2000

2.1

(International Telecommunication Union; ITU)
(International Organization for Standardization; 1S0)

(Joint Photographic Experts Group; JPEG)
ISO/IEC 10928-1
ITU-T Recommendation T.81

150
.. 1988
(Discrete Cosine Transform; DCT) .. 1988 .. 191
(Draft International Standard; DIS)
1991 (International Standard; 1S) .. 1992
.. 1997
2000 [2], [3] (Joint
Technical Committee; JTC) 1.29.14 (15444)
( )
(
)
( /



] « gyiijuj'

5
2000
(Discrete Wavelet Transform; DWT) 2000
2000 ( .. 2000)
(Committee Draft; CD)
.. 199 (Working Draft, WD)
2000 2000 (DIS) .. 2000
2000 (1) ... 2000
2.2 I 2000
2000
2000
(Internet) (color facsimile) (printing)
(scanning) (digital photography) (remote
sensing) (mobile) (medical imagery)
(digital librariesfarchives) (E-commerce)
2000
J (Superior low bit-rate performance).
(network image
transmission)
J 1 (Continuous-tone and

bi-level compression):



6

(Dynamic
range) (1 16 )
1
' (Lossless and lossy
compression):
(Progressive - transmission)
, (Lossless
transmission)
(Lossy transmission)
] (Progressive Transmission)
(World Wide Web) (image
archival applications)
J (Random codestream access and
processing):
(Regions-Of-Interest; ROI)
(rotation)
(translation) (scaling) (filtering)

(feature extraction)



J (Robustness to bit-errors):

(wireless communication channels)

(catastrophic decoding failures)

J (Open architecture):
' (Real time coding).
23
2000 21
[4]
(Quantize)
(Compressed Image Data)
(Dequantize)
(Reconstructed image data)
( )



SO.I &]!am ;j' Forwa;d-T

l Transform

s

21

2.2

24 ]

Entropy

Decoding

S—

2000

“image tile”

2.2

(Wavelet transform)

[ .
-+ Quantization — FEnT(:?j?r{g
i 28 Inverse
Dequantization Trinstors |
| —
2000
(Tiling)

(DC level shifting)

2.2

DAT oneachtile

(Original wavelet or Mother wavelet)

Compressed
Image Data

Reconstructed
Image Data

il

(Fourier transform) [5]

(Time



shifting) (Scaling)
(limited duration)

f(t)

F{a))= ] f{t]e~Mdt

(Fourier
transform coefficients, F{d)) 1
(Continuous Wavelet Transform; CWT)
c(scale, position) = | f(t) {scale, position,t)dt
(Wavelet

transform coefficients, C)
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2.4.1 (Discrete wavelet transform)

(Dyadic scales and positions)
(Discrete Wavelet Transform; DWT)
.. 1988 [6]

(Two-channel subband coder)

(Analysis filter)
(Fast wavelet transform)

] (Approximations)
(Low-frequency components or high-scale)

J (Details) (High-
frequency or low-scale)

1,000

1,000
(Downsampling)

(Upsampling)



0
(Synthesis filter)
23
[7] x(n)
H Hh
r(n)
d( )
r() d()
G Gh
y(n)
y(n) x(n)
e e———— T
X ( ) =" y(n)
H, 12 5 12 G,
Analysis Filter Synthesis Filter
23
Quadrature mirror filters (Perfect

Reconstruction; PR) ,



1 (Product filter) pyz)

12

2 p(2)
Fe )=1f,(2)G, (2)
3
»,(*)= Gm
6/n7s Z)
(Wavelet decomposition tree) 24
25
r(1) ¥ ( )
rl(n) » H/ lz
H, 12— 12+
o) M 12 »d2 )
Hh 1'2 al ]'()

24



13

H, H,

2.6

H| |H
T
1

H 2> LL

s H, |—l2}—> LH

 /\
25
2.4.2
H, 12
X()—
H, 12
Horizontal
Decomposition

26

, 12— HL

» H, l2— HH

Vertical
Decomposition



14

o 3 o [ aa
71U 2.7 malasniaadmsuveyanmuinaaeia

4
2X2
4
28 21
21
(Horizontal axis; X-axis) ~ (Vertical axis; Y-axis)
LL (Approximation)
LH
(Horizontal Detail)
HL
(Vertical Detail)
HH

(Diagonal Detail)



LLX

LHX
28
29
LL2  hi2
Ih2 HH2
LHX
29

(Quaditree)

HLX

HHX

HLX

HHX

(Parent node)

LL

15

(Child nodes)



nodes)
1
3
2.10
transform)
(Default)
13 (53 filter) [§]
2.2
/
0
t1
2

(Descendant nodes)

LH

(Reversible transform)

Hid)
68
28

16

(Ancestor
LL
. HL HH
" (Ireversible
2000
5
22 23
513
Hh(0
1
-1/2



2.3

I+ I+

N = <9 -
S
A =2
- =

©® oo *°

(Convolution-based) (Lifting-hased)

(Periodic Symmetric Extension)

(Filter-length dependent)

211

.......
......

EFGFEDCBABCDEFGFEDCBABC

(Dot product)

513

211

ABCDEFG

17



2.5

ext

iy

sign(a)

Ah

y(2n+\) = xex1(2n+1)—[

y{2n) = Xet (2n)+{

qb{u,v)

Rh

g, (u,v) = sign(a, (u, v){

4,

2

x,,(2n)+x, (2n+2)- 1}

ah(u,

(Exponent)

A,, = 2[(,,—-::,, (

4

v)

y(2n—l)+ y(2n+1)+ ZJ

(Quantization step) 1

la, (u, v)

h

(Dynamic range) Rh
(Mantissa)



2.6

(Lempel-Ziv code)

(Arithmetic code)

(Huffman code)

19
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