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USING AUTOMATED BATTERY REPLACEMENT STATIONS
FOR THE PERSISTENT OPERATION OF UAV-ENABLED WIRELESS NETWORKS
DURING NPP POST-ACCIDENT MONITORING

Motivation. After the Fukushima, nuclear power plant (NPP) accident, an unmanned aerial vehicle (UAV)-
enabled wireless network (UEWN) is considered to be used for transmitting the data from monitoring stations
(MSs) to the crisis center (CrS) during NPP post-accident monitoring missions. Nevertheless, the popular
lightweight UAVs have an endurance of about 20-40 minutes only. The last fact presents a significant barrier
to use a UEWN in complex, long-term NPP post-accident monitoring missions. The subject matter of the paper
is the process of ensuring the persistent operation of UEWN. This paper aims to propose an approach to en-
suring the persistent operation of UEWN during NPP post-accident monitoring missions via automatic battery
replacement stations (ABRSs). The objectives of the paper are: to propose a scheme of deployment of a UEWN
with ABRSs for the given scenario; to give an example of the proposed scheme application for persistent
transmitting the data from a MS to the CrS during Zaporizhzhia NPP (ZNPP) post-accident monitoring mis-
sions; to discuss an example of the proposed scheme application. The following results were obtained. A sim-
plified scheme of deployment of a UEWN with ABRSs for transmitting the data from the MS to the CrS during
NPP post-accident monitoring missions was developed and described. Two segments within the UEWN were
considered: 1) Wi-Fi segment, comprising the WiFi equipment of the MS, the onboard WiFi equipment of the
UAVs of a multi-rotor type (MUAVS), and onboard WiFi equipment of the UAV of an airplane-type (AUAV); 2)
LoRaWAN segment, comprising the LoRaWAN equipment of the AUAV and the LoRaWAN equipment of the
CrS. An example of deployment of a UEWN with ABRSs for transmitting the data from an MS of ZNPP to the
CrS was given and described. A shift schedule for 2 MUAV fleets ensuring the persistent operation of the
UEWN during post-accident ZNPP monitoring missions was built and analyzed. It was evaluated how the
flight distance for the MUAV between its location point in the WiFi segment and the ABRS effects: the duty
time for the MUAV fleet; the waiting time for the MUAV to flight to the point of its location in the WiFi seg-
ment; the number of the MUAV fleets for ensuring the persistent operation of the UEWN. The new re-
search will aim at developing a scheme of deployment of the UEWN with ABRSs for several WiFi segments.

Keywords: unmanned aerial vehicle; nuclear power plant; a wireless network; WiFi; LoRaWAN; post-
accident monitoring; monitoring station; a crisis center.

Introduction

The Fukushima nuclear power plant (NPP) acci-
dent showed that wired networks, connecting monitor-
ing stations (MS) of the automated radiation monitoring
system (ARMS) to the crisis centre (CrS), are vulnera-
ble to both natural and man-made disasters. To cope
with the problem, a drone-based wireless subsystem
(unmanned aerial vehicle (UAV)-enabled wireless net-
work (UEWN)), which is a part of an Internet-of-Drone-
based multi-version post-severe NPP accident monitor-
ing system, can be deployed [1-3].

Nevertheless, the popular lightweight UAVs are
equipped with several (generally four or six) electric
motors (rotors) powered by a lithium battery that per-
mits a flight time of about 20-40 minutes only.

This short battery life presents a significant barrier
to use a UEWN in complex, long-term NPP post-

accident monitoring missions. To increase the NPP
monitoring mission time via drones, it is possible to
equip the drones with a higher capacity battery, but this
inevitably leads to its greater weight. Alternatively, this
time can be prolonged by using one of the following
stations: automatic battery replacement station (ABRS),
automatic battery charging station (ABCS) or replace-
ment and charging battery station (ABRCS).

The paper is organized as follows. Section 1 dis-
cusses the existing woks on ensuring the persistent op-
eration of UAVs during their various missions via
ABRS/ABCS/ABRCS stations and formulates the aim
and objectives of the paper. Section 2 proposes and de-
scribes a scheme of deployment of a UEWN with
ABRSs for the given scenario. Section 3 considers an
example of the proposed scheme application for persis-
tent transmitting the data from a MS to the CrS during
ZNPP post-accident monitoring missions. Section 4
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presents the main results. Section ‘Conclusions’ con-
cisely summarizes the results obtained and highlights
the next research steps.

1. State of the art

Researchers consider in [4-19] various types of
ABRS/ABCS/ABRCS stations as it is shown in Table 1.

Michini et al. [4] introduce a hardware platform
for automated battery changing and charging for multi-
ple UAV agents. The automated station holds a buffer
of 8 batteries in a novel dual-drum structure that enables
a “hot” battery swap, thus allowing the UAV to remain
powered on throughout the battery changing process.

Table 1
References and types of ABRS/ABCS/ABRCS stations
presented in them

8 2 g o @ o

c g z)3)| B
E = 5 o) > =

o

[4] + + + - ABRCS
[5] + — + - ABRS
[6] - + + - ABCS
[7] - + + - ABCS
[8] - + - + ABCS
[9] - + + - ABCS
[10] - + + - ABCS
[11] + — - + ABRS
[12] + - + ABRS
[13] - + + - ABCS
[14] - + + - ABCS
[15] - + + - ABCS
[16] - + + - ABCS
[17] - + - + ABCS
[18] + - + ABRS
[19] + - + ABRS

An automatic battery replacement mechanism that
allows UAVs to fly continuously without manual bat-
tery replacement along with the suggestion of the scala-
ble and robust usage for the system is presented in [5].
Reference [6] is devoted to the development and hard-
ware implementation of an autonomous battery mainte-
nance mechatronic system that significantly extends the
operational time of battery powered small-scaled UAVs.
Reference [7] deals with the use of charging platforms
as a part of automata-based techniques for generating
collision-free motion plans for a UAV team to satisfy a
temporal logic specification. Khonji et al. [8] for battery
charging and Barrett et al. [11] for battery changing

propose to use a mobile service station, mounted on a
ground rover and equipped with a robotic arm. Refer-
ence [9] is related to path planning of electric UAVs
considering recharging operations. Various types of
wireless power transfer (WPT) systems to recharge the
battery of electric UAVs are presented in [10, 14, 16].
The power relay platform which can guide the UAV to
land, automatically replace the battery, store the re-
placed power-lack battery and get it fully charged, is
developed in [12]. Shinkuma and Mandayam [13] study
a range of network architectures that depend on the
mechanized automation (access point separation and
battery replacement) capabilities of UAVs and proposes
heuristic UAV scheduling algorithms for each network
architecture. A novel charge replenishment mechanism,
that allows a swarm of drones to stay in the air perpetu-
ally, is proposed in [15]. This is achieved by employing
a fleet of drones much larger than the flying swarm in
order to continuously replace and charge energy-
depleted drones. The required fleet size for various
drone models is calculated analytically and through a
simulation. Shin et al. [17] for battery charging and
Erdelj et al. [18] for battery changing propose to use a
special car. Reference [19] is devoted to the develop-
ment of an approach to determine the optimal routing of
a multi-rotor UAV, which uses an airborne automatic
service station for its batteries replacement.

The aim of this paper is to propose an approach to
ensuring the persistent operation of UAV-enabled wire-
less networks during NPP post-accident monitoring
missions via ABRSs.

The objectives of the paper are:

— to propose a scheme of deployment of a
UEWN with ABRSs for the given scenario;

— to give an example of the proposed scheme ap-
plication for persistent transmitting the data from a MS
to the CrS during ZNPP post-accident monitoring mis-
sions;

— to discuss an example of the proposed scheme
application.

2. Developing a scheme of deployment
of a UEWN with ABRSs
for the given scenario

Let us have the following scenario. Wired network
of the ARMS that connects a MS directly with the CrS
has been damaged as a result of an NPP accident.

In order to continue providing the CrS the needed
data from the MS, the UEWN (Fig. 1), consisting of
nUAVs of a multi-rotor type (MUAV1g, ...,
MUAV(n-1)r, MUAVnNRe:1) and one UAV of an air-
plane-type (AUAVge2), is deployed. MUAV1g, ...,
MUAV(n-1)r act as repeaters. MUAVngg; acts both as
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a gateway for acquiring and storing data from
MUAV(n-1)r and, being a rendezvous point (RP), as a
repeater for forwarding the data to AUAVRre2. The last
UAV, communicating with MUAVnNge: during the as-
sign time of its patrol mood, acts both as a gateway for
acquiring and storing data from MUAVnNge: and as a
repeater for forwarding the data to the CrS.

The following communication technologies are
used.

1) Wi-Fi (IEEE 802.11) for MS-UAV and UAV-
UAYV communication.

2) Low-Power Wide-Area Network (LoRaWAN)
for UAVRe-CrS communication.

MUAV2R MUAV(U-])R MUAVHR(“
‘_# ee - + * y

MUAVI ;
2 .t WiFi x % _RP
y  WiFi ¢ \ /- WiFi
WiFi \ | \ / AUAVga2
\ vj \ / =
Q) ‘ ! ) /
£ \ ! ! -
M i v B
2 { | ¥ S
| \ >
\J ) Z
Er S b o PN
ABRSI ABRSm A O

CrS
Fig. 1. Simplified scheme of deployment of the UEWN
with the ABRSs for transmitting the data from the MS

to the CrS during NPP post-accident monitoring
missions

Thus, there are two segments within the UEWN:

1) Wi-Fi segment, comprising the WiFi equipment
of the MS, the onboard WiFi equipment of the MUAVS,
and onboard WiFi equipment of the AUAV;

2) LoRaWAN segment, comprising
LoRaWAN equipment of the AUAV and
LoRaWAN equipment of the CrS.

MUAV1g, ..., MUAV(n-1)r, MUAVnNRe: form the
MUAYV fleet.

It is required to ensure the persistent operation
(without interrupting data acquiring and transmitting) of
the UEWN during NPP post-accident monitoring mis-
sions via ABRSs. Assume that the capability of the
ABRSs makes it possible to serve all the UAVs simul-
taneously. The duration of the operation (duty time) for
the MUAYV fleet can be determined by the following
expression

the
the

t0n_duty =Emuav -
2max[Spuavig ; "';SMUAV(nfl)R; SMUAVngg; ]

- -(@)

VMUAV

_tWiFi _conf

where Epuay IS the endurance of the MUAV;
SMUAVlR/"'/SMUAV(nfl)R /SMUAvnRGl is the ﬂlght

distance for MUAV1gr/ .../MUAV(n-1)s/MUAVnNRgc1
between its location point in the WiFi segment and the
ABRS; vpuavis the speed of the MUAV;

twiri_conf IS the time to set up the WiFi network con-

figuration.

To ensure the persistent operation of the UEWN, it
is proposed to use the shift schedule for the MUAV
fleets. The number of the MUAYV fleets (shifts) for en-
suring the persistent operation of the UEWN can be
determined as

2SMUAV _ way
v +1repl bat +twiFi_conf
K14 YMuAV ,

)

ton_duty

where tyen pat IS the time to replace the battery at the

ABRS.
The total number of the MUAVs for the WiFi
segment (MUAV fleet) is calculated as

oo Dlvsre) )

2R i
where D(MszP) is the distance between the MS and

RP; Ryyigjis the range of the onboard WiFi equipment
of the MUAV.

3. Example of the proposed scheme
application

Let us consider an example of deployment of the
UEWN with the ABRSs for transmitting the data from
MS14, which is a part of the ARMS for Zaporizhzhia
Nuclear Power Plant (ZNPP) (Ukraine), to the CrS lo-
cated on the south outskirt of Enerhodar (Fig. 2).

Being equipped the WiFi equipment, MS14,
9 MUAVs (MUAV1g, ..., MUAV8g, MUAV9ge1) and
1 AUAV (AUAVgg) form the WiFi segment of the
UEWN. The LoRaWAN segment of the UEWN is
formed by means of the RaWAN equipment, placed on
AUAVRg and the CrS.

The flight time of each MUAYV is 0.5 hours. The
onboard WiFi equipment of the MUAV has range of
about 0.12 km. Hence, the WiFi segment of the UEWN
has a length of about 1.8 km. The onboard LoRaWAN
equipment of the AUAV has range of about 5 km. Thus,
the LoRaWAN segment of the UEWN has a length of
about 5 km as well.
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Fig. 2. Scheme of deployment of the UEWN
with the ABRSs for transmitting the data
from MS14 to the CrS during ZNPP post-accident

monitoring missions

To ensure the persistent operation of the UEWN,
2 MUAV Fleets (each fleet comprises 9 MUAVS) oper-
ate in accordance with the shift schedule. 3 ABRSs are
deployed and each of them is available to serve 3
MUAVs simultaneously. Assume that the flight dis-
tance for each MUAV between its location point in the
WiFi segment and the ABRS is about 1 km

(Smuavig = Smuaveg = = Smuavsg =

= SMUAVORG; = Smuav = 1 km).

In this case, the shift schedule for the MUAYV fleet
comprises the following stages (Fig. 3):

— flight of each MUAV of the fleet from the
ABRS to the point of its location in the WiFi segment
(Fly_on);

— setting up the WIiFi network configuration
(WiFi_conf);
receiving and transmitting data (On_duty);

— flight of each MUAV of the fleet from the
point of its location in the WiFi segment to the ABRS
(Fly_out);

— battery replacement (Repl_bat);

— each MUAYV is waiting for the flight to the
point of its location in the WiFi segment (Waiting).

The waiting time for the MUAV to flight to the
point of its location in the WiFi segment is calculated by
the formula:

2Spmuav

tyait = ton_duty - V.
MUAV

(4)

—twiFi _conf — trepl _bat-
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Fig. 3. Shift schedule for 2 MUAYV fleets ensuring the persistent operation
of the UEWN during ZNPP post-accident monitoring missions
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4. Main results

Let us evaluate how the flight distance for the
MUAYV between its location point in the WiFi segment
and the ABRS effects: 1) the duty time for the MUAV
fleet, 2) the waiting time for the MUAYV to flight to the
point of its location in the WiFi segment, and 3) the
number of the MUAYV fleets for ensuring the persistent
operation of the UEWN. Results of this evaluating are
presented in Figs. 4-6 (Epuav= 050, vpuav =

=40 km/h, trepl_bat =0.017 h, tWiFi_conf =0.017 h)
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Fig. 4. Dependency of the duty time for the MUAV

fleet on the flight distance for the MUAV between
its location point in the WiFi segment and the ABRS
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Fig. 5. Dependency of the waiting time for the MUAV
to flight to the point of its location in the WiFi segment
on the flight distance for the MUAYV between
its location point in the WiFi segment and the ABRS

Based on the obtained results, we can make the
following conclusions:

— growth in the flight distance for the MUAV be-
tween its location point in the WiFi segment and the
ABRS from 0.5 to 4.5 km leads to a per cent decrease

in the duty time for the MUAYV fleet by 43.5 per cent
(0.26 h instead of 0.46 h) (Fig. 4);

— the waiting time for the MUAV to flight to the
point of its location in the WiFi segment is zero when
the flight distance for the MUAYV between its location
point in the WiFi segment and the ABRS is 4.5 km
(Fig. 5);

— if the flight distance for the MUAV between its
location point in the WiFi segment and the ABRS is
more than 4.5 km, we have to use more than 2 MUAV
fleets for ensuring the persistent operation of the UEWN
(Fig. 6).

3

05 1.0 15 20 25 3.0 35 40 45
S}I UAV (lﬂll )

Fig. 6. Diagram showing how the flight distance
for the MUAYV between its location point in the WiFi
segment and the ABRS effects the number
of the MUAYV fleets ensuring the persistent operation
of the UEWN

Conclusions

A simplified scheme of deployment of a UEWN
with ABRSs for transmitting the data from the MS to
the CrS during NPP post-accident monitoring missions
was developed and described.

An example of deployment of a UEWN with
ABRSs for transmitting the data from a MS, which is a
part of the ARMS for ZNPP, to the CrS located on the
south outskirt of Enerhodar was given and discussed.

A shift schedule for 2 MUAV fleets ensuring the
persistent operation of the UEWN during post-accident
ZNPP monitoring missions was built and analyzed.

It was evaluated how the flight distance for the
MUAYV between its location point in the WiFi segment
and the ABRS effects: 1) the duty time for the MUAV
fleet, 2) the waiting time for the MUAYV to flight to the
point of its location in the WiFi segment, 3) the number
of MUAV fleets for ensuring the persistent operation of
the UEWN.
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The new research will aim at developing a scheme
of deployment of the UEWN with ABRSs for several
WiFi segments.
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BUKOPUCTAHHSI ABTOMATU30BAHUX CTAHIIIA 3AMIHU BATAPEM
AJIs1 BABE3ITEYEHHSA BE3ITEPEBIMHOI POBOTH BE3JPOTOBUX MEPEK
HA OCHOBI BILIA IIIJ YAC HICJISIABAPIMHOI'O MOHITOPUHI'Y AEC

1. M. Kniownikos, I'. B. @ecenxo, B. C. Xapuenko

AxryanbHicTs. ITicas aBapii Ha aTomHi# enekTpocraniii (AEC) B M. @ykycima 0e31poToBa Mepeska Ha OCHOBI
Oe3mitoTHUX JitaabHuX amapaTiB (BIIJIA-BM) BUKOPUCTOBYEThCS JUIA Tiepeaadi JaHux 3 moctiB koHTpoo (ITK) B
kpuzoBuii ieHTp (KII) mpu 3aificaenHi micnsgaBapiitHoro MoHiTopuary AEC. OaHak, yac mojiboTy MOMYJISPHUX JIeT-
kux BITJIA ctanoBuTh Bchoro 0mm3bko 20-40 xBunuH. OcTaHHi# (GakT sBiIse OO0 CepiO3HY IEPEHIOHY IS BUKO-
pucranns BIIJIA-BM npu cknagHOMYy 1 TpuBanomy micisaBapiiinomy monitopunry AEC. [IpeameTom crarri € npo-
iec 3abe3nedycHHs Oe3mnepediitnol podotu BITJIA-BM. Merta cTarTi — 3anponoHyBaTH HiaXix 10 3abe3neueHHs 0e3-
niepe0iitnoi podoru BITJIA-BM B xoni micnsaBapiitnoro monitopunry AEC 3a paxyHOK BUKOPHCTaHHS CTaHIII aB-
ToMatuuHOi 3aMinu Garapeii (CA3B). 3aBnaHHsIMU CTATTI €: 3ampoONoOHyBaTu cxemy po3roprants BIIJIA-BM 3 Bu-
kopuctanasaM CA3B mig 3amaHoro cueHapito; HaJaTH IPUKIA] BUKOPHCTAHHS 3alpOIIOHOBAHOI CXEMH I 3a0e3-
riedeHHs OesnepebiitHol nepenadi nanux Big [TK mo KII min gac miciisaBapifiHoro MoHiTOpuHTY 3amopizbkoi AEC
(3AEC); 00roBopHuTH MpHUKIIA] BUKOPUCTAHHS 3aIPOIIOHOBAHOI CXeMH. byl oTprMaHi HACTYITHI pe3yiabTaTH. Po3-
pobreHa i onucana crpoineHa cxema posropranis BIIJIA-BM 3 Bukopucranusm CA3bB mis nepenadi ganmx Big 1K
1o KII mix gac micnstaBapiitnoro monitopunry AEC. Ilpu 1isoMy po3riisiHyTi aBa cermMenTa B ckiaai BITJIA-BM: 1)
cerment WiFi, mo Bxmovae oomagnanas WiFi Ha T1K, o6mamgnanas WiFi Ha 6opty BIIJIA MyIbTHPOTOPHOTO THITY
(MBIUJIA) i 6oproBe obnannanns WiFi Ha 6opty BITJIA nitakoBoro tumy (JIBIIJIA); 2) cerment LoRaWAN, o
ckiamaeTbes 3 oonanuanas LoRaWAN wa 6oprty JIBIUIA i obnamnanas LoRaWAN B KII. Haseneno i omrcano
npukian posroprans BITJIA-BM 3 Bukopuctanusm CA3B s nepenaui nanux Big [TK 3AEC B KLI. Cknaneno i
npoaHaiizoBaHo rpagik 3miH st 2 ¢aorie MBITJIA, mo 3abe3neuytors noctiiiny podoty BITJIA-BM mix uwac mic-
nsiaBapiiiHoro Mositopunry 3AEC. OuineHo BB noiboTHOT Bincrani MBITJIA Bix ToUYkH HOro po3TanryBaHHS Yy
cermenTi WiFi 10 Touku #ioro posramryBanus Ha CA3B Ha Taki mapamerpu: yac uepryBans (iaoty MBILUIA; yac
o4iKkyBaHHA mo4yaTKy moisoty MBIIJIA mo Touku #oro posramryBanHs y cermenTi WiFi; kinbkicts ¢urotie MBITJIA
Ut 3a0e3nedeHHs Oe3mepebiitnoi podotu BITJIA-BM. Hampsamok momanbmmx JOCHTIHKeHb BKIIIOYAE pO3POOKY cXe-
mu posropranss BITJIA-BM 3 Bukopucranasm CA3B mist nekinpkox cermeHTiB WiFi.

KarouoBi ciioBa: 0e3mijOTHUI MiTalbHUN amapar; aTOMHA eJIeKTpPOCTaHilis; Oe3aporoBa mepexa; Wi-Fi;
LoRaWAN; micisaBapiiHUH MOHITOPHHT; TIOCT KOHTPOITIO; KPU30BUI LIEHTP.

MCHOJIb30BAHUE ABTOMATHU3UPOBAHHBIX CTAHIIUI 3AMEHbBI BATAPEN
JJIs1 OBECHHEYEHUS BECIIEPEBOMHOU PABOTBI BECITIPOBO/IHBIX CETEU
HA OCHOBE BILIA B XOJIE TOCJTEABAPHMHOT'O MOHUTOPHUHI' A A3C

HU. H. Knwownuxkos, I. B. ®ecenko, B. C. Xapuenko

AxrtyanbHocTs. [Tocne aBapun Ha atroMHo# 3ektpocTaHuuu (ADC) B r. Dykycuma OecripoBOIHAS CETh Ha OC-
HOBe OecnIOTHBIX JietaTenbHbIX annaparoB (BITJIA-BC) ncnons3yeTcs 1uist nepeadyl JaHHBIX ¢ TOCTOB KOHTPOJIS
(ITIK) B xpusucnsiii nentp (KL) npu ocymectBiennn nocneasapuitnoro Monuropuara AEC. OnHako Bpems mosiera
nony apHbIx Jierkux BITJIA cocraBiser Bcero okono 20—40 munyrt. [Tocnenuuii dakt npeacrasisier coboif cepbes-
HYI0 TpyJIHOCTb i ucnonb3oBanust BIIJIA-BC B xozne cI0XKHOT0 U JUINTENBHOTO MOCI€aBapuitHOr0 MOHUTOPHHTA
AEC. TlpeametroMm cTaThHM sBJsiETCS Tpolecc obecneuenus OecrepedoitHort padotel BITJIA-BC. Llens ctatbu —
TIPEATIOKUTh TOAXO0 K obecrnieueHuto decnepedoitHoi padotsl BIJIA-BC B x01e mocieaBapuitHOT0O MOHUTOPHHTA
AEC 3a cyer ucnosip30BaHMs CTaHIUM aBToMaTHueckoi 3ameHsl Oatapeil (CA3B). 3amagamu cTaThy SBISIOTCS:
peanoxxuth cxemy paspepteiBanust BITJIA-BC ¢ ucnonp3oBannem CA3b 11l 3aJaHHOTO CIICHAPHS; IOKa3aTh TPH-
Mep HCIOJB30BaHUs MPEATIOKEHHOW cXeMbl sl obecrieuenus OecriepedoitHol mepemaaun nanubeix oT IIK k KII B
X0Jle TociieaBapuitHoro MoHutopuHra 3amopoxckoir ADC (3ADC); oO6CyauTh mpuUMep HCTOIB30BAHUS TPEJIO-
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JKCHHOM CXEeMBbI. BpUTH MoTydeHs! clieAyromme pe3yapTaTel. Pa3zpaboTana u omucaHa yrnpoIIeHHAs cXeMa pa3BepThi-
BaHus BITJIA-BC ¢ ucnonszoBanuem CA3b nns nepenauun nanubeix ot [IK k K1 B Xone nocieaBapuiiHOro MOHHUTO-
punra AEC. ITpu aToM paccmoTrpens! aBa cermenta B coctaBe BIIJIA-BC: 1) cerment Wi-Fi, Brirodaromuii 060py-
noaane WiFi Ha [1K, o6opynoBanue WiFi Ha 6opty BITJIA mymetuporoproro tumna (MBITJIA) u o6opymoBaHue
WiFi nma 6opty BIIJIA camonernoro tuma (CBITJIA); 2) cerment LoRaWAN, cocrosmuii U3 000pyaoBaHHS
LoRaWAN na 6opty CBIIJIA u o6opynoBanus LoRaWAN B KII. [IpuBeneH u onucaH MpUMEp pa3BepTHIBAHUS
BITJTA-BC ¢ ucnomszoBanneM CA3b mis nepenaun naHasix oT [TK 3ADC B KII. CoctaBiieH U MpoaHaIM3UPOBaH
rpaduk cmeH g 2 ¢paoroB MBITJIA, obecnieunBaromux moctosHHy0 padoty BITJIA-BC B x01e mocneaBapuiftHOTO
mouutoputra 3AEC. Oueneno Biusinue nosieTHoro pacctosiuust MBITJIA oT TOYKH ero pacroioKeHUsI B CETMEHTE
WiFi 1o Touku ero pacnosoxenus Ha CA3B Ha Takue mapameTpbl: BpeMs fexypcTsa (iiora MBILIA; Bpemst 0xu-
nanus Havyana moneta MBITJIA mo Touku ero pacmonoxenus B cermente WiFi; konmunuectBo duiotoB MBIUIA mns
obecrieuenust Gecriepedoiinoii pabotsl BIIJIA-BC. HampaBienue nanpHEWIINX MCCIIEAOBaHUI BKIIIOYaeT pa3paboT-
Ky cxembl pa3BepTbiBanus BIIJIA-BC ¢ ucnons3oBannem CA3b nist Heckonpkux cermeHToB WiFi.

KawueBple cioBa: OCCIMIOTHBIN JICTATCNBHBIN ammapar, aTOMHAasl 3JICKTPOCTAHIHS, OECIPOBOJHASI CETh;
Wi-Fi; LoRaW AN; mociieaBapHiiHbIif MOHHTOPHHT; TIOCT KOHTPOJIS; KDU3UCHBIN IIEHTP.
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