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— Gamma Ray Detection Processing in PET/CT scanner —
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2o Qo), BB/ SAD data AAPFL BERA}
T acRgon], 53] Simensite] ARARARGHIE
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1. d&H (scintillator)

PETZ7|ol= F:221Q1 Y% (partial-ring) 9] BGO detec-
toroflA] ZA)ZQl YFHAHSE7]|(full ring detector)7} o}
HT 82Zol= AAAI ¥F9 LSO E= GSO 4%
A7} o] &= QItKFig., 1). BGO(bismuth germanate)
ABAE 83T PET/CT AA7L A2 4ol o1&
B AL 1998 0| o ni(Siemens), AHHLE o]§H7]
Al AL 2001 5E o]t}

27]9] PET/CT AX] ECAT ART scanner®] 7% 2x2
array®] BGO block, 24 partial ring detector FT2E

Full-Ring
LSO/GSO PET

Partial-Ring
BGO PET
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Full-Ring
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Fg. 1. Detector9} BiX

FOV
Axis
N /
s /‘ 4
/7T Il‘“‘
Transaxial FOV : Axial FGQV
(FOV = field of view) :

Fg. 2, Transaxial FOVe} axial FOV

16 cm@] axial field& 7}& septa’} v 3DFAEAM|0)
T} QR2o|= 4x4 F= 8x8 array®] BGO FEE:= LSO
AFA7} o]-8% 1 9do™, multi ring detector(24, 32
EE= 39 ring detector)AH|7} 2 o]&F 1 Qith HE
70 cm A79] transaxial diameter®] FOVZ} W2 Hol
o}, axial FOVE 15~30 cmO)X|3H ABAe] o) we}
30 cm oJA}e] FOVE 7hd A= Ag=)3 ek (Fig. 2).

Fig. 19|49} o] Partial ring detectorE o]-&3t 3l
ZAukAle 1AE A ring detector2 WHEE|QIIL 511
kevo] HlwA Ioufz] Zupd HEEEO] ¥ GSO
(Gadolinium Oxyorthosilicate)?} LSO(Lutetium Oxy
orthosilicate) A ZA2 24 ring, 32 ring L83 39719]
ring detector® PET/CT &7} o]€E 1 Qth LSO=
BGOXTH dg¥aBA o] B W WA EEo] Fof 3
go] 22 AL WE A7F ol FL = AP,

AE7] ABAE 542 Table 13} Zt},

22719 E94 B4 9o A¥Gource)i} HE719H9)
715k dAle ek AEE8, HEHES Bl 5
of A g R

Table 1, Physical charateristics

LSO BGO GSO N4

Density (g/cc) 74 7.1 6.7 3.7
Effective atomic number 66 75 59 5
Hygroscopic No No No Yes
Rugged Yes  Yes No No
Decay Time (nsec) 40 300 60 230
Relative Light Output 75 15 25 100

2. A&J|Q] AT ST (sensitivity and
uniformity)

PET scannero|Al:= SPECTS} 24| collimatorS A}
2312 ofor] HFA oAl Light guided ©]-83}d
Aok AEo] AdtE, 2D} sDFE YA Wt =t
o= thet FFo] th2r}, A W9 Light guide®]
G984 Al= Fig. 33 #rh

2D94)9] 732 septad] J3te] HbdS HEE 5 A
= 74zt Ak J2j22 3D A septaf AMS-
312 7] gl HEZ=rt ARA = mebd At
Z7HEep,

oDo|A] Hr} 3D9] AL 7uid HEAEE wY &+
%ot 2D9} 3D BF FAE7| 7HAI A Aot 45
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PET/CT Fx|9 Zukd g2y

BGO EXACT
20 mm deep
internal Light Guide

LSO ACCEL
25 mm deep
external Light Guide

Fg. 3. Lignt guide within the crystal

Fg. 4. Comparison of detectable angle between 2D(Lt)
and 3D(RY)

=71 A3lEh 1 o] 8= PET scannerolA AST%=(S)
o] FEFE miAl= Q4SO AN & 5

&, 1-ring HE719 ZFRolAl, kE Y= 3L, o=
X919l BARsH(uCi/cm®/sec), a= phantom oA &
A o] WA g, n= AE71MH(packing ratio)
e HE HAEEE, he FEOE 78T sliced] F
7|, d¥ phantom?®Z, 181 DX detector ring?] &
7Zolgta & wj PET system®] Zt=+
oanh’d?
D

S =k (counts/sec - xCi/cm®)

2 BAE S Ao, oo PEE BE ringd] B
711 d-sslior dok. 12 270 o3 ring HE719

AE7)19F Qe A0l m=t AEEE Aok 3
271w} e s gadwe] Hols WAE:
AlbA-g Z31SE HiAs-e] BRRA|lG=E(random count
rate}(Cr)2, 1709} ringdE7|o|A] Al4E(single count
rate)2 Cs, BAIAIG BAME © 281 & A&7 5
of tig S A AEsle A&7 vlE 2

31 g,

Cr = 1fCs (counts/sec - xCi/cm’)

2 FAEY, G slice W9 Baksol &Js) 7k,
I EE slice 99 WAbsS Ao A% A&7
Z9H(septa)yZ A5t HIEAEQO] HAIGHES o
A7le tloR o)gE|E Fit}t K714 f= FHAKAY
A& d, 2331 detector ring?] 73L& DE Jihy,

f = (2/m)sin ' (d/D) 2 FA|HT},

el 4 @), @), @)olMst 2ol HE7lolA A
AZL Ae) WK, oFdAte] 4WEALE, HE7)
o) wiggeet 2 27, ring®) AT ring®) 4 2w
nael 27 o) adlel olsto] Warg wow =3
A Age Aol 71k BE10) o) et W
sge o 4 Ag?.

Aol gigt BFEAE Uehjs

ZHstandard deviation : SD)+=

AsAe E2H

|52 Wby Ag nol BE 48 WAL Yaslel 2
=8 FAE 5 Stk

A&7 ASE= Aradd F27] vigFH, phan
tom Aol ZAutA WEE phantomE FASL Y=
2AoIN Aol Fo, W7 BALAHelement)
o} J2H septal?] FA ) 2%t Ao FEEET ring
B9 gantry Wold Aol A B2 SspEE x
A 5ol A8 FFe T2 Ut

AMGEAL Sl PET E&= PET/CT Ao ©E {27
o] T 1 Al¥E 47)51H Table 29 2t

2DHoll A= septaoll 23t AE=ABIR o @ F9
HIAFsS ARR-SoF 3l scan AJ7bo] Zo}Z| T scattering
ray7} ZHAEE= Yol 9lew, 3D HL Z:=7l 2D b
3 s~6ul7t EokFig. 5 AL Yol PARsHe] o]
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Table 2, ECAT Scanner geometry

Model! Crystal Material Crystal Size Number of Fov Slices
(mm) Detector Blocks {cm)
EXACT HR? BGO 4,05%4,39%X30 288 15,5 63
ECAT ACCEL LSO 6.45%6,45%25 144 16.2 47
EXACT BGO 6.45%6,45%20 144 16,2 47
ART BGO 6.45%6,45%20 66 16,2 47
ECAT ACCHL LSO 4.0%x4,0%20 144 16.2 81
with Hi-REZ
Siemens A&
1
3D
3 2D
/ \ a, 64x64mm b, 40x40mm

Axial Field of View

Fg. 5. Comparison of sensitivity between 2D and 3D

7F&3HL sacn A7 958 o lout AkA Aol
7t BAEE Qlok A=E29] Folof o8 wholer
body scanA] overlappingg 3Do|A o F7isjjob did,
825 A4 o]8F= PET/CT ZX& 3D HEPHS
F& o]gskal it

3. Edli=(Resolution)

A&719 AFAaAHcrystal element)?] 7= E3)
ol IS v Slth gRbHo R olgst SlE
crystal?] F7]= 6,43%6.43mmZ 25 11 0007 A=
oln, THIHSR-E 40X4.0mm=Z 24,3367 A== &
o] T2 FAY FEE HEY £ Utk | ol%
3 Qe 1EHsE AAE 4.2 mmo] FilsS 7L
AP,

Phantom$ ©]83F AA] &S] F7]of w2 FAtel
A Balls-2] AlolE Fig. 694 e Qiok

AEAL] Z7le o7 ¥ Y e ZolE H]
WsHH Fig, 73 2tk

Ag. 6. Comparison of image resolution according to
crystal size

4.0x4.0mm

64 x 64mm

axial transverse sagittal coronal

Fg, 7. Difference of brain image resolution according to
crystal size

Fig. 82 A3Aax 8x8740f 471 FHRSH| P pho-
tomultiplier tube)= 3t block 2.8 WH= Block Detector
o] meFoln, PM Tuber: AFAA T4 LS AFA
2 HIlgllas 92 it} 1B df5(high resolution)
29 A% crystald] Z7|7F 27] diZof 13 %1370 4
B9} 47§2] PM Tube7}t 3 block 22 Ag=lo} ik,
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PET / CT 32]9] 7ok d&aks

Detector Module

Fg. 8. Combination of crystal and PM Tube(Block Detector),

PM tubet 91§9] HAR7|A o] ofste] FaFS TA]
2 AgAAok 311 PM tube?) 5ol 23] 949l
o] B2 JFS ¥A HEz A=EEFTE F9 ¥

WAER] YT 1) Helsolof Tk,

Lo &2

4. Sinogram ¥ EZ3}(normalization)

PET GantryS-&EA|OHUFOV)Y phantom sourceo] ©f
3l HE7|1E 180° FAHAIA 7|ES DataE Fig., 99}
78 Sinogram FACE FAIE = o

E7A3} Sinogram@Ahe EZE3Knormalization) A
& %3to] @A (correction)E 22N FYs P F
A& SAXNAZE 4 Qi Fig. 10014¢k Zo] E5H
Sinogramel|A] Z49] EAeHA Uehd(irregular) #
AE Fig. 110JAe} Zo] wgAAe] sf #53H &
SHnormalization) 3t}

o|aj ﬂ%‘olx}(correction factor)= “ZAscannerd]

We BEAGR/Z A27lel A0l AgEn
BE crystale] thale] FU3t 9534 YU(homogeneous

cylinder phantom source)® ©|g&3ld HF 294
(count) ¥ EZF3} Jltt,

Fig. 12 ¥&3} 27 ftdg ago= yehd Zojy
plane geometric correction®} crystal interference cor-
rectione AZMANMH =M crystal efficiency=

Ag. 9. Aquisition and Sinogram image

Fg. 10, Sinogram and irregularity

correction factors normalized sinogram

sinogram

Fg. 11, Normalization process

%A operator)ol| 23] ARG Fof BF3} QC7F =k

5. 2M 23 (Attenuation correction)

wel Alye 2R ¥ PEsE gopde A
WolH e} Altslo] HuAR AEHDE 4B
gL gopde] AMEEE R, 5Y YR
A Aol S ATEA S ofuA go= ZauAe)
WAt WAl "asit et SeRAwe 2o
PET/CT Aol CTS 0|83 S5RPPUL o18FS
24 AZke BEAE % AT, T A9 A ARl
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Plane Geometric correction
*One per plane
*Circular detector ring
*Light steering slots
*Generated in factory,
needs a single weak rod source

Crystal Interference correction
*One per transaxial crystal
*A block detector effect

Crystal Efficiencies
*One per crystal
*Intrinsic efficiency of the crystal
*Live-time component dependent
on countrate

Fig. 12. Graphical view for Normalization file

P A

Fg. 13. Comparison of AC image and no AC image

sy eefdels, B3 YN Fenoise) 02
Holi Aol o FHEAML) Aol s A B
j ASPIE @k et Slung)®] ofd ol 3
$ FougAel GaelA o] et g A=
olol WAl FLEANUAS AHoF SickFig, 19),
ZAEAe G APYY FFRYS 9 Fa
o 942 olgHrh FHRWPIUL ARHFPIAC)
o ol ANE FHASE HEHE PEB “Ge rod

137 . = .y
Cs point sourced 0]&3}= Transmission

sourcel}
scan 9], 18]3 Emission dataS ©]-&3l= 9y S0
Qom, PET AX|oA= #Ge rod sourced ol 0|83}
71 SR ¥Gel vizl7|7) 270Y0|Ez oF 12~187Y
ojth ALS wASoF sk WMARZol itk PET/CT &
oAz CTE o83t R WHE olgFde=A
scan timesd THEAIZT FAlo| Hr} FUSH ZEAgo]
oTolNEE el A% FAEE Aol o] S8}
A ol-g= ok

AR Hofixl <] #eka]l 2ol G449 artifact
Hlo] E7|= 3tk 53] Xk PETY PET/CT #X|ojlA|

AL

R U M

original scatter

correction

Fg. 14, Scattering correction image

a. uncorrected b. corrected

Fg. 15, Thoracic lateral PET images

3-D &Il o3l W2 Alebdo] FAlol HEd
AA FH9] B¢ 3-DAEFYH Y3 AEH= datad)
50% olito]l ARPAMY AEolt} Fig, 14004 HUFFH
phantom®| scattering @4 digt ARFRATO] FAt
< Hlag 5 ok

15 ¥59 armE oFfE T AAOA AL
Zd(lateral view). 2.2 7]E3F PETHAIe|H, Fig,
HEF FAAE(total detection data) Fof Ab
4T AHE U & At QA Bl weh
Alke] E3-80] 80%°) Eohe FET o] olof gt
HAL o] AL B8 Wits EX Aeof dhgt
BFHELE fitte] A os AR ot jivh

Fig.

S BH=
5] =2

16014
4o]
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PET/CT ‘329 ot Faakd

147 T ' '

: ]

12| ]
. Total ]
N Scatter 1 ]

L] S S A Scatter 4 B

Average Net Trues / Bin

J—
100
Bin Number

Fg. 16, Distribution of measured data in thoracic lateral
view

a, Fiter back projection b. hterative reconstruction

Rg. 17, Kinds of image reconstruction methode

a, FBP(Hann filter, 0. 8Nyquist) b, OS-BEM(8-subset, 4iteration)
Fig. 18, FBP and Attenuation weighted OS-EM image

6. &9 MAM(image reconstruction)

AR RE o BESel HSI datal UsKe
S 471 Sistel o2 719 parameterEE FAH
8H4 algorithme 83t W Eo] o]&=x i} o
B H(filterback projection), =X}LAPH(Iterative
Reconstruction), Fourier @ 5& FZ o]&slo A
T4 AR (rig. 17).

Iterative reconstruction B £ OS(ordered subset)
—EM(expectation maximation)s}o] o] o]2=1 9}
3. 2 olgE W Afcount) FHoIM S/N )7k &
i, w2 AFggalse artifact% FaAd 5 glon
=4 2Rl et kA 5= & 4 9k Fig 189014
AHAEFGYHE olg3t FAHa)T OS-EMPHE olg
T A4 B3 0)E viwsict,

FBPollA WEeRd streak artifact”} OS—-EMHEMHQ o
ZgollA Yep ] gtk

PET/CT Ao H= & 4L M fusion)A7]7] ¢
&t CTYHETRAM-E PETIR(HEAM Y =7)9)
WS matrixz} FAFE] oJsle] AFoz AL
a3 CTYHELAMNS 74 pixelol A ZefAlS: Zhe
2 A& PETEEE ATF81aA A= Ry
o o]gHt F o] FAHCTY PET)S A 7l=do)
Ao} A FFE st mRE o9 7kx)e] a4glo)
Ao’ AEstEE JaRme 5T Mg o
< LHE o]EF Ae] 1 u|o] BEH IS AR
o] "agk alo] Hdt1 HEh

=

m 2 =

FZof EFFolZ PET/CT AFX|olAE 110/130 Kvo
CTZ BHAME 3t ZHRAFS gozn EaAg A
7He 1089] 1 ollz ggiu} E3F 3p¥Ale R Zhuba
= AsTe=N F288S 958 B9t 12w 3%
A2 AREEE LSO(40 nsec):= BGO(300 nsec) et} A%
AAZIo] Fal Y A ELo] &l o9} e Hu)9)
AR gt A= ALEx T Qo

AA 9 H5Z |AE| S8t S(TAMADE A3
A QCE AlFsteiop 3he CT @ PET Ao tigh v
Ex 713U QC programe] Qlsf &4 UA4F mshA
< [FABlodolt gt} PET/CT ARjolldi: CTof olst
AR Aot AEage) ot © ag=e B
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Gamma Ray Detection Processing in PET/CT scanner

Soung-Ock Park - 1)Sung-Min Ahn

Dept. of Radiological Technology, Dongnam health college
UDept. of Radiological Science, Gachon Univ. of medicine and Science

The PET/CT scanner is an evolution in image technology. The two modalities are complementary with
CT and PET images. The PET scan images are well known as low resolution anatomic landmak, but such
problems may help with interpretation detailed anatomic framework such as that provided by CT scan.
PET/CT offers some advantages-improved lesion localization and identification, more accurate tumor
staging. etc. Conventional PET employs tranmission scan require around 4 min./bed position and 30 min,
for whole body scan, But PET/CT scanner can reduced by 50% in whole body scan, Especially nowadays
PET scanner LSO scintillator-based from BGO without septa and operate in 3-D acquisition mode with
multidetectors CT.

PET/CT scanner fusion problems solved through hardware rather than software. Such device provides
with the capability to acquire accurately aligned anatomic and functional images from single scan,

It is very important to effective detection from gamma ray source in PETdetector. And can be offer
high quality diagnostic images, So we have study about detection processing of PET detector and high

quality imaging process.

Key Words : anatomical landmark, image reconstruction
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