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Pospobaeno npoepamne 3abesneuenns 6 cepedosuwyi Matlab ons 06pobru homozpaii 3 memoro eussieHH s
Jazeprol npoexyii meipHOi CMIHKU 6EPMUKAILHO20 CMALe6020 YUTNIHOpuyHo2o peszepsyapa. Hasedeno ancopumm
ma 201108He GIKHO NPOSPAMU BUHAYEHHS KOOpOuHam 3a gomoepadhicio. [lemanvho onucano memoouxky oopooxu
omozpahii’ 3 Memoo asmomMamuyHo20 GUAGIECHHS NPOeKYil MEIPHOL Y Ueisdi 0808UMIPHO20 DIHAPHO20 MACUBY
oanux, aAxull Ha gpomozpadii 8idobpaxceno 6inoio0 aiHiew (MEIpHOI) Ha Yopromy mui. Poszensnymo npunyunu po-
6omu po3pobienoeo npoepamHo2o 3abe3neueHts, Ojisl 4020 HABEOEeHO NPOMINICHI pe3yibmamu 00pobku omozpadii,
Maki sik 0exopensyiiine pO3MACHEeH s, po30Umms 3a OCHOBHUMU KOJIbOpamu ma OiHapu3ayis 300pasicents 3a nee-
HUM pisHem. Brazano mooicnusocmi 0o0amko6oi 06poOKu 300padicens, K MONCYMb Oymu 3aCMOCO8AHi 8 Maudym-
HIX 600CKOHANEHUX 6EPCISX NPOSPAMUL.

Kitro4oBi clioBa: BEepTHKAJIBHUM CTAJICBUH IWIIHIAPUIHHNA pe3epByap, dortorpadis, OiHapuzaris, o0podka 30-
OpaskeHHs, TEKOPEIALiiHE PO3TATHEHHS.

Paspabomano npoecpammmnoe obecneuenue 6 cpede Matlab onst obpabomku pomoepaghuu ¢ yenvio GvlsAsIeHUA
JIA3EPHOU NpoeKyuu 00pazyioweli CMeHKU GePMUKAIbHO20 CIMAIbHO20 YUTUHOpUHecKo2o pesepgyapa. I[lpuseden
aneopumm u 2iaeHoe OKHO NPOSPAMMbL onpedesieHusi Koopounam no gomoepaguu. Il1oopodbro onucana memoouxa
obpabomku gomozpaghuu ¢ yenvio aMOMamuLecKko20 0OHaPYliceHUst NPoeKyuu oopasyouell 8 uoe 08yMepHO2o
buHapHo20 maccusa OaHHbIX, KOMOPbIL Ha Gomoepaghuu omodpadxceno benou aunuell (0bpasyioweli) Ha YepHoM
¢one. Paccmompenvt npunyunvl pabomul paspabomaHHo20 NPOSPAMMHO20 00ecneueHus, 0Nl 4e20 NpUeeoeHbl
nPOMENCYMOUHble pe3yibmamsl 00pabomku omozpaduu, makue Kaxk 0eKOPPeIAYUOHHOe pacmsiceHue, paszoue-
HUe O OCHOGHBIM YGemam U GUHAPU3AYUSL US0OPAdICEHUs. N0 ONPEOENeHHOMY YPOGHIO. YKA3AHO 603MONCHOCHIU OO~
NOJHUMENbHOU 06PabOmMKU U300PAdNCEeHUT, KOMOpble MO2Yym Oblb NPUMEHEHbL 8 OY0YUUX YCOBEPUICHCTNBOBAHHBIX
8EPCUSX NPOSPAMMBDL.

KitroueBrie ci10Ba: BEPTUKAJIBHBIN CTANIBHON HUIHHIPUYECKUH pe3epByap, (ororpadus, Ounapusaims, oopa-
00TKa H300paXKeHHUs1, TEKOPPEIAIUOHHOE PACTIKECHHE.

The software for photographs handling to detect laser projection of wall generatrix of vertical cylindrical steel
tank is developed using Matlab environment. The algorithm and the main window of program for coordinate
determination using photography is given. Detaily described the photo processing method for the generatrix
projection automatic detection in the form of a two-dimensional array of binary data that appears in a photo with a
white line (traces) on black background. The developed software operation principles are shown, wherefore the
intermediate results of processing photos are given, like dekorelation stretching, breakdown by main colors and
image binarization using determined level. The additional image processing capabilities that can be applied in
future improved versions are specified.

Keywords: vertical cylindrical steel tank, photography, binarization, image processing, decorelation stretching.

OnHUM 3 OCHOBHHUX MapaMerpiB Jjisi KOHTpo- pa [1]. B 3B’s3Ky 3 THM, 110 iCHYIOY1 EKCIIEpHMEH-
JI0 TEXHIYHOTO CTaHy BEpPTUKaJbHHX CTalleBHX TaibHI MeToau Bu3HadeHHs HJIC BumMararots mpsi-
muninapuaanx pesepByapis (PBC) € iHdopmaiis  MOro KOHTakTy 3 MOBEPXHEIO pe3epByapa, BOJOIi-
npo ix HampyxeHo-nepopmoBanuii ctan (HJIC), 10Th HHU3BKOIO ONEPATHBHICTIO Ta € CKIAAHHMHU B
30KpeMa PO3MOJiT HANPYXKEHb B CTIHII pe3epBya-  3aCTOCYBaHHI IUIsl TAaKUX BEIMKOraOapUTHHX 00'-
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Pucynok 1 — I'onoBHe BikHO nporpamu Ajs 00po0ku ¢gotorpadiii

exTiB, skumu € PBC [2, 3, 4, 5], a st BUKOpHC-
TaHHS ICHYIOYMX MaTeMaTHYHMX METOMIB HE00-
XimHa iH(opMaIlist Mpo BCi CHITN Ta HABAHTAXKEHHS,
SK1 IIFOTh Ha pe3epByap, 110 B OUTBIIOCTI BUTIA/IKIB
€ MO>KJIMBUM JIMIIE 3 BETUKAM HAOIMKEHHAM [0, 7,
8], aBTOpOM PO3pPO0JICHO METOA Ta CUCTEMY KOHT-
pomro 3miam HAC marepiany crinku PBC 3a xoop-
JMHATaMKU TO4YOK roBepxHi cTinku PBC B nBa mMo-
MEHTH 4acy 0e3 BpaxyBaHHS CHJI Ta HaBaHTa)KEHb,
SIK1 Iit0Th Ha pe3epByap [9].

BxigHuMu gaHuMU TS pO3pOOJICHOI CHCTEMHU
€ KOOpJMHATH TOYOK moBepxHi cTinku PBC B aBa
MOMeHTH Yacy. L[i maHi MOKHa OTpHMAaTH B pe-
3ynpTari kamiopysanHs PBC reomerpuunum Me-
tomom 3rigHo JICTY 4147-2003 [10], npote s
nporenypa € JOCHTh TPYJIOMICTKOIO Ta BHUMAarae
3a0e3MeUeHHsT TOCTYIY 10 CJIEMEHTIB KOHTPOJIIO,
IO € HE 3aBXKIM MOXJIMBHUM IIOBHOIO MIpOIO NpH
JUarHOCTyBaHHI 0e3 BUBEICHHS pe3epByapa 3 eKc-
miyarauii.  ICHyro4l JasepHi CKaHyl04i CHCTEMH
[11, 12] € mpocTuMHu B ekcrutyatallii, mpoTe iX Bap-
TICTh € BUCOKOIO, IO MEPEHIKOKAE X ITUPOKOMY
3aCTOCYBaHHIO B YKpaiHi. {15 3MeHIIeHHs TPYI0-
MICTKOCTiI BU3HAUYCHHS KOOPJIUHAT TOUOK MOBEPXHIi
crinku PBC aBTopoM po3po0iieHO MeToJ Ta CHUC-
TeMy O€3KOHTaKTHOrO BUMipioBaHHS [13], miHa
K01 OyJie MPUIHHATHOIO JIJIsl YKPAiHCHKOI IPOMHC-
noBocti. Po3pobrnena cucrema BKIOUaE B cebe
PO3pO0JICHHI KYyTOBUH IMO3UIIIOHED, IO MPOCKTYE
BEPTUKAJIbHY PO3TOPTKY JIA3€PHOTO IPOMEHS IIij
3aJlaHMM KyTOM Ta OMOPHY TOYKY J1a3epOM iHIIOrO
KOJbOPY Ha 3aJaHiil BUCOTI, 10 SKOi BUMIPIOETHCS
BiJICTaHB 32 JIOITOMOT'0IO JIA3ePHOTO JalleKoMipa, Ta
¢doroanapata Ui oTpuMaHHs GoTtorpadii miacsi-

YeHOT JIa3epHOI0 PO3TOPTKOIO TBIPHOT CTIHKH pe3e-
pByapa. Mis aBTromaTm3aiii mporiecy 00poOKu
otpuMaHux Qotorpadii MO>kHa BUKOPHCTOBYBATH
iCHyIo4e mporpaMHe 3a0e3ledeHHs, HapHKIaa
Adobe Photoshop, Picasa, PhotoFiltre [14, 15, 16]
Ta iHIN, a KOOPIWHATA TOYOK TOBEPXHI CTIHKH
obuucmoBaTH 3a HaBeneHUMH B [13] dopmynamu
3a JIOTIOMOT'OI0 MaTEMAaTUYHHUX MPOTPaM, TaKUX SIK
MathCAD [17]. IIpote i mporpamMu He BpaxoBy-
I0Th BCIX OCOOJIMBOCTEN PO3POOJIEHOI CHCTEMH Ta
MOXYTb OyTH BMKOPHCTAHI JIMUIE JUIi OKPEMHUX
YacTUH 3ajadyi, 110 3HAYHO YCKJIAJIHIOE pPOOOTY,
TOMY aBTOPOM OYJ10 pO3po0JIcHE CleliaabHe MPo-
rpaMHe 3a0e3rnieueHHs B cepenopuini Matlab [18],
JUTS 9oro cTBopeHo m-gaiin Koordynaty. m.

Jnst 3ammycky mporpaMu B KOMaHJHOMY PSIKY
Matlab BBomuThcs Koordynaty, micas doro
3’SIBUThCS BIKHO MPOTpaMU Uil BU3HAUCHHS KOOP-
JuHAaT 3a (ororpadiero NPpOeKIii po3ropTKu Jase-
PHOTO MPOMEHS Ha CTIHKY peseppyapa (pHc D).

CHOanKy Ha naxeni “Bxinni z[aH1 > (puc. 2) B
noni “/laHi PO TOYKH BHMIPIOBaHHS BHOUPAETH-
cst (aiin, B IKOMY 3HAXOAATHCS JIaHi PO KOOPIH-
HATH BCiX TIOJIOKEHb OIMOPH 1 iX KUIbKICTh. Takox
B [IbOMY (aiilli 3HAXOATHCS BHYTPIIIHI ITapamer-
pu QoToamapara, BU3HaUYEHI 32 pe3yIbTaTaMH HOro
kamiOpyBanns [19, 20]: ¢okycHa BiacTaHb, KyT
HAXWITy MIKCENiB, MPUHIUIIOBA TOYKA Ta Koedilrie-
HTU auctopcii. ITiciis nboro cTaHe TOCTYIHUM s
BBOZLy Tose “Tlamka 3 ¢dororpadissmMu” 115 TANKH,
B sIKil MicTATbes pororpadii. Haseu daiinis 3 (bo-
Torpadismu nosunni Matu popmar N_DD_FF.jpg,
ne N — HoMep omopH, 3 siKoi mpoBomuiiocs (orto-
rpadyBanns, DD — BigctaHb B MeTpax J0 ONOpPH,

To0 )
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FF — kyT B rpagycax, Ha sIKHI TOBEPHETHCS Jlazep
BiJl HOPMalli CTIHKM pe3epByapa (KyT 3MiHIOETHCA
Bix 0 mo 90°). Jlani BBoguThCS Maciutad ¢ororpa-
}ii [21], sxuii BU3HAYAETHCA 32 PO3MIPOM MATPHILi
Ta POSJUIPHOIO 3/IATHICTIO (oTOAmapara, siki BXO-
JIATH y HOTO TEXHIYHi XapaKTEPUCTHKH, KUTbKiCTh
TOYOK BHMIPIOBAHHSI 110 BHCOTI pe3epByapa Ta BH-
COTY, Ha SIKi 3HAXOAUTHCS OMOPHA TOUYKA, JIO SAKOi
MPOBOAATHCS BUMIPIOBAHHS BiICTaHI Ta KyTa.
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Pucynok 2 — Ilanesas BBOAY JaHUX

Takox Ha I[iff MaHeN € CIHMCOK ycix 300pa-
JKEeHb, B IKOMY MOXXHa BHOpatu (otorpadito mis
MOKpalleHHs 11 00poOKU B pyYHOMY pexumi. Buo-
pana ¢otorpadist i pe3yabraTé ii 00poOKH BHBO-
ISThCs Ha maHenb “O0polka 300pakens” (puc. 3),

— OBpobka sofpakeHe

Jle MOYKHa 3MIHUTH mapaMerpu oopoOku. [Ipu Bu-
6opi ¢ororpadii Ha naneni “O6podka 300pakeHp”
3’sIBUThCS BUOpana dororpadis (puc. 4), IpoMixHi
pe3yabTaTH I 00pPOOKH Ta OocTaTOYHE OiHApHE 30-
OpakeHHSI.

Pucynoxk 4 — Yacruna gororpadii
JazepHoi miacBiTKN npoekuii TBipHoOI

3 METOI BHUSBJICHHS IPOCKIiI CKaHYHOUOTI Jia-
3epHOI JIiHIT Ha TBIpHY CTIHKM pe3epByapa, sKa
MOXe OyTH BUKOpHCTaHA JUIsl MOJAIBIIOT0 004KC-
JICHHSI KOOpJJMHAT TBIPHOI aBTOMATUYHO, HEOOXiI-
HO MPOBECTH IIOMEPEIHI0 0OpPOOKY 300paskeHHS,
pE3YNbTaTH SKOT HaBEIEHO HUKYE.

Jnis BusiBJIeHHS TBipHOT Ha (oTorpadii Ta aB-
TOMAaTUYHOT'O BU3HAYCHHSI KOOPJIUHAT TOYOK TBIp-
HOI BiIHOCHO OIMOpHOI Touku (oTorpadii 0Opos-
JISIIOTHCS 32 JIOTIOMOT'OI0 JIGKOPEISIIHHOTO PO3TAIT-
HeHHs (puc. 5) MpU BCTAHOBJICHHI MIO3HAYKU B BiK-
Hi “Jlexopensiis”, sike MOKpallye CIiBBIAHOIICHHS
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Pucynok 3 — ITanesab 00po0ku 300pakeHb
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KOITbOPIB Ha 300paKeHHI 3 ypaxyBaHHSIM KOpels-
HiliHux 3anexxHocteld. [Ipu mepeTBopeHHi 3HaUCHD
BHXIJIHMX KOJIBOPIiB 300pakKeHHs Jiana3oH BiJo-
OpakeHHsI, B OUTBIIOCTI BUMAJKIB, 30UTBIIYETHCS.
[HTEHCHBHOCTI KOJILOPIB KOKHOTO TIKCENs mepe-
TBOPIOIOTBCS y BIIACHHM KOJIPHUHA NpPOCTIp 3 KOpe-
JSIUIAHOK0 MATPHLEIO, PO3TATYIOTBCS, BUPIBHIO-
I0ThCSI 1 TpaHCPOPMYIOThCS Hazan [22].

-
, e, o

Pucynok 5 — Pesyabtar 06pooku ¢otorpadii
32 JOTIOMOTI 00 AeKOpP eIl

Sx BUAHO 3 pHC. 5, CKaHyIOUy JIHIIO YiTKO
BUIHO Ha ¢otorpadii. [Ipore 11Oro HeMOCTATHHO
JUIS aBTOMATHYHOI'O OOYHMCIIEHHS ii KOOpAMHAT.
Tomy micnsg 1poro ¢ororpadis po30OMBaETbCs 3a
TppOMa OCHOBHHUMH Koihopamu (puc. 6) (depBo-
HUH, 3eJICHUI Ta CUHI), 1 BUIHO, IO MO0 YEPBO-
HOMY Ta CHHBOMY KOIIbOpaX CKaHyIO4y JIiHIIO MO-
JKHA YITKO BHSBHTH, NPOTE Ha ororpadii € Han-
JIMIIKOBI €IEMEHTH, sKi YHEMOXIIHMBIIOKTb aBTo-
MaTHYHE BU3HAYCHHS KOOPIMHAT TPOEKIIil.

Hani npoBoauThCsl OiHApH3aIllis M0 KOXKHOMY
Konmpopy (puc. 7), sika ToisArae y TepeTBOpEHHI
Horo TmikceniB B MacuB OiHApHUX EIIEMEHTIB: B
«l», SKIIO IHTEHCHBHICTh KOJBOPY IEPEBUILYE
3ajaHe 3HaveHHsI, 1 B «0» B TPOTUIIGKHOMY BHIIA-
Ky [23]. s KOXKHOTO KOJbOPY MOYKHA BHU3HAYH-
TH pIBeHb OiHapH3allii, /U1 4Oro 3a JOMOMOTOI0
1moJisi OIryHKa BBOAMTHCSA 3HAYCHHS IHTEHCHBHOCTI
KOITbOPY, SIKa CIYKUTh TPAHUIICIO TIPU OiHApHU3AILii.

Pesynbratn GiHapu3alii o Konbopax MoXHa
IHBEpPTYBaTH, Bliqa}qu BinmoBigHe none. [Ticius
HATHCKaHHS KHONKW “‘3acTocyBaTH’’ pe3yJbTaTH
OiHapH3allil 10 TPHOX KOJIBOPaX MEePEeMHOKATHCS, a
ofepkaHe OiHapHe 300pakeHHS BHBEICTHCS Ha
expan (puc. 8).

Pesynbratom 00poOKH 300paxkeHHS € OiHap-
HUW MacHB, Ji¢ OAMHULSAMHU (OLTHIA KOJIIp HA PUCY-
HKY) TIO3Ha4YeHa MPOEKIIis JIa3epHOT0 MPOMEHS Ha
TBIpHY pe3epByapa (puc. 8). Pobora 3 Takum Ma-
CHBOM MPOBOAMTBLCS IIPOIPAMOI0  aBTOMATHYHO,
0e3 y4acti oneparopa. s o6unciens KoopauHar
OepyTbcsl cepellHi 3HAYCHHs BiAMOBITHOTO PsJIKa.
Sxwo B pesynprati 06pobku (ororpadii He Baa-
JIOCSI BUSIBHTH TBIPHY SIK CYL[UIBHY JIIHIIO, OLUIb-
HO CKOPHCTATHCS IHTEPIONSAIIHHUMHU Tpolenypa-
MU [24] 3 MeTOI0 OOYHUCIIEHHS KOOPJMHAT TOYOK,
BUSIBUTH sIKi Ha pororpadii He BAamocs.

B)
Konbopu: a) uepBoHuii, 0) 3ejeHu, B) CHHIN

Pucynoxk 6 — Po3outrst pparmenty pororpadii
32 KOJbOpaMu

Takoxx B mporpami nependadeHo MOKIMBICTD
PYYHOTO peryaroBaHHs TOYHOCTI BUSBIICHHS Jiase-
pHOI mpoekIii TBipHOi Ha (ororpadii IUITXOM BHU-
0opy MeToniB 00poOKH 300paskeHHS, SIKi OymyTh
3aCTOCOBaHI, OPSJKY 3aCTOCYBaHHS Ta IX mapame-
TpiB . Ilicas Hatuckanus kHonku “IlepepaxyBatn”
KOOpAMHATH 1O BUOpaHii Qotorpadii mepepaxo-
BYIOThCSI 3 HOBMH HAJIAIITYBAHHSIMH.

Takox nnst nopaTkoBoi 06podku dororpadii 3
METOK BHUSBJIEHHS TBipDHOI MOXHA BUKOPHCTOBY-
BaTu pi3Hi GinbTpH, siki € B cepenosuii Matlab,
30kpeMa ¢unbTp BiHHepa, ycepenHeHwmi q)mpr,
¢ineTp Cobens, [ayciBebkuit GinbTp Ta 1H. [25, 26].
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B)

a) iHBepTOBaHa OiHAPHU3AIliS 3 TOPOTOM
IHTEHCUBHOCTI YepBOHOI0 KoJibopy 0.3,
0) OGiHapu3allis 3 TOPOroM IHTEHCHBHOCTI
3eneHoro kombopy 0.99,

B) iHBepTOBaHa OiHApU3aIlis 3 TOPOTOM
IHTEHCUBHOCTI CHHBOT'O KONbopy 0.3

Pucynoxk 7 — binapusauis 3a koJibopamu

Cuin 3BepHyTH yBary, mo o0podKy ¢ororpa-
¢biil cIrijf MPOBOXMTH OKPEMO JUIsl pO3ITi3HABAHHS Ha
Hill TBIPHOI Ta OMOPHOI TOYKH, /U1 YOr0 BCTAHOB-
JICH] TIepeMuKayi “BH;{BneHH;[ . Hns 3MeHeHHs
J0JaTKOBOI 00poOKu (hoTtorpadii MoKHA 32 KOOp-
JMHATAMH OTMOPHOI TOYKH BHUJIUTUTH 30HY, B SKIH
Oe3rocepeIHhO 3HAXOAUThCA IMiJCBiUeHa TBIpHA, 1
MPOBOAMUTH OOPOOKY JIHIIIE Ii€T TIISTHKH.

Pucynok 8 — Pe3yibTatr nepeMHOKYBaHHSA
Oinapu3anii 3a KoJIbOpaMu

3a pesynpTatamMu 00poOku (ororpadiit micus
HATHCKaHHS Ha KHOMKY “OO0YHMCINTH 32 alropHT-
MOM, HaBeICHUM Ha pHC. 9, 00UHCITIOIOTHCS KOOp-
JMHATA TOYOK MOBEPXHI CTIHKH pe3epByapa 3riHO
3 po3pobisieHor0 Meroaukor [13]. Ilicns oOpoOku
BCix (ororpadiii pe3yapbTaTH 00YHCICHb KOOPIH-
HAT MOKHA 3amucaTtd B (aiis, Ha3Ba SKOrO BKa3y-
eTbes B moni “KoopanHaT OBEpXHi CTIHKA .

Takum umHOM, pO3poOJIEHE MporpamHe 3a-
OesmeveHHs JI03BOJSE ABTOMATHU3YBATH MPOIEC
OOYUCIIEHHS KOOPAWHAT TOYOK TOBEPXHI CTIHKH
PBC 3a onepxaHnME 32 JIOMOMOTOK0 PO3PpOOICHO]
cucremu (pororpadiAMu NPOEKUIH Na3epHUX JiHiH
Ha TBIpHI CTIHKH pe3epByapa. BoHo € mpoctuMm B
3aCTOCYBaHHi 1 JIO3BOJIAE OnepKyBaTH (aiom 3
KOOpJAMHATaMH TOYOK MoBepxHI cTiHku PBC, ski
MOXKYTh OyTH BUKOPHCTaHI B CHCTEMI OLIIHKH 3Mi-
uu HJIC matepiany crinku PBC 3a meromukoro,
po3pobieHo0 B [9], 0e3 momaTkoBOi OOpPOOKH.
OnepxaHi pe3yabTaTd MOXHa BHKOPHCTOBYBATH
TaKOXK ISt KaniOpyBaHHs pesepByapa. B monais-
HIMX JTOCHIPKEHHSIX MOKHA TTIBUIITYBAaTH TOYHICTD
00poOkHu (oTorpadiii MUIIXOM 3aCTOCYBaHHS Pi3-
HOT'O pojy (piTBTPIB 3 METOO TOYHINIOTO BHUIIICH-
Hs Ha ¢ororpadisx TazepHOi MpoeKIii TBipHOT
ctinku PBC.
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