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ABSTRACT

The technology is based on a semiconductor CdZnTe-portable (almost the size of a mobile phone) gamma-ray spectrometer
with high resolution, which provides high efficiency of rapid identification of radionuclides and assessment of radiation dose from
low to moderately high levels. The CdZnTe gamma-ray spectrometer is a highly efficient device based on the use of CdZnTe (CZT)
semiconductor detectors operating at room temperature with very low power consumption, a digital multichannel analyzer, and a
microcomputer. CdZnTe-portable spectrometer is a self-contained device and consists of three modules - a detector module, a
multichannel analyzer, and a microcomputer. The detector module contains a high-quality CdZnTe detector, a preamplifier, and a
high voltage power supply for the detector. There are detector modules with different volumes of the CZT detector from 5 mm? to
1600 mm3. It is possible to use a multi-detector system. The analyzer module contains an amplifier, a digital signal processor, a low
voltage power supply, and a computer interface. The microcomputer software interacts with the multichannel analyzer, analyzes
gamma spectra, and provides the accumulation of time profiles of the dose of gamma radiation, communication with other
information systems. Spectrometric measurements in real-time make it possible to use “electronic collimation" technologies to build
a map of the radiation field and localize sources of ionizing radiation, with the subsequent certification of identified sources, creation
of an effective radiation monitoring system with the functions of certification of ionizing sources radiation. The corresponding
software allows you to solve the following tasks — building a three-dimensional map of the fields of ionizing radiation of various
degrees of spatial detailing, taking into account the radiation energy, localization, and certification of gamma radiation sources. The
special laboratory kit is based on uSPEC microspectrometers. A LattePanda single board computer is used to control the operation of
spectrometers, collect and analyze data. LattePanda — A Windows 10 Computer with integrated Arduino. This explains the choice of
LattePanda. Windows 10 application allows you to use the WInSPEC software to control the multichannel analyzer operation
supplied with the spectrometer. The built-in Arduino allows you to remote control the movement of the radiation source during
laboratory experiment. Both the traditional problems of calibrating spectrometers (energy calibration and efficiency curves),
including those for various source geometries, processing the measured spectra using standard programs, calculating the activity of
sources, and the problem of creating a spectra processing program and a spectrometer control program are considered. The values of
the minimum detectable activity are given.
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INTRODUCTION the background to which basically the person as a
whole has already adapted. Problems arise in cases
of unplanned exposure caused by loss of control
over the source of radiation, including in connection
with undeclared (illegal) trafficking in Al and
special nuclear materials (SNM). To identify and
assess the impact of radiation sources in order to
take compensatory measures, a monitoring (control)
network is created.

But the absence of signs “does not mean® no
item. This is because, however comprehensive the
inspections, there is a certain degree of uncertainty
in any country-wide verification process that makes
it necessary to verify that there are no easily
concealed objects such as trace amounts of nuclear
material or components of nuclear weapons,
unknown sources of ionizing radiation The current
i concept of radiation monitoring devices may not
© Maslov O.V., Mokritsky V. A., 2021 have a positive effect — it is designed for a different
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The development of industrial civilization
inevitably leads to the fact that the environment and
humans are exposed to new technogenic
“pollutants”. This is chemical pollution of the air,
electromagnetic fields of industrial and household
electrical equipment, communications, and much
more. But there is a special class of influencing
factors — ionizing radiation. The development of
technologies using radiation sources, the use of
minerals with increased content of natural
radionuclides, including construction, nuclear
weapons testing, and accidents at nuclear energy
facilities have led to the fact that we are constantly
surrounded by radiation fields. Of course, there are
also sources of radiation of cosmic origin. But this is
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version of control and protection. As a result, a new
need for measurements with ensuring the
identification of isotopes with a wide range of
different requirements has arisen. Measurements
should be carried out in the field in a short time
when the results are needed within tens of seconds.
The devices with which the personnel work should
be the portable and low background.

Taking into account the rapidly changing world
and with the emergence of new “challenges” related
to security, all of the above has actually led to an
explosive growth of interest in the creation of a new
class of devices, which is based on the use of new
technologies. This fact is reflected in scientific
publications [1] and international normative
documents.

In the report “Impact of Novel Technologies on
Nuclear Security and Emergency Preparedness” [2],
Joint Research Center (JRC), the European
Commission's general principles and an overview of
new technologies that can be applied in the creation
of modern radiation monitoring systems taking into
account the tasks to be solved are considered -
control of the undeclared movement of radiation
sources at the border, emergency preparedness and
emergency management in the event of loss of
control over a radiation source in the country,
radiological crime scene management, nuclear
forensics and accident management at nuclear
facilities. A more detailed description of new
technologies for radiation monitoring is given in the
report [3]. In [4], possible options for the
implementation of information systems and
solutions to practical problems of radiation moni-
toring based on the use of new technologies are
considered.

New technologies have allowed the
development of more efficient detection systems [2].
In particular, digitalization and the Internet of
Things (loT) offer great opportunities for
collaboration at the technical level. The IloT
connectivity layer for detectors and detector
networks provides continuous low-level online early
warning automation and effective high-level
technical and scientific expert support. Big data and
its associated data mining, combined with automatic
online monitoring, can allow observations to be
analyzed over longer periods of time, enabling early
warning and early prevention of prevailing illegal
activities. For nuclear security, data security is of
paramount importance, and mechanisms must be in
place to ensure the safe exchange of information at
the national and international levels. There is a need
to operate large distributed systems based on shared
protocols for data structures and data processing,
including procedures for how different units should

Possible technical and scientific topics to
consider are [4]:

— new detection solutions;

— digitization of information already at the
detector in standardized formats;

— using the Internet of Things or another
solution to automatically transfer data from the
detector to the data server, taking into account the
related cybersecurity issues;

— automated analysis of digitized information
and dissemination of information to various
technical/scientific centers for expert support;

— big data and data mining.

It is important to note that many new
technologies are not simply improved replacements
for existing systems. Instead, to harness the full
potential of new technologies, the concept of work
should also be changed [2].

MOBILE GAMMA-RAY SPECTROMETER
WITH SEMICONDUCTOR CZT-DETECTOR

In the most general case, when normalizing the
exposure to radiation, we are interested in dosimetric
quantities such as absorbed dose, kerma, effective
equivalent dose. But due to the fact that there are
several types of radiation with different energies, the
relationship between the measured characteristics of
radiation fields and dosimetric quantities is rather
complex. For almost all significant types of radiation
in the observed energy range, several channels of
radiation energy transfer to matter with different
ionization mechanisms will be implemented. The
use of spectrometric measurements in which the
radiation energy is analyzed can reduce the
uncertainty. This was reflected in the review [1].
The choice of a specific construction scheme will
largely be determined by the specific problem to be
solved [2] and the preferences of the developers [4].
This is clearly seen from the proposed prototype of
the system in [5] based on the scintillation module
[6], which implements the approaches described in
[7]. But it is important to note that the continued
prototype considers the implementation of support
for an open protocol for the exchange of
spectrometric data [8].

Another direction in the creation of small-sized
but highly efficient gamma-ray spectrometers is the
use of wide-gap semiconductors, such as CdZnTe
[10]. The solutions we offer are based on the use of
CdznTe [11, 12].

However, one can single out general
approaches to the creation of mobile spectrometers
using modern technologies [13]. Fig. 1 shows a
typical data processing diagram from [3]. It is
important to note here that all measured spectra are

interact with each other to ensure efficient flow of transmitted and processed to a remote local
information across borders, in close collaboration —computer [9].

with decision-makers and experts.

ISSN 2617-4316 (Print) Computer engineering and cybersecurity 101

ISSN 2663-7723 (Online)



Applied Aspects of Information Technology 2021; Vol.4 No.1: 100-110

digital data acquisition system

local remote
computer computer
detector Imemory| P p
ADC [ FPGA/ ie=plinterfaceld »
DSP -
\ \ *—— list-mode data
radiation bias analogue-to- extraction of pulse G ;ader
voltage c_jl-gltal co.nver5|or1 characteristics: timestamp pulse height]..
ampllﬁer/ anti- * gnergy timestamp |pulse height]|...
aliasing filter e timestamp
¢ shape
* counting timestamp [pulse height ...
footer

Fig. 1. Typical data acquisition scheme used with modern radiation detectors [3]
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Fig. 2. Radiation monitoring system [12]
Source: [12]
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In fact, the difference between the solution
presented in Fig. 3 [11] and our solution presented in
Fig. 4 lies in the openness of the platform, both
hardware and software [16]. All components of the
microspectrometer are built on a modular basis with
the possibility of upgrading and changing the
configuration [17]. There are two possibilities for
working with the analyzer - direct data exchange and
command transmission to the microprocessor of the
multichannel analyzer using the data exchange

‘e g [ ezr
L] ,M Crystal

L

-

-
-

Multi
Channel
Analyzer

 N—

st —s EROS

Shaper
v
y y

protocol [18], or using a special software interface in
the form of a library [19]. In addition, it is possible
to work according to the procedure shown in Figure
1 with automatic data transfer in the form of
standard protocol files supported by the IAEA [20].
It is important to note that the compatibility of
protocols and the analyzer control library is
supported, which made it possible to apply solutions
and peak search algorithms previously tested for the
MCA-166 analyzer [21].

Peak centroids and intensities

1 1

1173 keV | 1332 keV

ADC Channels
S

Fig. 3. Kromek CZT sensor operation [11]
Source: [11]

uSPEC microspectrometers
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MCA527micro | —————\| microcomputer
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Fig. 4. CZT sensor operation
1 — CZT-detector; 2&4 — LattePanda; 3 — MCA527micro

Source: compiled by the author
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The basis is a semiconductor CdZnTe-portable
(almost the size of a mobile phone) high-resolution
gamma-ray spectrometer, which provides high
efficiency of rapid identification of radionuclide’s
and radiation dose estimation from low to
moderately high levels [22]. The system is built on
the basis of an loT platform with open hardware to
create a suitable mobile network of measuring
device modules [23]. Modules can be with functions
inherent in ordinary smartphones, but can also be
specialized. Construction of a mobile spectrometer
within the 10T allows to provide a fairly low cost of
the product and the possibility of its mass use and as
a result almost complete operational control and
construction of a map of gamma radiation fields for
the whole country with operational control of their
changes [24].

In this context, the digital spectrometer involves
the implementation of a digital spectrometric path
for the CdZnTe detector, i.e. the signal from the
output of a single module "detector preamplifier” is
converted into digital form and further processing is
carried out by digital signal processors [25].

This allows:

— increase the amount of information received
in the measurement process;

— to ensure good scalability of the created
measuring systems due to the use of a unified
measuring channel (path) “element of the detector
matrix — individual preamplifier - ADC — DSP”;

— to implement in the form of a single finished
product (module) the following options “array of
CdznTe-detectors pre-amplifiers for each element”
or “array of CdZnTe-detectors pre-amplifiers for
each ADC element” [26];

— and, as mentioned above, to provide the
possibility of deep modification, almost complete
processing of the already assembled product by
making changes to the firmware [27].

SPECTRA PROCESSING AND DATA
ANALYSIS

Search for peaks using the “Generalized second
derivative” method [28]. The search for peaks is
carried out by the “Generalized second derivative”
method according to the formulas [29] :

4

Si :Yi;m = ZanHj ;
j=4

:2 2 -2
a =C,, = F o087 o =,
0,035-b 0,36-b

where: Yi + j is the number of pulses in the
unsmoothed spectrum in the i + j channel; 2k + 1—
the number of channels through which the spectrum
smoothing is carried out; — b is the width at half
maximum of the Gaussian function [30].

The boundaries of the peaks are determined by
the maximum of the second derivative [31].

The area of the peaks is as follows:

— the right border of the peak is found, then its
left border;

— the full integral of the peak is calculated

I,
Integral = ZSpectlg ,
i=l,
where: I, Ir - left and right boundaries of the peak;
Spectri — number of samples in the i channel;
— the area under the peak is calculated

I, 1,43
Background = w . ( ZSpect}; + ZSpectr;J

8 i=1,-3 i=I,

where Background is the area under the peak;
— the area of the peak is calculated, from the
total area we subtract the area under the baseline
S = Integral — Background

Calculation of peak-to-peak ratios for 3Cs.
The ratios of the peaks of the found isotopes in the
library to the ¥'Cs peak are calculated using the
following formulas [31]:

— detector registration efficiency

e=a-exp(b-E)
where: — a, b - coefficients; E — energy, keV;
— for each isotope found, the coefficient is

calculated
I, = S le,
t-Y;

where: — Si is the area of the i-th peak; t — live
dialing time, sec; — Y is the quantum yield of the i-th
isotope;

— for each isotope found, the ratio of the
coefficient to *’Cs is calculated

K=
ICs—137
The algorithm implementing the described
procedure is shown in Fig. 5.
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Fig. 5a. Gamma-ray spectra processing. Part 1
Source: compiled by the author
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CONCLUSION

Minimum Detectable Activity (MDA) is the
maximum activity of a radionuclide that could be
present in a sample, but as a result of analysis of the
spectrum of this sample at given parameters
remained unnoticed. The MDA value is determined
by the “variable” background pedestal (including the
Compton background) in the energy interval or peak
zone of the selected radionuclide and by coefficients
that establish the confidence probability and
statistical uncertainty of the useful signal. The
calculation of MDA is performed for spectra from
samples where the total activity is any, so this
characteristic is used to determine low activities on a
weak and strong background. The formula for
calculating the MDA [28] is as follows

Ro — background pedestal; ¢ — is the absolute
registration efficiency for a given radionuclide in the
selected measurement geometry; Y — is the output of
this type of radiation at each act of decay of the
selected radionuclide.
Obtained on the basis of experimental data
MDA is:
1) BCs - 4.1 kBq.
2) ??%Ra - 7.5 kBq.
3) 8°Co - 40.8 kBq.
4) 1%Ba - 12.6 kBaq.
For 1¥Cs, the value obtained is twice less than
the threshold for exemption from state regulation.
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AHOTANIA

OcHOBY TeXHOJNOTiH ckiagae HamiBrnpoBiguukoBui CdZnTe-mopraTHBHUI (IIPakTHYHO PO3MIpOM 3 MOOUTBHIN TemedoH)
CIIEKTPOMETP TaMMa-BHIIPOMIHIOBAHHS 3 BHCOKOIO DO3JIUIBHOIO 3JAaTHICTIO, SKWil 3a0e3nedye BHCOKY €(EKTHBHICTH EKCIIpec-
imenTHdiKamii pagioHyKIiIB Ta OLIHKY J03HM BHIPOMIHIOBAHHS BiJ] HU3BKHX 0 NOMipHHX BHCOKHX piBHIB. CdZnTe criekrpomerp
raMMa-BHIIPOMIHIOBaHHS - II6 BHCOKOG(EKTHBHUH HpHCTpiii, 3acHoBaHuii Ha CdZnTe HamiBIpOBIIHHKOBOMY IETEKTOpI, SKil
Mpalloe [pU KIMHATHIA TemmepaTypi 3 IyKe MallM CHEprocloXHBaHHAM, LH(POBOMY OaraToKaHAalIbHOMY aHami3aTtopi Ta
MikpokomiT'toTepi. CdZnTe-nopTaTUBHUH CIIEKTPOMETP — CAMOAOCTATHINA MPUCTPiH 1 CKIaJa€ThCs 3 TPHOX MOIYIIB - AETEKTOPHOTO
MOZyJsI, 6araToKaHaIPHOTO aHaji3aTopa Ta MIKpOKOMM'oTepa. Moxyns JeTekropa MICTUTh BUCOKosikicHui aerektop CdZnTe,
MONePeIHIN MiACKUITIOBAaY 1 [HKEPeNo KUBJICHHS BHCOKOI HAmpyrd aerekTopa. € HeTeKTopHi Momydi 3 pisHuMu 0o6’emamu CZT
JeTeKkTopa Big S MM® 10 1600 mm3. MosxinBo BUKOPHUCTaHHA 0araToJeTeKTOPHOT cHcTeMH. MOJynb aHalizatopa MiCTHTh
migcwioBad, MUQPOBUH IPOLECOp CHIHAIB, JHKEPENO SKUBJICHHS HHU3BKOI HANpYrd Ta KoMmm'toTepHUi iHTepdeiic. IIporpamue
3a0e3nedyeHHs MIKpOKOMI'IoTepa B3aeMoJie 3 0OaraTokaHAJIBHMM aHaJli3aTopoM, aHalli3ye raMMma-CIeKTpd Ta 3abesnedye
HaKOIIMYEHHS 9aCOBHX MPO(LNiB 103K raMMa-BUIIPOMIHIOBaHHS, 3B'S130K 3 iHIIMMHU iH(popMaLiifHuMy cucreMamMu. CIeKTpOMETpHUYHI
BUMIpPIOBAaHHS B PEATbHOMY 4Yaci O3BOJIIOTH BHUKOPHCTOBYBATH TEXHOJOTIl «ENEKTPOHHOI KOMIMamii» g MOOYyZOBH KapTH
paxiamiifHoro 3a0pyaHeHHs Ta Jokamizamii J[IB, 3 moganpiior macmopTH3ali€lo BHABICHUX JKEpelN, CTBOPEHHS II€EBOT CHCTEMH
paziamiifHoro kKoHTpomto 3 ¢yHKUisMu nacnoptusamii AIB. BiamosigHe mporpamne 3a0e3neyeHHs O3BOJISAE€ BHPINIMNTH HACTYIHI
3aBOaHHS — MoOynoBa TPHUBHUMIpPHOI KapTH IOJIB 10HI3YIOUOTO BHIPOMIHIOBAHHSA PI3HOI MipHM TNPOCTOPOBOI JeTamizamii 3
BpaxyBaHHSAM CHEprii BUIPOMIHIOBaHHS, JIOKaJIi3amisl 1 MacHOPTH3ALisl JUKepesl raMMa-BHIIPpOMiHIOBaHHs. OCHOBOIO CHEIiaJbHOTO
nabopaTopHOro KoMmIniekTy € Mmikpocrekrpomerpu USPEC. [lns ynpaBiiHHS poOOTOIO CIIEKTpOMETpiB, 300py 1 aHai3y JaHUX
BHKOPHCTOBYEThCSL OJHOIUIATHHM Komm'rorep LattePanda. LattePanda — A Windows 10 Computer with integrated Arduino.
HasBHicte BOymoBaHoro Arduino mo3Boisie peali3yBaTW YIPaBIiHHS HEpPeMINICHHsIM JOKepena i dYac J1abopaTopHOro
EKCIEPUMEHTY. PO3TIISHYTO SIK TpaauLiiiHi 3aBJaHHS MPOBEACHHS KaTiOpyBaHHS 1 IpaAupyBaHHS CIIEKTPOMETPIB, B TOMY YHCHI 1 IS
Pi3HUX TeOoMeTpill mKepes, OOpOOKH BHMIPSIHAX CHEKTPiB 3 BHKOPUCTAHHSAM CTaHOAPTHUX MPOTpaM, PO3PaxyHKY aKTHBHOCTI
JDKepeT, Tak 1 3aBHaHHS CTBOPEHHS MPOrpaMu OOpOOKH CHEKTPIiB 1 MpoTrpaMu yIpaBliHHA CIeKTpoMeTpoM. HaBeneHi 3HaueHHS
MiHIMaJIbHOI JETEKTHPYEMON aKTUBHOCTI.

Knwuoei cnoea: ramma CHeKTpOMETpis; MporpamMHe 3a0e3NeueHHs aHali3y CHeKTpiB; I[HTepHET pedeld; MOOLTBHUI
CIeKTpoMeTp BUTIpoMiHIOBaHHs; CdZNnTe-neTeKTop, alrOPUTM MOIIYKY ITKiB
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