7. Predictive coding
Objective: to compress an image by exploiting the high-level of redundancy that exists in most images. This can be done by trying to predict the current pixel value in an image using the previous ones.

When pixel values are predicted, errors are made. Therefore only the prediction errors have to be transmitted.

· To transmit the prediction error, three basic data compression techniques are often used:

Run-length encoding: runs of data (sequences in which many consecutive elements have the same data value) are represented by a single symbol.

Variable length coding: it is a statistical coding technique. It uses short codeword to represent values which occur frequently and long codeword to represent the values which occur less frequently.
Nonuniform quantification:
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· For a binary image (or an image with few levels), a prediction pattern can be used. A table gives the prediction to make for all possible stated of this pattern.

· For a gray-level image, the predictor is a function of a pixel’s neighbors.

Some possible predictors:
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· Only the prediction error (which has a smaller dynamic range) is transmitted. For higher compression, this error should be quantized.
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Important: When the error is quantized, the encoder and the decoder must use the same values for prediction!
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Motion-compensated coding
Objective: to predict an image in a sequence using the previous image. Since there is motion in the sequence, the prediction uses motion vectors.

Motion estimation is based on block matching: we must find in the previous image, the most similar block, i.e. the one that minimizes:
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from: http://www-ec.njit.edu/~shi/courses/ECE789/motion.pdf
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from: http://www.stanford.edu/class/ee368b/Handouts/17-MotionCompensation.pdf

MPEG: Moving Picture Experts Group

Objective: to define a coding standard that can be applied on image sequences. 

Main characteristics:

· Non-sequential access

· Fast forward and rewind

· Fast decoding (<150ms)

· Encoding does not have to be done in real-time

· Flexible

Techniques: 

· Motion-compensated predictive coding: on 16x16 macro-blocks

· DCT: 8x8 blocks

· 1 macro-block= 4 luminance block + 2 chrominance blocks
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from: http://rnvs.informatik.tu-chemnitz.de/~jan/MPEG/HTML/mpeg_tech.html
3 types of frames:

· Intraframe (I): access point, low compression (DCT)

· Predicted frame (P): using a past frame.

· Interpolated frame (B): using past and future frames.
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from: http://rnvs.informatik.tu-chemnitz.de/~jan/MPEG/HTML/mpeg_tech.html
The frames of the illustrated sequence will be transmitted in the following order: IPBBBPBBB

Approximatly 12 P and B frames between each I frames.

The standard does not define how to obtain the motion vectors.

Compression rate: between 1/16 and 1/40

CCIR601: 720x486x30Hz 
=> 
5 to 10 Mbps






I= 150Kbits, P= 50Kbits, B= 20Kbits
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from: http://rnvs.informatik.tu-chemnitz.de/~jan/MPEG/HTML/mpeg_tech.html
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from: http://www.cmlab.csie.ntu.edu.tw/cml/dsp/training/coding/mpeg1/

Intra frame
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Inter frame
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Motion compensated prediction coding:
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from: http://cnx.rice.edu/content/m11142/latest/
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