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Development of Gamma source location estimation technology by using voxel-type
detector and Machine-Learning

Kimura, Yoshiki
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Directional-Sensitive Gamma-ray Detector (DSGD) that could contribute to the

rapid localization of the anomalous gamma-ray source for nuclear security was proposed and the
effectiveness of the proposed technology was confirmed in this research.
An algorithm for autonomous source localization was developed by combining peak analysis of a
gamma-ray spectrum measured by the DSGD module with scintillation detectors and a nearest neighbor
searching approach. It was demonstrated that the proposed technology using a prototype module can
estimate both of the angular direction and distance of the source for test data with sufficient
statistics in actual source measurements.



B X C—19, F—19—1 Gm)

1. WFERHE S WO 5
I, RIS OBMESCE OMBEYEWE 2 LTk - iR T vfticfRES N EE
X2 U T 4T AEENEERNRBREFIHEICR > TV D, FICHRBEICB W TIE, 2021 4F
IIEHA SN2 H A VB 7 - RT U By 7R 2025 FERETEDO KK S E#ES v
ToEBERA 72 KA HATE ORI A YEZ . Bix 2T afTA~ORRBED 5TV D, KM
AHATREIZBT D8 « R T e OFBEA~ORKRTHLHEEX 2V 7 4 IZBWTIEH, ASWE
DMEHET AL T DARVL T TR RRZ BRI IR EN L. 222 DI AP % B 2D IEMEIZFFE S
DT EMBBEBRRRERD,

RIFEAIAT L D BIG TRE 2RO SN TG54, EHALERR 26/ U 72 il i
P —_ANC LY ZORAEREFFET 2 ORI 2xIE 7o TWD, BeXal 7 0 DB
T, FERRBG# e & OBLE ) B R ATRORE IXERRE TITh 2T IER b3, BisE
(ZIXRERR O HIECHR Y — A OFNE: EICBT 5+ e ik « BRI L 72 5238,
REBA TS OEE - ZEANBICH LN DICOWTHOREHE - 21T H 2 I3k
WCHREECTH B,
it o U7 OB CHEROR AR E 2 SEICHET 280 & LT, Fr~Radit
LEEOMANMHRFI SN TS, H o~ BafbicB+ 2R EHRFINTH D H v~ A T Hil
TlE, T2~ BT 5 LA J7 10 2 fifdT LG & fAG bt b 2 & T DAL & filif#
WCHEET D ZENHRETH D (1, 2, —FF. Hor~h A TEMTIL, BB TRV o~
TRV R —FEIR DO SR SR 2 TS5 Z L AREECTH Y . E AN E TOEBOT 21T
T DIIFEEE TCORENNEL 125 L W5 T IEFRIICE DWW ENEET D, £72F
RERHER &V o T MR (B R S B Gl R IE RIS BMi CTH D E WV o 2B G, BHEE T
ICRFBAIATEEDO X2 Y 7 4 OB TIL H R LTV,

I, A7 v AR a2 R U CHE T ORSK5 17) & HEE - 5 5 A s BE R ok 7 R 2 7
DEREPED 5N TS [3], Z O TIEBHHERAR 7 BT 5 k75t o 3
AT 5 2 & THREICEORKF M EHET H 2 LN TE | F5 AR b B C L 22l
ICHEEZEERETH D Z Enn, T~ EROHEICB N THAHAERIEFICENEE
2D, R7 AR TH o~ BERE LIEEAIE. SRR ki) 555ktt
WA TR X =AY NADOIFERBFIHTDHZ ENAREE 72D, 2O, R ARk
THIE LeH = fOITIC BN T, AMOFEE R ORBRANC 35 < & B 70 B OHEE
E Vo T HERE 2 BRI LTI AR 2 ST 5 2 & T T ORAEIROALE 2B
FEFEEICHEE C& 2 HFIBER T o~ ffindEiE  (Direction Sensitivity Gamma Detector:
DSGD) MEBRETHDI EEZOND,

2. e EM

AR TlE, B e o~ B3R OB 2 FFEICE T 5 DSGD OB EZR&EAEE L, K
7 B VR g & R S LA DR T LD o~ BRI AT E HE E A IS B B SRR IR &
LCFizHEiEd s 2AMET D,

(1) R EBAEG < BRHEERE Y 2 — )L ORSS

(2) WU TIRIC L B T o~ BRI E O SLAR M 7 1) - BEBERRAT FIE OB

(3) AR B /LHUNE SR L B TE 7L T X2 L D DSGD OMEREER

3. WDk

(1) CsI(TD) > F L — a YRR A SLHRIRICELNE Lo AR 7 B ARG < R R T
2— VL BREEZBE LT o~ BEOREARY ML EELTHILEY I 2L —3
a X VR L, SRESET ¥ RSB DRERERIE AR NVENTT 52 LT
R VNE D 2 — LD T~ BHRONRA - BRBEHEE OB MR 21T/ > 72,

(2) Wi, B~ ART FIVZEIT 5 E— 7 AT & $ 8 FE 2 e CHENIC Y v
<~ BREOAE (LM - IEEE) 24 ET A7 T XAZBEL, ¥ Ial—y 3T
— % & W ERERM 21T 7R o T,

(3) &Iz, CsI(TH) v FLb—va VAKHEERN—RA L LR 7 BT o~ R T
Va—/VERIEL, 137Cs BEERIROERET — X 23T DAL ERFE T LT Y X LD
MEHERMI 21T 72 > 7=,

4. WF7EEk R

AT, RZ VAT Y 2 — )V ERERT 50 v~ B g & LT Zmic A F23 7]
BETHD 1N HATFHARD CsITD R LD FL—y g VBRI ARINL, 2
Z 2X2X2 F oy U RIAERR DS ERICES LIZEY 2 — L &B_X— R L L7z DSGD £t
T EERER I RE 21T 7 o T2,



(1) CsI(TD*ﬁHﬂ%‘%%/\“~X<‘:Lf:ﬁ&-lzﬂ/ﬁ”fc}:—/w XA EEZRE LN v~ RO
BIE AT MV EERE LTz, SRESRT ¥ o RVIZB T DHEEE AT MIVOFREIT N D
W< RIRDSLARA - E%®ﬁm®ﬁm$%%ﬁbtoﬁﬁd %Ti\mbba
T ANBIEIC L DN TR A SRS B T D v BUTERT 25 L R
HAEDY I 2 b—3 g E(TH T ENAH @Mm%:wﬂﬂﬂ R RRERIED B S
NDHE—T XX —H <K T 28RS T ¥ o 3BT 2I8EBED I =
—Ya B {Toln, MHBEIIRZ A Y 2 — Lot EFEE LTIHER (9, 0) =
0~ %ﬁﬂﬁ%5§;# R=0~200cm O THRE S, THENOSHRIRONME T
DERBHEIRT ¥ RNV DISEBEMT — 2 N— 2 2R LT-, 2Tk, BRHEGEE
B IR O RRE T o~ e RV X — R N ORE Z G bE 5 2 LT, fix fr
&« KGHE - BEREDMAA DR TO HBIROBE 2 E LA LT — &
ty MNEBGICHEET L ENTE, BBRFEEET VOFE T — 2y NOBEIC
W FHEE IR O KM 72 i) 23 AT RE k@é B BT — &«~x&%&*wm&ﬁﬁ@
WIE 2 48E L= S HISRT v L RS BIT B 7 1 RFHED 4500 & LR TS & 0 AT
L7AER (X)) 26, Tﬁth%/;~wﬁﬁﬁ®4¢ﬁﬁﬁ&UE%@ﬁﬁ S
RO ENFER I, HFRURER G o~ i E o B A e %Lf%lé%ﬁt

[5]0
s 45""? - v e
® 9
£ 8 . ® % ) 3
5 |
6 45 30 @ .. . -0.1 0 10® 0 e ePu
. ] 05 0 10 -® @ 10
oo oo s 3 o8 & o O5s .,
% s @ ~ z we © C o °°.
30 5 o 10
7 60 4 L4 0 - b 1ol . L < 9 :n. 20 20 10 °
® e ©® [ ] o L] * o Zo @ 2 2080 & w ‘ °
- 74 ol 20 -
0, ~ o o =~ Fg - & e
o S & © @ L4 o @, u®®h o
P v > 0 osilioam 3 WY s .
0 as 5 & o 0 60 7 ¥ B s w0 @
J o [ ] 0 @ L] o o & o
. I . RA
0 s
50 . n ® ) 0
7 L J .
ot 45 0.1 0 58
© L ]

10

S o ° s o
-

3%,) PC 2 (38.8%) PC 2 (38.8%

%“Wﬁmﬁﬁéﬁ%m7mxﬂﬁ®%ﬁ
(m@ﬁﬁ«mwﬁm®lqumm®#\Rﬁﬁ@ﬂﬁRﬂ@%ﬁ%m

2) R7ENEY 2 —WIBT DT ~IRONME (LIRA - 5B Z2FRET 2 B80T
NTY XALELT, FRHET ¥ o RV TRIE SN T~ #AT MO e — 7 fij kT
LR E FE AT LW EHEE T LI XA (F) ZBEFE L6 7],
50 u R/h FREFHY D ¥Cs BTN “Co IR ORNE 2 40E LTt T A 7 — & & SA B
T R—= RSN THER L, S Pk e LT2—2 U v REEBEIZ SV 72 KN
BRITPHRRIEZ VT, BE—27 78 A5 ORI EHEE T VTV ALK ALE %
HWET DRI 21T /e o 70, ZOREER, Cs MR L CIE, iR oW E ¢
—EREERIICB O CRE LTALEHENRETH DL Z L 2FEAE L (K 2(a)), BRIRE
BED PRI X DAL EHEE DR EL _’Db\'f L. BEEE R ICxET 2R ONA M T
FRTHY, N7 ENVE Y 2 — VBT DRHEET v > RV OB EE KRE<T5 2
&T%@%@%ﬁﬂfﬁé EERMERLT (M20b), £7-. “Co MROERET A 5 —

W2t U CHEREDMEWEIEICR LT, A7 BEAMEY o — L 245 CsI(T1) 23,
1mvuﬁ®w&mmizw% DH < BTxE L TR & RRREs RS /&2 &
WDIRETH L RN <, MBEOMHERRE T EHHT 52 & THRIRNFAEETH D &
EZOND, SHOMELE LT, MHSETOT A X2 RKIE5 2 LIk 2L
DOWHME . @EEETOMHIC X 2 = R VX —RE 0T < BRSO RHEIZ D0
TRANPLETH D,

1 BRI EHEE T VT XA

Algorithm Gamma-ray point-source position extimation

Input Measured gamma-ray spectrum by 8ch boxel detector module
Library Detector response function dataset of 8ch boxel detector module
1 Ch-Max. search
1.1 Maximum peak searching and peak centering: Max. Peaks

1.2 Channel search with maximum count in Max. Peaks: Ch-Max.
2 FWHM determination for Ch-Max. peak: FWHM-Max.
3 ROI cropping
3.1 Search response function library for gamma-ray energy closest to Ch-Max.: Library tmp
3.2 ROI cropping with #3FWHM-Max. for Library_tmp: Library_ RO/
3.2 ROI cropping with #3FWHM-Max. for Input: /nput RO/
4 Test & Reference data preparation
4.1 Correction so that the maximum counts in individual datasets in Library RO/ are equal to Ch-Max.: Library RO/_r
4.2 Peak count calculation with Covell method for /nput RO/ & Library RO/ r:[ Test ROI, Ref._ RO/]
5 Search for a dataset in Ref RO/ most similarto 7est RO/
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