3.
Technical Information


3.1 Introduction

Wavelet compression is a new technique to compress image (or other) digital data to allow far greater amounts to be transmitted through a particular channel (eg satellite or telephone) or stored on a particular medium (eg compact disc or DVD).  Compression techniques have been used for several decades but mainly for still images where standards such as JPEG (Joint Photographic Expert Group) are widely recognised and used.  The rapidly growing demand for the transmission of moving images via a wide range of channels has placed, and will continue to place, an almost impossible burden on those channels whose capacity (known as bandwidth) is, and will always be, strictly limited due to both technical and cost reasons.  For the last decade, the battle for bandwidth, despite advances such as optical fibre cables, has been the single most important issue affecting electronic communications.

The development of a more effective means of data compression is therefore a critical consideration for industries wishing to improve the quality and quantity of their pictures, video or sound across limited bandwidths. The big investors in compression technology are telecommunications, entertainment, Internet, CCTV and multi-media companies.  They are both national and trans-national companies.

Bandwidth is most easily described in terms of the number of bits (0s or 1s) which can be squeezed down the channel before transmission errors become too great.  Often a transmission error can be detected and either ignored or a repeat transmission requested.  The latter clearly uses up bandwidth so error free transmission is highly desirable, or a compression system which is error 

tolerant and degrades gracefully.  An example will suffice to illustrate the  bandwidth problem:


The ITU (International Telecommunications Union) CIF resolution is 352 by 288 pixels to give a reasonable computer screen image and a frame rate of 25 fps.  In full colour uncompressed this requires 58Mbs (millions of bits per second).  A typical modem connection via a telephone line is 28.8 kbs (thousands of bits per second)!  Even the advent of ADSL (Asynchronous Digital Subscriber Line) with possibly up to 9Mbs down and 768Kbs up for the highest quality telephone lines will not meet services like video on demand without compression. 

The technologies and standards behind the most commonly used means of digital compression are rooted in mid-1980s ‘fractal’ technology.  They range from M-JPEG, (motion JPEG, for low bandwidth applications) to MPEG-2 (the current standard used in digital broadcasting).  These are block based compression techniques and are not as sensitive to the unique visual characteristics of each picture.

The shared roots in old technology are a limiting factor in terms of compression rates, image quality and ease of use. Currently, therefore, a process of selection by global standards’ bodies is underway to identify a new global data compression standard. Wavelet technology applied to image compression is just emerging from university laboratories and is widely held to offer many quality and flexibility advantages over fractals and block based systems. Within the scientific community the majority expect wavelets to be at the heart of the new standard:

By 1997 it had become clear that the JPEG standard for still image compression - using a particular combination of methods based on the Discrete Cosine Transform (DCT) - was seriously deficient at high compression ratios, and it became a debatable question whether better use of the DCT or a change to Wavelet technology would be best to remedy this defect. Prof Monro and his co-workers had already examined embedded coding of the DCT and also other transforms related to it. The ISO JPEG standardization committee was recalled and, at a meeting in Sydney, Australia, both subjective and objective evaluation of approximately 25 proposals for a new JPEG algorithm were evaluated. 20 of these proposals were wavelet based, and all the wavelet proposals outranked all the DCT proposals. As a result, a new JPEG 2000 standard is in the final stages of completion, based on embedded wavelet coders similar to the one used by M-Wave.


3.2 Information Transmission

There is a distinction between the information contained in a message and the amount of data needed to convey it.  Differing amounts of data can convey the same information and this is particularly evident with visual information.  The human eye and brain can easily identify images when presented with only minimal data (particularly boundaries and edges) and indeed in some instances additional data is at best ignored or can even distract.  The basic premise of image compression is to keep the elements of the data that convey the information whilst discarding the data that adds little extra.  There are two type of image compression:

Lossless
 -  

where the compressor looks for data patterns and coding efficiencies to reduce the amount of data but the original data set can be restored.

Lossy
-

where the data is rearranged and ranked in order of importance.  Then, depending on the compression required, the least important data is discarded.  For example, adjacent pixels with nearly the same colour are made the same colour before transmission and then sent as a single item.  The lost information cannot be retrieved.
 



3.3 What is Wavelet Compression?

A digital picture is a matrix of rectangular blocks (pixels) which, like the circular dots of a newspaper picture, merge together into a coherent image when viewed from a distance.  Each pixel has a three part code (3 times 8 bits) to represent the intensity of each of the primary colours.

The three sources of visual redundancy in a picture are:

· Spatial In any picture close examination will reveal large areas of colours which differ by very little.  These are called correlated pixels.

· Psychovisual  The human visual system is more sensitive to certain types of visual information (eg sharp colour changes and borders).  These pixels should receive most attention.

· Coding  An efficient code based on the statistical make up of the picture is chosen to represent the information to be transmitted.  For example if the picture is 90% white pixels and 10% black pixels, it would not make sense to use a longer code to represent each white pixel than each black pixel.



The codec (coder/decoder) tackles each of the above sources of redundancy:
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The transform stage is a mathematical technique to alter and rearrange the picture data allowing a graduated selection of that data according to a scale of importance.  The transform is called a discrete wavelet transform (DWT) and at this stage no compression of the data has taken place.  It should be noted that there is only one DCT but there are an infinite number of DWTs.  The next two stages are the key to compression.  

Quantising is the process of selecting ranges of (contiguous) numbers from the transformed data where each range is to be represented by a single number in preparation for transmission. This is a lossy process.  An 8 bit binary number can only represent 256 different single (decimal) numbers and each one of these single numbers will have to represent different ranges of the much larger range of transformed data.  

Encoding is the process of determining the pattern of the quantised numbers and selecting an efficient transmission code based on the shortest code for the most frequently occurring quantised number.  There is a close relationship between the quantising and encoding stages, and the speed and efficiency of the codec.  The EBM Quantiser is part of the patented technology of the license from Bath University.

3.4 Scalability

One of the key advantages of the DWT process is that the most important characteristics of each  frame of the picture are transmitted first.  Successive portions of the data for the frame improve the picture quality.  Thus, whatever the capacity of the transmission channel, the best possible picture quality will always be transmitted. Indeed, even with channel capacity changing on a frame-by-frame  basis the maximum possible quality will always be transmitted.  This feature is called ‘scalability’ and is only possible with the DWT process.  MPEG-1 and MPEG-2 are sometimes claimed to be scalable but have severely limited fixed levels of scalability which is also expensive and lossy.

Scalability also means that at the receiving end of the data the user may select the quantity of data from each frame to be decoded.  So, for example, the picture on a computer screen could be reduced while the computer, which has limited processing capacity, does some other task in parallel.  It also means that a wideband broadcaster (eg television) could choose between the number of channels to be transmitted or the quality of each channel.  Perhaps even more significant commercially is that a wideband broadcaster can transmit to an infinite variety of customers who have widely different reception capabilities.



3.5 A Software Solution

The DWT and Bath Wavelet Codec are implemented entirely in software.  The software will run on any microprocessor and therefore no expensive dedicated hardware is required as is the case for MPEG-1 and MPEG-2.  Furthermore, faster algorithms currently at the research stage can easily be implemented by merely downloading the new software.



3.6 Wavelet Video and Technology Convergence

After the presentations to the JPEG 2000 Committee it was obvious that wavelets were going to become the still image technology of choice for the new millennium. For high bit rate video, the standard algorithm is MPEG-2, the subject of much investment and the basis of current digital broadcasting. MPEG-2 is based on the DCT, not the DWT. It is ironic that the new digital broadcasting services have at their core an image compression algorithm that was outdated before the first broadcast was made.  It is also becoming obvious to users of digital television that the picture quality is not all that was originally promised.

It must be the case that MPEG-2 will be superseded much sooner than industry could have anticipated. This will be much easier to achieve than is immediately evident because of technology convergence. MPEG-2 is a very rigid algorithm and the very features of JPEG that have made it obsolete for high compression are impossible to change within the MPEG standard. Other aspects of MPEG such as its handling of motion and 'Clearup' of residuals (see below) in predicted frames are similarly overly rigid.

However future systems will be programmable, meaning that the rigid differences between computers, television sets, video recorders mobile telephones, etc will become blurred as all these devices and others become programmable, so that any new service merely becomes the provision of new software. This trend is already seen in the Internet, in which the only real standard is the Internet Protocol for data transmission, with the result that any new facility can be created by software alone. Reading, playback and decoding software is usually free and often transmitted with, and ahead of, the document being transmitted.  Already set-top boxes for broadcasting  are being designed to be programmable so that new interactive services can be implemented. This in itself will provide a way into broadcasting for new video compression algorithms whether delivered by cable, satellite or terrestrial transmission.



3.7 Proprietary Solutions to Wavelet Video

Having predicted the demise of MPEG-2 and its eventual replacement by a wavelet based algorithm, there remain many problems to be solved. Video is much more than just a sequence of still images. The frames in a video sequence have a high degree of similarity, and the key to video compression is how to gain additional compression by exploiting the similarity between frames. The importance of this can be seen by the demonstrations on the M-Wave CD ROM in which the visual performance of the Wavelet 2 codec call be compared with a series of JPEG stills. The latter is widely used in the CCTV industry, and the comparison shows how intelligent use of an advanced wavelet transform compares with unintelligent use of JPEG stills. The Wavelet 2 system used correctly is editable and can meet the requirements of the UK House of Lords Select Committee on Video Evidence, yet gives double the compression of JPEG.



3.8 Current Research - Better Use of Motion and Residual Clearup

To achieve this degree of superiority over MPEG-2 at higher bit rates, such as those encountered in studio, HDTV or broadcast, requires two new issues to be tackled: 

Firstly, MPEG-2 relies on motion prediction, as do M-Wave’s Wavelet 3 and Wavelet 4 codecs currently at the research stage.  M-Wave will use a new spatio-temporal transform combined with improved motion prediction, both developed by Professor Monro and his team. 

Secondly, within any motion compensated system, error (or 'residual') images occur, which describe the difference between a motion compensated image and the true image. It is not immediately obvious how best to compress these images, indeed this is still a problem in MPEG-2. The M-Wave wavelet quantisation scheme and new research into its application to residual  images is already yielding visual results which promise to give as much advantage over MPEG-2 as wavelet stills give over JPEG.



3.9 In Summary
Perhaps the most exciting aspect of wavelet video is total scalability, and the related issue of rate control which are areas of difficulty for MPEG-2. With the DWT,  the same algorithm can be used in very low bit rate applications (eg video via mobile phone) as is used in the very highest bit rate applications (eg the studio where top quality material is originated). For all applications in between optimum use is made of the available bandwidth because of the scalability of wavelets and better control over the allocation of bandwidth between motion information, still picture coding and residual picture coding. In summary, wavelets for video offer:
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Better Image Quality =  Higher Compression = More Channels
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Lower Algorithm Complexity = Software Codecs =  Technology Convergence

·       Scalability = Wider range of applications = One Universal Algorithm
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