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{47 E| (Thresholding)
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O g E{EDEIE S
B XRERE (BUEEgminFigmaxz [8) HE—NRESET
B (gmin < T <gmax)

1 w f(xy)>T

g(x,y)={0 W fey) < T
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Otsu’s 5% (1979)

O BB E

B RXBEGRBRETTARE, RFESINHE, ESXNTERD.
O ERAHRE

B RE—NTEIG, TERIE—UHEREP))

v 73— BEFEREFRFREBTEREZFA
B RFEEL, FEREIHARE, B

t T
g,(H) = P(i) g,(t) =D P(i)

B SRGENRENE I
_NisPO) _ N PO)
,Z_I: q,(t) (1) i;1 q,(t)

* Otsu, N., "A Threshold Selection Method from Gray-Level Histograms," IEEE Transactions on Systems, Man, and
Cybernetics, Vol. 9, No. 1, 1979, pp. 62-66.
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O e FTRiE
BRIGZENIREFE:

o (1)= Z[z (O] 22 o3 (1) = Z[— 1, (O] P((l))

q,(t) i=t+1
B MR E: o (1) = q,() o () +q,()o; (1)

B SEEIEE (35855) -

7 = arg min szv(l‘)
t

B —ELEGSE: 1 IG, )=

BG.7) = {0 1G, /) <7
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O #WEHEIMHNE, HWiEPHsBaE
O EZFEMIBREE (—RIPEE—R)
O 7334018
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SAM, EFmE. EEFHT, BEREFROBSMNERE.
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MMERE, MEHXURL—R, EEHIT, EEITBEEAULEHD
AR,

O HEATE
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O EESREMI-DIt L RIFRK, BI2-DEyithE (XN E&=(E])
NEE3ENSTE (FNEFRKE)
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HEAKRBEIEFISE

O 7Kg E LT

1.
2.

FREIEES (x,y) , HEEEE G, )
RMm, M, ..., MR%ﬂ_Tg(x, y)*%%%ﬁ&’]‘ﬁﬁ"ﬂ%%1ﬁ§, C(M) A
SuxNBIXiGmFGRLIRES (BIERZH R 7EIZ5R)
H n F=REHaERE, Mn RFJLH uwv) NEEES, EXK
gu,v)<n; Tn]AIXTRZ P ERIBAA:

Tn]={(u,v)| g(u,v) <nj

XIMERTERIX IS, H i UL IRESC(M)AIEIE—IRZE

Bl :
Co(M;) = C(M;) N T[n]
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Cn(M;) = C(M;) N T[n]
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B A& EREEENE, BRPREHERENRE:

R
= | Jenemy
i=1

B Cmax + 1F BB XERIHE:

R
Clmax + 1] U Crnax+1(M;)
=1

B Cln- |BCnNFE, HEMNTFE
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O 3347 Zl (over-segmentation)
B KR ESER B SRR MER T =

FIGURE 10.47

(a) Electrophoresis
image. (b) Result
of applying the
watershed
segmentation
algorithm to the
eradient image.
Owversegmentation
is evident.
(Courtesy of Dr.
S. Beucher,
CMM/Ecole des
Mines de Paris.)
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O FAfriciEH 572l

m i$53%| (over-segmentation)
v ZEG S FE T A 454 #2000
m F|AH#R1E (marker)
v BB —NERAT (ETREFMZEEM)
> NERFRIE: XN BHR
> SMEBRRIE: WMRER (47K
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O F|AAricizHl &l
" [RERFHS IR E

ab

FIGURE 10.48

(a) Image showing
internal markers
(light gray regions)
and external
markers
(watershed lines).
(b) Result of
segmentation. Note
the improvement
over Fig. 10.47(b).
(Courtesy of Dr. 5.
Beucher,
CMM/Ecole des
Mines de Paris.)
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K-means BB E %

O EAXRLER:

1.
2.

EFEK DR T RFD (g, -, g}, BT ERPILAR—DEE;
ERm/NEEEERBEEARSSE, BBV # i, Dist(x, u;) <
Dist(x,p;), MPAFxsr REEiZE;

RIF\E2OM DGR, EINTEZEFL, HFLAERZ SN
':P'l\_.‘;

RE#iT2, 3%, BRIZLEHOETRE.

1. HNIEREK 1E?
‘ v NKIEE? BERTE?
WRPRRE T T S L
A R B
3. NI
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K-means BEH LT

] |:|/:E_/\$$ZIK'EE{X1, XN} =L '::'xi (S RD

O BHir: BHERER D AKNE, F"rxA{u, - vkl
B X5XFEn,=1: Fn MERBRITEIE L FR(Z)

O Lt BExR:

N K
arg {min }J => > ., —ukH2
Ho b n=1 k=1
s {71,1' T} ‘H‘ﬁﬁgj&‘f; ?
1753
7.5/%% 7 I if k=argmin ;|x, —ij
EE ), Bt res , ~0(NKD)
0 otherwise

Z l"nan

= Ei{rnk}’ ﬁg{l‘k}: L =G ~0(ND)
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K-means algorithm 2
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[1 ACM: Active Contour Model
B EARESE. BUERGFEC—ERISHIZ, BiENiiTE 2z
E%‘EEFH‘, FEEEFEMRILZGA, MM B &R L8
=
B AR
v SEILEDNRER : snake
v JLATEDNEER: IKFEEFIE (level set)
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ETENRERERREIRD:

O S8 ETNHER : snakes
B ZBT4{E. "Snakes: Active Contour Models”

Snakes: Active contour models
M Kass, A Witkin, D Terzopoulos - International journal of computer vision, 1988 - Springer

A snake is an energy-minimizing spline guided by external constraint forces and influenced
by image forces that pull it toward features such as lines and edges. Snakes are active
contour models: they lock onto nearby edges, localizing them accurately. Scale-space ...

Ye UY WSIFREL 23964 HEANE  ATA 47 MERA 99

'|_-I|I||1
| LLE |
—_

O JLTEBNEEER: /KFEEFIE (level set)
B From Snake to Level Set
B Classical Level Set Model



SHICE DN ER (Kass et al, 1988)

STF—1M R Zev(s) = [x(s), y(s)], EXBEER L -

1
E:tlake = f Eﬁﬂﬂkﬂ (V(S}) ds
0

= [ (B (v16) + s (v(5) + Bon (v(5) ) s
Jo \

2N £ S HARE ElfREXRRE=R SNERY LR I

2_ 12

d*v

dv |2
+ B(s) )

Eint = a(s) 1s

Eimage = Wline Eline + Wedge Eedge + Weerm Eterm



FEhFeERRYE K

[0 SnakesEE= K2

dv
ds

2_ 12

Eine = a(s) + B(s) ﬁ

Eimage = Wline Eline + Wedge Eedge T Wterm Eterm

O sE#RE TREEA(ZEDE):

RFES: ANk (Regularize) #ERHHZR, FiEMHZR
G 73 HETEE BRIV BRI A R IE T

IZA?:‘Z-‘EDI‘%EH H

Eern:t — imagce +Emn
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O P Z Al LRSS

C:[0,1 — R? Clp) = (=(p),u(p))
O Ho
B {][E=:
T(p)=C'p) = (="(p), ¥'(p))
B A=
N(p) = —y'(p) ' (p)

\/-1‘ )2 +v'(p)? V' () + v (p)? 7)
B 24 M C(0)EICip)

s(p) = fn ’ C"(s)|ds c(0)



#2= (curvature)

O RAIMK s EASH
B ds=[C'(p)ldp =y (X' ()*+('(p))dp
N 'l:)]r__lgig T(s)=C"(s) 7~E A$1_Lr__|g

T(s) = C'(s) = (d_x dl) _ (dx/dp dy/dp) _ ( X' () y' ) )
ds'ds)  \ds/dp’ds/dp] \J (' @)+ N V& @)*+0))?

SIS T 2N T #hka75 H
O gthZEHid 7 % 5 R BR E

O BXKkS: () =T1(s)
O5FE ) Cls)=1 => "(s)-C'(s)=0




#2= (curvature)

Oc«f ~vHERF T
—> C"(s) FITT N
|:> C's) = Hli.ﬂ,' :|f-'l.,-’|:.q:|

0 YA ik ERA RIS MRl K e
B ST —RNSHUER Clp) = (zp).ulp)) HRAIARTA:

' (p)u"(p) — o' (p)z"(p)
(2 (p)? + o' (p)?)?/2

Ay
|"-|_I'.-_|!"_i'.-ll =
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leI_;\ Hé&

ij]?‘&: ié&l‘iﬁﬂ#l‘ﬂj'yﬂﬁ Clp.t) = (z(p.t), y(p. t)]

& EsIHH% EY FIEfE:

dCip, t)
it

=V |:_1'_:| f:l ¢ W EL:I

YImE T FiEEE N w2 a1

::> WY _ o 4 oN
it

X
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B)Ri: Ha = 0,5 = 0K, SISHIZMERTE R EELZMHL?
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O EE: ®pEEHRTARNTX. HC(p, t) BT HFIEH
1TE:
JdC(p, t)

= af N
Py al + [

MZFEC(p, OB —NEHUFKC(p,t) , FEBC(p, )R
FIERVE

aC(q,t)
o PN
g = X TFRI—1=: C(q) = C(p)
O S8R —RFETE:
ac .

rri



BIRERAMFIIHEEZE

BIREDN g ES )
(Area decreasing/increasing) (Length shortening flow)
acC aC
— =cN — = kNN

dt dt
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BIREDN g ES )
(Area decreasing/increasing) (Length shortening flow)
acC aC
cN KN
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T-Snakes: topologically adaptable snakes
v" Mclnerney and Terzopoulos, 1995

v" Ray and Acton, 2003

v" Li, Liu, and Fox, 2005

O EIFRYIESE:

B JKFEE&E 5% (Level set methods)



O 7kPEE: gk, F—%5%k ENanEs
O FA4E: 2D > 3D

Al

FkEE

[o)@ : ARl EIK
FEREHS(x,7)?

O p&E#:. 3D > 2D

=T, L",'

FKEE




7KL 2K 2 (level set function)

O d0{a) ik F KRR # P (x, ¥) ?
B BT R TR S KT R 45

FRRER

3 & g :
FACEEMER - -
HIKEERRE o




Y el =

75 & /2 (Signed distance function)

Q+

FSEEEBEN: ¢(x)=

ATLAERR: [Vo(x)| =1

dist(x,C)
0
— dist(x,C)

15 I8 S BR 3

if x18 outsnide C
xe(l

1f x 18 mnside C
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O REASHAREC(p, DIERTIRTE, BNEI—MHERE
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u 7}<SIZE E {Hﬁi Lfr;;
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Level Set without Re-initialization

N . ngn . . S AS EH 33 7. - ' 1 Il 2
O JFre-initializationfe AL ABEEZ ER: P(9) :LE”W"_” dzdy
O ENTHEEERI €(0) = 1P(0) + &0, (0)

= pp(f‘l?j + }lﬁg(f_j"}) —I—I/Ag(ff)}

AR £,(0)= [ a0(@)veldady  A(0)= [ gH(-@)ady 4= i
O XfeEE R EUKEEE
aE Vo i)
9% = —p[A ”_dn(|‘?w|}] —A\d(@)div(g |?¢|) vqd( o)
O &ETHE TREREZE, SEELEE:
51

Vo

. Vo .
—)] + \d(o)div(g——) + rgd (o)

— = ulA ¢ — div
g ‘u[ ¢ {|?ff)| ' (Vo

ot

Li, Chunming, et al. "Level set evolution without re-initialization: a new variational formulation." JEEE CVPR, 2005.
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An mstance for calculus of variations:

Define a functional :E(¢) = :ﬂ%(‘? gj‘ — 1)zdxdy
. 2 |
- .QE(W\ =2|Vg|+1xdy

Let F(gﬁ):%(\wf—z\wﬁm)

(AR D EENARTERSY

i terms of a small variable & and an arbitrary function h which

satisfies : h‘aﬂ =0, we can get:

F(¢+Sh) =%[ (¢p+Sh).” +(p+5h),) —2\/(¢+5h)f +(¢+35h),’ +1]



Lo EM

S

then:

Xp+oh) _ h.(¢p+Sh), +h (p+Sh), — A 5h)"'ﬁ+ @+ oW,

05 \/(¢+8h)x' +(p+Sh),’
VheV(¢+Sh)

\/ (3" +¢,° )+ (h>+h’)+25VhV ¢

aF(¢+5h)| VR4 VheV ¢

o) o=0 \/( b2+ ¢yz)

GEG+sh), (oo VAV |
Then =55 |MIQ[WV¢ \/(¢2+¢2)}aad3

= VheV(¢+Sh)—

¢)

I\/<¢ ¢)

= [ (h g+ g, )dxdy -
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6 —
: a[@xh]— ho +hg_.

a —
oy [ ?5,1..}?] =h,@,+he,,.

 OE(¢+3Sh) e
' 0

oo
_j 6{ 2 h}La{ 9 h}dxd}wj 6{ 4 }h+ha{ 4 }dxdy
aox| Ve | av| [V aox| [V | o[ [Ve
According to Green E-quation:/f (g—g - g—j) dzdy = 'f Pdr + Qdy_ and h‘m =0,
D L

we can get

L;[gﬁxh] + ;[gaﬁ},h]dxdy = ﬁ h(pedy — ¢y dx) = 0

o}
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ol ¢ |, 0] ¢4 S Py )
L@x{wh}*a}[wh}my b <|¢|d o) =0

Then
aE(¢+5h) p, o b |,
- 50 j h,. + he, dxdy +j {&LW}hmﬁ}[wﬂdm},
— _.L hagdxdy + jﬁ hV e {vi } dxdy

When E(¢) reach the minimal,

OE(¢+3Sh) Vo T
R J%Djﬂh{ﬁgjv{vgj}]dldya

co
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Since function / 1s arbitrary, we obtain:

The above equation 1s the Euler-Lagrange Equation.

\%
Generally, the gradient of functional E(¢) 1s denoted ﬂS—{ﬁgﬁ — V{W;B

algorithm, we get the LEVLE SET evolution equation:
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Graph Cut [EHZIA

O Graph cut: —#geE KRBT IE
B ETE&EN graph (B3E35/T5 S F032)
B F—MnsAa
v BEE, METFEGPNSMEE. SHAEBEIR TSR E—
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Normalized Cuts
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