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Evolution of JPEG

1 Introduction

The Independent JPEG Group (IJG) is responsible for the reference implementation of the original JPEG standard. The reference software from the Independent JPEG Group was a key to the success of the original JPEG standard and has found widespread adoption in applications of image coding. Particularly, all contemporary digital photo cameras support the capture of images in JPEG format as the common medium for image interchange, and all image viewers, image editors, and Web browsers can display JPEG images as common standard.

The IJG implementation was first publicly released in October 1991 and has been considerably developed since that time.

In June 2009, Independent JPEG Group published a new major release (v7) of the software package to enable a new set of features for image coding application and therewith to continue the success story of JPEG.

In January 2010, Independent JPEG Group introduced a new release (v8) with extensions providing the fundament for the next generation image coding standard.

The v8 series of releases (referred to as IJG JPEG 8) realizes an important part of the Proposal [1] (SmartScale extension in Chapter 5) and will provide the code base for JPEG applications for the next couple of years.

The current release is version 8c (January 2011), and the next release 8d is planned for January 2012, providing further support for the new enabled seamlessly integrated lossless coding mode.

The new features introduced with IJG JPEG 8 are based on extensions which go beyond the original JPEG specification. It is therefore desirable to update the original JPEG specification, bringing it in sync with the currently used practice.

2 References

[1] 
“ITU-T JPEG-Plus Proposal for Extending ITU-T T.81 for Advanced Image Coding”,


Geneva, April 2006, Revision 3

[2]
“Verlustfreie JPEG Drehung – Hinter den Kulissen”, January 2005,


http://jpegclub.org/articles/Verlustfreie_JPEG_Drehung.doc

3 Overview

This document communicates various aspects which are organized in several chapters.

Chapter 4 outlines the basic requirements for a specification update of the original JPEG standard.

The process comprises two aspects:

· Clean up by removing unused features

· Generalize/extend for the SmartScale extension

Unused features which need to be removed:

· Lossless mode as defined in the original standard

· Hierarchical mode as defined in the original standard

General overhaul and sections which notably need to be upgraded/generalized/extended:

· SmartScale extension in the Start-Of-Scan (SOS) marker segment

· Entropy coding procedures – adapt EOB dependent on block size

· Multiple Zig-Zag scan tables dependent on block size

· DQT marker size dependent on block size

· FDCT and IDCT new definitions for other block sizes

Chapter 5 contains a recommendation for the establishment of a Motion JPEG standard, in order to bring the advantages of JPEG 8 and further enhancements also to the domain of motion picture application.

Chapter 6 explains the failure of “JPEG 2000” and “JPEG XR”, what we should learn from these mistakes and how they can be transformed into useful features within the DCT framework so that not all invested effort will be wasted.

Finally, chapter 7 gives an explanation of four fundamental laws of image representation by usage of the DCT which are essential for understanding the success of this approach and the flop of other attempts:

1. The Discrete Scaling Law

2. The Continuous Scaling Law (Harmonic Law)

3. The Law of the Eight

4. The Network Law

Chapter 7 ends with important conclusions to consider for further advance in image coding.

4 Development of the Original JPEG Standard

The original JPEG specification ITU-T Rec. T.81 | ISO/IEC 10918-1 (JPEG part 1) is obsolete and due for an upgrade.

This specification upgrade should be formally classified and entitled in a way that is unambiguous and not confusing.

As described below, the upgraded specification should be a cleaned up, generalized, and extended version which replaces the original specification.

Therefore, it appears that the right formal designation would be “JPEG part 1 AMENDMENT 8”. The number 8 is to match the major version number of the IJG reference implementation, so as to avoid confusion. This also hints at the aim to restrict the specification only to those features which are available in a reference implementation and thus have proven to be practical. Features can be added in further amendments after they have proven to be practical. This avoids any unsubstantial speculative features to be included in the specification.

In any case, Independent JPEG Group will only support solutions which do not increase confusion and which develop clarity.

Upgrading the JPEG specification comprises two aspects:

· Clean up by removing unused features

· Generalize/extend for the SmartScale extension

Unused features which need to be removed are the lossless mode and the hierarchical mode as defined in the standard.

The lossless mode is replaced by a functional equivalent, but seamlessly integrated, sub-category of the SmartScale extension (using block sizes 1 or 2) as described in [1] and implemented in IJG JPEG 8. (Generalized enhancements of the corresponding DC coding model can be considered for future updates, if required.)

The hierarchical functionality will be gradually introduced. Current state is the SmartScale extension with corresponding features, particularly the unique lossless rescale. Further steps will be the case described in Chapter 4 of [1], and the Sudoku extension (Annex C of [1]).

The SmartScale extension is not a separate add-on, but rather a generalization of the given procedures from fixed block size 8 to a variable block size from 1 to 16. That is the reason for upgrading the whole specification, rather than specifying an add-on as a separate extension. This is also reflected in the IJG implementation (v8) where there is no explicit reference to a “SmartScale extension” in the code, but just replacing constants (DCTSIZE = 8) by variables (block_size).

As an example, consider following section in the original spec:

A.1.3 Data unit

A data unit is a sample in lossless processes and an 8x8 block of contiguous samples in DCT-based processes. The leftmost 8 samples of each of the top-most 8 rows in the component shall always be the top-left-most block. With this top-leftmost block as the reference, the component is partitioned into contiguous data units to the right and to the bottom (as shown in Figure A.4).
Here, the value “8” is simply to be replaced by the variable “block_size” which can be any value from 1 to 16.

Furthermore, the text can be simplified by removing the phrase “lossless processes and”, because the lossless processes are just those with a block_size value  of 1 or 2 in the new specification.

NOTE:

The IJG implementation still has references to the constant DCTSIZE = 8 in the code.

This is important to understand because the code still uses constant 8x8 blocks for storing the DCT COEFFICIENT values! So the constant DCTSIZE = 8 always refers to blocks of coefficient values, while the variable block_size always refers to blocks of SAMPLE values! This is an important distinction which has to be noticed. It can allow a given implementation which has been written for the old standard to be easily upgraded to the new standard. The drawback is that more memory may be wasted for smaller block size cases, but otherwise it will work fine, and it is just an implementation issue which may be changed later if required.

Many calculations for image dimensions, block counts, and related values can be upgraded simply by replacing the constant DCTSIZE = 8 by the variable block_size (1…16).

The principal specification update for the SmartScale extension is in the definition of the Start-Of-Scan (SOS) marker segment as described in Chapter 5 of [1]. The entropy coding procedures need an adaption regarding the EOB (End Of Block) position which is now dependent on the block size, and there are now multiple Zig-Zag scan tables dependent on the block size.

NOTE:

There is one additional specification update necessary which is not mentioned in [1].

This is an adaption of the size of the DQT marker for smaller quantization tables in the case described in Chapter 5.4 of [1].

A core part of the JPEG system is the DCT subsystem which needs to be adapted. The IJG implementation introduces lots of new optimized DCT functions for different block sizes. The corresponding mathematical definitions for FDCT and IDCT in the spec need to be updated as follows.

The old definitions

One-dimensional 8-point FDCT:
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One-dimensional 8-point IDCT:
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Two-dimensional 8x8 FDCT:
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Two-dimensional 8x8 IDCT:
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where
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are replaced by

1-D FDCT, N=1…16:
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1-D IDCT, N=1…16:
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2-D FDCT, N=1…16:
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2-D IDCT, N=1…16:
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NOTE:

(1) Coefficient values with index 8 and greater need not be calculated in the FDCT case, and are set to zero in the IDCT case, because no more than 8x8 coefficients per block are stored in the encoded data.

(2) There are different scaling factors compared to the normal (unrelated) mathematical N-point or NxN-point DCT definitions respectively. In our case the calculation always refers to the standard 8-point or 8x8-point DCT, so that the scaling factors are the same as those in the IDCT case, and are multiplied by 8/N per dimension in the FDCT case.

5 Establishment of a Motion JPEG Standard

Beside updating the original JPEG specification to match the IJG JPEG 8 implementation, it seems appropriate to also establish a corresponding Motion JPEG specification.

Oddly enough, such a Motion specification exists for all the speculative attempts, but not for the real thing.

Independent JPEG Group recommends the establishment of a Motion JPEG specification and offers to contribute in order to bring the JPEG 8 features also to the motion picture application, but under the condition that a corresponding implementation project for real-world application in a system or device can be initiated.

Motion JPEG applications and devices already exist and will be upgraded to the JPEG 8 features, since no other available motion picture procedure conforms to the fundamental laws of image representation (see chapter 7) and corresponding features.

Particularly, the MPEG specifications departed from these laws more and more with every release by more and more crippling the DCT approach. While there was limited features still possible in the early MPEG releases, with their latest specifications they seriously violate the fundamental laws and thus lose all the useful features. This misdirected development has to be corrected, and the first step to do this would be the establishment of a Motion JPEG 8 specification and the introduction of a corresponding real-world application.

6 Role of “JPEG 2000” and “JPEG XR”

“JPEG 2000” and the recently introduced “JPEG XR” are both mistakes due to the lack of knowledge of the fundamental laws of image representation with the DCT (see next chapter).

They are aimed to address certain properties and to achieve certain features, but do this in a less integrated and less flexible way than that possible with extended DCT usage.

The role of these attempts is to raise awareness for those further requirements and give the time for development of their proper realization in the extended DCT context.

As soon as these properties and features are realized in the proper context, in the process which is happening now and outlined here, these attempts have satisfied their task and can be abandoned.

The primary argument for the introduction of “JPEG 2000” was scalability, at a time when the fundamental DCT properties were actually unknown.

It is interesting to understand why the Wavelets with their scalability property as used in “JPEG 2000”, although only a crutch and less efficient compared with the corresponding DCT features, were found easier by the academic researchers. The reason for this is that the Wavelet pyramid is constructed by a procedure which can be reproduced step by step in a rational way. The whole procedure is quite extensive, but the individual steps are relatively simple and arranged in a rationally reproducible way. This scheme is ideal for the intellectual academic approach. However, since the basic Wavelet function is only an artifact, the whole procedure cannot yield more than an artifact.

On the contrary, the scaling property of the DCT is NOT achieved by building up a sequence of steps, it is rather a wholistic phenomenon which has to be recognized directly, without logical derivation from other premises. And recognizing such phenomenon directly is outside the scope of the usual intellectual (academic) approach. It cannot be proven by logical arguments, because any “proof” needs assumptions, and when there is no assumptions, it is called an axiom (which cannot be proven!). In our case it is called fundamental laws (see next chapter). To be called an axiom it probably appears too complex, but on the other hand it can be easily seen and understood when not insisting on the need for logical derivation.

The scalability property of the DCT is now gradually realized in the IJG implementation. v7 introduced the basic core functions, v8 introduces the important SmartScale extension with corresponding features. The realization of the Hierarchical extension as described in Chapter 4 of [1]  in a future version will finally complete the feature set for the discrete scaling property, and then at last “JPEG 2000” will be obsolete.

The effort of the “JPEG 2000” development can now be transformed into the development of the Hierarchical extension in the extended DCT system as described in Chapter 4 of [1].

“JPEG XR”, as well as recent mistaken developments in motion picture coding, introduces block coding variants by means of crippled “DCT”s. This DCT crippling is done with arguments of computing, and particularly lossless coding. However, what they didn’t care about is that by the DCT crippling they violate all the important fundamental laws of image representation with the DCT – basically they lose the essential scalability properties, which is inadmissible for a universal image coding system.

The true DCT is a calculation based on transcendent functions. There is nothing wrong with this, because only those harmonic transcendent functions provide the desired properties which are expressed in the fundamental laws and which are recognized as real phenomena. Reality includes rational phenomena, irrational phenomena, and transcendental phenomena, similar as the real numbers include rational numbers, irrational numbers, and transcendental numbers. There is no problem with this, it is part of elementary mathematical knowledge. Of course, for calculation by digital computers and devices the irrational and transcendental numbers must be approximated by rational numbers, but this has to be accepted. It is an implementation issue. But it is not admissible to introduce methods by concept with such argument, because it does not match the reality. It speaks for the loss of reality and the loss of the basic mathematical knowledge of those developers.

One can not even draw the diagonal in a unit square with a rational number, because it is irrational, and one can not draw the circumference of a unit circle with a rational number, because it is transcendental. And yet, they are real. The researchers have forgotten such simple truths, because they are caught in rationalism.

The most significant phenomena, god, life, love, truth, and death, are not rational, they are transcendental phenomena. They cannot be recognized by the rational mind, but they can be realized by consciousness which is beyond the mind.

There is, however, a particular role to fulfill for “JPEG XR” also, it has an aspect which can be transformed into a useful feature within the extended DCT system, so that not all invested effort will be wasted.

This feature is the two-layer hierarchical transform structure, which can be realized in the extended DCT system as described in Annex C of [1], “Sudoku extension”.

7 Fundamental DCT Properties for Image Representation

The basic foundation for all evolution and development in JPEG image coding are the fundamental DCT properties for image representation.

At least four such fundamental properties or fundamental laws of image representation by usage of the DCT can be identified:

7.1 The Discrete Scaling Law

The Discrete Scaling Law was described in Annex A and Annex B of [1].

A major manifestation of this law is the JPEG SmartScale extension as introduced in the IJG JPEG 8 implementation, described in Chapter 5 of [1].

Another manifestation of this law will be the Hierarchical extension as mentioned in the previous chapter of this document and as described in Chapter 4 of [1]. 

7.2 The Continuous Scaling Law (Harmonic Law)

Besides the possibilities already described, for the scaling on 16 discrete levels,  the procedure in a different version allows a continuous scaling, also.

For this purpose, one can interpret the IDCT (inverse DCT in the decoder) immediately as a continuous interpolation formula. That is, the continuous intermediate values can be calculated directly by means of a continuously interpreted IDCT formula from the given discrete coefficients.

This connection holds the potential to an arbitrary (continuous) scalability directly from the coded picture data.

It is, however, first of all, also important for the understanding of the successful use of the DCT-approach in the common applications in comparison with other attempts:
A continuous representation of the picture within a pixel block is caused by the DCT. One can say that, by means of the DCT, the discontinuities between the discrete (digital) pixel values within a block are shifted towards the block boundaries. Therefore,  the forming of blocks in connection with the DCT approach is not a disadvantage, as long as one works with digital picture representation in the form of discrete (digital) pixel values, anyway. Any attempt wanting to completely avoid the artifacts possibly caused by the forming of blocks by means of other procedures must fail, consequently. The DCT treats<A[treats|handles]> this effect in an optimal manner already, and with different procedures, only different kinds of artifacts can be caused. The basic fact of the discretization in the form of pixel values caused by the digitalization can not be avoided.

The continuous scalability is gained by means of a substitution of the discrete variable x at the position x = 0, 1, ..., 7 in the usual 8-point IDCT formula for a continuous variable t on the whole block interval from 0  to 1 (see Figure 5 in [2]):
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Because of that, intermediate values can be determined at arbitrary positions of the block interval.

This second fundamental property can be considered as an adaption of the so-called Nyquist-Shannon sampling theorem specifically to the case of DCT application.

7.3 The Law of the Eight

Despite the introduction of other block sizes from 1 to 16 with the SmartScale extension, beyond the fixed size 8 in the original JPEG standard, the fact remains that the block size of 8 will still be the default value, and that all other-size DCTs are scaled in reference to the standard 8x8 DCT (see chapter 4).

The “Law of the Eight” explains, why the size 8 is the right default and reference value for the DCT size.

7.4 The Network Law

The forward DCT produces coefficients which have particular names that point to another important connection.

The first coefficient (Index 0 of Figure 5 in [2]) is called the DC coefficient (DC = Direct Current). This coefficient describes the mean value of the pixels within the block, and that’s why it is immediately clear and known that the DC coefficient corresponds to a 1/8 downscaling of the pixel series or image respectively (with a DCT of default size 8).

The other 7 coefficients are called the AC coefficients (AC = Alternating Current).

Practically one can say that the image coding by means of the DCT converts the image information into a predominant alternating current representation. There is in the one-dimensional case 1 DC coefficient and 7 AC coefficients, and in the two-dimensional case (8x8 block) even 1 DC coefficient and 63 AC coefficients.

And it is this alternating current representation which provides all the useful properties like compressibility, variable quality and scalability with good performance.

This fact stands in full analogy to the electricity network, which also relies on an alternating current basis. The common “format” by means of the alternating current provides primarily the easy transforming ability for the different applications and for the low-loss transmission. Even direct current components can be operated within the alternating current network, but only as a subsidiary special case. The universal format for the interchange and transmission of energy is alternating current.

This fact appears self-evident today, but this was not always the case.

The alternating current network required decades to stand up against the direct current network. Nobody less than the famous American inventor Thomas Alva Edison promoted the direct current network for a long time, before he came to the realization at the end of his life that this had been the biggest mistake he ever did. Eventual successful rival in the so-called “War of Currents” at the end of the 19th century was the industrialist and engineer George Westinghouse, who successfully pursued and realized the alternating current approach by means of the developments of the ingenious inventor Nikola Tesla.

Quite similarly it is required to build the multimedia-based information interchange upon an adequate universal format which is capable to satisfy the different application requirements.

As a conclusion of all practical experiences and realizations, the solution is the extended DCT format with SmartScale functionality, which achieves the desired requirements:

Flexible transcoding ability regarding resolution and data rate (corresponds to the transforming ability of the alternating current regarding voltage level and energy quantity), availability of flexible and efficient decoders (corresponds to appliance devices) and encoders (corresponds to power plants/generators).

The extended DCT format provides the technological basis and key component, so that a universal system similar to the energy network based on alternating current can be realized in the domain of digital media (multimedia).

The basic mistake of all other failing approaches lies in non-recognizing and ignoring these fundamental laws of image coding, as they are already partly realized in common applications by the standard DCT procedure and can only come into its own by the proper further development and evolution of the original JPEG DCT approach as described in this document.

As long as these principles are further ignored by the established researchers and developers, there can be no real progress in the domain of digital image coding, and thereby also in the domain of digital media/multimedia.

The laws are already successfully in operation in the rudimentary realization of the known DCT based procedures.

For further advance it is absolutely necessary to build upon this successful approach and to extend the technological basis with the described development and evolution of original JPEG, in order to enhance and extend the application opportunities significantly.

It is no longer acceptable to pursue mistaken attempts and to rely on unsubstantial and confusing intellectual speculation. This kind of speculation has its place, and this place is at the common schools and universities and academic institutions. But this place is NOT at a body which by its naming suggests to enable and take the responsibility for actual real-world applications. If that body is going to fulfill its task, then it has to leave the state of unsubstantial intellectual speculation and increasing confusion behind, to “transcend” it, and gain a state of consciousness for the reality and develop clarity and understanding. Independent JPEG Group will collaborate with the JPEG committee under this assumption.
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