JOURNAL OF RADIATION PROTECTION
AND RESEARCH (JRPR)

A SCIENTIFIC RESEARCH JOURNAL
SUPPORTED BY ARPS

4 space for radiation \

R protectionists to:

* Publish their scientific and
technical works

* Gain information about
the latest in their field of

\_interest £

o
=




JOURNAL OF RADIATION PROTECTION
AND RESEARCH (JRPR)

A SCIENTIFIC RESEARCH JOURNAL
SUPPORTED BY ARPS

K space for radiation \

R protectionists to:
P R * Publish their scientific and
technical works
“ Published quarterly  Gain information about
4 Refereed the latest in their field of

4 Open Access jrpr.org \_interest J




JOURNAL OF RADIATION PROTECTION
AND RESEARCH (JRPR)

A SCIENTIFIC RESEARCH JOURNAL
SUPPORTED BY ARPS

R #Indexed in:
P R Scopus b
Google Scholar Go gle Scholar
4 Published quarterly WER

Science.

4 Refereed SCl Under review CitatlonTndex
. SCIENCE
4 Open Access jrpr.org



JOURNAL OF RADIATION PROTECTION

AND RESEARCH (JRPR)
JRPR is now jointly published by:

KARP  Korean Association of Radiation Protection (KARP)

ojhhps@ Japan Health Physics Society (JHPS)

*\\m Australasian Radiation Protection Society (ARPS)

A meeting in Adelaide
19 November 2019 \




JOURNAL OF RADIATION PROTECTION

AND RESEARCH (JRPR)
JRPR is now jointly published by:

KARP  Korean Association of Radiation Protection (KARP)

ojhhps@ Japan Health Physics Society (JHPS)

*\\m Australasian Radiation Protection Society (ARPS)

First Co-Published Volume

R
P R

Vol. 44 No.3, September 2019

A meeting in Adelaide ‘
19 November 2019 \




JOURNAL OF RADIATION PROTECTION
AND RESEARCH (JRPR)

JRPR - New Co-published Journal of KARP, JHPS, and ARPS

Initiatives in Expanding Horizons of Nuclear Science in
Secondary Education: The Critical Support of the IAEA
Technical Cooperation Programme

A Review of Dose Rate Meters as First Responders to
lonising Radiation

First Co-Published Volume

Extra-phase Image Generation for Its Potential Use in Dose

R Evaluation for a Broad Range of Respiratory Motion
P R
A Study of Radiation Doses to the Patient and Medical
Vol. 44 No.3, September 2019 Team at Embolization Procedures
| )
Contents Assessment of Environmental Radioactivity Surveillance

Results around Korean Nuclear Power Utilization Facilities
in 2017




JOURNAL OF RADIATION PROTECTION
~ AND RESEARCH (JRPR)

(JRPR cont JRPR - New Co-published Journal of KARP, JHPS, and ARPS
fange of en,ts Cover Q diy ’
tOp:cs 1 : erse Initiatives in Expanding Horizons of Nuclear Science in
| prot : N rg iati
\ eCt'On ) at'On Secondary Education: The Critical Support of the IAEA
nd res \ > :
€arch Technical Cooperation Programme

A Review of Dose Rate Meters as First Responders to
lonising Radiation

First Co-Published Volume

Extra-phase Image Generation for Its Potential Use in Dose

R Evaluation for a Broad Range of Respiratory Motion
P R
A Study of Radiation Doses to the Patient and Medical
Vol. 44 No.3, September 2019 Team at Embolization Procedures
| )
Contents Assessment of Environmental Radioactivity Surveillance

Results around Korean Nuclear Power Utilization Facilities
in 2017




JOURNAL OF RADIATION PROTECTION

~ AND RESEARCH (JRPR)
(JRPR Content. JRPR - New Co-published Journal of KARP, JHPS, and ARPS

ran e
pr &€ of tOp:cs in radias; €rse Initiatives in Expanding Horizons of Nuclear Science in
, OteCtIOn a t'On Secondary Education: The Critical Support of the IAEA
nd res \ > :
€arch Technical Cooperation Programme

A Review of Dose Rate Meters as First Responders to
lonising Radiation

First Co-Published Volume

Extra-phase Image Generation for Its Potential Use in Dose

R Evaluation for a Broad Range of Respiratory Motion
P R
A Study of Radiation Doses to the Patient and Medical
Vol. 44 No.3, September 2019 Team at Embolization Procedures
Y >

Latest volume Table of ) Contents Assessment of Environmental Radioactivity Surveillance
Contents are reproduces in Results around Korean Nuclear Power Utilization Facilities
ARPS Newsletter ) in 2017




JRPR HISTORY
T

, Number 1 June. 1977 December 2001 g o
:
RADIATION PROTECTION Journal of . o
1 e Radiation Protection ] adiaton rrotection
Associa:ionm::rlaR:diatizn :::::ction RAREET R E and ResearCh
The Journal of the Korean :
Association for Radiation Protection
oo Kbk o R hekto BA i e L
Radiation Pratection Journal of the Korean Journal of Radiation Journal of Radiation
S - Association for Protection Protection and
. e first issue in gy .
-8 Radiation Protection Research
* Quarterly issue since 1994 * Review process with email * Website submission and

since 2005 review since 2015



CURRENT VERSION

Title Page

www.jrpr.org




CURRENT VERSION

B A Koo niion o
5 Radiation Protection

WWWw.jrpr.org

JRPR

Journal of

4 PDF print articles

Radiation Protection and Research 2021;46(4):204-212 \ )
e

hutps://doi.org/10.14407/jrpr.2021.00206

PISSN 2508-1888 | ¢ISSN 2466-2461

Comparison of Machine Learning-Based Radioisotope
Identifiers for Plastic Scintillation Detector

Byoungil Jeon®, Jongyul Kim®, Yonggyun Yu', Myungkook Moon®
‘Artificial Inteligence Application & Strategy Teawm, Korea Atomic Energy Research Institute, Dacjeon, Karea; “Neutron Science Division, Korea Atowsic

Energy Research Institute, Dacjeon, Korea

Dvuisay

Original Research

Received May 4,2021
Revision June 14,2021
Accepted June 17,2021

14
(B tatpsyiondd 0rg/0000-0003-4513.8217

Ths the
terms of B Oaative Commons Altribation License

),
whach permits cnieticled Wi, dstribation, and
epraduction in any midium, provided B caginal
e i propery Gt

Copyright © 2021 The Korean Association for
Radation Protection

JRPR

204 www.jrprorg

Background: Identification of radiosotopes for plastic scintillation detectors is challenging be-
cause their spectra have poor energy resolutions and lack photo peaks. To overcome this weak-
ness, mmymardxashwmndmedndlubmowldemﬂimﬁmmmmdmlum
ing algorithms; however, the effect of data lization on identification has not
been addressed yet. Furthermore, ﬁudtesmnmmlamh\gbnsedndnmmpekkmﬁem
for plastic scintillation detectoes are limited.

Materfals and Methods: In this study, nndnmlmmmgbumindnmpeldamﬁersum
implemented, and:hetrper(anamesmdhsmdm i ds were

Eight classes of radi of combi of “Na, “Co, and "Cs, andﬂ!hn.k
ground, were defined. mwmrgsawasgemadbyﬂwrandomm)plmgmhmthwd
on probabilistic density functions acquired by experiments and simulations, and test set was ac-
quired by experiments. Support vector machine (SVM), artificial neural network (ANN), and
coavolutional neural netwoek (CNN) were impl d as radi identifiers with six data

normalization methods, and trained using the generated training set.

Results and Discussion: The imph d identifi luated by test sets acquired by
ﬁpenmnhﬁwwmmnpmmmcmﬁmthmmsdmmmmapmm
gain shift effect. Among the three machine learning-based radi dicts
accuracy followed the order SVM > ANN > ONN, mkﬂwnﬂmns(m{olbwadmemda
SVM > ANN > CNN.

Condusion: The prediction accuracy for the combined test sets was highest with the SVM.
The CNN exhibited a minimum variation in peediction accuracy for each class, even though it
had the lowest prediction accuracy for the combined test sets among three identifiers. The SVM
exhibited the highest prediction accuracy for the combined test sets, and its training time was
the shortest among three identifiers.

Keywords: Plastic Scintillation Detector, Radiolsotope Identifier, Machine Learning, Deep
Learning, Data Normalization

Introduction

Radiation portal monitors (RPM) are deployed in national facilities and borders, and
operated to prevent sabotage of the facilities or nuclear smugglings through the bor-
ders. These mostly use plastic scintillators that have lower costs and larger detection
volumes by up to tens of liters than other types of radiation detectors [1-5]. However,
RPMs based on plastic scintillators are primarily used for counting applications to de-
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Radiation portal monitors (RPM) are deployed in national facilities and borders, and
operated to prevent sabotage of the facilities or nuclear smugglings through the bor-
ders. These mostly use plastic scintillators that have lower costs and larger detection
volumes by up to tens of liters than other types of radiation detectors [1-5]. However,
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Identification of radioisotopes for plastic scintillation detectoes is challenging be-
cause their spectra have poor energy resolutions and lack photo peaks. To overcome this weak-
ness, many researchers have conducted radioisotope identification studies using machine leam-
ing algorithms; however, the effect of data normalization oa radiolsotope identification has not
been addressed yet. Furthermore, studies on machine learning-based radiotsotope identifiers
for plastic scintiflation detectoes are limited.

eth In this study, machine learning-based radioisotope identifiers were
nn;»un:.n‘nl .md their performances according to data normalization methods were compared.
Eight classes of radiolsotopes consisting of combinations of “Na, “/Co, and ""Cs, and the back-
ground, were defined. The tralning set was generated by the random sampling technique based
oa probabilistic density functions acquired by experiments and simulations, and test set was ac-
quired by experiments. Support vector machine (SVM), artificial neural network (ANN), and
convolutional neural netwoek (C

N) were implemented as radioisotope identifiers with six data
normalization methods, and trained using the generated training set.

The implemented Identifiers were evaluated by test sets acquired by
experiments with and without gain shifts to confirm the robustness of the identifiers against the
gain shift effect. Among the three machine learning-based radiolsotope identifiers, prediction
accuracy followed the order SVM > ANN > ONN, while the training time followed the order
SVM > ANN > CNN.

The prediction accuracy for the combined test sets was highest with the SVM.
The CNN exhibited a minimum varation in prediction accuracy for each class, even though it
had the lowest prediction accuracy for the combined test sets among three identifiers. The SVM

exhibited the highest prediction accuracy for the combined test sets, and its training time was
the shortest among three identifiers.

Plastic Scintillation Detector, Radioisotope Identifier, Machine Learning, Deep
Learning, Data Normalization

Introduction

Radiation portal monitors (RPM) are deployed in national facilities and borders, and
operated to prevent sabotage of the facilities or nuclear smugglings through the bor-
ders. These mostly use plastic scintillators that have lower costs and larger detection
volumes by up to tens of liters than other types of radiation detectors [1-5]. However,

RPMs based on plastic scintillators are primarily used for counting applications to de-
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