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SYSTEM OF AUTOMATED RAPID
OPERATIVE CONTROL OF RADIATION
SITUATION USING AN AIRBORNE VEHICLE

Introduction. The disaster at the Chornobyl nuclear power plant (ChNPP) resulted in releasing a huge amount
of radioactive material into the atmosphere, the total amount of which is difficult to estimate reliably.

Problem Statement. Radioecological works are radiation reconnaissance with detailed mapping of contami-
nation levels and systematic monitoring of radiation situation. One of the most effective methods for surveying
the areas contaminated with radiation, as well as for searching radioactive sources is remote measurements
of ground-level gamma radiation by aerial gamma-ray spectrometry. Therefore, it is important to design and
to test a modern system of operational radiation, infrared, and visual control using airborne vehicles to solve
these problems.

Purpose. Development of modern domestic equipment for automated operational control of the radiation en-
vironment using airborne vehicles.

Materials and Methods. The methods of mathematical and computer simulation, full scale layout, machine
design have been used. In order to study the technical characteristics of the system, its features, field tests of its
individual channels have been conducted in the Chornobyl exclusion zone.

Results. An automated system for rapid radiation, infrared, and visual radiation operational control and
monitoring of the natural environment has been created based on the R-Navigator airborne vehicle for solving
problems of remote control of NPPs and adjacent territories in the case of emergency or accidents with nuclear
and radioactive materials.

Conclusions. The proposed development provides high-sensitivity detection of gamma radiation, video re-
cording and remote data transmission to ground control centers for prompt response to emergencies, as well as
contributes to reducing the cost of aero-gamma spectrometric works.

Keywords: nuclear radiation accident, gamma radiation, aircraft, spectrometer, radiation monitoring, and ra-
diation safety.
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As aresult of the manmade accident at the Chor-
nobyl NPP, a large amount of radioactive mate-
rial was released into the atmosphere, the total
amount of which is hard to estimate reliably. The
pollution spread to 18 of the 25 regions of Uk-
raine with a total area of 42 thousand km?. Five
million hectares of land were withdrawn from
agricultural practice. The radionuclides released
into the atmosphere spread in the form of aero-
sols that gradually deposited on the soil. Some of
these radionuclides are characterized by a long
half-life. Pollution was very uneven, as particle
propagation depended on the wind direction in
the first days after the disaster. Much of plutoni-
um and strontium fell within a 100 km radius
from the plant, while iodine and cesium extended
over a large area. The areas where rains were pre-
cipitating that time suffered the most [1].

Radionuclides have the ability to migrate,
transform, move vertically and horizontally. The-
refore, the radioactive contamination of the Exc-
lusion Zone will always be heterogeneous and
will change over time, i.e. its redistribution will
occur, leading to the migration of the contami-
nation zone. Therefore, monitoring of the Chor-
nobyl Exclusion Zone and assessment of radio-
nuclide contamination of the earth's surface is
an urgent task.

As a rule, radio-ecological works include de-
tailed mapping of pollution levels and systematic
monitoring of radiation conditions. One of the
most effective methods for the radiation recon-
naissance of areas that have been contaminated
with radiation, as well as for the search for ra-
dioactive sources, is the remote measurement of
ground-level gamma radiation by aerial gamma
spectrometry [2]. The method is based on mea-
surements of radiation fields with a relatively
small spatial pitch using a full-absorption gamma
spectrometer placed on ABV. In particular, as-
suming that the sources of gamma radiation are
on the earth surface, proceeding from the results
of measurements, provided there are appropria-
te calibrations, one can determine the radionuc-
lide composition and activity of these sources in
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the studied area. A typical survey speed is about
0.5 km? per minute of flight.

Researchers of the Institute of Environmental
Geochemistry of the NAS of Ukraine have deve
loped and created an innovative system of radia-
tion, infrared and visual high-sensitivity opera-
tive control based on ABV for inventory of tem-
poral localization points of radioactive waste for
assessing the necessity and feasibility of their re-
burial. The created R-Navigator system for auto-
mated rapid operative control of radiation situa-
tion the basis of the aircraft based on ABV can
also be used for remote control of nuclear power
plants and adjacent territories in case of emer-
gencies or incidents with nuclear and radiation
materials.

MAIN FUNCTIONS AND COMPONENTS
OF THE SYSTEM

The system consists of the three functionally in-
dependent measuring channels:

1. Radiation channel (RC) for remote opera-
tional detection of sources of ionizing radiation
in the field. It provides remote scanning of the ra-
diation field; detection of ultra-low radionuclide
activity in the field (detection of small-scale ob-
jects with high gamma radiation on the earth's
surface); construction of high-precision maps of
radioactive contamination.

2. Thermal imaging channel (TIC), a system
for recording and analyzing infrared radiation
from the earth's surface, which provides contact-
less record of an object in the infrared spectrum;
construction of maps of thermal fields and survey
objects; fire detection and contouring.

3. Television channel (TVC), a system that
provides a survey of the terrestrial surface and
specifically selected objects in the visible range
with a high resolution and a high sensitivity.

The systems operate in parallel and indepen-
dently and are controlled by a microprocessor
system and original software.

The core of the radiation channel is a spectro-
metric module that is a thermally insulated con-
tainer, inside of which a scintillation spectrome-
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Fig. 1. Spectrometric module

ter based on a scintillator NaI (TT) (200 x 100 mm)

is placed on a vibrating platform:

¢ The module’s sensitive volume is 3.1 I;

¢ The number of channels in the analyzer of each
spectrometer is 1024;

¢ Amplitude-to-digital converter (ADC) with a
fixed conversion time of 1 ps;

¢ The module is connected with the controller
via standard USB or WiFi channels;

¢ The module dimensions are 520 x 330 x 330 mm;

¢ The weight is 12 kg;

¢ The energy consumption is 100 W (Fig. 1).

Depending on the task, one or more spectro-
metric modules are used.

To determine the coordinates of the measu-
ring complex, the R-Navigator uses a positio-
ning system based on GPS satellite sensor. Ad-
ditional visual information about the studied
area is provided by a camcorder that is a part of
the equipment and installed on ABV. Data from
the radiation channel, GPS receiver, video and
thermal imaging cameras are recorded on Mic-
roSD and transmitted via radio to a ground base
station.

The TV channel contains a television camera,
video blaster, mixer, line selection device, and vi-
deo recorder (VCR). The service information ge-
nerated on the onboard computer and released
using the line selection device is laid on television
image coming from the TV camera. Service infor-
mation includes latitude, longitude, current time,
date, adjusted altitude. This video is recorded on
the VCR. In addition, in the stop-frame mode (by
operator command), video with service informa-
tion is recorded on the MicroSD system via the
video blaster (Fig. 2).

The specifications of the television channel

Operating wavelength range of the camcor-

der optical system,nm .................... 0.38—0.90
The minimum permissible level of illumina-

tion of the video subject, Ix................ 3
Angle of view of the camcorder, degrees . . .. 60

TV Module
TO‘RSQB 2 ; Mixer (A _ To TV camera _
- - ixer (Aver [* >
< . VHS Overlay Box) p.1..p.100 |
Video S TFTdiso]
. it -dis
To PCIbus | VGA O Py
- 7 Video blaster ; >
| v |
»  VGA-card »  Extractor :

Fig. 2. Structure of television channel
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The thermal imaging channel is designed to re-
cord the temperature of the earth's surface in the
range from shortwave red rays to the far infrared
region of the spectrum. The subsystem provides:
¢ control and detailed assessment of the fire dan-

ger of forest areas selected upon results of inf-

rared survey;

¢ detection of fires in the conditions of cloudi-
ness and general smoke contamination of the
territory;

¢ reconnaissance and mapping of major fires and
implementation of operational control over fire
extinguishing.

The technical characteristics of the TIC subsystem

Registration of flame radiation generated by
test fires TP-1, TP-3 (open combustion of
wood, afterglow of cotton),

Spectral range, pm . ... 1.5—4.7
The subsystem remains operational and does
not give an alarm at the maximum back-
ground illumination:
from electroluminescent sources, Ix 2500
from incandescent lamps, Ix............ 250
Distance to the object, m................. 25
Continuous operation time, hours......... at least 10
Operating temperature, °C................ from —50 to +50
Vibration resistance, Hz . . ................ from 10 to 150
Impact resistance, J...................... upto 1.9
Powersupply, V ...l 24
Weight, 8. ... 1000

SPECIFIC FEATURES OF RADIATION
CONTROL FROM ABV

The works are done in the two modes: detection
and mapping.

The detection. The ABV flies along the speci-
fied route at the highest possible altitude. In this
case, the infrared scanning system and the system
for collecting navigational data are operating
continuously. When a high-temperature radia-
tion source is detected, the subsystem determines
the probability of false alarm and reports the
event to the onboard computer. From there, the
signal is transmitted to the ground center.

Mapping is performed at the ground center
when an alarm is received. According to the com-
puter algorithms, the fire contours are calculated
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and displayed on the graphic device, with out-
lines of fire development forecasted.

According to the algorithm of operation, all
channels of the R-Navigator system perform the
following functions:
¢ cyclical measurements (period 1 s) of the gam-

ma-radiation spectra of radionuclides in the

soil or on the surface of the surveyed areas, as
well as images of television and thermal imag-
ing cameras;

¢ time matching of the obtained spectra and im-
ages with the determined topographic coordi-
nates of the place of measurements;

¢ time matching of the obtained spectra with the
determined height of measurements to take
into account the influence of gamma-ray at-
tenuation in the air strata while processing the
measurement data using software of the ground
station;

¢ formation and record of files containing mea-
surement data on a MicroSD of the onboard
computer;

+ use of track files for data processing using soft-
ware of the ground station.

Thus, having conducted remote measurements
from ABV (Fig. 3), a base of primary measure-
ment data on the activity of radionuclides con-
tained in the soil or on the surface of the surveyed
area, taking into account the altitude (attenua-
tion of radioactivity in the air strata) and topo-
graphic survey is formed, as well as the television
and thermal images of the earth's surface are re-
corded on the MicroSD.

Fig. 3. Technology for remote control of atomic power plants
using the R-Navigator system

39



Zabulonov, Yu.L., Burtnyak, V.M., and Odukalets, L.A.

acmon"os” Puonh nec”, e Gasa”, Thocs
BblaeneHHbIe aHoManum
"

Fig. 5. Results of operation of thermal imaging channel
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Having processed the base of primary measure-
ment data, the ground station equipment of the
system makes it possible [3]:
¢ to form a 2D picture of the gamma-ray field of
the earth's surface;
¢ to identify any point and distant unscreened
gamma radiation sources with a relatively low
activity;

+ to identify the radionuclide composition of each
source;

¢ to measure the surface density of radionuclide
activity (post-accident radioactive trail);

¢ todetermine the coordinates of the source with
an accuracy of up to 5—10 m (depending on
the speed and altitude of the flight).

Thus, the multifunctionality of the measuring
complex enables solving a wide range of radiation
control problems.

The developed complex has a number of sig-
nificant advantages, including:
¢ high automation of the radiation survey of lar-

ge territories and specifically selected object,

speed and efficiency of obtaining the survey re-
sults, high informativeness and sensitivity of
the system;

¢ automatic synchronization of all measurement
channels to the specific object selected;

¢ detection of sites with a high radiation back-
ground with automatic identification of sour-
ces of radiation pollution;

¢ detection of fire places;

¢ storage of measurement data in independent
memory, visualization of integral and average
values obtained;

¢ creation of maps of radiation contamination
with reference to specific coordinates.

Below, there are the results of processing the
aero-gamma-spectrometric data obtained by the
researchers of the Department for Nuclear Physical
Technologies, Institute of Environmental Geoche-
mistry of the NAS of Ukraine (Figs. 4-6). Fig. 4
shows 2D fields of radioactive contamination of
the exclusion zone of the Chornobyl NPP. To pro-
cesses the aero-gamma survey data, ArcGIS soft-
ware from ESRI (USA) was used [4]. The surface

ISSN 2409-9066. Sci. innov. 2020. 16 (3)

Fig. 6. Density of surface radiation source on the soil, within
the scan swath

contaminated with Cs-137 isotope has been ob-
tained. Fig. 5 shows the images made by thermal
imaging camera along the ABV route; Fig. 6. fea-
tures the results of processing of primary mea-
surement data at the ground station.

Hence, the developed R-Navigator system for
automated rapid operative control of radiation
situation based on ABV provides solving the fol-
lowing important problems:
¢ remote monitoring in real time;
¢ pregistration of radioactive contamination of

environment in the places of operation of nu-

clear energy facilities, nuclear waste burial
sites, and transportation of containers with
spent nuclear fuel,

¢ determination of spatial distribution density
and radionuclide composition of radioactive pol-
lutions, intensity and directions of their distri-
bution, quantitative and qualitative composi-
tion of radioactive trail;

¢ obtainment of final information (in the form of
map) on the nature of the surface distribution
of radioactive substances with a high spatial
resolution and sensitivity, visualization of their
spatial distribution and identification of the
isotopic composition by gamma radiation
spectrum;

¢ determination of the presence and contouring
of the radioactive cloud directly on the board
of ABV (possible use of video channel);

¢ creation of a database of radioactive burial si-
tes using elements of geographical information
system,;
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¢ assessment of the effectiveness of radiation de- | & periodic monitoring of the radiation situation

contamination measures; at the locations of authorized and unauthori-
¢ inspections of nuclear waste burial sites, nucle- zed burial sites, storage of nuclear materials; and
ar technologies; ¢ fire detection.
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CUCTEMA ABTOMATH30BAHOTI'O OIIEPATMIBHOI'O
KOHTPOJIIO PAJTAIIMTHOT OBCTAHOBKU MIBUKOTO
PEATYBAHHS HA BASIJIITAJIBHOT'O AITIAPATY

Beryn. B pesyuibrari rexaorennoi asapii Ha YopHoOuibebkiit AEC B armocdepy 0yJi0 BUKUHYTO BeJMUYE3HY KilbKICTh pa-
JIOAKTUBHOIO MATePialy, 3arajibHuii 00CST SIKOTO CKJIAIHO KOPEKTHO OLIHUTH.

IIpo6Gaemaruka. Pazioexosioriuti poboTu — Iie pajiaiiiHa Po3BijiKa 3 JeTaJbHUM KapTyBaHHSIM PiBHIB 3a0py/IHEHHS Ta
[IPOBEJIEHHsI CUCTEMATHYHUX CIIOCTEPEKEHb 3a pajialliiiHow obctanoBKow. OnHuM 3 HAlGiIbII eheKTUBHUX CI0COOIB pa-
Jiaiiiinol po3BiAKKu TepUTOPIN, AKI 3a3HaMU pagialliiiHOro 3a0pyAHEHHs, a TAKOXK TIONIYKY Pafi0OaKTUBHUX JKEPes € JANC-
TaHIliiiHe BUMIPIOBAHHS IPU3EMHOTO raMMa-BUIIPOMIHIOBAHHSA 32 JIOTIOMOr010 aeporaMMaciieKTpoMeTpii. OTske, BaXKJINBUM €
Po3pobIIeH s Ta anpodallis cydyacHoi CUCTeME paialliitHoro, iHppadyepBOHOro Ta BidyaJbHOTO OIEPATUBHOTO KOHTPOJIIO Ha
6asi sitanbHoro anapary (JIA) st BUpillleHHsI 3a3HAUYEHUX 3aBJIaHb.

Mera. Po3pobka cydacHOTO BITUM3HSIHOIO OOJIaJHAHHS JIJIi aBTOMATU30BAHOTO ONEPATUBHOIO KOHTPOJIIO pajiaiiiinol
00CTaHOBKU MIBUAKOTO pearyBaHHs Ha 6asi JiTaibHOTO anapary.

Marepiaum it MeToau. BUKOPHUCTAHO METO/IM MATEMATHYHOTO i KOMITIOTEPHOTO MOJIC/IIOBAHHS, HATYPHOTO MaKeTyBaHHS,
MAIIUHHOTO MPOEKTYBaHH. JJIs 1OCIKEHHST TEXHIYHIX XaPAKTEPUCTUK CUCTEMU, ii 0cobmBocTeit Oysio MpoBeeHo Ha-
TYpHi BUIIPOOYBaHHs OKpeMUX 1i KaHasliB B 30Hi Biguyskennss YoprHobuabebkoi AEC.

Pesynbratu. Po3po6IieHo Ta CTBOPEHO IHHOBaLilHY cucteMy paialiiiHoro, iHGpayepBOHOIo Ta Bi3yaJlbHOIO OllepaTUB-
HOTO KOHTPOJIIO BHCOKOI 4yT/aMBOCTI Ha 6asi sitanbHoro amapary «P-Hasiratop» mis BUpilIeHHS 3a7a4 OIEPaTUBHOTO
JucTaHiiitHoro KoHTposito AEC Ta npusiersinx TepuTopiil y BUIIaJKy BUHUKHEHHs aBapiliHUX cuTyalliil abo iHIUAEHTIB 3
SIZIEPHUMU Ta pa/iiallilHuMN MaTepiaTaMu.

BucHoBku. 3aiporioHoBana po3poOka 3abe3lieuye BUCOKY UyTJMBICTD [JeTEKTYBAaHHSI TaMMa-BUIIPOMIHIOBAHHSI, Bijleo-
3UOMKY Ta IMCTAHIINHY Iepejiady JaHUX HA Ha3eMHI IIEHTPU yYIPABJiHHS [ OlIePaTUBHOTO PearyBaHHS HA aBapiliHi cu-
Tyailil, a TAKOK CIIPUSIE 3MEHIIEHHIO BAPTOCTI a6POTaMMACIIEKTPOMETPUYHIX POOIT.

KnarouoBi cimoBa: spepHo-paziamiiina aBapisi, TaMMa-BUIIPOMIHIOBAHHS, JIiTAJbHUN arapaTt, CIeKTPOMETP, paialliiunii
MOHITOPHHT, paiaiiiina 6esmeka.
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