IHOPOPMAULUIVNHO-KEPYIOVYI

CMCTEMWU HA BANISBHMUNYHOMY TPAHCIMNOOPTI

PYXY OPUCTPOS Y BKA3aHOMY HaIPSMKY.

Pe3ynpTaTi eKCIIEpPUMEHTIB MOKa3yrOTh, M0 00X1JT 10
KOHTYpY IISiTHA Ta BHU3HAYCHHS TPAEKTOPIT pPyxy s
IPOTOTHIIIB MPSIMOKYTHUKA Ta MPSIMOKYTHOI'O TPUKYTHHKA
MOYKHa BB)KATH YCIIIIHUM, ajKe Koe(iliEHT BIIEBHEHOCTI
B MOMEHTHU PyXY (paKTHUHO PIBHUI OAMHHUIII.
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(color marks, landmarks and pointers) is necessary.

The implementation of the computer vision system on
the existing UAV requires additional hardware and
software. A useful load is a power source, a
microcomputer (Raspberry Pi) and a video camera in a
stabilized suspension that allows the camera to rotate
around three axes and allows to damp oscillation and
vibrations from the UAV. The microcomputer performs
such tasks as frame capture, geometric transformations,
color correction, comparison of the received images with
the existing database, the determination of the position, the
angular position, the speed of UAV and the distance to the
objects in the field of view of the video camera. The result
of these tasks is a set of commands that are transferred to
the automatic control system to correct the UAV trajectory,
as well as to the ground control center for signaling various
failures or notifying about the completed task.

Using the computer vision system greatly simplifies
the monitoring and patrolling of the railway tracks, allows
you to assess the overall state of the railway, promptly
respond to problems and dangers. As a result, the
probability of accidents and other unforeseen situations
decreases.

THE UNMANNED AERIAL VEHICLE WITH
THE COMPUTER VISION SYSTEM FOR
SOLVING PATROL'S PROBLEMS

Patrolling objects with UAVs today is not a new one.
Nevertheless, processing of the video image received from
on-board cameras is in most cases dealt with the operator,
who also controls the UAV. To carry out a fully automatic
flight and monitoring allow of the computer vision system.

Using GLONASS / GPS technology to control the
movement of the UAV is accompanied by a large number
of errors and directly depends on the quality of the signal
reception. In this case, when flying in railway tunnels,
underground structures, enclosed spaces, the use of
navigation systems loses its effectiveness. Often in such
situations, the quality of the signal from the video camera
is disrupted or it completely disappears.

Computer vision systems use various algorithms for
image processing and analysis. With their help, you can get
information about the movement of the UAV and its
angular position, make a selection of parts or objects on the
underlying surface, evaluate the parameters and classify
the detected objects. The disadvantages of this method are
changing illumination, the absence of image in cloud or
fog conditions, the impossibility of identifying parameters
during flight over a uniform surface. To supplement the
information from the video camera, processing of terrain
maps, satellite images and a database of visual navigation
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OITPEAEJIEHUSA ITOHATUSA
MAJIOAEATEJBbHBIE YYACTKHU

AHanu3 TEHACHIMN Ppa3BUTHS KEIC3HOJOPOKHOIO
TpaHcIopTa IIOKa3bIBaCT, 4TO CYILIECTBOBAHUE
MaJIOJEATENbHbIX YYaCTKOB Ha JKEIE3HBIX JOpOrax —
HEeMUHYyeMblii  mpouecc. [lpum  permenun  mpoOiem
MaJIOJEATENbHBIX YJacTKOB, IIPEXIE BCEro, akKTyaJleH
BOIIPOC ~ OMpPEAETIEeHUs]  IMOHATHA  MaJOAESTENbHBIX
YYacTKOB. CornacHo IIpaBUIIaM TEeXHUIECKOH
IKCIUIyaTaIllud  JKeJe3HbIX  Jopor  YKpauwHBl, K
MaJIOJEATENIbHBIM ~ yJacTKaM  OTHOCSATCS  YJacTKH C
00beMoM paboOTHI, HE TPEBHIMIAIONINM § Tap IOE3I0B B
cyTkd. TOT ke KpHUTepudl IeMCTBOBAI M B IIPaBUIAX
TEXHUYECKOH dKcIuryarauuu xene3nbix gopor CCCP. Oro
JlaeT MpeicTaBieHne 00 MHTEHCUBHOCTH JIBWKEHHS M HE
COAEPKUT  DKOHOMHUYECKOW  OLIGHKHM  BBITOJAHOCTH
SKCIUTyaTaIluy ydacTka. [laxe Npu YCIOBHH OIMHAKOBOH
WHTEHCUBHOCTH [BIDKEHHS Ha PAa3JIMYHBIX YydacTKax
SKOHOMIYECKash d(PPEKTUBHOCTD UX HCIIONB30BaHUS OyIeT
OMPEIENATLCSI COBOKYIMHOCTBIO TakWX (DaKTOpOB, Kak
COOTHOIIEHHE TPY30BOTO U TACCaXKUPCKOTO IBH)KEHUS,
Xapaxrep HEPEBO3MOTO rpysa, coCTaB
MH(PACTPyKTYpHBIX 3JIeMEHTOB # T. J. [lostomy
OOMIETIPUHATHIA M TPAJUIIMOHHO IPUMEHIEMBIA KPUTEPHIA
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MAaJIOJESATEeIbHOCTH Y4acTKOB JKEJIE3HBIX JI0por (BOCEMb U
MEHee Iap IO0e3/I0B B CYTKHM) HE TOJBKO HE JIaer
OOBEKTHBHOW IKOHOMHUYECKOM OLEHKH 3(]dexTuBHOCTH
UCIIOJIb30BaHUSl YYaCTKOB B KOHKPETHBIX YCJIOBHSIX, HO
JIWKE HE [03BOJISIET HNPUOJIM3UTENBHO  OINPEACIUTh
9KOHOMHYECKYIO LeJIECO00Pa3HOCTh €ro AKCILTyaTal|H.
Kpome 53TOro, TpyqHO YCTaHOBHTh, Ha OCHOBE KaKHX
KOHLETITYyaJIbHBIX TO/IXO/I0B, HAy4YHBIX HCCIEJOBaHMH,
METO/IMUECKHUX Pa3paboTOK OOOCHOBAaH BhINICYKa3aHHBIH
KPUTEPHH, MPHU KaKUX SKOHOMHYECKHX M MOIUTHYECKUX
YCIOBUSIX OH ompefersiics (YpoBeHb IeH U Tapu(doB U HX
JIMHAaMHKa BO BPEMEHH, COOTHOLIEHHE BHJIOB IEPEBO3OK,
KOHLEHTpalss W CIeNHaln3aiys  MPOW3BOJICTBA,
reorpauuecKrue 0COOCHHOCTH).

JlefCTBUTENIbHO, HBIHEIIHUM KPUTEpUIl HE YUUTBIBAET
KOJIMYECTBEHHBIC u Ka4eCTBEHHBIC paznuauns
(YHKIMOHMPOBAHUA YYaCTKOB, HE JaeT IPeICTaBIeHUs 00
UX JI0XOJaxX M IKCIUTyaTallMOHHBIX pacxonax, KoTopsle, 6e3

BbIlIeyKa3aHHbIX (akropoB. CornacHo aelCTBYOLIEMY
Kkputeputo, 61% oOmel IJIMHBI CETH JKEJIE3HBIX JOpOr
VYxpaunbr (13,61 ThIC. KM) CclieAyeT OTHECTH K
MaJIOJACATCIIbHBIM, TakK Kak OHHU UMCHOT pa3sMeEpbl
JIBIDKEHUS TPY30BBIX MOE370B 3—5 map B cyTku. Mcxoas u3
3TOTrO, TOJIBKO 39% Y4aCTKOB obOecneunBaeT
NpUOBLILHOCTH IKCIUTyaTalul JKEJIE3HOJIOPOKHOTO
TpaHcnopTa. Takol MOIXOA BHI3BIBAET COMHEHHE, MO0 He
COJIEPIKHUT SKOHOMHYECKOTO 000CHOBaHHSA
(dyHKIFOHUPOBaHUST 2/3  KENE3HOIOPOKHBIX Y4aCTKOB
Ykpaunsl.

Taxkum  oOpasowm,
HOBBIH

HeOﬁXOHI/IMO, HpeKAC  BCCTO,
YCTAHOBUTDH KOHHCHTyaJ’ILHLIﬁ oJaX01 K
OHpeCJCIICHUTIO CTCIICHU MaJIoACATCIbHOCTU
JKCJIIC3HOAOPOKHBIX YHaCTKOB. Hpe[lCTaBJ'I}IeT Ci, 4TO Oosee
y6CIII/IT€JII>HO BBITJIAAAT KPUTCPUUN, KOTOPBIC TPUMCHSATOTCS
U1 OMNPEACIICHUST MaJOACATCIbHOCTH Ha SaPYGe)KHLIX
JKCIIC3HBIX AOpOorax:

COMHEHHUsS, OyoyT OTIM4YaTbcsi B  3aBUCUMOCTH  OT

CIIIA VYyacTku ¢ ManbiMu pazmepamu | ['ocymapcTBeHHbBIE IpOrpaMMBbl peOpraHu3aliy [IEPEBO30K; clada
IBIDKEHHS M HU3KOU Y4YaCTKOB B apeH/y, IpoJaka TPEThHM JIMLIAM, H3MEHEHUE (hOPMBI
PEHTA0CIBHOCTBIO TI0 COOCTBEHHOCTH; B OTHCIBHBIX CIYJasx — 3aKPBITHE
OTHOLICHHIO K IPYrHM
y4acTKaM

I'epmanus | HepentabenbHble ydacTky, Hcnonp30BaHKe CHENHAIBHOTO TIOABIKHOT'O COCTaBa, YIPOLICHHE
YYaCTKH U LeJble HallpaBlIeHUs | MUCHETYSPCKOi NeHTpaIu3auy, Au(hpepeHInpOBaHHbIA TOIXO0T K
C Y3KHMH MECTaMH IO (OpMHUPOBAHNIO TapU(OB, B OTACIHHBIX CIydasX — 3aKPhITHE yJacTKa
IPONYCKHOH cIOCOOHOCTH W MepeX0J1 Ha APYroi BUJ TPAHCIOPTA

HlBermss | YOBITOUHBIC IMHUY ¢ MATBIME | [IpEMEHEHHE ClICHUaIbHOTO MOABMKHOTO COCTABA;
o0beMaMHu JABIKECHUS — mddhepeHnnpoBaHHbIN 101X01 K (hopMupoBaHuio TaprdoB;
«YOBITOYHASI CEThY» PEKOHCTPYKIIMS B aBTOMOOWITbHBIC TOPOTH; YITYUYIICHUE KauecTBa MyTH

Y SNICKTPUPHKAIINS YIACTKOB
Takuv ~ obpasom, B HacTosmlee  BpeMs  Ha Ilaska €. B. (Hayionanvruil aepokocmidnuil

JKEJIE3HOOPOKHOM TPaHCIOpTe YKpaWHBI HE CYIIECTBYET
00OCHOBaHHOTO KpPUTEpUSl OLCHKH MaJoAesTEeIbHOCTH
YYaCTKOB. Kputepuem MaJIOACATCIIBHOCTH
JKEJIe3HOOPOXKHBIX YUACTKOB CJIEIyeT CUMTATh YCIOBHSA
paBeHCTBa pE3YABTATOB OT HCHOIH3OBAHUSI ydacTKa M
pacxoqoB Ha €ro coiepKaHWe M HKCIUTyaTalfio. JTOT
KpUTepuil  OTBEYaeT  YCIOBHUSAM  paBHOBeCHS  IUIA
MPONOIKCHUS WM TPEKpaIleHus SKCIUTyaTallul y9acTKa
JKEJEe3HOU JOpOry.
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AJITOPUTM PACIIO3HABAHHSI CBETOBOM
CUTHAJIN3AIIUMA )KEJE3HOJIOPOXKHON
NHOPACTPYKTYPHI B PEAJIBHOM
MACHITABE BPEMEHUA

Bozpacranue CIIOYKHOCTH OpTaHU3aIII
JKEIIe3HOOPOKHON MHAPACTPYKTYPHI BEI3BAJIO TIOSBIICHUE
3amad, TPeOYIOIUX MPIMEHEHHS TEXHIYECKOro 3PSHUS Ha
K1 tpancriopTe. OQHONW W3 aKTyalbHBIX 3a1a4 SIBIISIETCS
3a7a4ya  OOHAPY)XEHUS W  PACIIO3HABAHUS  CBETOBOIA
CHUTHAJIN3AINH JKEJIC3HOMOPOKHON HHYPACTPYKTYPHI.

JIns pemeHus TOCTaBISHHOM 3aJaydl TpeAjiaraeTcst
cienyrommii  anroput™M  neiictBuil.  [lepBoHayaibHO
HEOOXOMMUMO BBINTOJIHUTh WHHUIMATHM3AIMI0 KaMephl FITH
MOJKITIOUECHHEe BHIeo (aiima, a TakkKe YCTaHOBHTH
HayaJbHBlE 3HAYEHUS W OOHYJIHUTH IiepeMeHHble. Jlamee
CIIeZyeT TPOW3BECTH 3axXBaT KaJpa W3 BHICOMOTOKA H
MOJAOTOBUTh €r0 K IBETOBOW OWHApH3allUH, IJIsl 3TOro
HEOOXOIMMO TPOBECTH PsiI MPeoOpa3oBaHUM, TAKUX Kak:
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