CNFATATRIESRT L
- No.4 EIfRERERIT (2) -

B %

JNVFATFERIEY AT L / Multimedia Distribution System 1

Multimedia Distribution System
- No.4 Image Compression Technology (2) -

Hiroshi Watanabe
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Image Compression Technology

n BESSENH ®  Chrominance Signal Mux/DeMux

n EXEH m  Orthogonal Transform

. HINUR ®  Subband

m yr—JLwbk m  Wavelet

. REEFE B Coefficient Quantization

m I hOE—#HSit m  Entropy Coding
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HITINUR Subband

n EBRERBTFEOBRONI- I I AEERTHILIKY, FED m  Processing samples having specified frequency range
FARBEEOYUTIETELES BF% by applying limited bandwidth filter

B FAWBT4ILEEYTINUR T ILAEIESR m  Filter is called “Subband Filter”

. HINURHAEMEIE. BFIETHILICKY., ERFELLESE ® It equals to transform coding by applying decimation
fli1<7%% and quantization to subband outputs

B FrRILAATAF—(REFILR) . A —T A 1254 — (A — m  Application: Channel equalizer (Transmission
TAA BARBCRAER) A —T 1A HELREITEASND equalizer), Audio equalizer, Audio coding

m E(TFIRTZqIILEA LGNS ® In most cases, FIR filter
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B RLEHEGYINURREIE2/ VRS E

n EEEBEFIRTAILE Hy2) BLUEBEBEFIRT(ILE H,(2)
IZ& B8R

B HINURHAKL 212890 TV (HTHUTIN)Ehd

Ho@) _ Hi@)

0 T
T1IVED B IR
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Subband Filter

®  The simplest subband is two-band

B Consists of Low pass FIR filter Hy(z) and High pass FIR
filter H,(z)

B Subband output is down-sampled to 1:2 (subsample)

subband
H@ H@ output

input

- signal
0 T subband
. , tput
Filter's frequency response CULPL
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HIINURTLILE(2)

m 2:19THUT)L

x(n)
||||||||I|||| n

ANES
| o
Ll sesam
1 2:1 sub-sample
1 I R $ITHUTILNEE
Ll |, owoncren
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Subband Filter(2)

B 2:1Subsample

x(n)
||||||||I||||

| Ho
Lttt
1 2:1 sub-sample
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n input signal

Filtering

subsampled
subband output

IN—DINURD4ILAE

B N\—TNRURTAILE H(Z) DESE

-1
H(z)=H(z™) f SV
H(z)+H(-z7") =1

05
R /\
~ BRI p/2 THI Pod—aa
— LI AEEMET HE1S O /2 n

H(e'”)+H(-e ") =H(e!”)+H(e!" ) =1
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Halfband Filter

m  Definition of halfband filter H(z) Ho(2) H,(@)
H (Z) =H (Zil) 1PV WV
-1y _
H(z)+H(-z7)=1 e
®  Frequency response / \
— Symmetric at p/2 0 ~v C 2 AR

— Sum of two filters response equals to 1

H(e'”)+H(-e ") =H(e!”)+H(e!" ) =1
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N—DINURTAILE(2)

B AURILRISEDHE
h(n) +(=1)"h(n) = 5(n)
h(n):{lIZ (n=0)

0 (n=even,n=0)
H(z)= ih(n)z’" = +h(=D)z' +h(0)2° + h(Q)z " +---
H(z?h) = ih(n)z" = +h(=D)z" +h(0)2° + h()z" +---

H(-2%) = Sh(n)(-2)" =-h(-2)2 > ~h(-D)z " + h(0)2°

—h@)z* +h(2)z?---
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Halfband Filter(2)

B Characteristic of impulse response
h(n) +(=1)"h(n) = 5(n)
1/2 n=0
h(n) :{ (n=0)

0 (n=even,n=0)
H(@) = Yh()z" = +h(-1)Z* +h(©)2° +h()z ™+ -
H(zY) = ih(n)z" =t h(=1)z  +h(0)2° + (W) +--
H(-z")= i‘,h(ﬂ)(*l)n =--h(-2)z* ~h(-Dz"* +h(0)z’

—h@)z* +h(2)z?---
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2T7—J4)L7A

B IS5 LEADER
H,(z) =H,(-2)

Ho(2) H,(2)

Hy(e") = Ho(e)

h,(n) = (=1)"hy(n) o5
RS \)Q/

— FERBUBMEL p/2 THE g mi2
— NIV AFEEME T LIRS
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Mirror Filter

m  Definition of mirror filter
H,(2) =Ho(-2)
H,(€"") = Ho(e* ™)

o A

Ho(2) H,(2)

— Symmetric at p/2 0 2
— Sum of two filters response
does not equals to 1
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ABRT1ILE

| B
SHI1ILE
. EEEEROZH
Ho(-2)F,(2) + H,(-2)F(2) =0
HO(Z)FO(Z) + Hl(Z)F;L(Z) =2zt
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Analysis and Synthesis

B Analysis filters and Synthesis filters

input ) 3 output
signal L 1 ~ =

Analysis filter Synthesis filter

m  Condition for Perfect Reconstruction
Ho(-2)Fy(2) + H,(-2)F(2) =0
HO(Z)FO(Z) + Hl(Z)F;L(Z) =2z
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2\ R D4)LA

B QMF (Quadrature Mirror Filter)

- ZREBERTREVERMBT LY
— BRSO EICEND

H1(Z) = Ho(fz)
Fo(‘): H1(74) F1(L):7H0(74)
B CQF (Conjugate Quadrature Filter)
- T2EEROIEERETILIBHERFZHONHalfband
Filter)
Hl(z) = Zi(N?l)Ho(fzil)

Fo(z) = Hl(_Z) Fl(z) = Ho(_z)
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2-band filter

B QMF (Quadrature Mirror Filter)

— Linear phase filter, but not Perfect Reconstruction
— Better band splitting

H1(Z) = Ho(fz)
Fo(‘): H1(74) F1(L):7H0(74)
B CQF (Conjugate Quadrature Filter)

— Non linear phase, Perfect Reconstruction (even
order coefficients are 0 in Halfband Filter)

Hl(z) =z Ho (7271)

Fo(z) = Hl(_Z) Fl(z) = Ho(_z)
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21\URT1ILE(2)

B SSKF (Symmetric Short Kernel Filter)
- ERUEMEOFERI ILE

Fo(2)=H,(-2)
F1(Z) =_H0(_Z)
B SSKF(5,3) 71 /L2DZE DA

n REiE
04 | -0.125
Ho@ | 1.3 0.25
2 0.75
0,2 0.5
Hy(z
@) TG
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2-band filter(2)

B SSKF (Symmetric Short Kernel Filter)
— Linear phase filter, not orthogonal
Fo(2)=H,(-2)
F1(Z) = _Ho(_z)
B Example of SSKF(5,3) filter

n Coeff.
0,4 -0.125
Ho@ | 1.3 0.25
2 0.75
0,2 0.5
H,(z
@) [ TG
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N/AVET4)LA

B NAURIAIVAN I DIER

S I1ILE

EBRI1ILE
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N-band filter

B Structure of N-band filterbank

Analysis filter Synthesis filter
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N/ ERT4IL32(2)

B BT LN HORR S (8band)

NI —
1
0 2 z
K%
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N-band filter(2)

m  Ideal frequency response of filterbank (8-band)

Power
1
0 2 z
Frequency
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N/SURT4ILA(3)

B ANURDBEEDYITINURH A

x(n)
||||||||||||| n ANE=

| HE@EERBSRS

Lol ovsam
1 4:1 sub-sample
v . , HIHUTILNEE
BN EREE N | L OYT KR
TNFAT4FEIEV AT L / Multimedia Distribution System 27

N-band filter(3)
B Subband output at 4-band

x(n
||||||||||||| ninputsignal

1 Sequential convolution of Hy(z)

LIl bl fiering

1 4:1 sub-sample

subsampled

Pitepiiigeiil] subband
"N output
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NNV RT1IL3(4)
u AEDCTDIHADFRE

x(n)
||||||||||||| n ANES
1 EREEZD()ET 5.

4&.&(’&&&)’(%#@

I I | 4 DCT#E A
n

/ / l /Jo(z)’&m_a_:r;ﬁ
DCT{%%L

Diiepitineeil
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N-band filter(4)

m  Coefficient of 4-point DCT

x(n,
||||||||||||| ninputsignal

1 DC basis is Dy(z)
Transform to each 4 samples

| I | | I 4-point DCT
n
/ /1 Ap7/y Dy(2) at every 4 samples
I : I | vt I DCT Coefficients
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R E Rl

BIESSENH
BEXEH

L ZAVI
or—JLvyk
FHETFEE
IVhOE—#HS1t

JNVFATFERIEY AT L / Multimedia Distribution System 31

Image Compression Technology

Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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x—JLvhk

B H—JLybblE, ERIIVAO R BBREELHRRGBEEE
bENEDAVEARERNT, E82RBIIF%

u DFT(EAT—)IEH) FREBOESEHREL, BLERKAE
BEICKYIESESTLELSIETEFE

B HINURRHIE, —EOBHRBERSLU—EDRIKKREGEE
EFEOVVARERNT, E52RBIHFE

—
MR

o
—A—

J—IE#H Dr—TJLyhE#
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Wavelet

B Wavelet is a technique to describe signal using a set of
filters having varied frequency and time axis
resolutions based on a basic filter

m  DFT(Discrete Fourier Transform) is a technique to
analyze signal using maximum frequency resolution in
a long term

®  Subband analysis is a technique to describe signal
using filters having certain frequency and time axis
resolution

lTvAv—’
WA H—

Fourier Transform Wavelet Transform
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x—JLvk(2)

 ERROVI—TLYMES
— dilation: Ry —ILEEZ B/ NT4A—4 a [TLDEME
— translation: & 7h/85A—4 b [C&DBE

m Yr—JLyrOT—YIE#H

X, (@) = VaX (aw) exp(~ jab)

RNVFATAFEIEVAT L / Multimedia Distribution System 35

Wavelet(2)

®  Continuous Wavelet signal
— dilation: operation by scaling parameter a
— translation: operation by shift parameter b

®  Fourier transform of Wavelet

X, (@) = VaX (aw) exp(~ jab)
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J—TER

X (w) = ji X(t) exp(— jet)dt

ESOmK- MM ST TEH

|~

J: x(i) exp(— jot)dt = J: X(s) exp(— jwas)ads S

=a[ x(s)exp(- j(w)s)ds g = i dt

Review

Fourier Transform

X (o) = f X(t) exp(— jt)dt
Fourier Transform for expanded (shrunk) signal

J: x(i) exp(— jot)dt = J: x(s) exp(— jwas)ads

w
I
|~

=af  x(s)exp(-j(wR)s)ds g = L
a

=aX (aw) =aX(aw)
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24 331 .
TEO Review(2)

BEDYIMHT BT T L
[, x(t=b)exp(~jet)dt =" x(s)exp(~je(s+b))ds
= [ x(s)exp(~ jes) exp(~ jb)ds
=exp(-job) [ x(s)exp(~ jes)ds
= exp(— jb) X (@)

s=t-b
ds =dt
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Fourier Transform for shifted signal
[” xt-b)exp(=jet)dt= [~ x(s)exp(~je(s+b))ds
= Ji X(s) exp(— jws) exp(— jab)ds

=exp(~jeb)[ x(s)exp(~jes)ds
= exp(- job) X ()
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x—JLvk(3)
dilationlZ &3 EFKEDEL 4

1 [t 2 (2t
X, ()= T X(g) x% t) = \/;x(;J

2
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Wavelet(3)
Signal variation by dilation 1
1 t 2 (2t
X, () =—7=X| — X, (t) =.|=X —
o3l o-B(2)
/V V\ Nt
>t 1 t
s Xy, (1) =——=X —
W=
t
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x—JLvk(4)
m dilationl2&BRARIMLOZEL

%)
X, (@) =aX (aw) 2

Xg(a)) =\/§X
N \ Y

/\ xZa (CO) = J?ax (Zaw)
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Wavelet(4)

B Spectrum variation by dilation

)
X, (@) =+aX (aw) 2

Xg(a)) =\/§X
N \ Y

/\ xZa (CO) = J?ax (Zaw)
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Dx—JLyhrZEH

®  Translation N\SA—2ZAVWTEREEZER

T\ t
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Wavelet Transform

B Create orthogonal basis using Translation parameter

N\ t
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BRI —JLvk

m dilation & translation M/35A—42%Et#k1E
a=2", b=n2"
B EE T —J Ly EEES
_m
Xnat)=2 2x(27"t—n)

B x(t) FERERCLEHK () 2EERTDHE. Hy2), Hi(2) D1~
1LRIEE (), hy(n) IZHLTREM YLD

HO=25 RO o) =23 b -n)
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Discrete Wavelet

m  Discretized dilation and translation parameters
a=2", b=n2"
B Basis function of discrete wavelet
m
Xnn () =2 2X(27"t—n)

m  Define function f(t) which is orthogonalized x(t), consider
hy(n), hy(n) which are impulse responses of Hy(z), H,(z)

#0=2) h,(g(2-1) () =2) h,(g(2t-n)
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IN—)LZE R

. RLEFHELY—TLuk
B EETLE Hy2), BET4ILE H(2)
1+z7° 1-z7
H,(2) = H,(2) =——+—
o(2) A (2) 7

+ f(t + f(2t +j(2t
1 0<t<l b 1 s 131( )

1
t) =
o) {0 otherwise . I
>t >t 0"

gO=g2)+4(2t+) 71 T 1
o(t) = #(2t) - (2t +1)

4l
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Harr Transform

B The simplest wavelet
B LPF: Hy(z), HPF: H,(z)

C1+zt 1-z7*

Ho(z)— \/E H1(Z):T

+ A +
1 0<t<l b 1 e
#(t) =

1
0 otherwise . I
»t -

#(t) = p(2t) + (2t +1) 0 1 0 12 L
p(t) = ¢(2t) - p(2t +1)
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+j(20)
1

O

4l
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N—ILEHL(2)

B 1RT8M/N—ILERITHI OB

(XO] 1 1 1 1 1 1 1 17x0)]
X@Q (1 1 1 1 -1 -1 -1 -1{x@®
11 -1-10 0 0 0
00 0 0 1 1 -1 -1
“l1-10 0 0 0 0 0
00 1 -1 0 0 0 0
00 0 0 1 -10 0
IX| [0 0 0 0 0 0 1 -1|xD]|
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Harr Transform(2)

®  1-D 8-point Harr transform matrix

(X)) 1 1 1 1 1 1 17x0)]
X@Q (1 1 1 1 -1 -1 -1 -1{x@®
11 -1-10 0 0 0
00 0 0 1 1 -1 -1
“l1-10 0 0 0 0 0
00 1 -1 0 0 0 0
00 0 0 1 -10 0
IX(|] [0 0 0 0 0 0 1 -1|xD]|
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N—I)VEIREE

B 8x8 N—ILEBDOEERINL
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Harr Transform Basis

B 8x8 Harr transform basis
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FOB—THE

B ARNURTLIVBIN Y DIER

X(z)
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Octave Splitting

®  4-band (diadic) filterbank structure

LLL
LLH
X@
LH
H
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Fo3—T5HEI(2)
B AT RED TR Y DE R EE M (4band)

INT—
1

0 n/8 nl4 2 T[
RRH
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Octave Splitting(2)

®  Frequency responses of ideal octave splitting filterbank
(4-band diadic)

Power
1
0 n/8 m/4 nl2 n
Frequency
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Y —JLyhERER
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Wavelet Transform Image
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JI—J Ly EBRER(2)

B DWTEDCTORIEERBMR S (1/64)
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Wavelet Transform Image(2)

®  The lowest frequency component of DWT and DCT
(1/64)
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B {4 FE M43 T

BIESZENH
EXEHR

L ZAVIN
r—JLyk
FHEFEE
IVrAE—FS1E
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Image Compression Technology

Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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EFit

n P&
- REBOHIRIZLST—FEHE
- BFEE EBFLTIILICIVELHRE
n BFEDEE
- AHF—EBFE.RIMLEFIE
- BREFE. FRIEFE
n BFLOKEL
— MaxEFILH
n EGHFSEICBETHEFE
— JPEG, H.261, MPEG-1, MPEG-2
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Quantization

B Role of Quantization
— Data compression by reducing the number of status
— Quantization Error: Error caused by quantization
®  Types of Quantization
— Scalar Quantization, Vector Quantization
— Linear Quantization, Non-linear Quantization
B Optimization of Quantization
— Max Quantizer
B Quantizer used at Image Coding
— JPEG, H.261, MPEG-1, MPEG-2
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EFIEEEF?

n EELANILE

2FEIE Q(x;
o Qx) =
¥i3) -
Y2 Q(Xi) =Y, (k)
(Th <x; <Th,)
¥i(1)
= AHIE x;
0 Th, Th, Thy, Th,
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What’s Quantization ?

m  Discrete Level

Quantized Value Q(x;) _
Q(x) =X
7€) -
Y@ Q(Xi): yi(k)
i
(Th <x; <Thy,,)
¥i(1)
= Input X;
0 Th, Th, Thy, Th,
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EFIEE

B ZNSOBANEFLELERRE(L /)LL)
d(xy) =[x-yl,
1/ p
eyl =(x-1°)
m RIMNLDBZEDEFILEE/ILL
d(X,Y) =[x-Y[,
‘D

1/
X= Y], = (% = " e = vl e, = v )
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Quantization Distortion

B Quantization Error and Distortion Measure for Scalar’s
Case (LP-norm)

d(x.y)=[x-vl,

p \Vp
-y, =(x-y)
B Quantization Error and Distortion Measure for Vector’s
Case (LP-norm)

d(X,Y)=[X-Y]

1/
X=], = (= ” o = ol o, =y )
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JILL

. RRIG/ILL

I, = (5" el + ) o> p2)

I =Pl + el - |

X[, = QXJZ +x,[° +...+\xn\2)y2 (Euclidean norm)

.. = maxx|

RNVFATAFEIEVAT L / Multimedia Distribution System 71

Norm

m  Typical Norms

I, = (5" e+ ) o> p2)

I =Pl + el - |

X[, = QXJZ +x,[ +...+\xn\2)y2 (Euclidean norm)

.. = maxx|
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ANTEFILENIMLEFIE

n RAhSEFIE
- NEDERZEDANEE (NRITARIML)X IZRLT.NED
BFILEEZERLLTEOHAES . BADERDEFIL
EEHERE=LD
X:[Xl Xy o XN]‘
Q(X)=[Q,(x) Q%) - Q(xy)]

Q,0) = (i (k) 1k :aljrgmjiﬂ d(x,y.(0)) (i=12...1)

d(x,y) =[xy,

RNVFAT(FERIEV AT L / Multimedia Distribution System 73

Scalar and Vector Quantization

B Scalar Quantization
— For input signals (N-dimensional vector) having N

elements, output signals have N elements which are

quantized individually
X:[Xl X e XN]‘
QM=) Q%) -~ QI
Q(x) = (yi(k) ki =argmind(x,,y;())) (j=12...%)

i

d(x,y) =[xy,
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ANFEFIRENTMLEFIE(2)

m AJRLEFE
- NEDOEREEDAHNES (NRTAIML)X IZHLT. #iEL
F=RBAIMLEE—RETY) Y() (i=1,... M)DFhSRELIE
BHOEVLDOERUHT

X:[Xl X, o XN]‘
QX =K y,k) -y K]
Q) =(Y(k=argmind(X, YD) ([=12....M)

YO =[y,() v, - y Q@)
d(X, Y (i) =|]X =Y (i)

P
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Scalar and Vector
Quantization(2)

B Vector Quantization

— For input signals (N-dimensional vector) having N
elements, a set of output signals giving the
minimum distortion is selected from codevectors
stored in a codebook Y(i) (i=1,...,M)

xz[xl Xy e XN]l
Q) =[yK) y,(k) -y (K]
Q) =(Y(k=argmind(X,Y()) (i=12....M)

Yi)=[y.() v, - y®f
d(X,Y(i)):HX—Y(i)Hp

RNVFATAFEIEVAT L / Multimedia Distribution System 76

ANSEFIENIMLEFIE(I)

. RIMNLEFEOHMER

NI A—RRXIMLOD
AHARGRL AUTHR k
— EE—

X:[Xl Xp ot XN]( |

YO =[y,() y,(0) - y,@]
(i=12,--,M)
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Scalar and Vector

Quantization(3)
®  Block Diagram of Vector Quantization
N-dimensional Codevector
Input Vector Index k
—_— l—

X:[Xl Xy XN]( |

YO =[y,() y,(0) - y,@)]
(i=12,--,M)
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ANFEFIERNIMLEFIE(E)

B 2RAANDANTEFILENINLETFIE

x, , ANT—%

s =TI % ~OFLBTF I
o /R=EA o ANMEAETE
® ®  LEED
o,
]
o
.0
K
L]
U X1 0 X1
ANTEFIE RIMLVEFE
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Scalar and Vector
Quantization(4)

B Scalar and Vector Quantization for 2-D input

X, Input data  Quantized X,
lue Vector Quantization
ya ° is effective for biased
3 ‘ inputs
D)
®
------- °
0°°
< Y
° °
0 X 0 X

Scalar Quantization Vector Quantization
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ROMLEFE

. O—RIJYY0%ER... LBGF LT X L (Linde, Buzo, Gray)
— —RT VY C={Y,(i)} (i=1,2,....N)
— FL—=UT&KE TE NEOESE Ry() 2B (REFFER)

Ry(i) ={X e T:d (X, Yy(i)) <d (X, Y,(j)); for j =i}
— BUPAARRIMLOFE

Y, (i) = E[X| X € Ry (i)]
— 2ATOREN—FUTITHSET, COREOBRYEL
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Vector Quantization

®  Codebook Generation ... LBG Algorithm (Linde, Buzo,
Gray)
— Initial codebook Cy={Y,(i)} (i=1,2,...,N)
— Divide training set T to N sets Ry(i) (Nearest Neighbor
Search)

Ry (i) ={X e T:d (X, Y,(i)) <d(X, Y,()); for j =i}
— Calculation of Centroid Vector
Y. (i) = E[X[ X e Ry(i)]

— Repeat this procedure until total error will reach to a
certain level
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NIMVEFIE(2)

m  Shape-Gain NJLEFIE

| |
K

__.I—|_—> Shape Index: |

—:lj— N
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Vector Quantization(2)

B Shape-Gain Vector Quantization

| |
K

__.I—|_—> Shape Index: |

—:lj— N
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wRAzEF1E

n TR d A —E (—HREBFLELITER)

Linear Quantization

B Quantization Step d is constant (uniform quantization)

ETFEIE Q(x) QX )=x Quantized Value Q(x;) QX )=x,
Yi(3) frommmmeemnneeeeeg ——‘ Yi(3) frommmemm e ——‘
, { Q) =y(k) , { Q) =y(k)
¥i(2) [ (T+(k-1)d <x <T +kd) ¥i(2) [ (T+(k-1)d <x <T +kd)
yi(1) yi(1) b
d d d d d d
= : ADE x; = . Input x;
0 T T+d T+2d T+3d 0 T T+d T+2d T+3d
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= - - -
BEEFEQ) Linear Quantization(2)
B SYRSAYRILEIYRALYRE m  Mid-riser and Mid-tread Type
Output Output
I/’/ -
Input Input
SYRSAYE (OIEFEE®A) IYRM YRR (OEEEIE) Mid-riser Type " Mid-tread Type
(emphasize around zero) (suppress around zero)
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= - - -
R EFIE Non-linear Quantization
B EFERTYTHNE—# ®  Quantization Step in non-uniform
EFLlE Q(x) QX )=X Quantized Value Q(x;) QX% )=xX;
Yi(3) = ] Yi(3) -
| X )=Vy.(k X )=VY.(k
" Q)= %) . Q%)= (k)
(Th, <% <Th,;) (Th, <X <Th,,)
%D P Y0 |
= AFE x; = . Input x;
O Th, Th,  Th Th, 0 Th, Th, Th, T,
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EREFIE()

B EEOHMULEFERTYTORIR

- ANEBOHBREEICEDLED

— H—BEFEITHAR FHMLEFLBRELTERTES
B DPCMO&K3IZOMHEDESOHBERENEES

— OfHEDANEFHREENSL O THMNETFL

— REGAAERT, HRFEEMEVDTHETFE
B ANEBSOHBRRERLETERTYIOMRK

— FHMNLGEFEREDOREL (R/IME) A AT EE
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Non-linear Quantization(2)

Relation of signal characteristics and quantization step

— Fit to input signal’s occurrence probability

— Can reduce average distortion than linear
quantization

In case of high occurrence probability around zero such

as DPCM

— Fine quantization around zero

— Coarse quantization to large inputs

Relation of input’s occurrence probability and

quantization steps

— Optimization (Minimization) of the average
distortion is possible
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R E R

BIESZENH
EXEHR

L ZAVIN
x—JLvk
FHEFEE
IVrAE—FS1E

RNVFATAFERIEY AT L / Multimedia Distribution System 93

Image Compression Technology

Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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BEERFESEAERFS (1)

m EAERFME (Fixed Length Code: FLC)
— YUMRILAB,C, ERBTINAFTUHSRIRTRALRE
— YUMRILAB,C,. DEREENELMEEISER
— BA2#H 5. Gray Code

m  AZERMHE (Variable Length Code: VLC)
- N MFIFEORSNVURILAB,C,. . CEITRLESHS
— JURILAB.C,. DEEEENBRLEDIEESICEN
- NIIUHES HNHS
- AERFELLETICEE. TUMAE—/E{L (Entropy
Coding) EFERCELHD
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Fixed Length Code and Variable
Length Code (1)

®  Fixed Length Code: FLC

— Egqual length binary code for Symbol A,B,C,...
— Effective when occurrence probability for A,B,C,... is same
— Natural binary code, Gray Code

B Variable Length Code: VLC

— Unequal length binary code for Symbol A,B,C,...

— Effective when occurrence probability for A,B,C,... is
different

— Huffman coding, Arithmetic coding

— Variable length coding is sometimes called Entropy Coding
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BERFSLEAERMTS(2)

Fixed Length Code and Variable
Length Code(2)

UL EERHEE BEERHFS NIIUEHE Symbol  Probability FLC Huffman Code
A 0.4 000 (0] A 0.4 000 (0]
B 0.2 001 100 B 0.2 001 100
C 0.15 010 101 C 0.15 010 101
D 0.1 011 110 D 0.1 011 110
E 0.05 100 11100 E 0.05 100 11100
F 0.04 101 11101 F 0.04 101 11101
G 0.03 110 11110 G 0.03 110 11110
H 0.03 111 11111 H 0.03 111 11111
IVFAE—=2.44 Byt 3 Evb/orRL 2.5 BybsooRL Entropy = 2.44 bit 3 bit/symbol 2.5 bit/symbol
RNVFAT(FERIEV AT L / Multimedia Distribution System 97 RNFAT(FERIEV AT L / Multimedia Distribution System 98
= g
MEDIEE Type of Codes
n EJOVORE . (BfiF5) m  Non-block Code... (Arithmetic Code)
. Javong m  Block Code
- BELUFE — Singular Code
- ERELUFE — Non-singular Code
- —BESTARLGHS = Uniquely undecodable Code
- —EESTRLFS = Uniquely Decodable Code
— BRESTARELRFS — Non-instant decodable code
— BRESTRELHS ... (NTRUHE) — Instant decodable code......... (Huffman Code)
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AVESVY 2

LI 10523

- BUURLITHS BRERVHRHEREEX5

MELEBROHEEDOMERD ., VEDDREALTT

,_
|

- BE.HERLHRLISV2DERERT
CORBERNVOEDITEHETRYRT

RNVFATAFEIEYAT L / Multimedia Distribution System

- BEORDNESV2OOREHRATHEY. H5 “0"“1"85%
%)

_J

Huffman Code

B Structure

— Make branch to each symbol and assign probability
— Combine two branches giving least two probability
and assign “0"“1”

— Obtain probability of unified branch, and regarded
l as one branch J

— Again, search branches giving least two probabilities
— Repeat this procedure until branches unified to one
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=
NTRUFE(2) Huffman Code(2)
| WA ESZ42=10T: 57 m  Example of constructing Huffman code
— 5 o . i
CEDEMELE(0.15)E9 % o o Ioee Un!fy C and D, make E(0.15) Srme Treo Tooe
— BLEZE#HALF(0.4)ET D A 06 o — Unify B and E, make F(0.4) bility
— FEAZHEALG(.0)ET D B 0.25 |10 — Unify F and A, make G(1.0) A 0.6 |0
g 0.1 |110 B 0-250 10
D 0.05 [111 g 0- Tl EE10
D 0.05 |111
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=] . .
NITRUFSDIGHA Application of Huffman Code
. ERFSEICETENTIUHES m  Huffman Code at Image Coding
— 2MEEBFSIISBITE5ULUTRAFEEE — Run-length coding at binary image coding
— H.261IZHTBDCTHRH#ED2:RTVLC — 2-D VLC of DCT coefficient at H.261
- BERJMLOVLC — VLC for motion vectors
— Coded Block Pattern®VLC — VLC for Coded Block Pattern
— Macroblock type®VLC — VLC for Macroblock type
RINFATAFRIEL AT L / Multimedia Distribution System 105 TINFATAFRIEL AT L / Multimedia Distribution System 106
- S o A 3 .
SULVT AFFIE Run-length Coding
n 2MEERTE. AEREEERDERTIRIEZIURILEHLL m  Successive length of white and black pixels are
CNTRUFERETS regarded as symbol and Huffman coding is applied at
B [AERZ0, BEERE1ET HE, ERT H0DEH (Zero Run binary image coding

Length), &3 21DEHKICHLTNITUHEEREE

0000O110000011100

€ 4 >]€2>]¢ 5 >|€ 3>
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®  White pixel “0”, black pixel “1”, Huffman code is
designed to successive number of “0” (Zero Run
Length) and “1”

0000O1100000111200

€ 4 >]€2>]¢ 5 >|€ 3>
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Bifs

2RERMBEDOSURIL(E0",“1") DRIIZEEDRSICZREYS
FHBITMMREREL. —FIO—F(FSHE)E2HEHMIRITS
2 HE XA [0,1] IS5%

SERME—BITRET S-H0. REAREE VMM RED
REREI—FT—FEHHITH
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Arithmetic Coding

®  Bound sequence of binary source symbol (“0”,“1”) in
arbitrary length

m  Set fractional point at the head, regard codeword as a
binary number

B Project binary number to section [0,1]
Bit number is counted to determine the section
®  Output codeword to specify the section

RNVFATFERIEV AT L / Multimedia Distribution System 110

® EliasOfH 5
- BEfFStoRE
— ERMEICIXMES
- BEBEOTRE
o YTILEA LEEH TR

®  LR(Langdon-Rissanen) & & i fF &
- ERLOHRER
- BEHRBEOXE
> UTILEALESHRE
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Arithmetic Coding(2)

m  Elias Code
— Principle of Arithmetic Coding
— There exists problem for practical use
= Insufficient operation accuracy
= Unable to decode in realtime

B LR (Langdon-Rissanen) Type Arithmetic Coding
— Starting point for practical application
= Remedy for operational accuracy
= Decodable in realtime
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B =
EliasD 5
m HFSoIatex
il o [N
. BBIURIL (MPS) LB , LL LM Je 56 am
RIL (LPS) DERRERELL(C Lo o
FEAHMELR0,1]DLEDE LM [EVIVRR k- Lt
MPS: More probable symbol 2/3 MLL e
LPS: Less probable symbol u i
ML MLM
m P(M)=2/3, P(L)=1/3D%| o B €Y
m SEEGT ARSI " I -
£, “MMM” A5 “LLL & T8 a2
HOEERM (A -2z MM oo
s MMM
0
HER0,1]1D5E|
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Elias Code

®  Coding Process

1
m  Multistage division of &2 tt;, e— 15716 1111
number line [0,1] by the L8e ML 7/8 1110
ratio of occurrence =2 e s
probability 2/3 Lo
MPS: More probable symbol MLL L o8 1010
LPS: Less probable symbol MLl MLM
m  Example of P(M)=2/3, o e
P(L=1/3 " T |koen e
®  Three successive symbol 872
corresponds to the MM A EE
probability section MMM
(Augend) from “MMM” to
L ©

Division of Number Line [0,1]
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EliasD 75 (2)

B HifiFStoIoex
— JURLFRFI“MMM”IZRFE[0, 8/27]IHH %
“1"HBMPSTHNIE, PURILRFIG “1117
“0"HMPSTHNIE, L URILRFIIE “000”

— ZOF—DrURERBTHRLEL2HERIT0.01

— IMIRUTO2EVNTA—V IV REIRETED
— BA—VrRITHLT, —BESTRGHSERRIER
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Elias Code(2)

®  Process of Arithmetic Coding

— Symbols “MMM” corresponds to the section [0,
8/27]

If “1” is MPS, symbols are “111”
If “0” is MPS, symbols are “000”

— The minimum binary number to specify this Augend
is 0.01

— We can specify the Augend by fractional two bits
— Create uniquely decodable code to each Augend
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EliasD 75 (3)

B FEShEF -z RERSR

Symbols | Augend -Log,(A) | Code Length (bit)
LLL 1/27 4.75 5
LLM 2/27 3.75 4
LML 2/27 3.75 4
LMM 4/27 2.75 3
MLL 2/27 3.75 4
MLM 4/27 2.75 3
MML 4/27 2.75 3
MMM 8/27 1.75 2
RIF AT FEIEL AT L / Multimedia Distribution System 117

Elias Code(3)

®  Divided Augend and Code Length

Symbols | Augend -Log,(A) | Code Length (bit)
LLL 1/27 4.75 5
LLM 2/27 3.75 4
LML 2/27 3.75 4
LMM 4/27 2.75 3
MLL 2/27 3.75 4
MLM 4/27 2.75 3
MML 4/27 2.75 3
MMM 8/27 1.75 2
RIF AT FEIEL AT L / Multimedia Distribution System 118

RS DRE

n FEoTatR
— MMMMSLLLETOA—C U REHE
— =PI RERBETIOICREMEVRBEMN ?
o A—TIUF WL MAtaE, LAbETHNIE,
W=P(M)aP(L)

W<0.25

W=>0.5 W<0.5

Oubit X 1bit  Q2bit  x 2bit
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Principle of Arithmetic Coding

m  Coding Process
— Calculate augends from MMM to LLL
— At least how many bits required to specify Augend?

= When Mis a-times, L is b-times, Augend
W=P(M)3P(L)"

@ ]
W<0.25

W=>0.25

W=>0.5 W<0.5

Oubit X 1bit  Q2bit  x 2bit
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BB DRE(2)

B U R WORSEIZETSE VMK
B=-log,W +1
=T R wWiE
W =P(M)*P(L)"
THEIMD
B =-log,(P(M)*P(L)")+1
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Principle of Arithmetic Coding(2)

B Bit number required for coding of Augend W
B=-log,W +1
®  Augend W is represented as
W =P(M)?P(L)"
Thus bit number is given by

B =-log,(P(M)*P(L)*)+1
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EMFEDORES)

B (a+h)EDIURILIZHTIHER
B=-log,W +1
=-log,(P(M)*P(L)*)+1
=—log, P(M)* —log, P(L)* +1
=-alog, P(M)—-blog, P(L) +1

- (a+b)(—ilog2 P(M)-—2log, P(L)j+l
a+b a+b
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Principle of Arithmetic Coding(3)

®  Code length for (a+b) symbols
B=-log,W +1
=-log,(P(M)*P(L)*)+1
=—log, P(M)* —log, P(L)* +1
=-alog, P(M)—-blog, P(L) +1

- (a+b)(—ilog2 P(M)-—2log, P(L)j+l
a+b a+b
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RS DRE)

n JURILOES N=at+b AERKICANIELLTARYIID
. a . b
fim g =PO) i =P(L)

B COLEENEDOLURLISHTEHERIEFTUMIE—H ZANT
LTO&3IZEH

a b
B= (a+b)[—ﬁlog2 P(M)—mlog2 P(L))+l

=N(-P(M)log, P(M)-P(L)log, P(L))+1
=NH +1
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Principle of Arithmetic Coding(4)

B The next relation holds when symbol number N=a+b
becomes infinity

. a . b
leﬁ: P(M) Lmﬁz P(L)
®  Code length for N symbols can be written by entropy H
a b
B =(a+b) ———Ilog, P(M)———Ilog, P(L) |+1
a+b a+b

=N(=P(M)log, P(M)-P(L)log, P(L))+1
=NH +1
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EMFSDRE()

1V URLBEYOFEHFER b I
b _B_ H +i
N N

THHMNDN AERKISEDHIE, UN (X0 [TEDE, FH9FS
blFTorOE— H IZH#HET S

limb=H + lim i
N—ow N-o N
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Principle of Arithmetic Coding(5)

®  Average code length b per 1 symbol is given by

b=E=H+i
N N

so that, when N approaches to infinity, 1/N approaches to
0, and average code length b approaches to entropy H

limb=H + lim i
N—ow N—o N
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