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A/D Conversion

Analog Signal to Digital Signal

Pre-filtering: Cut High Frequency Component
Sampling: Discrete in Time Domain
Quantization: Convert Value to Finite Digits

Analog Digital

Signal e Quanti Signal
F"tering Sampllng
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Processing Diagram

Input Signal Output Signal

Bl
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PCM

B PAMT—4AD1=—IFEDEYHT

PCM

B Unique Code Assignment to PAM Data

Digitized, Quantized Signal Restored Signal Digitized, Quantized Signal Restored Signal
(== Digitized Samples = Input Signal — Restored Signal — Input Signal (== Digitized Samples = Input Signal — Restored Signal — Input Signal
8 58 8 58
7 27 7 27
S 6 I 36 S s 36
T35 — il S5 T35 T il S5
N> = N> =
P | ] 7 ge 234 = 7 £4
EREN | | i | g3 EREN | | i | g3
Y | LEENsIN  :: Y | LEENsIN  ::
0 B 3o 0 B 3o
12 3 456 7 8 91011 12 3 4 5 6 7 8 9 10 11 123 4567 8 91011 1 2 3 4 5 6 7 8 9 10 11
Time Time Time Time
= == =02 .
BEL-EFLES BXEES Digitized and quantized signal Restored signal
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S e S e R .
2 E10E R Binary and Decimal Numbers
 2ERRR

B, 2"+b, 2" -4, 21 + b 2°
+b, 27 4k 27"

) 0
o]
10 1

10110 =2 +22+2'=16+4+2=22

byb, ,+-bib, .bb b

a2

n

B Binary Representation

B, 2"+b, 2" 44, 21 + b 2°
+b, 27t 4 kb 27"

) 0
b=
10 1

byb, 1 by, .bb b

a2

®  Example

10110 =2 +22+2'=16+4+2=22
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S Al 3 .
2ERF Binary Code
B LALEEE YR m Level and Bit Numbers
Level# Bit Code Level#s Bit Code
2 1 0,1 2 1 0,1
4 2 00, 01, 10, 11 4 2 00, 01, 10, 11
8 3 000, 001, 010, 011, 100, 101, 110, 111 8 3 000, 001, 010, 011, 100, 101,
110, 111
2n n 00..0, ...
2n n 00...0, ...
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= [==] sMs .
PCMFFEDE|YHT Assignment of PCM Code
m  Level Codeword Quantized Signal m  Level Codeword Quantized Signal
0 000 0 000
1 001 _s 1 001 _8
2 010 3. 2 010 3.
3 011 g3 3 011 g5
4 100 gs M 4 100 gs H
€2 €2
5 101 g1 *4HL TT‘L 5 101 RS *4HL TT‘L
oo oo
6 110 123 45 6 7 8 91011 6 110 123 45 6 7 8 91011
7 111 Time 7 111 Time
B 1 2 3 4 5 6 7 8 9 10 11 Time: 1 2 3 4 5 6 7 8 9 10 11
LR 7 7 6 5 3 3 4 4 1 3] 7 Level: 7 7 6 5) 3] 3 4 4 1 3 7
#%S: 111111 110 101 011 011 100 100 001 011 111 / 33 bit Code: 111 111 110 101 011 011 100 100 001 011 111 / 33 bit
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- = ey . . .
ERWGT—3ERE - 8FELALE0 Basic Data Compression —
Rl Reducing Number of Quantization Levels
m  Level Codeword Compression by Reducing Q-Levels m level Codeword Compression by Reducing Q-Levels
] 00 [== Digitized Samples —— Input signal | 0 00 [== Digitized Samples —— Input signal |
1 01 _a 1 o1 _a
3 3
2 10 2, ’ 2 10 R ,
3 11 s, I = I 3 11 g, I ™~ I
g g
21 21
5, I Ll I 5, I Ll I
1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11
Time Time
BEZ: 1 2 3 4 5 6 7 8 9 10 11 Time: 1 2 3 4 5 6 7 8 9 10 11
LRJL: 3 3 3 2 1 1 2 1 0 1 3] Level: 3 3 3 2 1 1 2 1 [0] 1 3
&S: 11 11 11 10 01 01 10 10 00 10 11/ 22bit Code: 11 11 11 10 01 01 10 10 00 10 11/ 22bit
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Fom o - _— Basic Data Compression —
BERNGT —2EHE — BXE808IR _
Reducing Number of Samples
m  Level Codeword Compresson by Reducing Sampling m level Codeword Compresson by Reducing Sampling
0 000 Frequency 0 000 Frequency
1 001 B Digitized Samples —— Input Signal 1 001 B Digitized Samples —— Input Signal
2 010 8 2 010 ?
< <
3 o011 I 3 o011 S ¢
S22 g£23
4 100 £ 4 100 £
5 101 s i 5 101 A
0 0
6 110 1 2 3 4 5 6 6 110 1 2 3 4 5 6
7 111 Time 7 111 Time
BEZ: 1 2 3 4 5 6 Time: 1 2 3 4 5 6
LR 7 6 3 4 1 7 Level: 7 6 3 4 1 7
#%: 111110 011 100 001 111 / 18 bit Code: 111 110 011 100 001 111 /18 bit
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Bl  7roJES

Tmt

2.12
1.80
1.30
1.00 15
-0.50

Analog signal

0.42 -0.5 2 3 4 \5/6 7 8\9/0 11
-0.02 1

-1.17 15
-0.08

Time

0
1
2
3
4 Y
5 -0.12 E
6 >
7
8
9
1

o

1.84
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Quantitative Analysis

Time Analogue signal Value
2.12
1.80 Analog signal
1.30 25
1.00 2
-0.50 N
-0.12 £ os
B

0.42 0
-0.02 -0.5 2 3 4 \5/5 7 3\9/{0 11

-1.17
-0.08 Time
1.84

POO~NOOODWNEREO

o
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EERRET (2)

. EFERTYT dOEH

N V:ANBEDBALE
d= %_ L:BFELAILE

L=2" n:FEOEVrE

V=2.2,n=4 DEZE L=16 THEINS
d =0.275
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Quantitative Analysis (2)

B Calculation of Quantization step d

q 2\7 V:Maximum value of input
- /L

L:number of quantization levels

L=2" N : number of bits for code

B Example
When V=2.2, n=4, L equals to 16, thus,
d =0.275

{855 / Signal Theory 22

EERIEEHT (3)
" BFLREEN: O

a2 di2

kd (k+1)d

oi =3 [wex=3{ 30 ]
dJ-d/2 dl 3

d/

2
e

-d
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Quantitative Analysis (3)

B Quantization Error Power: O's

a2 di2

kd (k+1)d

o =3 [wex=3{ 30|
dJ-d/2 dl 3

d/

2
e

-d

{855 / Signal Theory 24

{E 215 / Signal Theory




EERIT (4)

B BFEICKBESNRGEEXESL)

SNR(dB)=20log,, Z* =10log,, <%
O,

q [op

MRS

o

" ANESOHH: O (ERLETIERARE)

O'f =4V?

{521k / Signal Theory 25

Quantitative Analysis (4)

B SNR (Signal to Noise Ratio) caused by Quantization

SNR(dB)=20log,, Z* =10log,, Z*
O,

q [op

MRS

o

. A 2
B Variance of Input signal: O, (maximum value for image
processing)

ol=4v?
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E=Z=MIFEMN (5)

B nEVREFEEOSNROEH
4V
SNR(dB):lOIowa

_ar

av?/1212

=10log,, 121°

=10(log,, 3+2log,, 2)+20log,, 2" log,, 2=0.301
=10.79+6.02n log,, 3=0.477

1bit 6B AR

=10log,
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Quantitative Analysis (5)

B Calculation of SNR at n bit quantization

avr

d?/12

—10l0q.. _V?

= 4ViVYy W

=10log,, 12L*

=10(log,, 3+2log,, 2)+20log,, 2" 109, 2=0.301

=10.79+6.02n log,, 3=0.477
Rule: 1bit 6aB

SNR(dB)=10log,,
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271t

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

{855 / Signal Theory 30
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EFEEE?

n EELANILE

What’s Quantization?

m  Discrete Level

EFILIE Q) Q(x )=x, Quantized Value Q(x;) Q(x)=x
%3 - E) -
Q(Xi):yi(k) Q(Xi):yi(k)

%@ > (Th, <x <Th, ) %2 e (Th, <x <Th, )

¥ k= A k+1 k= A k+1
¥i(1) : ¥i(1)

= ANE X; = Input X;
0 Tt Th, Thy Th, 0 Th, Th, Thy Th,
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EFIEE
B ZASOBEDEFLELEHRE (P /LL)
d(x.y)=[x-y],

1
ey, = (x—yf )

m ANIRNLDISEEDEFILEL/ILL
d(X,Y)=|X —YHp

1/
R PR L A
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Quantization Distortion

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

d0xy)=[x-v],
=yl =(x-y7)”

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

d(X.Y)=[X-Y|

1/
S N Loy VAL I

{855 / Signal Theory 34

JILL

. RRIG/ILL

I, = (0 4+ P (o> p=1)

[y = o]+ el +---+ x|

X, = qxl\z +]xy|” +---+\xn\2)yz ( Euclidean norm)

[].. = maxix|

{855 / Signal Theory 35

Norm

m  Typical Norms

I, = (0 4l + )P (o> p=1)

[, = Pl + g+ -+ [x,|
X, = qxl\z +]xy|” +---+\xn\2)yz ( Euclidean norm)

[].. = maxix|
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ANTEFILENIMLEFIE

n RASEFE
— NEOERZHODANEESNRTAIML)X [ZRLT. NED
EFLEZERLLTHOHENES K. BXDERXRDEFIL
iR =t 1))
Xz[xl Xy ot XN]t
Q(X)=[Q(x) Q%) - Qx)]
Q) =(y(k)Ik =argmind(x,%(j)) (j=12...%)
J

d(x.y)=[x-yf,
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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=[x % - X

QMX)=[(x) Q%) - Qlx)]

Q%) =(yi(ki) Ik =arg mind(x.y, (1) (J=12...%)

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

{8533 / Signal Theory 38

ANSEFILENTIMLEFIE (2)

m AJRLEFE

- NEDOEREFODAHNES (NRIEATML)X ITHLT, KL
FREBATMLEE—FT YY) Y() (=1,.. . M)DHFASRBEE
BEDENHDEEVH Y

X:[Xl L XN]t
Q(X)=[y,(k) y,(k) -+ yy(K)]"
Q(X)=(Y(Ik=argmind(X.Y())) (i=12...M)

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

{855 / Signal Theory 39

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=[X1 X, o XN]l
Q(X)=[yi(k) y,(k) - yy(K)]
Q(X)=(Y®Ik=argmind(X.Y())) (i=12...M)

YO =[y,(i) y,(i) - yu(D)]
d(X,Y(i))=|X —Y(i)Hp

{855 / Signal Theory 40

ANSEFILESNTIMILEFE (3)

. RIMNLEFEOHMER

NZIT aA—RRJMLD
AHARGRL AUTHR k

—_—

xz[xl X oo XN][ |

YA)=[y,(i) yo(i) -y (D]
(i=12,-,M)

s

{855 / Signal Theory a1

Scalar and Vector Quantization
3)
®  Block Diagram of Vector Quantization

N-dimensional Codevector
Input Vector Index k

—_—

xz[xl X oo XN]I |

YA)=[y,(i) yo(i) -y (D]
(i=12,-,M)

s
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ANFEFILENINLEFE (4)

B 2RTANDRANSEFILERINLEFE
%, , ARF—%

o 2EFE % AORLBF I
J 1 /Rr=EA o ANDEATTE
D JEEEEY 3 W LEEY
o ! o,
o L
----------- | °
3 L 3
L 4 %
] o
0 x, 0 %
ZHSEFIE RIMLEFIE
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Scalar and Vector Quantization
(4)

B Scalar and Vector Quantization for 2-D input

X Input data  Quantized .
2 2 Vector Quantization

) lue A < -
o } 73 o is effective for biased

'S Q inputs

L3
< Ky

L] o

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() 5B (REFZFER)

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

— EUPOARERIRLDEE
Y (1) =E[X|X eRy(i)]

— 2RTOREN—FELTITHDIET, COREDHEYERL

{855 / Signal Theory 45

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(1)={X eT :d( X,Y,(i))<d(X,Y,(j)); for j=i}
— Calculation of Centroid Vector
Y, (1)=E[X|X eRy(i)]

— Repeat this procedure until total error will reach to a
certain level

{855 / Signal Theory 46

NIMVEFIE (2)

m  Shape-Gain NJLEFIE
X
__.l_l_l_—> Shape Index: |

—:;— Gain Index: J
{855 / Signal Theory a7

Vector Quantization (2)

B Shape-Gain Vector Quantization

X
f— ——— Shape Index: |

—.| I—. Gain Index: J
{855 / Signal Theory 48
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n TR d A—E(—HREFILELES)

Linear Quantization

B Quantization Step d is constant (uniform quantization)

EFLIE Q(x)

0 T T+d T+2d T+3d

Q(x)=x
Yi(3) frommmmmeee g ——\
{04 =yi(k)
¥i(2) i (T+(k=1)d <x <T +kd)
¥i(1)
d  d d
ARIE x;

Quantized Value Q(x;)

QX ) =%
Yi(B) frommmmmee g ——\
Q0 =y(k)
¥i(2) i (T+(k=1)d <x <T +kd)
¥i(1)

0 T T+d T+2d T+3d

Input x;

0 Th, Th, Th,

{855 / Signal Theory

AHE X,
Th,

53
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BrEEFiE (2) Linear Quantization (2)
B SYRSAYRILEIYRALYRE m  Mid-riser and Mid-tread Type
Output Output
SURSAHE (OEEERTE)  SyRFLyREOEBEME) Mid-riser Type "Mid-tread Type
(emphasize around zero) (suppress around zero)
{855 / Signal Theory 51 {855 / Signal Theory 52
R EFIE Non-linear Quantization
B EFERTYTHNE—# ®  Quantization Step in non-uniform
= FLIE Q(x) QX% )=X; Quantized Value Q(x;) QX )=x;
Ll )
I X )=V (k : X )=V (k
. Qx)=3(k) . Qx)=3(k)
((Th <x <Th,;) ((Th <x <Th,;)
y.(l) i '," ! y.(l) i '," H

0 Th, Th, Th,

{855 / Signal Theory

Input X;
Th,

54
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FHREEFIEE (2)

B EEOHMULEFERTYTORIR

- ANEBOHBREEICEDLED

— H—BEFEITHAR FHMLEFLBRELTERTES
B DPCMO&K3IZOMHEDESOHBERENEES

— OfHEDANEFHREENSL O THMNETFL

— REGAAERT, HRFEEMEVDTHETFE
B ANEBSOHBRRERLETERTYIOMRK

— FHNGEFEREOREL(&/ME)A AT
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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

{8533 / Signal Theory 56

MaxZF1tas

B 55 x OBEREE px) [CEALTER 2R RELR/METIEF
[
m LEWME to,t, ... t, EFILE 5 qy, ..., q, IS T BEREFIE
— Step.1 LEWMEDRE
t=(9.,+¢)/2 (i=12,..,n-1)
==L to ——o tn -

— Step.2 BFLIEDHRE (E)

6= [ xpl x)dx/j:‘“ p(x)dx (i=01....n-1)

{855 / Signal Theory 57

Max Quantizer

Minimize MSE with regard to signal x’s probability p(x)
Design procedure to threshold t,t,, ..., t,and quantized
value qy, qy, ..., g,

— Step.1 Set thresholds

t=(9,+9)/2 (i=12,...,n-1)
where t,=—o0 t =
— Step.2 Obtain quantized values (Centroid)

g =" xp(x)dx/j:‘” p(x)dx (i=04,...,n-1)

{855 / Signal Theory 58

MaxZEFibss (2)

B EFLRECEH2RRE)DHE
n-1 tiy
e’ = [ pO)(x-g,) dx
i=0 "
B RHEETEESZILEVMERFLRE | TRMSLTOLETFE
t=(0,+9,)/2 (i=12,..,n-1)
m BHIC g TRESTHEEFLERELTEALND GREF
I DRI =)

n REETE p(x) NERTSELNMRITIICETT . —RICHIEE
HTRHIVLENELD

{855 / Signal Theory 59

Max Quantizer (2)

Calculation of Quantization Error (MSE)
n-1
2 i1 2
e’ = [ pO)(x-g, ) dx
i=0 "
Optimum threshold is obtained by taking derivatives of t;
t=(0,+9,)/2 (i=12,..,n-1)

Similarly, by taking derivatives of g;, quantized value is given
by centroid (Theoretical background for design procedure)

Cannot solve analytically for general probability density p(x) ,
normally use numerical calculation is employed

{855 / Signal Theory 60
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MaxEFIE% (3)

Max Quantizer (3)

B ANEESOREZE px) N FHO. ST OERS OGS B When input signal’s probability p(x) is Normal
distribution with average zero and variance 1
N=4 | LEWME | L N=8 | L#ELME LA
- N=4 | threshold | level N=8 threshold level
! L G i & 9 - -
o -1.510 0 2152 ! 1 gi i t q;
1 | -0.9816 |-0.4528 1 -1.748 -1.344 g =510 ® 2:052
5 olRiloi=s 2 o || oo 1 | -0.9816 N 1 -1.748 -1.344
3 | 0.9816 | 1.510 3 -0.5006 | -0.2451 > - 2 25050 07560
5 i 7 56 v O-ON (02522 3 -0.5006 | -0.2451
o y !
5 0.5006 | 0.7560 32 s || Fr @ 00 0-235€
5 1.050 1344 e 0.1175 5 0.5006 0.7560
= o ieo 6 1.050 1.344
@ SYouca 7 1.748 2.152
2 0.03454
{8533 / Signal Theory 61 {8533 / Signal Theory 62
=5 - a
JPEG=F1t JPEG Quantization
. —HEFH _ = Uniform Quantization
= EFAVTIR Index
. Ty . ®  No dead-zone
m SYRRLYRE 3 m  Mid-tread 3
2 2
1 1
-3Qs/2 -Qs/2 : -3Qs/2 -Qs/2 1
: Qs/23Q525Q52 o : Qsi23Qs25Qs2  per
=7\ -1 -1 Coefficient
{855 / Signal Theory 63 {855 / Signal Theory 64
=5 . o
H.261=F1t H.261 Quantization
) . Quantized
" _.*%\‘E%{tég EFELRIL L Value
. TYRY—UftE m  Dead-zone
m SYRRLYRE m  Mid-tread
T+5g/2 T+5g/2
T+3g/2 T+3g/2
T+gi2 |- T+g/2 -
«(T+g) T ; «(T+g) T :
: | T T T+ permsg T THg T+29 pep
_____ T-gl2 ----| -T-g/2 Coefficient
{855 / Signal Theory 65 {855 / Signal Theory 66
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H.2618F1t (2)

®  Intra mode (FL—LRFEILE—F)

— DCREETYFY— Ll BFIERTYTELSICERE

®m Inter mode (FL—LMESHELLE—R)

- TYRJ—2 0l T=g
- BEFERTYT ¢g=2q9 (9=1,2,...,31)
— L&EUWME t=ig (i=-127,...,-1,1,..., 127)
— BTFILIE g= (t+t,,)2 (i>0)
(t+t.)2 (i<0)
— IDCTERTYFUNE
= If(q; is even)q=0;-1;

{8533 / Signal Theory 67

H.261 Quantization (2)

Intra mode (Intra-frame coding mode)
— No dead-zone for DC Coefficient, Quantization
Step=8
Inter mode (Inter-frame difference coding mode)
— Example of dead-zone T=g
— Quantization step g=29 (9=1,2,...,31)
Threshold t=ig (i=-127,...,-1,1,..., 127)
— Quantization value g;= (t+t;,,)/2 (i>0)
(ti+t.,)/2 (i<0)
— IDCT mismatch process
= If(q; is even)q=0;-1;

{8533 / Signal Theory 68

H.2618F1t (3)

®  IDCTSRVYFLE

a9 ti (=ig) i
i=1 |i=2 |i=3 i=4 |i=5 |i=1 i=2 i=3 i=4
1 2 2 4 6 8 10 |3 5 7 9
2 4 4 8 12 16 (20 |6-5 10-9 |14 18
—13 —17
3 6 6 12 |18 24 (30 |9 15 21 27
4 8 8 16 |24 32 |40 |12 20 28 36
—11 —19 —27 —35

{855 / Signal Theory 69

H.261 Quantization (3)

IDCT Mismatch Process

a9 ti (=ig) i
i=1 |i=2 |i=3 i=4 |i=5 |i=1 i=2 i=3 i=4
1 2 2 4 6 8 10 |3 5 7 9
2 4 4 8 12 16 (20 |6-5 10-9 |14 18
—13 —17
3 6 6 12 |18 24 (30 |9 15 21 27
4 8 8 16 |24 32 |40 |12 20 28 36
—11 —19 —27 —35
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MPEG-1£F1t

®  Intra mode (FL—LRFEILE—FK)
— DCHERHEETYRY—hL, BFERTYTEESICERE
— ACHRHEIZIPEG LR
- TYRJ—UL, —HKREFILEH
— BFIEINIORER
®  Inter mode (FL—AMERFSILE—FR)
— DCR#. ACREELIZH. 261 LRIk
— TYRJ—UftE—HEFILEE
— BFIETRIRESER

{855 / Signal Theory 71

MPEG-1 Quantization

Intra mode (Intra-frame coding mode)

— DC coeff: no dead-zone, quantization step=8
— AC coeff is the same as JPEG

— No dead-zone, uniform quantizer

— Quantization matrix

Inter mode (Inter-frame difference coding mode)
— DC coeffs and AC coeffs are the same as H.261
— Dead-zone, uniform quantizer

— Quantization matrix

{855 / Signal Theory 72
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MPEG-12F1t (2)

. EFEINIRERAV-EFILNE
— Intra, ACREIDEFIL
16 X(u,v)£EW, . (u,v)/2
Winea(U,V)
A(u,v)£q
2

A(u,v)=

N(u,v)=

Qacinra(U:V) = 20N (U,v Wiy o (u,v)/ 16

{8533 / Signal Theory 73

MPEG-1 Quantization (2)

B Quantization using Matrix
— Quantization to Intra, AC Coefficients

16 X(u,v)£EW, . (u,v)/2
Wi (UV)
A(u,v)£q
2

A(u,v)=

N(u,v)=

Qacinra(U,V) = 20N (u,v Wiy . (u,v)/ 16
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MPEG-1&F1t (3)

n ST IRERAV-EFILOE
— Inter, DC+ACR#DEFIE

16 X(u,v)+W, . (u,v)/2

Aluv)= W (U,V)

N(u,v):A(ZLC;V) (q:odd)

N(u,v)=

Lu;)il (q:even)

Quuer (UV) = (2N(U,V )£ 1)qWi, (u,v)/ 16
leer(uvv) :anler(ulv);l (if leer(u'v) :even)
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MPEG-1 Quantization (3)

B Quantization using Matrix
— Quantization to Inter, DC+AC Coefficients

16 X(u,v)+W, . (u,v)/2

Aluv)= Wi (U,V)

N(u,v):A(ZLC;V) (q:odd)

N(u,v)=

Lu;)il (q:even)

Quuer (UV) = (2N(U,V) £ 1)qWi, (u,v)/ 16
leer(uvv) :anler(ulv);l (if leer(u'v) teven)
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MPEG-1EF1t (4)

m ETFETRIR

8 16 19 22 26 27 29 34 16 16 16 16 16 16 16 16
16 16 22 24 27 29 34 37 16 16 16 16 16 16 16 16
19 22 26 27 29 34 34 38 16 16 16 16 16 16 16 16
22 22 26 27 29 34 37 40 16 16 16 16 16 16 16 16
22 26 27 29 32 35 40 48 16 16 16 16 16 16 16 16
26 27 29 32 35 40 48 58 16 16 16 16 16 16 16 16
26 27 29 34 38 46 56 69 16 16 16 16 16 16 16 16
27 29 35 38 46 56 69 83 16 16 16 16 16 16 16 16

Wintra(UV) Winer(UV)
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MPEG-1 Quantization (4)

B Quantization Matrix

8 16 19 22 26 27 29 34 16 16 16 16 16 16 16 16
16 16 22 24 27 29 34 37 16 16 16 16 16 16 16 16
19 22 26 27 29 34 34 38 16 16 16 16 16 16 16 16
22 22 26 27 29 34 37 40 16 16 16 16 16 16 16 16
22 26 27 29 32 35 40 48 16 16 16 16 16 16 16 16
26 27 29 32 35 40 48 58 16 16 16 16 16 16 16 16
26 27 29 34 38 46 56 69 16 16 16 16 16 16 16 16
27 29 35 38 46 56 69 83 16 16 16 16 16 16 16 16

Wintra(UV) Winer(UV)
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MPEG-2ZF1t

®  Intra mode (FL—LRFEILE—F)
— DCREIFTYRY -2, BFERATYTEESICEAR
— TYRJ—UiL, —HETFILH
- BFEINORER
®  Inter mode (FL—AMERFSILE—FR)
— TYRJ—UftE—HE T
- BFEINIREER
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MPEG-2 Quantization

B Intra mode (Intra-frame coding mode)
— DC coeff: no dead-zone, quantization step=8
— No dead-zone, uniform quantizer
— Quantization matrix

B Inter mode (Inter-frame difference coding mode)
— With dead-zone, uniform quantizer
— Quantization matrix
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MPEG-28F1t (2)

. EFEINIRERAVN-ETFENE
— Intra, ACREIDEFIL
16 X (u,v)+W, . (u,v)/2
W (U,V)
A(u,v)taq/b
2q
lera—AC(u'V): 2qN(U,V)W|mra(U,V)/ 16

A(u,v)=

N(u,v)=
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MPEG-2 Quantization (2)

B Quantization by Matrix
— Quantization to Intra, AC Coefficients

16 X (u,v)+W, . (u,v)/2

A(u,v)=
Wioa (U,V)
N(u,v)= AUv)*aq’b
2q

lera—AC(u V) =2gN(u,v )Wlmra( u,v)/16
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MPEG-28F1t (3)

n ST IRERAV-EFILOE
— Inter, DC+ACR#DEFIE

16 X (u,v)+W,,. (u,v)/2
Wlmer(uvv)

Alu,v)=

N(u,v)=M (q:odd)
2q
A(u,v)+1
2q
Quueer (U,V)=(2N(u,v)£1)qW, . (u,v)/ 16

N(u,v)= (q:even)
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MPEG-2 Quantization (3)

B Quantization by Matrix
— Quantization to Inter, DC+AC Coefficients

16 X (u,v)+W,,. (u,v)/2
Wlmer(uvv)

Alu,v)=

N(u,v)=A(2L(;V) (q:odd)

A(u,v)+1l
2q
anter(uvv):(ZN(urv)il)qWInter(urv)/ 16

N(u,v)= (q:even)
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IDCTZANYTF

B RLLREBETIDCTARTINISEICEIS

| Good I

| Good I
m 8x8 DCTOEEI
— REICU/AEBTISRANEFETD
— Ak+2(K: B BHLANIDFET HEHE
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IDCT Mismatch

®  Happens when IDCT is operated different accuracy

Good

Good

B 8x8 DCT operation
— Multiply 1/4 at the head of operation
— 4k+2(k:integer) level causes problem
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IDCTSRTYF (2)

m  8x8 IDCTIZHITHHEMM4k+2DHE

(ZnIl)uzrcos(Zm+l)wr)

x(n,m):%(iic(u)c(v)x(u,v)cos =

u=0 v=0
:%(4k+2)
=k+05
m EETR ARRECSYRRNRLGD
x(n,m) =k +0.500000000... (k+1)

or
=k +0.499999999... (k)
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IDCT Mismatch(2)

B For Multiplication and addition to 4k+2 at 8x8 IDCT

x(n,m):%(iic(u)C(v)X(u,v)cosMcos%j
:%(4k+2)
=k+0.5

B Result varies by operation algorithm and accuracy

x(n,m) =k +0.500000000... (k+1)
or
=k +0.499999999... (k)
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IDCTSRTYFXE

. ETEEOHIR
H.261.. BHRIEOFHIL
— MPEG-1... {B#{EDHFHIL(0FRIZLEDITD)
HEFEDRIIZNIE
— MPEG-2... 8x8DCTREDRE A RBD BB DLSBE Rién
FEFIEDRIZNE
m IDCTHREORE
— IEEE 1180 (Dec. 1990)
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IDCT Mismatch Remedy

B Restriction to Quantized Value
— H.261.. Oddification of even value

— MPEG-1... Oddification of even value (decrease 1
towards 0)

Process before inverse quantization
— MPEG-2... reverse LSB of a coefficient at highest
frequency in 8x8DCT coefficients
Process before inverse quantization
m  Standard for IDCT Accuracy
— |EEE 1180 (Dec. 1990)
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