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In order to acquire an image in a positron emission tomography, it is necessary to draw the position
coordinates of the scintillation pixels of the detector module measured at the same time. To this end, in a detector
module using a plurality of scintillation pixels and a small number of photosensors, it is necessary to obtain a
flood image and divide a region of each scintillation pixel to obtain a position of a scintillation pixel interacting
with a gamma ray. Alternatively, when the number of scintillation pixels and the number of photosensors to be
used are the same, the position coordinates for the position of the scintillation pixels can be directly acquired as
digital signal coordinates. A method of using a plurality of scintillation pixels and a small number of
photosensors requires a process of obtaining digital signal coordinates requires a plurality of photosensors and a
signal processing system. This complicates the signal processing process and raises the cost. To solve this
problem, in this study, we developed a method of obtaining digital signal coordinates without performing the
process of separating the planar image and region using a plurality of flash pixels and a small number of optical
sensors. This is a method of obtaining the position coordinate values of the flash pixels interacting with the
gamma ray as a digital signal through a look-up table created through the signals acquired from each flash pixel
using the maximum likelihood function. Simulation was performed using DETECT2000, and verification was
performed on the proposed method. As a result, accurate digital signal coordinates could be obtained from all the
flash pixels, and if this is applied to the existing system, it is considered that faster image acquisition is possible

by simplifying the signal processing process.
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Fig. 1. Schematic of PET detector module for
generation LUT.
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Fig. 2. The process of obtaining a signal by giving a
weight according to the distance of the SiPM pixel.
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Table 1. LUT generated through DETECT2000 simulation

position ch. X+ 1 X+ o X- 1 X- 0 Y+ 1 Y+ o Y- u Y- o
x1 0.1357 0.0002 1 0 0.1357 0.0002 1 0
x2 0.5901 0.0011 1 0 0.1358 0.0002 1 0
vl x3 1.6504 0.0042 1 0 0.1358 0.0003 1 0
x4 6.6207 0.0564 1 0 0.1358 0.0003 1 0
x1 0.1358 0.0003 1 0 0.5900 0.0010 1 0
x2 0.5899 0.0011 1 0 0.5899 0.0011 1 0
y2 x3 1.6498 0.0041 1 0 0.5898 0.0011 1 0
x4 6.6153 0.0565 1 0 0.5898 0.0011 1 0
x1 0.1358 0.0003 1 0 1.6502 0.0041 1 0
x2 0.5898 0.0012 1 0 1.6495 0.0042 1 0
¥3 x3 1.6494 0.0043 1 0 1.6492 0.0043 1 0
x4 6.6123 0.0582 1 0 1.6493 0.0042 1 0
x1 0.1358 0.0003 1 0 6.6197 0.0542 1 0
x2 0.5899 0.0012 1 0 6.6133 0.0557 1 0
y4 x3 1.6494 0.0043 1 0 6.6103 0.0554 1 0
x4 6.6118 0.0576 1 0 6.6106 0.0558 1 0
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I, RESULT A g549
DETECT2000 AlE#@elAE F3] 53 LUTE ow, 4
Agetel AUTETFE B AY A 97 2H
& A4Sl Qelel Aol A gekd W gy 9y
ol sidst= 7 SibM TS 16 Ee] AE= 4 Ao L
Ade AER 7EEHAL, olE HAUSETETTE o A e}
So) LUTSE vlaste] H2e) 4% Ha 92 gt o R
S E=ESSITE Table 10 Al Edo]dE T3 24
H LUTE YERNRITLE ZF Al59] v gof s st
BAAa Y EEHACE e AT
Table 1914 x, y& 2} A4 A9 x, y 15 Z
e X-9F v- Ade] A7 gradge 7t :-
b 13 00w AAEUon, o 7 LS X-9} i3
Y- A ghog oA 4skdy] wEold. A =
3 9Ale x, y 92 e A= BT Yua)
A SAEJ oW, o] = Fig. 33 o] 4 x 4 FEj 9
Jgow FANAT 2 HF HAelA grhA
o 22,5008 = Ao, BE A A :
A b wkgol wAE Ao HY AR 9 X postten
A7E A5, ool wek GaolA Azkel Al e e Hhelibood posiion
I AT FAog FHEI YHAE HL estimation and LUT.




"J. Korean
So i
c. Radiol., Vol. 15, No. 1
S . 1, Februa
ry 2021"

—_
;.oLﬂ__/H‘Ol O‘Iﬂ
oo Mo o) TR A
‘LIO#EEEMH“WFT;O*H]
Amajr}xzoiﬂlé%%mﬁ
Louzmﬂmﬂ} o oy ™ o R
%uﬂmaﬁoma@%dr.ﬁga Zoﬁﬂo_z_%dgaﬁo
U%Bmoqpﬂﬂal?ﬁdﬂm oA W b E
T T ]OMMWP,A — © z}}ae_xL 2RI Y
Z 2o oer U mﬁuﬂ@aumLEV ermﬂ_%%ﬂ}ﬁﬁi}. 5
OdﬂﬂLATﬁﬁQﬂLaomﬂmﬂﬁ:n7u7~|ﬂ¢rWWoEﬂ,mmaw‘lﬂo%oﬁﬁﬂnwmMJ .m
=~ [ 50 =1 0 = - EE_ ﬂl.l
‘QILOJufl,- ‘_Ll X O\A O_,Aﬁl X il )
wﬁﬂ%noﬂsfréxHejourm%u%%mﬁ%##,mloeh,iéﬁ = g a8
u9%@doﬂfﬂﬂ,;eﬁﬂmeﬁeﬂzﬁw@}mmﬁw_%AwﬁNﬂ% 3 > g
V> s —_— o) lant IS
NoTimﬁﬁlz%%@ﬁﬂ,H%ﬂﬁﬁéwmﬁzA%%ﬂﬁmm; o 553 Z
O T ~ o — XA Aq.HalziLﬂu@ o T E = ® 0 = g . A =
@) ] - n e = N Ur AR =2 A 3 ol =
.ﬁAMoaim;;_raw%&@ugmr%iwnﬂmﬂm%@%%ﬂﬁ m“w ~ s 3 =
> w & X . X lﬂol.;o — B Ry o P o ER %58 R
Eiﬁfépiiﬁh%;Pﬁmff 2w & A
< ]7\] s o 7 g o | o T o — Qe R -
ﬂM%ﬁHﬁW%ﬁ@%@Wﬂ%ﬂl@%@ﬂmﬁﬂmk%? 5 Rl 2 =53 g
o T o ™ g ol " WX " T ko5 S:5% 5
_ . ) N —_~— m = BF o _ oy X 5 MW 4 0 3
ﬂ%ﬂ%%&y%% 3 b N B D T o xO_E%ﬂ% £ 5 S535g ©
Gl é_aLHJElgLAuEzlz;oiLuE %mﬂﬂo}#lo < U T S 52 E£8
%T%M@.%%wﬁ?Qﬂ%ﬂhﬁoﬁ&%ﬂr%%mﬂﬂuxHe_a < Mq.o. m.mWZL.
mmeowﬂﬂiﬁogeqnu%mﬂﬂmﬂgiﬁﬁémﬂﬁadr.w,mﬂmﬂﬂﬂ S mmM.,@,A.
mﬁﬂ]ogAE7ﬂmu% o wm = 3% SRR S 525 §
TN R T ﬂ@kg%o%o}i 7o AR It s EET g
_aaﬂmﬂE]ﬁmoiﬂWﬁﬁéWoﬂoijo]{ px .mmpm.
XHO‘NL\HGA.; ‘Z*EOHU‘NL‘LI)AQ w.wﬂ_x DPap.m
) s ywea
T T » 5 pZE5 o
¥ o o) O.m BMSU.MJ
B o do B o E £ ~ )
= Huﬂrdlwml;mﬂﬂ_ziﬂo,lr‘_ = ~
o) ) o) Eo X —
£ mﬂ%}ﬂ%iﬁu?ﬁ%%@r?T
Z 41;;;5%1 yo_eﬂb_oauggﬂ}
- 1r7mo§_.ﬂ_.1ﬂlqo€x£ﬁ }oLLmumlxoo%ovo#o}Jl
E o N X 3 %0 X % = JJ N . o Fo . do R/ G
o ‘:L ]_ﬁﬂ ;i M \.AIL Bo ﬂ_l Bo o ar ‘_ﬂ_OI E_l QMO O# ® s 17Jl IW.A ‘HA.I ) ﬂo T
— 3 Nﬂlhnowlﬁ OTEOEEQ}#?@D X g
0 < O_ZPO} ﬂuﬁwE nﬂs Auﬂége_co_aﬂcs
g3 ﬂqﬁ_suiﬂlwoﬁoAuP% ﬂpuie_aw%utx Wﬂwmﬁﬂbmﬂdl
& 5¢ wyiwmﬂ abﬂﬁﬂw_xuzﬁme,%Lﬁmo@wnﬂ%
I mm@wm%:@%W%aszqm%@%géa¢
s = m M.m BEﬁﬁaeﬁeuEMﬂﬁo@QrMumﬁLﬂdlﬂml@uﬂzﬁ_ﬂa
y 3 %HH% .aﬂﬂﬂg_ﬁé?ao}@.a@i G
= = ﬂ%ﬂ@%u‘% Ql@_auﬂaﬂoﬂ%ﬁﬂ%e o
=g T 3%0015ﬂ%£&} ~ "
e e < M e = R L - X }}xlxge% o=
— 2 2 o mﬁﬂaémﬁa%@zﬂ%s7 S W
|=X 8 8 8 E 5 Qomﬂﬁoﬂudﬂﬂﬁﬂo ) To n_rmo#oﬂiﬂugaUnnUl o
1d - }m@4§%o%pw@ﬁaa%o%gLAﬁﬂ%
S <= o1mmﬂos§_a?u e E <N F N
o Z TR 2 do wE T oo X o
iz S ﬂXﬂﬂl7ﬁm_x H,UAILELI _!1_]1_.1rro PLOE.UL
° J%medr.l%doﬁﬁmuﬂAwa&7ﬁﬂoﬂwdmcs_.mﬂr%mﬂﬁr
- R (e Nl . <0 r dl S oy o o =R
E R o N g TR o ) o W
G T oo R
SRR H&%7H§u%22x
e T
gﬂd%imﬁ%ﬂléﬂ?ﬁ%
< %X 3 B O
W oE T




Digital Position Acquisition Method of PET Detector Module using Maximum Likelihood Position Estimation

[3]

[4]

[5]

[6]

[71

[8]

Bishop, G. Stortz, P. Kozlowski, F. Retiere, X.
Zhang, and V. Sossi, "Development of a PET
scanner for simultaneously imaging small animals
with MRI and PET," Sensors, Vol. 14, No. 8, pp.
14654-14671, 2014.
http://dx.doi.org/10.3390/s140814654

T. Niknejad, M. Pizzichemi, G. Stringhini, E.
Auffray, R. Bugalho, J. C. D. Silva, A. D.
Francesco, L. Ferramacho, P. Lecoq, C. Leong, M.
Paganoni, M. Rolo, R. Silva, M. Siverira, S.
Tavernier, J. Varela, C. Zorraquino, "Development of
high-resolution detector module with depth of
interaction identification for positron emission
tomography," Nuclear Instruments and Methods in
Physics Research A, Vol. 845, pp. 684-688, 2016.
http://dx.doi.org/10.1016/j.nima.2016.04.080

Z. Kuang, X. Wang, X. Fu, N. Ren, Q. Yang, B.
Zhao, C. Zhang, S. Wu, Z. Sang, Z. Hu, J. Du, Do.
Liang, X. Liu, H. Zheng, Y. Yang, "Dual-ended
readout small animal PET detector by using 0.5 mm
pixelated LYSO crystal arrays and SiPMS," Nuclear
Instruments and Methods in Physics Research A,
Vol. 914, pp. 1-8, 2018.
http://dx.doi.org/10.1016/j.nima.2018.11.011

E. Lamprou, F. Sanchez, J. M. Benlloch, A. J.
Gonzalez, "In-depth evaluation of TOF-PET detectors
based on crystal arrays and the TOFPET2 ASIC,"
Nuclear Instruments and Methods in Physics Research
A, Vol. 977, No. 11, pp. 1-8, 2020.
https://doi.org/10.1016/j.nima.2020.164295

M. Pizzichemi, G. Stringhini, T. Niknejad, Z. Liu, P.
Lecoq, S. Tavernier, J. Varela, M. Paganoni, and E.
Auffray, "A new method for depth of interaction
determination in PET detectors," Physics in Medicine
and Biology, Vol. 61, No. 12, pp. 4679-4698, 2016.
http://dx.doi.org/10.1088/0031-9155/61/12/4679

L. Tong, Y. Fan, M. Dong, L. Zhao, Z. Li, Y. Li,
T. Wang, Y. Yin, X. Chen, "Positron emission
tomography detector performance with different
crystal pitches," Radiation Detection Technology and
Methods, Vol. 1, No. 2, pp. 1-7, 2017.
http://dx.doi.org/10.1007/s41605-017-0026-y

A. Vandenbroucke, A. M. K. Foudray, P. D. Olcott,
and C. S. Levin, "Performance characterization of a
new high resolution PET scintillation detector,"

Physics in Medicine and Biology, Vol. 55, No. 19,

[91

[10]

[11]

[12]

pp. 5895-5911, 2010.
http://dx.doi.org/10.1088/0031-9155/55/19/018

C. Casella, M. Heller, C. Joram, T. Schneider, "A
high resolution TOF-PET concept with axial
geometry and digital SiPM readout," Nuclear
Instruments and Methods in Physics Research A,
Vol. 736, pp. 161-168, 2014.
http://dx.doi.org/10.1016/j.nima.2013.10.049

F. Cayouette, D. Laurendeau, C. Moisan,
"DETECT2000: an improved Monte-Carlo simulator
for the computer aided design of photon sensing
devices," Proceedings of SPIE, Quebec, Vol. 4833,
pp. 69-76, 2003. https://doi.org/10.1117/12.474315

J. H. Park, S. J. Lee, "Monte Carlo
Simulation-Based maximum-Likelihood Position
Estimate Monolithic Scintillation Detectors," Journal
of the Korean Physical Society, Vol. 74, No. 8, pp.
812-815, 2019. http://dx.doi.org/10.3938/jkps.74.812

Y. H. Chung, S. J. Lee, C. H. Baek, Y. Choi,
"New design of a quasi-monolithic detector module
with DOI capability for small animal pet," Nuclear
Instruments and Methods in Physics Research A,
Vol. 593, No. 3, pp. 588-591, 2008.
http://dx.doi.org/10.1016/j.nima.2008.05.059




717)¢)

"J. Korean Soc. Radiol., Vol. 15, No. 1, February 2021"
P

Hﬂ@'@‘

=5

B

ol 4)'2

27 289 UAd A4 95

8l

H

il L - L
mﬂﬂﬁmnmﬁuwLtQWﬁﬁaumﬁwMaﬁgo
dﬂ

= — _
N Ly ® gy
R N e ey
B oy T oo by R U
c AT..JHOLOMI oy o W
fo R o R T P R
TR TR E g TR T X
_— o ‘Ikl ’JI@M_EO 8o
oo e oy WE S e U
0 T oo " — T N0 AOE]Et
g o N0 o AR S T e R o
PP E T =T
]dﬂﬂro\l_yo;o._ﬂﬂ\mﬂ E.“_AI.LIL ,_ﬂw,._\ﬂl
P R A i g R
ﬁuiﬁ%mﬂ%ﬂi%%%@i
ﬂﬂﬂFEOATﬂﬁoﬂﬂ mmuNrJlﬂoﬂ
Warie | o= A e =~ (B
J.ox7§aE‘U|ﬁxL| oﬂaroﬂ
R g ,ﬂma%gaoﬁ_%
_zﬁﬁ O HMI\.E.I% 0 = > S
=3 P - o5 = KT _,o,_.jn_mﬂ_.q
- < zn oy o %_Eﬂue_eauTﬂoW
! R R P S Rl R
= g SO e
T . W T R _ i mEa gy T
HO Oﬁ H‘W@O}E#!JO.OI‘W;O._WODU,*ﬂ
AR SN L8 S P
2o sIZC,TalToTes
7 JEFanreiwlie,
=) i ﬂaﬂmﬂLT of X 2o [ T
4 FlREe TRLTHT L
N — zp _ ) ~ ol
ﬁﬁox voNLo_Eo ﬂ]o..wwﬁgfw&o
A 3 = oo <o B
op TN Ty 2B owLEﬁwrﬁ_.
T T AT B
CBS PR LwE XWX T
of = X o -
Bo o ﬂ_ol v L %) o :i W R
Gl s WOl <
T LR gy AT o
T A EERE AT
2o N ol T gy o
Vﬂlﬂo‘_tia,wﬂoﬂ‘_m%ﬂowaﬁé7u‘&h
&y B B D XE D
3o ) .4%%1 w0 T W
ﬂ,eﬂw‘muﬂrzﬁoﬂloﬂ% —
%é%@ﬂ%ﬂk%%%ﬂﬁﬂ
P TR aTNEEE g
Purmwoaedgd> s
—
FITIELISIIreLs
%éf;wwﬁﬂﬂ}j i
o0 H Koo o) T

WA..O.A ,mﬂfwilo_
MWK K FoR BT E o

Al

3= DETECT2000

3
it

7, 948 A% 3

A

o]

(R1R =
(ZAIRR

A7A B o]





