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3ACTOCYBAHHS TONEPEJIHBOI OBPOBKH 305PAKEHH 13
PACTPOBOI'O EJIEKTPOHHOI'O MIKPOCKOIIA JJISI HOKPAIITEHHSI
INEHTH®IKALIN CTPYKTYPHUX EJJEMEHTIB

Anomauin. Y pobomi onucano éniue nonepeouvoi 0OpoOKu  300paxceib H4Omupu@dasHo2o
spaska cucmemu Cu-Sn, wo ompumaui i3 pacmposoeo eileKmpOHHO20 MIKPOCKONA, HA aHali3
cmpykmypHux enemenmis. Ilonepeonsi 06pobka 306paicens 30iticnioganacs memooamu I aycosozo ma
Hepizkoeo pozmumms. Onucano anreopumm 00OpoOKU 306padCceHb 3 3ACMOCYBAHHIM MAMPUYHUX

* CTaTTio HamMcaHO y paMKax IIpUKIanHoi  jaepxOromkeTHoi Temu MOH  Vkpainn — “Cunres
HAHOCTPYKTYPOBaHHX CIUIABIB 32 OCIMJIIOIOYUX HANPYXKEHb Ta IX 3aCTOCYBaHHS B HOBiM TEXHOJOTIi 3’€HaHHS
MIKpOEIEKTPOHHUX KOMITOHEHTIB” (HOMep neprkaBHOI peectparii: 0117U000577).
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Ginempies. [Ipoananizosano 00YinbHICMb UKOPUCMANHHS KOJICHO20 I3 MemOo0ié Nonepeonboi oopooKu
300padiceny 08 AHANIZY PI3HO20 MUNY CMPYKMYPHUX eleMenmis (PO3paxyuky niow ¢az ma
BHAXOOCEHHS KIIbKOCMI | PO3PAXYHKY PO3MIDI6 CIMPYKMYPHUX OedheKmia).

Knwouosi cnosa: memoou obpobku 300padicensb, pacmposa elekmponua mikpockonis, Iaycose
Po3MUmMmsL 300padicens, HepizKe POIMUMMSL 300PANCEHD.

Beryn

Metou 06poOku 300pakeHb € OJJHUM 3 MPIOPUTETHUX HANPSAMKIB HAyKH 1 TeXHIKH. Lle
MOSICHIOETHCSL THM, IO 300pa)kK€HHS BUKOPUCTOBYIOTHCS $IK 3aci0 OTpUMaHHS BI3yaJIbHOL
iH(popMaIlli B CHUCTEMax CIIOCTEPEKEHHS, TEXHIYHOTO 30py, TejaeOadeHHsl, aBTOHOMHHX
IHTEeNeKTyaJIbHUX cucreMax 1 1H. Tomy Meroau oOpoOku Bi3yanbHOI iH(poOpMalii, 10
3a0e3MeuyloTh MiABUIIEHHS Bi3yalbHOI SIKOCTI CIPUHHATTS 300pa’K€Hb, CTUCHEHHS JaHUX
g 30epiraHHs 1 mepedadl IO KaHajlaX 3BSI3KY, a TaKOX aHaji3, pO3Mi3HABaHHS Ta
IHTepIpeTalis 30pOoBUX 00pa3iB A MNPUHHATTS PILEHHS 1 YHOPaBIIHHS MOBEIIHKOIO
ABTOHOMHUX TEXHIYHUX CHUCTEM TPAlOTh BCE OUTBII BXKIUBY poJb [1-2].

Bbynp-sxa 3 npoueayp o6poOku Ta aHani3y 300paxeHb MICTUTb y CBOill CTPYKTYp1 eTan
nonepeHboi 0O0pOOKH, 10 BKJIKOYAE 3rJIaKyBaHHs, (QUIBTpAlLil0 MIyMiB, MiJABUILIECHHS
pi3kocTi 1 KoHTpacTHOCTL. Kpim Toro, momepenHss oOpoOka 300pakeHb BKJIOYae B cede
KOPEKIII0 HENHIMHOCTI JlaT4MKa, SCKPaBOCTI, KOHTPACTy, YCYHEHHS TI€OMETPHUUYHHUX
CIIOTBOPEHb, BUJUICHHS IMEBHUX 00'ekTiB BigHOCHO ¢oHy [3]. YacTo, Ha maHOMy erari
3/IIACHIOETHCS. KOPEKIis 30ypeHb B 300pa’keHHI, PO3MUTOCTI 300paKe€HHsS B pe3yJbTaTl pyXy
o0'exTa, MOXMOOK BiJ CEHCOPIB ab0 B X0l Iepenadl curHamiB 300paxeHHs. EQexTUBHICTD
eTary IomnepenHboi (mepBUHHOI) 00poOKM 300pa’keHb CHPUYMHIOE 3HAYHUN BIUIMB Ha
pe3ynbTaT HACTYMHUX eTamiB oOpoOKu 300pakeHHS, B T.4. CETMEHTallil0, MOP(OIOTIIHUN
aHaJi3 1 po3mi3HaBaHHS oOpa3iB. Tomy B cucremax Bizyami3alii HaWOUIbIIMNA I1HTEpeC
MIPEJICTaBJISAIOTh JOCHIPKEHHS B HAalpsMKY BIOCKOHAJIEHHS METOJIB CaMe€ IONepeaHbOi
00poOKH 300pakeHs [4].

VY mporieci A€TEKTYBaHHS B PacTpOBOMY €JIEKTPOHHOMY MIKPOCKOMI Ha KOPUCHUI
CUTHAJI HAKJIaJalThCs PI3HOMAHITHI IIYMU BHACIIIOK PO3CIIOBAHHS E€JIEKTPOHIB Ha MEXax
CTPYKTYpHHUX €JIEMEHTIB (HampuKiaj, pi3HUX (a3 JOCHIIKYBaHUX CIUIaBIB) Ta 00 €MHUX
nedekrax (HAMpUKIAN, 13-3a PO3CIIOBAHHS Ha TOTIOJOTTYHUX HEPIBHOCTAX OLIsA mop abo
TpiiuH). ToMmy 3acTocyBaHHS BIINOBIAHMX METOJIB MONEpPeIHbOI OOpOOKH 300pakeHb
BIJII'pa€ BaXJIMBY POJIb JUIsSl MOKPAIIEHHS aHaJli3y PI3HUX THUIIIB CTPYKTYPHHUX €JIEMEHTIB Ta
ne(eKTiB.

OCHOBHOIO MeETOI pPOOOTH € JOCHIKEHHS BIUIMBY PI3HMX BHJAIB IONEPEIHBOT
KOMIT'TOTepHOi 1M(ppoBoi 00poOKH 300pakeHb 3pa3KiB, LI0 OTPUMAaHI Ha PACTPOBOMY
esleKTpoHHOMY Mikpockori (nani PEM 300paxeHHs), Ha pe3yapTaTH aHali3y X 300pakeHb,
a TakoX Oe3mocepenHs peami3allis B €IMHOMY J0JaTKy Oa30BHX METOJIB MOMEPEAHBOT
00poOku Ta HacTymHoro ananizy PEM 300paxens.

1. Onuc MeToaiB NepBMHHOI 00POOKHU 300paKeHb

OO6poOka 300paxkeHb BIAITpae 3HAYHY POJIb B KOMIT IOTEPHOMY aHaii3l HU(pPOBHUX
300pakeHb, 30KpeMa B pO3Mi3HaBaHHI (parMeHTIB 300paxeHb. Bapro 3ayBaxuTu, mo B
BUIAJKY PO3TJSAY 300pa)K€HHS SK JBOBUMIPDHOTO CHUTHaly (KOJM 300pa)K€HHS MOKHA
OMKCATU TEBHOI (PYHKIIEIO 3HAYEHHS SIKOT 3aJIeKUTh Bl JBOX MPOCTOPOBHX KOOPHMHAT),
BAXKJIMBUM e€TarnoM B oOpoOui 300pakeHb € BUAUIEHHS KOpHCHOI iHpopmauii. Meroau
MornepeHboi  0OpOOKM  JO3BOJISIIOTH  3MIHIOBAaTH 300pa)KEHHSI TaKUM YHHOM, 1100
BJIOCKOHAJIUTU BUAUICHHS KOPUCHOTO CUTHAIY.

Sk B11OMO peanbHI CUTHAIM MOYKHA IPEICTaBUTH B BUIJISLIL JTIHIMHOT KOMOIHALIT ITyMYy
Ta KopucHoro curHainy. OJgHak B Mpolieci BUAUIEHHS KOpucHOI iHpopmalii 13 cuUrHaizy
BUHUKA€E P TPYAHOIIIB. Y BUIAJAKY aHali3y pacTpoBUX HU(GPOBHUX 300pa)k€Hb JOCUTH
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LIMPOKO BUKOPHUCTOBYIOTH PI3HOMAaHITHI aJrOpUTMH O0OpOOKH 300paxkeHb, 30KkpemMa (QuIbTpU
3raaKyBaHHS Ta po3MUTTSA [4]. s 1boro Ha MpakTULl JOCUTh MIUPOKO BUKOPUCTOBYIOTh
MaTpuuHi QUIBTPU A NEpPeTBOpPeHHs 300pakeHb. HailOuibll MoOmMpEeHUM alropuTMOM
PO3MUTTS € Tak 3BaHe po3MUTTA 3a ['aycom. Posmutts 3a I'aycom — ¢uibtp mis oOpoOku
300pakeHb, 110 BUKOPUCTOBYE HOpMalIbHUI po3noalt (po3noain ["ayca) ans nepeTBopeHHs
3Ha4eHb Tpajaiii ciporo koipopy (mani 3I'CK) koxHOTO MiKcens 300pakeHHs. PIBHSIHHS 115t
3acTocyBaHHs po3noaury ['ayca B 2D mpoctopi mae Buriisia [S]:

1 2,2 2
G(u,V) — - e (u"+v7)/(207) (1)
2o

JIe U, V — BIICTaH1 JI0 MIKCEJIB MO JBOX HE3ICKHUX HAIMpsSMKaxX BiJ BUOPAHOTO TIKCEIA, O -
CTaHJapTHE BIOXHWJICHHs po3noauty ['ayca. [lyist ABOBUMIPHOTO BUTIAAKY AaHa (hopmysia 3a1ae
MMOBEPXHIO PIBHS, III0 MA€ BUTJISA KOHIIEHTPUYHHUX K1JI.
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Puc.1. Cxema BruiuBy matpuyHoro ginstpa Ha 3['CK B Bubpanomy
eJeMeHT1 300pakeHHs [ 7]

OinpTp 'ayca MOKHA MpeNCTaBUTU y BUINISAAI MaTpU4YHOTO (UIbTpa, po3MIpamMH IXr
(3a3Buuail 3x3 um 5x5), 1e r — pagiyc po3MuTTs (r"=u’+v’). CyTh 3aCTOCYBAHHS MATPHIHOTO
¢buteTpa (muB. puc. 1) momisrae y mo4eproBoMy 3aCTOCYBaHHI MAacKH 3 MaTPHIll KOE(III€EHTIB
Ha BIAMOBIAHI 3HaYEHHS I'pajJalliil Ciporo KOJbOpy CYCIIHIX MIKCENIB Ta OOPaxXyHKY IX HOBHX
3Ha4eHsb [1]:

1 14 6 4 1
4 16 24 16 4
—|6 24 36 24 6
25614 16 24 16 4
1 4 6 4 1 )

[IpuBenemMo MeTOIMKY pO3paxyHKy MaTpHill A GuIbTpy Hepizkoro po3MutTs. Hexait

nesika dynkuis f(x,y), 0<x<X, .., 0<y<Y,

height € 00PA30M LH(PPOBOTO 300pAKECHHSL.

3nilicanMo 3ropTKy 300paxenns f (X, )) 3 Bukopucrannsm ¢insrpa [ayca (2), Hanpukia,
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3 po3mipom Marpuii 5x5. Orpumanuii 06pa3 OymeMo MO3HAYATH f(x, ¥) (Tyr oTpuMyeMO

300pa)KeHHs, 110 PO3MUTE 3a HOPMAJIbHUM 3akoHOM). Omepaii€ro BHUIUICHHS KOHTYpIB
300pakeHHs1 HA3UBAIOTh TaKy OTEPAIliio:

Foapen(6:3) = F(2,3) = f(x,3) 3)

3BOPOTHOIO ONEPALIEI0 0 BUAUICHHS KOHTYpIB (Tak 3BaHe HEpI3KE PO3MHUTTS) MOXKHA
Ha3BaTH TaKy OTEPAIlifo:

gunsharping (X, y) = f(x7 y) + k ’ fsharpen (‘xﬂ y) ’ (4)

ne k - geskuii xoedilieHT, MO0 BKa3dye Ha TUl (itbTparii (st peryispHOrO HEPIZKOTO
po3mutts k=1). [lobynyemo MaTpuuHuii oneparop sjpa 3rOpPTKH Uil HEPI3KOT'O PO3ZMUTTS
npu k=1. Jlng nmoOyqoBHM MaTpUYHOTO OIepaTopa siipa 3rOPTKHM BUKOPHUCTAEMO OIEpPaTop
TOTOXKHOTO BiJOOpa)keHHS 300pa)K€HHS. Y BUIIAJIKy PO3MIPHOCTI MATPHIIl AJpa 3TOPTKHU 5X5
JAHWUM OepaTop MAa€ BUTIISIAL

00000 00 0 00
00000 00 0 00
ﬁ=00100*=ﬁ0025600*, (5)
00000 00 0 00
00000 00 0 00

ne * - omeparris 3rOPTKH.
MatpuyHuil onepaTop 3ropTKM 3 BHUKOPUCTaHHSAM MaTpuul siapa ¢inetpa [ayca mis
PO3MIPHOCT1 5X5 Ma€ BUTJIA;

ﬁvGauss —

I 4 6 4 1
4 16 24 16 4
6 24 36 24 6
4 16 24 16 4
I 4 6 4 1

Oneparop BUIUIEHHS KOHTYPIB MOKHA BUPA3UTH TAKUM YHHOM:
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00 0 00 1 4 6 4 1
Jo0 0 00 |4 16 24 16 4
Folever —f _FOes— — L 0 256 0 0|*———|6 24 36 24 6 |*=
256 256
00 0 00 416 24 16 4
00 0 00 1 4 6 4 1) (7

-1 4 -6 -4 -1

[ToGymyemo omepaTop perysIsipHOTO HEPIZKOTO PO3MUTTS

00 0 00 1 -4 -6 -4 -1
00 0 00 . -4 -16 -24 -16 —4
éunsharping :ﬁv+ﬁvsharpen —— 10 0 25 0 0|*+—| -6 —24 220 —24 —6|*=
256 256
00 0 00 -4 -16 -24 -16 —4
00 0 00 1 4 6 -4 -1/ ©®
-1 4 -6 -4 -1 1 4 6 4 1
-4 -16 -24 -16 -4 4 16 24 16 4
:L -6 24 476 -24 -6 *:_—1 6 24 -476 24 6 |*
256 256
4 _16 -24 -16 -4 4 16 24 16 4
1 -4 -6 -4 -1 1 4 6 4 1

Omxe Marpuls s MEpBUHHOI OOpOOKH 300pakeHb METOJO0M HEPIZKOT0 PO3MUTTS
IIpUMMa€E BUTIIAA;

1 4 6 4
1|4 16 24 16
=6 24 —476 24
256 4 16 24 16

1 4 6 4

N

)

[Toxaxemo, mo onucani Marpumi (2) Ta (9) MOXXHa 3aCTOCOBYBaTH B IEPBUHHII
00po61i PEM 300paxkens sik QuUIbTp I TMOKpAIICHHS BUAUICHHS TPaHUIb PI3HOMAHITHUX
nedeKTiB.

2. Pesyabtarn anauaizy PEM 300paskenn

Jst ananizy PEM 300paxkens Oyio CTBOPEHO MPOTPAMHUM MPOAYKT, IO MPAITIOE 3a
anroputMoM: koxkHe PEM 300pakeHHs 3UnTyBajoCs MOMIKCENIbHO 1 OyayBajacs ricrorpama
3I'CK Bix 0 mo 255, ne 0 BmoBigae 4OpHOMY KOJBbOPY, a 255 — Oimomy. Ilicis anamizy
ricrorpamu 3I'CK kokHOMY 3 1 MIKIB cTaBUjacs y BIIMOBIAHICTb neBHa ¢a3za. i anamizy
IIPOCTOPOBOrO po3HOJLTy MeBHOi ¢azu noTpidHo obuparu iHTepBan 3I'CK, mo Biamosizae
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mikoBi 1iel dasm. Jlami, micis MmiapaxyHKy KUTBKOCTI IMIKCENiB, IO BiAMOBimae oOpaHOMY
iaTepBanry 3I'CK, cTae MOKIJIMBHM PO3PaxyHOK 3arajibHOT ILTOMII KOXKHOI 3 (ha3.

Jlist  BCTAaHOBJIGHHS  OCOONMBOCTEH  3acTocyBaHHs wmarpuis  (2), (9) Oymo
MIPOAHATI30BAaHO BIUIMB MoTepeaHboi 00poOku PEM 300pakeHHs doTHpH]a3zHOro 3paszka
cuctemu Cu-Sn Ha 3MiHY pO3IOILTY Ipajallii Ciporo KOJIbOpy B HHOMY.

[Ticist 06poOKM 300paKEHHST METOJIOM HEPI3KOT0 PO3MHUTTS 3 3aCTOCYBAHHSM MATPHIT
(9) (Puc. 20), pi3kicTh 300pakeHHS 3pOCiia 1 TPaHUIll TOP CTATU OUTHII OKPECICHUMH, ajie
npu 1iboMy Miku B rictorpami 3I'CK (Puc. 2B) ymupmiucsa. Meton ['aycoBoro po3MutTTs 3
3aCTOCYBaHHSM MaTpuii (2) 1ga€ TPOTWICKHUN PpPe3ysbTar, pPi3KIiCTh 300pasKeHHS
sMmeHmyethes (Puc. 21), a miku Ha ricrorpami 3I'CK craroTs Outb1 po3ainenumu (Puc. 2e).

Tak sk meton ['aycoBoro po3mutts no3Bosisse Buaumty inTepan 3['CK meHoi dasw,
0 BHJTHO 3 ricTorpamu Ha Puc. 2e, To it OUThIT TOYHOTO po3paxyHKYy 1wiondi 6-CusSns (azu
OyJIO BUKOPUCTAHO came MeTo1 ['aycoBOro po3MUTTS 3 BAKOPHUCTAHHSIM MaTPHILi (2).

5000
4000
3000+

2000

Kinpkicrs nikcenis

1000

Komip

4000 4

KinpkicTs nikcenis

Komip
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Puc. 2. PEM 300paxxenHs yotupudazHoro 3pazka cucremMu Cu-Sn ta
ricrorpamu 3I'CK 10 06po0kwu (a, 6), miciist 00poOKH METOI0M
HEepi3KoTo Po3MHUTTS (B, T') Ta ["aycoBoro po3mMurts (1, €)

Ha Puc. 3 npoBeneno nopiBHssHHS PEM 300pakeHp 9oTHpH(A3ZHOTO 3pa3ka CHCTEMHU
Cu-Sn 10 Ta micis monepenaHbLoi 00pOOKH MeTo oM ['aycoOBOTO PO3MHTTS 3 BUKOPHUCTAHHSIM
Mmatpuii (2). st mporo 3acrocoByBaBcs iHTepBai 3['CK Bix 150 mo 170, mio Bimosinae miky
0-CueSns (azm. 3a3HaumMMO, M0 OJWHUYHI ITIKCEITi 31 3HAYCHHSAMH TPpajallii ciporo KOJIbopy,
SK1 HaJIS)KaTh [IbOMY IHTEpBaJIy, aJle B OTOYCHHI SIKUX 30BCIM HEMae MOAIOHUX 1M ITIKCEITiB, HE
BpaxoOBYBAJIUCSA. BUIHO TakoX, M0 TicCIs morepeanboi 00pookun PEM 300pakeHHsT METO0M
l'aycoBoro po3muttss BumiuieHi obOmacti ¢a3u  3-CueSns cramm OUTBII  PIBHOMIPHO
3aIIOBHCHUMHU ITKCEISAMU 3 TIOMIOHMMH iM 3HaYEHHSMH T'pajialii ciporo koibopy. Tomy, a0
00poOKM BiTHOCHA IUTOIIA BHJIUICHOI oOyacti ckiamana 18,4%, a micist oOpoOKH MeToI0M
l'aycoBoro po3mutts BoHa ckiana 22,3%, 1O JOCUTh CYTTEBO 3MIHIOE pe3yJbTar
imenTudikanmii gas.

a 0
Puc. 3. PEM 300pakeHHs 4oTupHdazHoro 3pazka cucremMu Cu-Sn 3 BUIAUICHOO
N-CueSns dazoro 10 (a) ta micis (6) 00poOdku MeTooM ["aycoBOTO pO3MUTTS

Kpim HEeoOXimHOCTI BUAUICHHS IUIol (a3 icHye moTpeba MoKpaliieHHs imeHTHdikarrii
TaKOT0 THITY CTPYKTYPHHX €JIEMEHTIB, K 00’ €MHUX MycToT (Top Ta TpimmH). TyT y mpormeci
JICTCKTYBaHHS Ha PACTPOBOMY EJICKTPOHHOMY MIKPOCKOIT Ha TOIOJIOTTYHUX HEPIBHOCTSIX
HABKOJIO IIUX 00’ €éMHMX JAe(PEKTIB BHHHKAIOTH PO3MUTTS KOHTYPIB. Taki epeKTH po3ciroBaHHS
BHHHKAIOTH 13-3a 3MIHU IHTCHCHBHOCTEH PO3CiIIOBaHHS SJICKTPOHIB, IO MOTPEOye KOPEKIIil.
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PEM 3o00paxennss yorupudaznoro 3pazka cucrtemu Cu-Sn Oynm mpoaHarizoBaHi Ha
BMICT JeeKTiB B BHUTIAAI 00’eMHHX TycToT (mop). Ockinbku Mexi nedekriB Ha PEM
300pakeHH] oTupHdazHoro 3paska cuctemMu Cu-Sn 10 0OpOOKH PO3MHUTI, @ METO]T HEPI3KOTO
PO3MHUTTS IiICHITIOE JIOKAJBHUI KOHTPACT 300pakeHHsI Ha TUX AUISHKAX, JIe CII0YaTKy OyiIu
MPHUCYTHI Pi3Ki 3MIHU TPAJi€HTa KOJHOPY, TO JJIS OUIBII KOPEKTHOTO BUAUICHHS Ne(eKTiB
OyJ10 3acTOCOBaHO MaTPHITIO (9).

Ha Puc. 4 npoBeneno nopiBHssHHS PEM 300pakeHb 9oTHpH(A3ZHOTO 3pa3Ka CUCTEMHU
Cu-Sn 1o Ta micis 0OpoOKM METOJOM HEPI3KOro PO3MUTTS 3 3aCTOCYBaHHsAM Matpwii (9).
st inenTrdikarii mop 3acTOCOBYBaBCs IHTEpBaJ 3HAUCHB rpajallii ciporo koisopy Bix 0 10
50. Anaiiz PEM 300paxenHs otupudazuoro 3paska cucremMu Cu-Sn Ha BMICT TTOp IMOKa3as,
mo 710 OOpOOKHM METOJOM HEPI3KOTO PO3MHTTS 3 3acTOCyBaHHAM MaTpulli (9) B 3pasky
Mictmnocss 38 Takux IedeKTiB i3 CepemHBOI0 IUIOMmER0 52.8 MKM’. 3a3HAYMMO, WO B
pO3paxyHOK Opamucs AePeKTH po3Mmip sSKUX OUThIIKK 3a 15 mikcemniB, a micist 0OpoOKH
300paKEHHST METOJOM HEPI3KOTO PO3MUTTS KUIBKICTh Je(eKTiB ckiama 53 i3 cepeaHbOIo
moero 43.8 Mrm’.

Taxum uymHOoM aHamizs PEM 300paxenHs dotupudasHoro 3paska cuctemu Cu-Sn
MoKasaB, IO Ticis oOpoOku MeTogoM ['aycoBOro po3MUTTS 3 3aCTOCYBaHHSM Matpwili (2)
BHJIUICHAa 00JIaCTh CTaja OUThII PIBHOMIPHOIO IO PO3MOIUTY I'pajalliii ciporo koymopy. o
00poOKM BiJHOCHA IUTOIIA BHIUICHOI oOmacti ckiamana 18,4%, micis oOpoOKM MeToaoM
l'aycoBoro po3murTs BoHa ckiana 22,3%, IO JOCUTh CYTTEBO 3MIHIOE pe3yabTar
imentudikarnii ¢asu. Takoxx PEM 300paxeHHs Oyao MpPOaHATI30BAaHO HA BMICT ITYCTOT
(medekTiB), Ta BIUIMB METOMIB OOpOoOKH 300pakeHb Ha pe3ylIbTaTH aHaNi3y. byio
BCTAHOBJICHO, 10 mornepeans oopooka PEM 300pakeHHS METOIOM HEPI3KOTO PO3MUTTS 3
3aCTOCYBaHHAM Matpuili (9) CyTTEBO TOKpallye pe3yiabTaTH aHalizy pO3MIpiB Imop, 3a

PaxyHOK OLIbII KOPEKTHOTO BUJUIEHHS IPAHHUIb TIOP.

-

i

EP

a 0
Puc. 4. PEM 300pakeHHs 4otupudazHoro 3pazka cucremMu Cu-Sn 3 BUIUICHUMH JIe()eKTaMu
1o (a) Ta miciis (0) 00poOKH METOI0M HEPIZKOTO PO3MUTTS

BucHoBku

Y po0oTi mpoaHaIi30BaHO 3aCTOCYBAaHHS METOJIIB MOTEPETHBOI 00pOOKH 300paKeHb,
0 OTPHMAaHI 13 PacTPOBOTO EIEKTPOHHOTO MIKPOCKOIIA, B MPOIECi TOCTIKEHHS (a30BOTO
CKJIaJly Ta BH3HAUCHHS pO3MOAUTYy TOp y uoTupudaszHoMy 3pa3ky cuctemu Cu-Sn.
[IpoanasnizoBaHO 3aCTOCYBaHHsS METOIY [ aycOBOTO PO3MHUTTS, METOAY HEPI3KOTO PO3MHUTTS
JUIST BUAUICHHS MeX (a3 Ta MIABHINCHHS pPI3KOCTI KOHTYPIB TYCTOTHHX JC(EKTIB.
Po3pobneno anroputMu momnepeaHboi 00poOKH 300pakeHHS 3 BUKOPUCTAHHSAM BiIOBIIHUX
MaTpuYHUX (QLTBTPIB.
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[Tokazano, mo Ha pe3yabTaTH aHANII3Y IUIONI ()a3 BIUIMBAE HASBHICTH OUIOTO MIyMy B
PEM 306paxennsx. s toro mo0 mo30ytucs Outoro mrymy OyJ0 3acTOCOBAaHO METO]
['aycoBoro po3MHTTS, SIKMH YCEpeIHIOE 3HAUYEHHs TIpajalii CIporo KOJbOPY B IMIKCENsAX
300paKe€HHS BITHOCHO iX OTOYEHHS, 1110 JIa€ 3MOTY HMOKPALUTH PE3yabTaT PO3PaXyHKY ILIOLL
¢as.

Y pob6oTi mokazaHo, 1o momepenHs o0poOka 300pakeHb YOTUPHU(DA3ZHOTO 3pa3Ka
cuctemu Cu-Sn MeTOqy HEpI3KOTO pO3MUTTS Ja€ 3MOTY MOKpAaIIUTH 11eHTU(IKALII0
TOMNOJIOTTYHUX Je(eKTiB. 30Kpema, OylI0 3’sCOBAHO, 110 32 PaXyHOK 30UIbLIECHHS JOKAIBHOTO
KOHTPAcTy B PpE3yJbTaTl 3aCTOCYBAaHHS METOJY HEPI3KOTO PO3MHTTS 3pOCTAa€ TOYHICTH
aHayzy nyctoT Ta nop Ha PEM 300pakeHHsX, OCKUIbKM rpaHuul nux aedexris Ha PEM
300pa’KEHHSX CTAIOTh MEHII PO3MUTHMH.
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THE APPLICATION OF PREVIOUSLY PROCESSED IMAGES FROM SCANNING
ELECTRON MICROSCOPE FOR IMPROVING IDENTIFICATION OF STRUCTURAL
ELEMENTS

Abstract. The paper describes the effect of pre-processing images of a four-phase sample of the
Cu-Sn system obtained from a scanning electron microscope on the analysis of structural elements.
Preliminary image processing was carried out using Gaussian and non-erosive methods. The image
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processing algorithm using matrix filters is described. The expediency of using each of the methods of
pre-processing images for analysis of various types of structural elements (calculation of phase areas
and determination of the number and calculation of the sizes of structural defects) has been analyzed.

Introduction. Image processing plays a significant role in computer analysis of digital images,
in particular in recognizing image fragments. It is worth noting that in the case of considering the
image as a two-dimensional signal (When an image can be described by a function whose value
depends on two spatial coordinates), an important stage in the processing of images is the selection of
useful information. Various pre-processing algorithms allow you to change the image so as to simplify
the selection of a useful signal.

Procedures of image processing and analysis contain a pre-processing step in their structure,
which includes smoothing, noise filtering, sharpening and contrasting. In addition, pre-processing of
images includes correction of non-linearity of the semsor, brightness, contrast, elimination of
geometric distortions, the selection of certain objects relatively to the background. Effectiveness of the
stage of the previous (primary) image processing has a significant effect on the result of the
subsequent stages of image processing, including segmentation, morphological analysis and pattern
recognition.

During the process of detecting in a bitmap electron microscope, the received signals impose
different noise on the received images due to the scattering of electrons at the boundaries of structural
elements (for example, the different phases of the investigated alloys) and volume defects (for example,
due to scattering at topological inequalities near pores or cracks). Therefore, the application of
different methods of pre-processing images plays an important role in improving the analysis of
various types of structural elements and defects.

Purpose. The main purpose of the work is to study the effects of various types of previous digital
image processing of samples taken on a scanning electron microscope (SEM) on the results of the
analysis of these images, as well as direct implementation in a single application of the basic methods
of preprocessing and subsequent analysis of SEM images.

Results. The paper proposes methods of preliminary processing of images obtained from a
scanning electron microscope for the study of a four-phase sample of a Cu-Sn system with bulk
defects. The application of the Gaussian blur method, the method of unsteady blurring for the
separation of phase boundaries and the sharpening of the contours of cavity defects has been
analyzed. To do this, algorithms for pre-processing images using various matrix filters were
implemented.

Conclusion. It is shown in this paper that the use of matrix filters for the pre-processing of SEM
images can significantly improve the results of their analysis.

1t is shown that the results of calculating the area of the phases are influenced by the presence
of white noise in the SEM images. To eliminate the effect of white noise, the Gaussian blur method is
used, which averts the value of the grayscale of the image peaks relative to their surroundings.

The work demonstrated that the preliminary processing of images of a four-phase sample of the
Cu-Sn system by the method of non-erosive blurring makes it possible to improve the identification of
voids defects: pores and cracks. In particular, it was found that the after increasing the local contrast
the accuracy of the analysis of three-dimensional defects on SEM images was increased as well. In
this case, the boundaries of hollow defects on the SEM images are blurred, and the method of erosive
blurring improves the process of their selection.

Key words: methods for image processing, scanning electron microscopy, Gaussian blur,
unsharp masking.
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