanuduseieudnnadaiildnasn iivuindnsintrauulndise e luslas
o‘d' a %

wAlnAsiAANNgIdeelBidnaseulind s uannduE nas e adalindanuunweuas

fszoznanlunisanenduunn
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S .
JUN 2.18 waneiieg1an mdnsgily

2.7.6 Portable and Mobile x-ray units [9]

dmsuiteithiausandoudglulnulddudndudesdindondnussamsn
indeudilsiiieludnuisdiinefidssihedalstinmsiannieudnusdiannsanonyszney
visoindoudneldlaieiiteamsmiluieldnusdndosineldlnevlludnsnasduuy
Portable X-ray unit azfumaiidnnitundlasindsnvlumsaeidnusdosiits mA fa 15
A fussdulaih 90 - 95 kv msleuunfazegil 15 - 20 mA wirdumedivobile X-ray

unit asfisziundanuiigeiisurindueiondnusdnilufie 300 mA - 30 A Ausesiuluii
125 kv
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JUN 2.20 uansdnuaeraunsaudnusduuy C Arm fianunsanaaudngle

2.7.7 Mammographic x-ray equipment [9]
a <@ & ¥ < a < &l a ~ aa o o J aa v <3

soadnYL I uIluASa R ngLsodntiianisnianudAgysonisitdslsauzis
v 2 & W a ~ v ad < | Aa oA v
whundaduduuinluansuazilesanunienanitududiuniaiulidesiddeudieas

o < & = v ° A i A oYy a &as & g vee I a

NAIUBNIENANEIWRININTdAINNaEYile BnvieaunusENldIerealuiuuyin
MAwnfldausialuAeluiuu Xeroradiography favaded 2.7.4 Tuvugiviaendnasdn

Tdwsiueglilennun 1 un. \Wudnseudnusduagldndsnueg 40 - 50kv



22

o Q‘grc ,
4 J' — Camera unit

T— X-ray beam
]

— Film plate

In mammograﬁhy each breast is
compressed horizontally, then
obliquely and an x-ray
is taken of each position

JUN 2.22 WanSaNUINETaINSONDLSE

3 ﬁ 2.23 LLaﬂﬂﬂWWWvLﬂﬁ]’]ﬂﬂﬂiL@ﬂ"ULiﬁl
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2.7.8 Digital Raiography [9]
A & ¢ Y] i va & & &3 & v a1 o
Lu@ﬂ‘ﬂ']ﬂﬂ'ﬁl@ﬂ%lﬁﬂLL"U‘U‘V]'JIUWL‘?IW@SJL@ﬂ‘ULsFJ‘U']QﬂiﬂQg'lfﬂﬂ']‘W‘Vth‘U@lLﬁ]uu’ﬂsﬁ\i'ﬂqfﬂiﬂ

1% =

A v = A & Al ) P a v |
nnsiadeulmivesfiensenumesiaunltnudenasddainsfnfuguuuulng
X ad o oA 2 v aa o ° I va
Juaunuilduduasnisinudeyaninlugliuuidsawaraiuisaidruiuanaduninlan
0UNLMDTISUUDNAINAINITA LA NINATALIULA NN TIANNNITOUSUBAIAUAUTAVDININ

< v PN ¢ v a v
L@ﬂ‘ﬁlﬁfﬂﬂmqﬂﬂLLWVlEJm@Qﬂ’]i@ﬂﬂ'JEJ

Y

fa

Y

Ui 2.25 LARIFIDE19NTITINULAT DD NULSTLUURA G
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JUN 2.26 uansndnaisenlaaniidudnaised

SU 227 uamsmmiSnasERldnniSnussuuRasa

2.7.9 Tomography [10]

wadatgndunululn e 2465 Tasureunndsrlfuaaieluing (Bocage) wiadail
Funisdenmisnesdiiudiuvesdinies Tngludnvarvesnminunanaiaiilnle
anwaslassadeaalusmedmaniisassuulassununiwiniuvasiiorfunmenves
szudufiunngewivesnmdsudlieudameiinduitiymiiiedestunisdeuiuiuy
yoasweseivrzmeluiiusnguuiidusunnliusdsliauysaiinaunansdulsomnlatinng
ﬁwmmﬂﬁﬂﬁmmﬁuﬁmmmsaLLﬁlmﬂmelﬁaﬂﬁqamyiiﬁﬁuﬁa CT  (Computed
Tomography) G?Iﬁt,ﬂ%msﬂlé’gﬂa%wﬁu’tuﬂ w.a. 2510 Inedmnsvasusendidule (EM) Te
\@@Wan (Sir Godfrey N. Hounsfield (1919-2004)) lngtendfanlanmuiuulfniiainiin

Wandvenesulinuazlul w.e. 2515 wiediisewsnvedanaiunsaldnuiugieliass



Ul 2.28 Sir Godifrey N. Hounsfield (1919-2004) ffinduia3as@iiinsausnyalan

- v e
SN A L

5U# 2.29 EMI Head Scanner 1A383%11LA30943NYDILAN
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5UN 2.30 amdinvdnesUadesywdn1nun

2.7.9.1 MTMNUNUFIUYDIATINEN

o & A4 aa a 19 3 Loy )1
ﬂqﬁmqﬂquwu‘ﬁqum@ﬂLﬂiaﬂsﬁ‘ﬂﬁqll'ﬁﬂ@ﬁ‘U']SlﬂﬁqﬂﬂaaﬂlﬂagLLﬂﬁﬂJﬂ\?(ﬂ@lUu

Gantry Data

'f/ \\] " . Acquisition [, N Control &

S Unit Monitor

L v
Storage Display
Magnetic |
- CD-ROM Camera Laser Print
Disk or Taps

JUN 2.31 uansudentnezinuvedesesdi

AIUATUANNITTINULAZLAAINAIZATUANNITHIITUVBNATOLL D NABALENTLE B

< L3 1 LAl v v @ < LG [ 3 [ Y ao v @
LE)ﬂ"'ULﬁEJVISEjINWUG]’JQU’J81‘1JEN‘VI’J'J®L@ﬂ‘dLiEJ‘Vi’]’mL@ﬂ‘ULiEJ‘\]SVH‘VM’Wl’JWWJ'mLSUlIEUENL@ﬂ‘ijiEﬂu

o

Urasdgyaailnihndudeyasuiden (Analog Data) Tadeyalnaiiazfaaniuisasveny

MNe &

yeyad  (Amplifier)  ievenglidygruiinuusannnedmiunisussinanadeyalay
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FygaldvaidazulsdunuauduvewdnaisdAnnnsenun i tadunuiefemnin
=3 4

Wnasdiueivglugafidnsiugenlimanudusiisiuuiewindeyanlaludosduiidy

Joyasunfondsliaunsadudigraniunesiierinisuszinanalidnduderiunisulas

Y]

g newrdenufaia (Analog to Digital Converter) 5ai38n3 118 (ADC) Weld

o

2°

ayaRdvanudoyavzgndndrgarudmnudeyadsssidudiudnnudeyaduevianun

Y Y

4

e

[
[ o

MnUuNIdngdumuaNM I NULazkanHAieINTHARINETUF UL LU L uLERIUY

JouelinainToinNITRNNA NI UINLAToIu kU IALEe SUaNAINLEaINsaduTinToys

ey I a & a | aa v v
Wl@ﬁﬂlu%mu@alﬂﬁﬁﬁ@LLNU%@?@@JI@I@ﬂﬂfJﬁJ

2.7.9.2 MANMTATNNNANYINNYBIIAY (Tomography)

TomographyfanszurunistunisasininvInvesinglaeldisnisinteyasn
AN 81fuAUANTRAINSTTHYIRNUANAINUYBIAINYTLNDUFIN NinBUaLDIfade
doyarundudnly Welhdoyanats o ssuiuuIUszaiananeadnmanstuge Nawise
asradunndnuanudninisnsrateveiadensensausznaunis § aneludngle

Wnasdidunduntimaniniiaudgazduninlessuludsfiedu (onizing

J 5 = a i £ Y < @ a [y a v v & 1
radiation) tetAuntsiiuntvludanatdlanmunaziindunsnseanuiinaiaiy 19y
Usingnisallvllediansan (Photoelectric effect) Usngnisalaauiisiu (Compton effect)
a a ! . \ & v o= oA o8 v a ca a ! ) &

W3eNWana13e (Pair production) +dudu eiinavilienasdMauniawuingiaty 9
PONNILAITAULTNANAS

asnansduinguiiowen Sanumun x Weansdnasdnfiaudy |, ity $9d

A = v 1 = v v Yy @ 1
Vl%zij@@ﬂlﬂﬁ]%llﬂ’ﬂllL“Ullﬁ@aﬂmu I TsiANUENNUSAUAIEUNISY

1I ~ IGE_#x

o u AoduUszansnisaaveuveLEnwLsE (2.1)
nsaifisnandadleasdlonon audiusasdudeunis 2.2
- —J px
I loe (2.2)
I
p(r,0) = — lﬂa = [ o1, y)ds (23)

' [J ' A v ) = v S

A1 ply) UUAIASYITDININANVUN 9 ATI9A (Xy) UAEILEAIIININANULLAIIY
nkuguazgandudnesdaauiameslad ddafuansindinantuiauuiwiue
wazganaudnasdlates draunsamuanman uly) vunn 9 galuszuuld Aazaunse

a519nlamensIian uixy) LS ENUAURLALIIZUNIURS I
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p(r@) 38011 15990 wie L5ElUslaAYY (Ray-projection) #N18E N15BUNLNTA
Llxy) udunsesdnnsdauauiidlaeasien (@ Ao r fie szezvsdluluiedousn
uaz @ fio yuiuuadnesdviiunu y

dlolsk @ fianaadl nsindeuiifalutuidunse vuneds maasum r azldenves

sEddMTULN @ T Jugadinaniliendt Wslnd (Profile) w3a TUsidntu (Projection)

' a

wann1sasnannsinueiidieiian daugieinneednaansios wazduiiugiu
ddlunsadrenimwes CT Ane Audnlusiandu (Back Projection) TmenisiUdsuuwul
Wnasdlufiay 1 oem uaniudoyasunsu 360 aean Nagladeya 360 1UshIE Wisihdeya
& ° < v o v
naualuanufazahadunminuinels

N3UT 2.32 wazguit 2.33 Wudeginisadaniwdnuaneuisuinlusidadu tny
Tddoyaiiias 2 TUsid (e 2 WWadadu) undeunuiu dsdmnalddalusivg untud

% = ¢ & v 7 A o A P = s Y v

wlanInauysaiunueie @avineatininnlaluiiuiiamesiatlanmdnuinsuans

% U G d’lj dll 4
anwagvesinguiaiiawanieluls

Detector

Source

ﬂ

Source 1

Detector

Uil 2.32 Tslnidvesingiitudinlalu 2 firma
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Detector 1

Detect

JUN 2.33 hldsindundauiuitoasnanm

2.7.9.3 d9uUsENaUNUFIUVIATDNINTLIEADUN NS

=

1. ununs (Gantry)
wnunsidudrudilnddafugdosmswiduinegdedifirousuvaus Sunisngie
drusnaiidnvasidusunsdimaeumsinaniidensnauvuelnafiduriugudnatssyana
70 - 80 9. annsaaongthodiluldiosazninunuaiaeiivuin wasdmiindunnss
futufuussngnanununiagfudenlosdulsenevdudndefuguwmuaiunaon

< L 1 1 a §f v W @ s =3 v ) ¥
LONYLIYLLANRN EJIWWWLLN’QQ@@&@ BLABINIINDNYLIBLASITUUNUYDYA Wunau

JUN 2.34 uanafieg19vRIuNUAT
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2. 29nuaay

' ¥
a (% =<

uwmuaduiugunsalfignimundulaeuidndiuuduazlnduniiondlodgymi

Y

1 %

fodrAnvesmmenaelnihussgeiidenssninmifouvasiuvasadnaisdiilinsindeud
vyuvesnasadnatsdliannsaildredesmasananamuaduidugunsalmanamans
Iylihiivinsnednhlnifioshlninlugvasaidnnsdlfedsiedaslnglsifoadsnameyn
wiedudulyhanuaduast 2 LuumudnYAADILUUNTINTEUBNLAZLUUI VNI IR L

[

aa 1 1 ¥ ] a v A v 6 o 6 o
Bnsglniausanusle 2 LL‘U“UL‘U‘L!L@IEJ’Jﬂ‘Nﬂ’e)LL‘UUﬂﬂSJQ\‘iLLﬁ%LLU‘UﬂﬂEJﬁ]’]@\ﬁ‘U

Y

N

30 mmANCK seif Contaided assemuly.

.

I.D. =63 mm

O.D =250 mm

The Sibley Co. The Sibley Co

Haddam, CT 06438 Haddam, CT
USA USA

gﬂﬁ 2.36 LAMIIILIIUAAUAIUNSY
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=3 <
3. ViaanLNYLTY

nasLdnwLsdRdaIuNldas1udnusdteswazidealanaiilinaitnedu

4. d9un135n594 (Filtration)

WesandnaisdNesnuianuasadnatsdtudiulngazing sunliainanedeyin
a o [ ) <4

TiAnnsUssananannfiaisulUiarddyarusuniueezasiudiutazdigyinlmnanis
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Y v @& ca A a o A v o o 1 o o = X
ﬂ@ILLEJﬂI‘ViL@ﬂ"?jLi?JV]L‘Wﬁ@@aﬂﬂﬂqwaﬂ‘mﬁﬂLLaa‘ﬁIﬂaLﬂENﬂu‘Vl']IVﬁSWU‘WﬁQQWULQaEJa\‘iGU‘ULLaZ

Y Y

LR IGFRLTY

5. ARAALILADS
a & o v o Y do o =3 6 v va o
aeadlmesilud i miadaandnasdluiuiniadnvinsdiddnvauziazvuin
MUnARIMsEmTuanzineadunesvian 2 sinfersadumasylavtidiie  (Pre-

patientCollimator) wagmaadiaasvilaniiiain (Pre-detector Collimator) A2MUNUIUDS

o aa v

FEnaLsgAlANNSUSUADARLNLA BT UL AUNUS AUAMUN UV ITUNINUTLN US98 TE78

U

TasukarAILANTAYDININD nNeADad LIRS YT AN ITRd I8 uLdnwLsgNNTELA
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(ScatteredX-ray) lalligngwringnaae

Y

a

6. n3n (Grid)
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- .
4 x-ray tube

Al Bilter —a 1 ™t .l
— ——4— Collimator

. g i Body
radiation ' Secondary
radiation

?._—, i Lok
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k\ h
i N N N e— Grid

LY ; Screens

Film —

JUN 2,37 uansdiuUsgnauauaeyiinIson e

7. unasnglWiusegs

Tulagiuumaalniusegediviuniesdfituazsiiusuuaudanielifiauniidn

iianunsadanaelinieluununslalaenldniluazedn 400 - 2000 Hz

Y Y < ¢
8. AINTIVIULINYLIEY
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2.8 NALAZAUNTILVBILDNDLSTRDI19NY

514(515’18‘08&Léﬂ%Liéﬁiaiﬂﬂﬂ’lﬁlﬁ?ﬁLﬁQﬂﬁﬂLﬂGlL‘ﬂﬂﬂ%ﬂLLSﬂiuLaauuﬂﬁﬂuﬁﬁﬂmﬂﬁﬁ
msUszmAnIsAunuBnelss 1 ieumsdunudunsielussezusniuieadestusunmede
Fntfauwazurumvesyaansiivheadeafudnesddadedersqlustniedailideed
uAnenafufen e 2.1 [11] nanfifesnsdmsumsifedunsenndedduilafunis
Twadiegmelagiuiillaudsnaarillinamaietioigneuiiaginisiasuiamasu
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] show output coordinate system in comer of window

BB BL R

7] Assigned mass properties
|| Mass properties of _1_Balance test 3_3_2012 ( Assembly Configuraton - Default) -
utput coordnate System: - default

42

@

Mass = 20585.54 grams
Volume = 17472626.48 cubic milmeters

¢

‘w-n- 1806295.32 square milmeters

f‘,‘ = {Ca_'o'm.‘ (milmeters )

=R v-i0

9| Z=411

EA YO Ul

"\, Axisl | | Taken at the center of mass.

ROl kee(tomomen hx-simmuen
Iy = (0. Py = 740093121.12

| 200,000 1001 pi= mizviosata

| Moments of inertia; ( grams * square millmeters )
Lix = 513845546.13
.80

1 Mass P
(Lot ]I.cm— (optors,. | (Recasioe | -

Output coordinate system: - default = -

‘Selected items:

¥ indude hidden bodies/companents:

[¥] show output coordinate system in comer of window

[ Assigned mass properties

Mass properties of _1_Balance test 3_4_2012 ( Assembly Configurabion - Default )

Output coordinate System: - default —
A centerof mass
= 9%

Volume = 17472626.48 cublc mimeters
Surface area = 1806295.32 ters > 72‘02
= 4591

Center of mass: ( milimeters )
X =-1.97

ol A

Pringpal inerta: (v
Taken at the center of

T = (1.00,0.05,0.00) *Px = 513332986.02

Iy = (.05, 1.00,-0.01) Py=740093121.12

=(:0.00,0.01,1.00) Pz= 1124309312.86

Moments of inertiaz (grams * square mifimeters )
‘Taken at the center of mass and aligned with the output coordinate system.

Lxx = 51384554613 Lxy = 10676508.80 Lz = 2432329.74
Lyx = 10676908.80, Lyy = 739607244.06 Lyz = -2513541.78
L2x = 2432329.74 L2y = -2513541.78 L2z = 1124282629.82

Moments of inertia: ( grams * w-metss)
Taken at the output coordnate:

Ixx = 553975206.57 lxv Dz = 64815110
Tyx = 10753460.50 Tyy -mmm 53 Iyz = -4343974.54
Izx = 648151.10 Izy = 434397454 12z = 1124445786.65
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[l Assigned: properties.
4% (-) Detector<1> Deff) @
B (-) Diox. bes of _1_Balance test 3_4_2012 ( Assembly Configuration - Defauit) =
7-%(-)Weiwnﬁ<l> | output coordnate System: — default - i‘
G () Pulley<1> Defaul =3
4B () Pulley cover<1> | M2 = 208554 grams !
% () Pulley cover<2>4 | Volume = 17472626.48 cubic miimeters |
: % 3::'"1’ (Defaull| o rface area = 1806295.32 square milimeters
188 LocalCirPatternl Center of mass: (milmeters )
©R Owegnand| XL
-9 () Weight axis<: 2=3161
R () Weight
£ 2;) GO RE M oriscimd axes of (grams* )
N Taken at the center of mass.
3, PLANEL Ix = (1.00, 0.05, 0.00)  Px = 513332986.02
& Iy = (0.05, 1.0, 0.0 Py = 74008312112
288 LocalCipattem2 | 12=(0.00,0.01, 1.00) Pz =1124309312.86
Moments of nertia: ( grams * square milmeters )
Taken at the center of mass and algned wih the output coordinate system.
Lxx = 513845546.13 Lxy = 10676908.80 Lae = 2432329.74
Lyx = 106; Ly = 73960724406 Lyz =-2513541.78
Lox = 2432329.74 Lzy = 251354178 L2z = 1129282629.82
Moments ofinerta: (grams * square milimeters ) i
Taken at the output coordnate system.
Loc= 5349301416 Iy = 10758460.50 Txz=1153800.98 -
Iyx = 10756460.50 Iy =760290537.13  lyz = -3825215.89 g
Izx = 1153800.98 Izy = -3825215.89 12z = 1124445786,65 | 2

[Pt J[ Ceoor J[ cose ] [Loptons... ]{Recaaate ]
Output coordinate system: | —default— -
_1_Balance test3_4_2012.SLDASM

Selected items:

[¥]Indude hidden bodies/components
[¥] show output coordinate system in corner of window:
[ Assigned mass properties

Mass properties of _1_Balance test 3_4_2012 ( Assembly Configuration - Default)

Output coordinate System: - default -

A center of mass
Volume = 17472626,48 cubic milimeters = i\ N97
Surface are: 1806295.32 eters

Centrof;n;;s:(mihkters) Y — *2.02
Z\=MA%0

FTY VON
L -—uu

.,

Principal axes of inertia and principal moments of inertia: { grams
Taken at the center of mass.

Ix = (1.00, 0.05,0.00)  Px = 513332986.02
0.05, 1.00, 0.01) Py = 74009312112
-0.00,0.01, 1.00) Pz = 112430931286

Moments of inertia: ( grams * square milimeters )
Taken at the center of mass and aligned with the output coordinate system.

Lxy = 10676908.80 Lxz = 2432329.74
L Lyy = 739607244.06 Lyz = -2513541.78
Lax = Lzy =-2513541.78 L2z = 1124282629.82
Moments of inertia: ( grams * square millmeters )
Taken at the output coordinate system.
Ixx = 534493014, 16 Ixy = 10758460.50 Ixz = 1153800.98
Iyx = 10758460.50 Iyy 0250537.13 Iyz =-3825215.89
Izx = 1153800.98 Izy = -3825215.89 Izz = 1124445786.65
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Miniature Computed Tomography with Vertical
Rotating Gantry: Application for 3D Modeling

K. Tantivanichakit* and C. Pintavirooj
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520 Thailand
*53612103(@kmitl.ac.th

Abstract— Miniature computed tomography system with
vertical rotating gantry is presented in this paper. System
calibration was performed before achieving the projection data.
An object placed on platform was exposed by the camera every
one degrees of rotating angle. Thus, 360 projection data were
performed in this study. Finally, Feldkamp algorithm based on a
3-D filtered back projection was employed to recomstruct cross
sectional images. The result shows that 3-D model images and
volume-rendering obtained from our miniature computed
tomography were satisfactory. In conclusion, the miniature
computed tomography presented in this study is capable ta
construct 3-D model with an ease technigue.

Keywords—Miniature computed tomography, Fladkamp
conebeam, back projection image reconstruction, 3D Modeling.

I. INTRODUCTION

Miniature computed tomography (mini CT) scanners can be
classified into two major categories: rotating sample and
vertical rotating gantry systems [1].

So-called rotating sample systems feature a stationary x-
ray source and a stationary x-ray detector usually mounted on
a mechanical bench. Both detector and x-ray tube are facing
each other and have to be precisely aligned with the central
axis of the CT system. A rotating sample holder is placed on
the mechanical bench in between source and detector, also
alipned with the central axis of the scanner system. The
sample holder can usually be precisely rotated perpendicular
to the central axis of the scanner system by a computer-
controlled motor-driven rotating stage.

Systems with rotating gantry but stationary sample
accommodate x-ray source and detector mounted exactly
facing each other on the inside of a ring-shaped mechanical
support (gantry). Here, the gantry containing source and
detector is no longer stationary but rotates around the central
axis of the scanner. The sample which is to be imaged can be
placed in a prone or supine position.

Compared to scanners having a rotating sample holder,
rotating gantry based systems usually do not offer the
possibility to change the scanner geometry casily, normally
SDD and SOD are fixed numbers of the particular scanner
system. Sample handling during examination is much easier in
rotating gantry systems. In addition, these systems support
faster rotation times than rotating sample systems [2].

078-1-4673-4802-8/12/$31.00 ©2012 IEEE

Three-dimensional (3-D) arrays of digital data representing
spatial volume arise in several scientific applications.
Computed tomography (CT) scanners can be used to create an
object volume by imaging a series of cross sections. These
techniques have found extensive use in medicine, and more
recently, in non-destructive evaluation (NDE) [3].

In this paper, we propose a design and construction of a
miniature computed tomography with vertical rotating gantry.
Our system is intently focused to use with a small object
scanning or be applied in veterinarian clinic for small animal
cross-section imaging. We also present an application of an
effective feldkamp conebeam method and shape extraction
algorithm for an image reconstruction process. The
reconstructed image obtains from our imaging system shows
quite satisfactory result in term of an object volume
caleulation.

This paper is proposed as following. An introduction is
presented in section I. A design of mini CT system was in
section IT. A brief explanation about feldkamp conebeam
image reconstruction and shape extraction process is
mentioned in section Il and IV respectively. Section V is
experimental results. Discussion and conclusion is described
finally in section VI.

Figure 1. Mini CT system includes 1.) Vertical acrylic gantry
2.)Servo motor 3.) Camera 4.) Platform 5.) Computer for control system.
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Figure 2. The mini CT system is controlled by computer
running program Visual C#. Computer controls camera acquisition.
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Figure 4. The process diagram of the photographic tomography
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II. MINI CT SYSTEM

Mini CT system includes vertical acrylic gantry, servo
motor for rotating wvertical gantry, camera, platform for
placing an object and computer for controlling camera and
servo motor as shown in Fig 1.

The mini CT system is controlled by computer running
program Visual C#. Computer controls camera acquisition.

IIT. FELDKAMP CONE-BEAM THERMOGRAPH

The goal of image reconstruction is to obtain an image
f(x,y) of a cross section of the object from these projections.
The algorithm can also be classified based on the geometry of
the beam into parallel-beam, fan-beam and cone-beam
tomography. While the projection data for the parallel-beam
and cone-beam tomography is a 1D vector, the projection data
for the conme-beam tomography is a 2-D array as show in
Figure 3. The well-known algorithm for cone-beam
tomography is called Feldkamp cone-beam tomography [5].
The Feldkamp algorithm based on a 3-D filtered
backprojeciton. The generalized cone beam image
reconstruction is expressed as follows:

127 D
glyz)=— | I Rip, Cﬂh(——p)—a’pdﬁ (1
20p-sf o2+ + 8

)

Where gfx,),z) is a reconstructed volumetric data, D is
the distance between the source and the Z-axis, § is the
source rotation angle relative to the z axis, i1s R(p, { f3) the
t=xcosf—ysmf
s=—xsimff—ysinff and (p, {) is the coordinate system
of the detector plane. The generalized cone-beam
reconstruction can be divided into the following steps:

cone-beam  projection  data,

1. Obtain the weighted projection data

. D
R{péf)l=———R(p.&

2. Filter the weighted data

O, B =R @B *hi)

3. Weight and back filtered data

D2

2
gxy2)= é 2 5 O.C pap

1
2



TV. SHAPE EXTRACTION PROCESS

Figure 4 shows the total process for the shape extraction
from a series of images. First process starts with capturing
images around the object. Then, the segmentation procedure
with the thresholding for high-contrasting image, is brought up
to turn the captured images into a binary format where the
background is equal to zero and the foreground is equal to one.
As a result, shape extraction algorithm can extract the shape of
any object regardless of the type of surface either the
Lambertian or non-Lambertian surface. When the binary
images or the silhouetted projections are passed into the
adapted Fladkamp reconstruction algorithm  described
previously. This stack of cross sections is utilized in such
applications as a 3D shape modeling, geometric measurement,
and so on. [7]

a) b)

Figure 5. a) Original crimper . b) 3D model of crimper

7 i
»ﬁé

Figure 6. a) Original chess horse ; b) 3D model of chess horse
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V. RESULTS

As a preliminary, a performance of our miniature CT was
basically tested by 3D reconstruction of a simple object as
crimper and chess horse. After image projection was performed
completely by our prototype imaging system then the image
reconstruction process was implemented according to the
effective algorithm described above. The obtained image was
shown in Figure.5 and 6. Figure 5 shows the original crimper
and 3D model of crimper. Figure 6 shows the Original Chess
horse and 3D model of Chess horse

For wvalidating the volume of 3-D reconstructed model
obtained from this study, the erimper and Chess horse was
placed in water for measuring the volume in milliliter unit. The

volume obtained from measurement and computations were
compared as demonstrated in Table 1.

TABLE I. COMPARING BETWEEN VOLUME MEASUREMENT AND VOLUME
OF 3-D RECONSTRUCTED MODEL

object Volume Volume of 3-D Error
measurement reconstructed model

Crimper 113 1211 6.84 %

Chess horse 234 247 558 %

VI. DISCUSSION AND CONCLUSION

The miniature computed tomography with vertical rotating
gantry is presented in this paper. From the result, it can be
seen that volume-rendering from Miniature computed
tomography are satisfactory. Thus, it can be concluded that the
Miniature computed tomography is capable of constructing a
3-D model with an ease technique.
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