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3ACTOCYBAHHSA HITYYHUX HEUPOHHUX MEPEX JIJISI KJTACU®IKAIII
JIJIAHOK ITOBEPXHI 3 IEBHUM PEJIB€ED®OM

MeTta pocitimkeHb. [ 0JOBHOIO METOIO JOCITI/DKEHb € aHasli3 pesibedy pi3HUX [IOBEPXOHb, 4 CaMe: BU/LIEHHS Ha
3aralTbHIA MOBepXHI OKpeMUX AUTSTHOK MeBHOI (hopMH, HATIPHKIIAJ, CXIIIB, [0 OPI€HTOBaHI y 3aJaHOMY HATIPSIMVKY.
Merta po0oTH — BUKOpPHUCTAHHSA WMTYy4HHUX HelpoHHux Mepex (IIHM) nmms po3s’s3ky 3amadi kracudikariii, ska
[oJsATae y CTBOPEHHI OIHAPHOTO KiachdpikaTopa Ta AOCTIUKEHHS TOYHOCTI Horo poboTu. MeToauka. J1ociiuKeHHs
BUKOHYBAJIMCh Ha JUTAHIN 3eMHoi moBepxHi. st Hei Oyma cTBOpeHa Imd)poBa MOMENb, sKa IojaHa rpiadgaiion,
TOOTO BHCOTAMH y MEPEXPECTAX PETYNAPHOI CITKU KBanpatiB, abo Matpureto 21x17 BucoT y nepexpectsx. 3 miei
MaTpuIli OyIu cTBopeHi oOpasn, TOOTO BiKHAa OKpeMHUX AUTTHOK MOBepXHi poaMipoM 3x3 mepexpects. Koxken obpas
[10/1aBABCS SIK BEKTOP O3HAK, SKUMU OyJIM HAXUJIM 3 NEHTPaIbHOT TOYKM BIKHA HA IHUIMX BOCBMM KpaiiHiX TOUYKax.
OTxe, penbed B3gTOl MMOBepxHi OyB Tomanmii 77-mMa obpazamMi. HacTymHUM KpokoM OyJio CTBOpeHHsS OiHApPHOTO
kmacudikaropa. BiH niymTh 06’ €KTH (TUTSIHKHA TOBEPXHI) 3 HAXHIOM i3 3aXO0Mly Ha CXiJl B OJHY TPYITy, a YCI iHIIM — B
apyry. s 1bOro BUKOPHCTOBYBABCs MOJysb ONMpPAaIllOBAHHS JaHHX HA OCHOBI aJTOPHTMIB IITYy4HHX HEHPOHHHX
Mepexx y makeTi mnpukmanaux rnporpaMm  MATIIAB. Byna crBopena IITHM, mpoBeneHo i1 HaBYaHHsS, BUKOHAHO
MOJICITIOBaHHS Ta TECTyBaHHs, OynmM BHOpaHI BXiNHI, CKpWTI Ta BHUXimHI HelipoHHi mapu. Ha ocHosi IIHM 6yB
BUKOHAHMK mpouec knacudikarii. Bxiani maui Oynu npeacrtasieHi MaTpuneto obpasis poszmipom 8x77. Marpuius
3arjank (target) 6yma posmipaicTio 2x77. Ti enemenTn mManu 3nauennHs 0 aGo 1, 3aM€KHO Bifl TOTO, 710 SKOTO Kiacy
HaJIeKUTH 1T AUTsiHKa. Tpers MaTtpuns (test) mama posmipHicTs 8x8. Kmacudikamis Ta i1 olliHKa  TOYHOCTI
BUKOHYBaJIUChH JBOMAa CIOCOOaMK 3 BUKOPUCTAHHAM rpadidsoro pemakrtopa nntool i nprtool. PesynbsTaTn. Poborta
CTBOpPEHOTO KiachdikaTopa MepeBipsutach 3a JOTIOMOTOI TeCTOBHX 06paziB. Y J0CTi/KeHHSX TecT ByB MaTpHIeto,
IO CKJIaJaiach 3 BOCKMH CTOBMINIB. J[Ba CTOBMIII 1i€i MaTpuin Oyiw oOpa3aMu CXHITIB, OPIEHTOBAHUX 13 3aXOIy Ha
CXij, OnKH — OTM3BKHIA 10 HUX, a perra — o0pa3amMu NOBEPXOHE A0BLTEHOT hopmu. Orrinka podoTu Kiacudikatopa
BHUKOHYBaJIach 3a JIOIIOMOTOK MaTpuIll HeToyHOcTel (confusion matrix). YV HamloMy BHIIAZIKy 3arajibHa KiUTBKICTB
TIpaBIIIBHO KiTacH(iKOBAaHWX 3pa3kiB cTaHoBmia Ommspko 99 %. HaykoBa HoBH3HA I mpakTH4HA WiHHICTB.
[IpoBeneHi eKCIEPUMEHTANBHI JOCTIKEHHS 3 BUAUTEHHS JUTSHOK IOBEPXHI 31 CXWJIAMU MTEBHOIT Opi€HTAIlil Ta aHATI3
pe3yIBTaTIB  Jal0Th 3MOTYy BHKOPHCTOBYBATH 1X IIiJI Yac JIOCHTI/DKEHHB pernbedy 3eMHOI NOBepXHI Ta MOBEPXOHE
iHIMKAX 00’€KTiB, HANPHUKIAMA, il Yac BABYUECHHS Mikpopenbedy MeXaHIYHUX AeTaieli, pisHOMaHITHHUX Oi0NOTIHHHX
00’exTiR permkedy 3eMHOT TTOREPXHI, KM 3HAYHOIO MIpOK RWU3HAYUAE POJIOYICTR CUThCRKOTOCTIONAPCHKHUX YT,
BILTMBAE HA €KOJIOriYHO He(e3meuHi sBuIa, a caMe: MOBEHI, Celli, 3CyBM Ta CHIrosi jaBuuu. Orxke, po3poOka Ta
BJIOCKOHAJIEHHS 00’ €KTUBHHUX METO/IB KiTacH(ikaIlii IUTAHOK OBEPXHI € aKTyaJTbHAM 3aBJIaHHAM.

Kniouoei crnoea: knacudixaisi, penbed), Opi€HTallis, TOUHICTS Kiachdikalii, ITyYHI HEHPOHHI MEpExKi.

Beryn Bi JaBuHHM. PaxiBlll BBaXKarOTh, IO JXOJAHA 3

BJIACTHUBOCTEH 3e€MIIl He BIUIMBaC TaK CHILHO Ha ii

Ilocmanoexa npobremu. AHamiz

penbedy
pi3HHX TOBEpXOHb, 30KpeMa i 3eMHOi mopepxmi, CVIPCBKOIOCHONAPCHKI Ta IHIIL XapakKTEPUCTHKIL 3K

LiKaBUil HayKOBLSIM DIi3HMX ramysell HayKd i penbed. OcoOmuBicTIO MIKPOKITIMATy HOMIB € pi3Ha

TexHiki. MOXKHA 3rafaTH BHBYEHHS Mikpopenbedy — KUIBPKICTB COHSUHOT €HEprii, Aka TOTpAmsAc Ha

MEXaHIUHIX JeTalel, pisHOMAHITHHX Gionoriunkx CXWIH PI3HOT KPYTM3HM 1 Opi€HTyBaHHs. IcToTHO

00’ekTiB Ta penbedyy 3eMHOT MOBEPXHi, AKAN 3HAY-
HOIO MipOl0 BH3HAY4€ POJIOYICTh CiThCBKOTOC-
MOAPCHKUX YTi/lb, BIUIMBAE€ HA €KOJIOTIUYHO HeOe3-
MeYH] SBHIIA, & CAME: MIOBEHI, CeTl, 3CYBHU Ta CHIro-

BIJIPI3HAIOTHCSA ~ XapaKTePUCTUKH Y BEpXHIX i
HIKHIX YacTHHAX CXHIIB BHACNIJIOK PI3HUX YMORB
3BOJIO’KEHHSI IPYHTY, OCKINBKU pesibed) MiCIIeBOCTi
BILTHBA€ Ha PO3MO/LT Tela i BOMOTH y TpyHTI. Bin
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[IBOTO 3AJIEKUTE MPOAYKTUBHICTE MOIIB, i BApTICTh
semii [baxapes, 2006; Pymuii, 2011; Pynwmii Ta iH.,
2011; Pynuii ta in., 2012]. Lli pakropu HeoOxiaHO
BPaxOBYBAaTH Mia 4ac OOHITYBAHHA 3€MEIBHHX JIi-
nsHOK. OTXeE, po3po0Ka Ta BJIOCKOHAJIEHHS 00’ €K-
THBHUX METOJNIB KJacugikarlii AISHOK TTOBEPXHI €
aKTyaJ bHUAM 3aBIaAHHSIM.

AHaJTi3 OCHOBHHX T0CTiKeHb | myOmikamiid,
110 CTOCYIOThCSI BUpilIeHHs MPodaeMu

[pobnemy anamizy Ta kiacudikariii JinsgHOK
3eMHOi TOBEPXHI PO3IIAAIOTE MyOmikamii BiTUM3-
HSHUX Ta 3apyODKHUX HaykoBiiB. OJHAM 3 Xapak-
TEPHUX HEJOJIKIB 1UX METOAMK € BIJICYTHICTH B
HMX HamiiMHOI OLIHKH TOYHOCTI BHKOHAHOIL
knacudikanii [Anenept 2014; Tencrop, [lapruka,
2003; Luo Mingliang, Tang Guoan, 2012]. Ilopis-
HSHO 3 MaTeMaTHMYHUM amapaToM Teopii po3mi3Ha-
BaHHSA 00pa3iB MTY4HI HEHPOHHI Mepexi MaloTh
Obarato mepepar [MensenmeB, IlotemkmH, 2002;
PoGept Kanman, 2001; Pynenko, boasHChkui,
2005; Pymmii, 1997]. BoHu 1at0Th MOXITHBICTh HE
TITRKA PO3R’SI3yRATH 3aJ1adi PO3MI3HARAHHS 1 Kja-
crgikartii 3pa3kiB, a ¥ JIOBONI HAIHHO OIIHIOBATH
TOYHICTh BHUKOHYBaHOI poOOTH 3a JTOMOMOTOIO
TECTOBHX 00 €KTIB 1, III0 HANTOJIOBHIIIE, HE 3aBXK N
moTpeOYIOTh  BiJIMOBITHOTO MaTeMaTHYHOro 00-
IpyHTyBaHHs. lle € mNpUBaONUBIINM MM/l Y9ac po3-

B’sI3yBaHHA 3a/1ay Kinachugikarrii.

IlocTaHoOBKA 3aBAAHHSA

VY ni#i po6oTi 3pobreHo cipo0y BUKOHATH Kia-
cudikarito JIISHOK 3¢MHOT MOBEPXHi, BUKOPUCTO-
BYIOUM Ul TBOTO INTY4YHI HEWPOHHI Mepexi
(IIHM), saki B)xe HiBCTOJITTS YCHILIHO BHKOPHC-
TOBYIOTBCA JUIA1 PO3B’SI3KY MPUKIAJHUX 3a/1ad.
CroroiHi 3allikaBlIeHICTF HEHPOHHHMHU MEpeXaMu
3pocia y 3B’A3KY 3 BHKOPHCTaHHAM METOMY
“naByaHHs Oe3 BuMTEIA , SKHUN paHIlE BHUKO-
pHCTORYBaBCS y Teopil po3mizHaBaHHS oOpas3iB.
Kpim Toro, Bukopuctanns [IIHM nae 3mory Ha-
JHHO OIIHUTH BUKOHAHY POOOTY 3a JOHOMOTOIO
BIAMOBIAHAX TECTOBUX 00’ CKTIB.

Buk:iaa ocHOBHOT0 MaTepiaty AocaiaKeHHs

HociikeHHs BUKOHYBAJIACh Ha MIISHIN 3eMHOT
MOBEPXHi 31 cabKo BUpakeHUM penbedom. 300pa-
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JKEHHS penbedy JINAHKA TMoKazaHo Ha pue. 1.
Po3p’a30k mpobnemu knacubikaiii 00’€KkTiB UM
3pas’KiB CKIANacThesd 3 TPhOX 3a7a4: MiArOTOBKH
JTAaHUX, TOOTO CTROpPEHHS 00pa3iB; CTBOPCHHS Me-
pexi Ta il HaBYaHHS, TOOTO 3HAXOKEHHS Bar JUIA
KOKHOT O3Hakd CTBOpeHHMX o00pasiB; meperipka
Mepexi 3a JIOTMIOMOTOI TECTOBUX OO0’ €KTIB 3 OITiH-
KO0 TOYHOCTi Kiacugikarii. [TonepeaHs miaroTos-
Ka MOYKe BKJIIOUATH HE TiTLKU Pe3yNbTaTH BHUMIpIB,
a i mepH1 OOYMCIICHHS, HOpMAaIi3aIlito, MacmrTady-
BaHHS, CHEKTPATLHUH PO3KIaN Ta JOBOMI CKIaj-
Hillli CTaTHCTHYHI TIpoueaypd. [HKoiIM MiAroToB-
JeHl qiug HapyaHHa [ITHM nani noaingroTh Ha JB1
rpynu. [lepmy rpymy JaHHX BHKOPHUCTOBYIOTE 3a
MPH3HAYEHHAM, TOOTO Ui HABYaHHA Mepexi, a
Jpyry — ans it MaiOyTHBOIO TECTYBAHHSL.

JloBoJTi CKITaTHAM 3aBIaHHSIM € BHOIp KITBKOCTI
3paskiB JUIA HaBYaHHS Mepexi. TeopeTHUHO TIie
noku mo He Bupimeno. Ockineku [TIHM Buko-
PHUCTOBYIOTBCSI sl PO3B’A3KY MPHKIAJHUX YU eKC-
MEPUMEHTAIBHUX 3aJ7a4, TO B .ITepaTypi HaBo-
JUITKCS 3arajbHI PEKOMEH/MAIl 100 MipaxyHKy
KITBKOCTI BXiTHMX 3pa3kiB. 30KpeMa HaBOJHUTHCS

dhopmyma
N=W/a,

qe N - W —
KiNBKICTE BaroBuX KoedillieHTIB 1 B Hamiil 3anadvi

KUTBKICTE HaBYAIILHWX 3pa3Kig;

Ile € KiIbKICTh O3HAaK y BEKTOpa, SIKUM HOJA€ThCS
o0pa3 penbedy MATHKA; o — YaCTKa TTOMUJIOK ITiJT
Yac TeCTyBaHHSI.

3a/laBIIMCh YAaCTKOIO TOMHIOK, HAmpHKIAN,
10 %, maroum BiciM BaroBux Koedilli€HTiB, OTpH-
MaeMo 80 3paskiB. JliMsHKa 3¢MHOI MOBEPXHI, IO
rokasaHa Ha puc. 1, Oyma po30uTa Ha CITKY KBaj-
patie 11x7. O6pa3u cTBOPIOBANKCE 33 METOAHKOIO,
2003].
Yenimuo [THM BHKOPHUCTOBYIOTECS Mifl Yac po3-

npuseneHoro B [[erceop, I[laptuka,
B’SI3yBaHHS 3374, TOB S3aHUX 3 PO3IMi3HABAHHIM
obpazi. Ilpnm 1rOMY IiCHYIOTE pi3Hi
BUKOHaHHS BKa3zaHUX 3alad. BHKOPHCTOBYIOUH
naker MATLAB, MoxHa 3acTocyBaTH pi3Hi
nupixu: Command-Line Functions, nprtool GUI i
nntool a6o “Graphical User Interface” [Llymnesir,
2012; Mark Hudson Beale et al, 2016]. V¥
JIOCTI/DKEHHAX, 10 HABOMATBCA Y ik poOoTi,

BUKOPUCTOBYBaJIMChL oOuaBa  Meroau. [leprumit

OIIAXHA
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moTpedye OUTBINOT KUTBKOCTI JTAHWX, OCKITEKA BOHU

mija d4ac JOCIUDKeHb [OUIEITBCS Ha  Ti, IO
BHKOPHCTOBYIOThCS JUIA HABYAHHS MEPEXKI, KOHT-
POIBEHI 1 TECTORI. Y MPOTIEC NOCTIHKEHHS MPOBO-
JIAIOCH  MOJIENIOBAaHHS, KONMM Habip TecTOBUX
3pas3KiB il Yac HaBYaHHSI Mepeki He BHKOpPHC-
TOBYBABCS, 1 KOJNM 13 BXIiJTHUX JIaHWX BHJITSITACH
3paskdl IS X BUKOPUCTaHHSA OKpEeMO IIiJl Yac
HABYaHHI Mepexi, a iHI — mijx Jac il TecTyBaHHsI.

Pesy:apTatu icTOTHO HE BiPi3HAIHUCE.

)

Puc. 1. 3paszox pervehy nosepxui
Fig. 1. The surface relief sample

Ha ninsHIti 3eMHOT OBEpXHI, penbed) K0T To-
Ka3aHO BHCOTAMH Y HepexpecTsiX PeryysipHOl CiTKH
KBaJpaTiB, CTAaBWIOCH 3aBAAHHS BUIITUTH CXWIIH,
opieHTOBaHi i3 3axony Ha cxija. [Hakmie kaxyudw,
noTpibHO po3pobutu  GiHapHuii  KnacugikaTop,
SIKHH JMATH MIMSAHKH 3 MOBEPXHEI, HaXWUICHOKO
3axXi/I-CXijl, B OJIHY PyMy 1 yci penra — B HIIY.

Ockinekn pobota uym skicte podotu ITTHM
3aJIeKUTH BiJl HABYaHHA a00 B HaNpsMKy Habopy
JIAaHUX, [0 BUKOPUCTOBYHOTHCA JUISl 1T HARUAHHA, TO
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TOJIOBHOIO BHMOIOIO € BHKODHUCTaHHSl JaHUX,
mo OyayTe BHKOPHCTO-
BYBaTHUCh Ml Yac ii pobotu. Hapuanus HelipoHHOT
Mepexi
[OJIATa€ B 3HAXO/DKEHHI BaroBHX Koe(DillieHTIiB JuUIst
KokHOT 3 o03HaK oOpaziB. Sk 1 B momepenmHix
pobotax, oOpa3um pemnbedy JUISHOK IOBEPXHi
NOJIaBaIUCh Y  BHIVIAAI
CKJNazaBcs 3 BOCBMHM HaxXWIiB, 3 IIEHTpa BiKHA Ha
kpaiiHi ToukH [['encrop, Ilaptuka, 2003].
HacTynmHuM KpOKOM € CTBOpEHHS Ta HaBYaHHS
THM, 10610 BHOIp BXiHHX, CKPUTHX Ta BHXiJTHUX

IIEHTHYHHUX [0 THX,

HE TPOrpaMyeTbcsa, OCKUIBKM BOHO

BCKTOpa O3HaK, Mo

HelipoHHuX 1napiB. Ha mowatkosiii cramii gocmia-
KEHb 1Ie¢ MOXE€ POOHUTHCH HPOrpaMoOi0 MO 3aMOB-
uyBaHHi. Y Jitepatypi [baxapes, 2006] Bka3zyeTscd,
mo CKIaAHimi 3amaui  mMOTpeOyroTh  GiipIme
HeliporHnx 1mapie. [[THM moumnae mparrioraTi
(HaBYATHICh) 3 BHUNAAKOBAMH 3HAYEHHSAMH Bar
KOXHOI XapaKTepPUCTHKH, TOMY KIiHIIEB] pe3yIbTaTH
MOXYTh HE3HAYHOIO MIpOIO Bi/pizHATHCH. Ha Ham
MOTJIA, 1€ € OCHOBHUM HenosikoMm HITHM.

VY Teopii [IIHM, six i B Teopii po3misHaBaHHSI
o0pa3ip, fAKIIO iCHy€ HaBUajhbHA MHOKHHA BXKE
KnacupikoBaHUX 00’ €KTiB (HaBYaHHS 31 BUATEIIEM),
TO TPOIIEC PO3B’SI3KY BHKOHYETBCS MPOCTIINE i
mBUANIe. Y Hamii 3afadi  1le  3a3HaueHo.
IncrpymenTtaneauii  3aci6 NNtool € rpadiuaum
iHTepdelicoM, MO YMOXKIUBIIOE He 3BEPTATHCH JIO
komaHaHOTO BikHa cuctemu MATLAB. 3a iioro
JIONIOMOIOI0 TiJT Yac pO3B’A3yBaHHA 33734l KiIacH-
(ikamii BHKOHYBaJOCh CTBOPEHHS Ta HaBUYaHHS
IIIHM. Ha ocHOBi pe3ynbTariB HaB4aHHSA OyIoO
BUKOHAHO MOJIECNIOBaHHS Npollecy Kinacupikarrii, a
TAaKOX IMIIOPT Ta €KCIOPT JaHHX Ta Mepex. 3
inTepdeticom NNtool MoxHa /ISl po3B’SI3KY Triel
3a/1a4i BUKOPHUCTOBYBaTH O0m3bko 15 Buais ITHM.
B zanmaui kmacudikariii BAKOPHUCTOBYBAINACH OJTHO-
ta gapomapori [IIHM. Ockinekn mepcentpoH
CTBOPIOETBCA 3 apTyMEHTIB, cepe/l SIKUX € MaTpHIls
BXITHUX REJIIMYWH 1 TECTIR Ta MATPHUIS 33RIaHE
(target), To mepe/1 MOYATKOM MOJICTIOBAHHS Y BIKHO
pobouoi obmacti (Workspase) Oyiau TiATOTORIEHI i
BHeceHi (iMmopToBaHi) HeoOXifmHI fMaHi. Lle BikHO
TiJT Yac PO3B’SI3yBaHHA 3a/1aui BHIJICHHS TiISTHOK 3
nesHoio popmoto penbedy nokazaHo Ha puc. 2. Ha
pHuc. 3 mokasaHa miajgorora maHedb Network. 3a if
JONOMOrOI0  MOXKHAa ~ NEPErNIAHYTH  MEPEXYy,
BUKOHATH HaBUYaHHS Ta MOJICNIOBaHHA, a TaKOoX
aJanTyBaTH Ta HAJAIITYBATH BAard 1 3MIMICHHS.
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Puc. 2. Bixno ynpaeninns Oanumu ma mepexicero
Fig. 2. Windows management of data and network

Puc. 3. Jiaroeosea nanens Network
Fig. 3. Interactive panel Network
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VY Hammiii 3amadi Ha BXi Mepexi MoJaBallich
MaTpHili BXiTHHX Ta TeCcToBuXx jgaHux. OTXe,
inIE:
HaruaHHA, Oymo 77, 1 Ha BXim mepexi A ii

BXi/IHUX 3pa3KiB, IO BHUKOPUCTOBYBAJHCH

HaBYaHHS Nofapaiack Matrpuisl (data) posmipom
8x77, T006TO 77 3pasKiB, Y KOXHOMY 3 SKHX OyJI0
o § o3Hak. Jpyroro MaTpulieto, Mo MoiaBajiack Ha
BXiZ Mepexi, € MaTpuis (target) 3aBaans. [i po3Mip
2x77. Y HiH JIs KOXKHOTO 3pa3ka cTaBUThCs 1 abo
0 3aj1eXHO Bif TOTrO, UM € 1eH 3pa30K HAXWJIOM i3
3aX0/ly Ha cXiA. 3a IMMH BXiIHUMH JaHUMH
BHKOHYBAJIOCH HAaBYaHHSA MePEXi.

AHagi3 pe3yiabTaTtiB

Orxe, y nifi poboTi mokazaHo poOOTy KiacH-
tikaropa, AKHI PO3MIIAEC NUTTHKHA 3EMHOI ITOBEPXHI
ab0 MOBEPXHI HIIOTO 00’ €KTa 3 HAXIIOM i3 3aX0/Ty
Ha CXIJI Bi/T yCIX IHINMX JTIJISHOK,

Hnsa tectyBanna IIIHM BukopucToByBasach
Matpurg (tabmuisg). Y HiIH € BiciM  3pa3KiB
(oOpa3ir), KOXEH 3 SKUX Mae BiciM o3Hak. [lepruit
1 ocTaHHIW CcTORNII € oOpa3aMH CXWIIR, IO
OpicHTOBaHI i3 3aX0oAy Ha cxif. HaiOmmxunM mo
HEX OyB mocTmi 3pazok. Ilimx dYac medakux
MOJIETIOBaHb BiH HAOMMKaBCS /10 KiIacH(pIKOBaHUX
00’exTiB. Pe3ynmpTaTH MOJIENIOBaHHSA MOKazaHi y
(hparMeHTi 300pakeHHS eKpaHa Ha pHC. 5.

Ominky po6oTu knacugikaropa BUKOHYIOTE 3a
HeTo4HOCTeH  (confusion
matrix). e e wmarpuus posmipom NxN, xe
N — KIIBKICTh

JIOTIOMOrOI0  MaTpHITi

KJIACiB, B HAIIIOMY BHUIAJIKY — JIBa.
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CroBmiti i€l MaTpUIli MOKa3ylOThb eKCIepTHi

3HAaUYeHHS, a psSJKA — 3HAYEHHA, OTPUMaHi
aBTOMAaTH4HO KiacupikatopoM. Omxe, eTeMEHTaMH
MaTpHIll HETOYHOCTEH € NPaBHIBHO PO3Mi3HAHI
TIpaRMIIEHI €IEMEHTH ITKOTO KJIACy, B HaMTii 3amaqi
e € CXWJIM, OPIEHTOBAaHI 13 3aXofy Ha cxin (true
positive) 1 mNpaBWIBHO pO3Mi3HaHI HEMPaBUILHI
elleMeHTH TIbOTO KJIacy, y Hallii 3afgaui yei iHIoi
JITAHKKM 3eMHOi ToBepxHi (true negative) i
NMOMHNKH. Y MaTpHilli HeTOYHOCTeH IUppH B
KUIBKICTE

JiarOHANBHUX  KIITHHAX [MOKa3yKTh

BHMMAJKIR 3  TIPaRWIRHO  KJIACH(IKORAHUMH
00’exTaMu, a HeiaroHaNbHI €1eMEHTH MOKa3yloTh
HeTouHOcTi. [loBOIi JIoKNMajHO aHami3 OIIHKH
AKOCTI Kinacugikamii HaBeneHo B [Ambmept 2014].
BHTIAJIKY

MPaBHJIBHO KIAaCH(PIKOBAaHHX 3Pa3KiB CTAHOBUTh

Y  Hamomy 3aranbHa  KUIBKICTh
omm3eko 99 %. OnHak Taky BHCOKY TOYHICTE He
Ockinkkn  pobota [1THM

IPYHTYCTBCA Ha 3HaXOI[)KCHHi Bar IS KOXHOI 3

3ARKAH  OTPUMYHOTE.

O3HaK  3pa3KiB, MO0  KIacH(piKyIOTbCA YU
PO3MI3HAIOTECH, 3a iX BHUIAJKOBUMH NMOYaTKOBUMHU
3HAYEHHSIMH, TO KiHIIEBI pe3yNnbTaTd TIC 4YH
IHIIOI0 MipOIO BiJIPI3HATHMYTBCA 1 IX KOHTPOIB 3a
HagRHOCTI TECTORUX 3pa3KiR 3IHCHIOETRCA 3a

JIOTIOMOTOI0  MAaTpuIli HetoyHOcTel. JlomaTkoBo

penbedy
TIOBEPXOHb PI3HUX 00’€KTIR MOXe 3MIHCHIOBATHCH

nepeBipka  Kinacudikamii  TIISHOK
32 MeTOJMKaMH, HaBeJeHMMH B [Pymmit Ta iH.,

2011; Pynuii Ta in., 2012].

Manl/l]_[ﬂ TCECTOBHUX JaHHUX

Test data matrix

-0,5 -0,1 0,4 0,1 0,8 0,6 0,5 0,4
0,6 0,3 0,1 0,8 0,2 0,5 0,4 0,4
-1 -0,6 0 0,4 -0,3 12 -0,7 0
0,8 0,1 -0,1 0,4 14 -0,9 -0,3 0,1
-0,5 0,9 0,6 -0,1 -1 1,7 -0,1 0,2
0,5 0,4 0,8 0,4 0,4 0,5 0,4 0,5
13 0,4 0,4 0 0,4 0,3 0 1,4
0,1 0,2 0,3 0,3 0,2 0,3 1 0,7
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Training Caonfusion Matrix

Output Class

Target Class

Test Confusion Matrix

Output Class

Target Class

Validation Confusion Matrix

Output Class

Target Class

All Confusion Matrix

Output Class

Target Class

Puc. 4. Mampuyi nemounocmeii
Fig. 4. The Matrix of inaccuracies

Puc. 5. @pazmenm 300padicenns expana 3 GuXionumu 0anumu
Fig. 5. Fragment of screen image with the original data

BucHoBKH

OTpuMaHi pe3yNbTaTH MATBEPLKYIOTE MOXK-
TMBicTh Kinacu(ikallii penbedy 3eMHOI TOBEPXHi 3a
Jgonomororo [LHIHM.

[MpoBe/icHI eKCcEpUMEHTANBHI JIOCTI/DKEHHS 3
BHJILJICHHS JJISIHOK MOBEPXHI 31 CXUJIaMH MEBHOI
opieHTAalii Ta aHaji3 Pe3yJbTaTiB JAlOTh IiICTABU
JUIA iX BUKOPUCTAHHA IIiJT Yac AOCTIKEHb peabedy
3eMHOI IOBEPXHi Ta MOBEPXOHB iHIINX 00’ €KTiB.

Ha mouaTkoBifi craznii poOOTH 3 BHKOpHC-
TagHsM IITHM pesynbTatu GakaHO HepeBipsATH

1HIIUM METOJIOM.

CIIMCOK BUKOPUCTAHUX JDKEPEJI

Anpnept C. 1. Ominka skocTi Kiacudikailii acpokoc-
MIYHHUX 300paX€Hb Ha OCHOBI MATPHII TTOMUIIOK Ta
koediuieaTiB TouHOCTI // MatemaruyHi MammH7 i
cuctemn. —2014. —Ne 1. — C. 101-107.

Baxapes [I. B., Opmora JI. H. O HOpMUpOBaHUH U pac-
yere uHcossny // CBetoTexuuka. — 2006. — Ne 1. —
C. 18-27.

Iercrop, A. Ilaptuka. IlpobGnemu wmacudikarii Tipch-
kux rpyutie Iossmn 11a ocniosi Gomitery // Biciuk
JIbBIBCHKOTO /I€pXKaBHOTO YHiBepcHTETy “‘3emite-
BIIOPSIIKYBaHHS 1 3eMeNbHAH Kamactp”. — 2003. —
Ne 6. - C. 28-33.

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



130

Mensenes B. C., Ilotemkun B. I'. HeliponHsle ceTwm.
MATIJIAB 6 / mon obm. pen. B. I'. [lotemkuHa. —

leodesiqa, kapmoepadhia i aepoghomosrimants. Bun. 83, 2016

iXHIX EKONOTIMHUX XapaKTepHUCTUK Ta BapTocTi //
leonmesist, xapTorpadiss 1 aepodoTO3HIMAaHHSA. —

2011. —Ne 75. — C. 150-154.

Pymuit P., Kpasens O., Kpasems ., Ilpmitmax [,
Comnose#t I'. Kimacudikariisi 3eMensHHX yTinb 3a
enemenTamu penbedy / CydacHi NOCSTHEHHS T€O-
JIE3UYHOT HAYKW Ta BUpOOHMIITBA: 30. HAyK. TIp. —
2012. — Bum. 11 (24), C. 151-154.

Mymern P. 3acTocyBaHHs HEHPOHHUX MEpEX JUTL BH3HA-
YEHHS [apaMeTPiB KariGpyBaHHS HA3eMHHX JIA3ePHHX

M.: Quanor. - MU®U, 2002. — 489 c.
Pobepr Kamman.
cetell. — MockBa—Cankt-IlerepOypr—Kues: M3zna-
Tensckuil gom “BHUJIBAMC”, 2001. — C. 2-87.
Pynenxo O. T'., Bomsucekuit E. B. Iltyuni seiipoHHi
Mepexi: HaBd. moci6. — Xapxis: TOB “Kommnawis
CMIT”, 2005. — 408 c.

OCHOBHBIE KOIIENIINK HEHPOHHBIX

Pynuit P. M. Buninenus o6’extiB 3 mwdposoi Mozaemi . .
ckanepiB // Cy4acHi JOCArHEHHS rEOJC3MYHOI HAYKM

Ta BupodHuTBa. — 2012, — Bum. 11 (24). — C. 79-85

Mark Hudson Beale, Martin T. Hagan, Howard B.
Demuth Neural Network Toolbox 6. User’s Guide,
2016. —410 p.

Luo Mingliang, Tang Guoan Similarity Measurement of
Terrain Skeletons by Topological Indices and
Spatial Orientation Information. — 2012. TAPRS
Page(s) 351-356 Conference Paper (PDF, 459 KB)

penbedy 3 BUKOPHUCTaHHAM Teopii poO3MizHaBaHHI
o0pazir // Teonesist kapTorpadis i aepo3HIMaHHS. —
1997. — Ne 58. — C. 88-92.

Pymmii P. M. BuzHaueHHs MITOIN 3eMeTBHUX TITAHOK Y
ripcbknx paiionax — CyuacHi JOCATHEHHS T€O-
JIe3UHOT HAyKK Ta BUpOOHHIITBA // 30. HAyK. mp. —
JIegis: Jlira-mpec, 2011. — Bun. 1. — C. 208-211.

Pymuit P. M., Kepkep B. b., Tkauyk I'. I. BuszHauenus
€KCIO3UINT 3EeMENBHMX UISHOK JUTS BpaxyBaHHA

P. PYIIBIN

Kadempa semneyctpoiictea u kamacTpa, MBaHo-OpaHKOBCKMH HalMOHANLHBI TeXHUYECKHI YHUBEpCUTET HeTH M Taza,
yi. Kapmarcxkas, 15, Hrano-®panxorck, YkpanHa, 76019, Ten. 0506601598, ai. mouta: vernjaky@rambler.ru

PUMEHEHUE UCCKYCTBEHHBIX HEMPOHHBIX CETEU JIJISI KITACCUPHUKALIMN YYACTKOB
MMOBEPXHOCTHU C OITPEAEJIEHHBIM PEJIBE®OM

Hens nccnenoBanuii. [ 1aBHOM Nesbio HCcTeOBaHUM ABIAETCS aHATTH3 pellbeda pazTUUHBIX [TOBEPXHOCTEH, a
MMEHHO BBLIeNieHHe Ha oOIIel MOBEPXHOCTH OTAENBHBIX YYAaCTKOB OIpe/eeHHOH (opMBI, HallpuMmep, CKIIOHOB,
OpPHEHTHPOBAHHBIX B 3aJaHHOM HaIpaBieHHHU. Llenbio cTaTbU SABIIAETCS UCIONIB30BAHIE HCCKYCTBEHHBIX HEMPOHHBIX
cerei (MHC) mns pernenus 3amadu KiacCH(pUKAMK, 3aKITIOMACTCA B CO3MAHMKA OMHAPHOTO Kiaccuduraropa u
HCCITEZIOBAHUS TOTHOCTH €ro padorel. MeToanka. MccneoBaHus BRIMOTHATACE HA YTIACTKE 3€MHOM ITOBEPXHOCTH.
Hns Hee Obuta co3maHa 1mdpoBast MOJENb, NpeACTaBieHHas rpujadaiiioM, TO €cTh BBHICOTAMH B IE€PEKPECTKAX
PEeryIspHON CETKH KBaApaToR, Win MaTpuirel 21x17 BeIcOT B 3THX mepekpectkax. C 3Toi MaTpHIB! OBUTH CO3TAHEI
00pa3bl, TO €CTh OKHA OTAENBHBIX Y4acTKOB IOBEPXHOCTH pasMepoM 3x3 mepexpectuil. Kaxasli obpa3 noaasancs
KaK BEKTOp MPH3HAKOB, KOTOPBIMH OBUTH HAKITOHBI M3 IIEHTPAJBHOM TOYKM OKHA Ha OCTATBHBIX 8§ KpaWHUX TOUKaX.
Takum obpazom pembed B3sITOM TOBEpXHOCTH OBUT TpenacTaBieH 77-t0 obpazamu. CleAyomuM IIaroM OBLTO
coznanne GuHapHOTO KiaccupurkaTopa. OH JAeTUT 00beKTH (YUacTKU MOBEPXHOCTH) C HAKIIOHOM C 3allajia Ha BOCTOK
B OJIHY TPYIIILY, a BCE OCTalbHBIE — B APYyTyi0. [ 3Toro ucnons3oBanca Moayns oOpaGoTKH JaHHBIX Ha OCHOBaHHUU
ANTOPUTMOB MCCKYCTBEHHBIX HEHPOHHBIX ceTel maxera npukianHeix nporpamM MATLAB. Bema cozmana MHC,
IIPOBEZICHO €€ OOyUeHHe, BBIMOJTHEHO MOJETHPOBaHHE W TecTHpoBaHme. Mms 3Toro ObUTH BEIOpPAaHEI BXONHEIE,
CKPRITRIE ¥ REIXONHEIE Heliponnsie cron. Ha ocrore MHC OruT BRRIMOJTHEH Tpoliecc kmaccugukanni. Bxomnsre
JIaHHBIe OBUTH MpPENCTaBIEHBI MaTpuIlei obOpa3oB pazmepoMm 8x77. Martpuna 3agau (target) Oblia pazMepHOCTHIO
2x77. Ee aneMeHTHI HMeny 3HaueHUs 0 UTH 1, B 3aBHCUMOCTH OT TOTO, K KAaKOMY KITacCy OTHOCHTCS JTaHHBIA y4acTOK.
Tpetbst maTpuna (test) mmenma pasmepHocTs 8x8. Knaccnukanms ¥ ee  OIlCHKa TOYHOCTH BBIIONIHSITHCE JBYMS
TMyTIMA ¢ WCTONTR3OBaHWEM Tpacdudeckoro pemaktopa nntool w nprtool. PesynsTathl. PabGota co3manHOTO
KimaccudrKaTopa MpoBEpsIIach C MOMOIIBIO TECTOBRIX 00pa3oB. B mcenenoBanmsax TecT OBUT MAaTPHUIEH, cocTosIICH
W3 BOCBMH CTONOIIOB. [IBa cTONGIIa 3TOH MaTpHIIBL OBLTH 0Opa3aMy CKIOHOB, OPHEHTHPOBAHHBIX C 3alla/ia Ha BOCTOK,
OmuH — ONU3KHH K HUM, a OCTaJbHBle — oOpasaMH TOBEepXHOCTell TpouzBONBHON (opmel. OneHka pabOTEHI
KimaccudrKaTopa BBIIOTHIACH ¢ TIOMOIIBI MaTpHIEl HeTouHOcTell (confusion matrix). B Hamem crydae ofrree
KOJTMYECTBO IIPaBUIBHO KITacCH(HIUPOBAHHBIX 00pa3LioB cOCTaBisAeT okono 99 mpouentos. HayyHnasi HOBH3HA U
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NpaKkTU4eCKas HeHHOCTh. [IpoBe/eHHble dKCIEPUMEHTANBHBIE MCCIEA0BAHUS 110 BBUIECTEHHIO YUaCTKOB IOBEpX-
HOCTH C YKJIOHAMH OIPEJIETEHHON OPUEHTAIMU M aHATIM3 PE3YJIbTATOB JIAFOT OCHOBAHUSA LISl UX KCIIONb30BaHUS [IPU
HCCITEIOBAHMSIX pefibeda 3eMHOH MOBEPXHOCTH W IMOBEPXHOCTEH APYrux OOBEKTOB, HATIPHAMED, MPH H3YICHHH
MHKpOpenseda MexanuueCKux JgeTasicii, pa3iuuHblX OHOJIOrMYeCKHX OOBEKTOB H, KOHEUHO, peibeda 3eMHOM
MIOBEPXHOCTH, KOTOPEIH B 3HAYUTENHHOUN CTETIEHU ONPEEIAET ILTOIOPOINE CENBCKOXO3SICTBEHHEIX YTOIUM, BITASET
Ha KOJIOTHYECKH ONAacCHBIE SBJICHUSA, a UMEHHO: HaBOJHEHHUS, CEJTH, OIIOJI3HK U CHEKHEIe JaBUHEL. CreqoBaTelbHO,
paspaboTKa ¥ COBEPIICHCTBOBaHWE OOBEKTUBHBEIX METOJIOB KITacCH(PHUKAIMHA yUacTKOB ITOBEPXHOCTH SABJSETCA
aKTyalbHOM 3a7aueid.

Kmouesvie cnosa: ¥inaccudukanms, penbed, OpPHEHTAIMA, TOYHOCTH KITACCH(UKAIIMM, UCCKYCTBEHHBIE
HEHPOHHBIE CETH.
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APPLICATION OF ARTIFICIAL NEURAL NETWORKS FOR CLASSIFYING SURFACE AREAS
WITH A CERTAIN RELIEF

The purpose of research. The main purpose of research is to analyze the relief of wvarious surfaces. For
example, to select on the surface the individual sections of a certain form, such as slopes that are oriented in a given
direction. The main aim of the article is the use of artificial neural networks (ANN). To solve the problem of
classification a binary classifier was created and its work and its accuracy was studied. Method. The research was
carried out on the certain section of the earth's surface. The digital model, presented by greed file, was created. The
heights at the intersections of grid squares, or matrix 21x17 were determined. From this matrix the images, that is
separate windows of the surface areas measuring 3x3 intersection were made. Even image was made as a vector, that
is the slopes from the central point of the window at the other 8 border points. The surface relief was presented by 77
images. The next step was to create a binary classifier. It divides objects (land surface) with the slopes from west to
east into one group, and the rest — into the second. For this goal Module data processing algorithms based on artificial
neural networks in MATLAB Software Package was used. It selected input, hidden and output neuron layers and
conducted its study, performed the simulation and the testing. Classification process was carried on the base of
ANN. Input data were presented by matrix size images 8x77. The matrix of targets had 2x77 dimensions. Its elements
hada value of 0 or 1, depending on the class to wich the site belong. The third matrix (test) had 8x8 dimension.
Classification and assessment of its accuracy was performed in two ways using the graphical editor nntool and
nprtool. Results. The work of the created classifier was checked using the test images. The test, used in the studies
was a matrix consisting of eight columns. Two columns of this matrix were images of slopes oriented from west to
east — one close to them, and the rest — images of freeform surfaces. Assessment of the classifier was performed using
confusion matrix. The total number of correctly classified samples was about 99 percent. Scientific novelty and
practical value. Experimental research on the selection of surface areas with slopes of a certain orientation and
analysis of the results give reasons for their use in different studies. It can be microrelief of the mechanical parts,
various biological objects and, of course, the earth relief, which largely determines the fertility of agricultural lands,
affects the ecological hazards such as: floods, mudflows, landslides and snow avalanche. So, development and
improvement objective methods for classification surface areas is an urgent task.

Key words: classification, topography, orientation, classification accuracy, artificial neural networks.
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