ISSN 2409-9066. Sci. innov. 2017, 13(4): 40—45

https://doi.org/10.15407 /scine13.04.040

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

Institute of Environmental Geochemistry, the NAS of Ukraine,
34a, Palladin Ave., 03680, Kyiv, Ukraine; e-mail: igns@i.com.ua

SYSTEM FOR EFFECTIVE REMOTE CONTROL
AND MONITORING OF RADIATION SITUATION
BASED ON UNMANNED AERIAL VEHICLE

The necessity to create a new technology based on the use of unmanned aerial vehicle (UAV) for controlling the radiation
situation in the areas exposed to radiation sources has been justified. The basic specifications of octocopter and developed
spectrometric complex have been given. The use of proposed facilities has been showed to enable detection of both spot
and distributed sources of radioactive contamination under real conditions.
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Ukraine is known to have many corporations
involved in mining, processing, and storage of
raw materials for nuclear fuel. Almost at all stages
of their operation, they generate hazardous ra-
dioactive waste, dumps, and landfill bearing risk
of environment contamination and population
exposure to radiation. The nuclear power plants
and sources of ionizing radiation used extensively
in industry, medicine, agriculture, and research
institutions also carry a high potential threat. To-
day, in Ukraine, radiological situation is compli-
cated and needs to create a rapid response system
for radiation control and environment monitor-
ing. Despite all precautions taken in Ukraine and
constantly improving reliability of nuclear equip-
ment and technology, at nuclear power plants,
there still has remained the risk of emergency
situations and accidents with release of radionu-
clides into environment. Therefore, the state that
has nuclear power engineering facilities must be
ready to respond to such an accident. This will
significantly reduce the severity of accident con-
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sequences and the costs of responding to the dan-
ger, which is economically advantageous as com-
pared with the cost of overcoming its consequen-
ces in the do-nothing case [1].

Today, in our country, there are no modern lo-
gistic facilities enabling effective control of radia-
tion situation in the areas of radiation exposure
from various natural and man-made radiation so-
urces. This situation significantly aggravates the
risk to public health and environment and adver-
sely affects the Ukraine’s international image.

The development of unmanned aircraft and mi-
niaturization of electronic components have en-
abled to arrange gamma radiometric and spectro-
metric equipment in compact unmanned aerial
vehicle (UAV) [2]. Due to their low cost and ca-
pability of being adapted to various needs, un-
manned vehicles on multi-copter platforms have
been applied to localization of radiation sources
and detailed mapping of polluted areas. Multi-
copter UAV as a platform for aero-gamma-spec-
trometric apparatus has several advantages: the
ability to fly at a height of 1 m at a speed of
3.6 km/h; automated takeoff, survey, and land-
ing; and the possibility to get detailed survey of
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anomalies detected by hovering over them or by
landing for taking spectra, to take pictures of ver-
tical surfaces by using gyro-stabilized location
spectrometer. The aero-gamma-spectrometric sys-
tem is selected depending on the task that must
be done since various systems have their advan-
tages and limitations.

The researcher team of the Institute of Envi-
ronmental Geochemistry of the NAS of Ukraine
has developed hardware and software for detect-
ing and counting places of interim radioactive
waste localization to assess the need and feasibi-
lity of their reburial. An automated system for
rapid response to radiation control and environ-
mental monitoring has been created based on
ASPEC-O UAV |[3].

The Main System Functions and Components

The ASPEC-O system consists of ground and
on-board units. The on-board component of the
system is designed for measuring and collecting
gamma radiation spectra identified by geographic
coordinates, altitude, pressure, and temperature
of the earth's surface area surveyed. The ground
component of spectrometric complex is a com-
puter system processing and keeping the database
of spectrometric information coming from the air
remote complex, identifying areas of radioactive
contamination, measuring the gamma radiation
spectral composition and exposure dose, search-
ing and determining the coordinates of gamma
radiation point sources. The complex also pro-
vides visualization, mapping of dose distribution,
and filing of radiation monitoring data.

An octocopter-type UAV was selected to carry
the measuring equipment (Fig. 1). It is a short-
range helicopter-type remotely controlled auto-
matic airborne vehicle. The octocopter has di-
mensions 1040 x 1040 mm, and a load capacity of
up to 7.5 kg. Flight speed of unloaded device can
reach up to 10 m/s, airborne time is 20—25 min-
utes. Flying altitude is 1—300 m.

A system for detecting gamma radiation, which
consisted of five typical scintillation blocks BDEG-
04 was used as a spectrometer, the key element in
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measuring systems [3]. However, after a series of
test flights, the BDEG-04 units because of their
low resolution were replaced by 10 S 10/3 Amcryc
detector. This detector is based on Nai (TI) crys-
tal, size @63 x 63 mm, and R1307-type PEC man-
ufactured by Hamamatsu, its resolution is 6%. One
of the main technical parameters of the spectrom-
eter is its weight, it shall not exceed 7.5 kg. The
key features of the spectrometer are as follows:

Basedetector. . ... Amcryc
Dimensions of base detector, mm............. @63 x 63
Weight, . ..o 850
Number of base detectors in the system .. .. ... 5

Range of photon radiation energy measured, keV 0,5—3000
Measurement range of equivalent dose rate (EDR),

mSv/h. . 0,1—5000
Limit of permissible basic relative error of DER
Measurement, % .......c.uuueeereeeeenennnnn. 20
Anisotropy sensitivity detection unit (about the
longitudinal axis), % ........................ 15
Dimension of detection unit:

diameter, mm............. 300

length,mm.......................oa.. 300

weigh,kg. ... 6,5

Block diagram of the detection system is show-
ed in Fig, 2.

Spectrometer parameters, dimensions, and we-
ight enable to install it on octocopters. Such «de-
tector» allows the operator to exercise real-time
control over unit sensitivity by turning on/off
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Fig. 1. UAV with gamma spectrometric complex
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Fig. 2. Configuration of UAV detector (D1—D5 — detectors;
P1—P5 — preamplifiers; V — high-voltage power source)

one of the five detectors. In the surveyed areas
with high radiation activity it is advisable to turn
off one or more base detectors. And vice versa, if
radiation activity in the area is low, connecting
additional base detectors increases the statistical
significance of measurements.

The positioning system (determination of co-
ordinates) of the measuring complex is based on
GPS satellite navigation sensor. More visual de-
tails of the area surveyed is provided by a video
camera included into the equipment and instal-
led on the UAV board. Data from the gamma ra-
diation detection unit, GPS-receiver, and video
camera are recorded on MicroSD and transmit-
ted to the ground base station via radio channel.

The equipped UAV includes the following:

+ Base station;

+ Remote antennas;

+ Set of transmitting equipment;
+ PC (laptop);
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+ Spectrometric equipment;
+ Radio-controlled UAV; and
+ Vehicle.

Peculiarities of Radiation Control
Using UAVs

The method of aero gamma survey using UAVs
foresees that the airborne vehicle equipped with
spectrometer system flies over the area surveyed
along the routes set in the Gauss-Kruger coordi-
nate system (Fig. 3). Grid is a rectangle with a
step sufficient for a given accuracy. For getting
detailed maps of contamination the grid in is a
rectangular with a horizontal step of 100 m. The
UAV speed is 10 m/s, at 30 m altitude. Informa-
tion is recorded every second in a specialized on-
board computer and transmitted to the ground
station via WiFi communication channel. Dur-
ing the flight, the screen of ground station dis-
plays in real-time mode the following informa-
tion: the aircraft coordinates received automati-
cally from the GPS satellite navigation system
unit, the spectral composition of radioactive con-
tamination attributed to real objects; the radia-
tion dose and power.

The onboard part of the system performs the
following functions:

+ Cyclic measurements (period 1 s) of gamma ra-
diation spectra of radionuclides of natural and
man-made origin contained in the soil or on
the surface of the surveyed areas;

+ Time matching of the received spectra with de-
termined topographic coordinates of the place
of measurement;

+ Time matching of the received spectra with de-
termined height of the measurements in order
to take into account the effect of gamma radia-
tion weakening in the air stratum for process-
ing information obtained by the ground equip-
ment software;

+ Creating and recording a file containing the
measurement data on the onboard computer
MicroSD;

+ Use of traffic files for respective data process-
ing by the ground equipment software.
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Fig. 3. Flight track

The mentioned functions are the main func-
tions of the complex, which ensure the implemen-
tation of its main purpose, i.e. the formation of an
array of gamma radiation spectra with their refer-
ence to the location and altitude.

There are several auxiliary functions to support
the basic functions:

+ Television surveys of the area with recording vid-
eo information on the MicroSD flash memory;

+ Functional self-control of equipment during
the operation.

Thus, after remote measurements from the UAV
board, an array of primary measured information
on the activity of radionuclides contained in the
soil or on the surface of the surveyed area with ref-
erence to flight altitude (weakening of radioactiv-
ity in the air stratum) and topographic coordinates
is formed on the MicroSD.

The primary measurement information is 1024-
channel gamma-ray spectra (Fig. 4) in the range
of energies from 50 to 3000 keV.

The system ground equipment after processing
the array of primary measurement information
enables the following [4]:

+ To create a two-dimensional picture of the earth
surface gamma radiation field;
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Fig. 4. Integral gamma-radiation spectrum

+ To detect the point and free extended radia-
tion sources of low active gamma radiation
sources;

+ Toidentify the radionuclide composition of the
source;

+ To measure the surface density of radionuclide
activity (after-accident radiation trace);

+ To determine the radiation source coordinates
with an accuracy of 1—10 m (depending on the
UAV speed and altitude).

Hence, the UAV-based multifunctional mea-
suring complex enables to solve a wide range of
assignments related to radiation control.

The results of processing of aero gamma-spec-
trometric data obtained at the Department of
Nuclear Physics Technologies of the IEG of the
NAS of Ukraine are showed in Figs 5—6. Fig. 5
features two-dimensional fields of radioactive
contamination of Sandy Plateau site of the Chor-
nobyl NPP Exclusion Zone. ESRI ArcGIS soft-
ware [5] was used to process aero-gamma survey.
For interpolation, the Empirical Bayesian Krig-
ing method applied. Based on the number of im-
pulses in the Cs-137channel, the spatial distribu-
tion of gamma radiation has been obtained. Fig. 6
shows the detected radioactive contamination
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Fig. 5. Radioactive contamination (radioactive burial grounds) of the Sandy Plateau site
in the Chornobyl NPP Exclusion Zone

Fig. 6. Radioactive contamination detected along the UAV routes
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along the UAV routes, including a 20 m wide
contaminated band along the UAV route without
interpolation.

CONCLUSIONS

The designed ASPEC-O system enables remo-
te measurements of gamma radiation equivalent
dose rate and determination of radionuclide com-
position of radiation trace and surface density of
radionuclide activity based on gamma radiation
spectrum analysis. The UAV-based aero-gamma
spectrometry system enables high-resolution map-
ping of radiation contamination without any risk
to human health.

The proposed system is the first one in Ukraine
to carry out the whole cycle of works on detect-
ing local inhomogeneity in the soil, searching for
and detecting radioactive sources, and measuring
the contamination level.
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CUCTEMA JIJISI OTIEPATUBHOTO
JNUCTAHIIIMHOTO KOHTPOJIIO
TA CIIOCTEPEKEHHS 3A PAJIIAIINHOIO
OBCTAHOBKOIO HA BA3I BE3IIIJIOTHOT'O
JIITAJIBHOTO AITAPATY

OO6rpyHTOBAHO HEOOXI/IHICTH CTBOPEHHSI HOBUX TEXHIYHUX
3aco0iB U1 KOHTPOJIIO 32 PaialliiiHoI0 0OCTAaHOBKOIO Ha Te-
PUTOPISX PAMIAIifHOTO BIUIMBY JIKEPeJT i0HI3YIOUOTrO BUITPO-
MiHIOBaHHST Ha 6a3i 6e3MinoTHOTO JiTambHoro anapata (BITJTA).
Hasezeno octiosni Texuiuni xapakrepuctuky BITJIA Ty ok-
TOKONITEP Ta PO3POOJIEHOTO CHEKTPOMETPUYHOTO KOMILIEKCY
Juis cuctemiu. Tlokasano, 110 3aCTOCYBaHHS CTBOPEHUX 3ac00iB
JIA€ 3MOTY B PeaJIbHUX YMOBAX JIMCTAHIIHO BUSBJISATH SK TOY-
KOBI, Tak i pO3IOIiJIeHi pKepesia paIioakTHBHOTO 3a0py/IHEHHSI.

Kniouoei crosa: saepHo-pajiiaiiitHa aBapist, raMMa-BU-
npominioBanus, BILJIA, ciekrpoMerp, pamiatiiina Gesmnexa,
paiaIiiHuii MOHITOPHUHT.
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CHUCTEMA IJISI OITEPATUBHOTO
JANCTAHIOVOHHOI'O KOHTPOJIA
1 HABJIIOJIEHUSA 3A PAIMAIIMOHHOMN
OBCTAHOBKOI HA BA3E BECIINJIOTHOTO
JIETATEJIbHOTI'O AIIITAPATA

Ob6ocHoBaHa HEOOXOAUMOCTD CO3/IAHUST HOBBIX TEXHUYE-
CKHUX CPEJICTB IJIsI KOHTPOJISI 32 PaJNalMOHHON 0OCTaHOB-
KOI Ha TepPUTOPHAX PAAUAIMOHHOTO BJAMSHUSA HCTOYHUKOB
MOHU3UPYIONIETO U3MydeHnst Ha 6ase GeCIMIOTHOTO JIeTaTeb-
Horo armapata (BILJTA). IIpuBesieHbl OCHOBHBIC TEXHITYECKIE
xapakrepuctuku BILJIA tuna okrokonrepa u pazpaboraH-
HOTO CIIEKTPOMETPUYECKOT0 KOMILIeKca i cucrembl. [1o-
Ka3aHO, YTO IIPUMEHEHHE CO3[IAHHBIX CPE/ICTB /IaeT BO3MOXK-
HOCTb B PEAJIBHBIX YCJIOBHUAX JUCTAHIIMOHHO BBISIBJISATH KaK
TOYeYHBIe, TaK W PaCHpeiesieHHble NCTOYHNKI PaMOAKTHB-
HOTO 3arpA3HEHMS.

Knwouesvie cosa: snepHo-pajiualiiOHHAsT aBAPHT, TaM-
Ma-usnydenus, BIIJIA, cnekTpomerp, paguanuonas 6e30-
MIACHOCTb, PAJUAIINOHHBIII MOHITOPIIHT.



