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Multimedia Distribution System
- N0.8 Image Coding Standard -

Hiroshi Watanabe
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E{RFFE1

B J5749X(BRER)
— GIF
. INE

B 2{EEE

— JBIG

B BREE
— JPEG
— JPEG2000
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Image Coding

- ~S

Graphics (Limited Color)
— GIF
— PNG

Binary Image

— JBIG

Natural Image
— JPEG
— JPEG2000
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GIF

JITAD AR IA—< vk
aVEa—JTEbNT-
256 LI T D R[# A 51t
LZW I #a$ fiit
GIF87a, GIF89a

WA

— Lempel-Ziv-Welch

— TmERIQI=/N—H)LFEE
— A= RHFEFRIE 1984-2004
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GIF

Graphics Interchange Format
CompuServe
Lossless coding for 256 colors or less
LZW compression
GIF87a, GIF89a

LZW

— Lempel-Ziv-Welch

— Dictionary type compression
— Patented 1984-2004
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PNG

B R—3TIARINT—DT5T49RK
ISO/IEC JTC1/SC24THER SN T-1Z#E
8-24E Vb HT— DRI FEL
Deflate [T #a % fiT2{E F
ISO/IEC 15948:2003

B Delfate
— LZ77 + BMINIIUFE
— MEERIFEHRNNEBEINTHEIE
— |ETF RFC1951
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PNG

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

B Delfate
— LZ77 + Dynamic Huffman
— Location and length are categorized

— IETF RFC1951
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Joint Bi-level Image Experts Group
ISO/IEC JTC1/SC29/WG1 THERSnI-12#
“EEGNANR(EERER)
YILATETIL + QMEFS1L3S
ISO/IEC 11544

QM coder

— TILATETIL
— B8t
— LPS: 2Q
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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: 2Q
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JPEG

Joint Photographic Experts Group
ISO/IEC JTC1/SC29/WG1 THERL
1 E{®R(RGB&SE yrM24E vy h5—EE)
JERFERFS{E/Al RS 1L
BEE Y AU EH(DCT) + NIV HFEE/QMEEL
ISO/IEC 10918: 1994 | ITU-T Rec. T-81

BE O A

— 8x8 DCT, ##HEF1t, EH1T5

— DOYGTRXwy, 2RFTTNIIVFEIL
— EiHHFS(QM coden)ldA T3y
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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

DCT

— 8x8 DCT, linear quantization, weight matrxi
— Zigzag scan, 2D-Huffman coding

— Option: QM coder
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JPEG 2000

Joint Photographic Experts Group
ISO/IEC JTC1/SC29/WG1 THERL
1 E{®R(RGB&SE yrM24E vy h5—EE)
SER[E ML R E CEMBIICEH ARG =1L
Hrx—JLwvk +EBCOT(EMHFE1L)
ISO/IEC 15444: 2000

Jx—JLwk

— YIT427, BEEFIE

— EBCOT(Embedded Block Coding with Optimized
Truncation), #3379 ALDEMF 51 (MQ-coder)
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JPEG 2000

Joint Photographic Experts Group
ISO/IEC JTC1/SC29/WG1
Still Image(RGB&8SE kM 24E v AS—EI)
From lossy to lossless
Wavelet +EBCOT (Arithmetic coding)
ISO/IEC 15444: 2000

Wavelet
— Lifting scheme, linear quantizer

— EBCOT(Embedded Block Coding with Optimized
Truncation), multi-context arithmetic coding(MQ-

coder)
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B FE{EIOER

FEET—%2

ﬁ

Weight Matrix

DeMux: ZE 5 B
Block: 78v41t
DCT: Bf#ay /&
Q: EFit

VLC: AIZR#AFSIE
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Stil

B Encoder Structure

Input image Coded data

ﬁ

— DeMux

Weight Matrix

=Y |

DeMux: De-Multiplexing

Block: Blocklng

DCT: Discrete Cosine Transform
Q: Quantization

VLC: Variable Length Coding
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B HS5—FRLEE
— D3R
— RGB (R:Red, G:Green, B:Blue)

B CCIR Rec.601 (ITU-R 601)

— YCDCr (Y:Luminance, Cb,Cr:Chrominance)
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essing

~J

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

B CCIR Rec.601 (ITU-R 601)

— YCDCr (Y:Luminance, Cb,Cr:Chrominance)
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B RGB to YCDbCr
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(Ch—128)-0.714(Cr —128)
B=Y +1.772(Cb—128)
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B RGB to YCDbCr
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(Ch—128)-0.714(Cr —128)
B=Y +1.772(Cb—128)
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B HVS (fREHHH)

BEEELVIBEESIIRL TER

BEESEHEEIEY LTS

ERIBYZ B L, YChbCrieKIZH LT BE(EEChCrE/KTE
E(ZHIH2 Ty
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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

R E N
S

|
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(2n+1)kz
2N

X(k)= %C(k)Nix(n)cos(
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Discrete Cosine Transform
(DCT)

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

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

((2n+1)k7zj
2N
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SX8DCT

B 8x8m2X&J;DCT ... {8x(n,m), ETHZREIX(u,V)

()= Le(uemE S, mWWj(%j

X(n,m)== ii )C(v)X(u,v)cos(%jcos(Wj

> (u=0,v=0)

C(u),C(v)=
(u=0,v=0)
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SX8DCT

B 38x8 point 2-D DCT ... Signal x(n,m), Coefficient X(u,v)

X(u, v)——C(u )C(V)sz(n m)COS(WjCOS(Mj

n=0 m=0

16

X(n,m)== ii )C(v)X(u,v)cos(%jcos(Wj

u=0 v=0

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

C(u),C(v)=
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B Basis Image of 8x8DCT




P

K #4815 (DCT Coeffs.)
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P

Signal Domalin Frequency Domain
(Pixels) (DCT Coeffs.)
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Compression
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iz EF1k

EFILATVTd IE—EE(—HREFIL)

= F1tiE :
fhia

Yi(3) _'_‘

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

yi(1)

d ! d

> | >

T T+d T+2d T+3d
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Lin

ar Quantization

B Quantization Step dis constant (uniform quantization)

Quantized Value Q(x;)

¥i(3)

¥i(2)

yi(1)

A

4
/
4
’ I

Q(Xi):yi(k)

(T+(k=1)d <x <T+kd)

d | d

-

» Input X;

T T+d T+2d T+3d
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TRy —2 70
SykrLyREY

>
DCT{% %

-3Qs/2 -Qs/2| | :
= Qs/2 3Qs/2 5Qs/2
1 -1
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B Uniform
B No dead-zone
B Mid-tread

>
DCT

-3Qs/2 -Qs/2| | :
| Qs/2 3Qs/2 5Qs/2
1 -1 Coefficient
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[=]

SR HERiEER

0.4
0.2
0.15
0.1
0.05
0.04
0.03
0.03

Entropy = ' bit/symbol bit/symbol
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Fixed Length Code and Variable
Length Code

Symbol  Probability FLC Huffman Code

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

Entropy = ' bit/symbol bit/symbol
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B 8x8 DCTEZHMDEE

ANEBRITOYY DCT{%%k

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

40 42 41 79 111112112111 -1 63 33 -13 -22
40 40 43 83 110111111113 w=ap -31 18 4 -10 -5

72 73 83 110111114110112 20 -5 -7
110111 110112112111 110113 3 -14 -4
112111 112110110112 114111 10 0 1 1 -3

4
5
51 52 56 83 110110111110 7 2 -2 -1 2
2
5
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B Calculation of 8x8 DCT Coefficients

Input Image Block

40
41
40
40

51
72

41
40
42
40

52
73

40
40
41
43

56
83

41 42 72 73 74
44 78 110110112

DCT Coefficients

693-147-15 29 9 -4
-142 -68 13 17 -7 -4

-3 -5
3 -3

79 111112112111 -1 63 33-13-22 4 10 -1

83 110111111113 w=ap -31 18 4 -10 -5

83 110110111110 7 2 -2 -1
110111114 110112 20 -5 -7

110111 110112112111 110113 3 -14 -4
112111 112110110112 114111 10 0O 1
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=2F1it (RTvy7T=16)

=FIEDCTIRE FDCTIE(ESER)

696:152 .0°-24 O
-136:,-,72:/,6, 24 0
:’6,/523 40 0-24
24 24 0 0 O
24 0 o
0 24 0
0O 0 O
O 0 O

STHTAxN

47 43 34 34 55 80 86 76
38 36 38 52 79104112108
39 38 47 73 99114118119
41 39 53 83105110110113
47 47 62 90108110111116

81 81 88100108110111114
111113110105103108112111

110115111 99 99112122122

O O OO0 o o oo
O O OO0 o o oo
©O 0O OO0 O o oo

0)
0)
0)
0)

0]
0]
0]
0)
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B Quantization (Step=16)

Quantized DCT Coeffs. IDCT Value (Decoded Image)

696:152 .0°-24 O
-136:,-,72:/,6, 24 0
:’6,/523 40 0-24
24 24 0 0 O
24 0 o
0 24 0
0O 0 O
O 0 O

47 43 34 34 55 80 86 76
38 36 38 52 79104112108
39 38 47 73 99114118119
41 39 53 83105110110113
47 47 62 90108110111116
81 81 88100108110111114
111113110105103108112111
110115111 99 99 112122122

O O OO0 o o oo
O O OO0 o o oo
©O 0O OO0 O o oo

0]
0]
0]
0)

0]
0]
0]
0]
Zigzag scanning

TILFAT 4T EIEL AT L / Multimedia Distribution System




2-D VLC (3)

ST AX v UIETOEFILELEEOSUER

696 152 —-136 0 —72 0 24 0 56 —24 24 24 40 24
00000000 24 00 —24 0000000....000

EFIELANILADTIR)EEASUE

43 9 80 40103 -1-1121
00000000 1 00 -1 0000000....000
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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 “O” Run-length by zigzag
scan

43 9 80 40103 -1-1121
00000000 1 00 -1 0000000....000
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B TAOSVRELNILDIEAEDHE

Data # | Run Level
(DO) 9

10
11
12
13
14

OIN[fO|lOA|R~R|IW|IDN]|PF

EOB: End of Block
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B Combination of Zero-Run and Level

Data # | Run Level Data #
(DC) 9

10

11

12

13

14

OIN[fO|lOA|R~R|IW|IDN]|PF

EOB: End of Block
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2-D VLC (5)

DCRsT DFF51E: 8bit BIE RS
— 43 = 32+8+2+1 = “0010 1011”

(T, LRIL): NIRUFEIL
(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 O”
(0,-1) = “11 1”
(0,-1) = “11 1”
(0,1) = “11 0~
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DC Component: 8bit FLC
— 43 = 32+8+2+1 = “0010 1011~

(Run, Level): Huffman Coding
(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 O”
(0,-1) = “11 1”

(0,-1) = “11 1”

(0,1) = “11 0”
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(T, LRIL): NIRUFEIL

— (0,2) = “0100 0"

— (0,1) = “11 0"

— (0,1) = “11 0"

— (8,1) = “0000 111 0"
(2,-1) = “0101 1~

EOB = “10”
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(Run, Level): Huffman Coding

— (0,2) = “0100 0O~

— (0,1) =“110”

— (0,1) =“110”

— (8,1) = “0000 111 O~
(2,-1) = “0101 1~

EOB = “10”
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B H.261 2-D VLCIZBITAHFE

| Level |

345 6 7 8 9 10 11 12 13 14 15 .. 127

6 8 9 9 1113 13 13 13 14 14 14 14
9 111314 14
11 13 14
13 14
11 13
11 14
13
13
13
14 Run 6 bit (FLC) + Level 8 bit (FLC)

14

oOoo~NOOar~WNEO

©COOWOWAONN~NOOOOODMDN]|PR
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B Code length of H.261 2-D VLC

| Level |

345 6 7 8 9 10 11 12 13 14 15 .. 127

6 8 9 9 1113 13 13 13 14 14 14 14
9 111314 14
11 13 14
13 14
11 13
11 14
13
13
13
14 Run 6 bit (FLC) + Level 8 bit (FLC)

14

oOoo~NOOar~WNEO

©COOWOWAONN~NOOOOODMDN]|PR
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| Level |

1 2 3 45 6 7 8 9 10 11 12 13 14 15 .. 127

9
11
11
11 Run 6 bit (FLC) + Level 8 bit (FLC)
13

13
14

14
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| Level |

1 2 3 45 6 7 8 9 10 11 12 13 14 15 .. 127

9
11
11
11 Run 6 bit (FLC) + Level 8 bit (FLC)
13

13
14

14
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JPEG2000

B Ur—J0LyraEBEL-EE/FSL
— FULETIIEFLGERME
— BETIEEoDKHMENERIINS (
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JPEG2000

B \Wavelet based image coding
— Good picture quality for still images
— Wavy noise (flicker artifact) for video (
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r—JLwhk

B BRNFGAFIIHETEH
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B DORNTGA—BIRYEREEZERTES
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/\_}I/:Qs:l:@v

w ~w Jw W

B Sx8/\—)LLTHEEK
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Harr Transform Basis

B 8x8 Harr transform basis

"
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B 29 KRANKRTLILANDIEE

Ho(2)

Ho(2) ‘B
H,(2) ‘B H

H,(2)
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B 4-pand (dyadic) filterbank structure

Ho(2)

Ho(2) ‘B
H,(2) ‘B H

-
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A03—THE| (2)

m BEFII—TREDSGEDRKBEFEQCHKRANIER)

AWESE |

1

/2
R
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Octave Spli

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

Power %

1

/2
Frequency
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Dx—JLyhEHEER (2)

- . w w 1w ~

B RO I—TLyhER(OWD)ESUHEHT Y V EH(DCT)D
SERFRHKICL DB EERD LB
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Wavelet Transform Im

B The lowest frequency component of DWT and DCT
(1/64)
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B F—JLI\NRTAILRA(2)IZ&BHLPFEHPF

H.(2) = %{ZZHA(ZZ) + A(Z%)]

H. (2) =€{z2“A<z2>—A(z2>}
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A—ILINR D4 )LA

B REBNROA—ILINZARTALILA

A¥)y=zMNen MO(w)=-Nw+2tan™ 12

> a,{cos(nw) - jsin(nw)| > a, cos(nw)

n=0
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A¥)y=zMNen MO(w)=-Nw+2tan™ 12

> a,{cos(nw) - jsin(nw)| > a, cos(nw)

n=0
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A—ILIRRT4ILE (2)

B LPF, HPFORLR (X B $R A 4E

H,(e°) =2 e cos[@(Za)) +(k+ %)a)}

H, ") =2 2 sin{@(Za)) +(k +%)a)}

B IRIEIXER

Ho(e™) +|H (")) =2
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All Pass Filter (2)

B Frequency Characteristics of LPF, HPF are linear phase

H,(e°) =2 e cos[@(Za)) +(k+ %)a)}

H, ") =2 2 sin{@(Za)) +(k +%)a)}

B Amplitudes are in an orthogonal relation

2

Ho(e™) +|H (")) =2
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B D747 (R)ICEDHEHILNIE

A(z)

4.@_.
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B Integer operation by (R)

A(z)

4.@_.
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] 8

B STEH(y(D)=(a+b)/2, y(2)=a-b)ZLL T D2RTT—2I&E
A+ L.

128 132
126 128
120 125
125 130
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Quiz

B Apply S-transform (y(1)=(a+b)/2, y(2)=a-b) to the 2-
dimensional data below.

128 132 134 141
126 128 130 135
120 125 128 133
125 130 134 131
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