Bulletin of V.N. Karazin Kharkiv National University
82 series «Mathematical modeling. Information technology. Automated control systems» issue 46, 2020

DOI: 10.26565/2304-6201-2020-46-08

UDC 004.07

Development of basic approaches to creating hardware and software for
radiation monitoring information systems

M. Stervoyedov, V. Terokhin, O. Ridozub, S. Fomin

Stervoyedov Nikolay PhD (Technology), associate Professor; Head of the Department of electronics and
control systems, V. N. Karazin Kharkiv national University, 6 Svobody square,
Kharkiv-22, Ukraine, 61022
e-mail: styervoyedov@yahoo.com
https://orcid.org/0000-0003-0136-6437

Terokhin Vitaliy Aspirant of the Department of electronics and control systems, V. N. Karazin
Kharkiv national University, 6 Svobody square, Kharkiv-22, Ukraine, 61022
e-mail: kbs-com@karazin.ua
https://orcid.org/0000-0001-7653-4488

Ridozub Oleh student of the faculty of Computer science, V. N. Karazin Kharkiv national
University, 6 Svobody square, Kharkiv-22, Ukraine, 61022
e-mail: ridozub@gmail.com
https://orcid.org/0000-0003-0136-6437

Fomin Sergey PhD (Technology), of physical and mathematical Sciences, senior researcher of
the Department of nuclear and medical physics of the faculty of physics and
technology, V. N. Karazin Kharkiv national University, 6 Svobody square,
Kharkiv-22, Ukraine, 61022
e-mail: fomin@nas.gov.ua
https://orcid.org/0000-0002-4714-6141

Basic approaches to creating hardware and software for radiation monitoring information systems have been developed in the
article. A modern information system for radiation monitoring and control that requires a comprehensive approach and an
iterative process of its creation has been developed. The proposed approach to integrating local measuring devices with cloud
services, using M2M/IoT technology for remote measurements, advanced semiconductor sensors based on CdTe and CdZnTe
radiation detectors, modern microcontroller and communication microchips is highly promising. Developed hardware and
software solutions demonstrate increased accuracy due to hardware and software correction of measurement results. A variant
of the architectural solution for building a platform for remote access to dosimetric and radiometric measurements is being
developed. The solution lies in the direction of improving the parameters of detectors, as well as the characteristics of electronic
modules of detecting systems and creating software for controlling the detection process, collecting and digital processing of
information, and its adequate presentation to users online. The architecture and structural diagram of a dosimetric system, a
sequence diagram, a diagram of a dosimetric system with a subsystem for data exchange over the Internet have been created. A
new algorithm for measuring the exposure dose rate of ionizing radiation has been proposed. The block diagram of a
microcontroller dosimeter has been developed. The algorithm for correcting the dependence of the sensitivity of the detector
based on CdZnTe on the energy of the detected gamma quanta has already been proposed. The algorithm significantly reduces
the uncertainty of measuring the radiation dose rate. The architecture and block diagram of the dosimetric system with the
possibility of remote access and remote control of the main functions has been presented as well. The calculation of the exposure
dose of gamma radiation and the power of the exposure dose with the energy dependence correction have been used. The system
elements have proved to be useful for students’ distant laboratory work during the quarantine.

Keywords: radiation monitoring, microcontroller, dosimeter, detector, microcontroller, semiconductor sensors, charge-sensitive
amplifier, cloud services, remote user access..
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V wmiit craTTi po3pobiaeHo 6a30Bi MiIXOOW X0 CTBOPEHHS alapaTHO-IPOrPaMHOTO 3abe3NedeHHs I iHPOpMAIifHIX CHCTEM
paniamiifHoro KOHTpouro. Po3pobneHo cyyacHa iHpopMalliiiHa CHCTeMa paialliifHOro KOHTPOJIIO 1 MOHITOPHHTY siKa MOTpeOye
KOMIUIEKCHOTO TiIX0/Iy Ta iTepaTUBHOTO Mporecy ii cTBopeHHs. IIpu npoMy, mepCclieKTHBHUM HAIIPSIMKOM € 3allpOTIOHOBAaHHUH
MiAXiA 1HTErpamii JOKaNbHIX BUMIPIOBAIRHUX MPWIAIIB 3 XMapHUMH cepBicamu, 3acrocyBanHi M2M/IoT texnomorii mis
BiJTaJICHUX BUMipPIOBaHb, BUKOPHCTAHHS MEPCIIEKTUBHUX HAIIBIPOBITHUKOBUX ceHCopiB Ha ocHOBI CdTe u CdZnTe nerekropin
BUIIPOMIHIOBaHb, CY4acHOI MiKPOKOHTPOJEPHOI 1 KOMYyHIKamifHOi MIKpPOCXEMOTEXHiKM TO 1mo. Po3pobneni amapartHi i
NporpaMHi pillleHHs MAloTh MiJABHIIEHY TOYHICTH 32 PAaXyHOK amapaTHO-TPOrpaMHOI KOPEKIil pe3ysbTaTiB BHMipPIOBaHb.
Po3po0ieHo BapiaHT apXiTEKTypHOTO PillleHHS I MOOYMOBH IIIATGOPMH JUIS BiJTAIICHOTO JOCTYIY JO JTO3MMCETPUYHHX Ta
pagioMeTpHYHMX BUMIPIOBAaHb 3 IMOUIYKOM LUIIXIB BHpIIIEHHS IIi€i mpoOieMH Hae B HANpsIMKY IOJINIIEHHS HapaMeTpiB
JIETEKTOpPIB, YIOCKOHAJCHHS XapaKTePHCTHK €JIEKTPOHHHX MOJIYNIB NETEKTYIOUMX CHCTEM 1 CTBOPEHHsS HpPOrpaMHOTO
3a0e3MeyeHHs] [UIA YNPaBIiHHA MNpPOLECOM JAETeKTyBaHHs, 300opoM iH(opmamii, i1 muppoBoi 00poOku 1 agekBaTHOTO
MpEeACTaBICHHS KOPUCTyBauaM B on-line pexxumi. CTBOPEHHS apXiTEeKTYpH Ta CTPYKTYPHOI CXEMH TO3HMMETPHUYHOI CHCTEMH,
JiarpaMa IIOCHIiIOBHOCTEH, cXeMa IO3MMETPHYHOI CHCTEeMH 3 MiJCHCTEMOI0 OOMiHY IaHHMH 3a JIOIOMOTror I[HTepHeT.
3amponoHOBaHO HOBHM aNTOPUTM BHMIPIOBAHHS IOTY>KHOCTI €KCHO3HIIIHOT 103U 10HI3yl0YOTro BHIIPOMiHIOBaHHS. Po3poOka
CTPYKTYPHOI CXEMH MIKPOKOHTPOJEPHOTO H03MMeTpa. PaHime OyB 3alpoOIOHOBaHWH alrOpPUTM KOPEKIii 3aJeXHOCTI
yyTauBocTi merektopa Ha ocHoBi CdZnTe Bim eHeprii peecTpoBaHMX TamMMa KBaHTiB. AJNIFOPUTM 3HAYHO 3MEHIIYE
HEBH3HAYCHICTh BHMIPIOBAHHS MOTYXXHOCTI JTO3M ONMpPOMiHEHHS. Takok Oyna po3pobiieHa apXiTeKTypa i CTPYKTypHa cXema
JO3UMETPUYHOI CHUCTEMH 3 MOJIMBICTIO BiJJJAJICHOTO JOCTYIy Ta IUCTAaHI[IMHOTO YNPaBIiHHS OCHOBHMMH (DYHKIIISIMH.
BukopucTaHo OOYHCICHHS EKCMO3UINIHOT 031 raMMa BHUIPOMIHIOBAHHS 1 MOTYXHOCTI SKCITO3MIIAHOT 103U 31 KOPEKIIE
CHEPTeTHYHOI 3aISKHOCTI. TaKOXK, CIEMEHTH CHCTEMH  BUSIBUIIHCS KOPUCHHMH JUIS IMCTAHIIHHOTO BUKOHAHHS J1ab0paTOPHUX
pOOIT CTyA€HTaMH IIi[J Yac KapaHTHHY.

Knrwowuoei cnosa: padiayiiinuii MOHImMopumne, MiKpOKOHMPOIePHULL 003UMemp, OemeKmop, MiKpOKOHMPOJep, HaNnignpo8iOHUKOGI
CeHcopu, 3apa00 - Yymaueull NiOCUTI08AY, XMAPHI cepsicu, 8i00aneHutl 00Cmyn KOpUCMy8ayis.
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B 3710i1 craThe pa3zpaboTanbl 6a30BbIe MOAXOABI K CO3AaHHIO allapaTHO-IIPOrpaMMHOro obecredeHus A HH)OpMaHnOHHBIX
CHCTEM paJUallMOHHOTO KOHTpoisi. PaspaboTaHa coBpeMeHHas MH(OpPMAaLMOHHAS CHUCTEMa pPaJHallMOHHOTO KOHTPOIS M
MOHHUTOPHHIa KOTOpast TpeOyeT KOMIUIEKCHOTO MOJIX0Aa U HTEPAaTHBHOTO Mpoliecca ee co3qaHus. IIpu 3ToM, NepCreKTHBHBIM
HaIlpaBJICHUEM SIBISIETCS TIPEIJIOKEHHBI MOAXOJX WHTETrpally JIOKAJIBHBIX HM3MEPUTENBHBIX IPHOOPOB ¢ 0OIAYHBIMU
cepBucaMy, mnpuMmeHeHus M2M/IOT TexHomormm M yHAJCHHBIX HW3MEPEHMIl, HCIIONBb30BAHUS IIEPCIIEKTHBHBIX
HOJTYTIPOBOTHUKOBBIX ceHcOopoB Ha ocHoBe CdTe u CdZnTe meTekTopoB H3IIydCHHH, COBPEMEHHON MiKPOKOHTPOJICPHOI M
KOMMYHHKAIIHOHHOH MHKpPOCXEMOTEXHHKH. Pa3paboTaHBl ammapaTHble W IPOrpaMMHBIE PEIICHHS HMEIOT IOBBIIICHHYIO
TOYHOCTb 3@ CYET aNNapaTHO-NPOrPaMMHON KOPPEKIMH DPe3yJIbTaToOB M3MepeHui. Pa3paboTaH BapHaHT apXUTEKTYpPHOTO
peLIeHNs UL HOCTPOCHHS IUIAaT(GOPMBI JUISl YAAICHHOTO 0CTYIA K JO3UMETPHYECKUM U3MEPEHHUSM C IIOMCKOM ITyTeH peIeH s
9TOH NpoONeMBbl HMIET B HANPABICHUM YIy4LIEHHS MapaMeTpPOB JIETEKTOPOB, YCOBEPIICHCTBOBAHUE XapaKTEPHCTUK
JNICKTPOHHBIX MOAYJEH JCTEeKTHPYIOIIMX CHCTEM M CO3JaHHE NPOrPaMMHOrO OOECNeHYEHMsS U YIPABJICHHS IPOLECCOM
JeTeKTUPOBaHus, cOopoM nHpOpMalnH, ee HUPPOBOii 0OPabOTKH U aJAeKBaTHOTO MPEICTABICHHUS IOJB30BaTEIsAIM B ON-line
pexume. Co3maHue apXUTEKTYPHI U CTPYKTYPHOW CXEMBI HO3MMETPHYECKOI CHCTEMBI, IHarpamMMa II0CIeIoBaTeIbHOCTEH,
cXeMa JO03UMETPHIECKOi CHCTEMBI C TIOICHCTEMOI 0OOMeHa MaHHBIMU TocpencTBoM MaTepHeT. [IpeioxkeH HOBBIH aaropuT™
W3MEpEeHHs] MOIIHOCTH OSKCIIO3MIMOHHOW 03Bl HMOHM3HPYIOUIEro W3iydeHws. Pa3paboTka CTpPYKTypHOH CXEMBI
MHKPOKOHTPOJUIEPHOTO 103UMeTpa. PaHee ObUT MPEeUI0kKEeH aropUT™M KOPPEKIMU 3aBUCUMOCTH YyBCTBUTEIBHOCTH ICTEKTOPA
Ha ocHoBe CdZNnTe OT 9HEPrHH PerrCTPHPYEMBIX raMMa KBAHTOB. AJTOPUTM 3HAYHTEIHPHO YMEHBIIAET HEOMPEIEICHHOCTD
M3MEPEHHsI MOIHOCTU 103kl obmyuenus. Tawoke OblUla pa3paboTaHa apXUTEKTYpa M CTPYKTYpPHAs CXeMa J03MMETPHYCCKOM
CHCTEMBI C BO3MOXKHOCTBIO YJAJEHHOTO JOCTYNA M JUCTAHIMOHHOTO YNPABICHHS OCHOBHBIMH (yHKUMSIMH. MCHOIb30BaHO
BBIYHCIICHUE DKCIO3UIIMOHHON 03Bl raMMa M3IyYeHHs] M MOIIHOCTH IKCIO3UIIMOHHOM J03BI C KOPPEKIHeil YHepreTHIeCKOH
3aBUcHMOCTH. Taroke, HJIEMEHTHI CHCTEMBI OKa3aJIMCh MOJIE3HBIMH JUIS IUCTAHIIMOHHOTO BBITIOJIHEHHS JIA00OPAaTOPHBIX.

Knruesvie cnosa: paouayuonuviii MOHUMOPUHZ, MUKDOKOHMPOILEPHULL 003UMemp, OemeKmop, MUKPOKOHMPOLLep,
NOAYNPOBOOHUKOBbIE CEHCOPbL, 3aPSO0 - YYECMEUMENbHBIIL YCUNUMENb, 00IaUHbLe CepBUChL, YOUNIEeHHbII OOCHYN NOIb308AMENell.

Introduction

The amount of ionizing radiation energy absorbed by a human body determines the degree of radiation
damage to the functional organs [1]. Therefore, the correct measurement of the radiation dosage and new
ways to increase the accuracy or reduce the uncertainty of the measured and calculated dosimetric values
present an immediate problem. The search for solutions to this problem is based on improving the
parameters of detectors, enhancing the characteristics of electronic modules of detecting systems, as well
as creating software for controlling the detection process, collecting and processing information, and
adequately representing it to users online [2,3]. When developing software, it is necessary to consider the
interaction of ionizing radiation with materials and objects that are irradiated. In particular, it is necessary
to consider their heterogeneity and the energy dependence of the detector sensitivity - the so-called
"course with rigidity" - in a wide range of energy and radiation intensity, which is a nontrivial task [4].

Rapid development of information technologies and modern electronic database provide new
opportunities for creating systems for monitoring the radiation state of objects and the impact of the
radiation load on living organisms. Also, they are using M2M / loT solutions for remote measurements,
advanced semiconductor sensors (e.g. based on CdTe and CdZnTe radiation detectors), modern
microcontroller technology, etc.

General structure of hardware and software for radiation monitoring information systems

The extremely useful hardware and software solution for online access to the information about the
measuring dose and spectral composition of radiation, as well as parameters of detectors and
spectrodosimetric equipment is the integration of local solutions with cloud technologies such as the
ThingSpeak, a service for receiving, analyzing, and visualizing data. This service is free and has built-in
MATLAB package - a high-level language and interactive environment for programming, numerical
calculations and visualization of results. When using the package you can analyze data, develop
algorithms, create models and applications [5].

The connection of equipment, a dosimeter in our case, is performed according to the Fig. 1. The ESP32
electronic module - a microcontroller with a Wi-Fi interface should be integrated in the device as
suggested in [6].

The developed scheme is particularly useful for educational purposes. Using this solution, students
will have remote access to research equipment via their smartphones and be able to use such powerful
tools as MATLAB and SIMULINK for calculations.
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Fig. 1. The scheme of integrating the spectrodosimetric equipment with the cloud service.

The variation of the architectural solution for building a platform with remote access to dosimetric
and radiometric measurements is presented in Fig. 2. The layout of the scheme for integrating dosimetric
equipment with global networks is based on the STM32F4 Discovery microcontroller board and weither

ESP8266 or ESP12 modules. Applying a single-board computer, for example, the Raspberry Pi and the
ESP32-SX1278-Lora module is a cost-effective and robust option for creating a platform.
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Fig. 2. The scheme for building a platform for remote user access to dosimetric and radiometric measurements.

The 137Cs (662 Kev) gamma-ray spectrum view on a smartphone screen obtained by using the
Cd0.9Zn0.1Te detector is shown in Fig. 3 [7].
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Fig. 3. Spectrum of 137Cs gamma quanta in a smartphone screen.

Development of architecture and block diagram of the dosimetric system

The graphical unified object modeling language UML-Unified Modeling Language is used for visual
representation of the system functions. This modern tool is widely used in the development of software
for modeling business processes, system design, and displaying organizational structures. The use case
diagram developed by UML is presented in Fig. 4. This diagram visually represents various scenarios of
interaction between actors (users) and precedents (use cases), and describes the functional aspects of the

system (business logic).
AN

1«include»

[
Taking measurements
A\
Sytem maintenance
Data processing

Researcher S Nodes that are marked with "*" [\
are not included in the tasks Engineer
of the hardware and software part

"

Sample preparation

Preparation and
publication of reports

Professor «include»

~

Student

Fig. 4. UML use case diagram of the system functions.

According to the use case diagram, the system assumes that there are several classes of users who take
part in the system operation.

There are two main types of users shown in the diagram: information consumers (students) and
researchers who do not have direct access to the system hardware, and staff who have the necessary
knowledge and authority to use complex devices of the dosimetry system to conduct experiments.
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It is planned that the system will include a certain number of dosimetric laboratories and a number of
users. The advantage of using a web service in this case is that the work of distributing information to
any number of users is performed by the service's servers. The ThingSpeak cloud service also allows you
to create a channel with multiple data fields that can be recorded from different data collectors.

The process of systems interaction over time is represented in the sequence diagram shown in Fig. 5.
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Fig. 5. UML sequence diagram of the system operation process.

Drawing up an idea of the necessary functions makes it possible to proceed to the system architecture
development. As a result of collaboration with experts in the subject area, a block diagram of the
dosimetric system has been developed (Fig. 6). The diagram includes both hardware and software
subsystems.

0-4000V
23 | Up 24
WU [ DAC
27 29
/ BAF Counter Soft
&l L e 2 25 26 Wt
Sample SCD CSPA SMA
\ 28 2.10
SADC MCU

212 | 21n
Soft PC Cloud

Fig. 6. The diagram of a dosimetric system with a subsystem for data exchange over the Internet.

The diagram shows the following components: 2.1-sample, 2.2-semiconductor detector, 2.3-high-
voltage unit, 2.4-digital-to-analog converter, 2.5-charge-sensitive pre-amplifier, 2.6-spectrometric
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amplifier, 2.7-amplifier and shaper unit, 2.8-spectrometric ADC, 2.9-counter, 2.10-microcontroller, 2.11-
cloud service, 2.12-computer, software for dose determination and data processing.

A block diagram of a microcontroller dosimeter development

An algorithm for correcting the dependence of the sensitivity of the detector based on CdZnTe on the
energy of the detected gamma quanta has been proposed previously [7]. The algorithm significantly
reduces the uncertainty of measuring the radiation dose rate. The architecture and block diagram of the
dosimetric system with the possibility of remote access and remote control of the main functions has been
developed as well.

As can be seen from the proposed solutions, the necessary element of the system is an intelligent
measuring dosimetric device that can be implemented on a modern microcontroller base.

The simplified block diagram of a microcontroller dosimeter is presented in Fig. 7. Electromagnetic
radiation (y) is detected by the CdZnTe detector (D). A stable bias voltage is applied to the detector via a
software-controlled power supply unit (CHVPS). Pulses from the detector are fed to a spectrometric
module consisting of a charge-sensitive pre-amplifier (PA) and a main amplifier-shaper (FA). Basically,
amplifiers are programmed to generate the optimal signal-to-noise ratio and the required gain.

Bias voltage control

Spectrometric amplifier Multichanel analyzer

MC &
Interface

+ SADC

Formation setting

Function control

GAAP

Fig. 7. The block diagram of the microcontroller dosimeter.

Voltage pulses whose amplitude is proportional to the energy of the detected gamma quanta are fed
to the Board of a multi-channel amplitude analyzer. The analyzer consists of a spectrometric analog-to-
digital Converter (SADC) and a microcontroller module (MS & Interface). In addition to counting the
pulses from the registered gamma quanta, as it is done in a conventional dosimeter, the module generates
exposure sets the necessary statistical accuracy of measurements, calculates correction coefficients and
displays the measurement results. The module also provides the communication with a computer and the
Internet services.

The module is proposed to be developed on the basis of a 32 - or 64-bit microcontroller. For example,
it can be a STM32F407g-DISC1 debugging Board with a 32-bit ARM Cortex ® - M4F microcontroller
STM32F407VGT6 or a powerful Raspberry Pi 3 microcomputer on a 1.2 GHz 64-bit Quad-core ARM
Cortex-A53 CPU.

To find the optimal modes of the semiconductor detector, a programmable power supply unit
controlled by a computer or microprocessor has been developed (Fig. 8).
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Fig. 8. Programmable high voltage power supply.

The device can be used to power photomultipliers, semiconductor ionizing radiation detectors and
other low-power equipment, which requires high stability of the supplied voltage.

An example of using a programmable power supply to measure the dependence of the leakage current
of a semiconductor ionizing radiation detector on the offset voltage is shown in Fig. 9.

Voltage

curent

Software
(Measuremen
& control)

Detector

Ethernet

Fig. 9. The diagram of measuring the dependence of the leakage current on the offset voltage of the detector. R -
measuring resistor, A-instrument amplifier with galvanic isolation.

The calculations of the exposure dose of gamma radiation and the exposure dose rate with the
energy dependence correction.

Previously it has been suggested that the radiation dose measurement program operates in two modes
: the preset exposure time mode or the set statistical uncertainty mode [6]. In the first mode, the spectrum
set continues for the exposure time t. After the end of time t, the number of i pulses is recorded in each i
- memory cell that is allocated for the multichannel amplitude analyzer, N; which shows how many pulses
of this amplitude are received by the ADC input. Accordingly, the number of registered quanta of this
energy is the same. The total number of N;,.4; pulses is calculated or calculated in parallel. In the second
mode, Nyo¢q; 1S @ value that is calculated based on the time when the maximum number of no pulses is
reached N,.

The calculations of the exposure dose of gamma radiation D, and the power of the exposure dose
X, = D, /t (4) are performed accounting for the recorded dependence of the CdZnTe detector sensitivity
on the radiation energy [8]. To do this, after the spectrum is set, the program calculates D, in [ur] , using
the formulas (1):

D, = (A < Epulse > +B) * Niotals @)
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where the average pulse amplitude < E,,;5c > is calculated by using the formula (2):

< Epulse >= Yi (& *n; /Neotar) (2)
and N;,:q1 = X ni— the total sum of pulses in the spectrum, or the final (3):
D,=AYii*n;+BxYin;, 3)

The values of coefficients A and B are determined during calibration of the detector system using
standard gamma-ray isotope sources.
The exposure dose rate of gamma radiation X _e in [pr/s] is defined as:

X, =D,/t, 4)

where t is the measurement time in seconds [s].

The calculated exposure dose value is transmitted via one of the interfaces to the dosimetric data
representation subsystem.

Fully operational system, in addition to the program for determining radiation parameters, includes
necessary software modules for adaptive control of the detector bias voltage, selection of time constants
for forming circuits, setting of gain coefficients, and service programs.

Conclusions

The development of modern information systems for radiation monitoring and control requires a
comprehensive approach and an iterative process of their development. The proposed promising approach
is integrating local measuring devices with cloud services, using M2M/loT technology for remote
measurements, advanced semiconductor sensors based on CdTe and CdZnTe radiation detectors, modern
microcontroller and communication microchips, etc. The developed hardware and software solutions
have demonstrated high accuracy due to hardware and software correction of measurement results which
are provided by a multi-channel amplitude analyzer implemented into the dosimetric system. The
amplitude distribution which corresponds to the energy spectrum of radiation obtained during the
exposure allows us to accurately calculate the exposure dose and the power of the exposure dose of
gamma radiation. The ThingSpeak cloud service is used for providing users’ access to information about
the measuring dose, spectral composition of radiation, parameters of detectors and spectrodosimetric
equipment. The developed equipment, algorithms, and programs are used for experimental research of
radiation and nuclear-physical processes. The system elements have proved to be useful for students’
distant laboratory work during the quarantine.

The work has been carried out with partial financial support from the UNTC Foundation, project No.
9903.
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