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ABSTRACT

Recently, there has been an increasing interest in the design of very fast wavelet image encoders focused on applicat
(interactive real-time image&video applications, GIS systems, etc) and devices (digital cameras, mobile phones, PI
etc) where coding delay ami/or available computing resources (working memory and power processing) are critica]
proper operation. Most of these fast wavelet image encoders are non-embedded in order to reduce complexity, so no
control tools are available for scalable coding applications. In this work, we analyze the impact of simple rate co[
tools for these encoders in order to determine if the inclusion of rate control functionality is worth enough with respe(
popular embedded encoders like SPIHT and JPEG2000. We perform the study by adding rate control to the [
embedded LTW encoder, showing that the increase in complexity still maintains LTW competitive with respect SPI
and JPEG2000 in terms of RJD performance, coding delay and memory consumption.
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1. INTRODUCTION

Great efforts have been made to improve coding efficiency of wavelet-based image encoders, achieving in this wa
reduction in the bandwidth or amount of memory needed to transmit or store a compressed image. Unfortunately, m¡
of these coding optimizations involve higher complexity, requiring faster and more expensive processors. For exarnl
the JPEG 2000 [1] standard uses a large number of contexts and an iterative time-consuming optimization algorit
(called PCRO) to improve coding efficiency. Other encoders (like the one proposed in [2]) achieve very good cod
efficiency with the introduction of high-order context modeling, being the model formation a really slow process. El

bit-plane coding employed in many encoders (like [3] and [4]) results in a slow coding process since an image is scanr
several times, focusing on a different bit-plane in each pass, which in addition causes a high cache miss rateo

The above mentioned encoders are designed to obtain the maximum performance in rate-distortion terms and als(
broader functionality, but unfortunately other design parameters like complexity or memory resources are not considel
as critical as the former ones. Recently. several authors have shown an interest on developing very fast and sim]
wavelet encoders that are able to get reasonable good performance with reduced requirements of computing resourc
The objective of these fast and efficient image encoders is mainly targeted to interactive real-time applications runni
under resource constrained devices. In that scenario, the data must be encoded as soon as possible to fit the applicati
time restrictions using the scarce available resources in the system (memory and processing power).

Basically, these encoders do not present any type of iterative method. and each coefficient is encoded as soon as it
visited. This results in the loss of SNR scalability and precise rate control capabilities. They simply apply a const<
quantization to all the wavelet coefficients, encoding the image at a constant and uniform quality, as it happened in t

former JPEG standard, where only a quality parameter was available (and no rate control was performed).

In [5], a tree-based wavelet encoder (LTW) is presented. The LTW encoding process avoids bit-plane processing a
predictive encoding techniques; instead it uses one-pass coefficient coding and a very reduced number of contexts for t
final arithmetic coding stage. The LTW encoder requires a very short memory space for the coding process but it is [
SNR scalable in a natural fashion (i.e. it is not SNR-embedded).
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