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* Otsu, N., "AThreshold 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 i$4E (over-segmentation)

B KRR AR EERMERNTM T R

ab

FIGURE 10.47

(a) Electrophoresis
image. (b) Result
of applying the
watershed
segmentation
algorithm to the
eradient image.
Oversegmentation
1s evident.
(Courtesy of Dr.
S. Beucher,
CMM/Ecole des
Mines de Paris.)
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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. S.
Beucher,
CMM/Ecole des
Mines de Paris.)
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O [a)@il: K-meansFTEZ2EERLHNHE
B X AP (Affinity Propagation, Science’07) B A 1TEE
O Bgi2: WwEEFES
B ESHEEAZZFFRONSEITTEYE
B A EAKD-treeFIL U HRIEBERF L, @Approximate K-
means&E. %
O F{XEH;%: Hierarchical K-means

HKM with b=3

» K-means tree of height h

» Branching factor b: k = b" )
» Assignment Complexity: O(NDhb) = O(NDhkr)

Nister & Stewenius
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Affinity Propagation: APER & %

D ﬁzlgll_,\ F1EXY
B RgEPUOREREERS

B EePHEAREE—NE (graph) BB R, AREEE (graph)
HEZINEERBITEH SHEANELF D

O BEdiEd, HEARMEBEEEST KBRS
B [l5|E (responsibility)
B J3EE (availability) .

O APEZBEERTEAHEHT—1SB00R5|EF0Y3
BEE, BEFFEmPEREexemplar (BIZEAL)
BT E RAVEIE S BRI M YRR T

* Frey B J, Dueck D. Clustering by passing messages between data points[J]. Science, 2007, 315(5814): 972-976.
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Frey B J, Dueck D. Clustering by passing messages between data points[J]. Science, 2007, 315(5814): 972-976.
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[0 ACM: Active Contour Model
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O 2¥ETHEER : snake
B ZAZBT{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 ...

WYY WESIRREL: 23964 HERNE  ATH 47 NMRA 9

O JUTEENEEER: KFEEFE (level set)
B From Snake to Level Set
B Classical Level Set Model
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S8k EFEE (Kass et al, 1988) (&)
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€nce and Te

ST —4EERERZEV(s) = [x(s), y(s)], E X REE R 2K :

1
E:tlake = / Eﬁﬂﬂkﬂ (‘V(.’i‘)) ds

0

= [ (B (1)) + P (v5)) + Fean(v(5)) s

[ N\ N

MZNERNTHEE | | BREXHEEE | | IMERARD

2 2

dv + B(s)

d?%v
ds 2

ds

Eine = s)

Eimage = Wiine Eline + Wedge Eedge T Wterm Eterm
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[0 Snakesge= /W

dv |2 v|?
Emt - {I(g) 6{ }
Eimage = Wline Eline + Wedge Eedge T Wterm Eterm
O smFBERE TEEA(ZEDE): B RL-Hr A
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%{’(3. t) =tal"(s,t) — BC™ (s,

C(s.0) = Cyls)

RS TNk (Regularize) 3 EREh%k, EBMAR
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B ONZAKE: M C(0)F Clp)
s(p) = f:} IC'((s)|ds c(0)




#Z= (curvature)

O XA s EASH
B ds=|C'(p)ldp =/ (x'(p))*+ (' (p))?dp
B YERE T<)=C6 B—PEMEE
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#Z= (curvature)
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= ¢"(s) FFF N
C—>> C"(s) = k(s)N(s)
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O ETSHUENREERTHREE:
B T-Snakes: topologically adaptable snakes
v" Mclnerney and Terzopoulos, 1995
v" Ray and Acton, 2003
v"Li, Liu, and Fox, 2005

O FEIFRUIEEE:
B KFEE L (Level set methods)
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K& K2 (level set function)
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Level Set without Re-Initialization

N . e . . 1Y N BT . . ) 1 , 2
O Ere-initializationFie XL HREE T R P{f;:.):/ 2 (96| — 1)%dady
O EXTDEEEERE €(6) = uP(0) + 00 (0)

= H = UP(}) + ALy (D) + v Ag(d)
. . . . 1
- D) = T ) B ) = — "1 — ‘
L) /. gd(0)|Vo|drdy Ag(0) LQH{ o)dzdy, 9= CrRIE

€ R s |
% = —p[A (rl)_dn(|v¢'|}] —)té{qa)dn-{gwrﬁ'j—ugﬁ{r_ﬂ)

O ETHETREREZ SEEILEE:

do , Vo . Vo
- — 1 — T ) r
5 pla ¢ — div( Vo )] + Ad(@)div {g|?ffi|

) +vgd(o)

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

Define a functional :E(¢) = :ﬂ%(‘? gﬁ‘ — 1)2dxdy
<1 , |
= _QE(M&\ ~2|V|+1)dxdy

Let F(gﬂ):%(“?'(;ﬁ‘z—ﬂ?gjhl)

(@2 ee -2+ 47 1)

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

satisties : h‘aﬂ =0, we can get:

F(¢+Sh) %[ (¢+Sh).” +(p+Sh),") —2\/(¢+5h)j +(¢p+3h),’ +1]
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then:

OF(¢+Sh) _ h(p+Sh), +h (p+h), — h(p+Sh), +h (¢+Sh),

o0 L (@ (g oh),
VheV(¢+Sh)

=VheV(¢p+3Sh)—

\/ (3 +¢,° )+ (h> +h)+26VheV ¢
VheV ¢
J@ +4.0)

GEG+sh), o o vhvg |
Then =55 l‘HOIQ[Vh V¢ \/(cfﬁfwﬁz)}m,J

VheV ¢ —

OF (¢ + 5h)
65 |0—)0

(hp+h)
g+ ¢)

“I (h.@, +h,@,)dxdy — j
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jﬂg[qﬁrh] N % |:¢‘h:| dld'} B jﬂ héﬂ N hgﬁ”dldy
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o 0 | 0 0 |
_j 9| ¢ h|+— ? hldxdy+| — 2 h+h— 2 dxdy
2 ox ||Vl ov| Ve 2 ox| |Vl oy | [Vl
0 0P
According to Green E-quation:f/ (a—g - a—y) dzdy = § Pdz + Qdy_and h‘m =0,
D L

we can get

jﬂ%[gﬁxh] +§y[¢},h]dxdy — ﬁ h(pydy — ¢pydx) = 0

o}



| &, o 2 s
co t?—:*ljl j h¢rr+h¢lﬁdld}+'[ {5l|:v¢:|h+h6}|:v¢:ud‘ld}

- _jﬂ hagdxdy + jﬂ h‘F{zi} dxdy

When E(¢) reach the minimal,

OE(+ Sh) Ve ey =
N J—:»D_jnh{ﬁ?jv.{W}]dAdy h

do
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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 as—{agﬁ — V{v—i} J .

algorithm, we get the LEVLE SET evolution equation:
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Graph Cut EZI|;%

O Graph cut: —#gEERBMILTTE
B ETEGENgraph (B1FH/MaF18)
B e
v EENE, SETERGFHENMEE. ERNHMERSEZERRE—F
B (Ezk) , Xfusdiyn-links.
B e
v EMNMRIETNE, 9RFRMES (source: BEs) T (sink: L&) o

v BN EBENSMX2NRIRTRZ BEEER, ARE2ME (EFRE
%), XMatitlinks.
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Graph Cut

O Cut: —cut (B) HEEDHEAEH—NTEC
B EEHEEZ(cu)FIRSFC S EBHRARE, MMAZIRRNE—FBEE
S FE — B,
0 EchEsnsa— R Ew,, WaIE® S cost (LM
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O ERZEGRNSEI A, ERINEERIARTA:
Ex = Esmooth (X) + Edata(x)

0,

B L "R Txpyinskidy, g R. EEfBirH2
e ER B FEHERRIH D
B Datalll: TEN A5 %m0 a2 B RIBRRE

B Smoothlil: ZEN & < B8N HE
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FHBRES, sEENR

[0 Smoothlil: £t XHH4R& =

(1 - 1)’

E?(x;, x;) = exp(—

1 ifA; # A
§(A;, 4j) = {0 ifA; = A,

X; X AR
it (ML) BERE G E: 52, EHURA. graphcut......
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[0 Dataln
B {YAdatall, DEIEREISTHAGRLIGHEIRIHEEZH/H TR

i

B SENERRBEEBMGEZENZEXFR, ERTEITES

[0 Smoothln
B FdatalliZ AW ERRE, BIMABESPBGRZRENARXR, 52

FERNTEIER

Ex = E (X) + ﬂ“Esmooth (X)

data
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iR EFAEERE, XTMIATERDatalli kR E

4. XERATRAERRBARUE, RISTAEIRME.
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AREF T INRMAME R FZERTL
RET S ML R PETHNANES
W& /NEEM.

& /VEl(min cut) -> & X7 (max flow)

B RARR/DEIEEENERIEILNEEZEE

MF—1EEE (graph) , REHBEINEE (FXRE)
X B — = (start) 8] 55— = (goal) FEE AR (max flow)
HmMEREREK, EFHERLIMMIE— T &/DE] (min cut)
BEIAEEMNENRE, BFHEBIRAR, AmkEs)E
/NN B cut AT AL Z IR B I E 2 E T E 15 E|
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[0 Ramin Zabih
http.//www.cs.cornell.edu/~rdz/

1 Yuri Boykov
http://www.cs.cornell.edu/home/yura/

[1 Vladimir Kolmogorov:
http.//www.adastral.ucl.ac.uk/~vladkolm/
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