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Image Compression Technology

Chrominance Signal Mux/DeMux
Orthogonal Transform

Subband

Wavelet

Coefficient Quantization

Entropy Coding
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BESLE

. HS—FLETaVES
- BEESICRESESHRLLTZEL
— YIQ (Y:Luminance, 1,Q:Chrominance)
B AS—#HILER
- RDIRE
— RGB (R:Red, G:Green, B:Blue)
m  CCIR#1#601 (ITU-R 601)
— YCbCr (Y:Luminance, Cb,Cr:Chrominance)
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Color Signal Processing

m  Color Television Signal
— Multiplexing chrominance signal to luminance signal
by modulation
— YIQ (Y:Luminance, 1,Q:Chrominance)
m  Color Still Picture
— three primary colors for light
— RGB (R:Red, G:Green, B:Blue)
®  CCIR Recomm.601 (ITU-R 601)
— YCbCr (Y:Luminance, Cb,Cr:Chrominance)
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BIESLE (2)

m EIRI

— YMCK (Y:Yellow, M:Magenta, C:Cyan, K:Black)
n Z0f

— CIE XYZ, CIE L*a*b*

Color Signal Processing (2)

®  Printing

— CMYK (C:Cyan, M:Magenta, Y:Yellow, K:Black)
m  Others

— CIE XYZ, CIE L*a*b*

TV Color circle TV Color circle
Hue Hue
Black Black
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E5ZiH Signal Conversion

®  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

®  YCbCr 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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®  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

®  YCbCr 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’ (2

B RGB to YIQ
Y =0.30R+0.59G +0.11B
I =0.60R-0.28G -0.32B
Q=0.21R-0.52G-0.31B

® VIQ to RGB

R=Y +0.961 +0.62Q
G=Y-0.271 -0.65Q
B=Y-0.101 +1.70Q
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Signal Conversion (2)

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  VIQ to RGB

R=Y +0.961 +0.62Q
G=Y-0.271 -0.65Q
B=Y-0.101 +1.70Q
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ESZLH (3)

®  RGB to CIE XYZ
X =0.6070R +0.1740G +0.2000B
Y =0.2990R +0.5870G +0.1140B
Z =0.0000R +0.0660G +1.1110B

m  CIE XYZ to CIE L*a*b*
L*=116(Y/Y,)*-16  for YIY, >0.008856
L* =903.3(Y/Y, ) for Y/Y, <0.008856
a* =500[(X/X,, )** - (Y/Y, )*]
b* = 200[(Y/Y, }** - (Z/Z, }** ]
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Signal Conversion (3)

®  RGB to CIE XYZ
X =0.6070R +0.1740G +0.2000B
Y =0.2990R +0.5870G +0.1140B
Z =0.0000R +0.0660G +1.1110B

®  CIE XYZ to CIE L*a*b*
L*=116(Y/Y,)*-16  for YIY, >0.008856
L* =903.3(Y/Y, ) for Y/Y, <0.008856
a* =500[(X/X,, )** - (Y/Y, )*]
b* = 200[(Y/Y, }** - (Z/Z, }** ]
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HVS

B HVS (Human Vision System)
- BEELYBEELICER
- BEESOYUTILT AHEEIR
— YCbCrRIZEWTChCrEkFEEITH T HLTILLIHI

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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hZ—TLEDaVES

. 7raskR
— NTSCES
— PALIEE
— SECAM{ES

n FaOALHR
— RGB (4:4:4)
— 422K BLY TOTFIY—
— CIF, QCIF
— SIF, QSIF
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Color Television Signal

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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NTSCIEE

NTSC Signal

m  NTSC (National Television Systems Committee) m  NTSC (National Television Systems Committee)
m KE A4, BR, 8E m US, Canada, Japan, Korea
m JL—L% 29.97 frame/sec (59.94 field/sec) B Frames 29.97 frame/sec (59.94 field/sec)
m A% 525 line/frame m  Lines 525 line/frame
n KEREEKRE fh=15.7342KHz m  Horizontal Sync. Frequency fh=15.7342KHz
n FR#HEE 4.2MHz (1:1.5MHz, Q:0.5MHz) ®  Bandwidth 4.2MHz (1:1.5MHz, Q:0.5MHz)
n Eif%R (455/2)fh=3.58MHz ®  Chrominance Carry Wave (455/2) fth=3.58MHz
B F7ARYJLLE 4:3 m  Aspect Ratio 4:3
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== A
PALES PAL Signal

B PAL (Phase Alternating Line) B PAL (Phase Alternating Line)
m 30y, FEEK, 7IUH, TOT ®  Europe, Latin America, Africa, Asia
m JL—L# 25 frame/sec (50 field/sec) B Frames 25 frame/sec (50 field/sec)
m 54 % 625 line/frame m  Lines 625 line/frame
n KTEREERE th=15.625KHz m  Horizontal Sync. Frequency fh=15.625KHz
n FRHEE 5.0MHz ®  Bandwidth 5.0MHz
n EfEK 4.43MHz ®  Chrominance Carry Wave 4.43MHz
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== A
SECAMEE SECAM Signal

m  SECAM (Systeme Electronique Couleur Avec Memoire) m  SECAM (Systeme Electronique Couleur Avec Memoire)
m JSVUR, QY7 ®  France, Russia
n EARMICPALEREEMNRL m  Basic resolution is the same as PAL’s one
n BEBOZELHENPALEELD ®  Mux system of chrominance signal is different from PAL
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ITU-REIE601

ITU-R Recommendation 601

B |TU-R(EBIFCCIR) NS EIESNI=TAPR2ILTVIF—T vk ®  Digital TV format recommended by ITU-R (used be
. HS—TVORHASIEABM CCIR)
B NTSCREPALRIZHBDOHL TS EEMESRT ®  Color separation coding of TV signal

(13.5MHz) ®  Set common sampling frequency for NTSC and PAL
n BELABEESOYUIIVIRRBOLESR, 4:4:4ERL, T system (13.5MHz)

ADENTA— YN TTI)—ERRK m  Ratio of sampling frequency for luminance and
m EFti 8 bit/pel chrominance is noted as 4:4:4, form digital format
m Y[ESIE 16(black) to 235 (white) family _
B CbCri5l% 128 #F &L T peak to peak 255 ®  Quantization: 8 bit/pel

B Dynamic range of luminance: 16(black) to 235 (white)
B CbCr signal: Center is 128, peak to peak 255
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4:2:2 Format Family 4:2:2 Format Family

m 4:2:2 B 4:2:2

— 4:12:2R8TFTA—TURHBNEDITA—TVEFEIEND — 4:2:2 Studio format or called D1 format

— YCrChiEBDHU T T AiK#IEETNE N, 13.5MHz, 6.75MHz — Sampling frequency for YCrCb signals are 13.5MHz,

— NTSCRTIE, Y:720x486, CbCr:360x486 6.75MHz

— PALZTIE, Y:720x576, CbCr:360x576 — NTSC area, Y:720x486, CbCr:360x486

— NTSCRTIF4865 1> D3548051 U HEMEER PAL area, Y:720x576, CbCr:360x576
B 4:2:0 — 480 of 486 lines are effective in NTSC area

- BEEBOLLLADY LTIV NEEREICRE = 4:2:0

— JPEG, MPEGIZBWTEIZFEREINS. — Alternate sampling of chrominance signals

— NTSCH&TI&, Y:720x480, CbCr:360x240 — Used for JPEG, MPEG

— PALZTIZ, Y:720x576, CbCr:360x288 — NTSC area, Y:720x480, CbCr:360x240

— PAL area, Y:720x576, CbCr:360x288
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4:2:2 Format Family (2) 4:2:2 Format Family (2)

" 2:1:1 " 2:1:1

— 4:2:2|THRT, KFEEEIZL/212HTH T T Sht=0F — 1/2 sub-sampled horizontally and vertically from

—2yk 4:2:2

— NTSCZTIZ, Y:360x240, CbCr:180x240 — NTSC area, Y:360x240, CbCr:180x240

— PALZRTIE, Y:360x288, CbCr:180x288 — PAL area, Y:360x288, CbCr:180x288
m 2:1:0 m 2:1:0

— 4:2:0ICHkRT, KFEEEICL/212HT YT YT SntzoF+ — 1/2 sub-sampled horizontally and vertically from

—<yk 4:2:0

— NTSC%TI&, Y:360x240, CbCr:180x120
— PAL®RTIZ, Y: 360x288, CbCr:180x144
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— NTSC area, Y:360x240, CbCr:180x120
— PAL area, Y: 360x288, CbCr:180x144
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4:2:2 Format Family (3)

v ]

Cb|Cr

2:1:1 2:1:0

4:2:2 4:2:0
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4:2:2 Format Family (3)

v ]

CbCr 2:1:1 2:1:0
4:2:2 4:2:0
JNVFAT(FERIEV AT L / Multimedia Distribution System 32

RNVFATAFEIEVAT L / Multimedia Distribution System

35

i e -
B {5 JE a4 Image Compression Technology

n BESSENH ®  Chrominance Signal Mux/DeMux
n EXEH m  Orthogonal Transform
. HINUR m  Subband
m Yr—JLwk m  Wavelet
. REEFE m  Coefficient Quantization
. IUAE—FSiE m  Entropy Coding
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.
BEXEHR Orthogonal Transform

n RO IEH m Discrete Fourier Transform
. FHEI—LEM m  Hadamard Transform
m KLZE#HR m KL Transform
LI 1 o 3 m  Discrete Sine Transform
LI 3 el % 3 m Discrete Cosine Transform
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RO —) T

" NABHO—UIZRESTR
N-1
X (k)= x(n)exp(—j2znk / N)
n=0
1%
X(n)=NZX(k)exp( j2nk / N)

k=0

N

B ARAO7E A TR IR
o, :% (k=0,1,--,N-1)
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Discrete Fourier Transform

®  N-point Discrete Fourier Transform and Inverse
transform
N-1

X(k)=)> x(n)exp(—j2mnk/ N)

n=0
1 N-1
x(n):ﬁzx(k)exp( j2mk I N)
k=0
Discrete frequency 27k
o, =2 (k=0,1--,N-1)
N
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BERR D — ) T

RO —U TEBRERER
- NROBEHENONROERBANDEHR
- EBRFREBIENEOEREEHR
— BB RETSERT2MEITEML ., TS EMRICETE
- EREAERHELETRRENS
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Characteristics of DFT

B 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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THER—IVE

THWINHIRDERN [+1, -1] HhORIBHEBELER LR
N—FIOITIENES
20 ROEHT )Y RIE, 2x2(n=1) DEKXT ) I XM HEIR

X(0)] . [x(0) N
{xu)}’HZ[x(l)} HZ‘ﬁL —J

PRARFAR A

L L[Ho H,
2"_\/5 Hn _Hn
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Hadamard Transform

B Element of transform matrix are [+1, -1]

Simple orthogonal matrix, easy hardware realization

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

X(0)] ., [x(0) 111
{X(l)}—“‘{m)} HZ‘ﬁL —J

B Expansion rule

H. = 1 Hn Hn
zn_\/E Hn _Hn
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TEI—IVEH(2)
m H,H,
Lot RANEN|
IR R S 1 A
‘T2l 1 -1 41 175’] |
1 -1 -1 1 LT
h(o) L
H ,i h(l)l —1757 I T
87\/5 : 1-5- I 1
h(7)' al T
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Hadamard Transform(2)

m H,H,

Lot pANEN|

IR R S 1 AR
‘T2l 1 -1 41 1.5.1 |

1 -1 -1 1 LT

h(o) RN

H, - L [h@) ab 0T

87\/5 1l I l

h(7)! L T
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h@)' =[1

THEI—ILEH(3)
B Hy ORIMLDOER

hO)=[1 1 111111

h@) =1 -1 1 -1 1 -1 1 -1]
h'=[t 1 -1 -1 11 -1 -1]
h@'=1 -1 -1 11 -1 -1 1]
h@4)=[1 111 -1 -1 -1 -1]
hG)'=l -1 1 -1 -1 1 -1 1]
h@6)=[1 1 -1 -1 -1 -1 1 1]

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

m  vector element of Hg

hO)=[1 1 111111

h@) =t -1 1 -1 1 -1 1 -1]
h@'=[t 1 -1 -1 11 -1 -1]
h@'=1 -1 -1 11 -1 -1 1]

h@@)=[1 111 -1 -1 -1 -1]
hG)'=l -1 1 -1 -1 1 -1 1]
h@6)=[1 1 -1 -1 -1 -1 1 1]
h7)'=[1 -1 -1 1 -1 11 -1]
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AL AT

W, DEMIRIHIRDERI
TEI—VEBROIBFEEZ =20
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h)']

h(4)'
h(6)'
h(2)'
h(3)'
h(7)'
h(s)'

Lh@)' ]
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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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h)']

h(4)'
h(6)'
h(2)'
h(3)'
h(7)'
h(s)'

[h@)' ]
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AL AT DB

W, [SKBEBROH

X()] [T 1 1 1TxO0)] ey

X(| 1)1 1 -1 -1 x| 4

X(2)| 2|1 -1 -1 1 |x2) S

X(3) 1 -1 1 -1]x(3) 44 T
X(0)+x(1)+x(2)+x(3)] i
S XO)+xX(1)-x(2)-x(3)| 4 T
2[x(0)=x(1)=x(2)+x(3)| 1.
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X(0)-x(1)+x(2)-x(3)] i T T

Example of Walsh Transform

m  Example of Transform by W,

X(0) 1 1 1 17x0) 1»-1 L]
X(1)| 1|1 1 -1 -1|x(1) ak
X(2)| 2]1 -1 -1 1 |x2) SN
X(3) 1 -1 1 -1]x(3) 44 T
(X(0)+x(1)+x(2)+x(3)] ' |

x(0)+x(1)-x(2)-x(3)| 4. T

1

T2 x(0)-x(1)-x(2)+x(3)| 11 L
[ x(0)=x(1)+x(2)-x(3)] i T 1
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EEER

B 8x8VUAILLAEMDEEE B

LR
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Picture of Walsh Basis

B Picture of 8x8 Walsh Transform basis

BN L REETHIEIOFTE o
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THET—ILEB DR

BRI
HEEDOHRKIFEEARTHY | RIS MVEER DR UMbV
EEOEMICAVDE, BEBKOOvIRK) OTEELS
EHEZNFRITEL
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Characteristics of Hadamard
Transform

B Very simple structure
B Shape of basis is step like, thus difficult to approximate

smoothly changing signal

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

B ANES x(n) DESHEBETY R, ZXEAL
B HBLOBROEFNINLERENINLET HEH

KL(Karhunen-Loeve) Transform

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

B Basis vector of transform is eigenvector

x(0) ©)
X(1) )
R, =E 0 1) - N-1
XX [X( ) X() X( )] RXX:E X(l) [X(O) X(l) X(Nfl)]
x(N 1) N¢ )
r0) (1) - r(N-1) X(N-1)
r(1)  r(0) r0) (1) - r(N-1)
= : . 1(1) _ r(.l) rFO)
N-D e T O r(N:—l) | r(1) :E(lJ;
RNVFAT(FERIEV AT L / Multimedia Distribution System 55 TILFATAFERIEV AT L / Multimedia Distribution System 56
1 KL(Karhunen-
KL(Karhunen-Loeve)Z#(2) Loeve)iraneronies

n BRI L, EBRESTHITH T ISRERAIE

ol 0 - 0
TR.TZ| 0 o
X L 0
0 - 0 oi,

t0(0) t1(0) t1\171(0)

Tt = to(l) tl(l) tN—l(l)

%(N—l) H(N—l) - %4(N—1)

®  Diagonalize by matrix T which elements are
eigenvector t,

F—g 0 -« 0 ]
TR T = ° 712 o
S,
0o - 0 a,i,lJ
,(0) t,(0) - t,,(0)
Tt= to(l) tl(l) tN—l(l)

to(N‘_l) t1(N‘_1) th("\I_l)
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KL(Karhunen-
KL(Karhunen-Loeve)Z#1(3
( VER@) Loeve)Transform(3)

B KLZEHFEH k() (0=0,..., N-1) XA H{ES%Z x(n) (0=0,...,N-1) &
FTEHERRTEZBND
k(0) x(0)
k(.l) T x(‘l)

k( N-—l) X( N‘—l)
t(0) (1) - H(N-1) | x(0)
_| 6(0) (1) - t(N-1) x(1)

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

k(0) x(0)
k(:l) T x(zl)

k( N-—l) X( N‘—l)
t(0) (1) - HIN-1) | x(0)
_| 6(0) (1) - t(N-1) x(1)

tya(0) (1) oty (N-1) X(N;l)
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KLZ R KL Transform Coefficient
B KLEBRFRHITELICEHERE m KL Transform coefficients are not correlated each other
k = Tx k=Tx
E[kk']= E[TX(TX)'] E[kk']=E[Tx(Tx)']
= E[Txx'T'] =E[Txx'T']
=TEXX]T =TE[xx']T'
= TRXXTt =TR,T'
:diag[aj ol - 0,5,1] =diag[o-§ of - 0'671]
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KLZEHFRE(2) KL Transform Coefficient(2)
n EAERE.. ®  What is “not correlated”?
=0 (n#m) =0 (n#m)
E[k(”)k(m)]{=£O (n=m) E[k(”)k(m)]{=£O (n=m)
E[k(0)k(0)] E[k(0)k(1)] E[k(0)k(N-1)] E[k(0)k(0)] E[k(0)k(1)] E[k(0)k(N-1)]
E[kK'] = E[k(1)k(0)] E[k(1)k(1)] E[k(1)k(N-1)] E[kK'] = E[k(1)k(0)] E[k(1)k(1)] E[k(1)k(N-1)]

E[k(N;l)k(O)] E[k(N—.l)k(l)] . E[k(N—l.)k(N—l)]

E[k(N;l)k(O)] E[k(N—.l)k(l)] . E[k(N—l.)k(N—l)]

ol 0 - 0 ol 0 - 0
2 - : 2 -, :
_ 0 o . _ 0 o .
Co o S o
2 2
0 0 oy 0 0 oy
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BE Review

n 175 A ORABEICIEIEABERIML t KBE
At = At
ESVoTEAEERHDN? BEARELEHET .
(A —A)t =0
n EFER EDOTIXERNTES
Al -A[=0
HAILTHTIEEAFNILELAF-H0D
T=[t, t, - ty,]
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® We need eigenvector t to diagonalize matrix A

At = At
m  How to obtain eigenvalue /? Characteristic equation.
(Al =A)t=0

B Eigenvalue can be obtained by solving determinant of
the left term

Al-A=0
Matrix for diagonalization is a series of eigenvector

T:[to - tN-1]
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KLEH D

BROS—roo—I2d T /T —K P LER/MICES
ANEBSOHEICEI>THETINELD

Z01=H ANEBTEITKLERBEENRL D
ZEQIEEAINLERETILENHD
BRBREEZHLDOTHY., ERMTEIAL
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Characteristics of KL Transform

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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BERR YA R

u NABERY A ER(DST-1N)EFE R

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

23 . (2n—1)kﬂj _
x(n)= N;C(k)x(k)sm(i2N (n=1

1

cy=iz k=)
1

(k=N)
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Discrete Sine Transform

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

(2n-1)kz

X (k)= %C(k)ix(n)sin[ -

j (k=1,..N)

X(n)= %iquwnm(%) (n=1,..N)

where

1
(k=N
1 (k=N)
TNFAT4FEIEV AT L / Multimedia Distribution System 70

BERL A EH(2)

m DST-I nk
sin(—”j (k,n=12,.,.N-1)
N
m DST-1l (2n-1)k
. - T
C(k)sm(T) (k,n=12,.,N)
m DST-11 (Zk 1)I’1
. - V4
C(n)sm(Tj (k,n=12,...,N)
m DST-IV
sm(%j (k,n=01,..N-1)

RNVFATAFEIEVAT L / Multimedia Distribution System
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Discrete Sine Transform(2)

m DST-I nk
sin(—”j (k,n=12,.,.N-1)
N
m DST-II n-1X
c(k)sin[ Y222 (kn=12,..N
(k) ( N )( )
| DST-11l (Zk 1)
. =1)nz
C(n)sin| —— k,n=12,..,N
(n) ( N j( )
m DST-IV
sm(WJ (kn=01,..N—1)
4N
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BRI AU EH(3)
" EURHOHE

X(1)= C(l)Zx(n)sm( N

B ARDSTOHENEIBFEDEE

\/%C(l)sin(%j (n=1234) "~ ol L.

-2 +
1l .~ . 3« I .«
=.[=|sin= sin— sin— sin=
2 8 8 8 8
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(2n- 1)7:)

Discrete Sine Transform(3)

B Calculation of the first coefficient

(2n- 1)7:)

X(1)= C(l)Zx(n)sm[ N

B The first basis of 4-point DST

2 - ((2n-1)x _ 172
\gC(l)sm(Tj (n=1234)

-2 +
/1 . .3t .3 .7
=,/ =[SIn— SIh— SIn— SIn—
2 8 8 8 8
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lll].

EEER

m  8x8DSTOEEEE
LSRR RIA
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Picture of DST Basis

B Picture of 8x8 DST basis
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i3 Qe 5 TOLE 2

B ERERAZIEOERFRTRRETELVRALHD
. EHEAVNLOEE. REMICRE O ST
B BEEREEOT—AOEFEERL
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Characteristics of DST

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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TILFATATEME

o AT L / Multimedia Distribution System

13



BRI A% (DCT)
B NADCT(EATN) ... 55 x(n), R X(K)

X(K)= %C(k)gx(n)cos(%j (k=0,..N~1)

cCIg,

1
C(k){ﬁ (k=0)
1 (k=0)
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Discrete Cosine Transform
(DCT)

® N point DCT(Type-I1) ... Signal x(n), Coefficient X(k)
N-1
X(K)= 3C(k)zx(n)cos(wj (k=0,..N—1)
N pr 2N

x(n)= %EC(k)X(k)cos[%j (n=0,..N-1)

where,
1
= (k=0
1 (k=0)
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BRI AU KH(2)

m DCT-I

Discrete Cosine Transform(2)

m DCT-I

C(k)C(n)cos[nkT”J (k,n=01,...N) C(k)C(n)cos[nkT”J (k,n=01,...,N)
m DCT-II m DCT-II
C(k)cos(wj (k,n=02,...N -1) C(k)cos(wj (k,n=02,...N -1)
2N 2N
m DCT-11 Kl m DCT-11 Kl
C(n)cos(ﬂ) (k;n=02,.,N—1) C(n)cos(ﬂ) (k;n=01,.,N—1)
2N 2N
m DCT-1V m DCT-1V
cos(w] (k,n=04,..N—-1) cos(w] (k,;n=01,..,N-1)
4N 4N
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2R 7TDCT Two-Dimensional DCT
. NxNm2RFTDCT ... 55 x(nm), &RE X(u,v) ®  NxN point 2-D DCT ... Signal x(n,m), Coefficient X(u,v)
_2 LSHE] (2n+1)urx (2m+1)vzzj _2 LSHE] [(2n+1)u;r] [(2m+1)vzzj
X(u,v)fNC(u)C(v);m:Dx(n,m)cos[ N jcos[ N X(u,v)fNC(u)C(v);mZ:Dx(n,m)cos N cos| N
_238E (2n+1)urx (2m+1)vzz] _238E [(2n+1)u;r) [(2m+1)vzz]
x(n,m)= N & v:OC(u)C(v)X(u,v)cos[ N jcos[ N x(n,m)= N & v:OC(u)C(v)X(u,v)cos N oS N
fute fu where,
L (u=0,v=0) L (u=0,v=0)
C(u).C(v)=12 ' C(u).C(v)=12 '
1 (u=#0,v=0) 1 (u=#0,v=0)
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2RFTDCTDEE

B EH 0, mICELTRIAZLRTDCTONIE 25 2
m 2EIONADCTEHLLTEHHETED

t(u,m)= C(U)Zx(n m)cos(%j
N -
X(u,v)= C(V)Zt(u m)cos(%)
JNVFATFERIEY AT L / Multimedia Distribution System 85

Calculation of 2-D DCT

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

®  Calculated as 2 times N point DCT

2 & (2n+1)ux
t(u,m)=.,/—C(u x(n,m)cos| ~——
(u,m) N ( )g( ) ( N

2 o (2m+1)v;r)
X(u,v)=.—C(v t(u,m)cos| ——

(uv) N ( )%( ) ( N
JNVFAT(FERIEV AT L / Multimedia Distribution System 86

8x8DCT 8x8DCT
B 8x8m2RIFDCT ... 58 x(nm), &R X(u,v) m  8x8 point 2-D DCT ... Signal x(n,m), Coefficient X(u,v)
X(u, v)77C(u)C(v)ZZx(n m)cos[(zn+1)U”]cos[(2m+l)\’”) X(u, v)77C(u)C(v)ZZx(n m)cos[(zn+1)U”]cos[(2m+l)\’”)
70 16 16 70 16 16
x(n,m)== ZZC(U)C(V)X(U v)cos((zn+1)u”]cos((2m+l)wr] x(n,m)== ZZC(U)C(V)X(U v)cos((zn+1)u”]cos((2m+l)wr]
i V0 16 16 i V0 16 16
iz, where,
L (u=0,v=0) L (u=0,v=0)
C(u).C(v)=142 ' C(u).C(v)=12 '
1 (uz0,v=0) 1 (uz0,v=0)
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EEEZ Basis Image
m  8x8DCTOEEEE m  Basis Image of 8x8DCT
TR TN
i
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DCT D45

IR E R (DCTHRE

)

Characteristics of DCT

Signal Domain Frequency Domain

m DCT-I

(Pixels) (DCT Coeffs.)
TIFATATEIEV AT L / Multimedia Distribution System 91 TILFATFATEIEL AT L / Multimedia Distribution System 92
.
DCTDE$E Type of DCT

m DCT-I

x(n)= gC(n)iC(k)><(|<)cos[”k—”J (n=0,..N) x(n)= gC(n)iC(k)><(|<)cos[”k—”J (n=0,..N)
N par N N par N
= DCT-II = DCT-lI
X (k)= gc(k)Nix(n)cos(MJ (k=0,..N-1) X (k)= gc(k)Nix(n)cos(MJ (k=0,..N-1)
N = 2N N = N
[z (2n+1)kz B ~ _ 2% (2n+1)kz _ _
x(n)= N;C(k)x(k)cos(izN j (n=0,..,N-1) x(n)= N;C(k)x(k)cos(izN j (n=0,..,N-1)
TINFATAFRIEL AT L / Multimedia Distribution System 93 TINFATAFRIEL AT L / Multimedia Distribution System 94
DCTD#E$E (2) Type of DCT (2)
= DCT-1I = DCT-1I
2w (2k+1)nx B ~ _ 2% (2k+1)nz _ _
X(k)= N;C(n)x(n)cos(izN ) (k=0,.,N-1) X(k)= N;C(n)x(n)cos(izN ) (k=0,.,N-1)
B 3 N-1 (2k+1)nzz _ B _ 3 P (2k+1)|’172’ _ _
x(n)= NC(n)kZ:‘;X(k)cos[izN } (n=0,..,N-1) x(n) NC(n)kZ:‘;X(k)cos[izN } (n=0,..,N-1)
= DCT-IV = DCT-IV
_2& (2n+1)(2k +1)x B _ _|2& (2n+1)(2k +1)x B _
X(k)= N;x(n)cos(74N J (k=0,.,N-1) X(k)= N;x(n)cos(74N J (k=0,.,N-1)
NS (2n+1)(2k+1)7) |, B NS (2n+1)(2k+1)7) |, B
x(n)= N;X(k)cos(74N J (n=0,..,N-1) x(n)= N;X(k)cos(74N J (n=0,..,N-1)
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DCTOERE X

B Chen-Smith-Fralick (1977)

f(0)
(1)
f(2)
f(3)
f(4)

1(5) St
6y
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) e e el R
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Fast Algorithm for DCT

B Chen-Smith-Fralick (1977)

f(0)

(1) £
f(2)

f(3) ;
f(4) °
f(5)
f(6)
(1)
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DCT D45

KLEHISEVMEE S — 7 oo —~ D87 — &
ERESTLEORETRETES

FFTICB= N\ 9051 BHIC L EmRE £ E KB ATHE
Ef&F 51t (DCT-11). FEF St (M-DCT, MLT)
— M-DCT: Modified DCT

— LOT: Lapped Orthogonal Transform

— MLT: Modulated LOT

RNVFATAFEIEVAT L / Multimedia Distribution System
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Characteristics of DCT

B Energy compaction performance to low sequency is
close to KL Transform

B DC component can be represented by one coefficient

B Fast computational algorithm exists like FFT’s buttery
computation

B Image coding (DCT-II), Audio coding (M-DCT, MLT)
— M-DCT: Modified DCT
— LOT: Lapped Orthogonal Transform
— MLT: Modulated LOT
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