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At the Color '97 AIC meeting in Kyoto we had given a paper [1] on this topic, where we discussed color issues in the various image formats used on the Internet and compared compression in the color domain vs. compression in the spatial domain. We examined how each method performs in typical Internet applications. After four years and with the speed with which the Internet and Web have progressed, we are at a juncture in Internet imaging where an update is necessary.

The 1997 trend predictions relied in the availability of cheap processing, such as Moore's law, which states that CPU processing power doubles every eighteen months. This design approach is further epitomized by video-game machines, which for a very modest price offer specialized graphical processing power far superior to that available in a typical PC. The capacity of disk drives doubles every year and the speed of I/O connections is also rapidly increasing. Finally, Internet access is becoming faster and cheaper.

Contrast this, however, with the trend toward small mobile Internet devices (such as palm-tops, personal digital assistants and cellular phones), where the communications channels have lower bandwidth and the devices themselves have only small screen real-estate. Combined with their low power requirements and low purchase price, these mobile devices will allow a larger portion of the world's population to use the Internet in an even more personalized way than has been true heretofore with the PC. Multimedia in general and images in particular, are expected to play a significant role in defining such personalization.

"A larger portion of the world's population" refers not only to a wider geographical or socio-economical classification, but also to a much broader range of computer literacy, coupled with a wider range of device quality. For example, while the viewing conditions assumed for sRGB are typical for office environments, a PDA used on a beach will be viewed under quite different conditions.

Even assumptions that a display's tone reproduction (gamma) curve is exponential or that the white point is on the blackbody curve are very optimistic. In fact, a sigmoid tone reproductions is common in portable devices and the white point is chosen to maximize both brightness and battery life time.

From these observations about a mobile wireless world of casual users, we conclude that it has become necessary to develop new methods for serving color images on the Internet. The two new trends that address these needs are intelligent image processing and color integrity.

Intelligent Image Processing

============================

While it has been the goal of color science to understand how humans perceive and interpret color, most progress has been at the early stages of the visual mechanisms, the most recent results being made in predicting color appearance by modeling the mechanisms that may be situated in the double-opponent neurons in the blobs under possible control of area V4 in the visual cortex.

To enhance the user experience of the wireless Internet, is necessary, however, to emulate higher stages of human vision. When a person looks at an image, the human eye fixates on certain areas of an image and the mind's eye (i.e., the brain) fills in the blanks. Those areas of fixation are called human regions of interest (hROIs). Stark et al. [2] have proposed an algorithm that selects regions of interest (algorithm-selected regions of interest or "aROIs") which are very closely correlated with the hROIs. In other words, their algorithm can automatically predict how a person will "see" an image and where the eye will fixate.

Identifying ROIs has two important applications for imaging on the Internet. The first is encoding regions in an image at various spatial compression rates depending on their visual prominence; this allows to take full advantage of the new JPEG 2000 compression method. The second is intelligent clipping, which allows to dynamically reduce an image to fit a small display without the need to scale it to a hard-to-recognize size or to scroll it.

Most color images today on the web today are either JPEG or GIF. Coming is JPEG 2000, the follow-on to JPEG, due to become a standard in late 2000 or early 2001. While JPEG 2000 will offer better compression and better low bit-rate performance than JPEG, one of its main advantages over JPEG is its feature set. This includes ROI support, at both the encoder and decoder, and client-determined access to the compressed color image data.

Color Integrity

===============

The usual aim of computational color reproduction has been to achieve color fidelity. The first step was achieving a colorimetric match between a hardcopy original and a printed copy. The second step was to achieve an appearance match between a softcopy and a printed copy.

These methods are based on colorimetry and efforts have been made to port the underlying methodology to the Internet. Hunt [3] wrote an excellent overview of the requirements for color reproduction on the Internet for applications such as Web shopping. Products today are available to support color management on the web, using either client- or server-based techniques that require the end user to perform a simple monitor calibration.

When the device is an LCD monitor, it is necessary to build ICC profiles with large tables. This is because such devices often have sigmoidal TRCs and the saturation of colors decreases with decreasing lightness (the latter is not the case for CRTs).

These two technologies address the device characterization problem. In wireless applications the viewing conditions can be expected to deviate substantially from those normally present in a controlled graphic arts studio or even an office. Moreover, it cannot be expected that the user can understand the issues and follow specific instructions. The art describes a low-cost device that can detect the ambient conditions and feed them into a color appearance model. However, although such a device can  work in a fixed workstation, it is hard to imagine that a mobile user would carry it around at all times.

Fortunately, for the Internet colorimetric color reproduction is not a sine qua non. Most needs--even shopping--can be satisfied if the integrity between the colors is maintained. While most of today's work on color reproduction treats each color in an image by itself [in isolation], what is important is the relation among the colors in the palette, not their absolute colorimetry [4].

In practice this means that two conditions must be met. The first is that a color should not cross a name boundary, the second is that the field of error vectors of all colors should be divergence-free. The intuition for the divergence condition is that no virtual light source is introduced.

The locus of color names in a color space has been addressed with color name charts [5]. Mapping from a CIE color space to Munsell's color renotation is easy, and there are very efficient algorithms for searching in a partitioned three-dimensional space. An example for such an algorithm is the grid file system [6], which in case of the color name charts easily fits in primary memory.

The color palette can be modified so that no color name boundaries are crossed for a number of typical viewing conditions. Among the infinite number of solutions, that palette is chosen which minimizes the divergence in field of color error vectors under these conditions.
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