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SEEAF ﬁ(Mathematlcal Morphology) 9]
%—4;?_] At ¢ ‘3"1{‘_}:: e AL

A@B: {a+blaec A be B}
(£4H%: set erosion)

AeBz{iB A}

o] F Shfj A4 (set dilation) 34 stef| A

lo

HEA7)H

‘(Mmkowkl sum)ojat1 st 7]
EA4gH4Hfundamental set operation) S 2%

H fFAEdY. 222248 (Mathematical
Morphology) ¢ ‘—5.78‘3 o) 2 g o

Atake] gk Ad4gol ok Hola:

—minimum/maximum

-AND/OR/NOT

—intersection/union/complement #

ol & th3-g ofwjditt:

1. E&& A48 (Mathematical Morphology)
—4 UASES] 14, e 3 84 ©
T2 7Hs4



® EZ=2XASX2|(Morphological Signal Processing)7 |4

[}
AAHE-0|(quantitative) 3HA] A} gtk Folct,
Z, U327} (Minkowski)9} 2 $82-50] A
o3t 7)2 2l WEF A EA4Hvector space
set operation)s= 7|£9 YAEAFH digital
computer)Zt 22 ZeZoA A 7heA T2
Z4 A%o)E(Set Theory)o|ehs F8tgh o] 22
Hl2 A ALAolT FgHo| B & YA
QA 2Rl /E4/3 A/ B (tool) BN
&g Bt = A sic}. F3he] WHol A Eu)
Aol 2(Set Theory)e 2 “1% (geometry) Tt
23 (logic)E BF/FR8AIStE HAYo|a, 17
I1E 7Y Azt A4 (high-level
cognition) “1H" I =" JFE HH}E/
€0l 322, EEEA % (Mathematical
Morphology)®let= 0122 7|3}8Hgeometry)2t
2 =9& (&, g9 AR 145 584
/28 3 AAE-o]3}T (computable) EZH QI

Fo3 PaL ATk 84 W

7|&9], 283 7HA7 dFH, EEEX AL
(morphological operator)2 24+ wlt]AYE
(median filter)s& X33 A ELE (rank—
order filter) &3} AND/OR/NOT 3} Z-2 2]l
“4Hboolean operator)5©| Qlth, o2 ujE
£, E2Z2X(morphological operator & ¢
FEH AF2 YubEel QA oy A 5ol F8
H4Hfundamental/ atomic operation) S22
A& HA F2 vk Aotk ol &, FA4A

s

go] "BFA”  F8A| = ATAHE o
, B2 ZRE & Tol] =7 § Fa4 3=
7rol BxA| oA, minimum/maximum/ and
/or/not/union/ intersection/complement 2=
EEZZA3H(Mathematical Morphology)©liAl
9] (atomic) fundamental operation & &A)
Aol B71AQl HE7HE AU Utk A
gt &, EZ22X 48 (Mathematical
Morphology)oll 2&H & |2 3 g3y &&
BE HI7QY 3HAE F5/57) s
Agg 183 g71391 Bt (abstraction)
S AT Y = AT AR Bl

A9 A s e 2 A tjF8} =717 1]

< UFE T NS A Bopol FARH: o7 3
Sa=9] 7017k ot §3), ol AP,
Maragos)(M3-6] ¢} 3e}&(R. Haralick)[M7,8]
o Y718 7o ddS EEEANLFE
(Mathematical Morphology)9 S8 = & 23
A Als A gAY ZNE Y& 7813

EEZ 224 2(Morphological Processing)=
1970¥5E Hgto]Z(Set Theory) ¥ Z7o]2
(Measure Theory)el 7|¥tgt =33 7]y
(Mathematical Morphology)l] 7|5t Z 229
TE7|H e s 2etAol HgHJean Serra)(M2] ¥
otetE(Matheron)M1lof 23] Al&bste 19809
T FRHEEE nfelaA(Peters Maragos) [M3—
61, 4l o] 8 (Schafer)[M4,5] ¥ 3z &
(Haralick)[M7,8]%} 22 vl= A3 42 o|&7ks
of 9ste] FF wol AT AL 7)Y, & EEZ
Z] A3 4 8] (Morphological Signal Processing)
Z Jsjstal &3} glojsit, shatele 3H4] 7|
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513} 7)%(Mathematical Morphology)& 7]£9
ANz A7 fASHA 2ste] #EE 54
(Property) ¥ ofd21/tjE As Az ¢lof
A $a3 22342 (Sampling Theorem)[31&
Asg R, tetiae 7jE9 APEHATAE
(LTI: Linear Time-Invariant)g 2¥t= §8
o|2& AANET Al 7Isketd (HFAZAE
9] $ol4& HoFE wo)ago|E(Skeleton
Coding)®] $-82 d73t vt JoHMSE] 1 o|%
EEZ2A AsAEE (B4 22 4A9 =
FAHYE TRE oF 1A 7sH e
S8=o] gt

2 Azel BZ222 #H dtAAelAl-T &
EZ2AXTAE Y s E 7|gt 2AS Al2F
o 2-&[A1-5], BEZAATAE 1&YLL)
29| 3¢HAG € AAR T (o AZ)EEAHY
SN A LH[ATIY N E Bt BER
Xz Ao 2FF ol E7|AQ 7HsAdol Hst
At et

ol

£

&

Mo

g2 BEXEAAT Y FR7)E(IT), Y
71&(NT), HE71€®BT) 2 23171&(CT) AAst
oA 9] $-&7HsAdo) diste] ZtekstA Ao s
W BEZ2A A3 A9 o} Hopd 34 9 A

3ol iste] 2sHA A= Hof B,

ME7|&(BT)RHE:

7)1 A8t (Machine Learning)g E&3 A%
0] 2(38,G11,L1-51°] AFA5 olets HA s}
1960UES AB2 U3t o) 19849 E HHe)ed

E(L. Valiant)[L.2]9] R0l gt HAtetA 2l (A
430l Hog AVIZ MR3| E43tE et
£3], 1988 %0 &H3t COLT(Conference on
Learning Theory)2h= ACMSY A7]3]9] 5-&
UEE B AY HREQ Fo] L 7]ojof F<l
o FAsHcultdh =1 Uct, '

2 Azte) d[Al-5loA+ utEdEY
of thet Heolet EEZR 7|2 A4 S
(set dilation)7te] €& =Rt o FAHL
sto]) EE2A 82 T

g B4of QoA o3
e Ao "o/ A TAE /FAL dok A

tu

5

i)

2

re

olx

1)

o fio
OE ol-m

-840 By ndy 9 2A[AL-
51: BZ27 Fguaoz 49 23
(“smoothing) EIE 4820 g mHd

o] upghzsit,

- 0|3t g3l HiE|AE sh5S fiste] B
2% B2 A&t Uvh(polynomial-
complexity)stct.

il

o

5
j=3

fu

i)

Hel7|&(me:

Az A 9 Ao 7|¥rle B

359 BERA4Y vdy 9 E4E 3}
o Z2EZ2AA 3 A AL (Morphological
Signal Processing System)®] 3H&<l A 4to]
=2 8 5 91 o] Aol Yaste] £ o
AL[AL-5] BEZE2AATA Y FEHRES
A 2 (SMST: Stochastic Morphological
Sampling Theorem)2A] d}et&[M7]12] 7|5}8t
A ® 23 4 g (Digital Morphological



o ZE2XATH2I(Morphological Signal Processing)7|&

e

T oo
koo

Sampling Theorem)& 43 ALE A%
A1G5-7] Yol H2E(Nyquist) E23}
(Sampling Theorem)2} FAFSE F84< A

A,

2 Aq3[A1-5]9 EEREA48HMathematical
Morphology)J—’r 71 A& (Machine Learning)
o] §32 E3] (80| 81HE) A5FAAA
g T z}elof Qloj A W 7|oE & Ao 7tie
th, 3 A=A, HAAQ AAT|GHAAE
(knowledge—based paradigm)[G8,L1-5]o]t}
HA Ao} (Fuzzy Control(G3,G4,G12,G14]0}&
off 71vk3k Aj2alel taRlel] gojA &elo] A¢t
3= A3 Q0 EnlE(Set Theoretic Automaton)
olgt: TTLFH (53) EEZAALH
(morphological system)Z At 23
(Logic)oltt H%4A|(Geometry)E A3 A&
st Aske A BA7I715Y ALEE A
AHeR 2d 3 & Yt

HE|n|Cjo] 2EIE 7|4ty | S8k

A Henlc]o] AR Halof Agt AFFE &
Ao] gobx| A 7 Hejn|tie] RS Hrt &
A Hslr) He 71ed ds] e 977t
3 AgHn =), E31 MPEG-7/21 #&3
Zde YA RS v geetol B (video
library) %% 9%t 71& 7ol a9 i765101
BolR| 1 JUTHMMI-17], o] Fofol #7) hHE
9 A3t Z=Ayideo)d %E’iﬂ%(scene
change)& A&3sY Y8714 S content—
based indexing)& 3}3}= WFOLE 0]F0]X]
2 9ok AE7HA @gE duaESMMI-1719
giste] 7Heks] AuEd, 27 HgEEe &

G AL & (uncompressed video)E ©]5% ¥y
Z fdo] F2 o]FojHoY, T 9“1-5
MPEG/JPEG ¢ Z& 4&49 T34 #
A

Fﬂl

(compressed—domain video data)}E lo

W] £2 021 9irt,

gy, AR A" gueEe AukEe
Z AAteko] @oba] AAbA|ZEo] Ho] A AL A
NS ol AEEgo| Holx|x, izt
2 A (camera/object) ] 2ol tisted A
A (robust)o] A FE3hche dAE 7HA L Sick o
g, 7|& gneEe ol S8 X3 2
oty ol Bl t] @ gto] B 2] (multimedia video
library) 7&& $J8t] ME2F ol%ola}-ﬂ g
A&, A AEA0] SR w2 121§
1’1‘?_] EZ245 A 7]‘?35 %%Q - gt
EEZ2x oj29 B4 AL JPolEE X
Aoz FARRh: Aojtt—- EE2AH faRdl
2“3 (geometry)® 2&(logic)x FAITH=
Hadoz A Azry At ¢4l (high-level
cognition)e] E@7ts/Hgstez ¥
(computable)go]at YAl 2ol & 4 9
A,

l

E3|, 0]ZEZ&%|(Binary Morphology) 73,
AR §A FEE 2 9l Aol 97| dize
NEZ2 7| seihofl A LAgE (53, o|AF
gAtol ety duElE sty (&3l
) AHo] 7k stk BERA] 0]29 B4
S AEAAAN Z&Ho)n FAHolH <
7o) EAE nzdle AAAR] $99/A5% H
gjm)tjoitf | g H] v} . 2to] H & 2] (multimedia
digital video library) &S 3t &31gjFol 1

2o
o>"‘\2
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z3Y FAAHeR . gL Z° (Z%Z o
7oA wtRet ZE AZHe Ueb)ol 2331 J
TAOZA HOstaL o]o] BXZAE HA/QIA/E
A Ado2N M A EA(feature)S 7Y
s ok Ao F94 E, o B3 EXQul
(feature vector) BMEAE Bate E& 4L
St (BSZY) AT 2y SARAR W A7)
T % (A4t Lol3h) A
(morphological algorithms/automata) Aot/
B7LHern 4 H1 §3E A58 geny
ol UAE vt FHolBee HE =r & %
AT 97)0A WE E-B—Ed] B ‘Fz
(quasi—invertible transformation) AJAgtja}
Aol W3 f§2 tozo) Zad FEAT 27
72 AR Bl

c

o
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@15 SAE) e 2e 2029
g olgsto] 23 AR A4

L271g 271G E 5

1. gZ&E(Dissolve) A&7]:

594 Elx, v, 0=0aF (x,3,0)+

(1= @E (x,y, )( I} <t<l;) AS

B, v, 0 =T ;g .y E(x, 3, D}&
H (x, »oAY 9 Fpebn 2ok A

BE (x, )M 72 (7, 1,7 He &
S<r(piecewise step function)52 BYL

ox

A
e R orr K

4> b

7b ek, olAL ® t%9] HujHo| Z finite-
difference, 7t §-functionE9< & 47} Ut}
o3 ZHA HoLE u) theo] BEaa By
o] 4B ¢ %

Xv= 2 % By, 0@®B(x,y, t+1)]
/,s%z—l & By, 0®B(x, v, t+D]= Q,
@)_)[B(X, v, 11)®B(x, ¥, [2)]=Q2

= g,:y) 1,s§2~1[3(x’y’ 89— Blx, v, t+ 1]

I

I

= (;v){B(x, Yl = Bloy, 1] XY

gg E9 Q, & &= (dissolve)d] FoE =
Y (frame)te] %7 2] (Hamming Distance)
o] T2 X7, 2 Y(frame) A, 9 UA3} 3t
ol dthe & & & 3 AL 9jFa v
Sk& 4 (triangle inequality7} 7}7tA 2 9k&
22) B AL [, 4737 WolA (frame
Y42 HES of) Mg Holak= AL njotet &
Aok E, o37]oA Q, Q9] AR 41 “Q/Q
7b A 1ol A=A 7H QB EEHHA)
(dissolve feature detector)2ta 3 4> 17T}

2. 718t AU &) 7ok 2 AR w A
°of ¢HA(robust)d 4 Ae WEFYAA
(dissimilarity measure)® = & 3} o

=
Elx,y,0), [1<t<l, & 94 A@xstz 8
A& o A4 R (intelligibility) S 9-x)5}21A4 A
Heo] 38 4 th&7 22 (thresholded)
OlUTIY AIEAE 1 2 5 YA,
Blx,y,0) = T 45 0 p E(x, 9,01,
Lh<t<i,
A71o|A Trlojgt dukaol [2, 4] r o)A Ad)
712 E(threshold)® A g718Hat(characteristic



r(t EX; E}- X4°Z_‘]O§ Ag
okgt Aolct, B(x » H7}
23] H48 JEFFs) Ex 5 99 QAR
(1nte111g1b1hty) B2 AASl] vg=E
| ¢l (uncompressed domain) A 2] A3
A7) difference frame, histogramg)<
=13t 49 AL ko) scene AN
duEES Wk T = A, FHHeE oy
W22 (74]‘_‘%“] 22) ZgA7re] A UAA]
(dissimilarity measure)= I&H3| & 4 Aot

dEC.,.,D,E(.,.,.t—1) =
2By, 0~ Blx, v, = D],

I, +1<t<l,.

o] AFdAANY 5L ZH IR AAY
Ao E#(invariant)dttte FolH of= 7
2 D AR ZHof eFof 1A @& dueES
Had 4 Qe 7S ofnidd.

function)& ¢ju]st
AB 2 9 7Rl e 7

0] X159 AH(binary morphological domain)3}

d (I, (x,n,I,(x,9))=

a. metric:

® E=EZ=2X|AExz|(Morphological Signal Processing)?|&

o A2 (metric) ¥ ZEZ(inner product/
correlation)= T 2tk

zosgm (d,xy,I{x))=.
d (I (x,9),I,(x,¥), 4,j finite) 5T HL
Z Moz ol E = US4+ S
ot olEgh Z[BAQ | AQl ditel ZAsto]
AAHeE Zﬂ?}% Heu|fo] dueE (A
AHHSAE
dissolve/wipe detectlon SAE Aole
9] 9 A estimation/recognition I} 2%
clustering €1121%) 9 A £ AL 2 AF &8
Fol A& A 4& ¥ 4 Aok Fa: dA dwd
Hejut]o}/g4 dagE &0l A2 (metric)
¢ W3(inner product)ol 7158t ojof 438}
v EZ2X 4ugEe ¢ o 48 dreEol
h). Rs¥) dAE Bt FHdS(scene
change) B4 ¢1E8ES AFE EEEA Y
4L TRy, b9 1912 EERA) ¢
259 Hen|o] YAg H[t]e golHaE] &
7 st Mo gES mAF o2 BH3 ol

9= zooming/panning/
L Oz]

g_"y)lll(x, »—=I,(x, M= ny[Il (x, ) DI (x, y)]’

dy(I, (3, I ()= & 1110, 3) = Io(x, 9| *= 2T (2, )DL, )]

d (I (x,3),I(x,»))=max , oI ,(x, ) —I,(x, M

= max (x,y)[Il (x,y)@IQ(x,y)] = OR (x,y)[ll (x, y)@lz(x,y)}.

b. inner product:

T, ), 15(x,9)> = é‘;‘”[ll (x, W1 y(x,9)]= g_.'y[ll(x,y) « 1(x, )]

MoH 45 - 39



AAHo)iL &7)1H<] o2 ZAT thAH
FHet AgAQ WErN 4 A% 9 A4

A Al (architecture)= E3H 32 2829} 2o

A%k 2 4 glet.

A Qa7l4e ke Tt 2k

1 3M =%

(WA ¥ subset I of domain P™

I™ < P"(= Z*for digital images),

AAE: singleton subset /" of universal
set of images : P"': I'" € P"),

fln,m]

2920149} 18k eI B A% R A |

Morphological Processing
Change

Binarize

3. (Zta -3H9)) A
(subset A “ of universal feature set
3t A°SSY (=Z for countable
feature set), i.e. 2. = the set of all
(conceivable) features, A ¢ =
collection of all features that
a-image has, a8
(02 25 713 314 D/BY index set).

I/ &% Algorithm Processing

Dissolve

DC rupt Scene

2. a —53H = AT sequence

= AT, (D,

o = ¥

image Change

Camera Motion

Audio Muitimedia Data Processing

(381 SEEXUSH SYLALH )




— @ ZZ=2X|AFH2|(Morphological Signal Processing)7|&

Y

Feature
extraction’

Input Module

Y

Feature/image
Database

-

Query Retrieval
Module Module
Feature Feature
extraction extraction
A
Yy
Interactive Browsing
query g &
formation feedback
A
User Output

(J¥2 s SERXMSHE) SEHALY )

(dAbdo] = (computational complexity)& |
435171 Yste] Zorn's Lemma©] 7|utgt
stack functionQFE A= A<l D/BE A
f3otch-0) 3 F$ HMT(hit-or-miss
transform)& AHE-oto] A & AN 4

A

AH 9] g};] D/B
= g9 A= {4 en
(Q : BE 7153 34 D/B universal
index set).
5. 8 A
= bit-by-bit AND (A, AND A%

H9H 45 - 41



EALEE

<> > =zxe 0 Po
> > =maw 2
T =nAE 2 P2

< T T T =XEE 3 Py
e —— sxag 4 P,
e ———— =XEE 5 P

]

Feature Space Feature Space
Stack Function 1 Stack Function 2
T P, .

T 07T
IS

&

%

TP,
L L |

(_Zl%.' 3 Stack Function )

Y

6. (o —3Hde]) A3t 25 Al AR R A () feature

A1) =& (sequence) i extraction/matching) = Set Processing

= (A%9T,. (SP) filter [M3]:
t/ =0
Initial State Set
SP =
— - .
Set Filter Set set T SPA TR

{33 4 SP filter?} equivalent SPA filter

42 - ZEusy 7iE



® ZE=ZX|ASHz2|(Morphological Signal Processing)7|&

UI
X, (Set)
v
SPA L—w =

Set Set

W, (v)
(185
8 X829 = (Morphological) Set

Processing Automata(SPA) [A6]
(SPA: Xt+l:f(X s U t), )
(state equation)
V,=oX,U, t), t=0,1,2,...;
(output equation)
X, U, Y. state, input, output set at
time 1,
Xy initial state set,
U, input set (sequence) ):

9. Feedback Query Module =

feedback pathol ¢t (Morphological)
Set Processing Automata(SPA) [A6] A&
(Feedback Query Module)< 7]& A<l D/Bet
A EAZEY)S d¥o= T SP filter
(SPA)oIt}, &9 A SlolA A&t 7lE
(ofl: expected minimum entropy)stel ©] 71%
< A3} A7l RFgtez 399 28-S ©
o}, (F-2(Syntax) o|: $1¢] SPASA

Ut:A f,
X ,=STACK{A % ,ep),
X, =HMT(X , A, 1)

Y

VACK B3
[E3!
(Sep)
X, I
D

(Set)

g(s,0, ) -
Y

(sét)

SPA 3= )

Yt= Q(X fr UI: t))

10. 4138 A 4] (background/current
knowledge) @ D/B, &g A9
(feedback query) AlAE = 2HA YE
¥ A AH(Composite Networked SPA)
[A6]

(REAE 7|23 FAKIT AR 787 &
. &Eo|AEEE A4 T A
7|29 BEERANT A= EHFY =4
I AgHola 2EAHQ m@WA 9 A= LA
gte o3t 22 A7EA Y @ o) Qi
1. ¥YE|/Hardware/Software F&H4]o] ot
EFAo|n FHHY 24, HAQ 2 HE
Hel  mjE|Ad,
2. o2 13| Tt Wl (technique) 229 o
FAY 28l; 53| 2EAHo|1 g2 o]
2 A2 U8R 53 thaeo) dof ot
FAH 71e WA 749 At

3. 38 g 9le 589 #A

HoH 45 - 43



ZQNA )

7|&/mA71&BT/IT/NT) 9 At AlE 2o
F83 Software/Hardware/g 1 el&a #ig
AAATEL] S ALEE 2R T 4 e A
o|t},

Lie 7 |={NT)2H:
71&2] A5 A 2¥H4lo] Convolution @AM B}
E]-Oi AYgHoz AEo] FA AFAE @ X
BofolAl FHal) o887 2t A9 3
9919 2 Bl G BAFEIIAD

), o eF2HAILE MY 2 F) 9 g
of o]&=of 2t Y s A= 2E Y

B BoHIAA SlMT 1 B44L Hugo
2 9o1A dtojgty H|AE AlZ AT} Q] §F HofR A

SEEA AT A £33 9y 2oK 1 234 o]
A Gl serE o] TedtA S-&=] gk (A
FeW) dsAe] Bopo agA gt ZHRA

(convolution) @At} | HAM = FAFSHA 24
He vy ASAHY Hop ‘getolA BEER
A Az A AHo 2 H(A6] T 7)vt
FAT g F3 7] Al o] g3y, EHEA

AAbol ol A Gl AT FARH ‘&eto]
& BERA dato] A AEH) &Eho]a
EE2A e 4 AFASE Seto| AT Z AlE 3}
sto] Aoz ik ae B2 THH
ol ¥4 (representation equation)& E3 A
AR A& o]2/84/HARlE 748 £ A
o}, Convolution @4to] AF A Ao ZEA
o FEFE 7ROl etolA BEZER) dabo] A
F 9 HAY Az ARk MEA Heges
A Al Az ARl 2 Haks 7}74% AolaL, Fgt
& &% 9 FFo| 7hssitt, &, ‘Aa}o‘i =2
27" A4 9 getd EE ¥ (Parametric
Technique)Z o|&31H (B3] 11 A5 229

A%

Functional
Signal Processing

(326

44

Morphological
Signal Processing
[&1.12-13]+



&%) BB EAS HEA7I 2R A}
Al A=/ Bg41/11A) /23HBT/IT/NT/CT)7]
=] Fa% FAA gty 9 AYgrEle
S WEol d AeR Ve, 53] o 2o} o}
7Is, o &, tHE 719 AA A §3HolE)0]
ATEE 4 B BZax) AsHs} 2751
719 9 8712 AAd e 71 (A
F29) 71&/7171/Q /28T e §8A o
3 FEAQ S Algsts YRR W
lg]%o] & A oh;}l— 7],_/&4 o] h;}‘ 1%‘6 oﬂk]
= & A gHE 7)s 9 AHE 7129 (3
g 4 oAl duA]l 7l ¢ Anet 2%
sty Aol A A AR 7 g oz
23t ROty B BoAq AMF BEEXASE
# 29 55%}04 &= 2 g71%<l geftde
ZA 9 utget A% 9 ThsA o gigte] gl
Ak, AE}E}EH 7143l Wshs 2 v 13
7129 g7]14Q Mg Q487 e )

Zs

EEZ2AX 3542 (Morphological Signal
Processing)¥t 23] B|A¥ 4153 Fofo 33
sk 7lgolgie gtk 19709ERE HEol2
(Set Theory) ¥ &% o]Z(Measure Theory)ol
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