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Multimedia Distribution System
- No.3 Image Compression Technology (1) -

Hiroshi Watanabe
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Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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k]
— EEESICRESZERKELTSEL
— YIQ (Y:Luminance, |,Q:Chrominance)
B H5—FLER
— RXDIRE

— RGB (R:Red, G:Green, B:Blue)
B CCIR#&)E601 (ITU-R 601)
— YCDCr (Y:Luminance, Cb,Cr:Chrominance)
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Color Signal Processing

Color Television Signal

— Multiplexing chrominance signal to luminance signal
by modulation

— YIQ (Y:Luminance, 1,Q:Chrominance)
Color Still Picture

— three primary colors for light

— RGB (R:Red, G:Green, B:Blue)

CCIR Recomm.601 (ITU-R 601)

— YCDCr (Y:Luminance, Cb,Cr:Chrominance)
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— YMCK (Y:Yellow, M:Magenta, C:Cyan, K:Black)
B Tt
— CIE XYZ, CIE L*a*b*

Color circle

< V\‘hite)

Hue
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Color Signal Processing (2)

o L

B Printing
— CMYK (C:Cyan, M:Magenta, Y:Yellow, K:Black)

B Others
— CIE XYZ, CIE L*a*b*

< V\‘hite)comr circle

Hue

TILFAT 4T EIEL AT L / Multimedia Distribution System




B RGB to YCbCr

Y =0.229R+0.587G +0.114B
Cb=-0.170R-0.331G +0.500B + 128
Cr =0.500R-0.419G -0.081B + 128

B YCDbCr to RGB

R=Y +1.402(Cr—128)
G =Y —0.344(Cb-128)—0.714(Cr —128)
B=Y +1.772(Cb—128)
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B RGB to YCbCr

Y =0.229R+0.587G +0.114B
Cb=-0.170R-0.331G +0.500B + 128
Cr =0.500R-0.419G -0.081B + 128

B YCDbCr to RGB

R=Y +1.402(Cr—128)
G =Y —0.344(Cb-128)—0.714(Cr —128)
B=Y +1.772(Cb—128)
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B RGB to YIQ
Y =0.30R+0.59G +0.11B

| =0.60R—-0.28G -0.32B
Q=0.21R-0.52G-0.31B

m VYIQ to RGB

R=Y +0.961 +0.620Q
G=Y-0.271 -0.650Q
B=Y -0.101 +1.70Q
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B RGBto YIQ
Y =0.30R+0.59G +0.11B

| =0.60R—-0.28G -0.32B
Q=0.21R-0.52G-0.31B

m VYIQ to RGB

R=Y +0.961 +0.620Q
G=Y-0.271 -0.65Q
B=Y -0.101 +1.70Q
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B RGB to CIE XYZ

X =0.6070R +0.1740G +0.2000B
Y =0.2990R +0.5870G +0.11408B
/ =0.0000R +0.0660G +1.1110B

B CIE XYZ to CIE L*a*b*

L* =116(Y/Y, )" -16 for Y/Y. >0.008856
L* =903.3(Y/Y. ) for Y/Y, <0.008856
a* = 500[(X/X, )" -(YIY )**]
b* = 200[(Y/Y, )** -(2/Z, )" ]
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B RGB to CIE XYZ

X =0.6070R +0.1740G +0.2000B
Y =0.2990R +0.5870G +0.11408B
/ =0.0000R +0.0660G +1.1110B

B CIE XYZ to CIE L*a*b*

L* =116(Y/Y, )" -16 for Y/Y. >0.008856
L* =903.3(Y/Y. ) for Y/Y, <0.008856
a* = 500[(X/X, )" -(YIY )**]
b* = 200[(Y/Y, )** -(2/Z, )" ]
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HVS

m HVS (Human Vision System)
— BEEXYIEEEILICER
— BEEBOYUTILT R HEHIR
— YCbCrixKIZHE WL TChCra/KEEZEE(ICH T H T )LLT=fI
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HVS

B HVS (Human Vision System)
— Sensitive to luminance change than chrominance
Down sampling to chrominance signal

Example of vertical and horizontal sub-sampling of
CbCr at YCbCr format
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NTSC{EE
PALE=S
SECAM{E&

TAORIILER
RGB (4:4:4)
4:2:21 BEUV ZDIT7I)—
CIF, QCIF
SIF, QSIF
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B Analog Format
— NTSC Signal
— PAL Signal
— SECAM Signal

m Digital Format
— RGB (4:4:4)
— 4:2:2 Format and it’s family
— CIF, QCIF
— SIF, QSIF
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NTSCIE&

NTSC (National Television Systems Committee)
KE, h+H4, BR, §E

JL—L# 29.97 frame/sec (59.94 field/sec)
A48 525 line/frame

KERHIE KL fh=15.7342KHz

R a1 4.2MHz (1:1.5MHz, Q:0.5MHz)
xR (455/2)fh=3.58MHz

TAXNJREE 4:3
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NTSC Signal

NTSC (National Television Systems Committee)
US, Canada, Japan, Korea

Frames 29.97 frame/sec (59.94 field/sec)
Lines 525 line/frame

Horizontal Sync. Frequency fth=15.7342KHz
Bandwidth 4.2MHz (1:1.5MHz, Q:0.5MHZz)
Chrominance Carry Wave (455/2) th=3.58MHz
Aspect Ratio 4:3
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PAL (Phase Alternating Line)
I3—0v/N, REXK, 7IUh, 7OF
JL—L# 25 frame/sec (50 field/sec)
A48 625 line/frame

KR HAE R fh=15.625KHz

BliR# 1 5.0MHz
B HEEE 4.43MHz
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PAL (Phase Alternating Line)

Europe, Latin America, Africa, Asia
Frames 25 frame/sec (50 field/sec)

Lines 625 line/frame

Horizontal Sync. Frequency fh=15.625KHz

Bandwidth 5.0MHz
Chrominance Carry Wave 4.43MHz
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SECAM (Systeme Electronique Couleur Avec Memoire)
IoUX, AV7F

ERMICPALLRIGENREL
BESDZEILLFGENPALEELD
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SECAM Signal

L

SECAM (Systeme Electronique Couleur Avec Memoire)
France, Russia

Basic resolution is the same as PAL’s one
Mux system of chrominance signal is different from PAL

TILFAT 4T EIEL AT L / Multimedia Distribution System




ITU-REIE601L

ITU-R(EHFIXCCIRYMEIESN=TA4O2ILTVIA—T Yk
HS—TVDRBEERFSIEA H Y
NTSCREPALRIZHBED YT T EIRBERTE
(13.5MHz)

BELIBEEEDY IV RABRBOLLEE, 4:4:46K0, T
AN ITA—T YT 7R —Z R K

=F1kld 8 bit/pel

Y& L 16(black) to 235 (white)

CbCriE=Id 128 #Hi &L T peak to peak 255
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ITU-R Recommendation 601

Digital TV format recommended by ITU-R (used be
CCIR)

Color separation coding of TV signal

Set common sampling frequency for NTSC and PAL
system (13.5MHz)

Ratio of sampling frequency for luminance and
chrominance is noted as 4:4:4, form digital format
family

Quantization: 8 bit/pel

Dynamic range of luminance: 16(black) to 235 (white)

CbCr signal: Center is 128, peak to peak 255
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4:2: 2R RV TH—TIHBHENEIDITA—T Y EFEIEN S
YCrChiEBDH T T RIR#IZFNEF N, 13.5MHz, 6.75MHz
NTSCZTI&, Y:720x486, CbCr:360x486

PALZTIE, Y:720x576, CbCr:360x576
NTSCHTIZ4865 1> ND>648057 1N ENEER

:2:0
BEEBDELLIDY VT VIR ERREBIZXE
JPEG, MPEGIZHWTEIFERATINS.
NTSC&TI&, Y:720x480, CbCr:360x240
PALZRTI&, Y:720x576, CbCr:360x288
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4-2:2 Studio format or called D1 format

Sampling frequency for YCrCb signals are 13.5MHz,
6.75MHz

NTSC area, Y:720x486, CbCr:360x486
PAL area, Y:720x576, CbCr:360x576

480 of 486 lines are effective in NTSC area
:2:0

Alternate sampling of chrominance signals
Used for JPEG, MPEG

NTSC area, Y:720x480, CbCr:360x240
PAL area, Y:720x576, CbCr:360x288
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4:2:2|THART, KFEEEITL/2ICHTH T TENT=T4+
—< bk

NTSC&TI&, Y:360x240, CbCr:180x240
PALZ&TI, Y:360x288, CbCr:180x288

-1:0

4:2:0[THART, KEFEEIZL/21IZHTHUT) oG ENT=T4
—Ivhk

NTSC%&TIZE, Y:360x240, CbCr:180x120

PALZ& TIZ, Y: 360x288, CbCr:180x144
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1:1
1/2 sub-sampled horizontally and vertically from
4:2:2

NTSC area, Y:360x240, CbCr:180x240
PAL area, Y:360x288, CbCr:180x288

:1:0

1/2 sub-sampled horizontally and vertically from
4:2:0

NTSC area, Y:360x240, CbCr:180x120

PAL area, Y: 360x288, CbCr:180x144
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2:1:1 2:1:0
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2:1:1 2:1:0
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BIESZENH
ERE R
IR
Dx—JLwk
FRE#=F1t

IohOE—RS1E
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Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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BEER D —) TE
TEAI—IEHR
KLZE

i G I
il VP
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Discrete Fourier Transform
Hadamard Transform

KL Transform

Discrete Sine Transform
Discrete Cosine Transform
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NRBERR T —) T & £ A

X(k):Nix(n)exp(—jZnnk/ N )

x(n):%NZlX(k)exp(jZﬂnk/ N )

Bt R RIS A B IR 3K
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Discrete Fourier Transform

B N-point Discrete Fourier Transform and Inverse
transform

X(k):ilx(n)exp(—jZ;znk/ N )

x(n):%NZ‘fX(k)exp(jZﬂnk/ N )

Discrete frequency
o, =% (k=0,1,---,N-1)
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aft A7 —') TR D51

-

B BRI IEBRFZRK
— NEDEBEHEINONADEZHADOLTH
- FTHRFZHIEINEOEREEH
— FE T RET—REIF2ME(ZEML ., T—2EMHEIZIEAE
— ERBEAIIFRHBLETEREINDS
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Characteristics of DFT

DFT coefficients
From N-point integer to N-point complex value

Coefficients are N real numbers and N imaginary
numbers

the number of data for coding application increased

to 2 times, thus not suitable for data compression

DC component can be represented by one
coefficient
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TAIT—)LZE

THIR)IZADEERN [+1. -1] I oI RLEHRLTEREHR

IN—FIOITIENES
2N RDEHR<R) IR (E., 2x2(n=1) DE KT )OI SHhR

X(0)| X(0) 1 1 1
{XMJ‘HZL(D} Hz‘ﬁ{l —J

kxR Al
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Element of transform matrix are [+1, -1]
Simple orthogonal matrix, easy hardware realization

2n-th transform matrix can be derived from 2x2(n=1)-th
basic matrix

X(0)|_, | X0)
X(1)| 7 x(1)

Expansion rule
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B H; ORIJMLDER

-1 1 -1 -1 1 -1
1 -1 -1 1 -1 -1
-1 -1 1 -1 -1 1
111 -1 -1 -1 -1
-11 -1 -11 -11
1 -1 -1 -1 -1 11
-1 -11 -111 -1
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Hadamard Transform(3)

B vector element of Hg

hO)=1 11111
h()'=[1 -1 1 -1 1
1
1

h2'=[1 1 -1 -1 1 -1 -1
h(3) =1 -1 -1 1 -1 -1 1
h#'=[1 111 -1 -1 -1 -1
h) =1 -1 1 -1 -1 1 -1 1
he)'=[1 1 -1 -1 -1 -1 1 1
h@'=[1 -1 -1 1 -1 11 -1
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DAL AT HA

B W, DEBRIN)IRDERIL
TEI—IVEBDIEFZZEA -t D
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Walsh Transform

B Elements of Walsh Transform
W, are represented by different
order of Hadamard Transform’s
elements
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A+ ILS AT

B W, [CKEEHDH

X(0) 1 1 1 17x0)
X(1)] 1/1 1 -1 -1{x2)
X(2)| 2|1 -1 -1 1 |x2)
X(3) 1 -1 1 -1|x(3)
[ X(0)+Xx(1)+x(2)+x(3)]
1 x(0)+x(1)-x(2)-x(3)
T2 x(0)=x(1)=x(2)+x(3)
X(0)—x(1)+x(2)—x(3)




Example of Walsh Transform

B Example of Transform by W,

X(0) 1 1 1 17]x0)
X(1)| 1/1 1 -1 —1|x(1)
X(2)| 2|1 -1 -1 1 |x2)
X(3) 1 -1 1 —1[x(3)
[ X(0)+Xx(1)+x(2)+x(3)]
11 X(0)+x(1)—x(2)—x(3)
T 2| X(0)=x(1)=x(2)+x(3)
X(0)—x(1)+x(2)—x(3)




B 8x8Y# /LS AT EKE(E

_.'J..'.'.'.'..'.'.'..'.'.'..'.'.'.'

—-:':":':':':":':':":':':":':':':
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B Picture of 8x8 Walsh Transform basis

_.'J..'.'.'.'..'.'.'..'.'.'..'.'.'.'

—-:':":':':':":':':":':':":':':':

l:

]

)

IR
ey
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TIFI—ILEHDFE

AR

HEDRIADEERIRTHY | Lo HERA ORI AVEL
ESDEMICAVNDE BERR(OOYIIN) ODMEZELD
EfEzhER TR
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Characteristics of Hadamard
Transform

Very simple structure

Shape of basis is step like, thus difficult to approximate
smoothly changing signal

Cause step like (block) noise for signal compression
Low compression efficiency
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KL(Karhunen-Loeve)

B ANBES x(n) DEZHEEITI R, X AL
B SAELOEFEOBERINLEZEENINILET HEH
[ x(0)

ko) x1) o x(N-1)

I | X( N.—l)_
r(0) r(1) - r(N-=1)
r(1) r(0) :

; : r(.l)
| r(N-1) - (1) r(0)
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KL(Karhunen-Loeve) Transform

B Diagonalize auto-correlation matrix R,, of input signal
x(n)

B Basis vector of transform is eigenvector
m «(0) -

X(zl) [X(0) x(1) -+ x(N-1)]

| X( N.—l)_
C r(0)  r(1) - r(N-1)]
r(l) r(0) '

; : r(.l)
' r(N-1) - r(1) r(0)
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KL(Karhunen-Loeve

t0(0) tl(o) tN—l(O)
to(l) tl(l) tN—l(l)

to(N_l) tl(N_l) tN—l(N_l)
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KL(Karhunen-
Loeve)Transform(2)

B Diagonalize by matrix T which elements are
eigenvector t,

1:0(0) tl(o) tN—l(O)
to(l) tl(l) tN—l(l)

to(N_l) tl(N_l) tN—l(N_l)
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KL(Karhunen-Loeve

KLZE#2{% %L k(n) (n=0
THERKXTEZLGND

X0) ]
X(1)

| X(N-1)
t0(0) t0(1) to(N_l)“

t1(0) tl(l) tl(N_l)

_tN—l(O) tN—l(l) tN—l(N_l)_
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KL(Karhunen-
Loeve)Transform(3)

m KL transform coefficient k(n) (n=0,..., N-1) for input signal
x(n) (n=0,...,N-1) can be obtained by

X0) ]
X(1)

| X(N-1)
t0(0) t0(1) to(N_l)

t1(0) tl(l) tl(N_l)

_tN—l(O) tN—l(l) tN—l(N_l)_
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KL%

B KLEBRZRRITECEMHERS

E[kk']=E[Tx(Tx)']

= E[Txx'T']
= TE[xx']T'
= TRXXTt

TILFAT 4T EIEL AT L / Multimedia Distribution System




KL Transform

B KL Transform coefficients are not correlated each other
E[kk']=E[Tx(Tx)']
= E[Txx'T']
= TE[xx']T"
= TRXXTt

= diag [05 o;
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m EMEREE..

E[k(n)k(m)]{

=0 (n#m)
#0 (n=m)

- E[k(0)k(0)] E[k(0)k(1)] -+ E[K(O)k(N-1)] |
E[k(1)k(0)] ELk(Dk(DI -+ EL[k(1k(N-1)]

_E[k(N—'l)k(O)] E[k(N;l)k(l)] E[k(N—l.)k(N—l)]_
62 0 - 0 |
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What is “not correlated”?
=0 (n#m)
#0 (n=m)

E[k(n)k(m)]{

- E[k(0)k(0)] E[k(0)k(1)] -+ E[K(O)k(N-1)] |
E[k(1)k(0)] ELk(Dk(DI -+ EL[k(1k(N-1)]

_E[k(N—'l)k(O)] E[k(N;l)k(l)] E[k(N—l.)k(N—l)]_
62 0 - 0 |
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B
I

1751 A OFBIEIZITEFRNIRIL t B E
At = At

ESV-TEEME/ZROEZMN? BEAFERZHETS.
(Al — At =0

BEREIE, EDDITHRERENTHES

AT HITHEIEBAILZL A= D
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Review

We need eigenvector t to diagonalize matrix A
How to obtain eigenvalue /? Characteristic equation.

(Al — At =0

Eigenvalue can be obtained by solving determinant of
the left term

Al —A =0

Matrix for diagonalization is a series of eigenvector
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KLZE 2 0D 1K

BROD—700—ICx9 5/\T—KHR I ERNICES
ANESDHEEICK>THEITIMNEGS

ZD=BH. ANEBIEITKLEBEENELD
ZEAICEEANIMNLZEETOILELNHD
HIMRAZE5ZHLOTHY ., ZEHMTIEHEL
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Characteristics

Theoretically best performance to compact energy to
the low sequencies

Autocorrelation matrix differs depends on input signal
Thus, KL transform basis differs depends on each input
Needs to transmit basis vector to the receiver

Gives theoretical bound, not practical
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it B A

B NEERHY A TH(DST-1DEHE

X(K)= WC(k)Zx(n)sin(%j (k=1,..N)

(2n—1)kz
2N

x(n)= %EN:C(k)X(k)sin(

j (n=1,..,N)
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Discrete Sine Transform

B N-point Discrete Sine Transform(DST-11) and Inverse

(2n-1)kx
2N

= %C(k)ix(n)sin(

j (k=1,..,N)
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Sin((ZK +1)(2n+1)x
4N

] (k,n=01,.,N 1)
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Sin((ZK +1)(2n+1)x
4N

] (k,n=01,.,N 1)
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Discrete Sine Transform(3)

B Calculation of the first coefficient

X(1)= C(l)Zx(n)sm((zn L)z

2N
B The first basis of 4-point DST
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B 8Sx8DSTOEEH{E

'? ool e i

o i S
=SSR R R

o
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Picture of DST Basis

B Picture of 8x8 DST basis

'? ool e i

o i S
=SSR R R

o
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At A A B D

B ERRASZ1EOEBRFZRHMTRIETTLEOVREALH S
B HEEARNIMNLOENL., [ REMIZKE DR R TO
B BEREEOT—IDEFRMEITIEL
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B Cannot represent DC component by one coefficient
B Edge value of basis vector is zero
B Smooth connection of data with the neighbor section
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B NISDCT(Z47N) ... E5 x

X (k)= %C(k)Nle(n)cos(Mj

X(n)= %NZfC(k)X(k)cos(

(2n+1)k7z)
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Discrete Cosine Transform
(DCT)

m N point DCT(Type-Il) ... Signal x(n), Coefficient X(k)
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(2n+1)kz

C(k)cos( N

j (k,n=04,.,N—1)

DCT-I11I

COS((2n+1)(2k +1)7
4N

J (k,n=021,..,N—1)
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cuqcunux@%F) (k,n=01,..N)

(k,n=04,.,N—1)

C( k )Cos(wj

DCT-I11I

COS((2n+1)(2k +1)7
4N

J (k,n=021,..,N—1)
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RTDCT

B NXNmR2REDCT ... &5 x(n,m), &E X(u,v)

x(u,v)=%C(u)C(V)Niilx(”’m)COS(%}OS(%)

C(u)C(v)X(u ,v)cos(( Zn;Nl)u”jcos(( 2m 1)V”j

Xx(n,m)= N

2y
N =3

(u=0,v=0)

1
C(u).C(v)=1.2
1 (u=0,v=0)
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| DCT

Two-Dimension

B NXxN point 2-D DCT ... Signal x(n,m), Coefficient X(u,v)

(=2 oS Satnmycod 22107 o (22 Der

n=0 m=0
N-1N-1
x(n.m) = ((ZH;\ZII.)UﬂjCOS((Zm;Nl)Vﬂj

%ZZC(U)C(V)X(U,V)COS

(u=0,v=0)

1
C(U),C(V)={ﬁ
1 (u=0,v=0)
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2RTDCTDEE

B T3 n m(CEALTHIIRLIRITDCTD IR (Z 72
B 2BRIONAEDCTEEELLTETETES

t(u,m)= C(u)Zx(n m)cos(wj

2N

X(u,v)= 2C(V)Yt(u m)cos(%j

m=0
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Calculation of 2-D DCT

B Decompose to independent 1-D DCT with regard to
variables n, m

B Calculated as 2 times N point DCT

t(u,m)= %C(u)ilx(n,m)cos(

(2n+1)unj
2N

2N

m=0

X(u,v)= \/%C(V)Nit(u,m)cos(wj
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SX8DCT

B 8x8m2RTDCT ... & x(n,m), &% X(u,v)

X(u, v)_—c<u>C<v)ZZX<” m>co~°’(%)c"5(%)

X(n,m)=—= ii )C(v)X(u,v)cos(Mjcos(Mj

16 16

u=0 v=0

(u=0,v=0)
(u=0,v=0)

C(u),C(v)=
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SX8DCT

B 38x8 point 2-D DCT ... Signal x(n,m), Coefficient X(u,v)
(2|’1+1)U7zjCOS (2m+1)V7zj
16 16

X (u, v)_—C(u)C(v)ZZx(n m)cos

n=0 m=0

X(n,m)=—= ii )C(v)X(u,v)cos(Mjcos(Mj

16 16

u=0 v=0

(u=0,v=0)
(u=0,v=0)

C(u),C(v)=
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E=EEEEEE
HMHHE%%

B 8x8DCT)EK[H{&




B Basis Image of 8x8DCT




®

Bl # s (DCTHRE)
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Signal Domain Frequency Domain
(Pixels) (DCT Coeffs.)
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X(n)= %C(n)NiX(k)cos
m DCT-IV ]
2 (2n+1)(2k +1)x
X(k)= an(;x(n)cos( N

COS((2n+1)(2k +1)7
4N

[(2k+1)nﬂj
2N
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X(n)= %C(n)NiX(k)cos
m DCT-IV ]
2 (2n+1)(2k +1)x
X(k)= an(;x(n)cos( N

COS((2n+1)(2k +1)7
4N

[(2k+1)nﬂj
2N
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f(0)

f(1) AN

f(2)

i(3) M
f(4)
') e

1(0) =
HE IR
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f(0)

f(1) AN

f(2)

i(3) M
f(4)
')

f(6) ®
f(7) B4
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DCTOFF 1

KLEBIGELMEE D — oo —~D/ND—&H
ERRDIELEDRBMTRINTES

FFTICE =\ 201 BEICKOEREEZEFEITAIHE
BE{E 51t (DCT-11), BEEF St (M-DCT, MLT)
— M-DCT: Modified DCT

— LOT: Lapped Orthogonal Transform

— MLT: Modulated LOT
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Characteristics of DCT

Energy compaction performance to low sequency is
close to KL Transform

DC component can be represented by one coefficient

Fast computational algorithm exists like FFT’s buttery
computation

Image coding (DCT-I1). Audio coding (M-DCT, MLT)
— M-DCT: Modified DCT

— LOT: Lapped Orthogonal Transform

— MLT: Modulated LOT
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