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WIRELESS JPEG 2000
scope and requirements

1 Introduction

With wireless standards like 3G mobile networks or Professional Mobile Radios (PMR), there is a need for robust multimedia transmission. Relevant applications are videoconferencing, multimedia messaging services and image transmission. These applications require the best trade-off between Quality of Service (QoS) (i.e. image quality at the end receiver), bandwidth (i.e. transmission rate) and delay. Since JPEG2000 provides a better quality at low compression rate when compared to other image coding standards such as JPEG, it is a good candidate for wireless multimedia applications. Moreover JPEG2000, through its high scalability, enables a wide range of QoS strategies for operators.

Transmissions over wireless networks have stronger constraints than over connected networks. Channel bit error rate (BER) is higher, while the bandwidth (transmission rate) is lower. Two other very important aspects of wireless communications are emitter power control and data retransmission procedures. Several types of wireless communications exist from a simple data broadcast (no return channel, no protocol), up to wireless networks based upon protocols. However, network protocols such as TCP/IP are usually not efficient in the context of error-prone environment with high BER. 

Error resilience tools are provided by the ISO/IEC 15444-1 standard [1,4,6], JPEG 2000, to improve performances over noisy channels. However, they are only detection and resynchronisation mechanisms. In other words, they only detect where errors occur, discard the erroneous data, and resynchronise the decoder. Moreover, if they are relevant for noisy transmissions, they are still inefficient in the context of wireless transmissions.  Indeed,  [3] shows that, despite the use of error resilience tools, the PSNR decreases dramatically for residual BER over 10-5. Furthermore, these tools are not always efficient at very low resolutions (e.g. QCIF or SQCIF) [9]. Therefore, channel coding and other mechanisms for error correction are essential to provide robust transmission. 

Some studies have analysed the sensitivity of JPEG2000 to errors [1,2,3]. They have shown that JPEG2000 bitstream is very sensitive to channel errors, and that this sensitivity is different for various parts of the bitstream [3]. In order to exploit this property, different classes can be defined, for instance headers and compressed data with different sensitivity/priority classes. This allows for instance the application of Unequal Error Protection (UEP) techniques (see [6,7]) which take into account  the different degrees of sensitivity of the bitstream. This information can also be exploited to optimally manage network resources by controlling the emitter power and data retransmission strategy. This information should be available at the transport layer to support the use of efficient channel coding techniques. To enable inter-operatibility between different types of wireless communication channels, a common way of describing these kind of data has to be standardised.

In conclusion, information describing the error sensitivity of different parts of the bitstream has to be standardised in order to efficiently allocate and manage radio channels resources, and therefore to allow a wide acceptance of JPEG2000 as a major solution for image transmission over wireless networks. 

2 Potential Solutions(Techniques)
2.1 Unequal Error Protection

A crucial point in the design of channel coding schemes dedicated to specific source applications is the management of the added redundancy in the stream. If we do not take into account the specificity of the source, i.e. we apply an equal error protection (EEP)  to the bitstream, a part of the redundancy can be lost unnecessarily to protect a part of the bitstream that is not sensitive to errors. Conversely, the overall  added redundancy could be too small for a part of the bitstream to allow a minimum required image Quality at the receiver end. 

Techniques which take into account the different degrees of sensitivity of the bitstream are known as Unequal Error Protection (UEP) techniques (see [6,7] for examples). Since JPEG2000 bitstream presents an unequal sensitivity to errors, UEP techniques are very relevant to have efficient transmission.  Indeed, [3] shows that UEP techniques applied to JPEG2000 bistream can improved performances substantially in term of PSNR for a fixed overall rate transmission. To be efficient in wireless transmissions, data error sensitivity information is generated at the application layer and is made available up to the physical layer. 

2.2 Robust image transmission

Residual errors can be processed after channel decoding by joint channel-source decoding. This require additional information linking  parts of the source decoding (For example the use of error resilience tools as error detection tools) and the system layer (the channel decoding stage).

2.3 Power control

Traditionally, emitter power at the base station or the terminal is increased, respectively decreased, when BER is above, respectively below, a desired target. As increasing power increases interference and hence reduces network capacity, efficient power control is a critical aspect for mobile networks operators to optimise their resources.

By taking into account the relevance of transmitted data, power can be controlled to achieve a given QoS instead of a specified BER. Consequently, the same image quality can be obtained at the client side with reduced power, hence improving network capacity and/or power consumption.

2.4 Adaptive Retransmission

When transmission errors occur, the client typically requests the retransmission of the corrupted data. However, this retransmission can be very costly to the operator in a wireless network environment.

In a JPEG2000 image, if a critical part of the stream (e.g. header) is lost, the whole image is lost. Conversely, if an error occurs in a part of the stream with low importance (e.g. high frequency code-block), the impact on the image quality is minimal.

Consequently, a smart server or client can adaptively request retransmission of corrupted data by taking into account the importance of the  lost data.

3 Scope and requirements of JPWL

Wireless imaging in mobile applications, such as in 3G mobile networks or Professional Mobile Radios, requires specific features and technologies for its efficient implementation as explained in the previous section. Part 11 of JPEG 2000 standard intends to extend specifications of the standard to allow the implementation of such features. The scope of JPWL is the following:

- Provide guidelines for JPEG2000 part 1 encoding and decoding in the case of error prone environments. These guidelines will define:

Preferred encoding options

Minimal decoder error handling behaviour

- Create tools and/or additional data for enabling the use of Unequal error Protection techniques, adaptive retransmission and robust decoder

- Provide additional protection mechanisms, especially for headers (Repetition, error correction….)

Any Codestream including these tools has to be decodable by a part 1 compliant decoder

3.1 Guidelines for JPEG2000 part 1

What is very important to start a work on wireless JPEG2000 is to set up a representative test environment The use cases have to give input in terms of:

Modelling and/or experimental information on the bit-error and loss characteristics

Image size/type and compression rates

The form for the description of the use cases can be found in the document wg1n2647.

There is a need of a creation of a validation chain, enabling to evaluate for these environments the performances of the existing part 1 tools. From the evaluation results, JPWL will provide guidelines and recommendations for part 1 usage for the use cases. The remaining problems will be identified, and solutions to solve them will be studied.

3.2 Tools for enabling unequal error protection

This work will define hooks to the codestream data enabling the use at the transport layer of efficient channel coding techniques adapted to JPEG2000 data structure, such as joint source-channel coding, power control and intelligent data retransmission. These hooks will particularly:

Describe the error sensitivity of data packets

Describe data prioritisation 

These additional information enabling to carry error sensitivity classes as well as data prioritisation information, 

Could be outside and/or inside the JPEG2000 codestream

Have to be easily readable/accessible by an system that don’t know much JPEG2000

Help the creation of protocol specific information (e.g. RTP MJ2 payload header)

3.3 Error protection mechanisms

With already defined transmission systems, it should be interesting to enable some additional protection mechanisms (Repetition, error correction….) for the protection of  the most sensitive parts of the JPEG2000 codestreams, like for example the headers. 

3.4 JPWL Requirements
As seen in the previous section, hooks and other relevant information representing the sensitivity of coded data to transmission errors have to be defined at the application layer and  made available at the transport and physical layers. Some additional data may also help in the correction of part of the JPEG2000 codestream.

Here follow some requirements to be considered:

· Specification of Data partitioning,

· Definition of strategies for bitstream classification, function of transmission type (quality or resolution) and channel information. 

· Specifications of a format for the side information to be made available at the transport and physical layer.
· JPEG2000 codestream containing additional JPWL information has to be compliant with JPEG2000 part 1 decoder.
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