Video compression

What is MPEG-2?
MPEG (Moving Picture Experts Group) was started in 1988 as a working group within ISO/IEC with the aim of defining standards for digital compression of audio-visual signals. MPEG's first project, MPEG-1, was published in 1993 as ISO/IEC 11172.The MPEG-2 Standard is published in four parts. Part 1: Systems specifies the system coding layer of the MPEG-2. It defines a multiplexed structure for combining audio and video data and means of representation the timing information needed to replay synchronized sequences in real time. Part 2: Video specifies the coded representation of video data and the decoding precess required to reconstruct pictures. Part 3: Audio specifies the coded representation of audio data. Part 4: Conformance test

MPEG-2 was developed by ISO/IEC/JTC/SC29/WG11 and is known as ISO/IEC 13818. The MPEG-2 video coding standard is primarily aimed at coding of CCIRR-601 (720pixels x 480pixels x 30frames/s), or higher resolution video with fairly high quality at challenging bitrates of 4 to 9Mbit/s. It aims at providing CCIR/ITU-R quality for NTSC, PAL, and SECAM, and also at supporting HDTV quality, at data rate above 10Mbps, real-time transmission, and progressive and interlaced scan sources.

Data Hierarchy

From the above video bitstream, we can see that it is consisted by 4 layer : GOP, Pictures, Slice, Macroblock, Block.
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The headers

The headers of each layer are used for many purposes such as the start code SC, the addresses of  the exact match or close enough match of the blocks or the macroblocks , the quantization values, the motion vector, profiles, levels…

Video Sequence
Begins with a squence header (may contain additiomal sequence header), includes one or more groups of pictures, and ends with an end-of-sequence code.

Group of Pictures (GOP)
A Header and a series of one of more pictures intended to allow random access into the sequence.

Picture
The primary coding unit of a video sequence. A picture consists of three rectanguar matrices representing luminance (Y) and two chrominance (Cb and Cr) values. The Y matrix has an even number of rows and columns. The Cb and Cr matrices are one-half the size of the Y matrix in each direction (horizontal and vertical).

Slice
One or more "contiguous" macroblocks. The order of the macroblocks within a slice is from left-to-right and top-to-bottom. Slice are important in the handling of erros. If the bitstream contains an error, the decoder can skip to the start of the next slice. Having more slices in the bitstream allows better error concealment, but uses bits that could otherwise be used to improve picture quality.

Macroblock
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The basic coding unit in the MPEG algorithm. It is a 16x 16 pixel segment in a frame. Since each chrominance component has one-half the vertical and horizontal resolution of the luminance component, a macroblock consists of four Y, one Cr, and one Cb block.

Block
The smallest coding unit in the MPEG algorithm. It consists of 8x8 pixels and can be one of three types: luminance(Y), red chrominance(Cr), or blue chrominance(Cb). The block is the basic unit in intra frame coding.

Picture Types
The MPEG standard specifically defines three types of pictures:

1. Intra Pictures (I-Pictures) 

2. Predicted Pictures (P-Pictures) 

3. Bidirectional Pictures (B-Pictures) 

These three types of pictures are combined to form a group of picture.
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Intra Pictures
Intra pictures, or I-Picture, are coded using only information present in the picture itself, and provides potential random access points into the compressed video data. It uses only transform coding and provide moderate compression. Typically it uses about two bits per coded pixel.

Predicted Pictures
Predicted pictures, or P-pictures, are coded with respect to the nearest previous I- or P-pictures. This technique is called forward prediction and is illustrated in above figure.
Like I-pictures, P-pictures also can serve as a prediction reference for B-pictures and future P-pictures. Moreover, P-pictures use motion compensation to provide more compression than is possible with I-pictures.

Bidirectional Pictures
Bidirectional pictures, or B-pictures, are pictures that use both a past and future picture as a reference. This technique is called bidirectional prediction. B-pictures provide the most compression since it use the past and future picture as a regerence, however, the computation time is the largerest.

Predicted Pictures
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A P-picture is coded with reference to a previous image(reference image) which is an I or P Pictures. From the above figure, the highlighted block in target image(the image to be coded) is similar to the reference image except it shifted to upper right. Since most of changes between target and reference image can be approximated as translation of small image regions. Therefore a key technique call motion compensation prediction is used.

Motion compensation based prediction exploits the temporal redundancy. Due to frames are closely related, it is possible to accurately represent or "predict" the data of one frame based on the data of a reference image, provided the translation is estimated. The process of prediction helps in the reduction of bits by a huge amont. In P-Pictures, each 16x16 sized macroblock is predicted from a macroblock of a previously encoded I picture. Sinces, frames are snapshots in time of a moving object, the macroblocks in the two frames may not be cosited, i.e. correspond to the same spatial location. Hence, a search is conducted in the I frame to find the macroblock which closely matches the macroblock under consideration in the P frame. The difference between the two macroblock is the prediction error. This error can be coded in the DCT domain. The DCT of the errr results in few high frequency coefficients, which after the quantization process require a small number of bits for represenation. The quantization matrices for the prediction error blocks are different from those used in intra block, due to the distinct nature of their frequency spectrum. The displacements in the horizaontal and vertical directions of the best match macroblock from the cosited macroblock are called motion vectors. Differential coding is used because it reduces the total bit requirement by transmitting the difference between the motion vectors of consecutinve frames. Finally it use the run-length encoding and huffman encoding to encode the data.

Biderectional Pictures
example:
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From the above pictures, there are some information which is not in the reference frame. Hence B picture is coded like P-pictures except the motion vectors can reference either the previous reference picture, the next picture, or both. The following is the machanism of B-picture coding.
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Examples of block-based motion compensated prediction (P-frame) and bi-directional prediction (B-frame)
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Estimating the Motion Vectors

· Basic Ideas is to search for Macroblock (MB) within a ±n x m pixel search window
· Work out Sum of Absolute Difference (SAD) (or Mean Absolute Error (MAE) for each window but this is computationally more expensive)
· Choose window where SAD is a minimum.
Motion Compensation

For each motion compensation block find the block in the reference decoded frame that gives the least distortion. If the distortion is too high then code the block independently. (intra block) Otherwise code the difference (inter block)
Profiles and Levels
MPEG-2 is designed to support a wide range of applications and services of varying bit rate, resolution, and quality. MPEG-2 standards defines 4 profiles and 4 levels for ensuring inter-operability of these applications. The profile defines the colorspace resolution, and scalability of the bitscream. The levels define the maximum and minumum for image resolution, and Y (Luminance) samples per second, the number of video and audio layers supported for scalable profiles, and the maximum bit rate per profile. The video decoder will depend on it's availibility and need to handle the particular bitstream.

	MPEG-2 Levels

	Level
	Max. Sampling
dimensions fps
	Pixels/sec
	Max. bitrate
	Signficance

	Low
	352 x 240 x 30
	3.05 M
	4 Mb/s
	consumer tape equiv.

	Main
	720 x 480 x 30
	1�0.40 M
	15 Mb/s
	CCIR 601, studio TV

	High 1440
	1440 x 1152 x 30
	47.00 M
	60 Mb/s
	4x 601, consumer HDTV

	High
	1920 x 1080 x 30
	62.70 M
	80 Mb/s
	production SMPTE 240 std


	MPEG-2 Profiles

	Profile
	Comments

	Simple
	Same as Main, only without B-pictures. Intended for software applications, perhaps CATV.

	Main
	Most decoder chips, CATV satellite. 95% of users.

	Main+
	Main with Spatial and SNR scalability.

	Next
	Main+ with 4:2:2 macroblocks.


Newest Trends

· H.264

􀁺 Just out in 2003, many new features

􀁺 Quarter pixel motion compensation

􀁺 Variable size motion blocks

· 3-D Wavelet Coding

· GTV

