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Input video signal

Y, u, vIimage
PCM 8 bits

Y=030R+059G+0.11B

u=B-Y
V=R-Y




Y u v Formats

Y UV Format

RGB 24 bits/pixel YUV 4:2:0 (12 bits/pixel)




The need for image compression

e 512 x 512 pixel color image
512 x 512 x 24bits = 786 Kbytes

e Videoconference QCIF (quarter common intermediate format)
(176 x 144 + 88 x 72 + 88 x 72) x 8 x 25 = 7.6 Mbits/s

e Digital television
(720 x 576 + 360 x 288 + 360 x 288 ) x 8 x 25 = 124 Mbits/s

e High definition television - HDTV

(1440 x 1152 + 720 x 576 + 720 x 576 ) X 8 x 25 = 497 Mbits/s

e Multispectral images (satellite)

(6000 x 6000) x 8 X 6 = 216 Mbytes




Image coding

Bit stream
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Objective: To find a way to represent

the original image without (?) distortion
with the minimum number of bits possible

.

Lossless image coding Lossy image coding




Lossless and lossy image coding

o Lossless image coding :

The decoded image is pixel by pixel identical to the original

e Lossy image coding :

The decoded image is NOT pixel by pixel identical to the original

Visually indistinguishable

Original Visually distinguishable

-

<

i
A

_S

A

7 ¢

\

i




General scheme of image coding
(compression)

Original image Reversible Non-reversible Bit stream
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To prepare the image * Quantizer

To remove redundancy « Scalar or vectorial

This an optional block. » This an optional block.
Although almost always Although almost always
exists exists

DCT, wavelets, hybrid [ [

« Entropic coder
» This block always exists




Quantization

X = e




Quantization (1)

Input digital levels Output levels
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Quantization (2)

Reconstruction

Output values
levels M\A

A

2 level quantizer

>

1 bit/pixel image
(binary)

Input levels

Decision levels

8 bits/pixel image




Quantization (3)

Reconstruction

Output values
levels M\A

4 level quantizer

>

2 bit/pixel image

8 bits/pixel image

Input levels

cision levels
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Uniform quantizer




Image formats



Measure of the compression (1)

Bits original image

Compression factor =
Bits compressed image

Bits compressed image

Bits/pixel =
Number of pixels




Measure of the compression (2)
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Original image Compressed image
256 x 256 x 8 bits 40.000 bits

40.000 8 bpp
Bits/pixel = = 0.61 bpp C.F.= =13.1
256 x 256




Measures of the compression quality
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Subjective measure ) Opinions over a scale of 5

255°

PSNR(dB) =10l0
(dB) O er

Objective measure )




Scalability

Scalable bit stream
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® Spatial scalability
e PSNR scalablility (quality)

e Non-scalable




Spatial scalability

Scalable bit stream

11 54

Decoder 1

Decoder 2
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PSNR scalability (quality)

Scalable Bit stream
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Decoder 1 Decoder 2 Decoder 3




Spatial — PSNR scalability

Imagenes decodificadas con escalabilidad hibrida espacial-zMNRE
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BITSTREARM




Non-scalable

Non-scalable Bit stream
IS I A AN O Y O N

Decoder 1 Decoder 2 Decoder 3




Asymmetric coder

e Coder complexity different than decoder complexity

e The decoder should be as simple as possible

JPEG: Symmetric

MPEG 1- 2: Very asymmetric




Examples of coding schemes

Original image Bit stream

L» Do something » Quagtlzer » Entropic coder

Transform coding — JPEG
Still image coding
Wavelets — JPEG 2000

Hybrid coding — H.26x, MPEG-1, Video
MPEG-2, MPEG-4




Transform coding - JPEG
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JPEG 2000

Component Wavelet | N Arithmetic
Decorrelation transform | coding
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Bit stream Coefficient bit

Reversible| | No Reversible ! M .
ordering modeling

Region of Error
interest resilience

e Error resilience

* Arbitrarily shaped region of interest
 Random access

 Lossless and lossy coding

 Fully scalable bit stream




Wavelets




JPEG 2000 - JPEG JPEG 2000 - JPEG




General hybrid scheme




Image coding standards

1986 1988 1990 1992 1994 1996 1998 2000

0.15 bits / pixel : Recognizable 0.75 bits / pixel: Excellent

0.25 bits / pixel : Useful 1.50 bits / pixel: Indistinguishable

4
20% more compression than JPEG for same qualit
More functionalities




Video coding standards

1984 1986 1988 1990 1992 1994 1996 1998 200

| | |
H.263
H.263+, H.26L

Frame-based
Object-based




