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ABSTRACT

It is possible to improve the features supported by devices with embedded systems by increasing the processor computing power, but
this always results in higher costs, complexity, and power consumption. An interesting aternative is to use the growing networking
infrastructures to do remote processing and visuali zation, with the embedded system mainly responsible for communi cations and user
interaction. This enables devices to behave as if much more “intelligent” to users, a very low costs and power. In this article we
explain how compression can make some of these solutions more bandwidth-efficient, enabling devices to smply decompress very
rich graphical information and user interfaces that had been rendered elsewhere. The mixture of natura images and video with text,
graphics, and animations simultaneously in the same frame s called compound video. We present a new method for compression of
compound images and video, which is able to efficiently identify the different components during compression, and use an
appropriate coding method. Our system uses lossless compression for graphics and text, and, on natural images and highly detailed
parts, it uses lossy compression with dynamically varying quality. In addition, since it was designed for embedded systems with very
limited resources, its program has small executable size, and has low complexity for classification, compression and decompression.
Other compression methods (e.g., MPEG) can do the same, but are very inefficient for compound content. High-level graphics
languages can be bandwidth-efficient, but are much less reliable (e.g., supporting Asian fonts), and are many orders of magnitude
more complex. Numerica tests show the very significant gains in compression achieved by these systems.
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1. INTRODUCTION

It is an inevitable trend to make consumer devices more “intelligent” and loaded with features, since—whenever this
makes sense—it increases the perceived device value to customers. This goal can be achieved in two ways. Firgt, it is
possible to embed powerful processors to these devices, plus the necessary software, GUI, real-time operating system,
etc. However, to achieve the state of the art in user interfaces, this approach can be become quite expensive due to the
price of hardware and software devel opment, licensing fees and royalties. In addition, the processing power trandatesin
agreat increase in power consumption, with quite serious cooling and battery-life problems for portable devices.

A second way to achieve this goal depends on the reliable availability of wireless or wired networks. In this case, the
embedded processors can have much less computing power (and be quite cool), because the applications can run
remotely, and the resources in the device can be used to improve the user experience with better displays, sound, and
interaction. It is interesting that a similar approach had long been in use by mainframes and supercomputers, with
varying degrees of success. Presently any desktop personal computer has the computation power that only
supercomputers used to have, and they can similarly be used to process jobs requests from many different users.
However, we can predict that in the future the “users’ will be the systems embedded in a variety of devices. Figure 1
show a diagram of such a system.

We are currently seeing both approaches being adopted. The firgt is the most straightforward, and obviously the one
initially preferred by the hardware and software vendors. The second solution started being considered seriously when
designers redlized the widespread availability of low-cost wirdess LANs. They also realized that, before
implementation of this approach it is necessary to decide if the system should use a high-level graphics language and
protocol® (e.g., X-11), or the radically simple approach of just “capturing” in real time the remotely rendered screen and
transmitting it as a video stream, as shown in the upper part of Figure 1.
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Figure 1 — System based on screen-capture for allowing amain processor to render demanding programs, GUIs, and
graphics that are used by devices with embedded systems.

Bel ow we present some characteristics of these two approaches

a) H|gh -level graphics languages and protocols.

Data can be parsed to obtain high-level semantic information.

- May work only if supported from software application.

- Unreliable, can break down completely. Needs careful ingallation.

- Yieldsinconsigtent results with different fonts, languages, and on different platforms.

- Important legal issues with licensing and Copyrights (from fonts to content format).

- Rendering (visualization) programs with large size, and greater power consumption.

- Lowest bandwidth on text and graphics. Can actually use more bandwidth for images, video, some graphics and
animations.

b) Compr%sed screen video.
Semanticinformation islost during rendering.
- Can work with practically any application.
- Much morereliable. Decoder can be unbreakable.
- Small and inexpensive programs, low power consumption.
- Bandwidth and quality depends on effectiveness of the compression method.

The fact that high-level 1anguage may keep the semantic information, which islost after rendering, has usually created a
strong initial preference for high-level approaches. The other problems of the high-level languages were frequently
considered trangtory, and it was assumed they could be solved because of the dominance of a single company on a
certain platform, or that that the industry would soon agree on a unique reliable standard. However, we can see now that
these problems had not been solved satisfactorily, and there islittle confidence that they will be in the near future.

What the second approach lacks in versatility is compensated by its reliability and low cost, but it is believed that it also
requires very large bandwidth usage. However, this bdief is based on completely obsolete ideas of the type of graphic



