Taxum obpazom, LIAJIAP no3sonser unenTnduuuposate AP 1 onpenenuTs cedeHue, no Ko-
TOPOMY HEOOXOAMMO BBIMOJHSATH AEJICHHE CHUCTEMBI, 32 MEHbLIEE BPEMs, Y€M HEIOCPEICTBEHHO
HactymaeT AP (tabnmna 1). A geneHune no Ce4eHnr0, COOTBETCTBYIOIEMY COPMYIHPOBAHHBIM KpH-
TEpUsIM, MO3BOJISIET YMEHBIIUTh OOBEM YNPABISIOUINX BO3AEHCTBUN MPOTUBOABAPHIHON aBTOMA-
TUKH, B 4aCTHOCTH AUP, B OTAENUBLINXCS YaCTAX 3HEPrOCUCTEMBL
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EARLY FOREST FIRE DETECTION SYSTEM NEAR POWER
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Forest fire activity has been only increasing over the past decade, on the territory of Russia in
particular. The scale of wildfires in Siberia in 2021 turned out to be larger than all other fires in the
world combined. Although the Ministry of Natural Resources’ data indicates that more than 77 thou-
sand km? of forest burned in 2021, according to Greenpeace data, the damage done is twice as much
as to data stated by Ministry of Natural Resources, that assessed only damage to forests near nature
reserves and settlements.
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Fig. 1 Area burned in Russia in 2021, byfederal subject (in 1,000 hectares). Research conducted
by Statista [1]

Wildfires on the territory of the Republic of Sakha (Yakutia) have a seasonal pattern and their
frequency is influenced by many factors. Considering that the wildfires can be caused by different
heat sources, there are natural and human-caused wildfires. The major natural causes of the fire are
the ones brought by global climate change: record-breaking high temperatures, reduced precipitation
leads to lightning strikes creating fire during drought. And, according to Greenpeace’s data [2], ap-
proximately 90 % of the all wildfires that occurred on the republic territories were caused by human
action.

Moreover, the low level of forest service funding (6 rubles per hectare, in contrast to 180-200
rubles per hectare in the central Russia) resulted in poor monitoring of high-risk wildfire areas and
lack of fire-fighting resources. It led the Government to increase funding of forest protection in Ya-
kutia and, according to the head of the republic, Aisen Nikolaev, it has been increased by 5.6 times
compared to the previous year.

Wildfires detriment our lives. In addition to the negative impact they have on environment and
human health, they can deal catastrophic damages and lead to instability in the power system. Wild-
fires pose great threat to the utility infrastructure with the ability to cause power outages therefore
putting reliable electricity service at risk. Additionally, the damage done by wildfires cause large
financial losses and it also contributes to climate change.

When the fires are spreading the integrity of grid infrastructure is at risk of being damaged.
Nearby burnt debris and trees may fall directly on utility infrastructures, such as substations and most
frequently power lines causing serious physical damage to them full recovery of which will take long
periods of time. Also, wooden poles burn easily during wildfires. The longer poles are exposed to
heat of the fire, the more likely they are to be damaged or destroyed.

As for the wildfire damage done to the power infrastructure of Yakutia, according to infor-
mation of Deputy Chief engineer of PIJSC “Yakutskenergo” Sergey Prakapenka, in total 396 poles on
25 lines of all voltage classes were damaged over the fire-hazardous period in 2021 [3]. It is almost
one tenth ofthe total number of poles of the Yakutia power infrastructure. It should also be mentioned
that fires near power facilities lead to frequent power shut-offs which are necessary measure in pre-
venting and putting out fires.

There are many methods that are currently implemented for forest fires detection, such as cam-
era-based systems set on watchtowers, the use of satellite images with machine learning application,
all having different sets of positive and negative aspects and fire detection performance. Additionally,
in recent times the wireless sensor network (WSN) method has been attracting a lot of attention of
researches mainly for its application versatility and potential positive features such as early and ac-
curate fire detection.



The purpose of this report is to cover operation principles of a wildfire detection system based
on WSN and consider implementation of such detection system near power transmission lines in
order to monitor environmental parameters around them, therefore increasing the power transmission
safety. The potential shortcomings and strengths of such design are also going to be stated.

Wireless sensor network refers to a group of multiple and dispersed sensors over the particular
area for monitoring, measuring environmental parameters in real-time. The essential elements of the
wireless sensor network are the wireless sensor nodes, cluster heads (CHs) and base station (BS).

A basic model of a sensor node includes a sensor module, processing module, communication
module and a power supply module (figure 3). The sensor module senses the required environment’s
parameters. The processing module controls the operation of a sensor, managing the node’s collected
data or the data transmitted by other nodes. The wireless communication module is responsible for
receiving/transmitting data and overall communication with other nodes. The power supply module
supplies power to the modules of a node and is crucial in network’s performance.

Fig. 2. WSN Topology Fig. 3. Block diagram ofa Sensor node

The sensor readings for each parameter are checked with a preset threshold ratio and a real-
time ratio, once the ratios exceed the preset, the gathered data is then sent to the BS for analytical
processing. In order to collect data from sensor nodes and ease process of communication with the
base station, the sensor nodes are arranged into clusters. Each cluster has a cluster head which gathers
sensor nodes’ data and transmits them to the BS.

Base station is a crucial in WSN-based detection systems because of processing limitations of
the nodes. Important data is transferred to the base station which acts as the gateway. If after analysis
the model indicates a fire in a specific area, a message is sent to the responsible unit user.

A lot of research has been carried out and developments have been made in the field of WSN,
in monitoring and detecting wildfires particularly. There are many works based on different sensors
that focus on certain environmental parameters such as barometric pressure, temperature, relative
humidity, gases such as CO, COz2, methane, Hz, to detect forest fire conditions.

To detect wildfires near power transmission lines let us consider implementing sensors that
were used in the work carried out in Germany by Institute of Forest Ecosystems. In the given work
the hydrogen detection sensors were used that can detect hydrogen concentration increase at a dis-
tance up to 115 meters within 30 minutes which is considered quite effective for an early wildfire
warning system [4].

It is also important take into the account the features of the power lines’ landscape because of
how it affects wind dynamics. To start off, let us consider how wind dynamics change in the landscape
of powerline corridors. In order to prevent fire or any other type of hazards and maintain system
reliability powerline corridors are created that lead to clearance of vegetation underneath and around
powerlines. According to EPM [5], the shortest horizontal distance between the 220 kV power trans-
mission lines and the crowns of nearby trees is 5 meters. This leads to changes of original shape of
the landscape and creation of powerline corridors. According to the study “How fragmentation and
corridors affect wind dynamics and seed dispersal in open habitats” [6], wind, entering such corridors,
accelerates inside a patch which leads to high-speed winds at the end of corridors. Moreover, as seen
in the figure 3, corridors rotate the wind direction so it is in line with the patch’s long axis, in the
same direction as the corridor.



Fig. 4. Wind direction and speed across dispersal season

With this data, one can assume that during wildfires the landscape features of powerline corri-
dors from the viewpoint of early and effective hydrogen detection are in favor of sensor-based wild-
fire detection system operation. Because gases released by a wildfire are mostly transported in line
with a corridor powerline corridor at a high-speed which, hypothetically, has to lead to earlier fire
detection.

However, from the technical point of view, there are obstacles for sensor operation near pow-
erlines. One ofthe major issues is radio-frequency interference (RFI) generated by high-voltage trans-
mission lines. The electromagnetic field due to corona discharge capable of interfering communica-
tion channels or devices over a wide frequency range. The frequency range of interference, approxi-
mately covers the range from 14 kHz to 1 GHz [7]. For instance, ifwe consider using system proposed
in the work “Solar Powered Wireless Forest Fire Detection” that has a RF communication module [8],
its operation close to high-voltage powerlines might be compromised. However, in the research “In-
vestigating the Impact of High Voltage Power Lines on GPS Signal” it has been stated that electro-
magnetic interference is a significant problem when the following conditions are present: the power
transmission line voltage is above 230 kV, the operation frequency of a device is less than 30 MHz
and the distance between the power line and the device is minimal [9]. Since the chosen module is
capable of operating at radio frequency up to several GHz, it should help decrease the lines’ interfer-
ence impact. Nonetheless, it is desirable to keep an optimal distance between transmission lines and
transmitter/receiver modules to keep the level of electromagnetic interference low.

To summarize the article, after the coverage of operation principles of a WSN system near
power transmission the advantages and disadvantages of such design were noted. The main advantage
being the powerline corridors’ landscape features that would increase speed of fire detection. Speak-
ing of disadvantages, the main technical problem that was highlighted in this article is the radio-
frequency interference (RFI) generated by high-voltage transmission lines which threatens the oper-
ation of WSN system but should not be a large problem since some devices can operate in higher
frequencies. Moreover, the sensor notes can be set in a safe distance from lines.
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NCITOJIB3OBAHHME BOAOPO/AHbIX TOINIMBHBIX DJIEMEHTOB
B CUCTEMAX DJIEKTPOCHABXEHUA

J1.C. HukonaeB
TOMCKHNA MOJIMTEXHUYECKUA YHUBEPCUTET
HIIID, 023, rpynma SA01

C KaXOpIM TOIOM 3KOJIOTHUECKAs TOBECTKA CTAHOBUTCS BCE Oosiee Cepbe3HOM 1 pacipocTpa-
HEHHON. MHOTMe MPOMBILUICHHbIE KOMITAHUHU U B YACTHOCTH 3JIEKTPOIHEPTeTHYECKUE HAUMHAIOT 3a-
AYMBIBaTbCS O TOM, 4TOOBI MyTEM IMOCTEMEHHOrO CHUKEHHsI BHIOPOCOB yriepona B aTMocdepy
NPUITH K TOJHOMY OTCYTCTBHIO BBIOPOCOB MAaPHHUKOBBIX ra3oB. OMHUM U3 CIEACTBHI «3€JCHO»
MIOBECTKH SIBJISIETCS Pa3BUTHE BO30OHOBIISIEMBIX HCTOUHUKOB dHeprun (BUD). B Hawe Bpems cpenu
BHD nanbonee pacnpocTpaHeHsbl BeTep (BETPSHBIC 3JIEKTPOCTAHLINH ), BOAA (THAPO3JIEKTPOCTAHLIH)
U COJIHLE (COJTHEYHbIE HJIEKTPOCTAaHIMHU). Y BCEX HUX €CTb PsiJ CEPbE3HbIl HEAOCTATKOB, HO KPOME
STHX UCTOYHUKOB CYIIECTBYET OrPOMHAs MEPCIEKTHBA UCIIOIb30BaHHsI BOAOPOAA.

B sTo0i1 pabote Oyaet pacCMOTPEHO UCTIONBb30BAHHE BOIOPOAHBIX TOTLUTUBHBIX 3JIEMEHTOB B CH-
creMax SHeprocHabxeHusi, OyayT pacCMOTPEHbI UX MEPCIEKTUBBI, POBEAEH SKOHOMHYECKUI aHa-
JIM3 U COBPEMEHHbIE MPUMEPbI UCIOJIb30BAHMS TOMJIMBHBIX 3JIEMEHTOB, pa0OTAIOLIMX HA BOAOPOLIE.

Vike Ha MPOTSKEHUH HECKOJbKUX IECATHIICTHH BO30OHOBJISIEMbIE HCTOYHUKU SHEPTHUH 3aHH-
MaIOT CBOIO JIOJIIO HA PhIHKE FeHEePALIUH TETUIOBOH U 3J1eKTpu4ecKoi sHepruu. C KaskabIM rOf0M JO0JIS
BHD B renepaunu 35ieKTpO3HEPTUN CTaHOBUTCA BCE Oombine u B 2021 roxy yxke nocruria 30%,
OOJIBIYIO YaCTh U3 KOTOPBIX (Oojiee 15%) 3aHMMaeT reHepalus Ha TUAPO3JIEKTPOCTaHUMsAX. Jlomst
BOZIOPOJIA XK€ HAa CErOHALIHUN eHb 0e3yMHO Masa u cocTtaBisieT MeHee 0,5% ot obiero o0bpéma
reHepauuu. Xotsi B Poccuu pa3BUTHE BETPOIHEPreTHKU OrPAHUYEHO HEMOCTOSHCTBOM CKOPOCTH
BETPa, IOPOTOBH3HOHM YCTAHOBKM M OSKCIUTyaTalud BeTponapkoB. COJNHEYHbIE 3JIEKTPOCTAHLIMU
TAKXKe CTAJIIKMBAIOTCS C MpobJieMaMH CIIOKHOTO KiMMara B Oosbiueii yactu Poccun: HeapdexTus-
HOCTb B HOYHOE BPEMsl U CPABHUTEJIbHO HEOOJBIIOE KOJUYECTBO COTHEUHBIX JTHEH.

Taxxke Bcé Ooyiee aKTyaIbHBIM JIJisl OOCYKIASHUS] CTAHOBUTCSI BONPOC O OOJIBIIEM pacipocTpa-
HEHUH 3JIEKTPOCTAHLMI MaJIOH MOIIHOCTH, U IJIsl 3TOTO €CTh CBOM MPUYUHBL. DJIEKTPOCTAHLIMU Ma-
JIOM MOLIIHOCTH HAMHOTO JICLIEBJIe B CTPOUTENBCTBE U HKCIUTyaTaLlUK, IPH UX BO3BENECHUU HE TPeOy-
€TCsl HTHBECTUPOBATh CPECTBA B TOMOJHHUTENbHYIO HHPPACTPYKTYPY, & UMEHHO B JIMHUH 3JIEKTPOIIe-
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