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(57) Abstract: The present invention relates to an apparatus for analyzing
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ractal dimension 2

MDAME:231
Mean: 1,040 0.005

MCF10A
Mean: 1.231+ §:042

MCHT:
Mean: 1.081+ 0.607

FLIL R EEED

cancer cells using cell surface microstructure analysis, and more particu-
larly, to an apparatus for analyzing cancer cells, comprising: an atomic
force microscope (AFM) for observing the surface of a specimen cell; a
first calculation unit for extracting a cell boundary from the image of the
surface of the specimen cell observed by the AFM; and a second calcula-
tion unit for calculating a fractal dimension (FD) from the extracted cell
boundary. The apparatus for analyzing cancer cells according to the
present invention analyzes the fractal dimension for the microstructure of
the cell boundary, and the microstructure of the surface of a disease cell,
such as a tumor cell, has a unique FD value which is different from that of
a normal cell. Particularly, a metastatic cancer cell tends to have a fractal
dimension remarkably lower than that of a non-metastatic cancer cell.
Thus, the apparatus of the present invention collects FD information on an
ultra-low volume of tumor cells, and effectively uses the collected infor-
mation in predicting and diagnosing various characteristics of tumor cells
such as the progression of tumor cells, and whether tumor cells are malig-
nant or benign. In addition, the apparatus of the present invention can
measure, at a nanoscale level, the structure of surfaces of live cells, and
therefore can be valuably used in the development of biological tools for
the study of cells, that is, for the analysis of the ultra-microstructures of
the surfaces of cells.
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SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Z7:
OW, ML, MR, NE, SN, 1D, TG) — FAZAEIA gol FARE BuA M F olg
B FAE (E 48.2(g)

22 A EREW A TR E o] &3 SAIE B AX e #e ASE HE FAHCE AR AX ZUE B
3l7] 915t YA FAL ) (AFM); 7] AFM ol Al B2 A5 A TH e o] v A 255 A E 4 A (cell boundary)
5 FE37] 4 Al 1 A4t 2, Y] FEE AE AAZE-E Y 29 (fractal dimension; FD)S Al4H37] £ A
2ANNRE Egste GAE BA A @3 Aojr), B Ao w2 w4 7] A E B4 AR E o] 8ste] Al F 7
o) Pl ATz O g Z e X} 9 (Fractal dimension: FD)S 418 o= gl on, T HAHELE v Z3 DAL W U4
TEE AAAEY THE 7] FD S Zeth 53] Holg dAEZE vl ol AR Hrh B g s zF
© 7Agko] Tt} wehA] SREe FAA X gt FD AR E st TAAEY AFAHE W b, A of B
T A8 7HA BEAE &St T Jdsted aRA R ARRE vt g Aolgle AR T Edd giF] v
AL FEOE SAT = UonE AE FHY FHAFE AL 98 AlE A58 vlo] L& el iAo = &
&4 F ot
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[ A1A]

Rl

(¥ 7] =]
A8 FAF du) 7 (Atomic Force Microscopy; ARM)& A} &3 AlX
o] E&=vl g 2t AETNH EFEY vAHATFE EHE 967 #A% L
A9lEe E=7Foltt [G. Binning, C.F. Quate, C. Gerber, Pays. Rev. Lett. 56
(1986) 930933].
AFM —‘?—41 dIdE 2L g2 (tip)o]l BAANEREHA FTA oY=
o

x
ri
ot
Re))

u
2 %

Mo o ob

AASHA FAste A= 24 7|5& 7Y A 88U 25 A=
(error) 213 & BEUER 3o o|ujA & =t ARMY S5A WHde
g+ contact mode$t 913-& o]&3 non-contact mode’} Th. contact moded]
Qe wAT Aae BAGA AotAons, ARe EAS AAYss
# ¥ (cantilever)o] B3 o] AFe] HIsA HYE GFH A5 Atol9 4T 2E
(interaction force)oll &3l W7t F3o] dojvkar, o]w vhAlE = ®(beam)
o] Walare ¥ ETho]Q = (photodiode)7t ZA B o] A&7} z-motion AEZ 4|
AgE", AEZE A8V £8A UE PIT scamerd 259 $AE WFA|HA
g3 AE ZUY 1HEE dASHA FAAA PIT scannerd] 2% WAFS W
olu]A| 2 #Ast @tk WA non-contact mode= ¥ =7]7} 0.1 ~ 0.01 nN A
2 A|2d A7}stE o] contact modeol HlE] B Zro} £AE Y] H & ABE
Aated Agstt. w3 dA 9] el =Z7)7F UR ol AYeEIL e

£2 4% 542 5 2] WEd ALAWE DHAEF $Iol4 SAgoz

o
o

I

O

l—ﬂ

>N e

124 —?/\ ,@.U]%}(AFM);
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2
FAA ARERe] TAzke W, DHAEFY skl g AEH Ao W}
A71E Ae SRV ARl FAFE WA BT A§FE P AAH Yol
BAge]l B4 FAREE EAG PEA RFE B PASoR 23 ¥ ¥4
* g We e A2 @71@1 =43 FRsnz =4, WEA 2 RE

Rt %%(aqueous env1ronment)°ﬂ 1 AFRMe] X34 (compatibility)<
SEM(Scanning Electron Microscopy)& ©]83t3is W #zH dFE(artifact) E
o Fon, o= SEM SAX| AlRY ZHW EE WUXE E@'ﬁ}ﬂ “H'jo]ﬂr. T
AFMS AEigtd oz FAHH 7oA FAHER A
[A.E. Pelling, S. Sehati, E.B. Gralla, J.S. Valentine, J.K. Gimzewski,
Science 305 (2004) 11471150; S.E. Cross, Y.-S. Jin, J. Rao, J.K. Gimzewski,
Nat. Nanotechnol. 2 (2007) 780783]1. Ath7}, AFM A ¥ % (topography, £ EW
o AE ApR)E= SEM o]u]X| S} e AEZD vATF2 3D 24 ddd HEE
483 A&t [M. Radmacher, Methods Cell Biol. 83 (2007) 347372; D.P.
Allison, M.J. Doktycz, J. Cell. Mol. Med. 10 (2006) 847856]. 1&j} o]|gh
AFMO] o]&olx EF3}3, AFM olujXE ¥F w7 (fluorescence microscopy)t
Ze Anle] AgtE ALE glo] siAsEy] oEleH, ol AETH FxE E3

A gl Bz ol ExX (complexity) WiEolt).

3+, Benoir Mandelbrotol]l & A7lE A3 Zo] [B.B. Mandelbrot, The
fractal geometry of nature, W.H. Freeman & Company, New York (1982)], T &g

713} (Fractal geometry)& o)A F&8 = 7]8}sH(Euclidian geometry)o2 A
HE £ U EREA Juo BFAE Ay A% BT suet. {F

= 7latge A, HH, 95 (cylinder) B F(sphere)®t ZE F=g¢ FHE 7
22 gtk 9, ZAY A 22 FEelM AAY FAR BEez 7A4E 3
2N A, oy A7F-HFAMI(self-similarity)S 3td, EF°l, 7%
2 S EEstE ge Ad AACA 28I [B.B. Mandelbrot, The fractal
geometry of nature, W.H. Freeman & Company, New York (1982); B.B. Mandelbrot,
Science 156 (1967) 636638]. Z &g EAMo FH ZF I 7/HXE HMAY E7F3AAY
o Bade male x99 (fractal dimension; FD, D) 7L 8% <Ql o2 Ak
1 o ZHY YL Fol AMAY T A97)(space-filling) & =

P

A -7+ ¥ (box—counting) BAHE o]&sto] A Z2ABE + U [T.G.

Smith, Jr., G.D. Lange, W.B. Marks, J. Neurosci. Meth. 69 (1996) 123136]. -
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Zd= 7ste YA, ®9H:2, A3 tE2A, ZFE YL A
(integer)E& o=z 32 L=t}. 2-393d oln|AoA NASY o}kl
(outline)L 13} 2 Alole] P, & ztow [J.Z. Liu, L.D. Zhang, G.H. Yue,

Biophys. J. 85 (2003) 40414046], Bt} 233 o}2ele 1 BT} 26] 7417E D,

“ Bernard, J.-L. Bossu, S. Gaillard, J. Neuroscr. Res. 65 (2001) 439445; S.S.
Cross, J. Pathol. 182 (1997) 18; B.R. Masters, Annu. Rev. Biomed. Eng. 6
(2004) 427452; R. Sedivy, C. Windischberger, K. Svozil, E. Moser, G.
Breitenecker, Gymecol. Oncol. 75 (1999) 7883; A.L. Goldberger, B.J. Wést, The
Yale J. Biol. And Med. 60 (1987) 421435; J.W. Baish and R.K. Jain, Cancer
Res. 60 (2000) 36833688]. wety Zag 42 Axde] vAl7xe FHgH
s4e sS4 A% BT AS Jbss

ofdl, & 2RAEL 47 FAVIeEY EAHE
AT =83 27, A FA AuBURADE ol 83 nA = AExFES S
AE ZAY Zdg AdS AT F Aes Fdata, 2 #ys S H3
=23
(g o] A 491
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4
E oultm o) 3k oFefo] whaw, B dhge Alg MY ZHg @] A
28 FAF AU A (AFM); A7) ARMAl A BEE A8 AE FHY olnxZHE HXE
A A (cell boundary)E FE3}7] Y3 A1ALE; D, AV FE2H HXEX AARE
Bl &g 2} (fractal dimension; FD)S 7l A7) 9% A2aARE ¥aeis o

A ZR e QoA A7) A1AAEE AFRM o]W| A 27

xo]lZ(noise)E 233k, o] (binary) WEHAF|L, oA (edge) FE2& T
Ag EAJORE 3t}

wolzo] 238de dAIF A& (threshold filtering) 2 T3

TAHORE
slR o, oAz FEFL o4t ol ER M3 (discrete wavelet transformation) &=
Sttt 2 L] Ao 3o4 FRIgE uiel o], AV|Y GAES GRT
T Z/wol o] A3 AXE FA olu A7} HEEHAL.
B odgo) AAE B4 ZAA | olA, A7) A2diRtE st 34 wha-
7h&-% (Box-counting) M & ol §ste] AE AAY =Y AAFD)S AMstE
Ag ERo= 3t}

Jog N, - log Ny
log (1Ly) ~ log (1/Ly)
3714 2de] g o= Yehhr] Asf Aol 2a7h AHLEE, N Mol
AANE boxd 7T, LS 3% boxd TR HolE ¢mlgin},
Bo} ZpAs] dstd tEd 2o
w~-5}9 8 (box-count ing) AL A7F-FAM (self-similarity) S 7R E

olu|A o] ZHL AADPE HIFsHH, do] L9 Hx(box)E2 TEE AWH

(covering) oz ZIeE 2P P 379 2o FodE 4+ U},

I)f _ lii Log(N
SRS s X LQO(I)

(D
AN K % g x 48 Uehe, L2 o] dols
Gendeh, 4] 0% oAl slsh 2ol Qese & g
NE)=()
' 3
(2)
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Yoz wM2g B@HYen, oF ()Y e Fe %22 FTHHUALT. 4«

log[ N(s)]= Dlog(17 s)

(3)
ol 7] 2(2)& 2asste] Yeld Holtt. SH dole 1/s%
T, A7 s' w2z FiAY Avlon. Ha Ell 2AA dE, 25
T O GAsta AgstA g, & 7hA A9 &3 R yH|(vidth) & 2=
Be waEg ol §3le AN D 16(128x128 JA) ~ 16,384(4x4 HA)E %
ot 47 ARER AR D3 tEE AR SR SH Ao
2 g gAE BY A oA, dgd GAEe 54 =A%
AFD)ES ARZstn AT doleiHlo]l=DB)¢ 7] DBl A" Al 523
Az Zdg A (FD)L vwstr] A ASANF
dloledlo]2~(DB) & ¥vt DBE ofdzt =

AQ
N

>

] _1>4

B

=)

T AU (FD)S BAAEY] =
AL (D)2 Aol dAlZ 2

o
3
=,
24
Ao,
[
)
mﬂ I

S .
B ool Aa|do] AmE wle} o), AME9 AAAM T ME AA

Zag aYe S 29, 33l faEiet B4 EFED=1.231)9 Y A
o] LA E(FD=1.040)°l H]aH 0%51 e X2 Jede. 3 gAEFEgl
H @A E H Mol A EF(FD=1.081)7} AolA A EF(FD=1.040)°1 Hl&

s ¥e Zag £ B
£ ool QT B4 AR oA, 47 AZAWRE Am AEe =
AL AL ZA AAM)F AEAS) A2 fAsHE xR

52
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7
EAALABY AT A71E vrasl 2 ASIE. WA & e ALED
GoATE B4 9 AT 474 oloE A W4HeE T8E 4 ue

= 19 (o), (B)YE MCF10A ME ZA(30%30 um)el $Y e DIC o]v
o AFM olE] A oluA(B)E Hlmate] Urhd HolH, (C) ARMOZRH
Fo] A YE(height topography) °lWAE YelliL, D)E (O FAE ¥
gdigte] bl Rojth. EF (B)= (B)o]l EAF red R blue 2ol &3}
dZ ¥ tjo}(filopodia) Z @ Ecjol(lamellipodia)®] o] /H8&E e

o o &

e M e X

S
o
o

T 25 NCF10A ME ZAZREH AE 832 FEde 72 9Al W& ARM
OlHleE L‘rEM 74014

o7 Aid I i}%% Ueld RAolm, (B)E (A)Y red 4t
vz 9} A AL JeZ, (O (A)9Y blue WA E o3t AFM ojv]| A9} =
2Ag 2AS veERE Aol .

T 4= A2 TE MCFI10A AEF9 AE Z A ARM olujx] 2 7] MEE
o] XA 24 ke EXE Jed Aol
T 5= AEZ&A D(cytochalasin D)9 @l wE MCF10A AlX A9

AFM o]u]x] & A Azbe] w2 zZag X9 gte] WEE yehd Aol

= 69 (MW A AEWCFI04) 2 o AEOMCF7, HlHol4d; MDA-MB-231,
Hol4d)el AFM olulAE e, (B)% (O 27 & Az ZaE e =
A A dehdn.

= 7& B I 2 gAE B4 AXY AREE YeRd Rojt

=82 = 79 AE B FAE o] 8T FAE Y WYY ZEEE Y
el Zlolth
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AAd 1. AE g, ARM 4 5 A& F4] 2 ARM 53

ST A £ MCF10AE ATCC(American Type Culture Collection)ZF-E &
Roew, A7l AEE IOOVng/ml Zd 2 =A(cholera toxin, sigma)’} TFE
MEGM(Mammary Epithelial Growth Media) ®lA|(Clonetics)olA] w3 R . &7 Y
FE& 37T, 5% CE T 55 TAVINAM s on, BE Wi AR

ATCCS] Ao wel THHUAT. T8&H A A AR o|FAE @7] A, AEE
35 mm Y (dish)oll 24 AIZF FF WFAZIL, AAFA FHIZ 4 % FEFLHT]
= (paraformaldehyde) 2 10 ¥ X9t ﬂzé’\]i’i‘:}. o] ARM 2 Fst Hwm A
(optical microscopy)% 23 AEo 5Y FEY o]F o]uX|(dual image)E F7I
e, MEE 55 pm 2A°] 28 =(square grid, Eppendorf)7} EX&d AWHEH
(cover slip) 9ol WMigA7IT, R Alx9 XS FIiTt. ARM 5A ZAFd=

T 1o JEdH.

T 19 (Ao Hol= uvle} o], DIC(differential interference contrast)
ol A W& HjgdAE AEY HA FuHE AT, 2 wWEdHE AE T
Aol & Ui AT HBE AFEA RITHEAE; optical edge). W,
19] (B)oll Hol nie} Zo], dg 2% R=2Z FHE ARN o|v A= ME A4
A FEI RYdg AAF F ok &, AE9 FY FGolM £ BF
gz ¥ vol(filopodia)?t WEQ 2ok bz Erjol(lamellipodia)e] FHH
ZE2HIE B F Ut T EFHHNA o Az ¥st= 7] A (substratum)
2HE Axo BAES U“ﬂﬁ‘}ﬂ] Aty T Fo] EE(height mode)oll A 3
g dolHE AXY 3-AdH ovxE A3t (= 19 (O 2 (D)), 47 dHol
BHe 29 Eiizl(topology)oﬂ ek A ARE AT T3 & 19 (B
T3 2 (red line @ blue line)o W3k Fo] T2} YU(height profile)S =
19] (B)ol Jelidcr. 1 ZAx, EE2XoMred line) 2 2 Edo}(blue
line)E Z+7+ <F 100 nm, 200 nme] F7A7} A=},

4719 Age A4 9F(standing-wave) FF @vVAL o] 83t AfrotAl
¥E olnne 2™ (lamellum) 2 1':‘»771]'3— %—7‘0?_ Ao} ‘Q"]?}‘ﬂr [V.C. Abraham,
V. Krishnamurthi, D.L. Taylor, F. Lanni, Biophys. J. 77 (1999) 17211732].

rskigﬁl-n

o ]

A Ao 2. AFM ©]v] A (imaging)
MEY BE AFM AL Aty 45 AldFoA AFM A2 (XE-100, Park
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9

Systems)& o] &3t 3T, A7) ARM A]2EE 120 pm® WHF 2o I
o= Fefo] AFM M@ 8] (cantilever)(HYDRA-G, Applied Nanostructures)”Z} &
Z=o] dtd. Ayl MM ~2Z¥Y A(spring constant)9k FH  FIF
(resonance frequency)= Z+ZF 0.60 N/m, 54 kHz & BE Algo| o3 AFM X &
A&7)|E 2 ~ 3 VE AAJ, 290 £%(scan rate)= O]U]X] E A (quality)S F
Halst7) 8 <oF 0.4 Hz2 AAsATH. EX 129 (topography) et olg] A& ofn
AL TP BE A ouAEL 512%x512 A (pixel)o] ANHER SAH 30X

2 -~ _
30 um F9E A== (contact mode)E FH 3 Ao|t},

A 3. AIX AA FZ(boundary extraction)

ARM olH| A& T MEY &FS FE37] A, & EHAEC] 1dT &
ZEJAE g3t AR, AR oPXE S2EIY 2FY dads
(histogram smoothing algorithm)& ©]&3te] Hxd3} stx, o]=27E ¢
X2 256 2#|o]-d ¥ (gray-level )2 TAE3} A HE 29 (A)). o]¥F,
S (invariant signal)o] <UAgt A g (threshold filtering)dRt}t. o] ko
(noise)7} & 28AE 232 Yepd + do. 37 A2 AX 7HAy F9
o] gAY oFE wolZ7t AAHANE 29 (B)). 47| HEH dAE FH A
gd olu|x e W Axe EAS HoEt. FEH 94 olF o]¥(binary) ¥
32 Fgslgon, o7 & JAF o L JAL JA e A48 He
oz HFHJHE 29 (). olF, AEX AAE FE3t7] A, o4t deolEY H
%H(discrete wavelet transformation, DNT)S F&8tgith. olm Aol 1 E& 00
A3 A & A, AE /PR XS R4 1(black)® ABH L
W e JAEL 0(white)2Z2 AFFT. A7 AAHSE ¢ A A
Uebdth, DITe 34 & doid HE AA9 &3 = 29 D)l e

E

™

¢

1=

(L 9l

A 4. =AY Y (fractal dimension)d] A4t
A7) AAd 391 FEF AE AAY =Y
e = 3o HEAT.
% 39 () ~ (Ol YeFA A} Zol, D= w2 A7]8 23(log) #tol W

af
2
r_.\(_q
filo
I\
o
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T
e

4 2

3 93 doge ¥Ists vA S 21 k9 A8 3 A(linear regression)d 7]
&7 (slope)ZHE A", Za/2a ZEX(plot) ¥ IAY AIAS

(correlation coefficient)® =& l(r20.§995)% ME AASY EBEFEAo] ¥
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Wle) Mgol tha) AEA AP guEn, oldd B4 TY
4 E4(defining characteristic)o]th. E3 HXE AAY A7}
similarity)E& 93k olujx| oA §A}3F dAoZHE Aitd T e X
oA ZRY At ZHY Ads Bl ﬂoii Brregith. = 39 (A) - (CH
2zt AR D gk A FYEFHEE, MCF10A MEE o] 11E oA (edge) ] ZTHE
RS

719k Zol, T HE FA 72 ZHG EHL TRHOE FAR &
e 54 AAZY e AEES gugte A2 oyt ojs AME 7
A FEj7t AE} AIE AtololA dubd oz a7 Wi z
171 S8, B 2RAE2 05 AEZ(n=43)9] AFM oA & 4
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>
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2 vE Azd Hdages Fus
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2 ZAHAY. ol Ade =gd
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.

2

£

Auj

£

\l

N

N
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e

=

)

X

1 ﬂ]\ﬂ
o o
=

*‘xﬂ 524% e Axe wiok ZA0 9 9FS BS F o, o]t
A= MCF10A A X9 ek xpYo] A7) MEFE T iz Auaxel EaHQl
EAS g gs kA AA g

A 5. %FF Ao WE HMF HAY ZdHg 4
AZ AAY Do 371 Sekzol o] A4 (ruggedness)dl 93 Z7}s
EEHS, d2¥gol & g xrjo} 7|gke] F AR FEEHE
deo] o3 FgL vk, ol wY IF5HA FxRe A8 FHUWEY IHHE
[N. Watanabe, T.J. Mitchison, Scrience 295 (2002) 10821086] % o]FS X g3+
oz 7}A AEZ Z2A|zq A 7T DHSA A YT [P.K. Mattila,
P. Lappalainen, MNat. Rev. Mol. Cell Biol. 9 (2008) 446454]. 7] 71%5< &A
2 Z (healing) 2@ AAE7]9 A& (neurite outgrowth)o]™, o]= AXE FEjo| <
Exolt}, ol#g 759 BHAL AFH AX e AR Ao mEt AAE
o, AAZ dR¥ol= MZ TE MX FYolA g3, Zo] & X wat W
&8kch [0.C. Rodriguez, A.W. Schaefer, C.A. Mandato, P. Forscher, W.M. Bement
and C.M. Waterman-Storer, Nat. Cell Biol. 5 (2003) 599609]. MCF10A A|X 7§7}
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9, ol F=2
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o Fejsrd BFYAE BTen, AY A5 71_%4
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44
ne
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flo
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e
iu}
2y
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o

30, 60, 120 min)Z A3 F, AFM o|W|AE Lol &, ZHL FHo 5353
o}

T 59 (M)l Beole npeh Zo], AEZA] D A 30 £ §F TR ETotd
F% 2 H35Es A4S AT § Jdut. ole A Azke] AEEFF u] FHo
Uelkorn, 2 Az Tl A9 Hdlo] T=@stqith. 22v ARM oW AdE Al
EZeHl DY Mo x el ot e FxoAM 4z HET YEENY. E
% = 59 (B)o] e AT 2o, 7 A7) &4 AL AAe ZaAY HUe BrE
A7, AEZL D A Alzto] FIHETF mean Dy ol HAH o= Fashy,
Z7+e] Dy level & 7R BT, olaist ME AA vlATEY D 39l Aol
= F2 ZZ=Rvl "o AAT A9 dES FAA(integrity) H g
(dynamic)®] A X (degree) W& AL i
AX Feo FHshE HFAE 2
(exuberance)& 37}3lo] & F&¢ sgvEdE Yujgt.

AA 6. GAE L AJAE HAQ ZAag EA
SAEe} AT ZHG EAS vusty] A, AA]o 1049 2ol
AEMCF7, wldold; MDA-MB-231, Holid)& Wi &, 2Ald 2 % 39
AA dAXZY FAE FEIHAT. 7] F2TF AX AAY ovA= = 69 (A)
of PRt olF 7] AIX AA Z=AqY
a2 AIE 62 (B), (), AFAESQ] MCF10A= 1.231 o]len, MCF7&
081, MDA-MB-2312 1.0400% AAAE T z19o0] GA X H|g HF3]

1.

2o 232 JehiQ. £ GAEF o) wlaal, vlRoly ¢ AEFCE) I
Aol GAEF(DAMB-231)0] Hlal FolmsiA B TaAD £xg Bt ol
@ A= A AA ZTag ¥o] B AXY wRAHN EMHolY dolHe
NI 5 glee =ya
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of g AE B9 ujAlTEzd O g Zdg EAS 24T F Ud. BEA
B oy AdAE B4 X e I FEAE did ZHE JHHRE FF
sl FTUAE AT JNPYAE, TF L 4G, FH AF F A8 A sS4
qFstn Addted aFRHoR AEE & JYuh. T Holfle AlEY FUTE
of d3] Yr2Ad FEo2 ST ¢ Jonz | X ¥HY SHAFE E4E
At ME AFE vio]2FE Mol F4A S T 3

= 284
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@ Nano-scale imaging of cancer and normal cells using AFM

AFM image  Noise Screening Binary transform Edge extraction

h

@ Analysis of fractal dimension using the box-counting method

D= — JogN,—logN,
log (1/L,) - log (1/L,)
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