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MoTuBauusa: ckaHupyroLw,as 30H40Basi MUKPOCKOMNUS 1
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Stolyarov et al. still unpublished

Kak npaenno, AFM-MFM-STM-STS n306parkeHust umerot:

— HeyCTpaHuMblii apelip 0bnactu ckaHUpOBaHUS;

— Wwymbl N HeCTa6VIJ'IbHOCTVI; Bapunaynm NHTEHCNBHOCTN N3-3a HAKJIOHA.

OTu 0bCTOSTENLCTBA NPENSATCTBYIOT NPSIMOMY CPaBHEHWIO ABYX bitmap-nsobpaeHni.
Onpepenenne: Ckenet (skeleton) nonytoHoBoro msobparkeHus ecTb KOMBUHALUSI OfHO-

NUKCENbHBIX JINHUNA, KOTOPble BOCMPOM3BOAAT TOMOMAOMMIO N XapaKTepHble 0COBEHHOCTU
MCXOAHOrO n30bparkeHuns.

A. FO. AnaabilWKnH O6pasosaTensHeiii cemunap M®PM PAH 7 Hosbps 2024 2/18



CKeJ‘leTOHVl3aL|'V|9| KaK NyTb 0T6paCbIBaHV|$| HecyuleCTtBeHHOro
= bone

U cartilage

A. FO. AnaabilWKnH O6pasosaTensHeiii cemunap M®PM PAH




Mepesoa nonyToHOBOro n3obparkeHust B ABOUYHbIV hopmaT

MpocToii anroputm BrHapusauun n3obpaxeHus:

if halftone _image(n) >= threshold In brief: image _bw = z > threshold
binary _image(n) =1

else
binary _image(n) =0

end




dpo3us

Dpo3usi - 3TO mpoueAypa YTOHYEHUS ANHUA Ha BuHAapu3MpoBaHHOM un30bparkeHun Oe3
HapyLUeHUs CBSA3HOCTH.

Format of the command in Matlab:

Image new = bumorph(/mage, 'thin’, n) or Image new = buwmorph(/mage, 'thin’, inf),
where the command of deletion of pixels of the binary image is executed n times or until
the stabilization of the image (inf) without breaking connectivity.

model image with stripes image with thinner stripes skeleton

N\

\

Gonzalez, Woods and Eddins, Digital Image Processing Using MATLAB. 2" ed. (2010)
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AdunaTtauyunsa

Ounatauusi — 37O NpOLECC 3aMeHbl KaXXAOro MUKCENst UCXOQHOro n3obpaxkeHus onpege-
JIEHHBIM <Y30POM>»:

010 1 0 0
pattern = 1 1 1 or pattern = 0 1 0
01 0 0 0 1

Format of the command in Matlab: Image new = imdilate(/mage, pattern)

model image five bright dots image with five crosses image with four lines

Gonzalez, Woods and Eddins, Digital Image Processing Using MATLAB. 2" ed. (2010)



3amMblkaHne pa3opBaHHbIX JINHWI: AunaTtauus + 3po3uvs

original bitmap image image after dilatation dilated image after erosion




Ocobble To4kn n3obpaxkeHus — munyuuu (nat. minutiea)

One can consider 3 x 3 block around an arbitrary bright pixel.
If the central bright point has only one bright neighbor, then it is the end point.
If the central bright point has two bright neighbors, then it is the trivial inner point.

If the central bright point has more than two bright neighbors, it is the branching point.

End point Inner point Branching point
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ABTOMaTnyeckoe obHapy>xeHue ocobbix To4eK
skeleton = bwmorph(image, 'skel', inf)
End points: bwmorph(skeleton, 'endpoints’) (one neighbour point, )

Branching points: bumorph(skeleton, 'branchpoints’) (three neighbour points, e)

Gonzalez, Woods and Eddins, Digital Image Processing Using MATLAB. 2" ed. (2010)



Original image from Internet:

OUSE

Skeleton and peculiar points:

H|OUSF
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Mpumep: onTuyeckass MUKPOCKONUS U XPOMOCOMbI

Original halftone imag

0.2-20 ym

1. Chromatid
2. Centromere
3. Short arm
4. Long arm

https:/ /www.istockphoto.com/ru/coTorpacuu/chromosome, https://en.wikipedia.org/wiki/Chromosome
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Mpumep: MarHNTOONTUKA U AOMEHHbIE CTPYKTYPbI

Skeleton of image and peculiar points
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Wang, Shang, Wu, Yang and Ji, Evolution of Magnetic Domain Structure in a YIG Thin Film [/
Chinese Physics Letters, vol. 33, 047502 (2016)
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Mpumep: MarHNTOONTUKA U AOMEHHbIE CTPYKTYPbI

Halftone image from Internet Skeleton of image and peculiar points
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OOGHapy>xeHue rpaHuvl, aTomapHO-r1aAKux Teppac

Example: pyramid with {111} faces

Processing: calculation of the Laplacian — binarization — detection of branching points

Important to note that second-order partial derivatives are maximal at the edges of flat terraces
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OOGHapy>xeHue rpaHul, aTomMapHO-ri1aaKkux Teppac u
LEeHTPOB BUHTOBbIX AUC/OKALWI

Processing: compensation of global tilt — calculation of the Laplacian — median filtering
(optional) — dilatation — erosion — detection of the end points

topography of Pb(111)/Si(111)7 x 7 film

image size 174 x 174 nm?

Aladyshkin et al., Observation of hidden parts of dislocation loops in thin Pb films by means of
scanning tunneling spectroscopy [/ Journal of Physical Chemistry C, vol. 125, 26814-26822 (2021)

A. FO. AnaabilWKnH O6pasosaTensHeiii cemunap M®PM PAH 7 Hosbps 2024 15 /18



AHann3 orne4yatkos nasn buesB

Typical image from Internet Skeleton and peculiar points
: S ——

MpuHynne gakTunockonuyeckoro aHanmusa (cornacto Bukunegun):

1. VnyylweHne ka4eCcTBa NCXOLHOrO MOJYyTOHOBOIO M300parkeHnst oTnedaTka.
2. Beluucnenue nonsa OpUEHTALNN MAaNUANAPHBIX NINHWNIA oTneYaTKa.
3. BuHapu3zauua n3obpaxkeHus oTneyaTka noporosoii 06paboTkoii.

4. YToHYeHne NrHMii n306parkeHnst oTnevaTka O TeX nop, Noka AMHuM He ByayT wmnpuHoii ognH
nukcensb.

5. Boigenenne munyuuii (nokanbHbix 0COBEHHOCTE) TINa OKOHYAHNES> N KBETBAEHNE>.

6. KOppensunoHHbIii aHann3 MUHYUNIA BaHHOrO OTMEYaTKa N MUHYLMii OTne4aTKoB Ba3bl gaHHbIX
(ans onosHaHus gocraToqHo 65% cosnageHus).



AHanun3 pe3ynbTaToOB 3JIEKTPOHHOW CNEKTPOCKONUN
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Tupchaya, Bondarenko, Yakovlev et al., 2D system incorporating perforated Mg sheet sandwiched between

Pb layer and Si(111). Appl. Surf. Sci., vol. 589, 152951 (2022)



3ak4deHue

o Moctpoenne ckenetos sBnsieTcs 3hheKTUBHLIM METOAOM aHaNN3a ABYMEPHbIX 1300-
paxkeHuii, B HaCTHOCTU, PE3y/bTaTOB CKaHMPYHOWEA 30HA0BONA Mukpockonumu (STM,
AFM, MFM, etc).

o [lnst NOCTPOeHMs CKENETOB N306PaXKeHNi MOXKHO MCMONL30BATh UM FOTOBbIE (hYHK-
unn u naketsl (Matlab, Python), nan HanucaTb cobcTeHHbIE cueHapun obpaboTku.

o [ns monokpuctannos EuFez(As;_,Py)2 nsydeHbl 0cobeHHOCTM ABMXEHMSI TOMOJMO-
rudeckmnx (Y-obpasmbix) gedekTos.

o ObHapy»eHO HEMOHOTOHHOE M3MEHEHMWE JINHEWHON CKOpOCTU BOAU3M KPUTUHECKON
TemnepaTypbl MarHuTHOro ¢asosoro nepexoga (T ~ 18 K).
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