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000000000000 2000000000000000000000 (parametric
curve) 000000000000 0O0OOOOOOOODOOOODOOOOOOOOOOOO
0000000000000 02000000Q((t) =(x,y) DODODDOOOOOO

gbobbodbgouoobobuobboobobboouoobobooobbooang
gbgbooobobuoobobuoobouobboboboobobooboboobobod
gbobobooo B-bobooooooobooboboB-bOobOoboooooobOobobog

3.21 0000000

OooooobooooooooooooooooooooooOoono HPOO0O0O0O0
DDDDDDDBD(n:?))DDDDDDDDD H?(u)DDDDDDDDDDDDDDD
ooo

H3(0) = 1, HY(1) = 0, H}(0) = 0, H}(0) = 1,
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gooog

googd goog

03-1:30000000000
goog

dH}(t) _ dH3(1)

pr— P— 1
H{(t) = H3(t) = 0(fort =0,1),
dH3 dH3(1 dH3 .
i(0) _ 1 ) _ 0, 2(0) _ 0, fracdHy(1)dt = 1

dt Todt dt
DDO00H )+ H3(t)=10000
3000000000 FE3(+) 002000000 PO,PIDOOOODOOOODODO100

oooooovo,viooobooooouoobobobobobobo

E®(t) = PoH(t) + VoH3 (t) + ViH3 (t) + PLHZ (1)

3.2.2 00000

n000000000000 BMt)(i=0,1,---,n) 00

Bmw=(7)ﬂu—wnf

000000000000000 P O000O000O00O0000000000 af) =
s, PBr(t) 0000000000000r0000000 p*(v) 00000OdeCasteliau
0000000000000000000000000000000

pr(t) = (1 - t)pril(t) +tp:—;11(t)(p? = Pl'ﬂa = 1>2> T 7n7i = 07 17 N T)
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nO000000000000000O00000000000000000b000ob00ob00n
gboboobo2000000000MmOOo0obO0o0b0o0o0obooboooobooonon

033000000000. 000000 0DOoO0U0UoDoOoO ABOUODOODOO
0000d p,CO0000bOOOoO0Oooo cpoooOobOoOooOobOoDbDboUoOoOoDobooo
uboooboooboboobooboooboooboboobooboobooooboobooooon
uboboooboooboobboobooboobboobooboobobobooboon,o
uboboobooboobbooboobbooobooaon.

3.2.3 B-0000O0O0O0O

B-Oooooooooog Bi,K(t)D(iDDDDDDD,KDDD(DD—H))DB—DDDDD
0000000000000 0000000O0000000000O0(K-1)00B-OOO
ubobooboobooobob¢:boobooobboooooooon.

(t—t)f ' C—tw)f ' (E—tipr)f
Pi(t:) Piy1(tiv1) Piik(tiv i)

Bikwy = (=1)F(tisx — t:)

000
Pj(ty) = (t; — ti)(tj — tigr) -~ (b5 — tj—1) (5 — tj41) -+~ (8 — tivk)

DDDDDDDDD(t—ti)f_lDDDDDDDDDDDDDDDDDDDDDDDDDDD

de Boor Cox O 0O0O

00000000000000,00000000000000000.00000 de Boor
Cox0ODODODOOOODOD.
K=1(00)0ooOoono

1 t; <t <tj
i) = { ( +1) (3-1)

0 (t<tit>tis1)
K>200000
t—t;

B = g

t; —t
ti:IJ;K_ti—i-lB
D00,Bigyny000001000 Bjg_1py 0 Bijik—1py 00000O000. 0000
00000000 BOO0OUOOODOOOOUDOO(K-1)00O0O00O0D0UDDOOOOUDOO
ooooooog

0000000100 B-0O0ODO0OO0O0OO00O0O0 B,g 000DO0ODOO(K+1)0D00OO
00o000ooo0ooo. B-OoOooooo0o0 Bk 0Ot <t<tyxgO0OO0O0O00DO00O
refb-basis 000000 OO000OO.

032300B-0000000000C. B-00000O0O000O00OOODDOODOOOOO
0000000000000 000000000000000OD0ODODO0ODOO0O0O00000
00o.

it1,k—1(t) (3-2)
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ogoono
0 & 0 Bi,1(t) 0
1 R 0 Bi-1,2(t) Bi,2(t) 0

\
\

2 IR 0 Bi-2,3(t) Bi-1,3(t) Bi,3(t) 0

e

O0oono 3 yj{ Bi*3,4(t) Bi*2,4(t> Bi*l,4<t) Bi,4(t) 0 O0ooo

034 BO00000000000000000
gooo

googd

0000 1 2 3 4 5 6 7 8 9 0OOoon0

0 3-5:B-O0000O00O0OO (30)
goog

3.24 NURBS[DOU

NURBSO O OO0 (Non-Uniform Rational B-Spline) 000, 000000000000
O0BOOOOOOOOO.NURBSOOOOB-OOOOOOOOOOOOOOOODDOOO.
O0O0OOONURBSOOOOODOOODOOOBOOOODOOOOOOOOOOODODODOOD

O000Qo<i<n—1 00000000000 00O0¢t000D00O0,

n—1
P(t) = Bi k)@
i=0

cooooboogoooobo B-OooobooobooboobooboobDOoOobDOoboooo
ooooooo

(K-1) OO BOOODODOOOOOODOOO(K+1)0OOOooOOooOooOO0. Bg0OO
O ti,tiy1, -, g 000000000000000 (n+K)OOOOOtg, -+, tp+rx—10
oooooboodob.obbo1gogoobobooobo BOboboooooogooobobooboOoo
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000000000.000K=400030000000000.000040,0000
0000 4+4=800000,0 30000 ¢ <t<t,,0000400BOO0O0OOOO
00000000000000000000000.100BO00000000O0000O0
10000000000,0300,300000000400000 1000000000
0000000000.04030020000000000.1000000 QO, Q1, Q2,
Q30000000,2000000 Q1,Q2,Q3,Q400000000.0000 (K-1)00
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3.3 0ogdn

gobobooobobooobooboooboobooobooobogbooobobooboobboDbo
oboooooooooooooooog

3.3.1 0000000

0000 f(x) 000002,22-2, 000000000000000 y,y2-9, 0000
ooooo

f(@i) = yi(i = 1,2---n)
000000000
p(zi) = yi(i =1,2---n) (3-3)
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000000 pz) 00 f(») 00000000000000 (33)0000 pz) 0000

p(xi) =Y yipi() (3-4)

i=1
O0000o0o0o0oaoao k

p(xi) = yivi(ar) (3-5)

i=1
nooo,

pi(zg) = 0@ #k) (3-6)

— 1=k (37)

00000000 (34)000 (3-3)0000000000 (36)0000 pi(z) 00000
oooo

n

pilz) = H T—Tp (x —x1)(x —22) -+ (T — ) (3:8)

imligj T T T (z; — 1) (2i — x2) - - - (25 — )

ooooooooogoobooon

ki) =

7) (3-9)
=1 j=ligg T

000000000 39UooooooUoooooooouoooo

3.3.2 000000

gbobooboboobobooboboboboooobobooboobooobog
gboooboboboobobooboobbooobooboobobooboooon
gobobboooooboboooobobboooobbbooooboooooobooboooon
gboobobooboboboboooboobooboboobobbooboboboboon
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4 =20, T1,%2," ", Ti—1,Ts, Ti+1 = b
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goooooboooboooboobooboobobuoobobooboboobobo
googoobogbobooboo

200000000

200000000000
Si(z) = a; + bz + iz’

ubooooobogoaoo
gb2000000000b00b000 2000000000

e Sj(z;) =y 0000000000y 0000« 0000000000000000
000000 f() 000000000000000Si(z) =y 000000000
fO0 0000000 g, 1,22, 2ne 100000000000000000000
00000000000000000000000000000000000000
0oooooooooo

e Si(x;) =S;,,(x;) 0000000000010 00000000O0O0O0O0OOOOD
gboooboaood

300000000

gobooodgbgoobbooo3dgbgobobooobobooboooob3onbnoon
googob200000000b000bO00bboOoooDg

e Si(z;)=y 000000000200000000000
e J0D0D0DODO (i =1,2,---,n) 00O
Si(xi) = Siyq(xi)

non

57 (x;) = Sy (24)
OO0000000000010000002000000000000000000
DO000000000000000
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e JOOUOOOOOOO
f(@1) = f(2n41) = 0
oOooa
f(21) =900 f(Tnt1) = Yo

gbooooobogo

00D03000300000000000
00000 [z,241) 00003000000 S(2) 00000

Si(x) = a; + bi(x — ;) + ci(x — ) + di(x — ;)3 (3-10)

O000000000000000000 (3-10) 0000000 ag,b,e,d; 0000000
goooooooooooooooooonoo
® a; =Y

o 00000 DDDOOLOOLOLDOLOOOOOLDDOOOUOLODDODODOOLODDODOOO

hi =z — i

Ay; = Yi —Yi—1 Ayirl = Yi+1 — Yi
hz‘ hi+1

3(Ayihit1 + Ayip1hg)

e JOIDDO0ODOODLDOODDOOOODLOODDOOODOODLOODOODDOO
00000y, 00000

o b =y;
o ¢i=(3AYiy1 —2y; — Yiy)

o d — Yityip1 —20¥i41
v hit1

3.4 ODO00doooooodn

goboboooboobooooboobooboboooboobsboboooboobooonoo
vbobgoboooobooboob3boboooobobobooboboboooboobono
voboboobobooobboooboobooooobooooboboboobobooboobooo
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vbooooooooooooooobooooboobobobobobobobob
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000 1510000000 DP (Dynamic Programming) 0000000000000
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ooooobo bpOOOOOODOOOODOOOOOOLODOOOODOOOODOOOO
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gobooboooboboogboooboooboooobobooboooobooobooboo
goboobooboboobobooooboobooboboboobooboobooboo
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03700

g

Vs

Length error

Chortest / approximated line

‘\kingth/

/
/. Q;

one segment

original line

Region error

one segment

\

example of weight function

t=n

significant point

t =06 significant point

max W

min W

U37000000000000

1
F = jzw'APl - Qj|2
=1

(3-11)

oooorp0bDO0O00O0D/ODO0O0DOO0ODO0O0DO0w,00D0000D ¢0
O0o000000pR O0000000000O00000O0Q;00+:0000000000A0
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ocoonNOODOOOoboooooobogooooon

3.5 SvG OOOoOOooogoooooooog

0000000000000 00ODO00DO0O00D2000000 SvGOOOOOOO
goooobogn

O0000000OPathODOOODODOODODOODOOW3COOOO *00000OOODOO
goooobogn

Path OO0OO0O0 PathOODOOOOODOOOODOODOODODOOODODOODOOOOODO
ugoooobobobobbobotbdodoooooon

Path O Omoveto(D OO OOOOOOOO), lineto(@OOODO), curveto(D OO 0ODO),
arc(JO0000O), closepath(DOD0ODODOOO0O0OO0OO0OO0O0O PATHOOOO)OOOODOODO

“http:www.w3.orgTRSVG11
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OO000Ow3sCOOODUODOOoOOoOU0DbO0 PathODOODOODOOOOODOODOODOODO
boMODOOOOOOODOODOOO

<!ENTITY % SVG.path.extra.content "" >
<!ENTITY % SVG.path.element "INCLUDE" >
<! [%4SVG.path.element; [
<!ENTITY % SVG.path.content
"(( %SVG.Description.class; )*, ( %SVG.Animation.class;
%SVG.path.extra.content; )*)"
>
<!ELEMENT %SVG.path.qname; %SVG.path.content; >
<!-- end of SVG.path.element -->]]1>
<!ENTITY % SVG.path.attlist "INCLUDE" >
<! [%4SVG.path.attlist; [
<!ATTLIST %SVG.path.qgname;
%SVG.Core.attrib;
%SVG.Conditional.attrib;
%SVG.Style.attrib;
%SVG.Paint.attrib;
%SVG.Color.attrib;
%SVG.Opacity.attrib;
%SVG.Graphics.attrib;
%SVG.Marker.attrib;
%SVG.Clip.attrib;
%SVG.Mask.attrib;
%SVG.Filter.attrib;
%SVG.GraphicalEvents.attrib;
%SVG.Cursor.attrib;
%SVG.External.attrib;
d PathData.datatype; #REQUIRED
pathLength YNumber.datatype; #IMPLIED
transform %TransformList.datatype; #IMPLIED

moveto 0000 “moveto” OOO0 (MOOO m) 000000000 0O0ODOODOOO
oooobooooooobooooooboooobbobbbooooooUbg "moveto” O
oboooooooooooog
oboboboboboboooooobobobobob obobobooboooo
gbooooooooooooboobgoobon
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O3-100"moveto” DO ODODOODOODOO

Command Name Parameters Description

M(absolute) | moveto (xy)+ Start a new sub-path at the given (x,y) co-
or ordinate. M (uppercase) indicates that ab-
m(relative) solute coordinates will follow; m (lowercase)

indicates that relative coordinates will follow.
If a relative moveto (m) appears as the first
element of the path, then it is treated as a
pair of absolute coordinates. If a moveto is
followed by multiple pairs of coordinates, the
subsequent pairs are treated as implicit lineto

commands.

0 3-1: moveto OO OO

closepath 0000

"closepath” 0000 (Z0O0O0O z) 0000000000 O0O0O0O

000000000000 0000000000000000000000000000
“closepath” OO O OO0 moveto” 0000 O0O0O0OOOOOODOO”moveto” OO0
00000000000 000000000000000000000000000000
0000000000000 0000000O”clesepath” OO0000O000O0O0O00OOO
OO07lineto” 0000000000000 00O0D0OODOO0O0O neto” O0DOO0ODODODO
0000000000 DO0D0O000O00O0DO0ODO0DO 32007closepath” OOODOODO

goood

Command Name Parameters Description

Z(absolute) | closepath (none) Close the current subpath by drawing a
or straight line from the current point to cur-
z(relative) rent subpath’s initial point.

0 3-2: closepath 0 OO O

lineto OO OO

“lineto” DO ODOO0ODOOOOOODOOOOOOODOODODODOOO 2

0000000 L (000 H)oooooooo 10000000 H,V(OOO hy) O30
obo0oo0oO03-3007ineto” OOODOODOODODODO

quadratic Bezier 0000 O0O0O00OOpathOOO TOOODOOODODOODODO
000000000 00ooo000oooooooooDoDooooooDoooooDoon
000000000000 0000000000000000000000000000
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Command

Name

Parameters

Description

L(absolute)
or

I(relative)

lineto

(xy)+

Draw a line from the current point to the
given (x,y) coordinate which becomes the
new current point. L (uppercase) indicates
that absolute coordinates will follow; 1 (lower-
case) indicates that relative coordinates will
follow. A number of coordinates pairs may
be specified to draw a polyline. At the end of
the command, the new current point is set to
the final set of coordinates provided.bpath’s

initial point.

H(absolute)
or

h(relative)

horizontal

lineto

X+

Draws a horizontal line from the current
point (cpx, cpy) to (x, cpy). H (uppercase)
indicates that absolute coordinates will fol-
low; h (lowercase) indicates that relative co-
ordinates will follow. Multiple x values can
be provided (although usually this doesn’t
make sense). At the end of the command,
the new current point becomes (x, cpy) for

the final value of x.

V(absolute)
or

v(relative)

vertical lineto

y+

Draws a vertical line from the current point
(cpx, cpy) to (cpx, y). V (uppercase) indi-
cates that absolute coordinates will follow;
v (lowercase) indicates that relative coordi-
nates will follow. Multiple y values can be
provided (although usually this doesn’t make
sense). At the end of the command, the new
current point becomes (cpx, y) for the final

value of y.

O 3-3: lineto OO OO
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Command Name Parameters Description

Q(absolute) | quadratic (x1yl xy)+ Draws a quadratic Bezier curve from the cur-

or Bezier curveto rent point to (x,y) using (x1,yl) as the con-

q(relative) trol point. Q (uppercase) indicates that ab-
solute coordinates will follow; q (lowercase)
indicates that relative coordinates will follow.
Multiple sets of coordinates may be specified
to draw a polybezier. At the end of the com-
mand, the new current point becomes the fi-
nal (x,y) coordinate pair used in the poly-
bezier.

T(absolute) | Shorthand/smootlx y)+ Draws a quadratic Bezier curve from the cur-

or quadratic rent point to (x,y). The control point is as-

t(relative) Bezier curveto sumed to be the reflection of the control point

on the previous command relative to the cur-
rent point. (If there is no previous command
or if the previous command was not a Q, q,
T or t, assume the control point is coincident
with the current point.) T (uppercase) in-
dicates that absolute coordinates will follow;
t (lowercase) indicates that relative coordi-
nates will follow. At the end of the command,
the new current point becomes the final (x,y)

coordinate pair used in the polybezier.

0 3-4: quadratic Bezier 0 00 0O O
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gooosvGoOOOOOOODOoOOoOooOo

<?xml version="1.0" standalone="no"7>
<!DOCTYPE svg PUBLIC "-//W3C//DTD SVG 1.1//EN"
"http://www.w3.org/Graphics/SVG/1.1/DTD/svgll.dtd">
<svg width="352" height="240" viewBox="0 0 352 240"
xmlns="http://wuw.w3.0rg/2000/svg" version="1.1">
<path d=" M87 50 T95 50 M95 50 T101 52 M101 52 T102 52 M102 52 T105 51 M105 51 T115
oo
" fill="none" stroke="black" stroke-width="1"/>\\

</svg>

OooooboooobbooooobboooosvGgooooooooo svGzooooo
ooooood

3.6 000

gbobobob-0oooobobobobobooboobobobobooboboobo
voboobooobooobooboooobooobooboobobobobooobooobooboo
uboooooooooooooooooooonoo

oooooOoOoOoOoOoOoOooooooosvgooooooOobooOoooboOooooo
oooon



30

040

Jobooboobuobouobogoooonod
googd

4.1 0000

gboboobobooooboboobobooboobooboooboobooooboong
uboobobooboboobobooboobobobooobooooboboooboboboon
ugoogon

42 0000000D0O00000O00O0000000

0000000000000 000000O0O0000O0OoOoOOO [1218][14j0000O

dbobboouoobobooboboobobooboobobooboboobobong
ubooboboobobobobooboobobooboboobboooobobon
uboobouoobobooboboooboooboobobooboboobooobooboon
ubooboboobobooboboobooobooboboooboboooobobon
gbooboboobooboboouoobobobooboboboboobobobobg
O00000o00o000000ooo0o0o0o00oooOOoo0oOOODOO0O0DU00 (DOoObDoo
O00)000000000O0O0o00ooooOobCTOUOOOOOOOODUODUDOOOOOOO
DCTOOOOOOODOOOOOODOODOOOODOOD

goboooooooooooooob 4 1000000000000 000000

4.2.1 00000000000 DO0O0O0O0O0

gobobooobooooboooooboooooobooooboboooboooboDbo
obooooooogoogoogonog

uboobooobo obobobobooboooobooboboobobooobobod

00000 2700000000000 0000000000000000OO0o0OoOo

uboobooooboooboooooon
gboooboboobooobboobuooboobooboobooboobooonooon



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 31

4.

5.

Animation Image
A
Linelmage Region Image
Edge detect Extract region
Line Contour Region
approximation approximation Color
+ )«
DCT coding
Coded Image
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AN

\ % Seed Pixel

_I_} Direction of
— § Growth

(a) Start of Grwoing a Region

B Grown Pixels

Pixels Being
Considered

0]

(b) Growing Process After Few Iterations

04-2:. 00000

booboboboboobobooobobobooobobooboboobobobod
gboobobobuobobobobuooobobobobobuoobobobooboobobod
gbgbobobooboooboboouoobobooboooobobooboboood
ubdgbobobooboboboobobbobobobobobobobobobobon

goboobooobobooobooobooooboboooboob430b000b0000
oboooooooo 440000

4.2.2 0J00000000OO0000O00O0

gbobobobooboboooboboobobooboboooboboobonbo
gooooobooboobboobuoobboobooboobbooboo



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 33

04-3: 000000

044. 00000

00 [12)00000000000000000C0OO00O0OO00O0OO00bODO0OOO
oboobooobooboooboobooooboobooobobooobooboooboobooo
goboobooobooooboogoboobooboooboooboboobooobooboo
gobooboobobooogoboooobboooboobooobobooboooobooboo
goboobooooooobooobooobooboobooobooboooboooboooobooboo
oboobob3bobobooooooboboboboboooooboobobobuoDo
gooboobooooobo

00 (4 000000000000000000000O0O000DUDODOOO0OOOOO
goboboooogboobboboooboooooooboooboboobooobooboo
goboobooboboboooboboooobobooooooooboooobooboboo
00000000000000000O0Ramer 0 [21]0 0000 0OModified Ramer O 0O O
goboobooostoogboboobobooooobooooboboooooboboo
oooon



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 34

4.3 00000000

goboboooboooobooboooogbooooboobooboobooobooboDbo
gobooboooboooboogboooboboooooboobooobooboobooobooboo
gooooboboooo 4500000000 0b00obooboooooboooboobon
goboboooboooobooob 450000000000 0D0O0LOODOODOD
goboobooobooooboogoboobooboooboooboboobooboobooboo
oboooooooogog

U 4-5: 000000000

gboooooooooooogoboobgobon
l. Jbobooooooooooooooooooooo

2. bCTOO0ODOOOOOO0ODOOOOOO0OO0DOOOOOOUODOOODOOOD

ubooooog

gbgboobobobobooboboobobobooboboobobooong
uboboboooboobbobooboboboboboboobobobobooboboon
goog

OoooooOooO0oDOo0o0obOoOoOooOoOoOoOoDooOOoOoOoDboOoOobDoo berooo
uboboooboboobobobobuooboboobobobobobobobobon
ubobooobooboobobon

gbooboboobooboobobooboboobobobooboboobong
ubooooog

44 0D0000000DOOO0OO0O0O0OO0OO0O000000

ooboobooogobooooobooogbooooboobobooboboobobo
vooogoboobooboobooboooboobooooboboooooboobooboboo
gboboooobooboooooo



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 35

gbobooooobobooobobooobboobooboobobooooboboooobong
gbooboooboboobobooobobooobboobooboooboboobooboon
ubooobobooobobooboboooooboboooooooboobobooooboooboon
gbooboooboboobboobobooboboobooboooboboobooboon
uobobobooooobooooboobbooooboboboooooobooboooobooboooon
ubobobooobooobobooobobooboboboboooboboooobooboon
ubobooobooboobboobooooboobon
gboboobooooboobooobooboooboobooobooobooooooooboong
oo DbCTOOOOODOOODOOOUObOOOOODOOODOOOUODODOOOODDOOOO
ubobobooobooobobooobooobobooooooboboooboboooobooboon
ubobooobooobooobooooo
goboobooooobooobooboog4e6b0booooboobbooboooboonDo
ubooboobobooboboboobobobooobobooobobooooobobon
ub20000000040b0040n
gilboobobooobooboboobooboboooboobooboooooooooong
ubbooboooboooobooobooon
gbobobobooboboobobooboobobooboooobooooboaong
goooboooboobogooboo40b0obobooooobobobooooobobobooboboon
uboboooon
O00OO0D00O0O0 Region based coding 00O DOO0OOOOODOOOOCDOOOOOOO
[16][18 00 0000000000000 00000O0DO0DU0LOOODODOULODOOUOOO
ubooboboobobooobobooobobooboboobooobooobooboon
ubooobooboobobodobooboobooboboobobooobobooboood
ubobobooooboboboboobooobooboooboboooboobooboboboboon
ubobooobooboobboobooboobboobooboobooobooobooo
gboobooboooobobobooooboboooobobobbooooooboobobooooboobog
ubobobooboooboboobobooboboobooobobooboboon
ubboobooboobobbooboboooboobooobooooan

44.1 0000000000000 OOCOOOO0

OOO00O00ooobOoo0ooobbOoooOobbOuboObOoOOobDbbOOOOConnected
Fiter OO OOOOOOODOO

Connected Operator 1 000000000

ooboboooboobooboboooboooooboobooboooboooobooobooboDbo
gobooboooobobooooboob 47v000b00ob0oob0ob0oooboobooobon
vobooboobboobobooboooobooooboobooobboobooboboo



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 36

Animation I mage

A

Linelmage Region Image
Edge detect Extract region
Line Contour
approximation approximation

A4
-

A
A
1

Base Layer V

Difference lmage

DCT coding

Additional Layer

Coded Image

0460000000000

gbboobooboboobuoobboobuooboon
O00DO00O00CO00DO0O0O0O0O0DOO0O0O0O Connected FilterOOOOOOO
Connected Fiter OO0 00OO0O0OO0OO0OO0OO0ODOOOOOOODOO
0480000000 ADO00OOOCOOOOODOOOO0ADOOOOODODOOOOO
A, 00000000CO00000DODOCOOFlat-zoneOOOOFlat-zoneOODOOOOO
ooooooO0O0ooooOoUooooOoUOoooOooUoDALD0 A0D0DODOODODODOO
O00A0 A000000000AD0 A4O0CCCOCCOOOOOOOOOO0OO"O00O
ubboobooboobboobuoo"boob"oboobobooboobo
O00000000000As0 A,00000000C0OD0OOO00O000000A4OOO
0000000000000 0000AsOODODOO0O00O0DOOODODOO0OOOOOOOO



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 37

SII]{}Othing R Sy

.
]
o

L4

Lose Edge

L4
*

(3
‘-l"'... LIS 3d

Low Pass Filter

en e,

*
L .
n a
- [ ]
. L/

. Keep Edge

Connected Operator

0470000000000

ooobddododoooodooooboooooooooobooooooooao
0000000000000 0000000000000000000000 0 Connected
Open and Close D OO0 O

Flat-zone 00000O00D0OCO0O0DOOCOOOO0OOODOOOOOODOOOODOOCOO
OO0 Flat-zone OO DOOOO00DODOOO0OOOO0 4000800000000 0O00O0O00ODAO
OO000 Flat-zoneO O DO OO 4900 4-10000 Flat-zone OO OOODOOOODOOOO
ugooo

Connected Operator Flat-zone OO O OOO0OO0O00O0O0O0O0DODODODOOOConnected
Operator 00000000000 DOOODOOODOO

Connected Operator ¥ O 00
e J00ODDpqOOODOUOOOODf(p)=f(gOOODOO

e DOODU(f(p) = ¥(f(q)) DODD

Connected Filter Connected Operator 00 000 OO OO O Connected Filter 0 0 0O O
Connected Filter 0 Flat-zone 000 0000000000000 DOOOOODOOOOOO
0000000000000 0000000000000000Flat-zoneOODOODOODO
0000000000000 oooooooooooooooooooooooooon
Oo0o0ooooooooooooooon



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 38

Original Image A Smooth Image A

Grouping by
Connected Operator

A Simplify

A

) = A
(A) A4 Anaéys is

Decision

0 4-8: Connected Operator OO0 OO OO

goooooon

00000000 200000000 0o0o0bOo0o0oo0oo0o0ooooUoDOn
gboobooooboogn

ooooobooboo OoboobboobOoobboobobuoobUoobbon
20000 F,BO MinkowskiO O FeBOOOOOOOOODODOOODODOOOOOODO
410000000000
FeB=f+b:feFbeB (4-1)

0O 49 Flat-zone DO OO0 D0OO000O00O0DOO




040 0OO0OOODODODOOODOOOOOOOOObOOOOO 39

0 4-10: Flat-zone OO0 OO0OO0OO0OO0O

20000 F,BO MinkowskiU FeBOOODO

FeB=f-b:feFbeB (4-2)

oboooboooboob oobooobooboobooobOoobOobOoobbOo4000Db
oooog

dilation 2000000000000 f(X)0O0OUO 2400000 BOOODOOOOCOOO
0000000000 f(X)0o0 XOoOoooooooooo

(feb)(X)=maxf(X+2)+b(Z):Z€B (4-3)

erosion dilation 0 OO0 00020000 0000000000000

(feb)(X)=minf(X+2)-bZ):ZeB (4-4)

opening erosion 0000000000000 ODOOOOCODOOOOOOODODOOOO
ggd

foB=(febab (45)

closing opening 0 J 00 Odilation 0000000000000 0000000000O0O
0000000000000
feb=(fab)ob (4-6)

Connected Open and Close

0000000000000 Openand CloseDOOOOOOOOOO0DODOOOOOOO
vobobooobooboooooboobooboooobooobooobooobooobooboo
oooog



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 40

O0OCO0OFlat-zoneOODODDODODOODO Flat-zoneODODODDODOOOOODOOOOOOO Flat-
zoneUOODOOOOO0OOOO0DOOOODODOOOOODOOODODOOOOODOOOODOOOO0

ubobooboooboooooboaoo

I A I A 2 =8 73
0000000000000 00000000O0O00Uoo0O ¢7o@4-8)oooo 400
0800000000 DDO0O0O0ODO0OD0OONDNNU40000000O0O0O0OO0O0O0O (47)
ubobooboborbogbob0dr=1000000000000000 80000000
(47)000000000ODOOO0OO0D00OUOODOODOO

By(r) = (z1,32) € Z% : x| + |z2| < 7 (4-7)
Bg(r) = (z1,32) € Z% : maz(|21], |z2]) <7 (4-8)

O00000000DOO0OOpen and Close 0000000 O0OO0ODO Connected Open

and Close 00O OO
0000004110000 oooogooo

b0 Xobobooooooboooboobooooooboboooobobooo
agoo

200

150

Amplitude

Amplitude
S

[$2]
o

S I N T S I A O A
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

pixel pixel

0 4-11: Connected Operator 0000000000




040 0OO0OOODODODOOODOOOOOOOOObOOOOO 41

gboboobooobooboobobooobooobooobooooobooooboong
ubooboobooobobooboobboobooboooboobooonboo

44.2 00000

goog

0000000000002000000000001000000000000000
0 (dogl,anpanl)0 00 100000000000000000 (dogl,anpan?) 000 40
00000000000000000000000000000000000000000
0000000000000000000000000000000000

04-1: 0000

00000 | dogl,dog2,anpanmanl,anpanman?2
4:2:0 format
0o 0000 : 352[pixel] x 240[line]
0000 : 352[pixel] x 240[line]
ooo YCbCr

obobobobooboooboooboobobobobooobooboboobooooobooboD
goooboobooboobo1l1boboboooooboooboboobo200000000D
vobobooobooobooogoobooboooobooobooboooboooobooboo
vobobooogboooboboooobooobooooobooobooboobooobooboo
ood

4.4.3 00O

Connected Filter 00O O00O0DO0OOO0OOO0OO0ODOOOOOOO0ODODOODOCOOdoglO
anpanmanl 00 0000000000000 O0O000O00OO00ODO0O0OO0O0ODOOO0
0000 (0 4-1300 4-25)0000dog2 0 anpanman2 D00 000000000000
oboooooobooobooooooon 4-190 4-3100

ObobobOoboboobodbdog2z0 000D 0ObODbDODODODOOOOOODODO
uboboboobooobooobobooobobooboboobobobobooobooboon
oboogooboobon

gboboobobooboboobobooobooboooboboobobooobono
ogbooooog



040 0OO0OOODODODOOODOOOOOOOOObOOOOO

0 4-12: 000 (dogl)

0 4-13: D0000O00O00O000 (dogl)

0 4-14: 000000000 (dogl)

42



040 0OO0OOODODODOOODOOOOOOOOObOOOOO

0 4-17: 000000000000 (dogl)

43



040 0OO0OOODODODOOODOOOOOOOOObOOOOO

0 4-18: 000 (dog2)

0 4-19: O0000O00O00000 (dog2)

0 4-20: 000000000 (dog2)

44



040 0OO0OOODODODOOODOOOOOOOOObOOOOO

0 4-23: 000000000000 (dog2)

45



040 0OO0OOODODODOOODOOOOOOOOObOOOOO

0 4-24: 000 (anpanmanl)

04-25: 000000000000 (anpanmanl)

0 4-26: 000000000 (anpanmanl)

46



040 0OO0OOODODODOOODOOOOOOOOObOOOOO

0429 000000000000 (anpanmanl)

47



040 0OO0OOODODODOOODOOOOOOOOObOOOOO 48

0 4-30: 000 (anpanman?2)

9

04-31: 000000000000 (anpanman2)

04322 000000000 (anpanman?2)




040 0OO0OOODODODOOODOOOOOOOOObOOOOO 49

4.5 000

gobooboboogoboooboobooooboooooboobooboobobboobDbo

gooooooooooooooooobobboOooboooo bCroDoobooobDoboOoo
goboboooboooobooboboboobooobooobooboobooobooboo
goboboobooboobooooboobooboboooboboobobooboobooo
goobooooooooooooboooobooooobobooooo bCcroooboooo
gboboobooboooooooooooooooooooooooog



040 0OO0OOODODODOOODOOOOOOOOObOOOOO

04-35: 000000000000 (anpanman2)

50



o1

050

Joboobouobuobogoogoogo

5.1 0ddQ

00000000000000000000000000000000000000000
000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000100010000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000
0000000000000000000000000000000000O0O0O00O000
00000000000000000000000000000000000000000
00000000000O0MPEGOOOOO0O0O0O0O0O0OOOOOOOMPEGOOOOO
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0Dooooooo
00000000000000000000000000000000O0O0O0O0OO00
00000000000000000000000000000 [41], 420000000
00000000000000000000000200000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000 [51) [58] [60] [62] [20] [65] [66] [67]0 000
0000020000000000000000000000000000000000
00000000000000000000000000000000000000000



Us50 O0bOOobobOobobOobOobOobob 52

goboobobooobobooboboobobooobooobobobooooboooboon
gooog

dbobooboobooboboobuooboboobobobooobooobobooonong
gboobooobooboboooboboboobobobooboboobobooobooon
uoboboboooobobobooooboobooooobooboboooooobooooooooboon
uboboobobooobboobbooboooboooooboooobooooobooooobooon
uboboobooboobooooobobobobobob 20000b00b0o0oboonoooon
uboooboboobobobooboobuoobobooooooboooboooboobooboon
0000000000000 00000000UO0OO 700000000 O0OOOooO
ubbooboooboboobbooboobbooboobbooboobbon

gboboobooboobooboobooboobonooobobbobooobooooboaong
ubooboobooboobooobooboooboboooobooboboooobobooooboon
ubobooobobooobouoobooboobobooobobooobobooobooboon
ubooobobooobooboobooboboooboboobobooboooboboon
ubooboobooboboobobooboooboobooooboboooboooboboooboboon
ubobobooboboooboooooboobooboobooboboooboboobooboon
ugod

gboooboobooobboobuooboboonoog

1. 0gbobooboobooobobooboooboboobooobooo
2. 0000b0obooboboobobooboobobobobobOobobDboboo

200000
gbggbooboboobobboobooboboouobboboobooboong
uboobobobobobobooboboobooboboboboobobobon
O000000000oOOD [72]0000oooo

5.2 0000000 O000d0ooooggn

obooobooboobooobooobooooboooboobl1oobooboobooooon
ggbooboobooobobooooooboooobooooboooobooboo
vobooboobobooobobooobooobooooboooboobbooboboo
obooooo3gbobogoon

ubobod bobboobuooboobboobuoobboboboobooboobobod
gbobogbouoobbooboobuoobbobboobobooboobboobg
googoo

o000 oooooobooobooboobobobobobobobobobooboooooo
ooogd



Us50 O0bOOobobOobobOobOobOobob 53

uboon0 obboobooboboobbooboobbooobooboooboooobon
googn

gbobooboboobooooobobooboboobobooboboobog
ubooboobgoboboooboboooboobobuooboboooboboobobon
uboboboobobooboboboobobobobooboboooboboobobon
gbooaoo

53 0000000000000 000000

gbgbodgboobooboboobouogboboobobobooboooobong
gbgbooobobooboboobobooboooboobooboboobobod
gboobobobuoobobodbobobooboodoboboboobuoobobod
ugbbooboabod

goobooobooboooooboboooboobs-100bbo0obobooboonDo
gbooobooogoboooooboooboboboboobobobooooobbooboboo
0000000000000 0000000U000O00D0O0O0oUooOO 72100000
gooooo

5.3.1 000000

gbobobobooboboooboobobooobobboooooboooboono
gooboboooobobooboobooboobooobooboboobobooboobo
gbooooobgooboooobobooboobooooooboobooboboobobon
gbooooboooboobooobooboooobooboboobobooboboooobon
gbooboobooboooobd
gbobooboooboooboooboboooboooboooboooboooboo
gbooboooboboobobooboooobobooboooobobooboooboobon
0000 6000000000000 0O0000O00O00L0O0O0DOO0O0DODOO0O
gbooooobgobooobooooobbooboooboboooobobooobobon
000oO0o000oO0o0o0oO0oOOo0o0oooO0oOoUD [fjoobooo0oO0ooOo
goboooobooooobobooobooobooobooobboobboobboon
gboogoboobooboboobobooboobobooobon
gbobooboboboobobgooboboooobobobobooboobooobong
gbooooobgooobooobooboobooboboobooobobooobooobon
gboobooboobobooobooboon
gboboobobobobooooboboobobooboboboboobong
gboooboobs20000b00b00boboboooooboobooboobo0ooboon
gboooobgooboooobooboboobooboboobobobobooobooobon



Us50 O0bOOobobOobobOobOobOobob 54

uboooboooboboobobooboboboobobooobooooobooboon
0000000000000 00oo e ooood

gooogoooooo

goboboboobooboooooobooobooooboobooobooboboobooDo
gooobooboobooobobooobooboobooooboboooboobobbboboo
gobooboobobboooooobooboooboobooooboboooboobogo
goboboooobooobooboooobobooooboooboboobobooboboboo
gbobooooooooooooooooooooooboooobooboobobono

0000000000000 (Iterated Rubberband Fitting Analysis) 00000000
pO00000000SOOO0000O0O0ODODOOOOOOO0OOOO0IOD1IO0000O0OO
O00000000000000000 (Unit Boundary Line) 00 0B00000000O0O
boobobobs30b0buoobobobobobobooobopbbOobbOD
000000 N(p)OOOOON(p)=i(0<i<4)00i000040000000Type 0
4000000000004 000000000D0O0DOOODOOODOOODOOOO
00000000000 U0O.0000000DO0O0O0O0UOO W()OOUOOOOUOOOO
000000000000 T(n) (Touched Line)D 000000 O0OOO F(n) (Floating
Line) 000000000 W(n),T(n), F(n) 000000D0000000000

F(n)NnT(n)=0 (5:1)
F(n)UT(n)=W(n) (5-2)

0000000000000 BOOOOODODODW(MnR)OODOD T OOOODODOOOO
W(n)ODOOODOOODOO C(n) (Critical Boundary Line)0 000000000000
0000000 R(n) (Redundant Boundary Line) 00001000000 W(1)O0OOO
0000 ¢(1),000 RHOOODUOOUoooooooooooooooooooo

C(1)NR1) =0 (5-3)
C(1)UR(1) = B (5-4)

n(2<n) 000000 W(r)OOOOOOOOOOOOOOOOOOO

C(1) (DN C(n) N R(n) = 0 (5:5)
C(1) UIDU C(n) U R(n) = B (5:6)

IRFAODOODOOOOOOODOOOOOO0ODODOOO0OO00OO0

1. Jbooooooobooooob40b0b0obobobobobobobobobob
oooooo



Us50 O0bOOobobOobobOobOobOobob 95

2.000b0b0boboooooooboobobobobobobOobobDobDOobD P, OO
gogd

. 00boboboooboboboolboooooboboobooobooooobobobon
ggbobooobooobobooboobooboboooboooboobooobooDbo
goooooooooooooooon

4. 0gbo0oooOoilgoogooobooooooboboboooobDobobooboooDoo
gooobooooboobooboogn

5. bobO0ooOOoOOooboooobooooooDoo
6. 00D00000CO0D200030000000000O0Step20 400000

7. 000000000000DOOCOO0O0O00O0DOStep20 400000

doooooogooooo

gboboobbooobooobooobobooobbooboboooboooobooo
goboboboooobooooboobbooooobobooooooboobooobooboon
gboooboboboooboboooobobooboboobobobooobobonon
uboobobooboboobooboboboboobooobooboboboooboboonoon
g0o00C0O0OO0O0ODOO0O0O0O0O0O0OO0ODOOO ANDOOOOOOOODODOoDOoOoooooog
ubooobooooboobooooboobobooboboobooobooooboooon
uoboboboooooboboobooobooobooobobobooooooobooooboobooon
uboboobooobooboboobooobobooo

gboooboboobooobobooobooboobobooboaoo

1. 0550000000000 00bO0ODbOUbDObDOOLObOLO0 K0 KLy ODOOoDboOo
o000 D, gpogogon

2. D, 00000000000O000 Cc;0bOOO00ODOO0O0ODDOOOODOOODO
googo

3. ;O /Ky, Ooobooob E; 0 B 0ognogo

4. T, = IRFA(F;,C;),Tjs1 = IRFA(Fi41,,C;) 0000T,Tipy 004,i+1 0000
0000000000000000O000IFRA(A,B)00 BOOOOOOODOOO
A0000O00DO0OOO0O0OOO00000O000

5. 0 500 0DUDLORKD Ky DOUOT, T OOOO0OOODOODOODOODODO

obooooboobooooboobooboooobooboobobbobOon
0057000000000A00A(DAD0O0D0DA(CAUDODDODDOODOODOOOOO



Us50 O0bOOobobOobobOobOobOobob 56

0000000000000000000000000000000 A00000oooo

00 A00ODODOOOOOOOOoooo
gbobooobobobobooobobooobooooboooooboooooboboobooong

gbobgoooboobooobooboobbooboobbooboooboon



050 00000000O0O0OoOooooooog

sequence .
Moving area

detection part

Detecting
Global Motion

pan, zoom

correcting GM

@iju frame N+1

Contour extraction
of differential image

v Y
Rubber band Edge
<_

fitting algorithm extraction

v
Contour of
moving area

Parametric template
matching algorithm

Slide

Repeat

Change the set of Moving area
input images classification part

0s5-1:000000000000000




Us50 O0bOOobobOobobOobOobOobob

A

frame 1

Slide

>

\l; Other change

frame 2'

==
.
.
g
1
'
[y
.
-
~
Seas

frame 2

Input for rubber
band algorithm

0 5200000000000

imiimimi

.
-

W
M
Col
F .

tType O0(N(D)I=d])

----- : Type 1(N(p)=3)

F"':-Ii: 2(N(p)=2)

¥ % hType 3(N(p)=1)

o tType Ad(N(pl=0]

Os5-3:00000000000000

o8



Us50 O0bOOobobOobobOobOobOobob 99

T

T~ %
i it

T
1 a) Bubberband
Ob_]eCt @ Information

c::::(' ™S Te .
Rubberband R IR

C
(b) Boundary
Information

054 IRFAOOO0O0OO0ODODOOOD

S

AR 4 Ak

U55: 00000000




Us50 O0bOOobobOobobOobOobOobob 60

s Lom W), Q

y4=UV VNS
8

AVEHER RERZROIYY

~i

[ L=t/ EEE]

Ubs6:00000000000000

570000000000




Us50 O0bOOobobOobobOobOobOobob 61

goooooogn

Us-80000515000000000000000O0O0O0DO0O0O0OODOOOOOODOO
goobobobobbobboobooboobooobooobooboooobooobon
gbooboooboobboobooboboooobd

gboboooboooboboooobobooboboobboooboboobong
goooooboobooobobon

05-9: 0000000000 (slidel”)

5.3.2 DO00O0OOOODO0

goboboobooboooobboboobooboboooooboooooboboDbo
voboboooboooobogobooboobooooboooboboobooobooboo
voboboobooobooobooboooobooooobooooboooboboboo
gbobooooboooooooooooooooooooooooooon

oobogobobooobooboboboooobbooooboboooooboboboobooo
voboboooboooobooogbbooboboboooboboooboooboooboo



Us50 O0bOOobobOobobOobOobOobob 62

0 5-10: 0000000 (slidel’)

0 5-11: 00000000 (slidel”)

gboooboobooboooobuoobooboobobbobobooboobo1obo
gboooboooboboobooboobooboooboboobooboooobooobon
gboogobooboobobobobooboobobooobon
0s5-1605-17000000000000000O0D0OOOOOODOOOOOO0ODbOO0Dd
goobooon
goooobooboobooboobboboobobooboobooooboono
gboooobgooobooooobobgooboobooobooboboobobooobobon
goooboboobobobodooboboooobooboobobobooooobooon
gobgboooooboboooborboo"0obboboboooboboboooboobobon
goobooobogn
gbobobobooboboobobobobooobobobooboooobobong
gooboooboboooboboboooobobooobobooboboooobobon
gbobooobobobobooobgooooboboobobooboboobobon
goobobooooboboobooooobobooobbooboboobooboobooon
gboooobooboobbooboobbooboobooboboobooobo
gbobobobobooobobooboboobobooboboboboobono



Us50 O0bOOobobOobobOobOobOobob 63

0 5-13: D000000000 (’slide2”)

0000000 [eg)ro]p400 0000000000000 0OO0OODOOOOOOOOOO
ubooboboooboboooboboobobbooboooboooobobooboon
uboobooobooboobobooboboobobooobooboboboooboobooboon
ubooboooboobobboboboboboboboobooobooobooooooooon
ubboobooboooobooboobobooboobbooboooonoo
Us-18O0b000booobooooooobobooooooboooobooobooooogn

gbbodbdbooooooooooog

gbggbgobooboobuoobuogboboobuooboobuoobooaong
ubobobogbuobooboobobobobooboboboobobobuoobobod
gboobobuogoboboobobobuoboboboobobooboboobobobd
O [54], 00 (b0 000000 DODOOO0OO0O0DOOODODOOOOOODOODO

000 (4|0 000000000000000O0O0DO00COO0O0O0ODOO0OO0OOD
uboobobgooboboobobuoobobooboooboboobuoobobod



Us50 O0bOOobobOobobOobOobOobob 64

0 5-14: 0000000 (slide2’)

0 5-15: 00000000 (’slide2)

gobooooboboobobooobooboboooboboobobboobobnon

goooobooboobbooboobbooboobbooboobboobboOon
goooboooobboooooobbbooooooboboooboboooooooboo

gbooboobooboobobooboobbooboooboo

Eyu+ Ep+E, =0 (5-7)

FO0000000E,, B, B, 000000 00 2,y000 O00¢0000000000O

U0« 000000000 2,y DO000ODOOOO0ODOOOODOOODLDOOODLODOO

Oo0oo0o0oooooo sSsoooboooOo0oOoooooooboooo
googos7roooood

Eiy(z,y) = —uEy(z,y) — vEy(x,y) (5-8)

ooooogosoboooooooo
ooboboobboooobooooobooboooooDoo p.OO0DO0O0

Et(l', y) = _UEac(m, y) - UEy(.I‘, y) + E’V‘('Ia y) (59)



Us50 O0bOOobobOobobOobOobOobob 65

-_h

0 5-16: JOO0O0O0O ('pand’)

05-17: 0000000000000 00O0O0O0O00O0OO (’pand’)

ugboboooooan
E.000000F, 000 F,0000000000O0OCOOOO0OO0OOOCOCO0

(B, Ey) =0,(E, - E,) =0 (5-10)

0oooooooo
00000 4000 000 (fi-f,) 000000000000

(fi- 1) = [ [ Fi@w) e )dody (511)

gbooooobggsgsiotaoonoooooon

- h
1= 1o (5-12)
_f hob )\ v

(uo,v0) 0000O0OOOOOOOODDDDD 512000000000000000

a=(E, E,),b=(E,-E,),c=(E - E) (5-13)
f=(BEy-E),g=(E-Ey),h=(Ey-Ey), (5-14)



Us50 O0bOOobobOobobOobOobOobob 66

0 5-18: 00000000000 0000000 ('pand’)

gbooooooogoooogoboobogobobobobobobobon

() -a () () 029

googbobooboooooobobooooooobouobobooo0 000D o
gbobooooooooooooooooobobob 200000000

Et(x7y) = Em(xvy) +E1‘0($7y) (516)
Em(z,y) = —(uoEe(z,y) + voEy(2,y)) (5-17)

E,00000b00b00b0b0o0boooooooouDEO0oooog
oooo0pp 000000000 OOOOOO0O0OO0

(Et . Et) - (Em : Em) + (ETO : ETO)

) , (5-18)
= |Em‘ + ‘Er0|

Eo00 E,000000000D00DO0DOO0O0O0OOODOODOODOOOOE.O0ODOO
ub B 00000000000 DODOOOOO0ODbODOO0ODbODbDOOObObO0ODbODO
goooogo

re = |Ero| = min(|E;|) (5-19)

ooooos13,5150000000000000000

re =/ guo + fvo+c¢ (5-20)

re J0 0000000000 OOO0OOOOOOOOO0OO0OOO0O0ODOOO0O0ODbO0O00
gboboooobooboboboobgoboooboboobobooboboobobon
oboogooboobon

051900 5 210000000000000000000000



Us50 O0bOOobobOobobOobOobOobob

0 521: 000000000000 ("zooml1”)

67



Us50 O0bOOobobOobobOobOobOobob 68

0000000000 0oo0o0o0oo0o0Oo (o000 oo0oo0booDOooooooo
gboooboobooooboobooboobooboooobooboooboooboooboon
uboobooboobooboobobooboooboboooboboboooboboooboooboon
uboobooobooboobboobuooboboobooboooboobon

1.800000 (0 52200)00000000000OODODOOO

2. 0000000000000000O00DO0ODOc1O0ODOO

3. 0000000000000 000O0ODO0000ODOODOOOO (20000
4. cl10 2000000000000

5. J0UO0oboobDbOo0obooboonDo

gbobobobooboboooobobooobooboboboobobooobong
gboooobooboobbooboooo

y

22.5 [deg]

0 522:.800000000000

goooooogn

gbobooboooobobooooboooboboobobooboboobong
0000000000000 00O000o00OO0 e8)00000ooo0oUooooUoo



Us50 O0bOOobobOobobOobOobOobob 69

gbooboobooboboobobooobooboboobobooobboooobooboon

oboos-230000
boboobobooobooooboboobooboobobooboboooobong

gboobooobooboobbooboobobon

background moving
image object

differential
image

¢ correc

pa ling GM

frame N+1 frame (N+1)

0523 000000000

gbobooboboobobooboboooobobooboboobobobonbg
ugbbooboobboobuoobobobobuooboon

5.3.3 0000

gobooboboboooobobobooooobooooooobooboboboobo
ubooboboobooboobooboobobbobobobobooboboboobo
gbbobobobobooooooooooooooooooooooboboobon

0000005100000 52400000 “panl”0 “pan3”’00 00000 (“zooml”)
googbboooboobooboobooboobooboobobobooboobobon
OooooboooogoobobOd“panl”,“pand3” 000000 0O0OOOODODODO “pan2”
U000 “zoom1” DO00O0OD0OOOODOODOODOO

gooboooooboobooooobbooobbobooooobbboooooboog
gooboboboboobobobobobUobUubobUobDd “pand”boboboD
gobooooboboooboobobooboboobooboboboobboobobnon
googoo

gboboboobbobuobooboobooboooon s28005s300bouooon



Us50 O0bOOobobOobobOobOobOobob 70

O051:0000
oooono “panl”, “zooml” “pan2”, “pand”
00000 | 352[pixel] x 240[line] | 640[pixel] x 480]line]
4:2:0 4:2:0
ooo YCbCr YCbCr

uboobooobobooboboobobooboboooobobooboobobooooboon
gooooo
gboboooboboboboooboobooobuoobobooboboobobono
uboooboooobooboobobooboobooobobobobooobooooboon
gobobboooobooooboobobooooboboboooboboooooboobobooon
gboooboboobobboobobooboboobooboooboboooboooboon
gobooboobooboooooooboooooobobobobobobooboobobon
ubobgoobooboobboboooboobooobobooobooboooon

googogooogoo

gbgobodboboooobobobobobooboboobobobobooboong
ubobodobobuoobboobboobboobbooboooboooboooboon
booboobobouoobobooboboobobuooboboobouoobobod
gboboboogboooobooobooobooboo

Us200000000000000000DO0DO0O0ODOODOOOOODOODOODOO
ubbooobuobbooobooobboobboobobooboboooboooon
OO0o0oDoOO00oU0ooooooonoO“panl”d00 “pand”’0000000O0OOODOOO
0000000 (“ix1” 000 “ix2”)00000000000000000 “pan1” 000
ugoog

0520000000000
00000 (0000000 |oooooooo (o0 %
ubooooog gooooo

panl 7 5 71
pan3 20 14 70
fix1l 8 8 100
fix2 18 17 94

goooboboooooboolobobobooooobobobooobobobooooDo
boooboobbooobobobooboboobobuoobobooboboobood



Us50 O0bOOobobOobobOobOobOobob 71

gboobobooboboboboboobobooboboobobooobobobon
ubooooboboobbooboboobboobboobooboobooooboooboon
ubbooobooboobbooboooo

54 0LOU00O000DOO0O0OO0OOOO

gbobooboboboooboboooboboobobooooboboobonbo
gbooboobobooooboobobooooboooboboboobobobooon
0000000000000 000000O0000O00000UOoO0O0OOn(>1) 000
gbooobobooboobooboobobboboooobooboobobobon
gboooobooboobboobuooboboobbooboobobooboobooonoon

gbobobobooboboboobobooboboobobobooobobooboonDo
gboooboboobobooboboobobooooboooboboobobon
O00000O0O0OO0O000oboooogSShAOODOOOOOoOoDOOoODOODOOOoOoOO
O000o00ooOoOeroooo0000o000o0o0oo0o0ooooooooOooO
goboboooboboboboooobobooboboobobooboboobobon
gboooobooboobbooboobobon

ooooooodoll,x [, 00000000 g, ¢t 0000000 p0O00000000O0
goog

D ths)er(Dt) X (Dg)

P (5:21)
\/Z(k.s)eT(At)z\/Z(k.s)eT(Ag)z
oooo
At =1k, 1
Ag = g[k7 S] -

=((k,s)1 <k <Il;,1<s<1y)

0000tk s),glk,s)] 0000 (k,s) 000000000000000g0000¢000
0O0ooooon

k,s
7= Z(kz.s)ET g[ ] (5‘22)
> (k.s)ET
ooooooooogOoOoOoOooog god
JAN
ilk,s) = ) (5:23)

Z(k.S)GT(Ag)2
OO00D0g,t00000 (¢,4) 00

glk, s] x t[k, 5] (5-24)
)~



Us50 O0bOOobobOobobOobOobOobob 72

uboboooboooboog p0bO0o0oboonbDg

p=(3,7) (5-25)

00000000 f{00000000000
> ks =0 (5-26)

(k.s)eT
> ik, s] x t[k,s] =1 (5-27)

(k.s)eT
doobbooooobboooobobboooobobuoooobbooooooobooo
O000oo00t,...,ty 00 x{, 000000000000 0O0O0000O00000
D00ooo0o0é,..,iy 0000000000000000000M 0000000
wii=1,...,M) 00000000000

M
=1
gooooooooooooool1o0oooooooocooon
[V
M -t
() = =L it (5-29)
| > im1 witi

goboogogs26000000000000000000O000000O000O0O0O0O w; O
000 ¢(w) D0D0D0O0O0O0O0OODO0OD0 g0OO0O0O0OOOODOOOOOOOD (w)ODDOODDO
goog

(9, t(w)) (5-30)
000000000000

000g0000000000000000¢0000000000000000000
000 ¢(w) 000000000

M
(9,t(w)) > max ) w; =1 (5-31)
=1

oooo0 w(e=1,...,M)0000000000000000O0O0O0O0OOODOODOOO
0000000000000 0000000o0 woo

H'G
" (w0 .
ubooboooooood
w1
W = : (5-33)

wm



Us50 O0bOOobobOobobOobOobOobob 73

(tt) ... (fitm)

H— : : (5-34)
(tast) ... (far,tr)
(gvfl)
a-| (5:35)
(9 tamr)
1
S (5:36)

000000000000 00000¢(w) DDODOODOOO0wO0O0DODOOOOODOOOO
0000000000000 0000 wOoUoOoooooooooooooo v,...,um
oooon

M
v = Zwivi (5-37)
=1

ogoogn
gboooobooboobbooboobbooboobbooboobobooogd

1. 000000 boboooobboooobbooobboooobbooooDnO tyy, ..ty
gooooo

2.00000000000000O00FOOOOOO0

3. 0000000000000000000¢000000000000000000
G oooooog

4. 05320000000 w 00537000000 000000

gbbooooobobbooobbooooboboooooboobboooooboobog
000000000000000000O0O0 GOOO0O00000000000000 HO
gbooboboobuogboobo

gbobooboboobobooobuobooobooobobobooboooboobonobay
bobooobobooboboobobooobbooboboboboboobobod
ugbooboboobobobooboboboboobobbobooboobobooboon
ubobobobooboobooboobooboobooboboobobooobobuoobobon
gbooaoo



Us50 O0bOOobobOobobOobOobOobob 74

5.5 000

goooboooobooboobooboboobooboooooboboobooooboDbo
gboobgooboobooboboobooboooboobooboboooboooDo
ubooooooooooooooobogono

goobobooobooobobooboobooooboboooobooobooboobobooooboooooo
gobooboooboobooogoboobobooobobooooboobooobooboo
gobooobooboobooboobooboobobooboobobboboobobOo 100D
gbooboboboooobooooooobobobobooooooboobobobono
goboobooobooooobooobooobooboobooobooboooboooboooobooboo
gooooo



Us50 O0bOOobobOobobOobOobOobob 75

L O S L AL A A
— 4 ———————— ——————————————————— ———————————————— —
D - L.l rrrrrrrrrr rrrrrrrrrrrrrrrrrrrrr rrrrrrrrrrrrrrrrrrr
o 2 R T S U N s FEE O SO S
& o bt £ Jf# ,,,,,,,,,,,,,,,, |
- - + S o +
8 2 ._ﬁii+_
8 7 S S S SR ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _
; 7S S A A S S _
_8 1 O A AU _
I s S S S +

_10 | | | | | | | |
14 -12 10 -8 -6 -4 -2 2 4

X Vector [plxel]

(a) “O000000O0ODOOOOOOO”

1 4 | | | | | | | |

12 -
., 10 F -
2 g
2
a °f -
4 _
2 —
0 I
o 1 2 3 4 5 6 7
cluster

(b)DOOOOOODOD

0524: 000000000000000000O0000O0O0O (”panl”)




Us50 O0bOOobobOobobOobOobOobob 76

3 I I + | I | | |
I e S S i
— 29 ._[4:",,:::::_.
S o[ urth :
o I BRI, O SO0 SO SRR SO ROOE SOOI SRS §
LEH 15 - 3”m”4”f”mvm”mf ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ]
"y -++ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
o 1 _+ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
‘H b - :» ,,,,,,,,,, T+,,,,,,,,,;,,,,,,,”,? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
(] 05 L e -
L L USR5 2 St SRS SUUURUNS SORRUUSOE SR ]
> OF ,,,,,,,,,, + ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -
I b +
>.4 _05 =+ ,,,,,,,,,,,,,,,,,,,,,,,, + -
I I T L L L L L]

-4 -2 0 2 4 6 8 10 12
X Vector [pixel]

(a) “OO00DOOOOODOOOOOOO”

16 | | | | | | |

14 .

12 4
B 10 -
O
g o ‘
o 6 4

4

2

0 | I I |

O 1 2 3 4 5 6 7
cluster

(b) 0DOODOODOO

0 5-25: J000000000000000O0O00O0O0OO0OO ("pan2”)




Us50 O0bOOobobOobobOobOobOobob 7

I S A AL
IR O O S OO T SO A
= S S
4L NURRRD AR NN TS N
2 T +_¢|.++ —————— A R S
& 2 iﬁﬁﬁﬁﬁﬁﬁf]fﬁfffﬁf]ﬁf;,;az- ’ﬁfﬁﬁ}ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ]ﬁfffﬁffffffffffff]_
- O I + ,,,,,, ++ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
8 -++ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
S Cr e
> 4 RS DR SR T S S S S
s L .
ol L el — L L L
60 -40 20 O 20 40 60 80 100
X Vector [pixel]
(a)“DDDDDDDDDDDDDDD”
| | | | | | |
20 .
18 .
ES 16 4
14 =
LD
g 12 .
5 10 .
S g
6
4
2 1 |
o 1 2 3 4 5 6 7
cluster

(b)yOOooOOoOOoOooo

0 5-26: 0000000000000000000O0O0O0O0O0 (?pan3d”)




Us50 O0bOOobobOobobOobOobOobob

Y Vector [pixel]

80 60 -40 20 0 20 40 60
X Vector [pixel]

(a) “OO00DOOOOODOOOOOOO”

400 — | | | | | | |
350 n
300 .
250 n
200 .
150 =
100

50

number

o 1 2 3 4 5 6 7
cluster

(b) 0DOODOODOO

0527 000000000000000000O000O0O0O0O ("zoom1”)




Us50 O0bOOobobOobobOobOobOobob 79

| T T -
pro osed method ——  ®
ac measurement = /

value [pixel]

6 11 16 D1
frame number

(a) X OO

Ly

L

i

A

O

= |

o3 f

> 3 - -
roFosed method — o
actual measurement = -

4 = ] 1

1 6 11 16 21

frame number

(b) YD O

O 528 “panl” 00 0ODOODOODO




Us50 O0bOOobobOobobOobOobOobob

1
| | i’oPo'sed method ~o—
actual measurement =
—
b
:Ei
5 0
=
<
>
_1 | | | | 1 | | A l
1 6 11 16 21 26 31 36 41 46
frame number
(a) XOO
[ |
25| | C?ro osed method ~—o— |
actual measurement =
20 ]
a0 A |
& L
3 .
'E 10 & & Q& ‘ ":“ | -
> S > . |
or i
0 1 1 1 1 1 A t | |

1 6 11 16 21 26 31 36 41 46
frame number

(b) YO O

O 5-29: “pan2” 00O 0OOO0OOO




Us50 O0bOOobobOobobOobOobOobob 81

2
| | ' I'IO{)OSIed nheth(')d _le_ |
actual measurement =
—y
b
Ras
H
b
=
<
>
1 6 11 16 21 26 31 36 41 46
frame number
(a) XOO

10

| ‘I’ ‘I"’ ‘|"|"I"" ]
£
<
K6t )
& ) CONCONC
Q
547 |
N

2 i —

g{o osed method—e—
0 ' ! ac Ell mCEIISuI‘ellncnrrrll rrrrrr |

1 6 11 16 21 26 31 36 41 46
frame number

(b) YO O

0 5-30: “pand” DO OOOOODO




82

el

HEN

ubbooobuooboboobuoobooboboabo

6.1 [0

gl1gooboobooooooobooboobobooooboboobobboboobobo
ooooOoO0oooOopooooopooooOoOoDbDoOOO0OO0 MPEG-10 MPEG-20 MPEG-40
voboobooobooboooboooobooooobooooboboobooboboo
vooboooobooogboooboobooboboobooooobobooobooboo
voboobobooobooooobooboboooooobooogboooobooboo
ubooooooooooooooooooooboooono

OD200000000000000C0O0O0C0OOODCTOOOOODOOOOOOOOO
voooobooboobooobooboobobooooboooobooooobobboo
O0DCTOOOOOOOOO0O0O0O00O00O00OO0O0O0O0O0OOODOO00000000000
oooo0OO0COCOOO0O0O0000000OOO0O000OoOoooooooooO bCrQ
gbogbooboboboboobooooobobobobobooboobobbbobobo
vboboboobooboobobooboboobobboboobobobooboboonbo
obooooooboobodboobobobboooobooboobD0oboUoDbUDdMacromedia
OO0 FlashOOOO W3C OODO SVGOOOOODOODODOOOODODOODOODOOODOOO
svGoOO00OOO000Oo0oOoO0oooooooooooooooooooooooooo
googd

g3bogbboooboboobobooobooboboobooooboooboong
gobooboboobobobobooboboboboboboobobobobDoobLoon
gooooobgooooboooobuooobobooooobooobooobobobon
goboboooboboooboboboooboboooboboobobooboobobon
00000000000 00OD0O000O00oo svGooooooooooowscooo
googobooboobboobooboobo

40000000000 0000O0DLOO0O0OODOO0O0OODDLbOOOoOODbDDbOO
gbobobooobooboobooboboobobuooooboboooboboobobLon



el OO 83

gbooobobgoboobooboboboobobobooboooboboboobooooboooon
gbooboooboboobobooobobooobbooboobobobooboboobobn
ubooboobobooooboboooboboobooobobooobobooooooboboon
gbooboboooboobooboboboobobooobobooboboboooboon
uboboobooboooboobooboobobooobobooobooboobooooboooboon
uboobooobobooobooboboboooboobobooboboooboboon
OOoOoDpCToOOoODOOOOOOoOoDoOonood

g4000000000D0ODODODOOOOOODLODODODODOOOODOODOD
ubooobobooobobobodoboboobooboooboboooobooboooboooon
ubooboobooboobooooboooboboooboboobobooobobooooboon
uboboooobooooboboobboobboooobobooooboboooobooooobooon
uboobooboobooboboooboboobooobobobobooobobooobonon
ubooboobooboooboboobobooobooboooboboobooboooboboboon
uboboobooboobooboboobooboboobobooobooobobooobooboon
uboboooooan

gsgbboobuobooboobooobobooboooboonog

6.2 00000

OO0D0Intra framed 00000000 COOOInter rame0 00000000 0OOO

6.2.1 DO00O0O0DOO0O0OO

0000000000000 000o0000U00o0UoO0U0oO0D 7ooo0ooooo
voboboooboooobooooobooboboobooooboooobooobboo
vobooobobooboobooooboobooobooobooooboooobbobobooo
voboobooboobooooobobooobooboooboobboboobooboboo
oobgoobooobooboobogoboboooooboobooobobooboboobooDboo
goboboooobooogbooooboooboboooboboooboooboobooo
gooooboobooboboobooooboobboooboon

oo00OOO0oO00O0OooooooobCcrogoooooooooobobooooOoooo
goboobboboobobuoooobobobobobooboobbooboboboboon
goooboboobobooboboboobobooboboobooboboboobobon
goooobobooboobobooboboobobooboboobboobobnon
gobooooobooboboobobuoboobobooboobobobboobobon
goboobooobooboboboobobooboobooboobobobooooboboon
gooobobooboboobooboboooobobooboboobooobobo
gobooooboboooboboobobooboboboobooobooobobon



el OO 84

gboobobooobobobooooboobobooobbooboboobobobon
ubobooobooboboooboobooobooboooo

6.2.2 00000000

ggobbdaobbododoobuoudooboooobboobooonobooan
ugobbogboooodobobooobbooonoboobboobbooobbbooan
g000d00O0ob0o0oobo0o0oOo00oO0obDobo0obUoooboooOOobOoOOoMPEG
udobooboobooduooooooobobbboobbooobbbooobbooan
udbodgbooobobuodaoobbooooboooboboboobbbooobnooan
ugobbooobobdooobboodooooboobooobbooobboobbobooan
ugdobobooooboobuooboboobooobobbooobobuoodboobooon
googoooobobobdodooooonon

gboboooooboooboobobobooboboobooboobobo240bobon
000000000000000000000NTSC(National TV Standards Committee)
gbooobooobooobolob29r0boobo0obooobooobDoobOoobo
ggooobboboodoooooooobobbbooooouooboobbbobn
gbobobobobobolboobobo20b00bboboboboboboboboo
gobo20000000s500000b0000b0bDO0O0ODODDbDOODDbOODDbOOOO
gooobooobooil1booboob 2000000 obD2b0o0obOoUoboO 3
gobooobooooobooboooooNTSCcOUobooobooooboooboooo
ggogooboobbobdoooooooon



85

0d

gobobooobooooobooobooobooobooooboooooboooboobg
uboooooboob ob o booobooobobooon
gbobooooobobooooobobobooooboob o b0 oboboooboog
oon
gbo,0b000bbooboobooobboobuoobooobobooboobobooong
ubobooboo oo oagobooooboooooo
gobobobooboboboboooooooobboooooboobobooooooobooobog
uboboo0 11300 oooboo b0 o0 oo bboooboooboobboobbod
oon
00000000000 000000 AVSOO DOo0ooO0oOoooooogooooooo
uboooobooobooobboobuooboo bo boob oo oo ooooboo
gboboboobooobooboboooboobooooboboooobobooooboong
ubooooboobo b oo ooboog
gboogoobooboobooboooboobooobbooobooon

20040 30150



86

goog

1]

ISO/TEC 11172-2, International Standard: “Coding of moving pictures and associated
audio for digital storage media at up to about 1.5 Mbits/s,” 1993

ISO/TEC 13818-2, International Standard: “Information technology- Generic coding

of moving pictures and associated autio information:Video,” 1996

ISO/TEC 14496-2, International Standard: “Information technology-Coding of audio-
visual objects,” 2000

ISO/TEC 10918-1, International Standard: “Digital Compression Coding of Contin-
uous Tone Still,” 1994

ISO/IEC IS 10918-1, International Standard: “JPEG 2000 image coding system,”
2000

Maria Kuklisova, “Construction of Non-Uniform Basis Functions For Spline Curves
And Surfaces,” In Proc. WSCG2000 Conf., pp. 56-61, 2000

Fabian W. Meier, Guido M. Schuster and Aggelos K. Katsaggelos, “A mathmatical
model for shape coding with B-splines,” Signal Processing: Image Communication,
Vol. 15, pp. 685-701, 2000

Ujjaval Y. Desai, Marcelo M. Mizuki, Ichiro Masaki and Berthold, “Edge and Mean
Based Image Compression,” M.I.T. Labo. A. I. Memo, No. 1584, Nov. 1996

Chuang Gu and Murat Kunt, “Very Low Bit-rate Video Coding Using Multi-criterion
Segmentation,” In Proc. First IEEE International Conference on Image Processing,
ICIP’94, pp. 418-422, vol. I, Nov. 1994

J. Zaletelj, R. Pecci, F. Spann, A. Hanjalic and R. L. Lagendijk, “Rate Distortion
Optimal Contour Compression Using Cubic B-Splines,” In Proc. Signal processing

IX, Eusipco-98, Ninth European Signal Processing Conference, pp. 8-11 Sep. 1998

Wu-Chih Hu and Hsin-Teng Sheu, “Quadratic B-spline for Curbe Fitting,” In Proc.
Natl. Sci. Counc. Roc(A), Vol. 24, No. 5, pp. 373-381, 2000

00 00,000,0000,“0000/DCTOOOOOOOOOOODOOOOO
oobooooooobooooooobooo, 0ooon, ppd 23-300 Nov. 1999



el OO 87

[13]

[14]

[15]

[17]

[25]

oo oo,000,gb0 oo, *bobobobobobobobobobob” g
0000000ooo (PCSJ99)0 P-3. 150 Sep. 1999

00 00000 0000 0000 0,00 000000000000000000
00, 00000000, pp.66, D-11-66, Mar. 2001

oo oo, “cobobooboooboobobobboboooboooobobobobooo
ooooooobo, 200100 ODOoOoDOOOO0ODODOODOOO0O ooboog, Mar. 2002

P. Salembier and J. Serra , “Flat Zones Filtering, Connected Operators, and Filters
by Reconstruction,” IEEE Transactions on image processing, Vol. 4, No. 8, pp.1153-
1160, Aug. 1995

P. Salembier, F. Marques, M. Pardas, R. Morros, I. Corset, S. Jeannin, L. Bouchard,
F. Meyer, and B. Marcotegui, “Segmentation-based video coding system allowing the
manipulation of objects,” IEEE Trans. on Circuits and Systems for Video Technology,
Vol. 7, No. 1, pp. 60-74, Feb. 1997

C. A. Christopoulos, W. Philips, A. N. Skodras, J. Cornelis, “Segmented image cod-
ing: Techniques and experimental results,” Signal Processing:Image Communication,
pp.63-80, Nov. 1997

000,00 00,00 00,00000000000000000000070
000000000 Vol.99, No.57, pp.17-23, Jul. 1999

000,00 0,“00002000 BezieDODODOOOOOOOOOOOOOOO"D
000000000 Vol.31, No.0l, pp.33-41, Jan0 1990

U.Ramer[] “An iterative procedure for the polygonal approximation of planar

curvesl] ” Computer Graphics and Image Processing Vol.1, pp.244-256, 1972

S.Carlsson, “Sketch Based Coding of Grey Level Images,” Signal Processing
Vol.15,pp.57-8300 1988

S.Carlsson, “Image reconstruction from coded edge data,” Proc. of Premier Colloque

Image ,Biarritz,France,pp.57-830 May 1984

Robert M. Haralick, Stanley R. Sternberg, and Xinhua Zhuang, “Image Analysis Us-
ing Mathematical Morphology,” IEEE Trans. Pattern Anal. Machine Intelli., PAMI-9,
4, pp. 532-549, July 1987.

J. Serra, “Image Analysis and Mathematical Morphology,” Academic Press, London,
1982



el OO 88

[26]

[33]

[34]

Z. Wang, “Fast algorithms for the discrete W transform and for the discrete Fourier
transform”, IEEE Trans. Acoust., Speech, and Signal Process., vol. ASSP-32, pp.
803-816, Aug. 1984

R. Adams, L. Bischof, “Seeded Region Growing,” IEEE Trans. on Pattern Analysis
and Machine Intelligence, 16(6), pp 641-647, Jun. 1994

oo oooobooooooooooo«obbooLoobbooooboooooo
ooo,, 0000, Vol J68-D, No. 2, pp. 169-176, Feb. 1985

00 00000 0000 0000 000“00000000000000000
0,7 0000, IT83-5, pp. 31-38, 1983

0000000 0000000000000 000000000000on,”
0000, HIP98-32, pp. 1-7, Nov. 1998

00 000 00 000“0000000000000000,” 0000, 1C-3, Vol.
2, pp. 109-111, 1993

00000000 0000000000 00000000000000000
0, 0000 D-IL Vol. J72-D-II, No. 5, pp. 750-759, May 1989

Ariel Shamir and Ari Rappoport, “Quality Enhancements of Digital Outline Fonts,”
Comput. & Graphics, Vol. 21, No. 6, pp. 713-725, 1997

00 0000000000000 00 000“000000000000,” 00
000 Vol. IE88-37, pp. 1- 7, 1988

o0 oo oo bb bbb ooboboooboboobDo
obobobooboooo, 0bobdvVol. J67-D, No. 12, Dec. 1984

o0 0bo oob b0 oo ooo<«2bo0boooobooobogooboooD,y oOoD
0 O Vol. J70-D, No. 11, Nov. 1987

00 00000000000 00000000 00000000000000
00000000, 00000 Vol. J80-D-II, No. 2, pp. 459-467, Feb. 1997

000000 000“000000000000300CG000 2000000
000, 0000000000 Vol. 49, No. 10, pp. 1288-1295, 1995

0000000 0000000000 000%%000000000000000
0000000000, 0000, Vol. J73-D-TI, No. 9, Sep. 1990

ooo0ooooOoboo«g0obooooobobooooy,bo0d, PRL79-69, pp.41-47,
1979



el OO 89

[41]

[42]

[46]

[47]

[51]

[52]

00 oo ooo oo“cbooboooooooooooooooooooooaon,)
Oo0Od , PRL80-9, pp.9-16, Sep. 1980

obooob oooboob boboossbobooboobo0obooobooboobooboooDo
oooOo” 0000, Vol. J73-D-11, No. 10, pp. 1687-1695, Oct. 1990

o0 ob oo obooo“boobooobooboobboobobooooooobooDOo -o
oobooooboobobooo-7 0000 IE86-116, pp. 49-56, Mar. 1987

Jobst Loffler, “Object-based Image Coding for Cooperative 3D Visualization,” In.
Proc WSCG2000, pp. 197-203, Feb. 2000

1. Grinias, G. Tziritas, “A semi-automatic seeded region growing algorithm for video
object localization and tracking,” Signal Processing: Image Communication, Vol. 16,

pp. 977-986, 2001

Ronald Alferez and Yuan-Fang Wang, “Geometric and Illumination Invariants for
Object Recognition,” IEEE Trans. on Pattern Analysis And Machine Intelligence,
Vol. 21, No. 6, June 1999

Jean Louchet, Michael Boccara, David Crochemore and Xavier Provot, “Building new
tools for Synthetic Image Animation by using Evolutionary Techniques,” In Proc.
Evolution Artificielle, Sep. 1995

0000000 00“0000000000000,” 0000, Vol. J75-D-II, No.
11, pp. 689-696. Nov. 1975

000000 O000“0000000000000000,”0000, Vol. J65-D, No.
11, pp. 1390-1397. Nov. 1982

00 00000 00“00000000000000000000,” 0000, Vol
J89-D-II, No. 12, pp. 2023-2031. Dec. 1989

00 0000000000000 O000“0000000000000000),”
0000, Vol. J73-D-TI, No. 9, pp. 1512-1519. Sep. 1990

00 00000000 000“I0000000000000000000000
000000, 0000, Vol. J73-D-IL, No. 9, pp. 1402-1412. Sep. 1990

00000000000 O000Y000000000000000000 -BO0O
00000000000000-,” 0000, Vol. J73-D-I1, No. 9, pp. 1477-1484. Sep.
1990

o0 oobob oo oo oo ooob“boboobbooobooboooooooobooboOoo
ooo,”0000, 96-CV-99-6, pp. 37-42, Mar. 1996



el OO 90

[55]

[56]

[62]

[63]

[66]

OO0 0000000 ooooo“b00oooooUboooooooooooooog
00000000000 bOOoO0”’000o00oOooooadd, Vol. 53, No. 1, pp. 148-156,
Jan. 1999

P. Anandan, M. Irani, R. Kumar, and J. Bergen, “Video as an image data source: ef-
ficient representations and applications,” In Proc. IEEFE Int’l Conf. Image Processing
(ICIP), Oct. 1995

Mohamed Ben, Hadj Rhouma and Hichem Frigui, “Self-Organization of Pulse-
Coupled Oscillators with Application to Clustering,” IEEE Trans. Pattern Analysis
And Machine Intelligence, Vol. 23, No. 2, Feb. 2001

0000000 000“I00000000000000000000000000
000000 0000, Vol. J-84-D-11, No. 5, pp. 789-798, May 2001

00 00000000000 O000“00000000000000000000
00000000000000” 00 AVMOOO, Vol. 27-12, pp. 67-72, Dec. 1999

Ronald Alferez and Yuan-Fang Wang, “Image Database Indexing using a Combina-
tion of Invariant Shape and Color Descriptions,” The Second International Conference

On Information Fusion, Sunnyvale, CA, July, 1999

Stefano Berretti, Alverto Del Bimbo and Pietro Pala, “Retrieval by Shape Similarity
with Perceptual Distance and Effective Indexing,” IEEE Trans. On Multimedia, Vol.
2, No. 4, pp. 225-239, Dec. 2000

Hae-Kwang Kim and Jong-Deuk Kim, “Region-based shape descriptor invariant to

rotation,” Signal Processing: Image Communication, Vol. 16, pp. 87-93, 2000

o0 o000 ob oooo“cbo0oboobooo0ooooobooboboobooono”
0000 ODo0oDbOoOooOOoooboOobooOooOooog, Vol 105, No. 2, pp. 9-16, May
1997

00 000“00000000000000000000000000000000
007 0000, Vol. J-84-D-II, No. 3, pp. 488-499, Mar. 2001

Frederuc Juric and Michel Dhome, “Hyperplane Approximation for Template Match-
ing, 7 IEEE Trans. Pattern Analysis and Machine Intelligence, Vol. 24, No. 7, pp.
996-1000, 2002

oo ooob oo oo o0 oo“wwobbooobooboooobooo»pboOoon,
Vol. J-80-D-II, No. 5, pp. 1026-1036, May. 1997



el OO 91

67 D0 D00 OO0 00000 OO0OOO0OO0O0O0OO0“C000000O0oOooOooooo
0000000 000o0o0o0ooon0”ooon, Vol. J-83-D-11, No. 4, pp. 1119-1130,
Apr. 2000

[68) 000 OO0 00 00 00 000 00 000MPEG-400000000000
00000000000, 0000, Vol. J84-D-II, No. 5, pp. 758-768, May 2001

(9] 00 OO0 0D OO0OUODO0DO0D OO0 DOODO OO OO,“000000000ODODOO
000000000 000O0U0oooooooooo”oooo (D-1I), Vol. J84-D-11,
No. 1, pp. 1-11, Jan. 2001

[70] K. Dobashi, A. Kodate, H. Tominaga, “Camera working parameter extraction for
constructing video considering camera shake,” In Proc. IEEE Int’l Conf. on Image
Processing (ICIP)O Oct. 2001

[7] 00 000 00 000 00 000“000000000 watershed 0000000
00000000000000000007 0000 (D-II), Vol. J84-D-II, No. 12, pp.
2541-2555, Dec. 2001

[72] Bae. Y. J.O OO0 OO0O0OO0 ODOO“0000000O00OOOO0OOOOOOOOCOO
ooooOooDOOoOobo O10: ShetOOOODOOO, 0000, D-12-80, Mar. 2002

[73) 0 000 00 000“D0000000000000000000000,” 000
0, D-12-81, Mar. 2002



92

0 o

2-1 DO0OOD0O0O0O00O00O0 ... s s s e e 7
22 DO0000000000 ... s e s e e 8
2-3 DCTOOOOODOOOOODOODODODO ... 9
2-4 DO00O0000 ... e s s e 10
2-5 DO000D000000000000 ..ottt i et 11
3-1 30000000000 .. 15
32 0000000 ... e e 16
3-3 DUOOODOOO .o s s s e e 16
3-4 B-O0O00OO0OO0ODO0O0O000O0O0O0 .. ... .. 18
3-5 B-OOOOOOOOO (BO) .+ v v v oo e e e e e e e e e e 18
36 300 B-OO0O0O0O0O0O ... e e 19
37 DOOODOOO0O00O0 ... e e e e e 23
4-1 DOD0O0D00O00000000000000 « .« .. oo oo e e oo 31
4-2 00000 .. e e e 32
4-3 000000 .. e e e s e 33
4-4 O0O000 .. e e e e e e 33
4-5 000000000 ... e e e e e e 34
4-6 DO0O000O0000 ..o e e e e e 36
4-7 0000000000 ..ot e e e e e e 37
4-8 Connected Operator OO DO OOOOO ... .. oo oo o 0. 38
4-9 Flat-zoneOODOODOOOOOOOODO ... oo o e e 38
4-10 Flat-zone 0O OD0OD0OOD0OODOOO .. oo o oo vt i e oo 39
4-11 Connected Operator OO OO OOOOOO .. .. ..o oo .. 40
4-12000 (dogl) . . v v i 42
4-13000000000000 (dogl) « v v v v v v i it 42
4-14000000000 (dogl) « « v v v v oo i e 42
4-1500000 (dogl) . « v v v v i 43
4-16 00000000000 (dogl) « « v v v v v oo 43
4-17000000000000 (dogl) « v v v v v v i it 43

A8 000 (dOZ2) « v v o e 44



el OO 93

4-19000000000000 (dog2) « « v v v v v v v e e e e e e 44
420000000000 (dog2) « « « v v v 44
42000000 (dOg2) . « « o oo 45
4200000000000 (dog2) + « v v v v v o v e e e e e 45
4-23000000000000 (dog2) « « v v v v v i i e e e e e e e e 45
4-24 000 (anpanmanl) . . . . .. ... 46
4-25000000000000 (anpanmanl) . . . ... ... ... ... ... 46
426000000000 (anpanmanl) . . . . . . ... ... o 46
42700000 (anpanmanl) . . . . . . ... Lo 47
4-2800000000000 (anpanmanl) . . . ... ... ... ... .. ... 47
4-29000000000000 (anpanmanl) . . . ... ... ... ... ... .. 47
4-30 00 0 (anpanman2) . . . . . . . . v v v i v i i 48
4-31 000000000000 (anpanman2) . . . . . .o ovv vt v oo oo .. 48
4-32000000000 (anpanman2) . . . . . . . oo v v v v 48
4-33 00000 (anpanman2) . . . . . . . o vv v v 50
4-34 00000000000 (anpanman2) . . . . . . . ovv v v oo o .. 50
4-35000000000000 (anpanman2) . . . . . .o ovv v v oo oo o .. 50
-1 OJOD0O0OD00OOD0D0OODOO0 ..o o7
52 U0ODO0OO00OOD0ODOO ... s 58
-3 UODO0OD00OODDOODOO ..o 58
5-4 IRFAOOOOOOODOOODOO ... e e e 59
-0 UODOOODOOO ..o o e 59
-6 UDDODOD0ODDOOO0O0OOO0O0O0 ..o oot e e e e e 60
o—7 UUODOODOOODOO ... 60
58 000000 (slidel)) « o o oo e e e e e e e 61
59 0000000000 (slidel’) .. oo oo v e 61
5-10 0000000 (slidel”) . . . o oo oo oo oo oo 62
5-11 00000000 (slidel”) « . . o oo oo oo 62
5-12000000 (slide2’) . . . o o oo 63
5-13 0000000000 (slide2’) . . ..o v v 63
5-14 0000000 (slide2’) . . . o oo oo oo 64
5-15 00000000 (slide2”) . . . . oo o0 oo 64
5-16 000000 ((pand’) . . o v vt v it e e e e 65
5-170000000000000000000000 (pand’) . . . . . ... .. 65
5-18000000000000000000 (pand’) . .« v v v v vt 66
5-19000000000000 (Ppan2’) . . o v v v v v v v i i 67

5200 00000000000 (Cpand’) . . v v v v v v i i v e 67



el OO 94

5-21000000000000 (zooml’) . ... ... o oo 67
52280 0000000000 . ..o o 68
523000000000 . ..o 69
5-240000000000000000000O00OO00O0O (Ppanl”) . . ... ... 75
5-2500000000000000000O00OOO0O0O0O ("pan2”) . .. ... .. 76
526 000000000000 00000OO0OOOOOO ("pand”) . . . ... .. 7
527 000000000000 00000O0O0O0OO0OO000 ("zooml”) .. ... .. 78
528 “panl” OO ODOOOODO ... . o s e 79
5-29 “pan2” OO ODOOOODO ... . o e e 80

5-30 “pand” OO ODOOOODO ... . o e e 81



H

2-1

3-1
3-2
3-3
34

4-1

o-1
52

95

W

000000000 ... e e e e s s e 9
moveto DO OO . . . . . L 0 o o e e e e e s 26
closepath OO OO . . . . . . e e e e e 26
lineto OO OO ... . . . o e e e e e e s e s e e e 27
quadratic Bezier OO OO . . . . . . . . o e 28
OOO0 . . . e e e e e e e e e 41
OOO0 .. o e e e e e e e e e 70



96

oo
O O oooo ooooo oo0o
oo
(1) | A Study on two-layer | 2002 O IEEE International | O. Nakagami
coding for animation | g Conference on Multi- | Miyazawa
images media Expo (ICME)
2002 H. Watanabe
H. Tominaga
(2) | A study on content- | 2002 O World Multiconfer- | O. Nakagami
oriented coding scheme | » ence on Systemics, | N. Shimizu
and decoder download- Cybernetics and In- | T. Miyazawa
able system formatics (SCI) 2002 | W. Kameyama
H. Watanabe
H. Tominaga
00
(3) |D00OOooOoooO | 20030 oooood OO0 oo
goooooooooo 30 AvM O OO oo d
goooood oo oo
(4) |000DOOO0OOOO |20020 goooooooo |00 oo
00000000000 |41 00 PCSJ2002 00 O
OO0 oo
(5) |D0O0O0ODOOODOOOOO |20020 oooood OO0 oo
goooooooooo 6 O g3000000 oo oo
oo d
oo oo
(6) |0 00O0ODODOOOOO |20020 goooooogo oo oo
Dboooooooon | 3g O000D00D-11-54 OO0 oo
gd oo d
oo oo
(7) |0000OO0OO0OOO0O |20020 gooood oo oo
ooooooooobd | g5g AvMODOO oo oo
00 2002AVM36-11 ogd o

oo

ao




A STUDY ON TWO-LAYER CODING FOR ANIMATION IMAGES

Ouji NAKAGAMI, Toshinori MIYAZAWA Hiroshi WATANABE, Hideyoshi TOMINAGA!

T Graduate School of GITS iDept. of Elec.CInfo. and Comm. Eng.
Waseda University Waseda University
1-3-10, Nishiwaseda, Shinjuku-ku,Tokyo,Japan  3-4-1, Okubo, Shinjuku-ku, Tokyo, Japan

ABSTRACT Background regions are similar to natural images since they
A coding scheme specifically designed for animation im- usually have many colors and details without obvious edges.
ages is proposed. Taking characteristics of animation im-
ages into account, lines and homogeneous color regions are [Back Ground Region | |Line Drawing |
extracted from animation images. Lines and contours of the
homogeneous color regions are approximated by straight-
line and spline functions. We found that smoothing oper-
ations are effective to extract homogeneous regions from
background images. Connected Filter is used for smooth-
ing operation while keeping edges of the original image
correctly. Precise approximation of the contours is also re-
quired. For this purpose, we propose to use Dynamic Pro-
gramming with a feedback algorithm. As a result, an an-
imation image can be represented by two layers; signifi-
cant points as a base layer, and DCT blocks for an addi- :
tional layer. For compensation scheme to the loss caused by | Homogeneous Color Region | ©TThe Dog of Flanders Prod.
smoothing operation, DCT is applied to the difference be-
tween the original images and lines and homogeneous color
regions images. High-quality images can be obtained by
adding this differential data to the approximated images.

Figure 1: Three components of an animation image

In the method that we propose in this paper, first, line
drawings and homogeneous color regions are extracted from
1. INTRODUCTION an animation images. Then, all lines and contours of ho-

, , . mogeneous color regions are approximated by some signif-
Discrete Cosine Transform (DCT) based coding, such asjcant points. An advantage of this coding scheme is that
MPEG and JPEG, has been widely used forimage compresi; achieves high compression ratio by allowing some dis-
sion. However, DCT-based approach may not be suitableition of lines and edges. Computational complexity re-
for every kind of images. Some sort of images are often €N-quired for decoding process can be decreased, since only a
coded efficiently by taking characteristics of the image con- fey points are enough to represent lines. Furthermore, the
tent into account (Content-oriented Coding Scheme). As ang;ze of the decoded images can be changed in any resolution
example of this, we have been studying animation image py 3 number same as that of significant points. However, an
coding. encoder is estimated as 100 times more complex compared

_Natural images mostly have smooth fluctuations in Iu- {4 that of DCT-based approach while a decoder has almost
minance, thus powers of DCT coefficient concentrate at low the same order.

frequencies. On the other hand, animation images have

many impulsive changes in luminance especially around line

drawings, and for this, powers of DCT coefficient disperse 2. ANIMATION IMAGE CODING SCHEME

from low to high frequencies. This effect makes coding ef-

ficiency worse in a DCT-based image coding, especially by Animation images are coded in two layers; base layer and

causing many mosquito noises near edges. additional layer. Fig.2 illustrates the flowchart of an anima-
Therefore, we have been proposing a coding schemetion image coding. Most animation images include many

specifically designed for animation images [1]. Animation homogeneous color regions. Therefore, we represent ani-

images are constructed from three components, such as (1nation images with lines and homogeneous color regions

line drawings, (2) homogeneous color regions and (3) back-as a base layer image, which is constructed from only the

ground regions (Fig.1). Line drawings, which an animation significant points extracted from line image and region im-

cartoonist creates, are usually black and serve as contounge. First, line drawings are extracted from an original ani-

lines of homogeneous color regions. Homogeneous colormation image by using combinations of spatial filters. Next,

regions can be defined as an area where pixel values of luhomogeneous color regions in the original animation image

minance and chrominance are almost the same. These reare identified, and then the representative color and the con-

gions can be seen on a cartoon character’s face for exampletour lines are obtained. Detected lines, line drawings and



contour lines of homogeneous color regions, are traced toresult of the smoothing by Connected Filter. Then, region-
find significant points along the lines. These points are usedgrowing algorithm extracts homogeneous color regions more
to approximate the original lines by spline curves.

Line Image

Animation
Image

7| | Edge detect —P{

Line
approximation

Pt

Coded
Image

correctly than the conventional approach.

Fig.4 and Fig.5 show the process of the base layer cod-
ing. Fig.4(a) (“*dogl”), which does not include background
regions, indicate that the edges in the image are kept in
spite of smoothing operation by Connected Filter. Fig.5(a)
(“dog2”) indicates that the homogeneous color regions are
extracted by region-growing algorithm from simplified back-

Region Image. Region Color

»| | Simplification
&
Extract region

Contour
approximation

Base Layer

) 4
:C/_ DCT coding

Additional Layer

Figure 2: Flowchart of animation image coding

The extraction of a base layer has two issues to be solved.
Firstly, in the animation image coding [1], background re-
gions, which were defined as neither back ground regions
nor line drawing in an animation images, were coded by
DCT since they are close to natural images. A homoge-
neous color region is detected by region-growing algorithm
[2]. However, it fails in some cases because of the mixture
of the homogeneous and the background regions. Thus, it
is necessary to improve such extraction process. We pro-
pose to introduce a joint method of smoothing operator and
region-growing algorithm for this purpose. A flowchart of
the proposed animation image coding is shown in Fig.2.

Secondly, line approximation algorithm fitting for vari-
ous shapes to the contours is needed. Ramer algorithm [5]
has been used in the conventional approach. It is suitable
for straight-line approximation. Thus, significant points de-
termined by the Ramer algorithm are not always proper for
spline curve function. Therefore, Dynamic Programming
with feedback algorithm is developed.

As an additional layer, a compensation method to the re-
sult of smoothing and approximation operation is proposed,
and it enables to acquire a high quality coded image. DCT
is used for the difference between the original images and
the approximated images because luminance signals of the
difference contain smooth changes. In addition, each region
does not contain edges that are not suitable for DCT-based
coding. High-quality images can be obtained by adding this
differential data to approximated images that are created by
homogeneous color regions and line drawings.

2.1. Region Extraction with Smoothing Operator

We use smoothing operator and region-growing algorithm

jointly to extract homogeneous color regions from back- Figure 4: Extraction of the base layer for the image with no

Amplitude

ground regions.
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Figure 3: The result of Connected Filter

(b) smoothing result

(c) extraction of homoge- (d) base layer image
neous region

(©The Dog of Flanders Prod.

ground regions. Smoothing operations by traditional lin- background regions ("dog01”)

ear filter loses edges in original images, that they are not
suitable for animation images with many edges. Connected
Filter [3], which is used in this method, is one of smooth-
ing filters for the simplification of images. Since this filter

keeps high frequency components unlike linear low-pass fil- Dynamic Programming examines all points on the curve
ters, the edges in the filtered image are kept. Fig.3 shows thesince they may be chosen as significant points. It deter-

2.2. Dynamic Programming with feedback alogorithm



(c) extraction of homoge-
neous region

(d) base layer image

(@©The Dog of Flanders Prod.

Figure 5: Extraction of the base layer for the image includ-
ing complexity background regions ("dog02")

mines a set of the significant points that minimize the total
error between original and approximated line. Although this
method requires high computational complexity, the opti-
mized approximation can be obtained.

Region error Length error

original line /

original line ,
/7 .

, approxlma?ed
% line

7 Q
I shortest length

/ is chosen

7 .
approximated
line

one segment one segment

example of weight function

t=n

significant point

significant point 0 n/2 n

Figure 6: Estimation of the approximation error

There are two ways of estimating the total error in the
conventional study[5], [6]; by region error algorithm and by
minimizing the length error algorithm (Fig.6). The former

where, F is an approximation errot,is the number of
contour points, ana; is the functional weight about point
7 on an original line.P; are the coordinates of pointand
(); are the coordinates of poifit which is the nearest from
pointi. The set of significant points is calculated by the
following steps.

1. Choose several significant points at high curvature
points on original line.

Divide an original line into segments between signif-
icant points. The value oF is estimated by normal-
ization of the length. Therefore, if the segment length
is too long, DP algorithm cannot acquire a precise ap-
proximation result.

Check the value aoF for each segment. If the error is
larger than a threshold., try other set of significant
points in the segment.

Determine the points which minimizeé of each seg-
ment as the significant points.

There are various kinds of contours in animation im-
ages. Since DP algorithm requires the thresHgltb deter-
mine the best set of significant points, we must set suitable
T, for each contours. If the threshold is too small, many
determined significant points concentrate at high curvature
points on an original line. On the contrary, a laffjein-
creases the approximation error.

Therefore, we propose feedback algorithm to eliminate
the useless significant points. First, a sufficient srifalis
set, and DP acquires enough significant points. Next, DP is
applied again to eliminate significant points that do not re-
duce approximation error. Fig.7 shows the result of DP with
and without feedback algorithm. Fig.7(a) illustrates the re-
lation between the number of significant points and approx-
imation error. DP with feedback algorithm enables more
precise approximation in spite of the small number of sig-
nificant points than that of conventional method (Fig.7(b)).

2.3. DCT Coding of Differential Image

We propose a compensational method to the result of smooth-
ing and approximation operation as an additional layer. First,

the difference between each approximated homogeneous color

region and the original image is calculated. It is divided into
8 x 8 pixel blocks and coded by DCT. Some DCT blocks
include edges when they locate on the contours of homo-
geneous color regions. To avoid mosquito noise caused by
DCT coding, dummy data is padded to pixels not existing
on homogeneous color regions (Fig.8).

Connected Filter is effective for not giving influence to
the homogeneous color regions. The differential value is

estimates an error area between an original line and an apealculated at each point in the DCT block using Eqgn.(2).
proximation line. The latter does a summation of a length D is the sum ofD(i, j) of the block. A block on the back-
from points on an original line to the nearest points on an ground regions has a bigg®rthan that homogeneous color

approximation line. The equation in the latter algorithm en-

regions because of the smoothing operation. Therefore, itis

ables each approximation points to have a weight based oreffective to prioritize the processing order of block accord-

the characteristic of original lines (Eqn.(1)).

1
E=73Y wilP—Qf @)
i=1

ing to theD value.

D<i7j):Po<i7j)_Ph(ivj) (2)
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Fig.9 shows the effect of the additional layer. In the con-

ventional method, the regions that can not be extracted as
homogeneous color regions or line drawings were encoded 13]

by DCT. The homogeneous color regions detected in failure

caused much error. On the contrary, the proposed method

enables to control the number of DCT blocks to code. The
result of Fig.9(b) shows that the additional layer is nec-
essary for animation images including complicated back-
ground regions. When noisy image is input, noise compo-

nent is once removed by Connected Filter, then it appeares

b Padding

—

- 4
o

Difference on a Reglon

Figure 8: Padding dummy data

again in a differential image.
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Figure 9: The effect of the additional layer

3. CONCLUSION

In this paper, we proposed the two-layer coding scheme de-
signed for animation images. On the base layer, an anima-
tion image can be encoded at low bit rate since line draw-

ings and contours of each homogeneous color region is ex-
pressed by significant points used for the approximation of
the contour line. DP with feedback algorithm enables pre-

cise approximation for the contours by a controllable num-

ber of significant points. The lost data caused by smoothing
operation is compensated by any number of DCT blocks on
the additional layer. This enables smaller coding error than
the conventional method. Currently, the proposed coding
scheme is only designed for still images. Thus, this scheme
can be used for the Intra frame coding of video coding.
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1. INTRODUCTION
Content-oriented coding is the one that takes the
characteristics of the image content into account.
Natural and synthetic images have different char-
acteristics. However, JPEG/ MPEG employs DCT
regardless of the image content. Thus, their coding
schemes are not optimized for synthetic images;
such as animation images and computer graphics.
As a promising application of the content-oriented
coding, we have been studying animation image
coding that is mainly based on line and region ex-
traction.

Currently, a fixed coding algorithm has been
used for all kind of images in the broadcasting ap-
plication. An approach to switch coding algorithm
for image contents has a chance to provide better
coding efficiency as a whole than the conventional
one. Thus, it is important to establish a certain
mechanism distributing different decoders depend-
ing on the contents for real time applications.

In this paper, we propose a scheme to improve
coding efficiency of animation images and mecha-
nism to download necessary decoders in real time.

the energy of DCT coefficients disperses from low
to high frequency. In order to achieve high com-
pression ratio, many coefficients are regarded as
zero by quantization. Thus, undesired noises often
appear arround line drawings by DCT-based image
coding.

Therefore, we have been proposing a coding
scheme specifically designed for animation images.
In the animation image coding method [1], line
drawings and homogeneous color regions are ex-
tracted from an image. Then, all lines and con-
tours of homogeneous color regions are approxi-
mated by some significant points. An advantage
of this coding scheme is to achieve high compres-
sion ratio by allowing some distortion of lines and
edges. Computational complexity required for de-
coding process can be decreased since few points
are enough to represent lines. Furthermore, size of
decoded images can be changed in any resolution
by the same number of significant points.

However, the convensional method cannot en-
code animation images having complicate back-
ground regions efficiently. In addition, high ap-
proximation accuracy to the contours is required
to reduce the encoding error. Thus, more robust

Keywords: Image coding, Animation image, Smooth-coding scheme to overcome these problems is pro-

ing operation, Decoder downloadable, Multimedia
system, Middleware

2. ANIMATION IMAGE CODING

2.1. Coding scheme

Animation images have many impulsive changes
in the luminance signal around line drawings. At
the same time, many homogeneous color regions
also exist. When signals of an animation image
are transformed to frequency domain using DCT,

posed in the following.

2.2. Vector-DCT Hybrid Coding

In the animation image coding [1], the rest of line
drawings and homogeneous color regions was coded
by DCT since background regions are close to nat-
ural images. A homogeneous color region is de-
tected by Region-growing algorithm [2]. However,

it fails in some cases because of the mixture of the
homogeneous regions and the background. Thus,
it is necessary to improve such extraction process.



We propose a smoothing operator and region- block.
growing algorithm jointly for this purpose. A flowchart

of the proposed animation image coding is shown (S

in Fig.1. Animation images are coded in two lay- Dy =Y D(,j) (2)
ers; Base layer and additional layer. Base layer i=0 j=0

is constructed from the significant points extracted ) )
from line image and region image. Connected fil- At the block on the background regions, is

bigger than the one on the homogeneous color re-
gions because of the smoothing operation. There-

Line Image fore, it is suitable to prioritize the block in order of
M| Edge dotee —{awmﬁiﬁm D value in encoding.
Animation || ()| S0t Fig.2 shows the effect of the additional layer.
Image - Image . .
RegionImage [ Region Color In the conventional method, the regions that can-
> | smiticaion — not be extracted as homogeneous color regions or
Extractregion | - |2pprosimation line drawings were encoded by DCT. The homo-
geneous color regions detected in failure caused
Base Layer | much error. On the contrary, the proposed method

, odi enables to control the number of coding DCT blocks.
- — DCT coding . -
The result of Fig.2 shows that the necessity of the
o e additional layer when animation images include
complicated background regions.

Figure 1: Flowchart of animation image coding

35 — T ——

ter [3], which is used in this method, is one of ) [ proposed — = |
smoothing filters for simplification of images. Since %0 L—conventional _x
this filter does not remove high frequency compo- 25 N\
nents unlike linear low-pass filters, the sharpness §20 - w\\ ;
of edges in the filtered image is kept. Then, region- W 15 - S
growing algorithm can extract homogeneous color 10k
regions from whole part of the image. 5[ ~_

At this stage, the animation image is repre- S A S SO B O O .\'\.\
sented by only lines and homogeneous color re- 0 200 400 600 800 1000 1200 1400 1600
gions, and the lines and the contours of the regions Block Number

are approximated by significant points.

A compensation method for the result of smooth-
ing and approximation operation is needed as the
additional layer to acquire a high quality coded im-
age. 2.3. Dynamic Programming with feedback al-
First, the difference between each approximated gorithm
homogeneous color region and an original image is _ _ _ _
calculated. Itis divided ints x 8 pixels blocks and ~ According to region-based image coding [3][4], all
coded by DCT. Some DCT blocks include edges Parts of an image should be regarded as the set
when they locate on the contours of homogeneous 0f homogeneous color regions. This approach is
color regions. For avoiding mosquito noise caused More suitable for animation image coding. In ani-
by DCT Coding’ dummy datais padded to the pix_ mation Images, homogeneous color region Is usu-
els. The sum of the difference value in the each ally larger than that of natural images. Therefore,

Figure 2: The effect of additional layer

blocks is calculated by Eq.(1) its contours are efficiently vectorized by extracting
the significant points.
D(i,j) = P,(i,5) — Pn(i,5) Q) Dynamic Programming (DP) algorithm is ef-
fective for fitting various shapes to contours of the
where,P, (i, 7) andP, (3, j) is the value of the orig- regions [5]. Ramer algorithm [6] has been used

inal image and extracted homoegneous color re- in the conventional approach. It was developed
gion. In Eq.(2),D; is the sum ofD(i, j) of the for straight-line approximation. Thus, significant



points determined by the Ramer algorithm are not
always proper for spline curve function.

Dynamic Programming can examine all points
on the curve since they may be chosen as signif-
icant points. It can provide the set of significant
points that minimize the total error between origi-
nal and approximated line. Although this method
requires high computational complexity, the opti-
mized approximation can be obtained.

Region error Length error

original line /

/

4 approximated
line

’
v

/ Qj
! shortest length

/ is chosen
/

4 approximated
line

one segment one segment

example of weight function
t=n significant point

AKX W o
)

min W

t=0 significant point 0

Figure 3: estimation of the approximation error

There are two ways of estimating the total error
in the conventional study; region and length error
algorithm. They are shown in Fig.3. The former

is estimated by normalization of the length.
Threfore, if the segment length is too longer,
DP algorithm can not acquire a precise ap-
proximation result.

3. check the value of for each segment. If
larger theT, of the error, try other set of sig-
nificant points on the segment.

determine the points which minimizé of
each segments as the significant points.

Since DP algorithm requires the erffrto de-
termine the best set of significant points, we should
set suitabld’, for each contours. [f, is too small,
many determined significant points concentrate at
high curvature points on an original line. On the
other hand, the larg€, increases the approxima-
tion error. Therefore, we propose feedback algo-
rithm to eliminate the useless significant points.
First, sufficiently smalll;, is set, and DP acquires
enough significant points. Next, DP is applied to
eliminate significant points that do not reduce ap-
proximation error. Fig.4 shows the result of DP al-
gorithm with and without feedback algorithm. Fig.4(a)
illustrates the relation between the number of sig-
nificant points and approximation error. DP with
feedback algorithm enables more precise approxi-
mation in spite of the small number of significant
points than the conventional method (Fig.4(b)).

estimates an error area between an original line and 3- DECODER DOWNLOADABLE SYSTEM

an approximation line, and the latter calculates a
sum of a length from points on an original line to
the nearest points on an approximation line. The
latter can add weight by

E:};wipi_QiF )

where, E' is an approximation errot, is the
number of contour points, ang; is the functional
weight about point on an original line.P; are the
coordinates of point, andQ; are the coordinates
of point j, which is the nearest from point The
set of significant points is calculated by the follow-
ing steps.

1. choose several points as significant ones at
high curvature points on original line.

2. divide an original line into some segments
between significant points. The value Bf

3.1. Requirements

Decoder downloadable system is a system archi-
tecture to distribute various decoders. It is neces-
sary not only to develop image coding algorithms
but also to prevail decoders implementing them.

Multimedia systems on the Internet, such as
Microsoft Media Player, RealPlayer and so on, pro-
vide functions to play back new types of media by
installing appropriate decoder software, which is
called “Plug-in,” via network when required. How-
ever, Plug-in has problems as follows:

1. Time delay

The time delay happens when a new content
starts and a client does not have the suitable
decoder. This interrupts seamless playback
of contents and becomes a serious problem
especially in case of TV broadcasting.



architecture to download the decoders.

In case, we will apply Conent-oriented coding
to not only Interenet streaming but also TV broad-
Theos ignifcant points -39 casting, there is no integrated system to distribute
orvalue 555 error value =587 them for both TV broadcasting and Interenet stream-
ing. We implement Decoder downloadable system
to achieve such a system and to provide developers
of multimedia system the functions to download

the decoders.

Th=1 i
significant points = 52 i
error value = 5.57 H
|
i

without feedback algorithm

significant points = 37
error value = 5.56

_ _ 3.2. Proposed system architecture

In this section, we propose the system architecture
(@) approximation of a contour by DP algorithm which enables to download decoder dynamically
and to play back without delay before a new con-
F‘eedback algo;ithm v tent starts.
Conventional method - + The proposed client’s system architecture is shown
. in Fig.5.
7 On a server side, there are Content server, De-
coder server and Information server. Content server

Error value

s stores actual bitstreams of the contents. Decoder

s Y server stores the binary codes of the decoders. In-
Tl formation server stores the information shown in

) i N S SR Fig.6. Clients can seek where the suitable decoders

for each content is stored. Itis done by exchanging
this information between clients and Information
server, and clients can download decoders dynam-
(b) approximation error ically. We implement the client system by using
Java. This is because the proposed system should
work in the various environments.

We develop the part of media processing with
JMF (Java Media Framework) [7] as the first step.
2. Installation problem A question is often raised about the processing per-

Plug-in requires viewers of contents a little  formance of Java. Therefore, we designed the sys-

knowledge about image coding. TV broad- tem in the such a way that the module for me-
casting has been universal service, and Inter- dia processing depending on JMF can be detached
net streaming will be the same situation, too. from other parts entirely.

The system in the universal service should I thisimplementation, CORBA (Common Ob-
not expect clients having service installation ject Request Broker) [8] is used to define its inter-
knowledge. This point is very important for ~ face between server and client being independent
applying Content-oriented coding scheme, be-from the hardware specification, because of the in-
cause it will require more knowledge about dependency of CORBA GIOP (General Inter-ORB

3
30 40 50 60 70 80 90

The number of significant points [points]

Figure 4: the result of DP with feedback algorithm

image coding. Protocol) from any transport protocol.
The procedure in the system is executed in or-
3. Closed specification der the following:

The specification of Plug-in and the way to

transfer Plug-in are closed in each multime- (1) The scheduler in the client system starts to
dia software vendor. There is no compatibil- parse the information shown in Fig.6. The
ity among the software vendors. Developers system confirms whether the decoder exists
of multimedia system are urged to create the in the client’s side or not.
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(2) Sending the information about the content
that the client does not have a suitable de-
coder to Information server.

Information server starts to seek where the
suitable decoder is stored using the informa-
tion sent in (2). It returns this seeking infor-
mation to the client.

®3)

Decoder information has the IP address of
Decoder server, the filename of the decoder
and so forth. The scheduler of the client de-
cides when to start downloading the decoder
from Decoder server by that information.

(4)

The role of each part in the system is as fol-
lows:

e Core engine

This part provides the implementation of me-
dia play, the support of trick mode and so
forth. The decoders are actually installed in
this part.

e Decoder component management engine

This part manages the decoders in the client’s
system, queries about what decoder is needed,
download the decoders, deletes the decoders
in the stock.

e Schedule management engine

This part controls when to start media play,
downloading the decoders, deleting the de-
coders. Itindicates to each part that provides
actual above functions.

e User interface
This part is the interface for user input.

e File I/O

This part selects each protocol in accordance
with the purposes. 1) CORBA : sending and
receiving Content Information, 2) HTTP or
FTP : downloading the binary data of the de-
coders, 3) RTP (Real-time Transport Proto-
col) or TS (Mpeg-2 Transport Stream) : re-
ceiving media data

Each interface in the system is described as fol-
lows:

interface 1: Receiving the information about
the decoders, sending the information of contents.

interface 2: Receiving the information about
the contents.

interface 3: Notification of decoder informa-
tion, download binary data of decoders.

interface 4: Download media data of contents.

interface 5: Download EPG (Electronic Pro-
gram Guide) data that is used by the client’'s sched-
uler.

interface 6: Confirmation for existence of de-
coders, provision of decoder modules to Core En-
gine.

interface 7: Media play, indication when de-
coder’s memory load starts, providing the informa-
tion about what state the memory load is.

interface 8: Indication whether decoder is added
or deleted to the system by the users.



interface 9: Providing the information about

coding scheme and can play back media contents

the contents, indication when downloading the de- seamlessly. This system, developed by Java and
coder and deleting the decoder in the client system CORBA, is superior for the reason of portability.

start, confirmation for existence of decoders.

interface 10: Acceptance of the input infor-
mation by the users.

interface 11: Indicating the information of con-
tents that can be played back, the choice of the con-
tents by the users.

The ability of scheduling for downloading de-
coders in this system is evaluated in case of Pull
Service [9]. The result shows the optimum number
of downloading decoders that achieves the mini-
mum time delay is given by the probability that the
user switch the content, such as channel hopping.
However, this probability may obey a specific dis-
tribution. We take an approach to leave place for
implementing the function that this distribution is
given by storing the history of changing the con-
tents to the scheduler. Furthermore we will imple-
ment the remaining part of this system for Push
Service, and evaluate it.

4. CONCLUSION

We proposed the animation image coding and the
Decoder downloadable system which puts this cod-
ing scheme to practical use.

Animation image coding adopts two-layer cod-
ing scheme. On the base layer, an animation image
can be encoded at low bit rate since line drawings
and contours of each homogeneous color region
is expressed by few significant points approximat-
ing the contour line. DP with feedback algorithm
enables precise approximation for the contours by
the controllable number of significant points. The
lost data caused by smoothing operation is com-
pensated by any number of DCT blocks on ad-
ditional layer. This enables smaller coding error
than the conventional method. Our proposed cod-
ing scheme is only designed for stillimages. Thus,
this scheme can be used for the Intra frame coding
of video coding.

Decoder downloadable system is composed of
Content, Decoder and Information server. This sys-
tem enables dynamic decoder downloading from
Decoder server by negotiation between clients and
Information server. Therefore, clients can decode
the contents without the knowledge about image

[1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

It will be applied to TV broadcasting as well as
Internet streaming.
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Object extraction using differential images

from animation images
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Abstract In this paper, we propose an object extraction method from cartoon films. This method

utilizes motions represented by celluloid images. In animation, some sheets of celluloid represent

bR ANN1S i

frames of actions. They are called “slide, 7 “repeat, ” “rolling, ” and so on. Proposed algorithm
detects such actions by using differential images between continuous frames. When background
images are moving, motion compensation is necessary to extract objects. Therefore, algorithms
which detects and corrects background motion are also proposed. The experimental result shows

effectiveness of this method.

Key words object extraction, differential image, animation movie
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A Study On Animation Image Coding By Smoothing Operation

Ouji NAKAGAMI', Toshinori MIYAZAWAT, Hiroshi WATANABE'", and Hideyoshi
TOMINAGAT

1 Department of Electronics[] Information and Communication Engineeringl] Waseda University
Okubo 3-4-1, Shinjuku-ku, Tokyo, 169-8555 Japan
11 Graduate School of Global Information and Telecommunication Studies,Waseda University
Nishiwaseda 1-3-10, Shinjuku-ku,Tokyo, 169-0051 Japan

E-mail: {{ouji,miyazawa,tominaga}@tom.comm.waseda.ac.jp, {thiroshiQgiti.waseda.ac.jp

Abstract We proposed a coding scheme specially designed for animation images. Considering about characteristics
of animation images, we try to extract lines and homogeneous color regions from animation images. There are two
issues to improve this coding scheme. Firstly, animation images are not only represented by lines and homogeneous
regions, but also background regions. Conventional approach uses DCT to encode background regions because it is
usually smooth like natural images. We use smoothing operator and region-growing algorithm jointly for this purpose.
The region-growing algorithm extracts homogeneous color regions correctly than the conventional approach.Secondly,
compensating scheme for loss by smoothing operation is considered. We propose to use DCT for the difference between
the original images and the approximated images because luminance signals of the difference contain smooth changes.
High-quality images can be obtained by adding this differential data to approximated images that are created by
homogeneous color regions and line drawings.

Key words Image coding, animation image, smoothing operator, region extraction, different image
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x_size y-size

Z Z abs(Pixelorig(i,7) — Pizelpomotdet (i,7))
Error =
T_size X y_size

(4)
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