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F{& 4 Zl| (Thresholding)

O BBEERAEBIGE ERfkiE, EEHE, BENTRE
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O EfREE:

B FEAERRIENERE, B, s0B)DHmBmfE RAEK
v' B#¥xr: Object

B BirsE =NERRTESMR ZE AN EESEHEX
v BSMNEEEARE

B HiFMERXALHENGRENEEERK
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O 5 E{E 7 EIE R
B R ERE (BUEEgminfigmaxz(a)) E— N R EBET
B (gmin<T < gmax)

1 mf(xy)>T

g% y):{o mof(xy) < T
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O ZE{EDEIE R
m HE—RIISEIEE

g(x,y)=k m T <fxy)<T4 k=0,12,---,K

A ho

\ k+1
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Otsu’s 7% (1979)

D gzlglu\n_.\
B BRgEBREEAT S ABE, EXDEISE, EEERNLTERD.
O AN LaRiE

B AE—TEE%, (tERIEA—HHEFEP(®)
v J3—: BESERERRETEEZMAL
B RFEEL, FEEDARLE, BAEE.

t T
a,(t) = > P(i) Az (t) = D _P()

B SRIGEHREE: =t
_~i-PG) o i P(i)
mmjgmm ux)ggﬂo

* 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 e FTRiE
BRIGZNRERE:

T :
o, (1)= Z P2 a0 = YO

1(1‘) i=t+1
I ESShE 2 ,
ENps] O'W(t) — ql(z‘)al () + q- (Z‘)Gz (2)

B SUEEIEE (585%) -

r =argminoZ (t)
t

" EREGE: L [1 16 )=7
CD=10 164.7) <=
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B AFIENUERR? BE
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O ERFEFE M Sk S /N4 IEE S 2 FIXIERI, 7B
§52%1F P(R. ) = TRUE
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ﬁ/\
2. WA NMXBRAR,, MRP(RUR;)=TRUE, BIFENEH
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SR, EFwE. E8EHT, BRI NEAE.
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O aklg T E L E

1.
2.

FREIER (x,y), HEEEEESAIXY)
FAM;, My, ..., MgRRg(x, V)F & BEEHE/MERGENE, CM)A
EM3tNRIXIE PG ELRES (BIHIZENEER 9214 R)

A nRaEREERE, TN RAFRIEA U v) WEEREES, X
g(u,v) <n; T[n]AT XS R 25 BRI -

T[n]={(u,v)|g(u,v) <n}

SIMFRERIX 1, HAEEFHEREEC,(M)RAIEIE—IR_(E

&5 :
Cn(M;) = C(M;) N T[n]
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O 3 7KIE T E 15
B ACnXFE: EHEREANT, BRFAEHEESZHENRE:

R
= U Cn(M;)
i=1

B C[max + 11§ 2B XEHFHE&E:

R
max + 1 U Cmax+1(Mi)
i=1

B C[nh-1]2C[n8YF&E, HET[nNTFE
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v C[n]aTE#EZFEH T s MMEIC[n - 1]H5Z]

2. SNCIn-1]2a45C[n — 1]98—EBATRT
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O i3 47 Zl (over-segmentation)
B DK B AR SR MER T F =

ab

FIGURE 10.47

(a) Electrophoresis
image. (b) Result
of applying the
watershed
segmentation
algorithm to the
oradient image.
Oversegmentation
1s evident.
(Courtesy of Dr.
S. Beucher.
CMM/Ecole des
Mines de Paris.)
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O F AfricizH] 53 E)
B 34 %| (over-segmentation)
v ZEGPIEEFEE AN SRS 00
m FAFRIE (marker)
v BEgep—NEBAT (ETREMEBM)
> HEBFRIE: XN BR
> SMERFRIE: MM E= (77KIR)
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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. 8.

IJ'--,--.—-.-

il - Beucher,
i - e & CMM/Ecole des
: r Mines de Paris.)
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K-means B &%

O EARLER:

1.
2.

EFEKDNIRT R (g, -, puk}, BODRPIORR—DERK;
ER&NMEEZEFABAERSE, BIFEVY) # i, Dist(x, u;) <
Dist(x,p;), MAFxs AEiA;

RIFF22MTRER, EMTERZLH D, FHFHAERZ LN
':F"I:.‘;

REi#iT2, 3%, BRZEFLBETRE.

1. WEREAN {E?
‘ v OANKER? BERBE?
WRPRRETo Vi PG
L peERAENE D
3. AR X EEES IR ?

v Eﬁﬁﬂﬁ% \ ﬂﬂﬂﬂE% \ S




K-means EBZEEINH TR

OB/ E—THENREX,, -, xy}, HAx; € RP

O Bir: FHEAREXTAKN R, "R ug)
B R7KEn,=1: FBn MERFERITEIE K FR(EZE)

O I Ew:

N K
arg min J =) >r,|x, ukH2

gl”uf}} n=1 k=1 ﬂ-ﬁﬁﬁzjk)g?
O 7533% | .
g /El* _ 1 if k=argmin,|x, ”J’H
E{Hk} ] ﬁ¢{rnk} Pk = ' TR
0 otherwise
— 7 o
] IEI/:E {rnk} , ﬁq;{uk} o= Zn k NO(ND)

Zn rnk

B ARHETEERRS, EEWE
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K-means algorithm 3
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ETEaERERY

[1 ACM: Active Contour Model

B EAREE. BdEREGFE—EHISHZ, BiENHiEE iz
Eﬂcﬁfﬁ, FEESHEEFAEMRIOZAL, Nmian S E g3 2L Y
K
m LR
v SH{LEENEER : snake
v JUTEDNEEER: IKFEE L (level set)

)
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—




ERERENMNE

O 5Tt BfriFiTHEd
O WRZ8FEE
O ZTRIAZEMER
B NMERERER. BIER
O B FARHET A
B Tk, W72 (PDE), WMo /L




ETEREERANE RS
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O S {LETHEEER : snakes
m ZHT4{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 ...

o Y WESIAIREL: 23964 TEXNE BT 47 NMRA 9

O JLTEENEEER: /KFEFFIE (level set)
B From Snake to Level Set
B Classical Level Set Model




SR E BN ER (Kass et al, 1988)

ST —M4EERERZEV(s) = [x(s), y(s)], E X REE R 3K

1
E:tlake = / Eﬁﬂﬁkﬂ (V(SD ds

0

:fﬂl( Eini(v(8)) + Eimage(v(8)) + Econ(v(s )cls
e \ <

Iz AN ER S HIRE ElfGHXRIREE SNERY LR ]

2 2

+0(s) |52

dv 2

Eint = als) T

Eimage = Wiine Eline + Wedge Eedge T Wterm Eterm



EDNERREIL

[0 SnakesgE= R %]

dv |?
ds

212

d*v
Eint = a(s) + B(s) qs2

Eimage = Wihine Eline + Wedge Eedge T Wterm Eterm

O &=BEEE T EEEREZE5E): BRI R A% A

Cls,0) = {.m,-a:}

RS TNk (Regularize) 3 EREh%k, EBMAR
G 3 HESHEL BRIB) B S4B i R B
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O FHEZ AT LARIEA
C:[0,1] — R? Clp) = (=(p).u(p))

] H M/
IR IET =

T(p) =C'(p) = (@' (p), v (p)
" EEE

N(p) = (——Y ) z'(p)

Va'p)2 +v'(p)? Va'(p)? + y’(P}Ej
B N2 M C(0)BIC(p)

s(p) = fn ’ C*((s)|ds ¢(0)



fHZR (curvature)

O KA s EASH
B ds = |C'(p)ldp = (' (p)?+ ' (p))?dp
B YE%E Ts)=C6) 2— T E{I[E=

T®)=U@)=Cgfg>:(mﬂw(Wﬂw>: x'(p) Y ()
ds’ds) \ds/dp’ds/dp] \J(<@))*+0 @) V@ @)+ P))?

BAYIEIE T EX THIZH5E
O phERmiA T &k S RN HIRE
O BXKRE: C65)=T1)
OFE C6)Cs)=1 ==> "(s)-C(s)=0




HiZ (curvature)

Odc'«f ~VEIERF T
—> ("(s) fITF N
:> C"s) = HI:.‘;' :I_.'I'I..-'HII.‘-::I

O HZeRUBSR: HHZ I‘%/\,\\E’Jtﬂf)%ﬁﬁ%iﬂiﬁttﬂ’ﬁ?uﬂi
B TF—RRASHRUEIN Clp) = (=(p).y(p) BRALURKRA:

' (p)u” (p) — v'(p)="(p)
(x'(p)? + o' (p)?)?/2

Ay
|"-|_I'.-_|!"_i'.-ll =



SN B2k

O Sh7SEZMERTEIZE L : Clp ) = (x(p.t). u(p. 1)

O ik =% 5L IR E:

dC(p,t)
(it

Cip, )

= Vi(p, 1)

'><'>l'—
b

O YIEE 7 FARIE N R R TEAYL

—> XWb) _ o1 + 9N
s '

B . YHa # 0,8 = 0K, FhSpHZ&MEREIREEBTMW?




JUIAT R

O I wpESBHRTANTLX. HC(p,t) REBLUITHIEH
1TEIL:

d0C(p,t
((32195 )=a17"+,8]\f

MEFEC(p, OB —TEHUERC(p, ) , EFCH AT
ek ia:0): %

0C(q,t) -

ot BN

Hepp = pRtFREI—1=: C(g) = C(p)
d0C _ Ry

Yl
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BEETN IR B )
(Area decreasing/increasing) (Length shortening flow)
aC a0C
cN KN

E: E:
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BEETN IR B )
(Area decreasing/increasing) (Length shortening flow)
aC a0C
cN KN

E: E:




S ETNIE FRAYERE
O RUHRPEH SR X F3D HE AP

71
>
HE

O A REALTE




277
#H{ﬁﬁ:

O 2 TSR ENREIER TR G A

B T-Snakes: topologically adaptable snakes
v" Mclnerney and Terzopoulos, 1995
v" Ray and Acton, 2003
v" LI, Liu, and Fox, 2005

O BIFRVIEE:
B KEE % (Level set methods)
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O/K¥EE: AL, F—F5&%LtaEs
O FAH4: 2D > 3D

?—l

Al

)
TKEE
IB)RR: GnfafiEEEak
SEEREO(x,y)?
O p&#:. 3D > 2D |
y =T, Y)

TKFE




7K EE K2 (level set function)

O anfEFEKEERH P (x, ) ?
B AR E SR Sk EE R A N4

o
o
oz
8|
-
~8.2|
0.
~ouef
) -0 -z ] 0z as us

FIKTEHERE
HI7K & e 3




S B0 S R B (Signed distance function)

Q+

FSIEEERBEN : ¢(x)=

ATLAIERR: [Vo(x)| =1

dist(x,C)
0
— dist(x,C)

HEEREY

1f x18 outside C
xe(l

if x1smside C
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O HZoREI 1=

%X _Fn

ISl
\mx

Ay
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"L

ot

Hep F 9iRE K, N 9
O HESHEHZC (p, HIERE

TR TR D (%, t) F

O K EERFEWHFIE:

: C BYA[E=

<, HRAE—ERT(E]

:; b o aC )
— ey — =
At '

ot




—LERRREN G 1E

A\ V4 s S — = t}{j - !-:i I . ? .I
(it > i V|

. \— — aC . ad
O SR ZRIEE) — =N —m = |V
(it At
S S = aC T r T T @@ _ T r 7
OsffEs) o -V ) 5 =7V

O NIz ERNEEEE 5 = (c+ 9N — (Vo N)N

A . Vo o .
— =lec+div| — V| + (Vg, Vo)
|V o ‘ “



BUARE EFVIENK

f% 52 (Degraded) B9 7Kk S £ £ 24, 50
SIERE, BE)2£4c50.1




Al

I E TR — AR IR

Va1

SEIK &R

EfVEHK

Vopx)| =1

ol G




Level Set without Re-Initialization

= s-f - . , ]_ y 2
O JFre-initializationfie N N BEEZER: P(9) =L§(|w|—1) dady
O ENTHREERIT €(0) = 1P(d) + Egrn (0)
= puP(o) + AL, (D) + v Ay(d)

1

: (| f (} /g;ﬁ Q |‘Fu|d.1dy Ag{f_f?) = / gH{—@)dIdy g =
0

O X gE = R BUK R E

1+ |VG, * I|?

aE Vo YV

% - —pl[Aa ¢ — div( Vo )] —A\d(¢@)div(g |?'ff*|) vgd(o)
O ZTHE TEEZX, SRERKRE:
do ,; Vo Vo ,
5 = pla ¢ — div( | p )] + Ad(@)div(g |?ff*|) +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]



Wy LSRG

then:
OF(p+ Sh)
oo

h(¢+Sh), +h,(p+Sh),

J@+8h).2 +(p+5h),
VheV(p+5h)

- hx (¢ + Sh)t + hJ‘ (¢ * (Sh)‘ -

=VheV(¢p+3Sh)—

\/(¢_f +¢,°)+5°(h> +h?)+2VheV ¢
5F(¢+5h)| VIV VheVg
80" 5 3
o V@447
OE (¢ +Sh)

VheV
oS |5—>OWJ._Q[Vh’V¢— 4 }h‘dy

NS

Then

hao +ho.
(h.9, J¢})dxdy

R JoT o0



Wy EHES R

O [ 4 nl=
(ARl + g

a —
a_y [ ?53}?] =h,$,+he,,.

 BE(¢+3Sh) s
' 0

oo
c o : o o .
_j 9| ¢ h|+— / hldxdy +| — 2 h+h— ? dxdy
2ox| |V ov| Ve 2ox| |V oy | [Vl
0 OP
According to Green E-quatic-n:/[ (a—g - 8_y) dzdy = f Pdzx + Qdy_and h‘éﬂ =0,
D L

we cdaln gE‘t

jﬂ%[gﬁxh] +6%[¢J,h]dxdy - j> h(pydy — ¢,dx) = 0

o}
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o) 4,0 4 Px Py
jﬂ 5x|:v¢ h} " oy |:V¢ h:| ey = 'f) <|¢| 4 [ dx> °

Then
aE(¢+5h) ?, ol |,
o= — | g+ g dxdy+ | {me}hm@yLwam}
_ _jﬂ hagdxdy + L} hV e {Vi } dxdy

When E(¢) reach the minimal,

OE(¢+3Sh) Vo T
. Jaa,[gh{ﬁﬁfﬁv{wﬂdldy =0,

co
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Since function / 1s arbitrary, we obtain:

The above equation 1s the Euler-Lagrange Equation.

V
Generally, the gradient of functional E(¢) 1s denoted as{agﬁ Ve LV;D

algorithm, we get the LEVLE SET evolution equation:
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Normalized Cuts
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A B sum
A | assoc(A.A) | cut(A, B) | assoc(A.V)
B | cut(B,A) | assoc(B,B) | assoc(B,V)
sum | assoc(A, V) | assoc(B, V)
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Extended Mean Shift
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Extended Mean Shift
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