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The MPEG compression algorithm





Compression of full-motion video


Interframe compression


Maximum compression rates of 200:1 through storing the differences between two frames 


Compression of audio data at ratios ranging from 5:1 to 10:1


Intended for both asymmetric and symmetric applications


		- Asymmetric: Frequent use of the decompression process; compression only once


		- Symmetric: Equal use of the compression and decompression








The MPEG standard





1. Synchronization and multiplexing of video and audio


2. Video


3. Audio�



The MPEG standards





MPEG-1 	for interactive multimedia and broadcast television


MPEG-2 	for supporting the interlaced video formats and a number of features for HDTV


	             	and video communications over ISDN networks using ATM [Ste94,LeG91]


MPEG-4 	for interactive multimedia and video telephony [Ste94]
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Parameters of MPEG standards











MPEG Video Encoder and Decoder





Frame Structures





MPEG sequence of frames for transmission: {1,5,2,3,4,9,6,7,8}
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Types of frames in the MPEG standard














I frames (intra images) 


Self-contained and coded using a DCT-based technique �similar to JPEG


Lowest compression ratio within MPEG





P frames (predicted images) 


Coded using forward predictive coding  - 


    actual frame is coded with reference to a previous frame (I or P)


Compression ratio is significantly higher than of I frames





B frames (bidirectional or interpolated images)


Coded using two reference frames, a past and a future frame �(which can be I or P frames)


Highest amount of compression

















Motion Estimation





Forward prediction	( 	B = A 


Backward prediction 	( 	B = C 


Interpolation              	( 	B = (A + C) / 2
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Motion compensated interpolation implemented in MPEG








Motion estimator 





Finds the best matching block in the available reference frames


Used to extract the motion information from the video sequence


For every 16 x 16 block of  P and B frames, one or two motion vectors are calculated
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The search area in block-matching techniques for motion vector estimation:


(a) a general case, (b) a typical case for MPEG: n = m =16, p = 6


F-a macroblock in current frame, G-search area in a previous (or future) frame








Cost Functions





Mean-Absolute Difference MAD:
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Mean-Squared Difference MSD:
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Cross-Correlation Function CCF:
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F(i,j) - represents a (m x n) macroblock from the current frame


G(i,j) - represents the same macroblock from a reference frame


(dx,dy) - a vector representing the search location


 		The search space is specified by: dx = {-p,+p} and dy = {-p,+p}





Reduction of Computational Complexity





Pixel Difference Classification PDC [GM90]:
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�
Search Algorithms





1. The exhaustive search algorithm


Simplest but computationally intensive: for MSD function, it gives 169 iterations





2. The three-step motion vector estimation algorithm: [K+81], [L+94]


For MSD function, it gives 25 iterations





3. The modified 2D logarithmic search algorithm: [JJ81], [SR85]


For MAD function, it gives maximum 19 iterations





4. The conjugate-direction search method for motion vector estimation: [SR85]


It can be implemented as an one-at-a-time search method





5. The parallel hierarchical 1-D search algorithm (PHODS): [C+91]


Reduces the number of blocks to be searched





6. The modified pixel-difference classification, layered structure  (MPDC-LSA): [C+94]


Gives low computational complexity
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The three-step motion vector estimation algorithm - an example








                               � EMBED Word.Picture.6  ���


The modified 2D logarithmic search algorithm - an example
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The conjugate-direction search method for motion vector estimation - an example





Audio Encoder and Decoder
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The block diagram of a typical MPEG-1 encoder
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The block diagram of a typical MPEG-1 decoder
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Block diagrams of the MPEG audio encoder and decoder








�
The MPEG Data Stream
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Layers of the MPEG video stream syntax











The MPEG Experimental Results





Berkeley MPEG-1 Software Decoder


Written in C 


RISC workstations, X-Windows system


Decode and play 160 x 120 MPEG-1 video streams in real-time (30 frames/sec)
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Berkeley MPEG-1 software decoder - analysis of execution times [PSR93]�



Hewlett-Packard MPEG-1 Software Decoder





Written in C


Implemented on PA-RISC processor


Decompression of MPEG-1 videos in real-time (30 frames/sec)








PA-7100LC processor 





Central processor of the HP712 desktop computer


PA-RISC architectural enhancement


New multimedia instructions, allow simple arithmetic operations to be executed in parallel


Two ALUs allow parallelism of four 16-bit operations per cycle


Reduces the display operation in the MPEG decoding


Reduces the overhead in the memory to frame buffer bandwidth
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Compar
