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Multimedia Distribution System
- No.8 Image Coding Standard -

Hiroshi Watanabe
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E RS ERE

TS0 R(RER)
- GIF
— PNG

n 2fEER
— JBIG

. BRER

— JPEG
— JPEG2000
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Image Coding Standard

Graphics (Limited Color)
- GIF
— PNG

Binary Image
— JBIG

Natural Image

— JPEG
— JPEG2000
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GIF

B TSOORTMIA— vk
— avEay—JTEbh
— 256BLITOA#FFE
— LZWIEHEHHT
— GIF87a, GIF89a

m LZW
— Lempel-Ziv-Welch
— BHEBOI-A—HLBFEL
— A= RHFEFRIRE 1984-2004
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GIF

Graphics Interchange Format

— CompuServe

— Lossless coding for 256 colors or less
— LZW compression

— GIF87a, GIF89a

LzZW

— Lempel-Ziv-Welch

— Dictionary type compression
— Patented 1984-2004
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PNG

B R—BTNRYNT—HTS5T40R
— ISO/IEC JTC1/SC24 T an =184
— 8-24EvUbNS—DAH#HEL
— Deflate EfEH iz A
— ISO/IEC 15948:2003

m  Delfate
- LZ77 + BMNIIUHS
- MBERIBEH/ANESLATHEL
— IETF RFC1951
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PNG

m  Portable Network Graphics
— ISO/IEC JTC1/SC24
— Lossless for 8-24 bit colors
— Deflate compression technology
— ISO/IEC 15948:2003

m  Delfate
— LZ77 + Dynamic Huffman
— Location and length are categorized
— |IETF RFC1951
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JBIG

®  Joint Bi-level Image Experts Group
— ISO/IEC JTC1/SC29/WG1 THERShi-1E%
- Z{EEZASHR(BRER)
— TILATETIL + QUFFBILE
— ISO/IEC 11544

® QM coder
— TILATETIL
- HEifiFSit
— LPS: 2@
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JBIG

®  Joint Bi-level Image Experts Group
— ISO/IEC JTC1/SC29/WG1
— Bi-level image (black/white)
— Markov model + QM coder
— ISO/IEC 11544

® QM coder
— Markov model
— Arithmetic coding
— LPS: 2@
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JPEG

®  Joint Photographic Experts Group
— ISO/IEC JTC1/SC29/WG1 TR
— #IEER(RGBEBE YrM24E yrhF—ER)
— FEAHFE/AERFSIE
— BEOY AU EH(DCT) + NIIUHEE/QME S
— ISO/IEC 10918: 1994 | ITU-T Rec. T-81

n EERaY UG
— 8x8 DCT, #EF1ik, EH175
— DUYTREry, 2RTNTIVESL
— HFS(QM coder)ldt T ar
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JPEG

®  Joint Photographic Experts Group
— ISO/IEC JTC1/SC29/WG1
— Still Image
— Lossy coding/lossless coding
— DCT + Huffman/QM coder
— ISO/IEC 10918: 1994 | ITU-T Rec. T-81

m DCT
— 8x8 DCT, linear quantization, weight matrxi
— Zigzag scan, 2D-Huffman coding
— Option: QM coder

RNVFATAFEIEY AT L / Multimedia Distribution System
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JPEG 2000

®  Joint Photographic Experts Group
— ISO/IEC JTC1/SC29/WG1 THERL
— #HIULE#(RGBESE YrM24E Yy hS—EI])
— RS ETEGMICEH ARSI
— x—JLwk +EBCOT(HEfMFF51t)
— ISO/IEC 15444: 2000

m Jr—J0Lvybk
- UIT4VY, BEETFIE
— EBCOT(Embedded Block Coding with Optimized
Truncation), a7 X D &M #fF 5 1£(MQ-coder)
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JPEG 2000

®  Joint Photographic Experts Group

— ISO/IEC JTC1/SC29/WG1

— Still Image(RGB&8E vh?M24E v h5—ER)
— From lossy to lossless

— Wavelet +EBCOT(Arithmetic coding)

— ISO/IEC 15444: 2000

m Wavelet
— Lifting scheme, linear quantizer
— EBCOT(Embedded Block Coding with Optimized
Truncation), multi-context arithmetic coding(MQ-
coder)
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DeMux: ZE5 8
Block: 7Av¥1E
DCT: BB %
Q: EF1t

VLC: AIERFSIL
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Still Image Coding Scheme

B Encoder Structure

Input image Coded data

DeMux: De-Multiplexing

Block: Blocking

DCT: Discrete Cosine Transform
Q: Quantization

VLC: Variable Length Coding
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BESLE

. AS—FRLE
- RD3RE
— RGB (R:Red, G:Green, B:Blue)

®  CCIR Rec.601 (ITU-R 601)
— YCbCr (Y:Luminance, Cb,Cr:Chrominance)

RNVFATAFEIEVAT L / Multimedia Distribution System 17

Color Signal Processing

m  Color Still Picture
— three primary colors for light
— RGB (R:Red, G:Green, B:Blue)

®  CCIR Rec.601 (ITU-R 601)
— YCbCr (Y:Luminance, Cb,Cr:Chrominance)

RNVFATAFEIEVAT L / Multimedia Distribution System 18
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{

S

i

®  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)

RNVFAT(FERIEV AT L / Multimedia Distribution System 19

Signal Conversion

®  RGB to YCbCr
Y =0.229R +0.587G +0.114B
Cbh=-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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RERME

B HVS ({REHHE)
- BEESLYBEESICHLTHRE
- BEESEMSIEYLIILY
— BB, YChCrERITHE LT BEEBCbCrEKTEE
EIZH IS Ty

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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RO H AU ZH (DCT)

B NmDCT ... {E85x(n), ERHRHEXK)

(2n+1)kz
2N

x(n):ﬁic(k)x(k)cos(%] (n=0,...N-1)

futd e

1
C(k){ﬁ (k=0)
1 (k=0)

X(K)= %C(k)Nix(n)cos[ ] (k=0,..N—1)
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Discrete Cosine Transform
(DCT)

® N point DCT ... Signal x(n), Coefficient X(k)

(2n+1)kz

o ] (k=0,..,N-1)

X (k)= %C(k)Nix(n)cos[

x(n)= %Ec(k)x(k)cos(%] (n=0,..N-1)

where,
1
— (k=0
C(k)=12 ( )
1 (k=0)
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8x8DCT

B 8x8m2KITDCT ... E5x(n,m), ZEHFHHX(u,v)

(2m+1vrx

X(u, v)77C(u)C(v)ZZx(n m)cos((zn;l)u”jcos(

n=0 m=0

16
(2m+1wvx

x(nm)== ZZC(U)C(V)X(U v)cos((znzé)u”]cos(

22z,

1
Cu),C(v) = ﬁ (u=0,v=0)
1 (uz0,v=0)
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8x8DCT

B 8x8 point 2-D DCT ... Signal x(n,m), Coefficient X(u,v)

X(u, v)77C(u)C(v)ZZx(n m)cos|

n=0 m=0

((2n+1)u;rjcos((2m+l)v;r)
16 16

x(nm)== ZZC(U)C(V)X(U v)cos((znIel)u”jcos((zm;el)\mj

uOVO

where,

1
C(u),C(v) = ﬁ (u=0,v=0)
1 (uz0,v=0)
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Basis Image

®  Basis Image of 8x8DCT

g[ EALR R ITIE

B lIIII'IH[H'Ill
L

IFIERTTR
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DCTD 454

{E5 R (Pixels)

JVFATAFERIEY AT L / Multimedia Distribution System

AR BB (DCT Coeffs.)

29

Characteristics of DCT

Signal Domain
(Pixels)

Frequency Domain
(DCT Coeffs.)
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Lenna by JPEG Compression

TFATATEIEL AT L / Multimedia Distribution System 31

JPEGIE#EIZ & BLennalE &

TFATATEAELAT L / Multimedia Distribution System 32

wEFE

B EFERTYId [F—EE(—HkREFIL)

EFEE Q(x)

Linear Quantization

B Quantization Step d is constant (uniform quantization)

Quantized Value Q(x;)

QX )=x QX )=x
¥i(3) - ¥i(3) -
Q(x;)=yi(k) Q(x)=yi(k)
yi(2) (T+(k-1)d<x <T+kd) yi(2) (T+(k-1)d<x <T+kd)
¥i(1) ¥i(1)
d d d d d d
- AB X - Input X;
0 T 7T+d T+2d T+3d 0 T 7T+d T+2d T+3d
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= . g
JPEGEF1t JPEG Quantization
. —HEF . - m  Uniform Quantization
m FyRY— L L AT R m  No dead-zone Index
. SyRRLYRE ®  Mid-tread
3 3
2 2
1 1
-3Qs/2 -Qs/2 -3Qs/2 -Qs/2
I Qs23Q825Q52 e I Qs/23Qs25Q82  pop
A A Coefficient
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BERFSLEAERFTS

Fixed Length Code and Variable
Length Code

SURIL  EREHEER BEERFAS INTRUFF 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
Entropy = 2.44 bit 3 bit/symbol 2.5 bit/symbol Entropy = 2.44 bit 3 bit/symbol 2.5 bit/symbol
RNVFAT(FERIEV AT L / Multimedia Distribution System 37 RNFAT(FERIEV AT L / Multimedia Distribution System 38
m 8x8 DCTREBDEHE m  Calculation of 8x8 DCT Coefficients
ABEH/BI OV DCTH%¥ Input Image Block DCT Coefficients
40 41 40 41 42 72 73 74 693-147-15 29 9 -4 -3 -5 40 41 40 41 42 72 73 74 693-147-15 29 9 -4 -3 -5
41 40 40 44 78 110110112 -142 -68 13 17 -7 -4 3 -3 41 40 40 44 78 110110112 -142 -68 13 17 -7 -4 3 -3
40 42 41 79111112112111 -1 63 33-13-22 4 10 -1 40 42 41 79111112112111 -1 63 33-13-22 4 10 -1
40 40 43 83 110111111113 wmep -31 18 4 -10 -5 5 5 -5 40 40 43 83 110111111113 wmep -31 18 4 -10 -5 5 5 -5
51 52 56 83 110110111110 -31 7 2-2 -1 2 -1 0 51 52 56 83 110110111110 -31 7 2-2 -1 2 -1 0
72 73 83110111114110112 -1 20 -5 -7 6 2 -3 -4 72 73 83110111114110112 -1 20 -5 -7 6 2 -3 -4
110111110112112111110113 -6 3 -14-4 6 5 -4 -4 110111110112112111110113 -6 3 -14-4 6 5 -4 -4
112111112110110112114111 0O 10 0 1 1 -3 -4 3 112111112110110112114111 0O 10 0 1 1 -3 -4 3
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m EF (RTvT=16) ®  Quantization (Step=16)
EFIEDCTHRY WDCTE(ESEIR) Quantized DCT Coeffs. IDCT Value (Decoded Image)
o o 47 43 34 34 55 80 86 76 696‘152’,»0724 0O o o0 o 47 43 34 34 55 80 86 76
o o 38 36 38 52 79104112108 3 0O 0 o 38 36 38 52 79104112108
o o 39 38 47 73 99114118119 0o 0 o 39 38 47 73 99114118119
o o — 41 39 53 83105110110113 0O 0 o — 41 39 53 83105110110113
0o o 47 47 62 90108110111116 0O 0 o 47 47 62 90108110111116
o o 81 81 88100108110111114 0O 0 o 81 81 88100108110111114
0o o 111113110105103108112111 0O 0 O 111113110105103108112111
0o o 110115111 99 99112122122 0O 0 O 110115111 99 99112122122
Zigzag scanning
RINFATAFRIEL AT L / Multimedia Distribution System 41
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2-D VLC (3)

n CUYIRXyUIETHOEFILELEOSUR

’696 152 -136 0 —72 0 24 0 56 —24 —24 24 40 24

00000000 24 00 —24 0000000....000

B EFELRLAVTIR)EERSUER

439-80-40103-1-1121
00000000 1 00 —1 0000000....000

RNVFAT(FERIEV AT L / Multimedia Distribution System
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2-D VLC (3)

B Quantized Value and “0” Run-length by zigzag scan

’696 152 -136 0 —72 0 24 0 56 —24 —24 24 40 24

00000000 24 00 —24 0000000....000

B Quantized Level (Index) and “0” Run-length by zigzag
scan

439-80-40103-1-1121
00000000 1 00 —1 0000000....000

RNFAT(FERIEV AT L / Multimedia Distribution System
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2-D VLC (4)

m FOSURELANILOHEFEDE

RNVFATAFEIEVAT L / Multimedia Distribution System

Data # |Run Level Data # |Run Level
1 (DC) 43 9 o] 1

2 0] 9 10 (0] 2

3 0] -8 11 (0] 1

a4 1 -4 12 8 1

5 1 13 2 -1

6 1 3 14 EOB

7 (0] ol

8 0 -1 EOB: End of Block
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2-D VLC (4)

B Combination of Zero-Run and Level

Data # |Run Level Data # |Run Level
1 (DC) 43 9 o] 1

2 0] 9 10 (o] 2

3 0] -8 11 (0] 1

a4 1 -4 12 8 1

5 1 1 13 2 -1

6 1 3 14 EOB

7 (0] ol

8 0 -1 EOB: End of Block

RNVFATAFEIEVAT L / Multimedia Distribution System
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2-D VLC (5)

m DCRADHSZIL: 8bit EERFSIL
— 43 = 32+8+2+1 = “0010 1011”

m (53U, LR NIIUFEEE
— (0,9) = “0000 0001 1000 0"
— (0, -8) = “0000 0001 1101 1”
— (1,-4) = “0000 0011 00 1”
- (1,1) =*011 0"
- (1,3) =“0010 0101 0”

- (0,-1) =*11 1"
- (0,-1)=*111"
- (0,1) =“110"

RNVFATAFEIEVAT L / Multimedia Distribution System
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2-D VLC (5)

®m  DC Component: 8bit FLC
— 43 = 32+8+2+1 = “0010 1011”

B (Run, Level): Huffman Coding
— (0,9) = “0000 0001 1000 0”
— (0O, -8) = “0000 0001 1101 1”
— (1,-4) = “0000 0011 00 1"
- (1,1) =*011 0"
— (1,3) = “0010 0101 O”

- (0,-1) =*11 1"
- (0,-1)=*111"
- (0,1) =“110"

RNVFATAFEIEVAT L / Multimedia Distribution System
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2-D VLC (6)

2-D VLC (6)

B (SU, LR NTRUFEE ®  (Run, Level): Huffman Coding
— (0,2) =*“0100 0~ — (0,2) =*“0100 0~
- ©On="110" — (0.1) =11 0"
- (0,1)=*110" - (0,1)=*110"
— (8,1) =*0000 111 0” — (8,1) =*0000 111 0”
- (2,-1) =*0101 17 - (2,-1) =*0101 17
— EOB = “10” — EOB = “10”
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m H.261 2-D VLCIZEITEHEER ®  Code length of H.261 2-D VLC
| Level | | Level |
123 456 7 8 9 1011 12 13 14 15 .. 127| 123 456 7 8 9 1011 12 13 14 15 .. 127|
[} 2 56 8 9 91113 13 13 13 14 14 14 14 0 2 56 8 9 91113 13 13 13 14 14 14 14
1 4 7 911131414 1 4 7 911131414
2 5 8111314 2 5 8 111314
3 6 9 1314 3 6 9 1314
4 6 1113 4 6 1113
5 7 1114 5 7 1114
RUN |6 713 RUN |6 713
7 7 13 7 7 13
8 8 13 . R 8 8 13 . .
9 8 14 Run 6 bit (FLC) + Level 8 bit (FLC) 9 8 14 Run 6 bit (FLC) + Level 8 bit (FLC)
10| 9 14 10| 9 14
1| 9 1| 9
12| 9 12| 9
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| Level | | Level |
123 456 7 8 9 1011 12 13 14 15 .. 127| 123 456 7 8 9 1011 12 13 14 15 .. 127|
13| 9 13| 9
14 | 11 14 | 11
15 | 11 15 | 11
16 | 11 Run 6 bit (FLC) + Level 8 bit (FLC) 16 | 11 Run 6 bit (FLC) + Level 8 bit (FLC)
17 | 18 17 | 18
RUN (21 | 13 RUN (21 | 13
22 | 14 Escape 6 bit (VLC) 22 | 14 Escape 6 bit (VLC)
E 8 EOB 2 bit (VLC) E 8 EOB 2 bit (VLC)
26 | 14 26 | 14
63 63
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JPEG2000

. Or—JUyhERBELE-EBRNSIE
- BULBTERIFCEBRSE

— BETEISLKHMENSRESND (sample)

= Motion JPEG (DCT), Noise
= Motion JPEG2000 (Wavelet), Noise

JNVFATFERIEY AT L / Multimedia Distribution System 55

JPEG2000

® Wavelet based image coding
— Good picture quality for still images

= Motion JPEG (DCT), Noise
= Motion JPEG2000 (Wavelet), Noise

JNVFAT(FERIEV AT L / Multimedia Distribution System

— Wavy noise (flicker artifact) for video (sample)

56

Drx—JLwvk (1)

n HR/INSA—FICKBEBLER

-y -2

RNVFATAFERIEY AT L / Multimedia Distribution System 57

Wavelet (1)

B Signal variation by dilation

-y

RNVFATAFEIEY AT L / Multimedia Distribution System

xi(t):\/gxtgj

58

Dx—JLvk (2)

B UORNTABITKYERBEEEZERTES

RNVFATAFERIEY AT L / Multimedia Distribution System 59

Wavelet (2)

B Create orthogonal basis using Translation parameter

RNVFATAFEIEY AT L / Multimedia Distribution System 60
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N—I)VEIREE

B 8x8/N\—LEMERE

TFATATEIEL AT L / Multimedia Distribution System
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Harr Transform Basis

B 8x8 Harr transform basis

TF AT AT EAEL AT L / Multimedia Distribution System 62

FOB—THE

B 2B KRANURTANEBNUHEE

RNVFATAFERIEY AT L / Multimedia Distribution System
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Octave Splitting

B 4-band (dyadic) filterbank structure

RNVFATAFEIEY AT L / Multimedia Distribution System 64

FO3—T 5% (2)
B A TABIDBEDBRAIHEA KA )

N —

1

0 n/8 /4 /2
A%

RNVFATAFERIEY AT L / Multimedia Distribution System
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Octave Splitting (2)

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

Power
1
0 n/8 w4 /2 T
Frequency
TINFATAFRIEL AT L / Multimedia Distribution System 66
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Yr—JLyhERER
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Wavelet Transform Image

TIFAT4FEIELRT L / Multimedia Distribution System 68

JI—J Ly EBRER (2)

B O I—JLyrEROWT)E&UBEEaY A E#(DCT)D
FERFZFHRICLIBEEGOLE

TIFATAFERIEV AT L / Multimedia Distribution System
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Wavelet Transform Image (2)

®  The lowest frequency component of DWT and DCT
(1/64)

TLFATAFEIEL AT L / Multimedia Distribution System 70

F—ILISR T4 IR KBER

m F—)LSRTAIVEA(Z)IZLBLPFEHPF

Ho(2) =g{z‘2K‘1A(z‘2)+ A@Z%)}

M= 22 [ A ) - A

RINFATAFRIEL AT L / Multimedia Distribution System
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Representation by All Pass Filter

B LPF, HPF are created by all pass filter A(z)

Ho(2) =g{z‘2K‘1A(z‘2)+ A@Z%)}

M= 22 [ A ) - A

TINFATAFRIEL AT L / Multimedia Distribution System 72
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F—ILIRZA T4 LA

B RENROA—ILISRTAILE
ia"z"
Az) =712

>az"
AR

ia,,{cos(nmw jsin(nw)} a, sin(nw)
I 0(0)=-No+2tan !
>"a, {cos(ne) - jsin(na)}

A@E)?) =z N 20
-0

DM=zp

a, cos(nw)

JNVFATFERIEY AT L / Multimedia Distribution System 73

All Pass Filter

®  N-th order all pass filter A(z)
N
>az"
A@)=z"

>az"

n-0

B Frequency responses

a, sin(nw)

ia,,{cos(nmw jsin(nw)}
S 0(w) =-Nw+2tan™
{

A@E)?) =z N 20
-0

DM=fzp

Zan cos(nw) — jsin(nm)} a, cos(nw)
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F—ILISRT1ILE (2)

B LPF, HPFO RS (X ER AR
Hy ) —y2 7 cos{H(Zw) +(k +%)a)}
H, (o) = v2 sin{H(Za)) +(k +%)(u}

mRIBXER

Hote')] =2

")
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All Pass Filter (2)

B Frequency Characteristics of LPF, HPF are linear phase
kD) 1
Ho(e') =42 "2 cos{é)(th(k +§)a)}

1
H,(e") = J2 72 sin{&(Zm) +(k +%)(o}

® Amplitudes are in an orthogonal relation

[Hote™)]" +|H, () =2
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)ITAVTIZKBER

B )IF4UT (R)ICK BB HLAIE

g
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Representation by Lifting

B Integer operation by (R)

g-

RNVFATAFEIEY AT L / Multimedia Distribution System 78
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128
126
120
125

132
128
125
130

134
130
128
134
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m SEH(y(1)=(a+b)/2, y(2)=a-b)ZLLFD2RTT—42IZE
Rt

141
135
133
131

® Apply S-transform (y(1)=(a+b)/2, y(2)=a-b) to the 2-

dimensional data below.

128
126
120
125

132
128
125
130

134
130
128
134
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141
135
133
131

80
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