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Automatic Detection of Anomalous
Thermoluminescent Dosimeter Glow Curves
Using Machine Learning

Gal Amit*, Hanan Datz, Radiation Safety Division, Soreq NuckRasearch Center, Yavne, Isr

Abstract — Computerized Glow Curve Analysis (CGCA) has
been, and still is, an intensively-investigated sygct for the past
two decades. CGCA has applied different methods fovarious
applications, from glow curve deconvolution into islated
peaks, through semi-automatic software tools for decting
outliers, to software that discovers exceptional aues by using
predefined rules. The method presented herein addsses the
subject using a new approach in which a completelgutomatic
algorithm is used for the accurate detection of armalies in
thermoluminescent dosimeter (TLD) glow curves. A Spport
Vector Machines (SVM) technique, which is a machine
learning classification algorithm, is used for thefirst time for
radiation dosimetry applications. The algorithm classifies glow
curves into two categories: an acceptable i.e. 'ratar' curve, or
a curve that exhibits any kind of anomaly i.e. arlanomalous'
curve. The classification method treats the glow eues raw
data as a large ensemble of statistical data, andds to identify
exceptional glow curve shapes by statistical meansThis
classification method is performed in three stepsFirst, a
library of glow curves is manually classified by shuman user
of the system into the above two classes. Then aterative
training algorithm is applied to these glow curves.The final
stage applies a method of comparison between an dentified
glow curve and these two pre-classified sets, andssesses a
classification probability to each of the two classs. The results
show between 96.2% to 97.7% accuracy of the correct
classification to either one of the classes, depeand on the
admissible false negatives rate.

Index Terms— Anomaly Detection, Glow Curve, Machine
Learning, Thermoluminescent Dosimetry

INTRODUCTION

hermoluminescent dosimetry (TLD) is the most

commonly used personal dosimetry method world-wide.
Different dosimetry laboratories use various resadend
various TL materials such as LiF:Mg,Cu,P and LiF;Mg
Different time-temperature profiles (TTPs) are nftesed
during readout. The specific shape of the glow eumt),
depends on many parameters such as energy resgbase,
TTP, the number of re-uses prior to replacememt,type of
filtration, the duration of irradiation,the time theen the end
of irradiation and readout, and electrical intezfezes. All
these parameters introduce uncertainty into theltireg dose
estimation process.

Quality assurance is of critical significance toeth
estimation of radiation dose from I(t). Externalsthoetry
laboratories have little or no control over the omigy of the
parameters introducing uncertainty listed abovegpkfor the
uncertainty introduced by the glow curve analysitotal lack
thereof. Large scale personal dosimetry laborasornay
need to evaluate thousands of TLDs monthly. In mzases,
for pragmatic reasons, the estimate of the TL digvith be
simply taken as the integral of I(t). Under ideaasurement
conditions one might expect the glow curve shamedd
identical or nearly identical. However, this igdiig the case.

Variations in I(t) are caused by numerous reasocisiding
pre- and post-irradiation annealing proceduresdédngaate
heating rate, irregularities in the nitrogen flowridg readout,
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Fig. 1 Six sets of glow curves recorded at the SoreqédudResearch Center and readout by a Thermo Hag&8@0weader. The first set @) “regular” curve
and the rest are examples of different kinds oh@alous glow curves: (b) curves with high TL in thes temperature region, (c) curves with high TLthe higt
temperature region, (d) wide curves, (e) spikedesiand (f) curves with a shift of the entire glowvve to higher temperatures.
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