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The story so far ...

Data compression

— information theory

— run length encoding

— Huffman coding

— Zif-Lempel(-Welch) algorithm
— Arithmetic coding

Joint Photographic Exper

1991 - 1993

CCITT, ISO 10918

Lossless coding (Comp. 2:1)
Coding with loss (10:1-40:1)
Parameter controls image quality
Not limited for certain image types




JPEG

» Huffman- or Arithmetic Coding

* Modes:
— Lossless Coding
— Sequential Coding
— Progressive Coding
— Hierarchical Coding

* Not a file format !l »> JFIFF

A+B-C
A+(B-C)/2
B+(A-C)/2
(A+B)/2
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(Vhs. Diff.)(Vhs. Diff.)(Vhs. Diff)...




Lossy Coding

hdivision in 8x8 Block
Transformation in frequency space
Quantising
Coding (Huffman or arithmetic Coding)

» Why use frequency domain
— better statistic distribution
— many low frequency parts
— few high frequent parts
— quantising better possible

— Humans see high frequencies only for high
contrast values




Why DCT?

Wy No ourie AlSTOTT
— 8x8 Blocks
— FT: ringing at block edges

A

» Why not Fourier Transform®
— 8x8 Blocks
— FT: ringing at block edges




Why DCT?

vV NV No outrie

— 8x8 Blocks

— FT: ringing at block edges

— Mirroring produces even function
— Sinus coefficients disappear

cosine, sine functions

f(t)y=cos{u-t)

amplitude

sampling of function




DCT - basis functions
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coefficients

7 7
f(x,y) =% {Z 2. C(U)C(V)F(u,v) *cos & cos Er }

u=0 v=0

for C(u),C(v :\f—zwhen u,v=0
C(u),C(v)=1 else




(Forward)DCT

o« FDCT: F(u,v)=3C(u)C(v) iif(x,y)*cos%cos%

x=0y=0

with C(u),C(v) =+ for u,v =0

FDCT Encoder
. mm

_)
unsigned — signed EDCT




Quantising

F(u,v)

F°(u,v) =Integer| ——=

Q(u,v)
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» 63 AC-Coefficientes
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FDCT Quantiser & Encoder 01011010..

Table Table



DC-Coding
ADC=DC-DC,

ADC=(Length, Value)
Length=Huffman-Coded

Value=(Sign, abs Value)

FDCT Encoder
-1

Length Value
1 (2).1.1
1 (2).1.
: (0)..
: (3).0.01
: (7).0.000011

-255..-128, 128..255
-511..-256, 256..511

-1023..-512, 512..1023 I
-2047..-1024, 1024..2047




Code

00
010
011

18(1) 1 (3).0.01 :100.0.01

110 67 : (7).0.000011: 11110.0.000011
1110

11110

111110

1111110

11111110 Encoder
111111110
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» Zig-Zag Serialising
e Zero run length
« Huffman-Coding




FDCT Quantiser & Encoder 01011010..

Table Table

e 0,-2,-1,-1,-1,0,0,-1,0,0,0,0,...

« (1x0),-2,(0x0),-1,(0x0),-1,(0x0),-1, -
(2x0),-1,<EOB>

 (1),-2,(0),-1,(0),-1,(0),-1,(2),-1,<EOB>
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FDCT Encoder




(2x0),-1,<EOB

1), ,(0), ,(0), ,(0), ,(2), ,<EOB>

(1), (0), (0), (0),
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,(2), ,<EOB>

FDCT Encoder
-1
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0,-2,-1,-1,-1,0,0,-1,0,0,0,0,...

(1x0),-2,(0x0),-1,(0x0),-1,(0x0),-1, -

(2x0),-1,<EOB>

(1),-2,(0),-1,(0),-1,(0),-1,(2),-1,<EOB>
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(1).((2).1.0),(0),((1).1),(0),((1).1),(0),
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((1).1),(2),((1).1),<EOB>
(1/2).1.0,(0/1).1,(0/1).1,(0/1).1,(2/1).1,<EOB>




<EOB> 1010 1/1 1100
0/1 00 1/2 11011
0/2 01
0,-2,-1,-1,-1, (k! 100 2/1 11100
x0).=2. (0x0 L 1011 212 11111001
{ 0/5 11010
(2X0),-1,<EC [ rpprn 15/1
(1),-2,(0),-1, (W4 11111000

%(11))((12))(;)()()&' i;/écl)& 11111111001

(1/2).1.0,(0/1).1,(0/1).1,(0/1).1,(2/1).1,<EOB>
1101110001 001001 11100 1 1010

63 AC-Coefficients — 26 Bit

» DeCoding
» Rescale by DeQuantising
* Inverse DCT




Inverse DCT

7 7
f(x,y) :%{ZZC(U)C(V)F(U, V) *cos &N cos%}

u=0 v=0

for C(u),C(v) :\f—liwhen u,v=0
C(u),C(v)=1 else

usable - good

good - very good

excellent

not distinguishable from original




Progressive Mode

C C O¢E
runs.
e Two Possibilities:
— Spectral Transfer
— Approximated Transfer
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Spectral Transfer




Bloclyf

0
1

= |

7654

Approximated Transfer

Code higher resolution as difference to
previous lower resolution

Image is represented in several
resolutions

Unnecessry data are not transferred




Images with several channels

= CdlT USe Sevelrd 0104l )-
Channels (e.g., YC,C)

e Channels can have different resolution

* Resolution factor as whole number

e JPEG method does not bother-abou
channels

JPEG is not a file format

JPEG is colour-blind

Parameters and tables are pre-defined
Based on JPEG mode of TIFF 6.0

Consists of segments which are defined
by markers (like TIFF)




Is JPEG good enough?

For compression rates > 40:1 JPEG does not work well.
low frequencies are not taken into account.

Good quality up to 60:1

Linear degradation for higher compression rates
No visible blocks

JPEG 2000 Standard

JPEG I
Wavelet
HY Opl=0
Quadiree

PENR [dE]
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» Fractal Coding:

— Barnsley, Hurd: Fractal Image
Compression, AK Peters Ltd (1993)

— Fisher: Fractal Image Compression,
SIGGRAPH "92 Course Notes




The End of this Lecture




