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Summary

This module describes the techniques by which digital signals are compressed in order to make it possible to carry one or more of the digitized TV signals within the 6 MHz channels available on CATV systems.

Module Objectives

Upon successful completion of the module, the student should be able to:

· Describe the difference between Lossless and Lossy compression.

· Describe how video compression is different from audio compression.

· Compare the different compression methods used for pictures.

· Describe, at a high level, the process used by MPEG-2 to digitize and compress a signal

Prerequisites

Read DigiPoints, Volume 1, Chapter 8. Review Chapter 3 on Analog-to-Digital Conversion.
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By how many Hertz can the luminance vary?

By how many Hertz can the Cb and Cr vary?

What is the total bandwidth to be carried?

How much bandwidth is allocated?

What three key components make this possible?
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How is this different form Lossless compression?

What allows this type of compression technique to be acceptable for CATV usage? 

What part of the video signal will be transmitted?

ADPCM
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For what type of signal is ADPCM used?

What is the difference between the 1st and 2nd sample of the signal above?

If only the difference is sent, how many bits are needed?

What does this do in terms of bits per second needed to transfer information?

Line Predictive Coding



For what type of signal is this method used?

What are “formants” and where do they originate?

What is the effect of removing formants from the signal?  

What is this process called?

How are formants represented mathematically?

What are the prediction coefficients?

Audio versus Video Compression




How are video images represented?

What determines image quality, i.e., what is the ultimate receiver?

How do our eyes “see”?

Graphics Interchange File - GIF


What is the maximum number of colors in a GIF image?

How many bits are in a pixel?

What type of images does GIF work best on?

Joint Photographic Group - JPEG


Why was JPEG developed, i.e., for what type of images?

How many components in an 8x8 JPEG block?

Will the decompressed signal be exactly like the originating signal?

In which steps of the above process does compression take place?

In which steps is the signal digitized?

What type of coding is used in Step 7 as the message is prepared to be sent?

Huffman Coding Table

	7 bit code
	1100001
	1100010
	1100011
	110010000
	1100101
	1100110

	Frequency in thousands
	    45
	13
	12
	16
	9
	5

	Fixed length codeword
	000
	001
	010
	011
	100
	101

	Variable length codeword
	0
	101
	100
	111
	1101
	1100


How is Huffman Coding used to compress a signal?

Moving Pictures Experts Group - MPEG


Why MPEG?

How is MPEG-2 different from MPEG-1?

What is the bit rate used in MPEG-4? How many frames per second?

MPEG-2


What are I-Frames used for?

How are P & B Frames similar? How are these frames different?

MPEG-2

I and P Frames




I - Frame






P - Frame

How big is the I-Frame?

What is a Macroblock?

How is the line in (2,3) in the I Frame different from the line in (2,3) in the P Frame?







What does this error block represent?

Group of Pictures - GOP


How often is the I Frame being transmitted?

Why? What does this allow?



DCT Process


Picture




Sample Values

DCT Coefficients

What is the significance of the Discrete Cosine Transform Process?

What does it allow?

How can data be represented by 0s?

DCT Coefficient Processing Order


SUMMARY


Study Questions

1.
Why is compression needed for digital television?

2.
What are the two general categories of compression, and how do they differ?

3.
What is Recommendation 601, and what are the associated sampling rates? What is the sampling structure called, and what other sampling structures are there?

4.
What are the three rules that drive compression algorithms?

5.
Why is the sample rate different for chrominance than for luminance?

6.
What happens in each of the steps in the general JPEG process?

7.
What is the chief difference between JPEG and MPEG?

8.
What are the first three parts of the MPEG-2 standard, and what do they specify?

9.
Describe how prediction makes compression possible.

10.
What is the function of the Discrete Cosine Transform? How does it work?

11.
What are the two types of coding used to compress binary data?

Analog Compression on NTSC





NTSC Color Signal 26 MHz





13.5 MHz for Luminance (Y)





6.75 MHz for Chrominance


Two signals of 6.75 MHz


Cb for the color difference R - Y


Cr for the color difference  B - Y


Information for Red, Blue, Green





26 MHz >> 6 MHz





 Output = Input, guaranteed


 Critical Data Communications


  Numerical Data


  Financial matters


 Methods


 Variable Length Coding (VLC) 


 PKZIP is an example


 Huffman Coding a type of VLC


 Run Length Coding


 Replaces long repeating patterns with shorter character set








Lossless Compression





 Output ( Input





 Bandwidth required only 25% of Lossless Compression





 Non-Critical Communications


  CATV


  Audio/Video 





 “Receiver” not that sensitive


 Human ear ~300 to 16,000 Hz 


 Human eye


 Transmit detectable changes


 Color differences and brightness








Lossy Compression





15





14





13





12





Integer





11





10





Value





9





8





7





Value





12      9      10      13      9         8        9      11     9         8       12     13        9          10





Difference





3       1        3        4       1        1       2       2       1        4        1         4        1





� EMBED MS_ClipArt_Gallery  ���





Bzzzzz





Encode differences


Differences use fewer “bits” then original signal


Each difference sample is a linear combination of ALL previous samples


This results in an equation called a linear predictor


Reconstruct signal in decoder’s filter





Audio				Video





300 - 16,000 Hz		4,000,000 Hz





Luminance


Colors





Color








Luminance
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 Still pictures





 Limited colors (27)





 Can compress up to 5:1








7-Step Process





1.  Transform Image


2.  Process Pixels in Groups


3.  Group pixels in 8x8 blocks & transform to frequency domain


4.  Divide by Quantization Coefficient


5.  Convert integers to binary digits


6.  Compress 0 strings with Huffman coding


7.  Attach header








 MPEG-1


 1.5 Mb/s Video &  .25 Mb/s Audio


 Optimized for CD ROMs


 MPEG-2


 100 Mb/s 


 CATV Standard


 5 Audio Channels Available


 MPEG-3


 Merged into MPEG-2


 MPEG-4


 Evolving


 Low bit rates - telephony applications 





Interframe Motion Compression


 Frames processed in groups


 Motion simulated 


 Successive frames have redundancies


 3-Types of Frames


 I-Frame


 P-Frame


 B-Frame





Computing the Motion Vector





Motion Vector


+2, -1





2,3





Motion Vector


(shown by arrow) +2,-1





2,3





Reference I - Frame





Forward Predicted P - Frame
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Group of 





Pictures





MPEG-2


Audio Encoding and Compression





Multichannel Audio


 Surround sound


 7-Commentary/bi-lingual channels





Transport Layer


 Used in error prone environments


 Fixed length 188 byte packet
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Lossy versus Lossless compression


Audio Compression


 ADPCM


 LPC


Video Compression


 GIF


 JPEG


 MPEG


 I, P, and B Frames


 Error Block


 Group of Pictures


 H.261


Discrete Cosine Transform
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