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In this research, a single photon emission CT (SPECT) apparatus with three
gamma cameras and multiple pinhole collimators that acquires data in a stationary mode without
rotating the gamma camera around a patient. Various artifacts generated by the data acquisition
method were investigated, and methods for improving the quality of reconstructed images were
proposed. As for the image quality improvement method, the deconvolution method considering the
shift variant model and the method applying deep learning are developed, and the results of
simulations showed that image quality was significantly improved as compared with the conventional
correction method. We also constructed a model for the dynamic analysis of organs that can be
realized with this static SPECT system, and showed the possibility of dynamic function analysis
similar to a PET system.

SPECT



X C—19. F—19—1, Z2—19 (58)

1. WFEBHAA S ) D 5

SPECTIE, *"Te, "I, *'T172 EOHGFHUINERE (7 A Y b—7") THEk L 72 B M S 5
%%wfu%@wanhw%%%mmﬁ&&@r“mw EAZMEILT D LD TH Y | DI
KD NA RA PO A RLFRAIE R E OBWHIB W TRNT Z E DO TE RV & 2o
TWo, ZOSPECTTIF—MICFATZ A 2 U A — X LIRS BV ERIZ 280D fL % FATIC
HIFTbDr A, ZOfLE@ET 50~ fRO I A FHA L XERCT & Rk O g FAE s & M
WCHAHEESRS OER A MBI L TV, BBREF#ERT 70T S S E R

DELNTZHT v BOT —HBUEIZIR D0, BUEDT — X INEFETIE—EIZ 1 2O mh
HOT —=HOIHLNFHITE RO T, Mt %*%®ﬂ@?@o<@&@%bﬁ#%%ﬁ®
HRPpoOT =2 ZWE L2 TR 5T, 7 — X NERF 300 EN > TLES, ZD

#%k&%:ﬁ%ﬁ@%m®%ﬁﬂgﬁﬁé_&%ﬂﬁbfw ERIEA W 2 ThiEM
HERBTDHZENTERN, 20O X H RREIFPET CIFEERMIZI T O ERIRIICAE A & 72> T
WHHDTH D, —H Ty SPECTIZH A 7 1 b r D X 9 72 d 72 i 2s A4 3% & L C B Al Tl
PEEE S A2 LR LR T 2PETRRAR & I3 R 0 | Zli2 B F iR 2 W& TH Y | &
PERRFIIC L 3 A R AU v RBAKREW, L L, BIkO X 5 727 — 2 [UE ka2 R AE
D HAFIRN O, HOR R E SR L O FE O RE R ZE L) D s DO B RE & 373~ D PET[RAR O 18
BN TERNENIDONRBFETH D,

AHFFETILSPECTEE THRMA L CW O T — X INEFIEL TR B2 HIETT — 2 INEEAT
9T LT, SRR O RN OB RE & RIS 3 TS & LTI LT D AR S LT
Wh, ZAUT KDY | IEEROREEREIRIC 3T DRSO RE IR A < Z L 3 ARE L A2 0 | PETHR A
kﬁ%@ﬁﬁ£®:VAHF%/F%ﬁ#ﬂ%k&éﬁﬁ%%%kwiéo:hﬁ?%?ﬂﬁ
ERHZEORERIC X - TITH . BIEDOSPECTHERE CIXEB T RVWRETH 5,

2. WHEDOHBY
A CIIPERRF OJEPRICELE L7z 3 5O o~ fia
HEs oy R—nal 2—=22H T (K 1 % omm 3
). *ﬁﬂj””%lﬁ]éﬁﬁéﬁé’<‘:72¢<§%E"Jc::f‘>5?l&$%ﬁ o
REMEREMRAT 2 FTBE & 9~ 2 IR SPECT AT 4
ERBETHEEENET S, Erh—al) A—F%
BEZBET 2L T, xRN bORET —4 %
INET D ZENAfEE 720, £, 2HOE Y FH— 2
U A—5 OFEITIEFTRE 72 7 o~ RO Z R S+,
WET —ZICEENLBEFHEEORBELIRBSE R
ZFiO, 1 27—/ SPECT AT A

TDete:to r3

Pinhole collimator

Detector2

3. WDk
(1) =T AR—/VSPECT v AT LD FHEIFDORET
BEE COMFFERETIE. S~ /LF L R—/L SPECT ¥ AT AR E L R—
NMEIT 1L THDZ ERH LTS TND, LL, %m%m%%@m%%&ew’ﬁ%&
WG DZEM N REEZ LT HEZADE VR —/VOEL, 1 K OFHE R D 22 [ 5y it ke
FEAS D0~ i R O [E A 22 Fﬁ’\ﬁi%@%%iﬁﬂm Tl o TR, D7z, Witk



DE W EH R REER S AEE LY Ialb—a it kb, 2o 0BG AIC L.
VAT LOBRFEA R RETT D,

(2) FHERLIIR OIS Z 83 5 72 O O IR P8 ATE DO BR %E

ARAFIE UL bR A HEE BRI e KA1 7 & DR FHORSL A 2 W 7o B FRRE A A AT - 7223,
BT — 2 OWEAENRKE SHIR, E-ECR—LOARAROKE EE2FS-OIC, BE
BIBRKEN, 20D, TaryRl a—v a3 ERCEBFEOTIEEZEAL, BESLOD
TR A AR C & D FIEZ ISR T 5, Fio, RAHEE & Vo i iR R S T Re
MMM D T2, GPU & W Tadifb 2 E8 7 5,

B) BT HINBYI alb—ya Al KD AR RIS R L E OMRGT

SPECT 3 AT LD B a4 572 02id, HFRsstmAMHEE R D0, EHFITIE
REVHR—=VERE L FEY S 2 b — g 0T, BESEEZL ONETFRERS N,
LZHIE TE 2T ORITIER DL 2D, ZOHELT HARIEIC K DY Figktit A
MO DN T — % TREREE Z BT 272012013, 2L ONTHEPLEL 20 | 3
BRI R T 2, £ 2T, B L 2R D5 5t HEE He & IRAE U 7o | G 2 BB 2 A Gk
ZEZRLGPUZHWTHEET S,

(4) SPECT W4 > 7= 8 DB REfAT TF1E D BR3E
~VF B AR —/L SPECT Z W - BT IE Z BRFE T 5 7o 01T, B ORI
BE ORI CAELT D X 978 SPECT BIiEY 7 > F A Zs%at L, 2o TkitEzEr 74
N ETHER L, FAERER A 15D, 2 O BRI O WG A B O A R E < ZIT
DT, ZHE VSIS DL OIFR ST RE IR — & O F RS (REZ IR
ORI RIAIZIE S 372 &) ZBA L, BLHEEZ E0 6 iR OHEE 21TV lfes O BRe
28— kA MENT S IEREZR O D 5 1E R T 5,

4. BFFERCR

(1) ~/FE U AR—/L SPECT & AT AOFFHE Ot

SPECT ¥ 27 AOFFEIL, BAMICE VA —/VORLEE ZDOH, BV hR—NA8R, T—XIL
BRFH, T~ h AT #5ERRHILRETT — 2 IWET 50, | HIREORESAEZOBE 2777
IR LI Lo TRELSENT D, BlZIE, B AR— L ORESZE ORIIHET — 4 OHie Y &§7F
THENTED>TL D, Ko THERY boTeBET — X LI HET 2 FIEEER T,
EUR— A OEERR LT RAEDT —Z 2IE LY | REZ R EEE5 2L bk
8%, ARETIREE T —ZIFER DV ADRNE VNI FIEO T TR EZIT> 72, ORI T~
DT A =L (B BR—= P A X EERH) 22 x50, ZZRTMRIEO L b ONTHa R
DEEOR e & 2 mEUGETTE & TR 21T > 72,

(2) PG OBEE & SE T 2 7o 8 OB P AL OB 5

ABFFECUE, TR DO ZEH S fRRE A ET 2 Te DI 2 DO T T a—F THRF & 1T o7, —
O, BB ICE RV AT DO RIRN Y B E RO TR O EITKAFE LT
T2 7 "RUT U RNRETNERDIDT, ZNEROEET —XOEMTT 2R 2—
TarETHILEVILDOTHD, TarARY a— a3 ks LTI Richardson-Lucy 7/b= U



A5 BIHEO) #HW e, K2 1ZZ DXL THELNEMT 7> M AOEET — % OfIT
o, Fio. M3 IIERIETH D Trays 15 (SIHSIED) THIIE L7ofER L1RET 5 FIETHILE
LIS E O TH D, BUEAIIC S PSNRETHWE L TWD Z EXHERBTE 2, £z, [RERORM
EETRIEE 2 DTl LSRR bR s, RIS E OFIMBITiX Unet ZFIM L, 220 73 ffRE
OB LT 7 — 2 % T L m i BT R E ek L. Ukt LC. Bl
— & L LTHER/NE R — L ONBHENE TR LN BB R RE T — 2 TxXy NU—7 &%
L., ERSREDREEIToT2, Ty NT—I DT —F 77 F % %K 412, FHEREEOREK
EEDHEBZK 5 IRT, ZhbD X 51T, ZERDMREDKEN RSN LD TE »AR—/L DAL
EIER U CHERHHES 2R3 5 2 L b ATREIC /e o T 7o, TN HIXASHOMFRELE L T -
7275 SPECT [f§ CThe b K& 722 & 72 o TN 22 /0 iR fiE O i 23 F28L C & 72 O TEYRERFAT O
RO RE AR OREEE & B35 Z L 3 IR T & 2,

(c) FBHAHEDIRET —45
2 TarviRla—va AR Lo THE LI EMOMRE (RET —F OL)

(a) EEE (b) BRI ET—5 (c) BEEFE (d) IBEFHE
X3 FERER S D L

raytrace
Trays
12 U-net ——

[ RE®ORTF—5 |

&
N

EIF of B ER (ERFECrays)  $REFE(U-ned) EEatl

X4 FEFEOFH X5 MEFEROBTBEFORETT 7 AL

Counts

] 20 40 60 80 100
Position




@) T AU 2 b—a AT KD EEF RIS K & EE O RGE
FEROMBEIT. AFEEEHET D L TERIChT- > TEEL 52 HMBETH Y | BEx ek
BEORFOWE &, FRFICRF 28 27 -7z,

(4) SPECT {4 0> 7= 8 DB REMFAT TF1E D PR3

BRERRAT D E T AT OV TUT, FEREDS I ZA(L T 281072 7 7 > b A& FWT, Refi ik
FEERERI Z & 217572, M6 ITRT O, ARV I 2 —Ya v OlEbICER LY 7 v
N EERGE LT RE A REHIAR T D, REZREK (spherel) DRKE (X 3em, WHEID 2 DD/
EK (sphere2, sphere3) M A X%, 1.05cm T 5, ZAUIKI LT 3mm ¢ DOFA AL (B H £ 30 )
DER—=NZHEL, 60 PRIOU R MNE— RT—FIELE T ANV FHEICE - TTU,
60 FFFH D FA R 2 VRRK L 72, Z D 60 o> 3 T ITx LT 3 DOBLEZRE L Zh
B OFEIRN O A REME DA L2 /R LT b O 7 ORFELGTREMR TH 5, W e dhirix
HHEBEORBETRKEITLS RWD, ZNOOMIEZERBYE TEMT 2 &0 D034
DHBTH 2, FERIAOHIFIC L > TZ 2 ETIXEBR TE e oo, BUE, HBHMICZ D%
ZEEL THHERTTHD,

sphere2

#32m
“~ spherel )l
4
T7UhL#32) <
1000 T
. e — | spherel " =
sphere3
§ 800 / \\ fO=1 . 1200 \ﬂ o
i \ 2 1000 ‘
§ 600 \ sphere2 g 800
/
% 100 C \ £(t) = 1000 x 0.95* gﬁm
% /"J sphere3 400 '
2 20 / (t —30)? 200 .
/ ﬂo:mmeﬂ——EF% : D
ol . 0 10 20 30 40 50 60
0 10 20 30 40 50 60 i
time Time (sec)
X6 BEIRET 7 b AL Z N O RER FRE R X7 HEE S A7 e A Al R
<G H3CHk>
@O K. Panfilova, et al., “Correlation-based quality measure for blind deconvolution
restoration of blurred images based on Lucy—Richardson method,” TIEEE Conference

of Russian Young Researchers in Electrical and Electronic Engineering (EIConRus),
2019.
@ A. Andreyev, et al., “Pinhole SPECT reconstruction using blobs and resolution

recovery,” IEEE Trans. Nucl. Sci., vol.53, No.5, pp.2719-2728, 2006.



5 5 0 0

Michi Okoshi, Kazumi Murata, Koichi Ogawa

Improvement of the spatial resolution with a deconvolution method in a pinhole SPECT system 2020

Proceedings of 20th Asia-Oceania Congress on Medical Physics (AOCMP) 369-371
DOI

Hiroaki Konno, Michi Okoshi, Kazumi Murata, Koichi Ogawa -

Image reconstruction method based on a deep learning in a multi-pinhole SPECT system 2020

Proceedings of 20th Asia-Oceania Congress on Medical Physics (AOCMP) 376-377
DOI

Yohei Fujishiro, Kazumi Murata, Nobutoku Motomura, Koichi Ogawa -

Comparison of a Multi-pinhole Stationary SPECT System and a Parallel-hole High Speed Rotational 2019

SPECT System

IEEE Nuclear Science Symposium and Medical Imaging Conference 1 3
DOI

10.1109/NSS/M1C42101.2019.9059796

Michi Okoshi, Kazumi Murata, Koichi Ogawa -

Improvement of the spatial resolution with a deconvolution method for a multi-pinhole SPECT 2022

IEEE Nuclear Science Symposium and Medical Imaging Conference

DOl




Ryo Shimada, Kazumi Murata, Koichi Ogawa

Comparison of Scatter Correction Methods in a Multi-pinhole SPECT

2022

IEEE Nuclear Science Symposium and Medical Imaging Conference

DOl

SPECT

39

2020

SPECT

38

2019

SPECT At-211

2020

2020




SPECT

40

2021

SPECT

40

2021

https://ww.ip.k.hosei.ac.jp/







