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TABLE [ BASIC CHARACTARISTICS OF THE DOI-PET SCANNER

Crystal material

Crystal size

Total crystal length
Number of crystals

DOI capability

Number of rings

Ring diameter

Maximum transaxial FOV
Axial FOV

Coincidence time window
Energy resolution

Default energy window

Crystal identification

Upper: GSO (1.5mol%:Ce)
Lower: GSO (0.5mol%:Ce)
245 x 5.1 x 15 mm’

30 mm

9 x 10 x 2 (per detector)

2

50

66.4 cm

60 cm

26 cm

10 ns

20 %

400-700 keV

Maximum energy

2AEFEAN LT SO BAER X4, Field-of-view (FOV) ODHLMCEEET A, NECR 1ZRATERI N

Do

T2
NECR=———— 1)
T+S+k-R

T TIFEORRFEECR, S ITRELRIRFHEER, R IMBRFEIRFFHECR, kIIHEmRNICBIT 57
7Y RLADEERTHY | S/NICHE LRWEEBERGHEMET S, =3V X—T 4 FUZIRT
ToBE, BELRIREFHERIZ L > T 7 7 v F A& AEY) 5 720 Line—of—response (LOR) 23E N3 %728, S/N
IZH 5 L WHGELIRIRE A T E T D 72D FOV 2 7 7 > b AERICHIR L=,

3. #R
70cm ME 77 FADY I 2l —2 g ko THONT-HRERILAVELDOZ RLF— A~
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7 MVvEK 3ITRT, HREBELITEIC BE
TR &AL, FE Tl HEsEGEL & RIFRE £
TEBTETWALZ ERNGND, o, =%
X —17 ¢ K7L 400-700 keV TH 503,
EJE® Lower Level Discriminator (LLD) %
L VEDICERELEIEI BNEW I &R HEH S
o, - T, AFaTIE EEO LLD 1% 440 keV
L L7,

4T LLD 2B LIZBEOEL.7 7 7 v =

v (SF) # - 9, F 7= . Upper Level

Discriminator (ULD) !X 700 keV T—E & L7=,
77 v hAD Activity (X 150 MBq & L7z, DEEWJEIZHWTiE L@ LLD 1% 440 keV IZ[EE L Ng D
LLD OHZEE L TW5D, fERIETLLD ZJA1F % & SF BNAHICHE KL TLE I A, EEO LLD ZHlR
LTRD & SFOMMENRVIMZ DT ENTE D,

512 LLD #Z58 L7=BRD NECR 27”9, 77 > b AD Activity (XX 4 & [AERIZ 150 MBq & L7,
PERETIIBELRIFE S 2 D % G- 8 K& < LLD & FiF 51224 C NECR AMEJ L T\ 5, —J7, DEEW %
IZBWTIZLLD & FIF721E 9 23 E WV NECR 215 540 TE YD . FFEIZ 200 keV L FOFEREW, TEO

LLD X "I REZ2 R 0 K <

70
60 . h"—f._n_l_l
.
O,
__ 50 'I'—'*'L:.—.,.
g o,
w oy
@ 40 | . o,
®es0e,, :'.C
....'IQ
30 ® DEEW -
o Conventional
20 L 1 1 L 1
0 100 200 300 400
LLD (keV)

500

Counts

Fig. 4 SF with different LLDs of the DEEW and the

conventional energy window methods.
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i
300 400
Energy (keV)

Fig. 3 Energy spectra with/without patient scatter (PS).

B L12IE ) S RVEHAA L 55,

200
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125 L

0

L7

.
®%ess,
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....“.‘.N.t"”:_'.-..l

u]
o

- ) iy
.Iu':"
I
e DEEW
o Conventional
200 300 400 500
LLD (keV)

Fig. 5 NECR with different LLDs of the DEEW and the
conventional energy window methods.

6 |ZHERYE & DEEW ¥EI12 X % NECR itz k9, DEEW {EO =R /NLF—17 ¢ > K 71% 440-700 keV
(R | 100-700 keV (FjE) ToH D, HEWINGHRD HZFH T H0ERETD E—27 NECR 135K
180 keps Thh o7z, F7/o, THEEEEO LLD 38T 100 keV (2 L7235 D B — 27 NECR [3#4Y 95 keps
TH Y., 400-700 keV & T2 W AKHLL TV 5, —J5, DEEW 5 TO B —2 NECR 134J 215 keps &
PERIENT R TS EN L S 7=, DEEW 512 K D NECR OMERZ K 71277, (BIE RO BN
D7 e BT, Activity AMEWE E NECR DEEN R FE,
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300 ©  100-700keV (DEEW) . 130
= 400-700keV (Conventional)
250 |- 100-700keV (Conventional) [ 125 |y
o o o =z Pe®
—~ 200 | S © o € qo[..° d
§ o . [ ] ] ™ ™ %
= 150 od Ml z 115 .. .
= I = I e - :
O o o b
% o E .
100 |- E 110 |-... !
- E
50 | g : 105
i
om - 100 i -
0 5 10 15 20 0 5 10 15 20
Activity (kBg/ml) Activity (kBg/ml)
Fig. 6 NECR curves with three energy windows. Fig. 7 Improved NECRs of the DEEW method.

RIZNWLDONPDT I ab—2a R TA=F B2 DO NECR OZE{LZRT, 772 FAD
Activity 1T 150 MBq & L7z, K8 IZv v FL—4¥7 v /7 OEKEIE30 m OEET, EEgr UL
— X DR X ZEE LIZEO NECR DEE 7~ DEEW I K D FERIZ EEO Y v F L — 2 DR 03 15
mm THHEWVNECR 2R L72, M 9127 7 b AEREZ X T2BRD NECR D BE=R (TEkiE 400-700 keV
LLER) AR d, DEEWVEIXZ T 7 v R AV A XIZHEVIRFEET, 77 FAEREN 6 cm KL F T3
NX—T ¢ v R0 & BT T2 0EkIE L Wil L T\ 5,

250 = 150 .
o 400-700keV (Conventional)
* 100-700keV (DEEW) 125
=2 * * B 8 g 0 5 8 8 @ P PSP §
S
o : s 100 1
g TP LR Ly N & !
= .* * .. g 75 o
5 :JL:I:r-':m—;L'E;L:|_-::l'.l.:H;—_:'Jf:u:.'J:u._:J:_; '§ ol
g <] -
150 a 50 o
L] E O [
. - = B
i 25 O 100-700keV (Conventional)
* 100-700keV (DEEW)
100 L 1 | | | 1 0L L 1 1 1 | |
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35
Crystal Length of Upper Layer (mm) Phantom Diameter (cm)
Fig. 8 NECRs of the DEEW and the conventional energy Fig. 9 Improved NECRs of the DEEW and the conventional
window methods for different crystal lengths of the upper layer. energy window methods for different phantom diameters.

Total crystal length is fixed at 30 mm.

4. BER

425y il DOI-PET 34 {& 285 L7232 2 = L—3 3 /5 DEEW #£12 & > T NECR 28 10~25%1F Ltk #E T
& D FREME A R L7z, T2k, DOI-PET L@ A HARIRIC & - T MAZ BT 5 2 & TRk A @i
T D HER R TH -7, DEEW EEZ AT =R VX —0 0 > RUEIRT 5 2 & Tl % Ek
FEALZ R TE 5, a7 N U BELERIOEE RN TG U Ol S BB K OWERAFE D VN < B 2
FIELTWVD ZENRTREND, FEFED LLD OREIL N6 O HERDFEARNERE & OIRNDAEWNITRD
LEZOND, EEARTIZ2E DL MM E CIcy I aLb—a U aITo 720, KV ZJE7 Dol f
HERIZ BV TR LLD Z BEPERIIC T TV Z LDV ATRE N S AR WY,

DEEW {£(Z & %5 NECR B DN RITIEE ORI KR E S HBIND EBAOND, ENHRTFEFR SO
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W F L= E a7 b UHELOMERDE < . ESRBELORENRREWEF R D, 2, v
FL—FDRIBEERNRNTA—ZLEZOND, FEOY U TFL—2 %2k THIEE Y2 O
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9. E7z, DEEW EIXEH AIeER Z — 7y FHIREIND LEZX BN D, BHRD X 51T/ NELEE I
BOTITEELIRDS T2 D72 D M = V¥ —17 ¢ RO & KT 721E 5 2380 NECR 215515
TN S D,

5. £&H

ARG CIIHR B BEL 2R L >R & EiL 2 ST 572012 f v ¥ —7 0 KU % DOI M
BDOREZ L IHET A HEAZER L, 2 M DOI-PET EE AR L~ I 2L — a U b AFE
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(8) PET EE % & RENHIE
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AEERA: - SR A

B L7- PET @2 tHE LTRBMTE 297 —~ & LT, TEEME) & HAERE) &vw)H
DD MYy 7 AZHEDITRVMHA TS, PERIOMESITTHER L LUK, @7 —<Icon Tk
[FF e D) 21570 3 B EBRCMENT 2 D TN D03, REBFEREE WS Z LT, Z 2T
IRAERAEFRET DO, AiEl & FERRHINCE D 5 2 L1275,

A. PET EEt (REFHE & E = M4EFE)

PET 251 O FARHI LR & U COREZ T3 2 575 L UTIEMRE 7 7 > b AR 2 A
LHEPBIEINTWD, BIETIE, 77 2 M ABRIZE DWW - BELOREEE 5 A TE R FREE D3 R
oD, BETIE, TAIWNEOREZZRE L L, SMEFHEIC X0 RIUATE LS5 ORE S HEE
SND 1], T O EEFMIIEEDRERELZ T U MK VAR FETH Y . EEBRH
MRS D E BV ARG T 5 FIETIE Ry, —F, EEE (EERERE) OFMBicW T, B
BRIRENBEH (2 —A—2X0 oo 2 THE) O—fkME 7 7o M A, FE-RRAR T 7 o~
KA, EABEREAEAT 7 A, AMETZ 7 b AREBHAVWLND, ZhbFEIX, WHEICK 5
BL - WU D Zh R, HGEL « WA IE DM ERGEE | B B S ROE DREIEZR & %2 5 D T2 A 1 E &M O R
Thd, ZOEIITHLHTT, Fexld, PET ZEE O R E Sl E RS B A 2408 O [ A K & LR
T 5 FEE LT, RURBRIRZ W e, IR » BUELO 8% 52 1T 72 WO R « B REmE A fEt L Tun
%,

KR DB RE AT kT 2 B IR E R 2 R D 72D
L. 9. BEYA XX TELETFhSL LY, £0W)

BIZ L DI - BELORBEZIMFHEIC LV RET D720,
WELME DR S Z A &3 2 BABRIZ IRV N ER IR (B X

(1) BMFE LAY, BLEEC IR N T BA 00 B 2 B 1) i ne
MR £ X5 2820 L, 48 (F) 05 B
EFED TRUE LI MBI A W7 2 R ERE R T
bbb, WL L TIIIEEE D BF Z VTV DA, BEHRR
MEVERUTHY CERINELSFRY b Lo UREN
*Na 28 1 DO T Do MRBRE S EOHMITED LD
TR ST WD £ D & PET 2EECF = U —
A—=H TNV I THELEGEIZE D RD DN, i
BHKIFMEIZ Y 9 e 8 BV T AR Y a2 b— g VIEIC
Ko THHRDUENRD D, RBAMET —~ X . FHI A, |
AR & A PERITF OVERE e 2 Bl B A L RIpFZEE & LT | )
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B. AB)HIE (CEERBNEFHIE)

RS DIRER R & O ERG DK PET M@ O LM FRED M g & BES R T O
BREBE 23 - i ET 2 =— XN RELHERIT T TH D, IEFED PET O KITRH DR ALK %
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HEEEZRE T D AR—ANRBE LN TND, £
T, EOREEEOALTH X ZEHHITE S
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“hE T, HHBEOR B, St~ —h DT
YA VB BE BRI (H) e E2ED TE 72D T,
WEWE GPET-D4 ~DRIEDEETH 5,

(2) jPET-D4 (IMIZIH A 272\ VF5ER 72 PET 2B CTH D720
ET LI ZLIHUERICRNTATTRLEELEEZLN
Do Flo, HREE X ZPRD THEROMSE., A (T) |
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[1] D.L.Bailey et al., “A method for calibrating three-dimensional positron emission tomography without
scatter correction”, Eur J Nucl Med 24:660-664 1997

[2] T.Yamaya et al., private communication
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(4) OpenPET MIRZE

A2
HEBRE SR EWIIEAT « BFA A=V TWoEE & —

1. [XL®HIC

T D PET #4i& (13, Fig. 1(@) TR & 91T b x/RICHIER 25 ICEE LT, MR ATRb bk
BEREZEmDTVDLN, BV RVROBER— ML, BETOREOLHEHMA ML A EZED S &
WIZEE~DT T OEFEICL D, TR L THA I, Fig. 1MW ITRT X, KEhTmic 2 5%
L7-fthas V) o 7 28 L CRCE L. DERRICBR L ST BRI (F— 7 2 A—R) &7 2 574
DA —7 > PET #E{E”0penPET” 24242 L7=[11[2], OpenPET ®AA > M, 3K ITE— FPET F— & DT
RYEICEIR L, BRET DMt Y o 7 O FRIREGHE0R (LOR) TREBIFHR A - CEGHMER T L 25

@~ @y

“PET FOV 1&<JL— Open space

(a) Conventional PET geometry (b) Open PET geometry (¢) Dual-head PET (conventional)

12— Therapy area

(d) Openl PET for in-beam PET (e} Open PET for PET/CT
Fig. 1 An OpenPET geometry (b) and its applications for in—beam PET (d) and simultaneous PET/CT
(e). A conventional PET geometry (a) and a dual-head PET geometry which has been proposed for

in-beam PET (c) are also shown.

2. OpenPET »FRAM

=T AR AL, JRIRAR— AR XM CT EEOREL T L L UENTE, R HaRE=4 Y
T DI=® D in-beam PET RF LWL T EX U T 4 FEE~OISHABHIFES LD,

TR AR TR L DR RRIAIE L, B MR~ ORBEM ) M2 T, UK > THET
X DI ETH D, BENT, BIRRE L7z X CT B2 B S TR IS 3R S Uiz TR aH
IZHE-> T, BE—20OFMCMEZFEICHBE L TIT 5, Lo LBURIE, TREEHEE Y O BKE 23 TTbh
TemE DD EEMEICHERT A2 Z 1T L, b LEFMET LR E CTRERRA TN TLES2E LT
b, ENEBRNT DI LIRS TIERY, Ko T, K #BHEZ ) 7L XA DIBELSE=X—
FTHHENILEESNTE T, On-line PET (X, BEOK F-HRBHEZ ) TILH A AMIE=H —TE5HT]
HEMED B DME— DIk L &5 (3], ZHUE, PET HHIZ 5T 50 TiER<, B —AMREIC L5 AS
RERBR B SORE BIRZ R RS 70> & A2 C D IR RO % PET OB A W Tt 32 ik Th 5, 1M
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B DR AEALE DS, S B — L O &S & SRVHBITEZ FF o720 IRIEE=X — R ARETH D
EHI SN TTWA, L L, BWEEHoOMBEICINZ T, BEEZETE L RO SMICHEEE=
B —FHNBENGH D Z LD, IRRIBEEEE & PRT EWENEE Y R2a4 28" e E Ly, PET
REOEMEL LT

® PET RN E—ADRKRKLEFH LN &,

® MEEETHDZ L GRAET DM EGAR PET @ 1/1000~1/100 FLHE L& TH D79 [4])
D2ONZETHNDN, FEEZ & DD T2DITITREIR 2 BITIR BLE L CYAA Z BT LE R H 5
e, MBEBLZMNLT 52 EIFRETH D, LIT7EE LT, R4 GSI WFZEpT & [END A o Z — K
e Cld, R >~ B A Z R PET ## % V72 on—line PET 23817 L T 523 [5] [6], JEE A3t
ICARRT D &V BTER R R EITHET Gy, RA YO Vv—7 1%, Fig. 1(IZrRT X7
dual-head PET 3B A HER L, FHEHWI I 21— a3 VX DI IToTWAN, 2V v MZkoT
G FAERR I L ERIERNRET D0, 7T—T 4777 bOFREREHINL TS 6], Tk L
T OpenPET [Z, Fig. 1(D)ITRT X, A—F v A=A BEE— L2 T LIk T, Eito
2%#%ﬁk¢7~%4777b7u~@mm%m%Tﬁ%ﬁT%5&%ﬁém5 B2, 360 FERR MK
INTEA =T AR=21F, BEMCHEFROEERT >~ U BB EEE [7T]IZHE LT 5,

— 5T, HEROPET/CT 4@ 1%, BT PET4E{E & XM CT 240 4 (KMl /5 [T~ 72415 T 5 72, PET
O & XHRCT OEEF I em BN TER Y | R 2FRICHE T 5 2 &N TE RV, TR L
T. OpenPET # AV VIUIE, A —T7 v A_R— R XH CT B A A DESD Z LIc k- T, PETHEBEOR
BOHIZXHRCT ORI ZHRE T 22 LN TE L LR F—REZNZ R —EAL 4 B9 % PET/CT
HEENEBTE D (Fig. 1(e)) o

3. Fi&

Fig. 212, 2 VU IS T HX vy v 725808 U L/ D PET 2E&E %25l & LT, OpenPET [E{% FF4# Ak
DFERZRT, 3IWILE— FPET 7 —Z OIURMICEIR L, BfFET 28D » 7o LOR TXRIEIEHR
o CEBHERT 5, Zhicd>T, 360° Bk Sz A—7 0 A= R &G e (il 5 A AE K X
NI 2 BT 2 Z LN TE D,

WIZ, TP RDN G, =T AXN—=ZDHIRIZONTELET 5, Fig. 312, BEED, & W
@20@1%&%~%@Gﬁﬁ%bf@%bkmmﬂm%Iﬁ?éo:m;@ GOW DL E, BT
IR 7 MRS 0 D 2 ey inDd, o, HBEROR/MED X v v 7 G ORFRIZ, ITOX
9 j’zéh‘éo
DW
G+W)
Lo T, HEFEED Dy UL EOEENT ISERE L -1 2 o7 00X v v 7 G D&M, LT E R
D

D'=

(1)

—_

G < min W,%—W (2)
Dy

OpenPET B PR REIL, MENTAOICIIARERME Th 523, AAFFECIE, BUGE U m 5 i AT
%%ﬁmﬁé:&miof\ﬁ—fyx&—z@@@m%ﬁ@koE%%_ X, BAESA PET AR
JPET-D4” [S8]HIZEA%E L7= 3D 0S-EM ¥5% OpenPET HIZE B L7z, ATIEE, BHROEMEET AL
ko THESEZX L — T HREMOKREZ HO D VAT A~ M 7 A% FREET L 2 LT X
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ST, WG R & BAET 5 (8], OpenPET [ZEM T 5124720, ¥x v 72 2L SR E R
T DI, FTREORUVKETT A RVMRAE R N U 7D PET ED TV AT L~ MY 7 A
ZEAEIA L, KBS U~ A R = w2V AT A~ b 7 2@+ 5 A FE LT,

0 (when the i—th LOR is missing by the gap)

w; = (3)

1 (else).
2HBD Ny v 7O PET %8 % N U v 7372 8L CRAE L7236, i B O LR 2T 5 7
T r. mEA YT v I AL LI AT RF =2 wew(r, n)DOB % Fig. 412737,

Gap
- >
1| 2|3|4§5| sl?| s|

Axial
—

Detector | 1 2| 3| 4: 8] 6[ 7 &
.......... fing; ;
+7 +6 +5 +4 +3 +2 +1 D Ring difference
s |o|owl |0 ae{:‘
IR =1 1 BV 1 A
o6 [mlolel Tdels]el .
b I I I O i e el i,
g e I O O D s D
gl S5 X S i
53 |ololold].lela]e]l
2 |o]ole] T<]o]e]s ]
1 @lalel L lelele
o : : 1 2.3 45 6 78
C d . p
@ oincidence nng pair th\eC‘t‘O[ fing
|:| Missing ring pair

Fig. 2 An example of Michelogram for an OpenPET geometry of 8 rings with a gap equivalent to

2 missing rings.

E e 5 E(_‘;E
[ 1], (M0 [T,
i D’
D
D D D o
" "<
" 1 IR
+—> R g “+ >
I W W I
(a) G=I (byG=mw

Fig. 3 Geometrical analysis of the possible range of the gap G for the OpenPET geometry of two
detector rings of diameter D and axial length W. D’ is the minimum diameter of FOV.
4. FTEHI I L—P 3V

Fig. 5(a)lZR"T & 912, EfIR PET 2£& Td 52— A A4E ECAT EXACT HR+ (D=827.0 mm, W=153.6
mm) % 2 5 A2 open dual HRVZ{FHE L72, X v 7 1E. 0 0 HRASE W aEBZ T 2w £ THRE L,
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K AFXyF—I%, 4.1 mm (transaxial) x 4.4 mm (axial) x 30.0 mm (depth) ® BGO #&d&h % 8x8 IZHELS
Liz7my 7tz LR 128,470 v 7 ) 0 VE LTI Z R0, T 72 b bt U o 7 8L Ny=32
Th b,

Fig. 6 X, (DRUHESE, F/MIBFEREZFX ¥y~ G OMELTTry FLELDOTHD, K
il 7 ) Ee L 72 RS DA RS G=W 2B W T, B/ MREFERIE 413.5 mn (ZHIR S5,
2W DIRKRF¥ % v 7 (ffh Y v VB Npa=64) %322 b— b3 572012, X v v 7 D720 N=128
fEmY T D¥EEE I 2L — LT, RZBAYA X 2.4 m’® & L7, 2 5D mashing (B A
BOH) Z#A L, S OICHEBFERE 268.8m IZRET H &, HET —Z OWItEix, 120 bins x 144
views x 128% ring pairs £725, VAT AV hU 7 AP A RE 1 K 434 T 3,400, 110GB |2 72
THMN, BErEEORRSE (x 0.00162), 90 EXHRME (x 1/2) B XOMEE MO > 7 MME(x 1/128) &
M3 5E, 21.56B ICETHEMIND, HET —FIX, VAT Lv N 7 AT DA L > TEK
v, WSO RREL OB BT AR L 7=,

D728 Crespo & [B]IZ L o> TREI NV A A FVIZR BV Fig. 1(c) 127”7 & 5 72 dual-head
PET 257 (opening angle=45" ) I a L — kL7, 22T, AV DHEMETEMIRIEREICR D X
912, dual-head PET #E&E X85 U 7 & L7,

FP REREMEAG SO0, B omn OB T 7 o b am gl (KD 1o TAF v LT
Bl T =2, ~AIRE = ZEHA LTcth, BT MROESEEZ 7 ey M LTz, Fv v 7id
G=0.0 mm, 76.8 mm, 153.6 mm, 230.4 mm 33K T¥307.2 mm & L7=,

WIZ, OpenPET DA A — v 7 PEREZ R T T2012, Fig. 5MITRT L 972, B4 Omm D7 hot” A
Ry b 63 HET” warm” FfE 7 7> hAZ I a2l —hL7e, 2 F T A MEE 51 THDH, T L
T, /A RT7 ) —OFET—XIZ, TNFI G=0.0 mm, 76.8 mm, 153.6 mm, 230.4 mm 33 XN 307.2 mm

WS T A~ A7 N Z — 2w L=, 3D 0S-EM 541, 8 subsets, 20 iterations & L7~
11=153.6 mm 1=153.6 mm

— e

1liiil

230.0 mm

827.0 mm

614.4 mm

L
(6)

Fig. 5 The simulated OpenPET scanner (a) and the simulated cylinder phantom (b). Each scanner

of the OpenPET has similar dimensions to the HR+ (32 crystal rings, 153.6 mm axial length).
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Fig. 6 The relation between the gap G and the minimum diameter of FOV D’ for the simulated OpenPET.

Ng is the number of truncated rings which satisfies G=4.8Ng.
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Fig. 7 Sensitivity profile on the scanner central axis for the simulated OpenPET geometry with

a variable gap of G ranging from 0.0 to 307.2 mm.
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Fig. 8 Reconstructed images of the simulated warm cylinder phantom with hot spheres for the
OpenPET (G ranging from 0.0 to 307.2 mm) and the dual-head PET. In addition to sagittal views,
the central slice (slice A) and the off-center slice (slice B) are shown. White dotted lines

represent the boundary of the area where detectors are located.
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Fig. 9 Plots of spatial resolution of the simulated open dual HR+ scanner with 30mm crystal

thickness (a) and 4mm crystal thickness (b).
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RFOMAIZT T <. EOMDERME, BT NFEFOAFE - LR OEF S RE R ->T
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—ZbHELNTEY, INHLDHERLEEBFT L TV BERH DL EEZBNLD,

F 724 B0 EBR TIRRR SR 2 HET 2 402 2T MERBBICA DRI - 1212 DI2AT - TV
25, PET MR HARIC & o TR 0 RB I E B R 2R Th 5, —MXIZ APD ORFEFFEIZ PMT & i L TR
KZNWZ ERIMBITEY . APD Z Wz PET SR & » THRED —>Th 5, wEDICHENIZINT 2
X 2X10mm® O LSO fi k% S8550 D 1 ¥ 7 /b EIC@EWTHl - 723854 OB 45 fEREIL BaF, & O RIFHMR%EL
T 3.0nsec FEELMELNTELTB], 7 ey 7 2H0WEEAEUR NI LEL 2D ERT
BEIND, BEIZITD72< &Y 10nsec LT ORI REEZ R T D MLERH D,

Vo FL—a » PET BHEROMREIC L » Ty v F L— a UIEDINERNR L B ~DLEBN R (&
ThE) DIEFICHERERTH D, BHHIRICHL UIBEOR - THoRMERPE LN TV DD,
A [ L 7= S8550APD TlEy v F L —3 g U DIEENRIZEE b 5 FEF DO RGO IR S 23 s D
PERBICK & < B A 5 2 T\ 5, BUEARKFEIRY NS < B 7 B VRIRO %) — 722t F v kL0 APD 33
TR N—T LR b =7 ZAOQHFERFIEIC L > TRBE R ED T Y [4], ZD L 57 APD Z H
5D ENEAHMEE L0 ENREE O DOT BN AREL 2D LB DD,
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(7) DOI 15#RI< & % TOF-PET #2 2R DEFHE 7 fERED RE

e &I

R E PR GHFTETT « 531 A A=Y v 79 v 2 — /AR RBLS

1. #E

PET 12851 % depth-of-interaction (DOI)F&HIZHIZ. HLEFILRRHEL > & OTHIBBE BRI HER 6 L TR
(AT B B4 U AN EIE R DL, Wb D parallax error 24Nl L, tREFPN O 224 2 15—
RO TdH 5 [1-4], BIFETIL, IEEE NSS/MIC X3RICAWVT S, DOI MiH#iE PET MBI D £ % —5
BRCACERIT b Tl Y | RIS, & MEEERH PET(5]. /NEW PET(6, 7], & 2 W XFLBEMREZH PET[8] 2 & D,
EFRGENEOR SN HEEITIINALBEZ LN TWD, &KiTlX, & MEH O DOI-PET #{& & Mgt S v T
%91,

TUFL—va UVIRIHEHCET 2 DOL RO G LRI, KENICIEYICHETE D, fih il
725781, Anger—logic & MRIEAL 2 HLEBEIEICH-SE 3 oL ORGERALS & 2 RIT D IERER IS+ 2 ik
T, EFICER IO EHRE BT 272D F M LA S 5, BARRICIE, IR
DAY » N ERFSAALTZY [8,10], MBI EA (11, 12] 23R (131 2FA LD, HD VL ET
Dtz OIS 5 L CRE (stagger layout) [14]19°5 2 & T, SOEHRE 264 5, H_0
SR, Wb D phoswich ThH V| FFHE (FITHEOEHEM) ODRRDIEE DL o F L —F ik & EEH
ICELE L Ol 7 e v 7 2R L, ARES OEWEZ R LT DOI Z2¥314 5, #ixiE, LSO, GSO, BGO
O =FEFORKE S ZFIH L7z =8 DOI fritiga (16150, WIS Hu7z Ce® DIREEAY 0. 25 mol%, 0. 50mol%, 1.5mol%
EENENIR D RO GSO K52 FH L2 =8 DOL R [16]1 M R STV 5, B0 T, =k
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EWnote, FEARBRFEZANDZ L ERKHHET S, ZNLIFHBNRFESO/NS 2 THE RS, #
Wt a7 "= OIERERMEV, ZOREEZAENL T, Yo F L—FfEiEo L (W) [17]<00
m18], AW T LJE L TROMMEOM[19]ICRET 5 Z & T, ZRTiIRIEIE 2 #EET D,
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I D 10%LL Lo @kl s & A [RIRFIZ AT 5 X< 4 8 DOT & a2 #453fk U 7= B PET 255& 23K
EL. JPET®-D4 &4 L72[20,21], 4 J& DOI OFRIIL, Anger—logic & phoswich OFFfHIC L W EH L=
[22], EAE, BT LW ORES R S i, BEOHFE O T 4 BOFRBNRFIRE & 72> 7223, 24], W+
MAEEKE L CEBEOAHEZR O, EEOEERMEICAN THD, Fio. M ORFRISEN —HE T
DR, RO MEEE 1B5RT 2 time—of—flight (TOF)%! PET MBI L T\ 5,

TOF-PET Cid, THBHIHRORI TR 212 X W R L 7= line-of-response (LOR) 2ME1F# & L CTIUE S
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B LT 20 et () EPLEN5 (28], FIEHZBRRIOMREE ¢ \SIELBIT 272, BRI fRAE DX
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|
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flight at decreased speed of ¢/n

with zigzag paths

B 1 : TOF @EDFIKA. ~ (n: refractive index) YFU=ZfERmTIcEIT 5,

WL v FL— a VIEDIRERE DEW,

\—YJ\——————————————\_,-—}
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Depth of Interaction (DO}

2. =B

BERIT, Fex D 4 & DOL # HARIZ IS T, TOF fRZEZ E&AHTT 2 72 DIk L7z,

ZEHTIE, BRRSEEE IS BRI BT v o kLD PMT (GRRA AR = 7 248 H3378-51 1) % 2 AV /-,
WEZPNT O % o 7l FKELE (-3, 000V) OFUMKHC, BEERA 2. 5X10°, 25 EA3 Y BEM 23 0. 7 ns,
transit time spread 7% 0.37 ns TH 5D, HHD PMT IZIZHFEO BaF, (EAL12.7 mm, JEX 5 mm) Z##H
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|
e 8
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= T I OO O TN I I () or (A)
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X 2 : fEHEER 7R 4 )2 DOT M tHBs OAERL. LYSO o F L —H L HIRA I —DOlHE.
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7RE) IRRBTCRRRE S ND EE L, Mgtz I L7z TOF-PET A 4 J& DOL fitias 4> I 2 L — F LT
Wb, I TREMIIARDOEE Z LI L TN, 2 OFFESRE D RAEIC RET AL & O TRt
T 50, EEORKR T v v 7 EEERICEE STV 5 (23, 24], WiRHEEO R, *Na s & %iE
L7,

WipGAs b OGS 1L, RS EZ N &7, BE#ET VXA r 2 a—7 (Tektronix #8¢ TDS5104 7Y,
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VENF TR AD—=T O N Y HHRER) L TR REFE L, 200 A XU MR AEY —ICERMIND
I27—% % PC (Windows XP) ~HEE&EN DL HIT, PC METVH VA YR Aa—T 2L, 7al/T
220 National Instruments #1810 LabVIEW (ver. 8.5) & 7=,

F LN D ORFZIER O EIL, — %87 CFD & 5 L C Pt O EE TIT- 72030, 31, 32], X3
(TSR DAL Z 7~ RIS, ERIET —# (a) ZHRA SV RS%E (FIR) 7 4 V2 THERILL
7z (b) o 74 NVZDRIUZL,

n—1
Yi= thxi—k
=0

THhY. xBAN y BT hIET 4V Z ORIET, 2 2Tl (hyo by, hyohy) =(1,2,2,1) & Lz, FiEIC &
DIRTEDSLH BN BRITE < 2o 7223, @RI A OB L > TR MBI A EICSRE L, &
W7 4 VEE L ERY NS ZETIRTFT5S/NE, /A XHBIZ K VRS D S/NOERR AT
ATWRE D, AR TIET 4V F ORGEGITITO T BONDRE DM EDENBLER S D Z iR B
IBRATE, WIZ, IR b LIz E A7 74 VBT L (c) o Wil L7zl % CFD B L. zero
cross M D ERENET DA ZRE LT (d) o CPD D /RT A —2 X, FBIERFFE ML S 0.9 ns,
constant fraction 73 BaF, D% LTIk 25%, LYSO (Zxf L CTIiE 10%& L7z,

~ BaF,

(a) ) e .......... el LYSO

e =

-,
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3 T IOXIEIEMENT OFEAL. CFD zero cross AADRD 7.
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K4 (a) 1T, Y% AT A TTOHEE L TR BaF, & BaF, OFIFFEHEORZIZED 5 Th 5,
2y ME 10 ps MM T2, A OIRIE, lE 207. 5 ps OF 7 AR (EFAE) CTRLEEITE 2,
ZONAENE (i= BERIOMRAE) (X, HEEESIAEINET S u s Y a— L CRIETAMERETHDL I L
DD, ME% T AT AL TOF-PET R HI2R O FEREAFJEIZ 43 7 ERE T 5 Z L R & LTz,

B4 (b) I%. BaF, & LYSO D[FRFFHEDRZNZED A T L, MeE— D LYSO ftidhiT 1 @ H (s iARm) (<
BENL MMORERIRTHRETHD, DFEV, BRiESN/ER 72y 7 OMIEZK20O[AB C D ]JTh
Do ORI, FLREZIAY 1401.5 ps THAEIFAS 356.2 ps DA U AR TR TP TE 7, LLITFIE
FEEC, B4 (c, d, e) %, ThFNA BC D JT2/@A%Z, [A” B CcD ]JT3 EHEZ, kO
(A"’ B C DIT4EEEZHEL, WURBEBTRNART 1 vT 4 v 7 LIERERTH D, WHAE (HLEF
ZECEER) X, FNEhO T T 7ICEEIRZT,

I TCROEESERIL, KBOPLEEOHER E LTSNS TOF #fiEThDH, 20, 1 JBH, 2
JEE. O3 EEOREIZIE, 4 BBICK L TENEI 163.5 ps, 107.6 ps, 78.1 ps 721 BT EOIRIE
MAELTWD, FEIFEBIERHAROVOIX, HBHEERBEA Y v FL—ra VRIZERISATHHD, &
HWCRET DN R VWA THD, HHE cOFFERMICIEAETRITL COLERIND & BRind
OB R L FL 22D,

[ {a} .,""'-.. FWHM=207.5ps |
L BaF, 'k
[ (b) FWHM=3506.2 ps 1
| 1% layer @ 14015 ps (+163.5 ps) //\

E [ {cj FWHM=3479ps 4

S | 2™layer -"\\

3 @ 1345.6ps (+107.6 ps) [
I {d} FWHM=3303ps 4
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X 4 : 4 ORI OBLZED 434G, TOF AN PLREA 0T 7 & LTSN,

I TRNEEEZTNEND LYSO O FLE L, R TONTITZ I mITm - TE FICkt Sh b LK
ETDHE. ANLAKOBHFRIL 1. 47 TH LD, W E v FL—ra UHROBEE (1) el
FLIN9 % TOFRAEIX, 1A L 4/8H DRI T35.3ps &705, ZOfEIE, BEISHIZMELY b4 TR/EW,
Moses HIZ LD &, EHKRD LSO ffidh (3.0 mmx3.0 mmX30.0 mm) THUA S 72 9545 RIL, Kb ot
FERBIIG LT 2. 1RV L 2.9 TH-72[29], FERD L0 KD BREVDIT, AN LETICHHES
NDHTET TR, BEE CRPFHELAZ M 0 K LS B MR ICEIET 2 176, EONDH ER
DEDDIGIRICET G LTS ZEEZERL TS, ZORENOIEHET D L. BIERFHO 5 B 40~65 ps I3,
AR A TR B2 G & O OEHICR D & D Th D, £7o, D E T AHD 65~90 ps ix, Fexr D4
J& DOT HHi&HIZ[E A 70 BB IERF[#] T 5 2B oM & AT e B d & T OEMICIA S LR S
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ZOERHIT, Fex D 4JEDOL AR TIZ, £ DOICFRI MG O 72 O IELERFH] A HlE 3 5 23, DOI 1 2 7]
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(yso=1. 00) / (15150, 1. 00)=1. TA {51272 5 DT, JEED EFer4313 19. 412705 LHER SN D,
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1. Introduction

In order to improve image resolution, recent PET scanners are equipped with small crystals and
depth-of-interaction (DOI) [1][2] detection capability. These result in large number of line-of-response (LOR) in
fully 3D image reconstruction. One of the ways to speed-up image reconstruction is by master-slave parallel
computing [3][4]. However, as number of computing node increases, the parallel efficiency decreases due to
network transfer delay and other overheads. Network transfer delay becomes significant particularly for high
converging algorithm such as RAMLA [5] where large subset size is possible.

Here, we investigate a method to reduce the network transfer time by introducing intra-node image update
within each slave-thread. This method increases parallel efficiency while introduces little artifact to the image.
We evaluate with image reconstruction of the jJPET-D4, which is a four DOI-layered brain scanner. The
JPET-D4 contains 122,880 crystals each with the size of 2.9x2.9x7.5mm’. Previously, DOI Compression (DOIC)
method [1] has been proposed to rebin DOI data into 1% DOI layer without significant loss in image resolution.

After DOIC, number of LOR required for field of view (FOV) of 250mm in diameter is 206,438,400.

2. Method

We developed a master-slave parallel implementation of RAMLA (equation 1) with MPICH2 package. A flow
chart of parallel version of RAMLA is shown in Fig. 1 (left). The term fj represents image space, aj; is system
matrix, gy is detected bin, and nxtfj represents update factor to the image space at the end of each sub-iteration
which is denoted by n. The term k is iteration number. Relaxation parameter Ay is set to 0.5/cyj, and number of
subset is 192. It runs on four workstation nodes, each with two dual-core Opteron 2.8GHz processors. Nodes are

connected with each other by a gigabit network. There are total of 16 parallel slave threads.

n n— g
fjk :fjk 12 ay( D
les; Z“l/fj

1eS;

— fjk,nfl anlf]\ﬂ*] (1)

where 0 < 2,c; <1 andc;, = Za,j
leS;

Global update is defined as the process of collecting nxtfj from each slave thread to perform an update to the
image space fj. Instead of global update, we propose to perform update of f; locally in each slave thread in order
to reduce network transfer. We name it as intra-node update. In the initial six sub-iterations, global update is
performed as usual. For the rest of the sub-iteration, global update is only performed when sub-iteration number
can be divided completely by L, i.e. when sub-iteration number modulus L is zero. L value is the intra-node

update parameter. Average of fj in each slave is calculated before global update. It is because f; in each slave is
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updated during intra-node update. At sub-iteration where global update is not performed, intra-node update is

carried out. A flow chart for the proposed version is shown in Fig. 1 (right). Added blocks are in yellow color.

Master: copy fj to slave treads }.7

Next || slaves

Slave: projection, compare with
; sinogram, backprojection [« Sub-

to generate nxtfi Lzl

Master: copy fj to slave threads Fi

sinogram, backprojection slaves
to generate nxtfj ;

Slave: Initial 6
yes  sub-iteration ?

no

; Slave: Is (sub-iteration Slave: Update
Master: Collect nxtfj from slave threads, 3 ﬁqodulus L) is zero 77, local fj

perform global update to fj

Master: Complete Next
all sub-iteration?” o | Sub-iteration [ |

yes

Master: Collect and average fj from slave treads ‘

Master: Complete Next Master: Collect nxtfj from slave treads,
all iteration? no iteration | perform global update to fj
yes
Master: Complete Next
End < all sub-iteration? no | sub-iteration | |

yes

Master: Complete Next
all iteration? no | iteration

yes
End

Fig. 1: (Left) Simple flow chart of master-slave version of RAMLA. (Right) Simple flow chart of the
proposed version which allows intra-node update. Added blocks are in yellow color.

In parallel implementation, we utilize the shift properties of LORs within gantry which speed-up calculation
significantly [6]. System matrix of LORs with the same ring difference number can be obtained by simply
shifting axial image space index during ray-tracing. Ring difference number is defined as |ri-rj|, where r; and 1 are
the ring number of crystal pair in a sinogram. Thus, sinograms with the same ring difference number are grouped
together and computed within a slave thread.

The projection data is distributed to each slave thread for calculation according to ring difference numbers.
Each thread is given a set of ring difference numbers to compute. It is generated by assigning ring difference
numbers in ascending order to each thread by a zigzag manner as shown in Fig. 2. This is such that load balance
can be achieved as number of LOR being assigned to each thread for calculation is roughly the same. It also
ensures that each slave has LORs that fully covers the whole FOV. The largest ring difference number for the
JPET-D4 is 79, therefore threadl calculates for set of {0, 31, 32, 63, 64}, thread2 calculates for set of {1, 30, 33,
62, 65} and so on.
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threadl 0| 31i| 321 63| ea:
thread?2 IEEHEEHER S
thread3 2| 201 34| &1 |66 !
thread15 | 14| 17| 46 || 49 i 78!
thread16 | 15:| 16| 47 i| 48 | 794

Fig. 2: Ring difference numbers are assigned to each slave thread by a zigzag manner.

3. Simulation

A simulation phantom is generated based on a digital phantom shown in Fig. 3. The phantom has a

background cylinder of 220.0 mm in diameter and 265.5 mm in depth. Within the background, there are total of

187 spherical hotspots (11 radial x 17 axial), each with 3 mm’ in diameter and seven times the radioactivity of

the background. Hotspots are arranged in an array, separated by 9mm in radial and 13.5 mm in axial direction.

Hotspots are generated by GATE Monte-Carlo simulator [7]. It is added with an ideal projection background

with Poisson noise. Total detected count is 3.05 X 10’

Fig. 3: Simulation phantom with 3mm3
spherical hotspots in a cylindrical
background. Ratio of activity between
hotspots and background is 7:1.

Transaxial

220mm

Fig. 4: ROIs for background NSD are thin
cylinders (160 mm radial diameter, 6 mm
axial depth); being placed 13.5 mm separate
at each other in axial direction where there
are no hotspots.

40



We examine the saving in reconstruction time for a single RAMLA iteration with respect to different L
values. Set of L values being evaluated are 6, 12, 24, 48, 96 and 192. We examine resolution of hotspots at 31
iteration by calculating average value of full width half maximum (FHWM) in tangential, radial and axial
direction. Noise characteristic is also evaluated by computing the normalized standard deviation (NSD) of the
background at different axial positions. The region of interests (ROIs) for NSD are thin cylinders (160 mm radial
diameter, 6 mm axial depth); being placed 13.5 mm separate at each other in axial direction where there are no

hotspots as shown in Fig. 4.

4. Result
TABLE 1
Saving in reconstruction time for different L values
L Number of global update Reconstruction time
per iteration for one iteration
Non intra-node 192 25.8 min (100%)
6 37 20.1 min (78.0%)
12 22 18.2 min (70.5%)
24 14 17.2 min (66.9%)
48 10 16.7 min (64.8%)
96 8 16.5 min (63.9%)
192 7 16.4 min (63.5%)
4 : : : 0.24 \
~© 7 non intra-node —©—non intra—node
239 L=06 022 4 L=06 [
E 38} :j;: '[fig ! -<4- L=24 !
g 3.7t S =192 02 e L=48 o]
a3 a W ~- =192 i
536/ . § z 018 I
G N _ @\ _g \ }
5 35} g B Kﬁ EaA 50.16 \ ]
z VARV AR SVAN : %
=34 EoSs 1  Son & 1
© 3.3} ¢ : @ ‘
& 0.12} A\ / 8
5 3.2+ 7 \Y Y
<34} | 0.1+ N p |
. %\ § 4@,//
‘ ‘ ‘ ‘ ‘ ‘ e ‘
50 -100  -50 0 50 100 150 00850 100 -50 0 50 100 150
Distance from axial center (mm) NSD ROI from axial center (mm)

Fig. 5:(left) Averaged FWHM of hotspots at different axial positions. Results of non intra-node,
L=6, 24, 48 and 192 at 34 iteration are shown. (right) Background NSD at different axial
positions.
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Fig. 6: Transverse (left) and coronal view (right) of output image at 34 iteration with L=192.

5. Discussion

Reconstruction time reduces as L values increases. This is because number of global update reduces as L
value increases. As shown in Table 1, a maximum saving of about 36.5% is achieved with L = 192. In terms of
image quality, background noise slightly increased as L value increases as shown in Fig. 5. Increment in NSD
becomes stronger particularly at the axial edge of FOV. One of the possible reasons is there are less LORs at the
axial edge. On the other hand, image resolution remains almost unchanged. Due to increment of noise especially
at axial edge, image resolution becomes slightly worsen. However, the difference in image resolution and image
noise due to proposed method is small and insignificant. No significant image artifact is observed in output image
as shown in Fig. 6.

Recently, there are several studies on utilizing GPU to speed up image reconstruction [8][9]. As GPU
contains many parallel processors, communications among processors within a GPU or in between GPUs is the
bottleneck to achieve higher parallel efficiency. We believe that intra-node update can be applied to GPU

implementation to improve its performance.

6. Conclusion

We showed that by introducing intra-node update in parallel RAMLA implementation, faster image
reconstruction is achieved by reducing network transfer delay. We didn’t find any significant changes in the
image quality as shown by hotspot resolution as well as background noise. Also, no significant image artifact is

observed in output images. This gives a maximum saving of 36.5% of the initial image reconstruction time.
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M8 Rpd¥T7ty Mk XOT —% 5EI51ETHE A E S D CRC

—J7. BIEEEIC KT 2 R OB LRI & 2 A, MEGEREIZ 72y MR LT — % 5534
FEKFEL RN L 2R LTz, #ERD T T 71380,

B 7T IZR2 597y M LT — & 5EI 515 TR L 72O RISE 27739, 7 —# 5EIF1EICE
bo$, 7y MEESL< T2 LHEBEO RMSE 1TNT 5, ZORRELY ., BETIED /) A REREIINER
FIELIZEAEEDLRNZ RN

B 8 £@5ﬁ7%/bﬁk;UT—&Aﬂﬁ%ﬁﬁ%mbt %D CRC Z”d, B 8ILT — ¥ nEIFik
23 CRC EICKRE S ET L Lzmd, K 80 KV#EH /A XD niGh, 7ty M7 —# 5HIF
EIZBD LT CRCHIZEETH D 1. 01T T 5, —FH. K8B) K V#GEH A XDdH 5556, ERFETIE



Nupser = 88,176 (23T CRCAEITEAEIZALHR L7220, Noupser =32 DIpar. 7 — Z 50EIFIEIZ B 577 CRC
ERBEMICUR L= 2 &nh, 7y MEOBEIIZ X > TCRCAEDSEMIZR LW DiL ) 2 v YA 7
ML BEBLEZ LND, REFETIHEFKH /A ROFESY 71 v MIUZED 5 9 CRC BT ELEIZ IR
L7z, —J. ST TOCRCIEIIEARBETHY ., BHNZT 78R THH Ty MNIUKFTHEEZOND, £
2T Nouvse =176 ICBWTRNCT 7 B AT HHEH OV Ty o 4 @Y ICEZTHEK L, %
Bt OB D CRCE & 2 6 DB Z [ 9 1T T, FERTIETIL CRCAEIZIED /SA T ZRAE L TNDITH L,
EFETIRZEAESRL TABELC TN RN ERDD S,

INDHOFERNG, BEHMOHLTT =2 258T 256, 7y MEBRIGIZZL T2 LR~
Ty NICEENL2BEHF A RE L, FEREGRITEOEGIZIRLIZSS R EEx2bND, —F
T, DOI Wt TORENIMBECHE ) A X ES T, BEH B OMBEE T 5 7 ORI 2 S5
LHEBZOND,

4. F£E&H

AFETIEL, DOI-PET D& R k77 57 —% % DOL {HFHMOR T THENIT DW= FEEREL, v Ia
L— g CRBRIC K IR EECEE AR L7, FERN D REFIEIIECROBE H MO L D57
BIFELD BEND Z 2R Lz, SRR TFEICL > TR 7% v NNOEE G REORED %
MmEnclew B2 5, SRIOFETIL, V7Y MERBIHIIEMSETHA Yy hAKR Y o CRC
EIZ A T APNECRVEBUERTIEE KE S Bip o7z, 511X D01 IRITT TOHEEZ S HITHEL LT
BAETHIHMEZITV, BETFEOWE 235N NER D D,

1.3 13
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[1] /R, IR fih, TOF 1§ & DOI 1E M ORI & % PET Mg O B E S, 4 26 [5] H A HHi
TE, A28, B, 2007 4E 7 A

[2] E. Tanaka and H. Kudo, Subset-dependent relaxation in block-iterative algorithms for image reconstruction in
emission tomography, Phys. Med. Biol., Vol. 48, pp. 1405-1422, 2003.

[3] S. Jan, G. Santin et al, GATE: a simulation toolkit for PET and SPECT, Phys. Med. Biol., Vol. 49, pp.
4543-4561, 2004.
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(10) /NEWMAEDOI-PET B D 3 RITEEBIER

BRI IR RE™, AP BRI BRI ML RES, g
THREE - BARBEOIRER BURBEEREIIIERT - 1A A=Y TR v 72—
R, AEERS: - RS

1. [XC®HIC

R D 3 IRTTIR SALEE 2 51 T& % DOI (depth of interaction) R HBRIE, & OIREF TG E
D—FMEE RO D Z LN TE D7D, IR ERERGITE DT TR L, EERE % & DR
DOI-PET & OBAR A HIFF S 4L 5. /NEM FH On i 2518 & L C jPET-RD MR STV A[1], jJPET-RD
1% 1.4x1.4x4.5mm® D LYSO ¥ > F L — & % 32x32x4 JEICHE L7 KEAEMRHZE 7 v v 7 [2]1% 6x2 U > 71T
B LM E 72> Tnd (K1) . j PET-RD &/NE FH2E{E Td % microPET 1[3]1C DV TEEE AR D Hifg
ZF 1121, 4 DOl Migs 7 1 v 7 2 V5 JPET-RD I3l EF BN L W2 L2z, Vv 7&8IiciE
1% LV FOV (field of view) %F%Ed 5 Z & CTFOV %3 5 LOR (line of response) XA E 720 |
B AR O R X MBIt 5, ZivE TICBINE T VO &k & ray-tracing O EIEIZ LD |
on-the-fly #15C OSEM £ 1| KB &H 72V OFHEIRFRIAHK 3 FF# & 722 2 & &7 L72[4]7%, FEHIB9 7R G HRRE(H]
TIL72\, DOI-PET QBT — % DR Ie$ % BT 9% DOI compression (DOIC) JE[S]MER SN TEY | #l
W7 —2DO DOl EXT % 16 (4J@x4)@) 761 (1 J@x1J8) IJEMT 52 & TRIERFE = 2 ~OHIE
HffFCc& 5, —5 T, DOICEDOHAIZIBWTRE LAEDLEHED DOL BT NHlfRE 5 Z & TEHE DL
WA Ens, AfaTiE, T DOICEZEA LA LT Ex1 BOEEICBWOTHRITT VOB 21TV,
KIZ DOIC A M A L7256 LRt 2 XA P X OHE OB A1T > 7,

I %1 microPET 11 & jPET-RD OXERRERL O Mk
axial FOV microPET II ]PET'RD
— oy S T e e 17,640 49,152
103mm —
V> 7 EAE (em) 16.0 8.5
W 1] PN AR B B (em) 8.0 8.5
IREHAREF (cm) 4.9 10.3
1 JPET-RD &3}z FOV Z @3 % LOR %% | 51,120,720 | 731,118,324
2. A&k
2.1 DOIC:&

DOI-PET %4 Tl DOI #8402 Rl L TR FEEINT 2720, FHRa X AT 2 2 LI
Mz, 1 RHE TS0 ORI T v MDA U, BEMERT — % OMGHREENME TN 5, Z Of#E
(2%} L. DOIC 75Tl DRF(detector response function)? fHEE % JEIZ R DK\ DOI &7 O T — ¥ % [FEE D
VDO ERTIZR LADED Z LT, TR BEZHI UREMEN 7 — 2 OB ELmn L35,
BARANZIE, £ 3R T L 5T DOLELT ZBEDOE SIS LTI 5 16 £TA T v 27 A(DOI index)
ZOFCERT, VAME—RT—=F¥% b A 7T 2T HERIC, DOI index 28 N KD KEZRA N2 RMIDOW
T, #b DRF OAHBAZ &V N LU T @ DOLindex D7 — 4 bin [IZE LA 2D, NEIEEHR A b EHFEDOAN
TR LDNTG A= LIND,
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2.2 #BREETIL

EfERBRRDOUELLET L & LT, WATHRET V6] & BEIET M) E I LT, WET Ve HITEEARD
Y BROFATIEEE (sub-LOR)ZARE L, v AT A~ b U 7 ADFEFIIAR 7 /L L4 sub-LOR DM RIS
Rz EAFT L, BLADLEDZETEHREIND, 20L&, sub-LOR (TR > 7o y MR OW RIS 3
FORBENLRD D, FATHET /LT DREF 78 LOR ETIEIEETHDL Z L 2EL, BEOFIT
sub-LOR (2 X Y DRF %3157 5 (X 3(a)), EITT /M2 SEREOMERICoE L, SEEO P LERES
@ﬁ@wMDR&iDME%#%?&IXW IPREELHHEIANDART R E L DT A—H L LT,

TTRET /IS % sub-LOR ORIFR AL & SYEIE 7 M1 5 IR D & Bl s 2 bERH 5.
DOI layer (a) Parallel model

(front) <+—» (rear)
1st 9nd 3rd 4th

113|610

DOI layer
(front) 1
I 2ndl 21 5|9 |13

3dl 4| 8 12|15

(rear) 4u| 7 (11|14 |16

2 4% DOI BTIZx1 % DOI index

(1 AR B REDRENAT) ({3 BUROELET L () FATRET AL 0) HEET L
(a) Transaxial (b) axial
< 13:0mm
3. HEHIZIaL—P3Y 8. 4um 5% 0 le»
3.1 #HRAETFTILOHKE 2.5mm @ 17“5’“‘“]
FF. DOIC EDNRFA—F N % 1 ITRELTF—2 % , @ 75.0mm\
L. 18 x | BRI CRBRETT 5 Bl 0 Tak | bl
a2k EEEDSBET VO EIT o2, I, Zh 23.5mm
ETIZ4E x 48 OLE TR L7287 /1ic SV CHE M4 EEIMEET 7 A

FRDT I 2 b—a U&7, DOICEZ A LTcEE & O

iz tT o702, MaD 77 boaZEAN, LT NI 2L —F GATEICLY 225M B 7 v hDOF—X
EAERL LTz, Ny 7 770 REARy ARy N ORFETREIT 1% 10 & Lz, BllT—200 48
X4EOEARNTTZHE N=1ODOICEZEALTIEx1EOE AN T AEMER LT, WIRZHIZ—
0.75mm DR 27 &L & EEEREE & LT 120x120x136 (23> 7 ) > 7 L, B{GFEAERICIXEATHREF VS 213 087
WCHASWTYRT L b 7 R&FHE L, OSEM L (subset=8) # M L7z, FHEAEFHEMED® . MRD(maximum ring
difference) % 24 (2[R L 7=,

A OFE & LT, EAE 3.5mm, 5.0mm, 7.5mm, 12.5mm D7 » b A7 > b CRC (Contrast Recovery Coefficient)
ENy 7 7 F 5 RO NSD (Normalized Standard Deviation) % VMo, N ZENOMHEOFHEIX6). (DAL VFHET S,
72, OSEM L 1 KiEH 720 O FEKM 255 2 2 hOFFHE L L7, Dual core Xeon 3.0GHzx2CPU(8Gbyte # £ U )D#FH5
BERAWCT4 ALy ROWIFHEEIT- T,

CRC = (Mean(hotspot ROI) — Mean(background ROI)) / Mean(background ROI) / 9 (6)
NSD = SD(background ROI) / Mean(background ROI) @)
LT 4D R 2 b —a VELUTICE LD S,
(sim-a) : DOICIEIZ X VEM L7 1 Bx1 BOT —4, AL=0.1mm |Z5E L2 FATHRET L
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(sim-b) : DOICIEIZEVIEMLIZ 1 @x1JEOT —4 | AL=02mm ([Z5%E L7 FATHRET L
(sim-c): DOICIEIC KV MLz 1@ x 1 OT —%, D=2 5% E LI=nEIET v
(sim-d): 4@ x4EOT—H, AL=04mm |[ZFE L1 FATHRET /L

(sim-a)~(sim-d){Z- >\ T, NSD (Z%f9° % 3.5mm OAHK v b ARy FTEHE L CRC ZK 512, /A AL
J—iE (NSD=0.3) OFEMHETICEITHEHR Y FARy NOBERITKT SH CRC #IK 612, FHEFFMAZE 2 1T
9, X5 LY. NSD OHIINZ® L., (sim-a). (sim-b), (sim-c)? CRC [XIZIEFMEE THEIE TS, —F. (sim-a),
(sim-b), (sim-c)DFHFHEEM A 95 &, £ 2 KLV (sim-c)DFHE 2 2 ME(sim-a)DH) 1/12 TH Y | (sim-b)D
K ThoTz, WIT, (sim-c) & (sim-d)Z ik L7z, K6 KV, (sim-d)iZxf L(sim-c)DAAR > b ARy hD
CRC (I3 ~8 %iXfbd 5, —J7, FHERMZ LTS &, (sim-o)DFHE 2 A MI(sim-d)DFI 1/3 TH-
77o NSD=0.3 (Z51F % (sim-c) & (sim-d) D FRE R % X 7 12779,

CRC [%]

90 100
80} 90 [
70} ;:\c: 80
~ =
60} =70t ’
—— (sim-a) / —— (sim-a)
50l .: —A— (sim-b 60 | —A— (simb
L] -m- (sim-c) -#m- (sim-c)
40 ‘ ‘ ‘ i (sim—d) 50 ‘ ‘ —%— (sim—d)
0.0 0.1 0.2 0.3 0.4 0.5 0 5 10 15
NSD Hot spot diameter [mm]
5 NSD |Z%}9°% CRC DLk 6 Hot spot DERIZKIT 2% CRC @ ki
(sim-c), xy-plane (sim-c), yz-plane (sim-c), xz-plane
(sim-d), xy-plane (sim-d). yz-plane (sim-d), xz-plane

7 EFE 1.5mm OBy FAR Y hOHILZEEDFEICE T A (sim-c) & (sim-d) O AR A {8 D LLi
# 2 OSEMYE 1 KB H 7= 0 OFHERFH O bl (MRD=24)



(sim—a) (sim—b) (sim—c) (sim—d)

I KB 7= 0 OFERRE [sec] 485 3,457 282 946

3.2 MNMOBY 272 hLZRAW:=ZalL—Y3Y
ZHT D (sim-c)DFEMEZ 7V Y 7 (MRD=64) OFAERICEH L, FHEKRH & BRI O MR 417
ST, ¥ 2 b—3 a3 VIZHW T digital mouse whole-body (MOBY)~ 7 & k A[8]% X 8 IZ-~xF, MOBY 7 7
Y RAMBAER LT T —ZIZ200M I T NS UTART Y v ) A X%&MZ  N=1 D DOICIEIZ LY 7
— & A LT,
B4 9 |2 FR ACEI 5 (OSEM 1% 10 SR &3, FRERRIC 4272 A € U 13 1 Gbyte ToH Y . OSEM £ 1 i
b= OFFEEREEITH 40 3 TH o T,

xy—plane yz—plane

M8 Izl —3a MW= MBY 77k

% FAERLIC DOIC ¥£%
WHT 5720, 1 8 x1
J& DIERE T I 1T D Bl
ETIVORFE LV
DOIC £ K 2 HE D
KTFEFEM L7z, 7.
1 & x1 BOEEIZB W

TIE, fEESEE 2 ©
A E RV I 9 MOBY 7 7> b ADOFHAERE S (0SEM: 10 /<18)

Xy—plane yz—plane xz—plane

ETNSDIZxT D CRCEBIVHAE DA MAKBTHDLZ EERLTZ, £72, DOIC EAEAETIC 4 8 x
JEBOE CHMER AT T2 mE LI LT, CRCIZ3~8%IETT 20, HEaX MIW 13 L5 L %R
L7, MRD=64 D3t ER SR IZIBVT, OSEM £ 1 K H 7= 0 OFFFEREFIIR 40 73 & 7o 72,

S Ak

[1] Kitamura K, Yamaya T, Yoshida E et al: Preliminary Design Studies of a High Sensitivity Small Animal DOI-PET
Scanner: jJPET-RD. Conf. Rec. 2004 IEEE NSS & MIC, M10-132, 2004
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(1 1) ®NFHDOI-PET 238

EEEY, ML BT, WA FY, ME ETY, e &EY, E Y
DTIERY: - BARRERIZERL 2 HORE SRR AT « A A=Y Jif e 2 —
Y TFHER: - B, R ER T

1. [ZCHIC

W OKEREE S 2 R IR T 5 2 L1, EENORR DHEER L OMEMEEZ RHL, 57 A A—Yr
TIRDRBIZHFGTH LD EEZLND, Foxld PET LA A —V v TG OBEEE Ffo 72, ~ LT
XY T 4 HAREL T HMBISROBR 4 5 L7, PET ISR L U CHex 12 2V E TIOM R & R ek
SHZ I T D VML E Sy fRRE 2 WiN2 95 PET i DOI( Depth Of Interaction ) MRHHZSOAFZEAE MWD | [A]l—fksh
I X DERE T 4 J ONLE SRR FTREZR 4 J& DOI Bl M54 L7z, 48 DOI-PET 4 H & 1 Hetiig i o
B RRES LA M T 2720, HERGEVHEL T 284 A=V v 7 L ORNERGZ 5 2 72 ETIRIER
WCHFITH D, &2 THx 1L PET A 48 DO MHias s d Yetae 1 & 4% Z L # H5 L. PET TOIHH
JeF L ENDR =B FIC L DM ZWIZE LTz, AR CIERUE LIoRHER OB & | Fric st Hikae
(ZBEF % FERE SR ORGSR A R T,

2. RHBYE

AR IO EE A2 TR 110577, AR TIZPET ORIV EL 2 v FL—a et n
[ii]— 0> PS-PMT (Position Sensitive Photo—multiplier tube) T %, PET (2 & % Wi 3m HIZEH
HovrFL—2 LHEERZEZ L, E400nm (L0 > > F L—ra URE ST 5, iUkt L
THHA A =T 2 7 TIEARAD HFERE 0T WARASE (B R 600nm LA E) 23 HEF- & LTRSS, &
YFL—ZIEE PUT & OB EUSIMIM T, N CRE LI v FL—ra VHORRER <
EOELN TS, —J5, BHESEA 5K 2 HOEIT Z ORI 2 @it K72 T2 ) PS-PMT TOEEHR
HZAT 2 WIS O— &2 B BRv2 T e b3, 2056 v F L—1 3 VEORMN

Scintillation photon

Gamma ray

LA

Scintillator

Gamma ray

Dichroic mirror

Reflector

PS-PMT
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#LZ 0 PET s & L CoMREIFHILLTL
FH., ZORMER ST 2 IIAA 7 A
v I IT7—EH\l, ¥4 a4y 17—
= 400nm 14301 D % S8 L 600nm £+ 3T D St %
BT HHDOEERL TS, ZHERERES
DELLTHWDZ EIZXLVBHSENE NG
KDHEITFEBLOORHMNTEL DV

FlL—a OB EL S ZENTE PET A 4 saf v 35— B FL—X&
RMethds & L CoMEReS bz sl L T\ D, &A1 (12x12x 4 J&)

rad s 7 —&EiE LRGN -
T TF =S 2T A RIA FELT
PS-PMT CHiH S41%, PS-PUT D47/ — F5 N

N

BNLIC A S N, BB TR TG §w ~

BATOIT J — REFNC RS LT3 053 Fi gi ‘\

RAESND, Yo F L— a VRN DIEST E T

= REBOELMERICEY T L—FN % \
3

TOHEBEHEI RO AAENLE D RIE S D,
ARHAETIIZNEHRE T & LTUERA F =7

ZFE#LD PS-PMT, H7546B-01 % W\ T\ %, 7 0.0} 5700 300 400 500 600 700 800 900 1000

+ hh Y — REIE~AFT AN THY, v WAVELENGTH (o)

FlL— o KON E oD 400nm I C H7546B-01 D H7546B-01 &1Zh=3R

MHHENA A= TITB W TAERI A~ 2 kR

SNBHE 600nm LLEDIRANSEE TOAVE

PICETFRIRELFFD, £72, 8 x 8 DRETIRIZ

Bl K7t 64ch 7 ) — R&Ff

D, VI FL—HE LTUIAFEEN R S BWEFEM OB\ A BT KU =7 A (Gd,Si0;: GSO, Ce JREE 0. 5mol%)

ZAV, 1.42 mmX 1. 42 mmX4. 5 mm OFIN/eFE % 12X 12X4 D DOT HEEIHER LEA LT\ 5, fkdh

WAy 7V 7~ U TR ITHR 1. 45 O RTV = A (KE420 (FEUYEZE T 3) | S IZE & 0. 065mm,

B 98%0> Mul tilayer polymer mirrors ({EA& 3M) & fv 7=,

 deett=rTT

3. SEZEE

FRHBIBOT, BAGRHBABLYL S| |
IRAYYIT—ELIFL—R(12x12x4B) v 7 _ =
#&EBL PS-PMT ~EB, PUoFL—4T |1 =8 [>
AHARDEEZERL. PS-PMT ~BHEL | s | ¥V
F- LT /—F 64ch THILIZHYIURER, sl |

EDRTMAA—D 0T Ehd, £-EE
FFSoO(v93I5—¢Y

2 JEFEGHADS D MAP {E
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UFL—2%EBERT HBETEE -BELESH. PS-PMT TEIRICHRE SN DX FEUI A S B
[CLERTETLTLS,

KOT Y UFL—E2EFMOAMYIS5—IZ L HBRHE X FHROBLEESVEFHAILFEEL =,
PMT LIZfRIHEMNZELREENon), 440049935 —DHZEEL 4K (Dichroic mirror),
D OFL—EDAEET-KEE(Scintillator), Y FL—REFL QL VIST—DREER
B L= (Dichroic mirror + Scintillator)D4DDREZABL. TAENITH LTRSS
LEILHRICEKDIHEAFTESE PMT TRONFAEZLET S, LRICITEHICODKAL
LTHEE 650nm DXEFET S LED ZFERAL. MRFF—D2ICELAOAHHEET, BRI
PMT LIZfRIHEMNGEVRETEHRIESh - EE | LLE-ARETRIATED D,

#1  BRHDETFEIEHE

'lgliphr{:ic Scintillator block Materials between Photon counts
Anode Ich the LED & the PMT [Relative]

Photon \ Nothing 1
countin Dichroic mirror —H- 0.92

¢ 0.8mm X 30mm 64ch PS-PMT Scintillator »—{J . 0.66
- I - Dichroic mirror -
4 IR X + Scinillator —H » 0.56

4. RYy FESHEIE

HAEFRETBIHY. F1OAMYIS5—RUDUFL—2ATORELERICHLKREL
FEEBEZHLEZAOND, TOHBEEZRERT =012, TRSD&S5BARYYFERALE
B % 11o1=,

FTEANLKERYYMIEVEEDOHICLTRERZA~ARBH T 5, BELI-}X%E PS-PMT O£
64ch THILIZHFHEHAILXE D LR T S, PS-PMT OFREMEE 18.1mm x 18.1mm [Z
L. AYYMZIE 3mm x 15mm ORABEZDOMSBZTFEDOELOZRAL-(X6), HEk
7/—FEITOENRYELEERT 516, AVYMEIX7 /—FEYF®D 2.3mm KYELY 3mm [
BRELTHD, Vo FL—2L PS-PMT-FAALYII5—DEITERETHYTIV IS
hTW3, FMOR(YIS5—¢,LFL—EATOREZERZ1=HIC. RUYMNIF/o0(Y
HEIS—RIAICER S BT, CORUYFERAWTHELONE=XFH S HEET. B8IZTRT,

Dichroic
mirrer Gdeh PE-PMT

Il

Shit Seintillator

X5 AV RSN X6 AU v KX
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5.

LA

7 SerEo AR R M8 AU v MLE & DR

BET 7Y FAICKDEEDRE

HEHAA—D T EERTITIGE . TDEFRATEADOBREDEELERICANDIBELSH

%, TDkIEZE RBT-OICES 3mm OFEHRIREE T 7 2 LEFEBLI- KR L TPS-PMT
TRFEASMERE L . RAUBENE LS EIEATORELERL, BE77
VRLIERE 660nm OXICHTIEELRFEORKIFREEM(1.2/mm) R PRI FEE
€0.006/mm)ZEDO2ES3ELN TS, HRIZIFZ LD [TFEBFEEL 630nm A5 670nm D7\
FNNRD4IV A%} =002 ERT 5, HAShE=XIFEEImm OEDHR—ILTRY.
10D &SIZ 1.5mm BRTER. ThENDOLEENPRIZESELSIZ LD #BETDH, tR
FhENDEBTOXSWIEE 11E4:5, PS-PMTHSDEESITBHFUEDEANHIE
BROT7/—FDOHHALTULS, F-F12(3HEEHIC LD ORHAEEZ. HHICE 1104
BEho#ELf LD ORFEIEZ IOV TS,

150mm

Phantom &4ch PS-PMT
Anade 3ch

Fhoton
countin

Hele Z0mm

& lmm

9 HELT 7 b AEHAIEEX 1 0 PS-PMT FmEyL KX
LD PRSI E L (A-G)

Photo count [relative]

110 y=0.11x +3.4

P
W

100

~
T

90

LD position
(from Anger calculation

80

w
W

70

w

60

0 2 4 6 8

ch21 ch29 ch37 ch4s ch53 ch61 LD position

Anode number
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11 Ak D004 0ZELl B1 2 HOER S REALE OGS

6. BR-FLH

R1&Y ABEICOWTIEAII/OMYIST—IC RO VFL—E2DFENKRENLH B,
LOLAMoR4vIS5—Lo U FL—2ZELTHOEILL EDFEBA RAD SFER LT,
SHIZOUFL—ANEBHEERISZRELTLIE. KYBWBEBFEE/ILLHABTE
3

E8&kY. RUYFBHTIERVYMERIZIFIFENYZLIZHE LIRS RSN, BITKiR
HEBRICTALSN TS 4 B DOl EE TIXE RO RS H % —EPIYBRLN TS 1=HXDIA
NYRKELGZIENFESATOEA SEIOBEREM?SE S O FL—ERTOHRDOEEL
FHEHDPEVEDER DS, TS U FL—2(GSO)EERBDAYTIVITITIT
JWRTV JL)DBHEDOEICK>TERAANNSEO>TWBIENRERD—DFEEEZDL
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SE 3R
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[3] D. L. Prout, R. W. Silverman, and A. Chatziioannou, “Readout of the optical OPET detector,” presented at the Proc. 2003 IEEE Nuclear Science
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At 7o —T7 HEREBBEGICE > TEAESERTIER LR 0N 20, BBONREBEL2E5 Z &2
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2. BACTIZEITHEKRRAEGEETIL
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(15) APD-PET ZERFFDIFIX
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FORTHERY Y, FUMZEITFEHIERNE 2, AR b =2 X9, JURFEEE Y
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WERFAIROELEEE, 1 IVEREOY A A4 XTHLEIERREZR L, kD CE S (PUD)
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(16) {E50ERA ASIC [

sl 2. RIS R A R
FRKF TR ERR T HERER, A A= P=T Y U THK VAT AR THREE

1. [FC®HIC
HIRF 7N —7TERENRO &SR, ®IKRED PET AT A~O##HZ HfE L T ASIC

(Application Specific Integrated Circuit) DB ZIT-> T\ 5, WA ESHERE PET (23T
I% APD(Avalanche Photo Diode) 72 EZFifE T 5. BWIEFHIAAT O 2 & TRS HMONEFRESD 2
EWMBETHY T8 BAVBPHRT 572Dl % O ER 615 B2 w9 2 & 23 Al RE 7 KTH
BE)), BEBEO7e L b2 R Ly b= ARNEATH Y, HHO ASIC BRREBLE L 725,
AIFRETIIZ DO LD REINGEEMDASICOFEAIT->THY . 22T F v ATV 77,
VGA, i CENET D ADC ZEHR L7 16 F v RV ORIEH 7Y o 7D ASIC & RF v 7% 3 Sl L
7248 F ¥ XK — REFENT D,

2. 16 F¥RILERY LT I E PET A ASIC

BAFE STV D ASIC DE L IFERD T Fr Va2 £ O F FEMBEIR TE SR 52 LIZ LD HEH
EEEDDHbDTH DM, ABFZEETIL 0. 35um D CMOS 7't 2 & HNT, BN SDESEZ T YT
> 7 CHANE . VGA (Variable Gain Amplifier) T APD OO¥HE FE 2 5% % K 100MHz TEIET S EiE D ADC
TT 4 PHIMEICERT DB 7V RO T Fa 7«5 ¢ X )V OIRHE ASICN BEIFE 217> T\
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THRMOBEBETT 4 VX NMMET 2 2 ENRHREL 720  ZDHDT 4 VX NG FLEZ KIBIZAES T 5
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MR L7,

.‘::} Multiplexing readout
CRn *
; 60
e E50
ol 240 1 L J
| 230 4 ‘ &
Sy |
{ iy i\
20 & *
? : 4 3
10
0 time (ns)
2 16ch WS-ASIC 3 2chWS-ASIC @ sine KV > 7V v 7

F=ZDF v 7% 3O, FPGA (Al tera # Max2) % 2 S#4#; L7= 48ch OF — Z B R — R&E/Ek L7, (X
5) FPGA X~V F 7 L7 HO 7 1 v 7 ARB L O, EEOR] (EE B =L X —FROBEIZ
Huwoihs,

-..-.:,._t-:!

70 i

60 ¥ 3

50 [

40 F & { *
30

20 ‘u

HECHIF20

50 100 150 200 250
-10
4 16chWS-ASIC O Z » 557V v T IEE 5 48ch WS-ASIC AR— R
HAE 0. 18umCMOS 7' 1 & 2 & U= ASIC DBIF 1T > CTE D BIEME 2 m D 7= ASIC ZB¥T 5 FE
Th b,
SEX#R

[1] Kenji Shimazoe?, Yeom-Jung Yoel?, Yasuhiro Minamikawa?, Yuki Tomida?, Hiroyuki Takahashi®, Kaoru
Fujita?, Masaharu Nakazawa?, Hideo Murayama¢, Development of 40 channel Waveform Sampling CMOS ASIC
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B, B8 PET HEiEH 5 WIIEE L2 EEDORB 7 n V=7 FE2FRRHCED TWD, 26T,
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EEAEHBLEE. 728 Thd, ZZClEBRRE L. 2o 7y =2 FO—E%2 I3 5,
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2. 3 BEAKFEAML
BHZE U735 1E 2 VO, dbifEE K TR EEN 2 BRAR L=, X 9 IZEEE R T 7 ¢ 7 D FDG frig it
R [6], RIMEESOHET, AEEIKAED 2 87 A MIENTZBENRELNLTWVD,
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9 EWEHRT T 47 O FDG Hfghs

3. F&H

1) ZWROeHRAG B O EFEFRIER C 8RR AR O @B IR, 7 1 7 ASIC HIREABAFE L.
ZNO DM OFE R DB %N L C ZIRTTER PET 7' b & A 7% BIRE Uiz, A E O AR %
Pl L7 & Z A PET 25 & L CHEMAMREREE CTH D Z & 2R L=,

2) BHFE L7z ZRoe P8R PET 2 W BRIRERBR 2 PHiA L, =0 b7 X MZERZEGER SO D 2 &
TR LTz,

3) AtRIE. FEBREESEIN OB 72 2 LR RLEG A AIEO B EL A RF LT,

ZE Xk

[1] Y. Ueno, T. Seino, N. Yanagita, T. Ishitsu, and K. Amemiya, “Development of
semiconductor nuclear medicine imaging apparatus (1) Study of PET prototype performance,” the
91st Scientific Meeting of JSMP, Apr. 2006 (Yokohama, Japan).

[2] K. Amemiya, "Semiconductor PET System," Rad Fan, vol. 4, no. 11, pp. 33-35, 2007.

[3] T. Seino, and I. Takahashi, “CdTe detector characteristics at 30C and 35C when using the
periodic bias reset technique,” IEEE Trans. Nucl. Sci., vol. 54, no.4, pp. 777-781, Aug. 2007.

[4] S. Kominami, K. Yokoi, K. Tsuchiya, T. Seino, and H. Kitaguchi, “Effects of gamma-ray
damage on energy spectra and polarization of a CdTe detector with the schottky barrier for
imaging equipment,” IEEE Trans. Nucl. Sci., vol. 53, no.5, pp. 3041-3048, Oct. 2006.

[5] T. Matsumoto, A. Koyama, A. Itoh, T. Moriwaki, N. Kiriki, T. Yamada, K. Amemiya, Y. Ueno,
and T.Ishitsu, “A High Time-Resolution Analog ASIC Implementing dual Shapers for
Semiconductor Detectors,” IEEE Nuclear. Science. Symposium, Oct. 2006 (San Diego, USA).

[6] T. Shiga, Y. Morimoto, Y. Ueno, K. Amemiya, N. Kubo, S. Zhao, and N. Tamaki, “A Vision of
diagnostic of PET scanner using semiconductor detectors,” Isotope News (Japan), no. 641, pp. 2-6,
Sep. 2007.
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(2 0) TOF-PET #&

ESUbis
AR b =27 2R hRprgET

1. [FC&IC

Pk, WM CTEBECHAAZKZ1TS 2 L2 BAIZ, Time—of-Flight (TOF) {f i HEEEE % (i 2 7= &
PEREZS MRS PET HE DOBHR 217> T\ 5, TOF T &1, THIRy MOTI TR ZAZRHT 2 O T, [k
RSN O T A v OB OB SMEE CTHIE SN D B HEANICR Y b a R AN E %
FrETHZ LN TED, ZHUTEY, kD PET 24 L H L C, FRREDOT — & & T SN Ho RV gz
D EMATREL 72D, NAMZ PET 2@ & LCiE, 2D & 3D oFMICiiE T 2t 7% FRXA8HMAT2 2
CIC XY, EIRE CIRBEREZ A L, 2o, IR S 685 mm & A5 AR CEHMIT S Lo TE
% PET 2£(& (Hamamatsu SHR-92000) ZBH% L, EALL WD Y, 4El, TOF {E@REZFNT25Z L1280,
W72 2 FERHRREE IR b, AR AN, OB R A BARICEERR AT o T D, BUFIZ, TOF fMiHgso
R & AEEREE I OV TS T 5,

2. TOF-PET tRHHiz8

TOF-PET IR HHIZRIZ. 2. 9X2.9X 20 mm® > LYSO #ffh % 16 X 16 ([CHLE L 72ffdl 7 v »» 7 & 64ch Flat Panel
Position Sensitive PMT (Hamamatsu R8400-00-M64 MOD) THE S Tn5 2, K1 kg2 =y FDE
HaRd, PS-PUT |XRFMI O RREMERELE DT, 8 Bk A/ — R¥ A T &AL TW\W5, PS-PMT 725 HiT)
SNTAZHIE. 64ch FIES A 7 T ROBELHEEBKRZFF > 72 ASICICA S, &7/ — R0 7 A
VAR R R L2, ALEES X X, Y Yo ELTHAEND, £, XX FEHEOH
AIVITREEFRELT2ROMANETONTND, Btig==y MORERmAIFEEZ X 2 17T, Hidh
TR, BHER T = MIT 511keV v & —ERHEST L T CAMAC MIELEEICEIVHEL b D TH D, K
Hi# B0 & C BAF e bR R E RS BT D, g = v b ORI ERRRIE R O 3L ¥ —755
fRRERFIE A X 3 RN 4 TR, BRI AREEIXPMT DX A ) — RIS DX A 2 T 5% vy, BaF, #iH
&t S TRE Lz, i 421~787 ¥ af) FWHM OHiFH CReIDMERE S DT | FHT
505 B f) FWHM ThH D, Flz, =R/ F—0MFREI3 T 10. %03 F 5TV D,

0« Column -> 15
K1 TOF-PETHKHEzRzZ=> K X2 b en I n
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3. MAZH TOF-PET/CT &£ &

AU TOF-PET 24 1%,  FRCriies 2 Mg 1) 48 8, Al 6 ENE~~, [BAE 826 mm D% R
U7 Zfp LT %, HEHE, WiEmMA 576 nm, (K777 318 mm T o, F£7z. CT %E{E &l 2 72 PET/CT
WEEER-oTWD, o M) —E, BEBNEEINTEY, PET & CT HoT Yy U =M BET 5
Bt L oo T D, 51T, a7 M OUEERM 2 "3, TOF {3548 Tix TDC-IC & i Z A
DAL CTEPRICE Y YA X 2T ©af TCORKGHULIEZIT O KO ICRFF SN Tnd, v Ialb—v
3 N2 K DU E DM A SR (NECR ) B#1E1E. 60 keps at 2.5 kBq/ml (NEMA NU2-2001) 2353 51 TH
D, TOF EMEAINT 22 LI LV ERLEERN EAYIRFIND, £z, Mg =y F TOMRERHmREE
KV AT LW AERE 670 © D FWHM LAF . W) i AR o 238V T 22140 A#6E 3.5 mm FWHM LLF
NTEENTVWD, EHEERERIC OV TIE, HEUC TOF-DRAMA ZBI%T 2 & & &1 | EEMIE., TOF
MIE, BELE, CTIC X AWM IEZEDOSFT — X i EORE LIT-> T\ 5,

====z= =
.
4 XS
'I;' \\\t‘ PS-detector
J
n u 6 layers of
I 48 pS-detectors “ Y
n S m PS-detector H— ="
u inaring 1 ! ——
|\ i rings =
\\\ ,l ——
\ Y —
\\s‘ '0' ———
(2 P ———

&
Dt ol
Detector module

K5 SARBATOF-PET/ICT () MY L 7R (F) HEEK
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4.ﬁﬁ“ﬁ%®ﬁi — —

% SR O REEI SRR B 1T . PMT OB 0 7 5h = LYSO (2.9 x 2.9 x 20 mm?)

(Quantum Efficiency: QF) R UVGETFOAFTHDE T [ L = 386 ps
X (Transit Time Spread: TTS) OHpMk iz L vk Y
KB, FEUED PS-PMT O QF 1% 24% at 420 nm Tdb 5B, & ot | H H ;
FITIT 72 o TRV QE 545 o 72 PS-PUT 283 ST B, O i
[ 6 17 QE 33% at 420 nm @ PS-PMT % F\ TR 4> iR BE L ; ; |
Rt 2 JE Lefi a2 md, o FL—2 L LT, 2.9 Lo Tee, e
X2.9X20 mm O LYSO &> 7 MG A LT, BaF, P — s
R L S THIE LT, SR, ORISR o aman am

. n N Channel number (10 ps/ch)
ML 366 B2 FWHM Th o772, LHERD 72D HEIE L7 E

#E PS-PMT TiL 408 "=/ FWIM G 60 CHED . M40 e EQE PS-PMTIC X 2 BRI/ fEke
v afotgEr ETh D,

5. F&H

ARG PET HEE L LT, TOF FHRAFIATHZ Lick D mW SN ka5 5 L L bic, CT & —IKMELTH
WA NL—Ty MERERTGD Z LN TE S TOF-PET/CT #EE ORI 217> T\ 5, TOF-PET HMHZRIE 16X 16
LYSO 7 L A & PS-PMT THERR S THR Y | FptEafAli OfGR . &V V22 M o MR Rr e K ONRE ) 0 R RERFME 315 &
NTWD, BUE, HEITREHEZT > TR0 BE. WELMERERMN & ORRIRFHL 2 i 5 FETH
Do

BB, KO —IIISCMBEED Y —F 4 7 7Fa = b Dl & md Uiz A ERE B O
e ) DOZFEMEO—BRE L TEML TNDIHDTH D,

S35 Xk

[1] M. Watanabe., K. Shimizu, T. Omura, et al., “A high-throughput whole-body PET scanner using flat panel PS-PMTs”, IEEE
Trans. Nucl. Sci., vol.51, pp.796-800, 2004.

[2] T. Moriya, T. Omura, M. Watanabe., et al., “Development of a position-sensitive detector for TOF-PET”, IEEE Nuclear Science
Symposium and Medical Imaging Conference, Honolulu, 2007.

[3] E. Tanaka, K. Ote, T. Isobe., et al., “A fast statistical image reconstruction algorithm for TOF-PET using DRAMA (Dynamic

RAMLA) strategy”, IEEE Nuclear Science Symposium and Medical Imaging Conference, Honolulu, 2007.
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(21) S ERPET £EEDRIH

K
EL BT - ST ST

1. [XL®HIC
AT D YA PET AFZES (2007 45 7 A) TiX, sAAEL 7= 4 J8 DO ~ > <& PET AfHgs CHEEZR R Y v
9y TP TERLZ L L BRIERESO—EAKIE Lz C BEE Th > Th GATE ZFIH L7z
Ra2lb—vary7—X#TOUANE— RDRAVAIZ L % 3R ICHEG BRI TR L L DD 70O Ef5 53
BFoN/eZ &l Lic, 5l &fktE ~ o E M PET HEEBUZ T, WFFEA ¥ — MRFICHGIT 7o LU A
ERRRT XL BRI OMIEEED TV D, AR TIEZEDO—ERIZ O W THET 5,
AR A
Imm O E AL EE T 10 20 LANICHRAE DS T,
WHARRY, FEFREIC TSRS D70 <O Mg SIRBY DR BEEZ Z TR WELWT A
SEOWN o F L —HIZ AT T DN T v F T — X RORERRE T —Z % LT H R
HEXC S/N OHAL D/ 72\ B FAE B TFVE DO B,
J—XF 7 v s,

2. BRI EREEEEE
e FESEEEEE T
2—1 7070y BERHR EEEEEEEEEES

TSR AR AR FE T CHEZE S 7o/ B PET A 4 Jg DOIL W FEREEE
BRSO T —%T 7 F ¥ 2% HE LGSO FL—FT

LA 71y 2 (LGSO : HALEREL, F v 7oA X:1.45X 1. 45 M1 ey FL—2TvAT 7
X4.5mm 32X32X4 J& 44096 f) Z @EkEE oK = b 7gkiST
FHIETK S0 7uy 7 2 EL72 (1), —&BIE 256chPS-PMT
(H9500 : MRAA7R b =7 A %) (THe5 LMz D T D, X
212L6S0 o F L= T LA Ty O ZRT, M T
BIZBWTHEAERREOREAENRAECISA, BTk - T
IFA2 4096 HO Y > FL—HF v 7 —BEHIELIC L THA
THVERDH L7720, Ka A MEIZITHNL S A4 gl
WHERRO B, K3 IFART 1y 7ITR#EICERE S
A MHA R Ch %, BURBIRICKE T 1L Aash, B2 vy Fuv—Tv47ny7
UFU—ZT LA D6 PMT EERASE  SLORLS) b A R
THIETRYVar~y T w2 H—I12T%, K4-11F74 F
HA REFHLRAWRY Y a v~y 7, K4-21F2DF 4 b
HA REEHA LR Y ar~y 7 Thd, ZOLHITTA
NTA REANDZ LTy TN —IZHBEL, FRlcv T
T LA SO EERED ] T D,

K3 JA4FHTAR
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2—2 T—HRNEERR

T2 B O EK 6 R T, PUT T/ — FMEFZITHEMN 7 v b N ASIC & ZDEAEIFKIZT
TFArary ha—LBIOT A —HELIEE N5, K< REOMMERFLIBTIIRN Yy a =7
HE, TXVX—IEBIOZ A I TUEMTbI, BT NA—Er ZJUHEE o VT v AAL
BAERCaA LT UVANELTARY N T =X DY A RE—RT PC ~EoNT—XINEBIO
BN TR D, Flo, YU I NAXRY NI T =26 —ERFEIZPC ~ELIT V& A
WIECHAT 2 Z L2t Td o,

e+ ASIC Hifk | Th—t A 57— 4 L

& oA T A & Mg PC
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TEFHA LEARE L, 220, AEORRLRE S, &61C
fH 2 DEFERKE < ES THILENRHBRIFINE D00 %
FHLSHRD D, RTICRTEY I T v 72 E0 fx i (iR nw
DEMEDWH G TE=F —HEZ{To7z, £z, LEOHEMH
EBAE. TR HAFBOR 2 HEZ Hel e BB THE 20
B OIS DHERED B D~ BB AW EER B RE LTz,
T DOFE B, W SRR 230mm TEREE (BT 21— L4k - o
N7 w77 7)) %4 LIDIREETHAR AL ThNIZHLE 2R
IEIFEE DA D Z &30 < C RELE IR 22 &3
BT BTz, AHEEIZH T 2 Mg OB T 7 iE0ZE A,
BLAR O 5I[E LI KOS O D7, X 8 1T~ T R B RGE
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2—4 MHRHFREMHILE

PEF DR HERREE A EAR B L, BRI A > N U IN TR S, #iEt /A AOEEEE S T 7o OVEEE
DOHT Y SN EDETT—ZUNEETTV, LOR(Line Of Response) DA 7 k& FHI LZ Db

ROTWD, LML, MHEFBFENRZWEEIT LOR E3 K L 72 0 FEFIZKEZ 72 LUT (Look Up Table)
EFRFOMENR DY I HIZAR4LE DL IO LIy FL—FF v I A P EHITy R
DEFELIZS WEWVWBIZBW TRAHEBENE L Z2WH D7k al T U AUy 2RO DIZIEE K
PR D, ZAUSRE L, ARLEE CIE B A R O IER B O R E A KB A ET A L & B
LUT &/h &< CE 2 EFREEMETFIE 2] OB AZE BT L TV D, RFETIIMR IR D 2R
ZRRIERDO A A U THRE 280 FR A & ENLUSNDKR A3 BilE 2 R 72 &Rl o SR
TELMFCTTO LEZTFHE L TREL, #EFEE2 77— L7 7> NATEHMICHET 2 L5 LTHE
RITEIRFFT 5, HOITBEOFNEZ T T, BIE GATE NOBOAALTE T =20 b7 7 v NAT— 5%
ER L., 22— a A CGHiZ#ED T D,
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W EARET T Bivd, BN T vy 7 AR IA IR 7 [ OfLE & &2 %2 0588 %2 6o, [
TR IEFREE LOR M REMIRZ @D N ADE I ZH A D TH Y, FANIFHRE TRD 5, fEsm A

FAEHFL B OB R ORRHEROREER 7 1 v 7 WALE RS LU LOR 205 L CHtET 5, Ak 14 A
2D THIENICIE 14 KO LW LR 23D, 2 TlEHMiEEL EF 572012, v F L—X R
FELWERELATA ANMEEIToT2, VU7 XTREITY v 7 OMBRE DI X DI EEE ML
TLHRFTH D,
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~ > PET TIZ LOR DENLWIZDIZ LR H7-0 DA "R3b7a<, 0D LR bbb, Z DAL
FRIINE S % LOR DD 20 WS S TR 12 B, BN O EN R+ 5, ZhatdE T 57
WIZY T EPRELNVATAATATA ANAEETSTNDLN, TOENPRKREL LD EMETELHRAT
A ABUTHD T D 72O IER DN & B VLR BFED, T OWHNIZE > =AY — a2 IET 5729
2, RELSHOMIEE CRbo BB CHERRNY 2 v 7 IRR T 25HE L CHET 5, RHEE
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3. F&BH
~UCERBHGOY T L —2 T ry I BIONTA NA RERELL NV TRERMEN TS Z
EWAREE 720 ZOWRRAR T Y a v~y T bIRIEETOMEES TN TE L el LT,
Flo, F=F—PELY C WRHEROBR THITERLZEE LRETIRIEHEE O EATDHZ L
MIRNZ LR ghole, S HIZEDORER R THONTIHFBIEIZI W T RAF 2 R EE 5 51
HZLHVIal—ra TR LT, A%IL. Afa TR BRI 242 & & biT,

AIEP O 7 by R ASIC & TeT — & ALPRE] I O 54T

T—HMEY 7 N B XOT Y r—v a7 OB

L, WRUL, T > & W% N & T BEFR B I 5 15 O R

U A bE— N =IRTHEE MG O &R E L & @ik

SHMRDBAARARNT T ~DF ¥ LY
it AIFEEOTERE BT,

ABFFEIL NEDO (HSZATEHEN  FrorL ¥ — - EEXEBING A DAFERME) ISk nr =7 & T
PEREI SRR SRy 1A A=V v TR OS] O—H& LTHEMEL T\,

HEE
Fo X —IETIE. R T o — L AR O PR R, FHEE KA I LD ET S
BIRE BN DS KRR ZHH & TENZ 2 &% 2 2T LB L £,

ZE 3k

[1] T. Tsuda, H. Murayama, K. Kitamura, N. Inadama, T. Yamaya, and E. Yoshida, "Performance Evaluation of a
Subset of a Four-Layer LSO Detector for a Small Animal DOI PET Scanner: jJPET-RD,” IEEE Trans. Nucl. Sci.,
VOL. 53, No. 1, pp. 35-39, Feb. 2006

[2] R.D. Badawi, "Aspects of Optimisation and Quantification in Three-Dimensional Positron Emission
Tomography", PhD Thesis, PhD Thesis University of London, 1998

[3] Y. Yamada, K. Kitamura, N. Hashizume, Y. Yamakawa, Y. Kumazawa, “Reconstruction of 4-Layer DOI
Detector Equipped C-Shaped PEM via List-Mode Iterative Algorithm”, JAMIT 2007 FH&E, A2-6
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(22) PET/CTEETHLONAMERFEEAP E T (X9 5 WYRNFHEIE

P FHE1) , ik B 2)
THRYE 1) 70T 4T AT 4 HVTENERE L 7 —, 2) R¥BEARRAER

1. [XL®HIC

A ERFBHIGIC B W TEIZE & LTWb PET/CT 1%, HERETE# A £F> PET (Positron emission
tomography) & JEREIF#Z 7D X#t CT (X-ray computed tomography) ZEfiiRE+ 2 Z &N TE, 2
OOEBEFAESE D Z L TERIEERDEZ ATREICT 5. £z, CT B HRINGRE~ v 7 & Ek
% Z & T PET E{EORIAMHIEZLIT > Z ENATREIC /2 D, HERDOFBRAX v 2175 A L L TR
EREE 2 M9 5 2 LN TE D, IBHIT, PET BRIZHATHEH /A 03D 720 CT {4 2 WR AR 1
WS Z Lok, EREGICRETS /A X2Mr bl tnTELEEZLND (1) .

EZAT,PET R EDKEFEEX VT 11%, CT LT 25 LT — X UEICEVWRRZET 5720, —
[E DOBEANNIEILE DOIFR Y A 7 AN EENTLE S . BEOMRIC L DHIRes OB & 1%, R E 4
DOIFFELIEEZT. ZoMEICH L, FFRFEISHREE CIIEEORY A 7 V2NN EE=2 1
Y7L, BEOMRAE (KRR « KRR &) 1208 LT — X IUEEITV, PR AR 42 i
PR T2 2 & T, FRIC K Dlges 0B & ICRIN LZEGOIE T 2 &+ 5208 TED (2, 3). L
L, ZOMRFERE TIIT L~ BOH T SRS LT LE D728, &R AEO B AL
E{RD S/N BHT HRENH 5. F7-C THEBRITIET B IEOIREG Sz —OmiG LIS K
R, ZOH—OC TERZ AT, ZFFRMICEITS PET F—Z ICRIIEZ T &, HRI2 0L
DR EZIRILOEREMECH L TREREEL 52 LRSS 4, 5) .

Fex B MIEOHMZ WD Z & T, WRINAIEDMEZMFERT D HIEEARELTWD [6][7]. #
RPRIETIE, ETIRRER PET T 5 7 85k O MR AR 0 WL AA 1 PR 4 7> B 2O AR R O 25
BEEMNL, Tx B 1LDisg Sz CT B LAEE S5 2 & C, PET 1Tk L7 FER R CT
NTHNTHERR T 5. 2@ CT B A AV TERNOWRIRE~ » 7 & B L& FERAE O PET OURINAH IE
OO T, HZICEM L CEEE O R PET B 2155, Z0JhiEE TR IE — & Rkik)
ERESZ LICT 5. BxlTE, FHRRFMOENE, FiEOMME(EZBENE L, SBITRICRMIED £
PET B DOIERIE G R EITV, T D%, HEET — X ICRIUHEIEZ1T > CHMER T 2 FiEbRET LT
L. ZOFEE TER—WIHIEE] EMESZEICT L. ABTIRINDOHEEZRRS & &b ICHE
Ty haEANWEZEY I a b=y g VICESSBEHREREFNT 5.

2. Fi&

2-1. RURAEHIE —ERBGEDFIE

AFEE, RELHFFT520 Step TUEEEITH . KM 1 ICATIEOLIEO N E RT.

Stepl: FEWR[EIH PET IZ & » TR LN —HOT — & 2 WIUHIEE L CEiG SR 5.

Step2: BhEMIEIEEAWT, BILOIRE Sz CT ISk L7ZEW AR PET Wit (NLAH # 1) 76, filt
O PET Hi{§ ~D & % 779 MVF (Motion Vector Field) ZHuf34 5.

Step3: Step2 TFH AL/ MVF &2 B kO &z CT Wi 2% 2 & T, AAAHO PET (2xhii L
7o CT Mg HEZ N THYIC/ERN T 5.
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Stepd: Step3 TIERR &N 7= CT WHERED HIAANOWRIURE i 2 TN FNE T 5. 2 b OWRINER
o5 Ai & O TR AE O PET OWRINARIE % Fki4 5 .
Steph: FHRERR SN I-BATHHD PET B @XM EL2 HWTINE T 5.

Step2 (ZH1T %, MPHRIZHE D IBAR OB & OMIEIE, HEE O FERREIE ) SR L7 2 S ORI L
A&, —HomEgIzf ;O Z2 IR ICE DAL Z LIZk > T Th s (8-9) . HROEFIT,
A IRICELE SN ZHOHIE R Z 3 RTTIICBEI SE L Z LIk > TIT b . Z O, #Eigo—
HELZRORLNS 2 ALK E LTRELTWS (10, 11] .

LIEDWEZATH 2 & T, MEDO LWIRINAIEZTT 5 & & biT, MRFEMRZEIC I > TSRS
NDS/NOEKFZMALZ ENFREL 8D,

Stepl Step2 Step3
gl -~ \ o ————— — N
R T . -
I I Motion ~ Motion vector 4 I' d . N\t
I PF:iT I | PET image |  correction field (MVF) CT image Attenuation | |
I raw data = P phase#l [ Ph.i—Ph. 1 — hase #1 1 mep I
1| phase#l |y | 2 p e phase #1 ) :
— = — F NG
! . ! Es . deformation . 1 . 1
1 . 1 g . —_—— ° 1 ° I
r——1 57 /—.\ : 1 . 1
1 1| 58 ‘ " 1 ([ )
I PET I E g | PET image —|  Original | | Attenuation :
1 raw data = 2= g > ; . CT image map
. 3§ phase #i 4 . 1
1 phase #i 1 5 2 —_— . —| (Breath-hold) | | phase #i I
| T NS | § g ~— \ "N 0
L] L] L ] L]
! . ! 44 . . 1 . 1
1 . 1 = ° . . 1 . I
e N B deformation | (° 1
1 PET ' etormation . Attenuation !
I p) L PET image CT image 1 ma 1
P SR o phase #N |4 Motion vector 7| phase#N hase I
I phase #N I Motion otion vecto: 1 phase #N 1
\—, correction ~ f1eld (MVF) ~ < Y
------ Ph.i —Ph.N —————
| Step4 » Attenuation correction |-

»Reconstruction

}

PET image PET image
phase #1 o0 0 phase #i L phase #N

PET final
image

Motion
1 WU E — & Rk O T

PET image

Motion
correction

correction

Step5

2-2. B —RIFHEZEDFIE

AFET, KREHGTTAEIO0D Step TUFLEZITH . Fig 2 [IZAFOFNERT .

Stepl: MER[EIM PET IZ &k » CREONZ—HOT — & 2 WIUH IEME L CEiGHEER T 5.

Step2: BhEMIEIEE AW T, Bl DY Sz CT KIS L= AR o PET Wi (h2AH #i) 12 A bEHA
ek D1, Mo PET B 22K LINE T 5.

Step3: Step2 THHE L7-EBEZWINMAET H7-DICHEE L, e —X 25T 5.
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Stepd: B IO S 7z CTHEIE ) B IR ORIRE i &2 F T 5. 2 OWIERE /345 % FV T PET
DOWLIAH IE % F2h L i AR 9 5.

Stepl Step2
PET PET image Motion Orlglnal
raw data phase #1 correction CT image
phase #1 7 - (Breath-hold)
-/ =
=
L] :O: :
=3 ? /.ﬁ
& o
PET g s i s ed Projection Attenuation
s 2 PET image PET .
rawdata = & g > hase #i | Image data map .
phase # sz P £ phase #i phase #i
~— g 8 _J phase # i
=
: : Stepa
— e L
PET < Reconstruction
raw data p PET image Motion with attenuation correction
w — >
phase #N phase #N correction
- -

PET final
image

B2 AR — I R L O T

3. ftE# T aL— 3y
3.1 Y2aL—Y3 VAR

Segars HIZ &k > THHIFE SN724D-NCAT 7 7 > R A [12] Z VTV 2 a2 b—v 3 U K W RKFEOH R
DIRFEEZAT > 7. AD-NCATZ 7 > b A, MOEES D lidias O TR OPER 287 2 KEINTH (National
Institute of Health) ®Visible human data setZ F:\CET /AL LT-E1EIE 7 7 FATH Y, KESF
ERILELOIFTE TR VBN TS, REBRTIFAD-NCATY 7 hAD Y = R L—X EZHNT, KM
WA DXHRCT, PET & A5 L 7= i 7 — & 2 2R LT, RFEBRTIIPERY A 7 V% 8FRIC/yHEIL,
B FERARIZ BN T4 X 64X 67 [voxel ] DEHG A AR LTz, 723, T X TOBEBROMERELIL6. 4X6. 4 X
6. 4[mm/voxel] T 5. %ﬂwwm¥@’1£W®%TﬂﬂE@’%dwtfk%ﬁ/%x%ﬁ%:
5z 7=, F1KM0C TEBICITS ELT&WH@%%zt DR BEEN T D TV, PETO
E@ﬁﬁﬁ_iwﬂwﬁwﬁm%:OSWTiw@%7?/F 3, SEIDA Z L— 3 Al XD E
G AR L 7.

3.2 MRBIOBELE

WFEICBOTERR S 2 &g 2 X 31277 . £72, [[AXF D coronal RO 7 A L iZih->7-
TRy ANEKANTRT . JT ZIIINET DRIOR KL, RRREHE, BLOMRFOH 5 1
N, 777 ANERLTND. AFEICBOTEREBIDHES LTS 728, FREMIT TOR
FEBAL N EIFRAR CHERA—E L, BB OIFTNLESNTNDZ EBDD.

—J5, MFEORICITERLBEIND. #lxiE, X3 (d)D0fF FEHORANI RIS 72 8T, FHiE
RSN DIREDAAN R > TVD., ZHUIBL TOEBIC LD B2 6N5. T7hbb, MRIZ K 52H)
DR E IR BERRIEAHE CIE, BB QRS & T 5 O Pl & Tik, B < ORI K & < B
2. ARITPFRALABFRIZIE LRI R DAL EBIR 2 A TRINAGHIE S~ & & 2 A%, A ali— BRI E
EOBAEE, FAFRAARE DT — Z ZFEHE LTI S D FRATARIZ et U 72 A IE 24T > T
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DI, EMEMEICRITAZ LI270b. LU, 202 SI2kd AN Al & O MR E 51 7
BIDGEIIC BIRTE L, 72BIFEORMN G 5. 7k, FHERFRE O A Tl E % — WA 1E 35 1 10 I A 1IE —
BRIED 55% > TEY, TORTHLAEIMEEZRLTND.

.

(b) Coronal (c) Sagittal

.

(d) Axial (e) Coronal (f) Sagittal (b)
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1000 [

— Ph.1

600 1 WQ — Ph2
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mﬁ%wa
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(a)

600 ‘ ‘ h‘/ ‘ —Ph2
——Ph5

i

200 M

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65

AR IE — S RGE

(a) Axial

BR—RIRMIEER

B3 FREG. LB RIHIE - Ak, TR 04 PHREREROBRET Ry AL
AR — R I T (a) WRUNAHHIE — & EkE, (b) A Rlk—WIY
MTEE. & B1Z, Phl: KPP, Ph2 :
W, Phb e KA.
4. £&6H
PET/CT 2578 T15 &40 2 PRI [FI ] PET (254~ 2 WA IEVE 4 2 FFEMGT L 72, NCAT 7 7 & b A% v
ey alb—ya YORRNG, R ZHERER GO0 D DD, K0 KEED B WIRIAHIE 4 %
DO HIFRIAIE —BARIENEE L ST SNz, L L, AR—RIUHEETH, IRV EPE CFF
HINLEBEPHELNTEY, FEFHARHELEHRINDZ LD, REBRFTORMRS L EEZ2 5.

HitE

ABFIED—FTIL, BHFFTER A B &R E SRR 77 17032002 (2005) 45 K UMEARAFIE (C) 7R
R 5 19500381 (2007) DRI K o 7=, Al — WA IE L OB AR DU T R E T O LA K et
LET.
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(2 3) ERBEBEDH L LER

T ik
KT - KFEFE AT LMER TR a2 Ea—F A = AHIK

1. [FC®HIZ

BURFHAIEIE P E TOHR ST CTRS PECTOERTHH Y, Bl bHNHICHIEN T T
WD, ERERRIECIE T V2 MIEIRE (FBP) BICRESH MM TIEL EMEE - OS-E
MIEICHRE SN OHEIFIE (BRIEPIEE bIHEND) Bb 5. KL TR, £ OBRIET> TV
DA & 2 FIE ORI OIS, K2 150 By 7 ZTHOWTHET 5 T F T,
WO —HBLEE (ROT) ZEFEL VDRV T r—va v OboRET — 50 LB T 5
Interior BEIZOWTEHM 5 [1]. MEHTETIE, F—RBFOMR I{FHZMNTSPECT + P
E TG OEE 2 KiFIZ M E S5 Anatomic-MAP £ & FRIEI 2 HIG AR RIE I DWW TR~ 5 [2].

2. Interior BREDfE%

£, Interior MBEOEREZBRND. EAA A= ZIEBEICBWT, WREm s cidz < Dl
RHF e &R OER (RO 1) OB OANBZEN LB IR GUIBEBEICA LS. 20 L9 RiGEIL,
HWESTIWET 22 EZETHROTZ EAAHRENE W D BIREIE, E0 SIS AR & I3 2004 4E(C
BN RSN Z EICEVEREZB TV, Interior R &EIE, EAEIRFEHERL O T TLLTIZ
AREZBEOMETHSH. M1 (a) DX ITWIE f(x,y) DNERIZERICE TN HBELMEE (ROT) S
EExDH. LT, BEPBRO 1 SZ@BTHHET —F p(r,0) (r X8R, OI1XAE) OHIRE ]
RETHDHETDH. ZOEA, ROL SZEB LAV p(r,0) IZHIESNARWZD, £TOHHOFRET
—HFERIC N T = arEND I LR D. ZOX I RBEET 2 NBRO 1 S & B ICEERK
T AHRRED Interior B ETH 5. SN, 1986 IS 7z F. Natterer OARIZ, T —H
W Z TR ® support (BEFR) OIFMRNZEEITSD > TV T, Interior FIEDOREILI—E TRWZ &
DRER ST 5 [3].

ZTIT, EEDIE, M1 (a)IRTEIICRO T SONEICH HIEE D/ S WEEK B 128V TR
S(x,y) DIERBEAToH 5 &0 9 % E T Interior M A B I L 2R A%, fRO—BM L ZEEE
AL U ELARA 22 {5 A vk 2 8 U7 (1], SOk O FER & {5 A Ak, 2004 4RI Noo & & Pan
HIZE o THRRAREINZZDBP (Differentiated Backprojection) ¥ & FEIZIL 5 LU B AR RLIEIZ
SN TWn5[4], [6]. DB PIEIEH S EEHMER AR ARREETH L Z ERMHTEY, Noo
B & Pan HIXX 1 (b)IZRT RO 1 BELT ST OMIREER % & Ted5G O 4yt Ak Rk & i X [4], [5],
2006 |2 Defrise HIEE 1 (c)IZART RO I A EH b OWIREES % 5 Lo & O H o I
R 2Tz [6]. X1 (a) @ Interior RIEEIZEI 1 (b), (¢) OREEZILE LI LV ELWHETH D,
Z ORBENRIT 72 2 & TEOEESIEOME I I EFMH S NI E S 2 D725 9. iEM A E OB
PREEISCER (1] 2B N2 ZLICLT, 22 TIRED L D R AMRO — BN & ZEMEN KT 5
NeELOEZ2O00FEERELRND,

[(fR 1] RO I SITMENTICTERIZEEN, FAIMEFRE LTS ONEICH HAERE DM B IZHB VT
WK £ (x,y) DIEDBEEER TH D ERETH. 72770, BIIW B/AERERTH>THREWY (—HDOA
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TIEED) . ZoLE, BET—F p(r,0) DIEHRE FFIEHRPD, f(x,y)IFRO 1 S TEMIZESE
DMEBITIZETHD. O

(R 2] MR 2ITHR 1 2 FAERPRKREVGAIIBE L2 THS. RO 1 SIIMIENTHBIZTESE
ICEEND ERETH. BET—Z p(r,0) 1%, SONEBICHHMEMH (EEOHEKD union TH Al
IR T 5 R TOEMBIOVTHES N TWD ERET D, o, FAiE#RE LTS ONERIZH 5 Ik
K ZBWTHIE f(x,y) DIEBEMTH D ERETH. Zo&x, 3#HEKS, H, KB TFD2250%
Eaw UL, BT —% p(r,0) OEHREFRIER?S, f(Ly)IFROTI STEMICEE VUL
BUILZETHD.

(&KfE1) S=HUK (SONTOEDRIZBWTY, f(x,y) TREZ0AE2EIET 5 180 FE MmO
p(r,0) BPEINTND. )

(&t2) B=HNK#{g} (SOREIZ f(x,y) &ZOfEEAZEHT 542 TD p(r,0) BHE I TND
FE B NFET D, 727120, BIIWL H/ANE R CTH- THRV. )

O

1 LA 2 OFME R T AR A A =D T OB ER, %41 (a) &2 (a), (b)ITR
T. K2 (a), (b)) OREIZBITDMO—EMEITHER 1 TITREHT 22 N TET, MR225 &
(f, ) PEEFITo DK BNREWHEID) LERRET —F 2R 1 M orRE5 X0 KIRITH
BT D2 ENTED.
(a)  obiect support (b)  object support (c) object support

|v

1 (a) Interior DR O I &, (b) Noo © & Pan HiZ L o TN ER /3 HEHEL AR KD R O
I B2E (4], [5], (c) Defrise HiZ Ko TN TZEL o EIFERL DO R O 1 EliE [6]

(@)

ROl S

region region

H

region
B=HnNnK

2 (WER1ITIEImESNRND) FER2ICEVEO BN RS D BRG]

¥ 312, BHERC THRT — & O EL 2~ T . EEBIORTIMONTICE T 5 EHFERARO 1
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ThHHRMEEE L, PEIIHER 1 TRO—BMENRINDREICHT 2 HEkE S, FEBIIHER2 T
%@#%ﬁﬁ%ém5ﬁﬁ XTI A FHERER TH DH. 722 L, B FTRIZRBWT, (Ehb) 275

BRI F B PIEIC X D IE LW FRE B S O 8% B, K OFFIEHME AR L-5E, (Ehb) 3
4l E@W?R I B, K OFHIEHRE LT f(x, ) Id—EMEEB LSS, (Erb) 451H OB
IFFERTERZ A L2V OFHERE S ZE L TWD. DNSAREFFRSEE ZBckEL, (2
B & 3FEOEBENZEFRCTHD I E0D) FAERITKENTREWVWI ERD1D.

Exact A Priori Knowledge Rough A Priori Knowledge No A Priori Knowledge

B rROIS 7

K H

| ROS///v|||||||||||||IIIIII|IIIi

3 CTIEDEKZT —F 2MNIFEE ( (E2b) 251H @ #HikB, K OFifF#EZF BP
B O ERK, 3F1H @ B, K OFFfEHRZ —EMML LCEE, 4418 @ FaifE#aea L)

*ﬁﬁﬁﬁ%ﬁ®ﬁwwm%kbf,kmwzm15y$~wSPECTrﬁmf B AR — LDl
BEAERO TICHEASITI T (¢) D Defrise HOSEMETET AL 91T , 2213 fRRE 2 1h) E SO 0E
EBEOEWEBESD Z LIRS L= T].

3. MR I ZHIZMERZHAV-PETEHERDEENRE

ZZTHEOHE O MEL, F—HBEDOMR 1/ CT TiRE L EERGZF/ITEHRE LTHW TS PE
CT - PETMEREGROBE % &#ET HHBET, 77—~ & LTI 1990 4FEIZ Leahy H=° Chen HIZ &
DEADIMLNFER SN THLEEIMICHE S TCELbOTH D8], [9]. 4, PET/CT
MERMEINTZERLPET/ MR I OFFERIEINTZZ LD, ZOMBEICKT 20088 E > T
W5, EED Y, Rl ZOMBEICEY A, REROATIITE L U & IV SE DR IR Z VWV LU
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PRI Anatomic-MAP ¥ & B L7=[2].

B4 (a) T &9, SPECT + PETTHERETHENG f(x, y) 1, R—HMHENTHLNICE
b3 28 mEm f, (o, ) IS RIFERERT ARy NEE £ (x,y) ZIMx 72 RADET /L (Spots on
Smooth Image EF /L) THRTIENTXSD.

fy)= 1,000+ fi(x,0) (1)
FZIEX, ZOEFTNTRTIENTELHWRAOFEIE LT, KA - TP - D - FER MR B
ENRFIF 5D, Anatomic-MAP #1%, [Fl—HBFOMR I,/ C TH%ZH\ T, Spots on Smooth Image
ETNTRINDERO/NS RFEBICHY T2 AR Y M EMICHEER T2 22BN E LB
Bk THh D, £, F—EBHEOMR 1,/ C THEIRICEGLEEA i L CY =BG (77 b— i
%) f,(x,y) ZHEET S, 2 LT, HETAYEME FRE A ORI BRI i & FRRE R IR G 0 BREE 2 N %
THERZIT Y. T XD EmEf e 0ENNE <@éi9*ﬁ%%éﬂ,ﬁ%®L@ﬁKiof
IR OREFHHE S & AR > N OBBRERAFZ WS L7228 L0 Lo\ 2 AT 5 2 &0
AREE 72D, LR TCIE, M~omH %z BEARp L LT, MR Iﬁ1%75)?37/7 L— MNEgR AT 5 F
JIB & Anatomic—MAP JEDERSIZ-DUWNTIR R 5,

T — NER £, (x,y) DERIZIZUL T OFEZ WS, £9, MR 1 EBICHOIMUIOREIEY

(B & BREEI) DOFRZE - fEE - MR ORI E, OB Z i L7=%, kRIZEXv 77—

W& £, (x,v) ZVERRT 5.

Jo Gy = my Ly (%, 3) + mgl g (x, ¥) + mgls(x, p) (2)
el Iy, Ig, [GIXEAE - JRE - /MEFEIKD Indicator Function & L, my , mg, mg ITAE « K
B MRS ORI E R A KT, Indicator Function Iy, I, IgIIMR 1 E{§ ORI EIFE R O 15
bihd. £, MMEEm, , mg, mg FEHEBHEE ST 2 FEEZFHEBE L. £ LT, fBllL2T 7 L—
N £, (x,y) & (MR T {587 L CHEHK L) SPECT - PE TEHEOMESDOEEZ{T> THL.

WIZ, BRSO FEICOW TS, s ndoe~2 b ¥=(x,x,.A ,x,), BEF—¥
EmUTERT M b =(b,by A b)) TET. Eh, BEHEE mxn i A={a,} TET. HHOT
ETIE, MA PHEEIZHESWTHER SN 5 LU T OFHER% £(X) 2&/MET % 2 &I X0 mitg sk 4
179.

fB=td+uvd, Ld-= Z[Zau X, —b, log(Zaij) U® =8 Y o0, —x) (3)

=l j=l (J.J"heC

=L, Mbif?//\ﬁ@ﬁﬁtg,m%i%7X®$m%ﬁ Clx7 UV —7 LT 5 Wss

B ZEXOEES % F T . Anatomic-MAP £ TiZ, MR IEBEBNMNOLIERLEZT 7L — FEE
M=(my,my, A ,m,) % NT, R(3)ICLLFD 2 >DEEXE LMl E A5, £9°, FEH
BT o7 L— N & AR e o FEEE DY) &0z

ﬂ%zL@M{K%+D@LD@ﬁwiﬁ@pmﬂ (4)

Y5, 2720, d(a,b)ida kb OHEEERTEETHS. Wi, X(3)OXTAOHEAMERUD) I
BT, FREEITO 7Y =7 2R N D 7 V=27 CAM (M IXFE-—fENICE £ 25 BRSO
£E) RETDH. ZNLDEEIZLY, (1) 77— MEB L OFERED/NES < 725 K5 IR
sns, (2) EHEEEROT v P2 FFE L TR ERNOAR TERESND, O 250K BHIFSH
2.
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d(a,b) DGR ERICKRE 2 E 842 KFd. SPECT - PETOEEHERERKICIRES IR
O C T B FRER DO AT ET 5 &, BRI d(a,b) DB E LT

d(a,b)=(a—b)* (L2/ V1)

d(a,b)=blog(b/a)—b+a (5 > ~prior) (5)

d(a,b)=alog(a/b)—a+b FHA=> h o &'—)

WHA 2 b0 L LTHEASATWS. LavL, ZThDLDOHEETIE, /NSRAR Y b & MR L
FEDSHER O A% LT 5 B Z 4318 EF R TE 220, Anatomic-MAP {5 TlX, d(a,b) & LT
d(ab)=|a—b (L1//L2)

d(a,b) = lim la—b|" (LO/ VL) (6)
ERAVS. R(6)PR(5) L L TERTOAHEEIE, UTOLIICEZDZLNTE D (ZOHY]
WESCER[101I2 X2 %) . fliHOT=0, REEDN 2O (x,x,) DHEIZDOWT L2 /LA LL VA L0 /L
LOBA O D) O%EMRERHI< &, M4 (b)DXHichd. 22T, (xl,xz)O)—jiﬂiXﬂ?o“/ I
TR F SIS Y D A ERE S (x, =m, £720Ex, =m,) ICHDIEEITH YT DR, 12 /v

a?ﬁn%b)la»umﬂbz)f:&)ﬁ*“ﬁﬁﬁiu%@ EfRE L GRORT 2D, ZHUFAR Yy M EER
HAEPHE LA RSZ LICHY L, ARy M EEFHBOFRIRESARY. Zhics LT, Ll
J VI LO VAT iﬁ“fiﬁ WEWFEAZ LD IBORLT 2D, ZEBOLE BRKROFE R LD,
LL VL0 IV AE L2 J VA E I U T AR v b EEFEOE A 8\FH U7 miG 2 A L0,
¥, o~ prior CLFHATZ brE— EMRROTEN D L2 2 )V AT W EE 28, 2 1F, 1.2
JV A, T haE—rp Ewﬁﬁﬁﬁfﬁi&%ﬁﬁu\fﬁ(m & FEEL oD BFAM BE KL 2 WS RR L 72 S AT A 2212 SOk
[111, [12] 238 523, L1 J V2, L0 J IV ALIATIE AR v b ZRIF Lo IR O M 243 2 g
BEIRIFE & A EERTE R [2].

@ f(x,9) smooth image  spot image (b) X
Jp(x,9) £ (x,p)
([ J
N °
[
(]

L2 norm L0 norm

X4 (a) Anatomic-MAP {ETxtG L 3 2WHEET /L, (b) CHEK[101IZXK D L1 /LA L0 /L A03Mtod
PREERIS L VN TV A Z & ot BN

PLEM S, Anatomic-MAP VEIZI51T 2 B BRI, (6) DEEREZ HW LU T O/ MERE & 72
5.

minimize f(¥) subjectto ¥>0 (7)
ﬁ(?)@ﬁ?%ﬂméi_%&{ﬁfmﬁﬁ L1 /L0 //»Aﬁiélflﬁﬁ@ﬁ"ﬁ/%ﬂﬁ%fﬁ%i&@%éf:
LW, N T EFE<EET 28 LWEIELE (Anatomic-MAP-EM ) ZBi¥s L7z [2].
®§¥§ﬁﬂﬂijﬁ%ﬂ([21 A& 0.
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I4MJ®77/FA_EULt@ﬁ77/FA%%Mt/::V~ya/%%&fﬁifﬁ@
WrIZiRE SN2 S PE C THET —Z OB Z 1T 7o, MEOHEG b, 27 —F OFMERAERD
%*%@#%ISLmﬁ._ﬂiDLB(Vt~¢¢ﬂ%%)@EWT%%ﬁ,MRI@@LTH%ﬁ
TERWIMFHER N8 S P E C THIg EOLEAITAFET H. MR T F#®ZR L THAMK LS P E C THi
(B T BEDRICT LD Jﬂlfﬁfﬁ%?@fﬁﬁ*l W LV 25, Anatomic—MAP EIZ X 2 AR E 14
(F51) TIXEBS ﬁ?%%@%mﬂ R IE S AV FIEEEINC AR S h T b, 2288,
R DOBRIZ & 2T 51751 A iA%% %%%AMIWWw%nﬁ%ﬂD%ﬁ@%ﬁ%é<ﬁmbﬁw
TWO%%%%ﬁéﬁfLﬁw@%@%@ﬁE(Xﬁy%@%ﬁ)ﬁﬁzé@m,w/w¢¢1/wA
% A7~ Anatomic-MAP JEDEETH 5.
Anatomic-MAP {E® BARFISH E LT, dbft B CHRIBLR DRI H et O~ P E T~
WA ZMREL, T — X OAFERIIRO 22 B L & 5 O R ER A 155 Z L ITpk ) L7z [13].

MRI no MRI L0 distance

template difference image (no MRI) difference image (LO distance)

5 DLB (L bE—/MEEER) EFOFMERES (R85 MR 17220, £%]:L0 //vh%Hn
7= Anatomic—MAP i, FE¥® difference image 137 > 7 L — Mg & HAE R EE DS REELX S T-1%

(2 & B> THERR L 72)

BEE . Interior MDD T —<1%, F.Noo [k (& K%) - MDefrise [k (7'V = v&/LHHBEKS)

M. Courdurier & (mu o B 7 KZF) & OLFEFFFEIZ L VITHL7-. Anatomic-MAP JED T —=< 1%, T4
HARK (BURKREY AT DGR LETER C S ERE L) & oFETRIC L ViThnl/z. Zhb

DI & IRHIN 2 L ET.
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2000 4FI2H 1 Ao/ NE EER A PET 3 & microPET P4 CK[E Concorde Micro Systems £E8) 73, KBK
TINERPE I A AR TRANEASNBAELHIIE B I L TWD, F72 2006 4 3 A IZiTO)EA L
WFFERT 235 2 HARVIEE TH D microPET Focus220 28 AU A BAAEL T D, KRIRHTSZ KR FITEARED D
BUTEIC D E T HEREEE 36 L ORI 3 AR EEA I () — ~ A AR IE) | BCELAIE , RS E, T A
Ivial A% vl 3DMLEM 1% O B FAE RRE S O Z < OMERE DB IS L TET, [FRFIZAF ¥ T — b
TENMET D77 — LU= T — DO ELITONDRESC T R —hDOUGEEL Th L TE, L/ N—Vs
VT TR REANBINE N TS, microPET &VWO4 FRIEPE Sh 44 T DN ERAE Tl /N 3253
PET 2EE DB LU THEHSNLOGAHE VY,

/B TR I PETEE B 1 BRR 25 8 L L TR R R0y S B E B A 35286 20 803 AR
LEIN D HThD,

2. PETR¥y+—

ASEHEHLIZPETAF ¥ — D F Ak E R 2-1 10, ZLEOFEA Fig. 2-11TR 7, MZEESHICT —#IL
£II3DE—RHH CTNERO T —H TV AN — N TRAEFESID, 7 —ME B IX2RMA T ATRE TH D, [FllkF
FHHIEERINE X 2,6,10, 14nsec O TE | KPR TR K OB LAHFZEFT Cld 6nsec AR UER Al FH L TUV5,
INEINDT=RLXO FRRE LRI 0~814keV OHEIPH TILE IR E TX, P4 TlE 350-650keV, Focus220
TIL 400-650keV ICREL TWD, F2hTr A3y ar A% HOBEL AL TRV L VT AE—REY
27NV R OB AR 2> TVD, DRI AR THV AL L T ¥Ba, 'Co, 'Cs, ®Ge, **Na
i CED, EBIZZVAZNVAEFCH D Lutetium Oxyorthosilicate (LSO)? B &3 Y O] FH LTl
ETDHEL ATREIC /2> TS, AURERIR A I L723D T 7 LV AFHHITTIE, BIN4 D EELRR S 24 1E
T 2D DEEHEMREL AL CVD, ) —~TA AFHIEDTZ D O KM T — 2R IT ARARIR & [ R 24—
FRIR DO S5 2L, SN —2D FEZR L T vD,

£ 21
microPET P4 microPET Focus220
Crystal Material Lso LSO
Detector Diameter (cm) 26 26
Axial Field of View (cm) 7.8 7.6
L] ';:':;;’t;" — 10,752 24,192
Crystal Size (mm) 22x2.2x10.0 1.5 x 1.5 x 10.0
Packing Fraction (%) 80 92
Number of Slices 63 95
Slice Pitch (mm) 1215 0.815
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4. x&IC

ST 72T DL LR IL R IR &/ NV TR TOED — B TH D, ZOMIZI T Ay al AF vy
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Zef A & UCHIES D 2 E N ATREE 20 D, Iz 0E, YC- MPDX (Kimura04), ''C-TMSX (Naganawa06)!ZX ¥ .
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Al
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L2rL, MERICHDAENTZ Y T FORTHRZFEREFET 200 TIER . ZO—HMITRKHEG D%
FCHBTICHE E D Do, ZFEIE L OFEG ORI & U B S 2 B I MERF 35, —J7 CPET THRi¥
ND IR, RREA R OREAIRIEXT OFn & 72 B 72 MU HLER T O fs A ﬁf%xﬁmafkbf
o Z LT TERY Mintun8d), Z D72, MR G RRIFAYIC i 9~ 2 EEIEREIC L - THRICE
é%ﬂ%W%M%%%%:Mﬁﬁéwb@é@%%M&\::#%%%hk?~&#%%ﬁ§§%m%?

L iEwmAa 3 2 ERBMRIT AL L 72 5 (Carson03),

ENREMAT CIIIERIEHEE 2L ) 7L T X LADOEENSLE L 705 2 LD, FOMREIZPET 7 — & th DM
HTORBERELSZITS, TRHERMEZEST L AL, BEILICY > TOMBETH D, (o T, BHEEFH
R B TR B 7T — X DRERNIRD b b,

INENY) PET NBMITORRE L H A SRE

Vv REZSRIEDOHGIL., BENXCHEER CHEHAIN TV 5 Michaelis-Menten @3 (Lehninger02) (2
X, FoMEEFEDR TSI ENTES (Humeds, Hume02), ZIUZXkD L, HELEZV U RIZL-ThH
DG A FOFIG, BIS HHLER (Oce [%]) X

activity
w LG, 34 adivily

deoe =

E7pb, ZZTactivity MBqlidd& 5 SN REE. w [gllZfAE, EDy, [n mol/gliTfEA A b %
ST B 7= DI E R ) Hy Ro#FEE, SA [MBq/nmol ] IZLENRE TH 5,

Bl 2%, IKE 20 [g]l O FEHM R~ A% L CHBREOmWEr b= 5- HT,, HY H v K
[MCIWAY100635 %, HRAIES 70 A RECTdH 5 100 [MBq/nmol] D FTO0.5 [MBqlZ ¥ 5 L7548, DEOES.
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1. [FL®HIC

T, EHEORBE(, ®oMekic LY PET MR O EE UEZ X0 D0 A TH D03,
EHRALEL DM b OBEUENIZE S A TE TV D, AR TIE PET IR BIEA A =2 71281
5 % RS RE IR D signal-to-noise ratio (SNR)ZEZ B L CTHFZERR T 21T 9,

PET (28 CTHIMPNARRR 2 RS EE 2 L3 D 72 DI2iE, RINE S U 72 i R SRA O 2 BT & 2% 371
FEORERINENZET NRICH TIETD, FEFETET AR T A —F (R A AEEE) ZHEE L
T biavy, TORT A= HEE &2 @mHEICAT O 720I21E PET BHRICEH D /A X3 & 7
Do I, WRIZEHEEND /A AREEMTOERIT LY | ERITINEETH - 72 PET B2 A&l
JE DR Z AR OMREBE B IER D FIRE L 72 0 DD B B (1], ALYV =—7 by NEHLEZ WIS 2
REEREE O FHRICH W 2R RYIITEH % & A 72 PET BIRIZ 7 A ABREFLLIREZITV, B S5 A6
B> SNR OBEHE R OREENR A LT 5 Z & &R LTE[1]-2], D & 9 ZRENBMRNT 21T 5 BR DO RiTLER
IFEAEREZ DR W DIHMERE W, 72, BT Fr—FL LT, ETANRTA—=F—HED
WRRIZIBWNWT, BAR N7 VT RAEZEATLHERD D, Ik HOLBILTWSET AHEEED
Logan Graphical analysis (Logan Plot) [3] (2B L Ti%, /A R & %< GieT — % OGH MRS 25 AR
D 1O F R (Vr [mLiem’]) Zi#/NHEi4 5720, ZORBEE RS 5~ WL OO W B IENTE
RINTETWVDEIRZORITHHTIEIRVAE]L, &2 THAIEL, ZHRERBEA A -V 712815
SNR % HiY & LT, MAP HEEZ £ 7 /L OHEERFRIZHE A L7 Logan Graphical analysis DF2ZE 41T
>72[5].

2. Logan Graphical analysis [ZDUL\T
@ Logan graphical analysis method (GA).
Logan Graphical analysis & (%, 1990%(ZJean Logan73%3 L7- HIETH Y | i HPRER BN REdh#R &
KRB RE IR 2> B L F O T8 S 2 BMRA A EMARHEE T 5 Z & THOMEREVr [mL/em’] % 5
H9 53]
t t
[ cadu . [ ¢, @du o inr 0
C(1) C(1)

Z 2T GO EZAT - 7o M B RERREE . COIFHARR T OIS BEIRE TH D, V&bl
FHEREL () LA, —EEE e, R (1) TRINDIEROAR, yOlFE LTHESND,

€ Multilinear analysis method (MAI).
MALITHHEE D PHFE LIZGADHRIETH 5[6], N (1) oHEHINZUTOXNTERSND,
C)=p,[ C,(w)du+ p, jo Cwydu — t>1t, (2)
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Pi=-Vilb & p=1/b 13t>1 DF —Z KEIZE W CEMREIFE THE SND LK TH Y . Ve 13-6/40
LEFR IS,

@ Likelihood estimation in graphical analysis (LEGA):
LEGAIZ = 17 7 KDTodd Ogden?32003F 25K L7z HiET, X (1) 2R s L)
REW T2 bOEWHEIZHND[7], 22T, X (1) OFZlE OCHZECH) B2 D L
UTFORICEHTE D,

1 * 1 * 1;

j camm+§caHyAq—mLc;mwu

0

3 1,21, - (3)
b2 At
8

C*(ti):

ZIZTCC) FHEE SN BRI BUHRERBR TH Y . A (1T i-frame (2B T HMERRITH D, HEES
N C() &ERD C(r) DEELEFNCT DL 1V L bERD S,

3. MAP #t7E # U 1= Logan Graphical analysis
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Hobl BREKREEZFFSLOEZE L, BEMICT 7 L — b O F T A AR EE M O RE AR Y & o
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I, LT DA TR 21T 5,
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STEP2: 7 L 7= #ARHF R A REHIAR DN & C(111) & jo C(t)dt 5T %,
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— & LT/ A %5 ERWHRRRE RS R SR O/ 2 53 2,

STEP4:  SEJH| DA EE M U el AR & fie b L7 RERRIRF R A RE Hi AR & STEP3 THERK L 77 7 L —
FOFPBER L, HofEAITIER A PSRRI T SO R HERR Y & D (W, b) & Fcibifif & 35,

4. FHi

4. 1 YEal—v3ay

MEGA OMREZ FHfd 572012, ¥ 2 b —3 3 & HVGA. MAL, LEGA &Lt L7z, X113,
C-11-SA4503 &) JEFN 23t & LT, (Vr, b)DSBEA KRR U RE BRI LC 1 miFEFH S D /
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Estimated V;

20.86 21.33 25.12 43.82 62.03
True VT

1. a2l — 3 : GA. MAl, LEGA. MEGA THtE L7= Vr D (n=1500)

4. 2 BREKRT—32~ODOI:H

X2 XEFRT T 4 T OF —H~
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[1] FAEZ. AIST TODAY, 4, 2 (2004) 22
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PET IX@VVE2IRE & B I 2R, 2 L CEBomMEREbIc kY, R LTETEY, AR
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PRI < BREFTATE I3 7 /L ICE V. G ROENENREH R (RIS ORIy idime) &, B2
SRR 5 2 B2 WIGHREFTE (SEE) 12 &0 | Sl OV I 233l £ 41 %, TCRP Publ. 537
Radiation Dose to Patients from Radiopharmaceuticals” & 80 “Radiation Dose to Patients form
Radiopharmaceuticals, Addendum 2 to ICRP Publication 53, Also includes Addendum 1 to ICRP Publication
727 1T, BEEOEE ORI HEOFEE T VR OESREREAEI RS TS, e, BNy P, R
IZONWTH, BEAEDEZ 5TV,

7 1. FDG Biokinetic Data (ICRP Publ. 53)

Organ (S) Fs T a A/ Ay

Total body (excluding 1.0 12 min 0.075 213 hr

bladder contents) 15 hr 0.225
oo 0.7

Brain 0.06 8 min -1.0 8.9 min
oo 1.0

Heart wall 0.04 8 min -1.0 5.9 min
oo 1.0

Kidneys 0.30 1.45 min

Bladder contents 0.30 19 min

# 2. UFIT K D EDBESEARE (ICRP Publ. 53, 80)
EIR=E (mSv/MBq)

E L] ARA 155% 10%% 5i% 1%
71 0027 | 0034 | 0052 | 0086 017
FDG
0027 | 0032 | 0047 | 0073 013
(ICRP Publ53)
FDG
0019 | 0025 | 0036 0.05 0.095
(ICRP Publ.80)
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ICRP Publ.80 K T} UNSCEAR 2000 |2k S LTV A% FIor=d,
# 3. F-18 FDG & G5B 1E < MR EHF (R (Publ. 80)

# 5. PET @2z & 23R M5%0# & (UNSCEAR 2000: Administration of Radioactive Substances Advisory Committee. Notes

for guidance on the clinical administration of radiopharmaceuticals and use of sealed radioactive sources. NRPB, Chilton (1998).)

figi 2z BA 158 1055 55% 15%
HEH 0.011 0.014 0.022 0.032 0.061
(mGy/MBq)
EE R B
it 2L 0.16 0.21 0.28 0.32 0.59
(mGy/MBq)
RiRE 0.019 0.025 0.036 0.05 0.095
(mSv/MBaq)

. F-18 FDG 42 5RO 1 F < idk (185MBq 5K : Publ.80) )

sz B 155 107% 5% 1%

rEW |, 26 41 59 1
(mGy)

Rt e 30 39 52 59 110
(mGy)

EMIRE 35 46 6.7 9.3 18
(mSv)

TRgt %I [4=251 BE #5828 (MBq) | EMEE (mSv) | FEHE (mGy)
o L-AFI-AFF =2 g% 1% 400 2 1
o L-AFI-AFA=Y | BIRRIRRE 400 2 1
BN TUEZT DR ERE 550 2 1
%o KR—3R) Fibd I 7% e 42 2000 2 1
0 KR—3R) DFLREERE 2000 2 1
8F FDG SRl 400 10 7
8 FDG [8Y:5%: 3 400 10 7
18F TviLin BiRig 250 7 5
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PET IZBETH2END T A KT A 3o EnTnd,
OFeNBLE XN FIG Z W T PET M EITH 1D HA RI4 >

HABE Y=

OFDG-PET NAMRFZHA KT A~

HABESZ -

(2001 4F)

SR PET HEdE iR (2004 4F)

OBENILTE 7z FOG Z# W= PET MEEZIT O 720D HA KT A4 > (5 2 ki)

HABE Y=

(2005 4F)

OFDG-PET M BT DL 2MeRIZBET D0 A4 K7 A > (2005 4)
Pk 16 AR [EAE A MR BB BRI A e
PET MRAC it 5% 2 35 1) D Wi 22 = O Mg\ 2 B3~ 2 WP ZE8E (2005 4)

Bl Z 1,
WZRIL.
A ZREOHE

[FDG-PET NAMRZZTA K7 A > (2004) | T,
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® FDG-PET \ZXAHIRLIAMC, FT U AI v a v A¥xx 2, PET/CT #E@E D CT, & 5L PET
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(1) JFAZER
o RIS HREITEVEZIZEIRE LRV L,

(2) IR ~DF G-
® TR EITIE L TWAATREMED & 5 etk L O AL b ook, A
ELTEELRNZ ENREE LV, W LB EERHIE T LD AR
Z EEZ EHWT SN A GEAEORELGTH L,

(3) milnE~DOEE
® —RICEENE CITAEMBENMET L TWAD T, BEOREL 41085
LembgE53T52 L,

(4) /NER~DFE
® W LOABMENILICE DA FmE BED LS 656 O A HE
Rk’ 25 A I R
ELTWa,

[FDG-PET MEIZ 1T DR EMIRICET A H A KT A4 (20054) | @ [5.1 FDG-PET HAIZEIT 5 1EUE
)70 BBE OWRIRR B, FERh#RE ) 11X, FDG ZER AL 185MBq (5mCi) #&5 L 7=WFD IR &I 3. 5mSv,
68Ge-68Ga FRFEMHE F T A I v g A% ¥ 0% 0. 26mSy A2, PET-CT (285 1) 2 WA IE ) X A% CT #Rf4
1% 1.4~3.5mSv (A —H—#ft7 — %) | EBREREG DY H&EBE CT DIRH Iﬁ%flwwuizﬁéﬂ
RSB, ZNOOBIEESEIZ L TURER/PROFIXIZE EDHDL L OBETHHLEND D Z LR
SRTWV5,

WX MREAEEE T D6 L LT, Publ. 80 OF —H(ZH-S< FDG % 5B D% 5 & L AFE I OIRIFE 2 7R3,

7 6. F-18 FDG HGHFO LR EFE - &5 EET

B5=E A 155% 107% 5% 1%
185MBq
(5mGi) 3.5 46 6.7 9.3 18
444MBq
(12mGi) 8.4 11 16 22 42
# 7. F-18 FDG & GHFDOEMEFH - KEIDN U TR &2 %
RA 155% 105% 5% 15%
70kg 56.8kg | 33.2kg 19.8kg | 9.72kg
¥ 5= (MBq) 3MBaq/kg 210 170.4 99.6 59.4 29.16
TMBa/kg 490 397.6 232.4 138.6 68.04
EMERE (mSv) | 3MBa/ke 3.99 426 3.59 2.97 277
TMBa/kg 9.31 9.94 8.37 6.93 6.47

5. #WIX< DERE
RENFOESFZREA (2004 4£) TiE. FHARIZR O PET Mgk 55 tf. [H%F 30 gk . ffFHEEFEIL °F
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