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

Hiroshi Watanabe
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Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding

TILFAT 4T EIEL AT L / Multimedia Distribution System




HIJ/\R

BB EREEFEBORON-IDrILA2ZEAT ALY, B¥ED
BB O Y TILETENIET BFE
FAWBI4ILAZ S TNV R4 )LAEIES
SINVRHEAZEREEIE. EFIETEHEICEY . ERFEILES
=75

Fr R AATA Y —(BEFILRE) A —T 1A A4 T —(F—
TAARRERESS) . A—T4AFHILLGEIZILASINS
FIZFIRZ4ILEAMNALGNS

TILFAT 4T EIEL AT L / Multimedia Distribution System




Subban

Processing samples having specified frequency range
by applying limited bandwidth filter
Filter is called “Subband Filter”

It equals to transform coding by applying decimation
and guantization to subband outputs

Application: Channel equalizer (Transmission
equalizer), Audio equalizer, Audio coding

In most cases, FIR filter
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Subband Filter

The simplest subband is two-band

Consists of Low pass FIR filter Hy(z) and High pass FIR
filter H,(2)

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

subband
output

—P—
—P—

—{

0 L subband
output

Filter’s frequency response
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m 2:157HY2T)L

x(n)

1 Hy(2)
ULl > LB

»

1 2:1 sub-sample
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Subband Filter(2)

B 2:1Subsample

x(n)
|‘|||‘|‘I||H , n input signal

1 Ho(2)
LLLC el Fiering

1 2:1 sub-sample

subsampled
subband output
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B N\—DJNURT4ILE HEZ) DEE
H(z)=H(z ™"
H(z)+H(-z7) =1

mFREEE

— FEIREHFFIE p/2 THRFF
— WREITAILIFIEEMBE T 5E1T4HS

HEe'”)+H(-e'*)=H(e*)+H('"")=1

s Ho(@) H,(2)
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Halfband Filter

m  Definition of halfband filter H(z)
H(z)=H(z")
H(z)+H(-z7) =1

B Frequency response
— Symmetric at p/2 0 |
— Sum of two filters response equals to 1

HEe'”)+H(-e'*)=H(e*)+H('"")=1
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IN—DINVET1ILA(2)

ANILAGEDHEE

h(n) +(=1)"h(n) = 5(n)
h(n):{uz (n = 0)

0 (n=even,n=0)
H(2)= 002" = +h(-D2 +hO)2 +h()z -

H(z?) = Y h(M)z" = +h(=1)z? +h(0)2° +h(L)z" +---

H(-z?%) = ih(n)(—z)” —...h(=2)2 2 —h(=1)z* + h(0)z°

~h()Z* +h(2)z%---
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Halfband Filter(2

Characteristic of impulse response

h(n) +(=1)"h(n) = 5(n)
h(n):{uz (n = 0)

0 (n=even,n=0)
H(2)= 002" = +h(-D2 +hO)2 +h()z -

H(z?) = Y h(M)z" = +h(=1)z? +h(0)2° +h(L)z" +---

H(-z?%) = ih(n)(—z)” —...h(=2)2 2 —h(=1)z* + h(0)z°
—h(®)z' +h(2)2?---
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S—I4IADEE

H,(z) = Hy(-2)
H,(e/”)=H, (@)
h,(n) =(-1)"hy(n)

s Ho(@) H,(2)
1

BRI
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Mirror Filter

B Definition of mirror filter
H,(z) =H,(-2)
H,(e'”) = H, (")
h,(n) = (=1)"hy(n)

B Frequency response

— Symmetric at p/2
— Sum of two filters response
does not equals to 1
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o [
ANES L he

DHI4IL3 BRI1ILE
B EEBEEROFEH
H,(-2)F(z) + H,(-2)F(2) =0
Ho(z) Fo(z) + Hl(z) F1(Z) =277
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Anal

B Analysis filters and Synthesis filters

o [
e I

Analysis filter Synthesis filter

B Condition for Perfect Reconstruction
Ho(-2)F(2) + Hy(-2)F(2) =0
Ho(z) Fo(z) + Hl(z) F1(Z) =277
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B OMF (Quadrature Mirror Filter)
— STEBERTIEGOERMET LS
— FERBSEERFEICEND
H(2) =H,(-2)
F(2)=H.(-2) F(2)=-H,(-2)
B CQF (Conjugate Quadrature Filter)

— STEHERDOIFERGLEIT ILF(BHRFZEODHalfband
Filter)

H,(z) =27 PHy(-27")
Fo(z) = Hl(_z) Fl(z) — Ho(_z)
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2-band filter

B OMF (Quadrature Mirror Filter)
— Linear phase filter, but not Perfect Reconstruction
— Better band splitting

H,(2) = Hy(-2)

F () =Hy(-2) F.(2)=—Hy(=2)
B CQF (Conjugate Quadrature Filter)

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

H,(z) =27 PHy(-27")
Fo(z) = Hl(_z) Fl(z) — Ho(_z)
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27\

— = -

F24IL3(2)

B SSKF (Symmetric Short Kernel Filter)
— ERUMBADOEERT ILE

F(z)=-H,(-2)
B SSKF(5,3) 743D ZRE DA

n FR#iE
0,4 | -0.125
Hy(2) 1,3 0.25

2 0.75
0,2 0.5

1 -1.0

H,(2)
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B SSKF (Symmetric Short Kernel Filter)
— Linear phase filter, not orthogonal

Fo(z) =H,(=2)
F(2) =-Hy(-2)

B Example of SSKF(5,3) filter

n Coeff.
0,4 -0.125
Ho(z) 1,3 0.25

2 0.75
0,2 0.5

1 -1.0

H,(2)
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X(Z) 0 0
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PHTI1ILE BRTI1ILE
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N-ban

B Structure of N-band filterbank

X(Z) 0 0
v L e-@--0—m

Analysis filter Synthesis filter
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NV ET4ILE(2)

m BTN E IR E(8band)

AASE |

1
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N-band filter(2)

B Ideal frequency response of filterbank (8-band)

Power 4

1

Frequency
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N/AVET4ILZ(3)

B ANVEDZEDYINUEE T

x(n)
|‘|||‘|‘I||H

| H@zEERE A

ULl 24 L5

> N

1 4:1 sub-sample

HIJH 27 )L %

RN REEE B L - A -
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N-band filter(3)

B Subband output at 4-band

()
|‘|||‘|‘I||H ninp“tSigna|
>

l Sequential convolution of Hy(z)

L, fiering

l 4:1 sub-sample

R | subsampled
Lo EI B I subband
. N output
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N/ R T4 IL4(4)

B 45DCTDBENERE

x(n)
|‘|||‘|M||“ ANES

» N

1 EREEZD,()ETS.
AR EICFEEDTE R

P b asecTER

| bEascEicHE

| DIARER
. I n
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N-ban

m Coefficient of 4-point DCT
x(n)
nn

| ‘ | 1] input signal

» N

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

P ] ], a-pointocT

l Apply D,(z) at every 4 samples

I I o I DCT Coefficients
1 l l 1 n

TILFAT 4T EIEL AT L / Multimedia Distribution System




BREYMEF1E

IohOE—RS1E

TILFAT 4T EIEL AT L / Multimedia Distribution System




Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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r—JLwhk

Dx—JLybkElE, BRIAIVADERBBEGELERBEBEEZE
IEENF=T4ILEEZRHT, E52RHITHF %
DFT(BEEL D —') T ) T RFHBDESZFEHEL, 5L\ ERHR
BEIZKVYIESZDTLEOETHFE

SINURERHIE, —EDRRERBEBES LUV —EDRBREES
EEDOI4IEEERANT, E82RI|IHFE

A

~— . |[O
Mt A

J—) T &4 Jx—JLyh
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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

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
A

=N AN
TR

Fourier Transform Wavelet Transform
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Jx—2JLvyk(2)

B EGEROYT—TJLYMEE
— dilation: AT —)LEZEZH/\TA—3 a [ZLBiEE
— translation: 7k NSA—3 b [Z&BBE

B Or—JLyrDIT—IEH

X . (@) =vaX (am) exp(- jwb)
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B Continuous Wavelet signal
— dilation: operation by scaling parameter a
— translation: operation by shift parameter b

B Fourier transform of Wavelet

X . (@) =vaX (am) exp(- jwb)
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X (@) = j_“; X(t) exp(— jeot)dt

B ESOHK-HE/NMNIXITEHIT—)ITEH

f ] eXp(—jwt)dt=ro X(s) exp(— jwas)ads

~a j“; X(s) exp(= j(wa)s)ds
=aX (aw)
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Review

B Fourier Transform

X (@) = j_“; X(t) exp(— jeot)dt

B Fourier Transform for expanded (shrunk) signal

f ] eXp(—jwt)dt=ro X(s) exp(— jwas)ads

~a j“; X(s) exp(= j(wa)s)ds
=aX (aw)
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B8 (2)

B EENSIMINTEI—YITEH

j: X(t—b)exp(—jot)dt = j " X(s)exp(~ jeo(s +b))ds

= [ x(s)exp(~ jeos) exp(- jeob)ds

= exp(— jb) f; X(s) exp(— jas)ds
= exp(—Jwb) X (o)

s=t-b
ds = dt
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Review(2)

B Fourier Transform for shifted signal

[~ x(t-b)exp(-jet)dt= [ x(s)exp(~jeo(s+b))ds

= [ x(s)exp(~ jeos) exp( jeob)ds

= exp(- jah) [ x(s)exp(- jes)ds
= exp(— Jab) X (@)

s=t-b
ds =dt
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JT—TLYk(3)

B dilation[TXBIEFRIENDZEIL

t

Xa (t) — % X(g
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B Signal variation by dilation

-5l

B
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Jx—2JLvyk(4)

B dilation[ZT&BAAXRIKILDZEIE

X, (0) =VaX(aw)

A

X34 () =+ 2aX (2a0)
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Wavelet(4)

B Spectrum variation by dilation

X, (@) =JaX (am)

A

X4 (@) =+/2aX (2a0)
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Hrx—JLyhZE R

B Translation N\SA—42ZFAVTERXREEZ{ER
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BRI T—J Lk

dilation & translation M/\SA—42%BEEE

RER T —J Ly E R

X, (1)=2 2x(27"t—n)

X(t) Z - rTi8 4 +_HH 2 === Z L

ZIERERIELIZEZ () Z8ZET5HE.Hy(2), Hi(z2) DA
NWAL
1

INLREEhy(n), hy(n) 2L TRAMRKYILD

HO =22 h A=) o) =2 h( 2t
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Discretized dilation and translation parameters

Basis function of discrete wavelet

#(t) = 22 n(MP@-N)  pt) =2 h ()2t —n)
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IN—)LZEHA

B SHEHEGUI—TJLyb
B EiET/LA Hy(2), B&ET70/L3 Hy(2)

s f(t + f(2t (2t
T 0 O

0 otherwise

(1) = ¢(2t) + p(2t +1)
o(t) = p(2t) —$(2t +1)
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Harr Transform

B The simplest wavelet
B LPF: Hy(z), HPF: H.(2)

s f(t + f(2t (2t
T - O

0 otherwise

(1) = ¢(2t) + p(2t +1)
o(t) = p(2t) —$(2t +1)
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0
0
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0
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IN— )L 2%

B 8x8 N\—ILEHDEENTFIL

"
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Harr Transform Basis

B 8x8 Harr transform basis

"
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B AN\RTLILBINDDFERR
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B 4-band (diadic) filterbank structure

Ho(2) ‘B
H,(2) ‘B

Ho(2) ‘B
H,(2) ‘B LH

-~
-
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OB —T 4

B A U3—THENDTILRZIN D FEREEFE (4band)

INT— ¢

1

/8 /4
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Octave Spli

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

Power %

1

/8 /4 /2
Frequency
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Hrx—JLyhZEHR

B DWTEDCTDRIERE KR A7 (1/64)

TILFAT 4T EIEL AT L / Multimedia Distribution System




mage(2)

B The lowest frequency component of DWT and DCT
(1/64)
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Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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=1

EFIED®RE

— REMOEIBICKEHT—REHE

— EFEE =FIEITDIILICKYVELHGRE
=FEDIEZE

— RANT—=FIlk.NIMLEFIE

— REEF. FEEEEFIE
=FEDxEE

— Max=F1t3s
EZFEIEIZBITHEFE

— JPEG, H.261, MPEG-1, MPEG-2
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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
Optimization of Quantization

— Max Quantizer

Quantizer used at Image Coding

— JPEG, H.261, MPEG-1, MPEG-2
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B EEEILANILE

¥i(3) i

Q(Xi) =Y, (k)
(The <X <Th,,)

¥i(2)

yi(1)

> )\jjﬂE X;

0 Th, Th, Th, Th,
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B Discrete Level

Quantized Yalue Q(x;)

¥i(3)

4
4

Q(Xi) =Y, (k)
(The <X <Th,,)

¥i(2)

yi(1)

0 Th, Th, Th, Th,

TILFAT 4T EIEL AT L / Multimedia Distribution System




=11tE

B XHSDBEENEFILELERMRE(LP /)LL)
d(x,y)=[x-y|,

/
b=y, =(x-y )"
B RNJMNLDBENDEFIEEE/ILL

dXY=X—YIO

Y
IX= Y], = (% = v+ o =y oo =y
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Quantization Distortion

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

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

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

1
R o L N L ML
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m KRG /ILLA

I, = (%" ol + 4 )P (o p21)

X, =Pl e+ x|

2 2 2 V2 .
||V|| — x| +|x| +---+|x| Fuclidean norm
2 1 2 n

], =maxix;
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B Typical Norms

I, = (%" ol + 4 )P (o p21)

X, =Pl e+ x|

2 2 2 V2 .
||V|| — x| +|x| +---+|x| Fuclidean norm
2 1 2 n

], =maxix;
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ANZ=FIEENTMIL=EF1E

B XHOWS=F1

- NEDRERZFEIODANEET (NRITAIRL)X [T LT, NED
EFLEFZERELTHEOHANESE. BADERDE=F1E
EER=ED

X:[Xl X, oo XN]t
Q,(X)=[Q,(x) Q%) - Q(x)]
Q.06) = (yi(k) [k =argmin d(x, y, (1)) (§=12....1)

d(x y) =[x-y],
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Scalar and Vector Quantization

Scalar Quantization

— For input signals (N-dimensional vector) having N
elements, output signals have N elements which are
quantized individually

X:[Xl Xy o XN]t

Q,(X)=[Q,(x) Q%) - Q(x)]
Q.06)=(yi(k) [k =argmin d(x,, Y, () (=120 )

d(x y) =[x-y],
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ZAHSEFILEATFLEFIE(R)

L n = v e -

B RNJKILEFIE

- NEDERZFEIODANES (NRITAIRL)X IZXHLT., #EEL
FRERIRLEG@—FT YY) Y6) (=1,.. MDOHFIM5ExELEE
BEDEWNWEDEEUHT

X:[Xl Xy oo XN]t

QX)) =y (k) v, (k) - yy(K)]

Q,(X)=(Y(W[k=argmind(X,Y(D)) (i=12,...,M)

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

X:[Xl Xp oo XN]t
Q X) =[yi(k) y,(kK) - Yy (k)]
Q (X)=(Y(RIk=argmind(X,Y(@)) (i=12,...,M)

Y(@)=[y,() v,() - y @]
d(X, Y(i) =[X-=Y()| p
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B RIMNLEFIEOEZH

AARYRIL A2TOR K
NIMILEF1bes <

YO =[y,(i)) y,() - y @]
(i=12,---,M)
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Scalar and Vector
Quantization(3)

B Block Diagram of Vector Quantization

N-dimensional Codevector
Input Vector Index k

Vector Quantization >

Codebook

YO =[y,(i)) y,() - y @]
(1=12,---,M)
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B 2RFTANDANZE=FILENTMLEFIE

ART—5H

EFIE % 4 RO LEFEIE
/ k& ANBIRS TS
EEIZHT)

ANhZ=F1k ~NJMIVEFIE
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Scalar and Vector
Quantization(4)

B Scalar and Vector Quantization for 2-D input

Input data  Quantized x, ,

X A .
yame Vector Quantization

is effective for biased
inputs

Scalar Quantization Vector Quantization
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NI ILEFIE

JO—RIYIDER... LBGF7IILTYX L (Linde, Buzo, Gray)
MEAO—KR TV C={Y, ()} (i=1,2,...,N)
fN—=2T0 K& TE NEDOESE Ry(i) T3 (FRAEERER)

R,(i) ={X eT:d(X, YD) <d(X,Y,(j)); for j=i}
TURAARRIRILDEE

Y. (1) = E[X| X e Ry(1)]
ERTOBREN—TELUTICGELHET, COLREDREYIRL
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B Codebook Generation ... LBG Algorithm (Linde, Buzo,
Gray)
— Initial codebook C,={Y,(i)} (i=1,2,...,N)
— Divide training set T to N sets Ry(i) (Nearest Neighbor
Search)

R, (i) ={X e T:d (X, Y,(i)) <d (X, Y,({); for j =i}

Calculation of Centroid Vector
Y, (1) = E[X[ X e Ry(I)]

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

B Shape-Gain NJhIL=FiE

‘ Shape Codebook Y(i):i1=1...N

:

>| Max ( XtY(i)) l » Shape Index: |

4| Min (g@()-Xt Y(1) )2 —> Gain Index: J

i

‘ Gain Codebook (¢(j):j=1...M
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on(2)

B Shape-Gain Vector Quantization

‘ Shape Codebook Y(i):i=1...N

:

>| Max ( XtY(i)) l » Shape Index: |

4| Min (g@()-Xt Y(1) )2 —> Gain Index: J

i

‘ Gain Codebook (¢(j):j=1...M
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iz EF1k

EFEHERE d A—TF (—REFILELTS)

= e _
E¥ﬂ:‘ﬂ_ Q(X;)

yi(3) _'_"

i Q(Xi):yi(k)
Yi(2) B (T+(k-1)d <x <T +kd)

yi(1)

d | d

> | g
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Linear Quantization

B Quantization Step dis constant (uniform quantization)

ized Val '
Quantize Nt Q(x;)

yi(3) _'_"
B Q(x )=y, (k)

Yi(2) ] B (T+(k-1)d<x <T+kd)

yi(1)

d | d

> | g

T T+d T+2d T+3d
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B Mid-riser and Mid-tread Type

Output
A

>
Input

/ e
4 e
4 4
4 4
1
4 4
4 4
4 4
4 4
4 /7
4 e
4

Mid-riser Type Mid-tread Type
(emphasize around zero) (suppress around zero)
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=F1E{E Q(x)
Yi(3)
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B Quantization Step in non-uniform

Quantized Value Q(X;)
4
yi(3)

0 Th, Th, Th,
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SEfRZ=F1E(2)

B E50EMEEFIERATYTDREE

— ANEEOHIBERIZEHLES

— BW—AEFITEXR, FHHLEEFLREZRRTESD
B DPCMOISIZOMAEDEEDHIRERNATILVGE

— OfhEMANEIFHIBEENSLO THNEFIE

— REGANEIE. HIRBEMNMEL DO THIEFIE
B ANEESOHBEERLIEFIERTYTDER

— FEHMLGEFIERED=EL (Fx/IME) A AT EE
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Relation of signal characteristics and gquantization 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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Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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EE &S (Fixed Length Code: FLC)

— YURILABC,. . ZR\ITHANAMFTUFEFITRTRILES
— YURILAB,C,. DEREERNFLIMGEICHM

— BA2ERE. Gray Code

AIZ K5 (Variable Length Code: VLC)

K 3

NAF)FEORSMNIUARILAB,C,.. . CEIZRL LS
DUMRILAB,C,. DERERNELDGESICED
NIIUFE . BfifFS

AERMAEILETOIEE. TVMAE—FE1E (Entropy
Coding) EMESZ ELH S
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Fixed Length Code and Variable
Length Code (1)

Fixed Length Code: FLC
— Equal length binary code for Symbol A,B,C,...
— Effective when occurrence probability for A,B,C,... iIs same

— Natural binary code, Gray Code

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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0.4 000 0]

0.2 001 100
0.15 010 101
0.1 011 110
0.05 100 11100
0.04 101 11101
0.03 110 11110
0.03 111 11111

A
B
C
D
=
F
€
H

I ohAOE— = Ewvk Evk/ 2RIV Evk/oRIL

TILFAT 4T EIEL AT L / Multimedia Distribution System




Fixed Length Code and Variable
Length Code(2)

Symbol  Probability Huffman Code

0.4 0]

0.2 100
0.15 101
0.1 110
0.05 11100
0.04 11101
0.03 11110
0.03 11111

Entropy = ' bit/symbol bit/symbol
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B Non-block Code
B Block Code
— Singular Code
— Non-singular Code
e Uniquely undecodable Code

e Uniquely Decodable Code
— Non-instant decodable code
— Instant decodable code (Huffman Code)
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Structure

Make branch to each symbol and assign probability
Combine two branches giving least two probability
and assign “07“1”

ODbtain probability of unified branch, and regarded
as one branch

Again, search branches giving least two probabilities
Repeat this procedure until branches unified to one
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B /\DJDIURFESDERG
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— BEEZE#ELF(0.4)ET 5 A
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B
C
D
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Huffman Code(2)

B Example of constructing Huffman code
— Unify C and D, make E(0.15)
— Unify B and E, make F(0.4)
— Unify F and A, make G(1.0)

Symbol
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INDRFEHDI,

BEEFEIIZBITANIIUGE

2EEBRFAFIICBITEIULUT AFEIL
H.261IZE T HDCTRED2RTVLC
FEANIKILDVLC

Coded Block Pattern®VLC
Macroblock type®VLC
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Huffman Code at Image Coding
Run-length coding at binary image coding
2-D VLC of DCT coefficient at H.261
VLC for motion vectors
VLC for Coded Block Pattern

VLC for Macroblock type
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2EEETIE. BEEREEEZRDERT OIRIZURILEALL
CINTRUOFBAEEITD

HERZ0, 2EZRZ1ETHE. EfiT 20ND{EZ (Zero Run
Length), E#t 3 51DEHIZHIL T/N\ITIUFEZKET

0000110000011 100
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Run-length Codin

B

B Successive length of white and black pixels are
regarded as symbol and Huffman coding is applied at
binary image coding

B White pixel “0”, black pixel “1”, Huffman code is

designed to successive number of “0” (Zero Run
Length) and “1”

0000110000011 100

|€ 4 D|€22]€ 5 S|€ 3]
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2 EF XM [0,1] 125152

FERBE—EITRETH-HDD. REREEVYRIMNRES

REREI—FIT—RZHATS
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Bound sequence of binary source symbol (“07,“17) in
arbitrary length

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

Project binary number to section [0,1]

Bit number is counted to determine the section
Output codeword to specify the section
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Arithmeti

B Elias Code
— Principle of Arithmetic Coding
— There exists problem for practical use
e Insufficient operation accuracy
e Unable to decode In realtime

B |R (Langdon-Rissanen) Type Arithmetic Coding
— Starting point for practical application
e Remedy for operational accuracy
e Decodable in realtime
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ViU (LPS) D4 SRR LIS . — 75 1110
LHHELR[0,1]DZEHZE Y /@ 1Y

MPS: More probable symbol 2/3
LPS: Less probable symbol ML
P(M)=2/3, P(L)=1/30)1§|J «— 4/8 .100
3fE&EH T D RILRS I
(X, " MMM “LLL"E T81&
FHOMERRM (A —2z2R) I «— /4 01

LL 26/27

«— 5/8 .1010

E#[0,1]1D 59 E|

TILFAT 4T EIEL AT L / Multimedia Distribution System




Elias Code

Coding Process

l—

Multistage division of LL 26727 " e 15116 1111
number line [0,1] by the — 7/8 1110
ratio of occurrence LM22’27
probability
MPS: More probable symbol «— 5/8 .1010
LPS: Less probable symbol ML

Example of P(M)=2/3, R

P(L)=1/3

Three successive symbol

corresponds to the [

probability section

(Augend) from “MMM” to

“LLL” &
Division of Number Line [0,1]

— B/& 14iY

<«— 3/8 .011
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B EfiFS{knorX
— JURILRFI“MMM” (X XEI[0, 8/27]IZ%
“U"HAMPSTHNIL, oRILRFIE “1117
“O"HAMPSTHNIL, > oRILRFIIE “000”

DA —TIURERITT HmLEL2:EST0.01

INIELUTD2EYRNTA—D T REIRETES
BA = VRIZRLT, — B ES AR TS Z AR VERL
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Process of Arithmetic Coding

— Symbols “MMM” corresponds to the section [O,
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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Eliash %

DEISN=-BF - b EFER

Symbols

Augend

-Log,(A)

Code Length (bit)

LLL

1/27

4.75

LLM

2/27

3.75

LML

2/27

3.75

LMM

4/27

2.75

MLL

2/27

3.75

MLM

4/27

2.75

MML

4/27

2.75

MMM

8/27

1.75

NW(W|AhIW |~ O
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B Divided Augend and Code Length

Symbols

Augend

-Log,(A)

Code Length (bit)

LLL

1/27

4.75

LLM

2/27

3.75

LML

2/27

3.75

LMM

4/27

2.75

MLL

2/27

3.75

MLM

4/27

2.75

MML

4/27

2.75

MMM

8/27

1.75
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CROGES:

w 1

FEIiEO7AaEX
— MMMMBLLLLETODA— U REETE
— AT RERBILHDIZHKEMEVYEHLEN?

e F—TxF WIX MAYa[E], LAbETHNIL,
W=P(M)aP(L)P

1 bit
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Principle of Arithmeti

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

e When M is a-times, L is b-times, Augend
W=P(M)aP (L)
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B F—1Uk WORSIEICETHE VMK

B=-log,W +1

B A—S1UR Wi
W =P(M)?P(L)"

THHdH DL

B=—log,(P(M)*P(L)")+1
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Principle of Arithmeti

B Bit number required for coding of Augend W

B =—log,W +1

B 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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w 1

B ath)EDIURILICHTBHE
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 \
— (a+b)L——Iogz P(M)-———Ilog, P(L)J+1
a+b a+b
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Principle of Arithmeti

B 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)-Dblog, P(L)+1

[/ a b \
— (a+b)L——Iogz P(M)-———Ilog, P(L)J+1
a+b a+b
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HiNEEDRE(4

w 1 1 o L4 vy YV e v —\ _I

S URIILDEE N=a+b NERXIZENIELLTAKYILD

. a . b
lim—=P(M) ILlirgoﬁ:P(L)

N—owo

—DEENEDLURIVICHTAFERITIVMAE—H ZAWLNT
LTDOEOZEITS

B — (a+b){—ilogz P(M)——2log, 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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Principle of Arithmeti

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

B Code length for N symbols can be written by entropy H

a b

= N(-P(M)log, P(M)—-P(L)log, P(L))+1
= NH +1
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SURILHTI-YDERFEE b IX

bzfi:H4~£
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THADD N MNERKITEDIFIE, UN [F0 [SHEDE, FHFHE
blZTorOE— H IZEHET S
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Principle of Arithmeti

B 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
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