Bulletin of the Tomsk Polytechnic University. Industrial cybernetics. 2023. Vol. 2. No. 4. P. 34-40
Chumakov K.V. Application of video analytics to monitor and improve the safety of technological processes

YJIK 005, 004.021, 004.932:621.391+519.876.5
DOI: 10.18799/29495407/2024/4/77
[Iudp cnenuanbHocTy BAK: 2.3.5

TeHJeHL MU B COBpeMEeHHbIX CUCTEMAaX MOHUTOPHUHIA
NPOMBILIJIEHHOW 6€30IaCHOCTU U OXPaHBbI TPyJa

K.B. YymakoB™

HayuoHanwHblll uccaedosamenwvckuti Tomckull noaumexHuveckuti ynusepcumem, Poccus, 2. Tomck

¥chumakovk@tpu.ru

AnHoTtanus. [IpeacraBiieHbl pe3ybTaThl HCIOJb30BaHUS BUAE0AHATUTUKY, OCHOBAaHHOHM Ha aJIfOPUTMaX UCKYCCTBEHHOTO
HWHTeJJIEKTa U KOMIBIOTEPHOTr0 3peHUs, JJI1 MOHUTOPUHIA HEUITATHBIX CUTYalUil U MOBBIIIEHHUs 6€30MacHOCTH TEXHOJIO-
rUYeCcKHX MPoLeccoB. B ycioBUAX GBICTPOro pa3BUTHS MPOMBIIIJIIEHHOCTH U YCI0XKHEHUsT IPOU3BOACTBEHHBIX CUCTEM Tpa-
JULHOHHbIE METO/Ibl KOHTPOJIsI 6€30MacHOCTH CTAaHOBATCSI MeHee 3¢pPeKTUBHBIMU. [Ipe1oKeHbl MHHOBAIlMOHHbIE TOJX0-
Jbl K aHaJIN3y BU/EO0JaHHbIX, KOTOpbIE M03BOJISIOT B peaJlbHOM BPeMEHHU OTCJIEXKUBATD COGJII0eHHEe NIPaBUJ 6e30NaCHOCTH
BO BpeMs BBINIOJIHEHUS paboT, BLISIBJISITh HECTAHAAPTHBIE COOBITHS U MPeAOoTBpAIlaTh NOTEeH[MaJbHble aBApUHHbIE CUTYa-
I[UMH.
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Abstract. The article presents the results of using video analytics based on artificial intelligence and computer vision algorithms
to monitor compliance with safety rules during production work, as well as to monitor emergency situations. The author has
developed the approach that allows real-time detection of non-standard events and prevention of potential emergency situa-
tions. The paper describes the key artificial intelligence algorithms used to process and interpret the video data stream.
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BBeaeHue

B mocnennue Tompl HaOMIOMACTCSl CTPEMHTEIBHOE
pa3BUTHE TEXHOJOTHA, YTO TPHUBEIO K 3HAYUTEIHHBIM
W3MEHEHUSAM B IOIXOJaX K 00eCHeYeHUI0 0e30IaCHOCTH
Ha mpousBozcTBe [1-3]. CrioxHble MPOU3BOJICTBEHHBIE
MPOLIECChl M yBEJIMYEHHE YHcia pabOTHUKOB TpeOyroT
TpHUMeHeHusI 0otee COBEPICHHBIX CHCTEM MOHHTOPHHTA
M KOHTPOJISL 32 COOJIOJICHHEM HOPM OXpaHbI Tpyza. Tpa-
JIMIIMOHHBIC METOIbI, OCHOBAHHBIC HA PYYHBIX IIPOBEPKAX
W MHCHEKIWSIX, TIOCTEIICHHO 3aMEHSIOTCSI COBPEMEHHBIMHI
PEIICHUsIMY, BKITFOYAIOIIUMU B ce0sl aBTOMATU3AIHIO U
HCTIONB30BAHIE TEXHOJOTHIA UCKYCCTBEHHOIO MHTEIUICK-
ta (MU). CoBpeMeHHBbIE CHCTEMbI MOHWUTOPHHIA IIPO-
MBIIIUTCHHOH 0€30IacHOCTH CTaIM BaKHBIM WHCTPYMEH-
TOM I obecrieueHus] OE30MacHOCTH PaOOTHHUKOB U
MPEeIOTBPAICHIS HECYACTHBIX CIIy4aeB Ha IIPOHU3BOA-
crBe. Ha puc. 1 mpuBemeHBI CTATUCTHYCCKHE NaHHBIC
HECYACTHBIX CTy4aeB Ha MPOU3BOJICTBE.

B yciioBusx moBwimeHuss TpeOOBaHUN K Oe3ormac-
HOCTH W Y)KECTOUCHHSI 3aKOHOIATEIBHBIX HOPM IIpe-
MPUATUS BBIHYXKICHBI BHEIPATh HOBBIC TEXHOJIOTHUH,
KOTOpPBIE MO3BOJIIOT B PEXHME PEaJbHOI0 BPEMEHH
OTCIIOKUBATh pabOTy 0O0OpYyIOBaHHUS, KOHTPOIUPO-
BaTh COOJIOJICHUE TPABWII TEXHUKU OE30IACHOCTH U
BBUIBJIATH MOTCHIMATbHBIC PUCKU. OIHUM U3 KIIOYe-
BBIX HAIIPaBIICHUH B Pa3BUTHH ITUX CHCTEM SBIISETCS
HHTETpanus BuaeoaHaduTukd U MW ams noBbImeHus
TOYHOCTH MOHUTOPHHIAa ¥ MHHUMH3AIMH YeJIOBEUC-
ckoro (akTopa.

CTATUCTUKA HECHACTHbIX cny4yaes Ha NPpoOU3BOACTBeE, ThiC. Yen. (POCCTGT)
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Puc. 1. Cmamuueckue daHHble NO HECUACMHBIM CAYHASM NO
danHbiM DedepanbHoli cayxcbbl 20cydapcmeeHHol
cmamucmuku 3a 2020-2023 ea. [1]

Fig. 1. Static data on accidents according to the Federal

State Statistics Service for 2020-2023

CoBpeMeHHbIe TEXHOJIOTUH B CHCTEMAX
MOHMTOPHUHIa 6e30MacHOCTH

OpHOY W3 TNABHBIX TCHIACHIOWH B 00JIACTH MpO-
MBIIUICHHOW O€30MAaCHOCTH SIBIACTCS BHEIPEHHE TEX-
HOJIOTHH KOMIIBIOTCPHOI'0 3pCHUA W BUACOAHATIUTUKHU

JUTSL aBTOMATH3allUl MOHUTOPUHTA. DTH CHCTEMBI M03-
BOJIIIOT B peallbHOM BPEMEHH KOHTPOIUPOBATh IOBE-
JICHUE COTPYAHUKOB, OOHAPY>KUBATH MOTCHIMATIbHEIC
yrpo3bl W TPENOTBpAIlaTh aBAPUHHBIC CHTYAIUH.
Hampumep, BHIcOaHANIMTHKA, OCHOBaHHAs Ha aJro-
putmax WU, MoOXeT BBISIBISITH OTCYTCTBHE CPEJIICTB
uHAuBHyansHOU 3ammThl (CU3) y pabOTHUKOB, TaKKX
KaK KacKM WJIM 3allUTHBIE OYKH, a TAaKKe CICIUTH 3a
WX MEePEIBUKCHASIMH B OMTACHBIX 30HAX.

Taxoke 3HAUNTETBHOC BHUMAHUE YJICNSICTCS pas3pa-
0OTKE CHUCTEM, CIOCOOHBIX aHAIM3UPOBATh JAHHBIE C
MHOXXECTBA Kamep HaONIOJCHUS W JaTYMKOB. Takue
CHCTEMBI MOTYT aBTOMAaTHYECKU OOHAPYKHUBATh yTeU-
KM Ta3a, HapylleHus B paboTe 000pyIOBaHUS WIH HE-
CTaHJIAPTHBIC CUTYallMu Ha Mpou3BojACTBe. Kpome TO-
r0, COBPEMEHHBIC CHCTEMbI OXPaHBI TPyJa MOTYT WH-
TerpupoBaThes ¢ yMHbIME CHU3, KOTOpBIE YBEIOMIISIOT
pabOTHUKOB M aJMHHHCTPAIMI0 O HEOOXOIMMOCTH
3aMEHbI WJIH UCTIPABJICHHUS 3allIATHOTO 000y IOBaHHS.

C pasButHeM TexHonoruit unTepuera Beueit (10T)
Ha MPOMBIIUICHHBIX MPENNPHUATHAX yCTaHABIUBAIOTCS
WHTEJUIEKTyaJbHbIe AaTdukd [4], OTCIIeKHBAOIINE
nepeMenieHie paboTHUKOB M COCTOsIHHE 00O0pYJoBa-
HUA. DTO TIO3BOJSET MHHHMH3HPOBATH BEPOSTHOCTH
aBapuil W MOBBICUTH 3(P(PEKTHBHOCTH MOHUTOPHHTA 3a
CU€T aBTOMATH3MPOBAHHBIX YBEIOMIICHHI O MMOTCHIIH-
QIBHBIX YTPO3ax.

IIpuMeHeHHe HCKYCCTBEHHOT0 MHTE/IJIEKTA
JJIS IpeiCKa3aHus yrpo3

OnHO¥ M3 3HAYMMBIX TEHICHLWH SBIISETCSA HCIIOIb-
30BaHUC AITOPUTMOB MAIIMHHOTO OOYUCHHUS IS aHAIU-
3a JaHHBIX O TPaBMAaTH3ME U TMPEACKa3aHUs ITOTCHIIU-
albHBIX yrpo3. Ausroputmsl MU 1mo3BonstoT u3ydarh
HCTOPHYECKUC NAHHBIC W BBIIBISITH CKPBITHIC 3aKOHO-
MEpPHOCTH, KOTOPBIE MOTYT yKa3bIBaTh HA MOBBIIIICHHEIC
pucku Ha npousBoAcTse. Hanpumep, Ha npeanpusTusx
He(hTera3oBoil MPOMBIIUICHHOCTH BHEAPSIOTCS CHCTE-
MBI, KOTOpBIE B peajbHOM BpPEMEHH aHAJIM3UPYIOT pado-
Ty 000pyIOBaHUsI U TIPEAOTBPAILIAIOT aBapyu Onarogapst
PaHHEMY BBIABJICHUIO TOTCHIUAJIBHBIX HpO6HeM.

ANTOPUTMBI KOMITBIOTEPHOTO 3PEHHUS] TaKKe HC-
MONB3YIOTCSL IIsI MOHHTOPHHTA TPOM3BOICTBEHHBIX
npoueccoB. OHM CITOCOOHBI ABTOMAaTHYECKU PacIio3Ha-
BaTh HapyIICHUS B COOJIOACHUH TEXHUKH OE30MMacHO-
CTH [5], Takue KaK OTCYTCTBHE 3AIUTHOM OJCHKIBI HITH
HaXoXJieHHe pabOTHUKOB B OMACHBIX 30HaX. TexHomo-
TMH aHAIN3a BUICOM300paXKEHHH C HCIIOIb30BaHHUEM
HEWPOHHBIX CETel MO3BOJISIOT 3HAYNUTEIHHO MTOBBICUTD
TOYHOCTb U CKOPOCTh BBIIBICHUS HapyLLIEHUH.

TexHMYeCKHUe pelleHUus U NPo6JieMbl BHeAPEHUA
CoBpeMeHHBIE CHCTEMbI IPOMBIIUICHHOW Oe3omac-
HOCTH BKJIIOYAIOT B ce0s MHOXXECTBO TEXHHUYECKHX
peuienuii. Hanpumep, kamepsl ¢ BBICOKMM pa3pereHu-
€M, YCTaHOBJICHHBIC Ha NPOM3BOJCTBEHHBIX ILIONIA]-
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Kax, MO3BOJISIFOT BECTH JICTAJIbHBI MOHHTOPHHT JaXKe
[pY OTpaHUYCHHON BUIUMOCTH TN HEOJIAromprsTHBIX
MOTOJIHBIX YCJIOBHSAX. AJNTOPUTMBI 00pabOTKH BHUIIEO-
JAHHBIX MOTYT aBTOMATHYECKU aHATM3UPOBATh COTHU
KaMep, O3B0 oTepaTopaM OBICTPO pearupoBaTh Ha
WHIUICHTHL.

OnHAKO OTHUM W3 BBHI30BOB IPU BHEAPCHUU TaKUX
CHCTEM SIBIIICTCS HEOOXOOMMOCTh MX aJalTalyd II0J
KOHKpETHBIE YCIOBUS Ipeanpusatii. Hamprmep, B 3a-
BHCHUMOCTH OT THIIa HPOM3BOJACTBEHHOTO MpoIecca
MOJKET IMOTPeOOBaThCS HACTpoiika anroputMoB U mis
VIIydIIeHHs paclio3HaBaHUI OOBEKTOB B Kaape. BaxkHo
VYUTHIBATh M TakKue (PaKTOPBI, KaK OCBEHIEHHOCTb,
YAanéHHOCTh 0OBEKTOB U ITOTOHBIC YCIOBUSL.

Emé onna mpoOiema 3akirodaercsi B BBICOKHX Tpe-
OOBaHMAX K BBIYUCIHTENBHBIM pecypcam. OOpaboTka
BHJICOTIOTOKOB B PEAIbHOM BPEMCHH U OOyUYCHHE MO-
JleNield MalliMHHOTO OOYyYeHHsl TPeOYIOT MOIIHBIX Cep-
BEPOB U BBICOKOIIPOM3BOAUTEIFHOTO 000PYIOBAHMS.
DTO yBENUYMBACT 3aTPaThl HA BHEIAPEHHE IMOJOOHBIX
peleHnH, OOHAKO C TeYCHHEM BPEeMEHH OHH OIPaBIbI-
BAaIOTCS 32 CUET CHIDKCHHUS YPOBHS TpaBMAaTHU3Ma U IO-
BBIIIIEHUS 0011Ieli 0€30IacHOCTH.

MaTepuajibl 1 METOAbI PeLIeHHS

Jnst perieHns MoCTaBICHHOW 3a/1aul — pa3paboTka
HOBOTO TOJAXO/a K aHANW3y BUICOAAHHBIX, [TO3BOJIS-
IOIIEr0 B PEKUME PEabHOTO BPEMEHH OTCICKHBATH
COOJIIO/ICHUE TIPaBHJI TEXHUKU OE30TACHOCTH IPU BbI-
MOJTHEHUH PaboT, BBUIBIATH aHOMAIUM U TPEIOTBpA-
IaTh MOTEHIMAIIbHbIC aBapUIHBIC CUTYallMd HA MpPH-
Mepe MPOU3BOJCTBA Ta30TPAHCIOPTHON KOMITaHHH,
Obuta BeIOpaHa monenb YOLOVS, koropas sBisieTcs
YaCThIO0 OOIIMPHOTO CeMeiCTBa ajJrOPUTMOB KOMIIbIO-
TepHOrO 3peHus mon HasBanuemM YOLO (You Only
Look Once). Otu anroputMsl U3BECTHBI CBOEH BBICO-
KON 3((EKTUBHOCTBIO MPH OOHAPYKCHHH OOBEKTOB B
peaNbHOM BPEMEHH, YTO [eNIaeT WX HACAbHBIMHU IS

Fig. 2.

Pa3IMYHBIX TPUIOKECHUHN, TPeOYIOMUX OBICTpOU U
TOYHOU 00pabOTKH H300paKeHU

[Tepen ucnonb3oBanuem moaenu YOLOvVE HeoO-
XOJMMO TPOBECTH TIIATEIBHYIO MOATOTOBKY Habopa
JAHHBIX, KOTOPHI BKJIIOYACT aHHOTHPOBAHHBIE H300-
pakeHHss OOBEKTOB. JTOT MPOIECC COCTOUT W3 He-
CKOJIBKUX KIFOUEBBIX 3TAIlOB: TOATOTOBKA 00ydaromeit
BBIOOPKY, aHHOTHPOBAHHE H300paKCHHH, OOy4YCHHE
MOJICII W OILEHKa €€ TOYHOCTH Ha BaJHMIAIlMOHHOM
Habope AaHHBIX. B mpoliecce moaroToBKH 00yJaronen
BEIOOPKM  paccMaTpHBAJINCh JBa THIIA MOACIEH
HEUPOHHBIX CETEH: MEeTEeKINS U CETMEHTAIUs. DTH MO-
JeITU OTJIMYAIOTCS OT KJIACCH(DUKAIIMOHHBIX TTOAXO0I0B
TEM, YTO OHU HE TOJNBKO HIACHTH(PHIUPYIOT OOBEKTHI
Ha W300paKeHUH, HO U BBIACISIOT UX TPAHUIBL, a TaK-
e ONPENIENAIOT MECTONoNoOXKeHre. B actHoCTH, TIpU
JETEKIUA OOBEKTHI OTOOPAKAIOTCS B BHJIIE OTPAaHHYH-
TENBFHBIX PaMOK, TOTNA KaK CETMEHTAIUs MPEeNOCTaB-
JIET CeMaHTH4YecKre Macku (puc. 2). Mojenu Kiaccu-
¢uKanmy oOBIMHO MPUMEHSIOTCS AT 334ad4, TAe HeoO-
XOJUMO TIPUCBOHTH HW300pPKEHHUIO OAMH Kjacc 0e3
pPa3METKH OTACTBHBIX 00BEKTOB MM MX TTO3UIHH.

BaxxHo 0TMETHTH, YTO BHIOOP THUIIA HEHPOHHOH Ce-
TH U1 OOHapy>KEHWs HEIITATHBIX CHUTYAI[id 3aBHUCHT
OT crier(PHUKN TEXHOJIOTHYECKOTO mporecca. Kioue-
BBIMU (DaKTOPaMHU SBJISFOTCS YCIOBHUSI BUIHUMOCTH, pac-
CTOsSIHUE JI0 00beKTa M MOTroAHbIe ycnoBus. [nsa mep-
BOH BEpCHHM CHCTEMbl MOHUTOPHHTa OblIa BhIOpaHa
mozenb nerekuuy YOLOVS I OTCiaeXUBaHUS Clie-
IOYIOIMIUX OOBEKTOB: «IIEPCOHA», «TOJOBA», «KACKay.
OTH 00BEKTHI OBLUTH BHIOPAHBI C IIENBI0 KOHTPOJIS CO-
OmonieHnsT TpeOOBaHWH O€30MacHOCTH Ha IPOMBIII-
JIEHHOM O00BeKTe, O0COOEHHO Ui HACHTH(PHUKAINH
Hammunst CU3 y pabotHukoB. OCHOBHBIMH MPUYAHAMUA
BEIOOpa MOJIETH AETEKIMU CTalld IIPOCTOTa aHHOTHPO-
BaHMs O0OBEKTOB Ha Kajpax, JETrKOCTh pealu3aliu ali-
TOPUTMA, BBICOKAs CKOpPOCTh OOPaOOTKH IaHHBIX W
HU3KHE TPeOOBAHMS K BEIYHCIUTEIHHEIM PECypcaM.

o/b

Puc. 2. Pasmemka o06vekmog Ha Uu3o06paxceHuu 051 06y4eHusi Modeau: a) OzpaHuyumenvHass pamka (demekyusi);
6) ceMaHmuueckas Macka (cezmeHmayusi)
Object annotation in an image for model training: a) bounding box (detection); b) semantic mask (segmentation)
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INocne BbIOOpa Monenn HEWPOHHOW CETH TPOBOIH-
JIOCh aHHOTHPOBaHHE HW300paXEHUH. DTOT mpolece
BKJIIOYaeT 1o0aBIeHne METOK M MeTaJaHHbIX K U300pa-
KEHHUSIM, YTO MPUAACT UM CTPYKTYPY U CMBICI, ITOHST-
HBI aJropuTMaM MallHHHOTO OoOyueHHs. B kauecTBe
o0yJaromux M300pakeHUid ObUTM BBHIOpaHBI HawboJee
TUNUYHBIC CIIEHBI MTPOU3BOJICTBEHHBIX TPOIECCOB B 00-
JACTH PEMOHTA MAaruCTPaJbHBIX Ta30MPOBOIOB IIOBHI-
IIeHHOW omacHoCTH. Bce H300pakeHHs pa3medalnch
BPYYHYIO C OCHOBHBIM KPHTEPHEM — HAJHYIHE XOTS OBl
OITHOTO W3 IEJIEBBIX OOBEKTOB: IIEPCOHAY», «TOIOBAY,
«Kacka». B pesyinprare Oblia copMupoBaHa 00ydYaro-
1m1as BBIOOpKa ¢ Pa3METKOH JETeKIMN 00BEKTOB, COCTO-
amast 3 500 m3o0paxeHMil U1 OOydYeHHs MOJENH,
100 m3o6pakennid i Baymaanun U 100 nzo0paxeHuit
UL TECTHPOBaHWs. [J1aBHAs IEeNb TECTOBOW BBIOOPKH
3aKJTI0YaeTCss B OLIEHKE TOYHOCTH PabOThI 0OyUeHHOMH
MOJICTIH HA HOBBIX JAHHBIX U OIPEICICHHH OCHOBHBIX
METpPHK €€ TIPOM3BOANTEIEHOCTH.

OOy4eHne MOJENU MPOBOIMIOCH C HCTIOIb30BAaHUEM
Buneokaptel NVIDIA GeForce RTX 4080 ¢ apxutekry-
poit CUDA, obnamaromeid cleayrouMA XapaKTepUCTH-
kamu: 1040 saep, 320 TensopHsix saep u 80 RT-saxep ms
TPacCHPOBKH JIyueil. Mozmens o0yJanack Ha MPOTSHKEHUN
1000 31moxX — MOJHOrO MPOXOZa Yepe3 Bech HabOp IaH-
HbIX. [Iporiecc 06yueHus: HEHPOHHOI CeTH OCYIECTBII-
Csl METOJIOM «train», KOTOPBIH ITO3BOJISIET KOPPEKTHUPO-
BaTh OIIMOKH W TIOCTENEHHO MOBBIIATH TOYHOCTH TPE-
CKa3aHUH Ha OCHOBE NPEIOCTaBICHHBIX JaHHBbIX. Ha
MIEPBOM JTare OOy4YeHHUS 3arpy’KaiCh M300paKeHUs U3
paHee chOpMHUpPOBaHHOTO Habopa NMaHHBIX. [ yBenmu-
YeHHs pa3Hoo0pasusi 00yJaromero Habopa He HCIOJb30-
BINUCh TEXHUKH ayrMEHTaluH (HampuMep, BpalleHHe
W U3MEHEHHE SIPKOCTH). BMecTo 3Toro m300pakeHHs
TPYNIAPOBATNCH TI0 32 CIIyYalHBIX H300paKeHUS IS
OJTHOBPEMEHHOI 00paboTku. Mozenb BBIMONHSATA MPS-
Mo nipoxoji (Forward Pass) i kaxmoro u3o0pakeHus
W3 TPYIIIBI ¥ TEHEPUpOBajia MPEACKa3aHus O MECTOIIO-

JIOKEHUH OOBEKTOB M MX Kilaccax. [Ipsmoli mpoxos mo3-
BOJISIET IIpeoOpa3oBaTh BXOJHBIC TAHHBIC B IICTIEBBIC 3HA-
4yeHus 6e3 00paTHOM CBS3U WIH KOPPEKIIUH OIITHOOK.

Ha BBIXOZE MOIETH BO3BpAmIacT KOOPAMHATHI Orpa-
HIYMBAOMINX PaMOK, KIAacChl OOBEKTOB M TOYHOCTH
MpencKa3aHuil. 3aTteM TMpeACKa3aHusl CPaBHUBAIOTCA C
WCTHHHBIMU aHHOTAIMSIMH OOBEKTOB Ha M300pasKCHISIX.
Berancisiercst GpyHKIMS moTeph, KOTOpask H3MEPSieT pac-
XOXK/ICHHE MEXKTy HPEACKa3aHMsIMH M PCATbHBIMH MET-
KamH (Harmpumep, OTEpH TI0 KOOPIMHATAM OrPaHIYHBA-
oImx paMok). Ha ocHoBe 3Tol (DYyHKIIMH BBITOIHSIETCS
o0paTHOE pacipOCTpaHEHNE OIMHOKU: MOJIETb OOHOBIISIET
CBOM Beca C MOMOIIBI0 aJITOPUTMA ONTHMH3AIMN IS
MHHUMU3AIMU T0Teph. [Ipoliecc moBTOpsieTcs s Beex
n300pakeHnit B oOydaromeM Habope Ha TMPOTSHKCHHH
3aJaHHOrO KojmdecTBa 3mox. Ilocne kaxmol ureparmu
MOJIEITb TECTUPOBATIACH HA BATMIAIMOHHOM Habope JaH-
HBIX JJIS1 OUEHKHU €€ Mpou3BoAUTENBHOCTH. 110 3aBepiie-
HUM OOyYeHHs MOJENb COXpaHSAeTcs U NajdbHEHIero
HCTIONB30BAHUS MM PA3BEPTHIBAHUS Y TTOJTH30BATEIIS.

Pe3ysbTaThl M 06CYKAeHHE

Pe3ynpTarsl paboThI MOIENIN IPUBENCHBI HA PUC. 3.
BumHo, 9TO 9TO YacTh IO HE JEeTEKTHpOBaHA MO-
nenbto. Ha puc. 4 mokasaHo, 94To TIPH HUCIOJIh30BAHHU
MOJICITA OHA HEBEPHO UICHTU(GHUIUPYET OOBEKT B Kaj-
pe. Takum 00pa3zoM, TpeaBApHUTEIBLHBIC PE3YIIbTATHI
JETEKIIMH O0BEKTOB MOXHO CUUTATh HEYIOBJICTBOPH-
TeNbHBIMH. [IJ151 yCTpaHEHUS] YCTAHOBICHHOM HETOYHO-
CTH UACHTU(PHUKAIMHA 00bEKTOB K H300paKeHUAM ObLiia
MpUMEHEHA ayrMEHTAIlVs: BpalllcHUe Ha IPOU3BOJIb-
Heiii yron oT —30 mo 30 u 3epkanbHOE OTpaKEHHE.
B pesynbrare oOydarommasi BBIOOpKa C pa3METKOH fe-
TEKIUU 00BhEKTOB cocTosuta n3 6000 n300pakeHnui st
o0yuenust mozaenu, 1200 n3o0paskeHu IS BaTuaaIiuu
monenu 1 100 u3oOpaxkeHuii ans tectupoBanus. Of-
HaKO TOJXOJ C M3MCHEHHWEM 3HAYCHHWH MapaMeTpoB
0o0ydYeHUs He YIy4IlnI pe3yIbTar.

0,8
W A H ’\/’_’___,A——A‘—""
/\/\/\, AP o
0,6 . '
0,6
0,4
0,4
0,2 0,2
0 O
precision(B) recall(B) precision(B) recall(B)
mAP50(B) mAP50-95(B) mAP50(B) mAP50-95(B)
ala oM
Puc. 3. Mempuku o6y4eHus modeau Ha 1000 noemopeHuli: a) demekyusi; 6) ceemeHmayus
Fig. 3. Model training metrics for 1000 iterations: a) detection; b) segmentation
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T
person 0.91

Puc. 4. Ilpumep demekyuu 06sekmos 8 kadpe Ha ob6wekme
2azompaHcnopmuoll uHpacmpykmypul
Fig. 4. Object detection in a frame at gas transportation

infrastructure facilities

JIJ11 TIOBBIICHUST TOCTOBEPHOCTH HICHTHU(DHKALINI
00BEKTOB B Kajpe Oblia BHIOpaHAa MOJETh CerMeHTa-
nuu. AHHOTHpOBaHHME oOydJaroiiero Habopa u300pa-
JKCHUH BBIMOJHIOCH BPYYHYIO B IIPOTPaMMHOM 00ec-
neuennn AnyLabel Software (puc. 5). 3atem pasme-
YeHHbIe M300paKEHHs 3arpy’ajuch B IPOrPaMMHOE
obecnieuenne Roboflow mms skcmopra B dopmar
YOLOS. B pesynprate oOydaromasi BEIOOpKa C paz-
METKOH CEerMeHTaluu OOBeKTOB coctosuia u3 6000
u300paxeHuit s ooydeHus monenu, 1200 uzobpaxe-
HUR s Bamganud monend, 100 n3oOpakeHud s
tectupoBanus. [locie 00ydeHuss MOIETH Ha MPOTSDKeE-
Hun 1000 ureparmii pe3yabTaThl NpenCcKa3aHUs MOe-
T CYIIECTBEHHO Yiydmminch. OMHAKO NpUMEHEHHE
AHHOTO TIONXO/a TIPUBENO K IOSBICHUIO OOJBIIOTO
KOJIMYECTBA JIOKHBIX cpabarbiBanuit. Hampumep,
YUYaCTKH Jieca CErMEHTHUPOBAIINCH KaK «repcoHay. Jlms
TIOBBIIICHHST TOYHOCTH W YCTPAaHEHHs JIOXKHBIX cpada-
THIBAHUI TPOBEICHA CETMEHTALUSA W aHHOTHPOBAHHE
400 0OBEKTOB, OTMEYEHHBIX Ha M300PAKEHUSAX Kak
«I0XKHOE cpabaThIBaHWE»: yIMYHBIE (pOHApH, OTpaxke-
HHE COJIHI[A OT OJECTAIINX MOBEpXHOCTEH, y4acTKH
TyCTOrO Jieca, HAIIOMHHAIONIME CHIIYyIT YelOBeKa, ro-
JOBHBIE yOOPHI, TMOXOXKHE Ha KacKy. 3aTeM MOJENb
nepeoOydvanack. [lociae 3TOro TOYHOCTH MpencKa3aHust
Mozenu coctaBuna 6oiee 90 % (puc. 6).

st 0000IIeHHS TTOTyYeHHBIX pe3yIbTaTOB Ha PHC.
3 mpuBeAEHBI ONCHOYHBIE METPUKU OOYUICHHUS MOIEIH
¢ JeTeKiuel u cermMeHTanue. K oreHOYHbBIM MeTpH-
KaM 00ydYeHUs] OTHOCSTCS:

MeTpuka precision(B) (TOYHOCTD i OrpaHHYIHBa-
IOIIUX PaMOK) HM3MEpSeT OO WCTHHHO MOJIOXKH-
TENBHBIX MPEACKa3aHUH K 0OIIeMy YHCITy TOJO0XKHU-
TENBHBIX NpPeICKa3aHNi (MICTHHHO MOJOKHUTEIBHEIE
U JIO)KHO TIONOXHUTEIbHBIE) U  IOKa3bIBACT,
HACKOJIBKO TOYHO MOJENH ONpEeNsieT OObEKTHI;

MeTpuka recall(B) (momHOTa 11 OrpaHUIHBAIOIINX
PaMoK) M3MEpsIET OO MCTHHHO ITOJIOKUTEIBHBIX
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mpelcKa3aHuil K (PaKTUYECKUM MOJIOKUTESIBHBIM
(MCTHHHO TIOJNIOKHUTENBHBIC M JIOXKHO OTPHIIATEINIb-
HbI€) U OTpakaeT CIOCOOHOCTh MOJAETH HaXOAMTh
BCE PEJICBAHTHBIC OOBEKTHI.
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Puc. 5. AnHHOomupogaHue u3o6paxceHuli 8 npo2pamMHOM
o6ecneyenuu AnyLabel Software
Fig. 5. Image annotation in software AnyLabel Software

Puc. 6.
Fig. 6.

Pezyabmam cezmenmayuu 065ekmos 8 kadpe
Object frame segmentation result

OpHolf M3 Mep KadecTBa pabOTHI HEHPOHHOU CeTH
UL MICHTU(PHUKAIAN OOBEKTOB SIBISICTCS YHCIICHHAS
Merpuka mMAP (mean average precision). MeTpuka
mMAP B 3aBUCHMOCTH OT I'DAaHMYHOTO 3HAYCHUS IMOKA-
3aremst loU (Intersection over Union) pazmenmsercss Ha
nBa Buma. Haubosee 4acTo MCIOIb3yEMBIMHE SIBIISIFOTCS
rpannysble 3HadeHue 0,5 u 0,95:

MAP50(B) — cpennsis TouHocTh mpu mopore IoU
0,5. DTa MeTpHKa OLIEHHBAET TOYHOCTH MOEIH IO
HECKOJBKHM KJlaccaM, CuuTas OOHapy»XKEeHHE mpa-
BWIBHBIM, ecii [oU ¢ UCTHMHHBIM 3Ha4ye€HHEM CO-
craBisieT He MeHee 0,5;

MAP50-95(B) — cpenHsist TOYHOCTE 110 HECKOIBLKUAM
noporam IoU (ot 0,5 mo 0,95). Ota merpuka gaer
OoJyiee TOTHOE TPEICTABICHHE O IPOHM3BOAUTEIb-
HOCTH MOJIENIU TPH Pa3INYHBIX YPOBHAX TOYHOCTH
OOHapy KeHHs..

[Topor IoU 0,5 o3HadaeT, 4TO IS TOTO, YTOOBI
MpeICKa3aHue MOJACIH CUHUTANIOCh MPaBHIBHBIM, 00-
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https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/gas+transportation+infrastructure
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JIACTh MEPEKPBITHS MEXITy MPEACKa3aHHBIM OTPaHUYIH-
BaIOIIAM IPSIMOYTOJBFHUKOM M WUCTUHHBIM 3HaUYCHHEM
JIOJKHA COCTaBIATh He MeHee 50 %.

[lo MeTpukaM Mozenu Ha puc. 3 BUIHO, YTO MO-
JIeNTb CerMEHTAINH 3HAYUTEIFHO IPEBOCXOIUT MOJENTb
nmetekuu 1o touHocth (Precision (B)) u momHOoTE
(Recall (B)). Bricokass TOYHOCTh M IOJIHOTA MOJEITH
CeTMEHTAIlNH YKAa3bIBAIOT Ha €€ HaNEKHOCTh U CIIO-
cobHOCTh 3(deKTHBHO OOHApYXHMBAaTh OOBEKTHI 0Oe€3
3HAYHUTEIHFHOTO KOJUYECTBA OMHOOK. Moens cerMen-
TaIlMH TAaKoKe IEMOHCTPHPYET JyUIINe Pe3yNbTaThl MO
obenM MeTprkam MAP 10 cpaBHEHHUIO ¢ MOJIEIBIO Jie-
TEeKIHUU. DTO TOBOPUT O TOM, YTO OHa Ooiee 3ddek-
TUBHA B 3aJadax OOHapyXeHHs OOBEKTOB KaK IpH
CcTaHmapTHEIX ycinoBusx (mAPS0), Tak u npu Ooiee
cTporux kputepusix (mAP50-95).

IlepcneKTHBBI U IPEUMYLIECTBA BHEAPEHHA
CHUCTEM MOHMTOPHHTIA

BHenpenue cucteM MOHUTOPUHTA MPOMBIIIIIEHHON
6e3omacHoCTH Ha ocHoBe M W BHUIICOAHATUTHUKU OT-
KPBIBACT MHOKECTBO IPEUMYIIECTB IS IPEIIPUSTHI
[6]. Bo-miepBBIX, OHM TIO3BOJITIOT 3HAYUTEIHEHO COKpa-
TUTH 3aTpaThl Ha (U3NUECKHUE MPOBEPKU U WHCIIEKIIUH,
aBTOMATU3UPYsI KOHTPOJIb 32 COOMIOICHUEM HOpM Oe3-
OIaCHOCTH. BO-BTOPBIX, TakWe CHCTEMBI IIOMOTAIOT
MUHUMH3UPOBATh YENIOBEUECKUH (PaKTop, KOTOPBIH
4acTo SIBJIIETCS] IPUYMHON OIIHOOK 1 aBapHid.

C ToukM 3peHHS DKOHOMHUKH, BHEIPEHHE COBpE-
MEHHBIX TEXHOJIOTHH 0€30MacHOCTH TO3BOJISIET COKpa-
TUTh pacxXxolIbl Ha CTPaxOBaHUE, KOMIICHCAIIMH 3a
TpaBMBI M YOBITKH, CBSI3aHHEIC C aBapusMH. boiee To-
0, YJIy4IIeHHEe YCIOBHH TpyJa MPHBOAUT K MOBBIIIE-
HUIO MPOU3BOAUTCIIBHOCTH pa6OTHI/IKOB 1 CHHXXCHHIO
TEKyJECTH KaJlpoB.

CounanpHBIN acleKT TakKe UTPaeT BaKHYIO POJb.
Coznanue Gonee OGe3omacHoi pabodeid cpeasl crocoo-
CTBYET MOBBIIIEHHIO MOPAIILHOIO JyXa COTPYIHHUKOB,

CITMCOK JIMTEPATYPbI

yIy4IIaeT UX 3J0POBbE H CHIDKACT YPOBEHB CTpecca Ha
HPOM3BOACTBE. DTO, B CBOIO OYepe/b, MOIOKUTEIBHO
CKa3bIBACTCS Ha PEMyTaLK KOMIAHUH U €€ KOHKYpCH-
TOCIIOCOOHOCTH Ha PHIHKE.

3akyloyeHue

CoBpEMEHHBIC CHCTEMbl MOHHUTOPHHIA MPOMBIII-
JICHHOHW 0€30MIaCHOCTH M OXPaHBI TPyAa UTPAIOT KIIIO-
YEeBYIO POJIb B oOecrieueHnr 0e301acHOCTH COTPYAHH-
KOB WM TIPENOTBPALICHUU aBapuil Ha IMPOM3BOACTBEH-
HBIX 00BbekTaXx. OCHOBHBIMH TEHACHIMSAMHU, KOTOpPHIC
OTIPENEISIIOT Pa3BUTHE AITOW O0O0JIACTH, SBISIFOTCS HC-
MOJIb30BaHNE UCKYCCTBEHHOTO MHTEIUICKTA, BHIICOAHA-
JUTAKA ¥ YMHBIX TEXHOJOTHH. DTH MHHOBAI[OHHEIC
MOIXONBI ITO3BOJIIIOT aBTOMATH3HWPOBATH IIPOIECCHI
KOHTPOJISA 32 COOIOICHHEM HOPM OEe30MacHOCTH, CHH-
3UTh 3aBHCUMOCTH OT YEJIOBEYECKOro (hakTopa M Io-
BEICHTH OIIEPATHBHOCTh PEAarHMpOBaHUs Ha IOTCHITH-
QJIbHBIE YTPO3BIL

OMHAKO C POCTOM KCIOJB30BaHUS ITU(PPOBBIX TEX-
HOJIOTHH B cdepe OXpaHbl TPpyJa BO3HHUKAET HEOOXO-
JUMOCTh COOJIOAAaTh 3aKOHOAATENBbHBIC TPeOOBaHMUS
[7], xacaromuecsi 3alIUThl MEPCOHANBHBIX JAaHHBIX H
KOH(HUACHIUAIBHOCTA. DTO TpeOyeT OT MpeANpPHUITHN
HE TOJBKO BHEIPCHHS BBICOKOTEXHOIIOTHYHBIX perie-
HUM, HO ¥ 00ECIeYEeHUs] UX COOTBETCTBUS IPABOBBIM

HOpMaM.
Takum 00pa3oM, COBpeMEHHBIE TEHICHIIMK B CHCTE-
MaxX MOHUTOPHHIAa TPOMBIIUICHHOW 0e30MacHOCTH

HalpaBJIeHbl Ha co3/1aHue OoJiee Oe30IacHOM U TpeJicKa-
3yeMoi pabouel cpeslbl, 9TO CIIOCOOCTBYET TTOBBIIICHHIO
3(GEKTUBHOCTH MPOU3BOACTBA M CHIKECHUIO PUCKOB IS
3/I0POBbsl U KU3HU COTPYJHUKOB. BHeApeHue Takux cu-
CTEM CTAHOBHTCS HE MPOCTO PEKOMEH/IOBAHHBIM, HO He-
00XOJIMMBIM IIATOM JUIS TPEIIPHUSITHH, CTPEMSIIIUXCS K
CO3/IaHUI0 OE30MACHBIX YCIIOBHH TPYAa HPH BBICOKUX
TpeOOBaHHUSX COBPEMEHHO# IPOMBIIILICHHOCTH.
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