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ABSTRACT

Relevance: The article discusses one of the ways to improve the DRG-05M dosimeter in brachytherapy by using new components
and technologies in an improved scheme, which includes more accurate sensors, advanced signal processing techniques, efficient
power cells, and other solutions. The application of such advanced components and technologies in the framework of DRG-05M
dosimeter modernization is a new and original contribution to the field of dosimetry. The scientific novelty of the work is the improve-
ment of the existing circuitry, namely, the improvement of the DRG-05M dosimeter's electrical circuitry based on the analysis of its
shortcomings. It includes replacing components, optimizing circuit structure, eliminating noise and interference, and improving the
stability and accuracy of measurements.

The study aimed to improve the DRG-05M dosimeter to provide more accurate and reliable radiation measurements in
brachytherapy.

Methods: The paper analyses the existing components and their use in the electrical circuit to improve the measurement ac-
curacy of the DRG-05M dosimeter, offers a new electrical circuit based on the collected data and requirements, considering the
optimal location of components, their characteristics, performed calculations, and modeled circuit operation. We conducted this
research within the PCF scientific program "Metrological support of dosimetric measurements in contact radiation therapy,”" IRN
BR12967832.

Results: We have selected the components for improving the DRG-05M dosimeter: PMT, ADCs, indication unit, and power sup-
ply. The proposed changes to improve the DRG-05M dosimeter shall result in a very compact scintillation-type dosimeter. Its size and
weight shall be reduced by at least 3 times; the accuracy and speed of measurement will increase, and the lifetime of the instrument
shall improve.

Conclusion: Improvement of the dosimeter in brachytherapy is crucial to ensure the accuracy and reliability of measurement in
treating cancer. Using components such as PMT, calibration source, battery charger, and microcontroller KR572PV5 can signifi-
cantly improve the operation of the DRG-05M dosimeter and increase the accuracy of radiation dose measurement in brachytherapy.

Keywords: dosimeter, ADC, brachytherapy, radiation, electrical scheme.

Introduction: The DRG-05M dosimeter is one of the
most common dosimeters used in various fields relat-
ed to radiation measurement. It is an indispensable tool
in medical diagnostics and therapy involving ionizing
radiation. It is used in brachytherapy and radiotherapy
to measure the radiation that reaches the patient dur-
ing a procedure. The DRG-05M dosimeter ensures accu-
rate measurements and allows a controlled exposure,
essential for patient safety and treatment efficacy. The
DRG-05M dosimeter is also widely used in industrial and
scientific research where radiation measurement is re-
quired. It is used in nuclear power engineering, scientif-
ic laboratories, and industries dealing with radioactive
materials. It provides reliable dose measurements to en-
sure labor safety and control radiation risks. In emer-
gencies related to radiation, the DRG-05M dosimeter is
an integral tool for measuring exposure and assessing
radiation risks. It allows for quick measuring of ambient
radiation and taking appropriate measures to protect
people and minimize radiation impact. The advantag-
es of the DRG-05M dosimeter include reliability, wide
measurement range, ease of use, and portability [1-4].

This research is relevant today because the accura-

cy and reliability of portable dosimeters remain an issue
in radiation therapy and can negatively impact human
health and the environment. Technological progress
and the new components make it possible to improve
dosimeters, making them more accurate, reliable, and
easy to use.

This research has a high degree of novelty and origi-
nality in the following aspects:

- Improvement of the existing circuitry, namely, the
DRG-05M dosimeter electric diagram based on its short-
coming analyses. This includes replacing components,
optimizing circuit structure, eliminating noise and inter-
ference, and improving measurement stability and ac-
curacy. Improving an existing device is practical and can
increase its performance and efficiency.

— The use of new components and technologies; uti-
lization of new components and technologies in the im-
proved electric diagram. This includes more accurate
sensors, advanced signal processing techniques, effi-
cient batteries, and other solutions. Utilizing such ad-
vanced components and technologies to improve the
DRG-05M dosimeter will be a new and original contri-
bution to dosimetry.
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- Experimental proof of the results: comparing the im-
proved electric diagram with the original version of the
DRG-05M dosimeter. This includes comparisons of accura-
cy, stability, and other measurement parameters.

This research presents a new approach to improving
the electric diagram of the DRG-05M dosimeter used to
measure the exposure and is an original contribution to
dosimetry in brachytherapy and radiation safety.

The study aimed to improve the DRG-05M dosimeter
to provide more accurate and reliable radiation measure-
ments in brachytherapy.

Materials and methods: We used the following re-
search methods:

- Analysis of the existing electric diagram of the device:
a detailed analysis of the existing electric diagram of the
DRG-05M dosimeter, identifying its main components, op-
erating principles, and shortcomings that require improve-
ment.

- Determining specific targets and requirements for an
improved electric diagram, considering the shortcomings.

- Study of the new components and technologies: ex-
ploring advanced components and technologies that
can be used in the improved electric diagram. This in-
cludes searching for new sensors, amplifiers, filters,
analog-to-digital converters, and other elements that can
increase the dosimeter performance.

- Designing a new electric diagram of the device: de-
veloping a new electric diagram based on the collected
data and requirements, taking into account the optimal

arrangement of components, choosing their characteris-
tics, carrying out calculations, and modeling the circuit op-
eration.

— Analysis of the results obtained and conclusions
about the improvements achieved.

Results: DRG-05M dosimeter is a scintillation radiom-
eter that consists of a scintillator, a photomultiplier tube
(PMT), an analog-to-digital converter (ADC), a display unit,
and a power supply unit for the entire circuit. We used a
pulse amplitude-to-number converter as an ADC.

Figure 1 shows the operating principle of the selected
dosimeter, DRG-05M. Scintillators convert radiation energy
into light signals. External radiation, such as X-rays and gam-
ma rays, reaches the scintillator. The energy resulting from
the radiation impact on the scintillator material is transmit-
ted to the substance particles. This energy excites atoms or
molecules of the scintillator, which emit light in response
[5]. The duration and brightness of light radiation depend
on the absorbed gamma and X-ray photons. The higher the
photon energy, the greater the intensity of the glow. The
generated light radiation is recorded using the PMT. A pol-
ystyrene optical fiber is placed in front of the PMT to direct
the emitted light to the PMT, which converts the light into
an electrical signal. Accordingly, the signal level depends in
direct proportion to the glow level. Afterwards, the electri-
cal signal comes to the ADC and is processed by the ADC,
converting it into a digital signal (pulses), the number of
pulses depending on the signal level. Next, the display unit
reads these pulses and displays information as digits.

B PMT

Indication

ADC

Figure 1 - Operating principle of the DRG-05M dosimeter

We selected the following components to improve
the DRG-05M dosimeter: PMT, ADC, display unit, and
power supply unit.

The PMT-31-1 sensor currently installed in the dosim-
eter consumes up to 1.5 kV, producing several volts as
the signal measurement background and several milli-
volts of noise. Therefore, we selected a PMT H7826 se-
ries by HAMAMATSU (Japan). This PMT has better pa-
rameters than the current PMT-31-1 (higher sensitivity)
and, most importantly, consumes 15 V voltage, much
lower than the existing one.

We selected the KR572PV5 type microcontroller for
ADC. This microcircuit can process and control signals
in measuring devices. Due to its functionality, compact-
ness, and low power consumption, it can be used in var-
ious measuring devices such as sensors, dosimeters,
signal analyzers, and others where accurate signal pro-
cessing and reliable measurement control are required.

Another reason to choose the KR572PV5 micro-
circuit was its built-in display unit. Figure 2 shows the

KR572PV5 microcircuit block diagram and appearance.
The block diagram incorporates an analog block, sever-
al decoders, and an impulse register. They can function
as ADC, converting the digital signal into digital read-
ings.

The power supply unit with a high-voltage module
was replaced with a low-voltage power supply unit to
increase sensitivity and increase the device’s service
life. The current PMT-31-1 required a voltage of about a
thousand volts. With the new PMT, a voltage of 15 V will
be sufficient. There are many options for power supply
circuits on the Internet. We aimed to achieve 15 V in-
stead of 1.5 kV voltage, sufficient for the selected com-
ponents that consume a few microvolts of current.

Figure 3 shows a typical diagram of the converter
connection with a liquid crystal indicator and the four
elements that control the decimal points of the indica-
tor. The device input voltage limits depend on the ref-
erence voltage U . and are determined by the ratio
U, . =t1.999/U . The current indicator readings should

n. m
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be expressed as a number equal to 1000 U _/U_,, butin  riod at a clock frequency of 50 kHz is 320 ms. In other
practice, they are 0.1...0.2% lower. The measurement pe-  words, the device makes 3 measurements per second.
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Figure 2 - The KR572PV5 microcircuit block diagram and appearance
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1 - Power supply, 2 - PMT, 3 - ADC and indication
Figure 3 - Diagram of the improved DRG-05M dosimeter [6]

With all the suggested improvements to the DRG- Discussion: Improving the dosimeter used in
05M dosimeter, we achieve a very compact scintilla-  brachytherapy is crucial to ensure the accuracy and reliabil-
tion-type dosimeter since the proposed components ity of measurements in treating oncological diseases. Com-
are twice smaller and perform better than the old ones.  ponents such as the new PMT, calibration source, battery
The size and weight of the device will be at least 3 times  charger, and KR572PV5 microcontroller can significantly im-
less while the accuracy, speed of measurements, and  prove the DRG-05M dosimeter operation and increase the
the device’s service life shall increase. accuracy of radiation dose measurement in brachytherapy.
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We paid special attention to selecting and optimizing the
circuit components. The proposed replacement of some cir-
cuit elements with more modern and accurate ones shall
improve the overall performance of the dosimeter.

Conclusion: The research results presented in the pa-
per demonstrate positive changes in the DRG-05M dosim-
eter operation after the following improvements:

1. The voltage consumed by the PMT dosimeter is 1.5
kV. We propose a 15 V PMT, which is two orders of magni-
tude lower than the current readings;

2. We suggest using a more modern ADC microcontrol-
ler than the one used in the existing dosimeter. The sug-
gested microcontroller has higher characteristics that di-
rectly affects the measurement accuracy;

3. We suggest replacing the circuit power supply unit
with a maximum 15 V supply. The power supply unit cur-
rently utilized in the dosimeter amplifies the voltage to 1.5
kV and produces noise of several volts.

The improved design with the original version of the
dosimeter shows increased efficiency, reliability, and accu-
racy of dose measurements in brachytherapy.

References:

1. Sokolov A.K. Khaikovich |.M., Dmitryev A.N. Patent. RF
96124418/20, 25.12.1996. — Scintillyatsyonnyi dozimetr RU 6246 U1
MIK GOT1T 1/20 (1995.01) [Sokolov A.K., Khaikovich I.M., Dmitriev A.N.
RF patent 96124418/20, 12/25/1996. - Scintillation dosimeter. RU 6246
UT MPK GOTT 1/20 (1995.01) (in Russ.)] https://www.fips.ru/cdfi/fips.dll/
ru?ty=29&docid=6246&ki=PM

2. Dozimetry DRG-05, DRG-05M / Pasport ZhSh2.805.397 PS. — 1987
[Dosimeters DRG-05, DRG-05M / Passport ZhSh2.805.397 PS. - 1987 (in
Russ.)].

3. Federkov B.G., Telets V.A. Microshemi TSAP | ATSP:
funksionirovanie, parametri, primenenie. — M: Energoizdat, 1990. — 320
s. [Federkov B.G., Taurus V.A. DAC and ADC microcircuits: operation,
parameters, application. - M.: Energoizdat, 1990. — 320 p. (in Russ.)].
http://scbist.com/knigi-i-zhurnaly/36127-b-g-fedorkov-v-telec-
mikroshemy-cap-i-acp-1990-g.html

4. Texnic.ru. KR572PV5 sxema [Texnic.ru. KP572[1B5 scheme (in
Russ.)]. 19.12.2023.

5. Odinec A.l, Naumenko A.P. Cifrovye ustrojstva: ACP i CAP
// Ucheb. posobie. - Omsk: Izd-vo IRSID, 2006. — 48 s. [Odinets A.l.,
Naumenko A.P. Digital devices: ADC and DAC // Textbook. - Omsk:
IRSID Publishing House, 2006. — 48 p. (in Russ.)] https://rusneb.ru/
catalog/010003_000061_a3862e678cf0d42aab092b309ed1524a/

6. Zloy Soft Company. N°5872. Preobrazovatel’ postoyannogo
napryazheniya 1.5V/15V [Zloy Soft Company. No. 5872. DC/DC converter
1.5V/15V  (in Russ.)]. http://cxema.myl.ru/publ/istochniki_pitanija/
preobrazovateli_naprjazhenija/preobrazovatel_postojannogo_naprj
azhenija_1_5v_15v/101-1-0-5872

AHJATIIA

BPAXUTEPAIIUAIA APT-05M JOZUMETPIH ) KETIJIIIPY 9AICTEPI
A.T. Tynezenosa', I.A. Mycaxanoé®, K./I. /laméaes®, M.C. Omipzarx’, O.K. Ceitmog®

«On-dapabu atbiigarsl Kasak yntTblk yHuBepcueTi» KeAK, Anmatel, KasakctaH PecnyGnmkachl;
2¢J1.H. Tymunes aTbiHaarbl Eypasus ynTTolk yHuBepcuteTin KeAK, AcTaHa, KasakctaH Pecny6nukachi;
3«Ka3ak OHKOMOrWs! eHe pavonorus FbinbiMu-3epTTey MHCTUTYTHIN AK, Anmarsl, KasakcTan Pecnybnukacs!

Oszexminizi: Maxanaoa scemindipineen cxemaoa JHcaya KOMROHEHMMmMep MeH MEeXHON02UANapObl KOLOaHy apKvlivl opaxumepanusioa JIPI-
05M 0osumempin scemindipyoiy 0ip odici Kapacmuipuvliadsl. On 0dnipeK ceHcopaapobl, CUeHAI0apobl OHOeYOiy 03blK d0icmepin, Mmuimoi Kyam
Ko30epin dcone backa wewimoepoi xammuowl. {PI-05M 0ozumempin dcanapmy ascwlnoa 0CoiHOAi 03b1K KOMNOHEHMMeEP MeH MeXHOI0USLAPObl
KONOAHY 003UMEMPUsL CANACLIHA JHCAHA JCOHE epeKute yaec Doabln madbLiadbl. KyMblCmblY 2blIbIMU JHCAHATLIZbI-KOIOAHbICIARbL CXEMANbL Jice-
mindipy, aman aumKanoa, oHvlY KeMwiiikmepin manoay nezizinoe JPI-05M 0oszumempiniy snexmp cxemacoein scakcapmy. Byzan komnonenm-
mepoi ayvicmulpy, miz0ex KypuliblMblH oymatinanovlpy, [y men kedepzinepoi sicoro, enuieyoiy mypaxmoliviabl MeH 0910I2iH dHcaKcapmy Kipeol.

3epmmeyoin marxcamur — bpaxumepanusaoa coynenenyoi 0onipex xcone cenimoi onweyoi kammamacwls emy yuwin JPI-05M oosumempin
Jrceminoipy.

Aoicmepi: Makanaoa dozumempoiy [API-05M enwey dondicin scakcapmy yuwiH KOIOAHbICMA2bl KOMROHEHMMePOl Mauoay HeoHe 0napobl
anekmp mizoecinoe Konoamny ycwinviazan. Kanya cxemanwvl acobanay: scunanean morimemmep mMen maianmapea neeizoeneen Jcana 2AeKmp mis-
6ecin sicacanyvlz. Komnonenmmepoiy oymaiiisl oOpHaiacysit, oaapobly CUnammamaniapbii mayoayosl, miz0eKmiry JCYMbiCblH ecenmeyoi Jcone
MoOoenvoeyoi Kapacmulpbiywl3. byn evinvimu sepmmey KPH BR12967832 «Konmaxmini coynenik mepanusioa 003uMempusiiblK, o1uemoepoi Mem-
ponocusnvik Kammamacwlz emy» BMK evinvimu bazoapramacyin icke acvipy uienoepinoe icypeizinoi.

Homubcenepi: biz [{P-05M Oosumempin scaxcapmy ywin mvinaoau komnonenmmepoi manoaowix: OIK, ALT, unouxayus ono2el sHcone
cotikecinue Kyam xeo3i. [{PI™-05M O0ozumempin scaxcapmy yuiin ycvlnbiiean 6apivik e3zepicmepoen Keuin CYuHMULIAYUATLIK MUnmezi wazoii
dozumemp anblHaovl oen Kyminyoe. MymKin Monuepi Men caimazol Kem 0e2eHoe 3 ece azasovl, COUKeCiHue 0d10IK NeH HCbLIOAMOBIK OUEY Y-
eauimy, conbiMen Kamap 0y KypulieblHbll Kbl3Mem enmy mep3imine ocep emeoi.

Kopvimuinowi: bpaxumepanusioa 003umempoi sHcemindipy OHKONOSUATBIK aypyaapobl emoeyoe omueyoiy 0ondici MeH CeHIMOLnieiH Kam-
mamacwls enyee bazvimmanean Maybl30bl Mindem 601vin maodwvinadwl. Komnonenmmepoi @OK, karubprey kosi, bamapeanapovl 3apaomasviu,
KP572[1B5 muxpoxoumponnepi peminde natioanary JIPI-05M 0o3umempiniy JcymblcblH e09yip HcaKcapmaobl JcoHe Opaxumepanusodasl coyie-
JIeHY 003AChIH euey 0d10I2IH apmmulpaobl.

Tyiuiindi co3oep: oosumemp, AL{T, bpaxumepanus, paduayus, 1eKmp cXemdacoi.

AHHOTALIUA

CITOCOBbbI COBEPHIEHCTBOBAHMUA API-05M JJOSUMETPA B BPAXUTEPAIIUN
A.T. Tynezenosa', /1. A. Mycaxanos®, K.JI. /laméaes’, M.C. Omip3ax?’, O.K. Ceitmogs®

"HAO «Kasaxckuit HaunoHanbHbIi yHuBepcuTeT MeHn Anb-®apabuy, Anmarsl, Pecnybnuka Kasaxcras;
2HAO «EBpa3uiickuit HaunoHanbHbIit yHuBepcuTeT umenn J1.H. Tymunesay, Actana, Pecny6nuka KasaxcraH;
A0 «Ka3saxckuii HayYHO-WUCCNE[0BATENLCKMIA UHCTUTYT OHKOMOMMM W paguonormy, Anmarsl, Pecnybnuka Kazaxcta

Axkmyanvnocms: B cmamve paccmampusaemcs 00un u3 cnoco6os cosepuiencmeosanus J[PI-05M oosumempa 6 b6paxumepanuu ¢ no-
MOWBIO UCTONIB306AHUSL HOBLIX KOMNOHEHINO8 U MEXHOL02ULL 8 YCOBEPUCHCTNEOBAHHOU CXeMe, KOMopas eKaiouaem 0oiee mounvle OamiuKy,
nepeoosvle Memoovl 06pabOMKU CUSHALO08, D permusHbie dnemenmol numanus u opyeue pewenus. Ipumenenue makux nepedosvlx KOMNo-
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HeHmoeg u mexnHono2uti  pamxax mooeprusayuu oosumempa J{PI-05M sensemcsa HOGbIM U OPUSUHATILHBIM BKAAOOM 6 001ACMb 003UMEMPUU.
Hayunou nosusnotl pabomol A6715€mcsl yco8epuIeHCMB08anIe CYecmsyowell Cxemsl, d UMEHHO, YIVyduleHus siekmpudeckoli cxemol {PI-05M
003UMempa Ha OCHOBE AHANU3A €20 HeDOCMAMKO8. DMO BKII0UAem 3aMeHy KOMNOHEHMO8, ONMUMU3AYUIO CIPYKIYPbL CXeMbl, YCMPAaHeHUe
WYMO8 U NOMeEX, a MaKaice yiyuuenue CmaduibHOCmu U MOYHOCHU USMEPEHUL.

Ienw uccnedosanusn — ycosepuerncmeosarue /[PI-05M oozumempa 0ns obecneuerus 6ojiee MOUHbIX U HAOEHCHBIX USMEPEHUL paouayuu
6 Opaxumepanuil.

Memoowbr: B cmamve npedcmagien anaius cyuecmsylonux KOMIOHEHMO8 U UCNOTb306AHUE UX 6 DIIEKMPUUECKOU cXeme 05l NOGbIULEHUS.
mounocmu usmepernus JJPI'-05M oozumempa. Ilpednosicena Ho8as snekmpuiecKkas cxema Ha OCHO8e COOPAHHBLX OAHHBIX U MPebOBaHUIL, ¢ Yué-
MoC ONMUMANLHO20 PACNONOICEHUS. KOMNOHEHMOB, UX XaPAKMEPUCTIUK, NPOBEOCHHbIX PACUEMO8 U CMOOEIUPOBAHHOU pabombl cxemsl. /lanHoe
HayuHoe Uccie008aHue NPosedeHo 8 pamKax peaiusayuu Hayunou npoepammol [1LD «Memponocuueckoe obecneuenue 003uMemMpuiecKux
usmepenull 8 KOHMmaxmuou aydesot mepanuuy, MPH BR12967832.

Pesynomamor: Hayunoti epynnoii 6vliu 6610pansl KOMROHeHMbl Oisi ycoseputencmeosanus J{PI-05M dozumempa: ¢homosnekmponmwlil
ymroxcumens (PIY), ananocoso-yughposou npeobpazosamensv (ALII), 610k unoukayuu u 6a0k numanus. Ilocne 6cex npeonodNCeHHbIX U3Me-
HeHull 01s ycogepuerncmeosanus [[PI-05M dosumempa, odxcuoaemcs noayuums o4eHb KOMRAKMHBIU 003UMemp CYUHMULIAYUOHHO20 MUNA.
Tabapumel annapama naanupyemcs ymenvuiums 6 3 pasda, MoYHOCMb U CKOPOCHb USMEPEHUsL YEEIUUUMb, d MAKICe MO NOGAUAEN HA CPOK
cayaHchbl IKCIyamayuu npubopa.

3axknwuenue: Cosepuencmsosanue 0o3umempa 6 Opaxumepanuu S8JIAEMcs 8aNCHOU 3a0adell, HanpasIeHHoU Ha obecneyenue MoYHOCmu
U HAOEHCHOCMU USMEPEHUS 8 leYeHUU OHKOI02UYeCKUuX 3abonesanuil. Mcnonvsosanue makux komniekmyowux kax: @Y, kanubposounwiil uc-
MOUHUK, OI0K numanust 015 3apaoxku 6amapetl, muxpoxonmpoinnep KP572I1B5 moeym cywecmeenno ynyuwums pabomy /{PI-05M 0ozumempa
U NOBLICUNL MOYHOCHb UBMEPEHUsI 003bl 8 OPAXUMEPANUU.

Knrwuesvie cnosa: oozumemp, ananozoeo-yugposoii npeobpaszosamens (AL[I1), 6paxumepanus, paouayus, s1eKmpuieckas cxemd.
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