




















the observer. The criterion that has usually been used for
determining how many gray levels to provide has been the
limitations of the eye as described by the frequency model
(grating measurements). Yet, in real photographs, details
tend to be relatively symmetric: it is very rarely necessary
to detect bar-like features that are also low contrast. This
almost certainly explains why nearly all images thresholded
to 64 or even fewer gray levels look as good as the originals
(sampled at 256 gray levels), and more accurate processing
of the information allows the same pictures to be displayed
with only 16 gray levels.

For transferring information to the viewer, the ‘‘target
model”’ curve must be used as specification if all features
are to be detectable regardless of their shape. In other
words, for features of a given dimension, the contrast of
the feature must be sufficiently high (either naturally, or
after enhancement) so as to keep it below the lower of the
two curves shown in Fig. 2. This again implies that, in
turn, the presentation of pictures only need be to this same
specification.

For color (RGB) displays, only the green signal need be
to the accuracy just described, and the red and blue signals
typically require 2 fewer bits. The actual savings may be
determined approximately from Fig. 3 in which the
number of bits to be saved is plotted as a function of the
dominant wavelength of the color used for the primary.

The following new ‘‘rules of thumb’’ are suggested for
the design of output devices used for the display of images:

* A cost-effective general-purpose display may be
designed to perform no better than the target model curve
(see Fig. 2). If it is to be used for basic research, or if the
detection of low-contrast linear features is likely to be a
significant application area, then using the frequency
model curve as a design limit may be appropriate.

* For color images, fewer bits are needed for each of the
red and blue planes than for the green plane. No quality
improvement will be gained by using more than a total of
18 bits of intensity and color information for each pel of a
color image, provided that the bits are assigned to each
color appropriately. The number of bits that may be saved
for red and blue is dependent on the dominant wavelength
of the color used to represent these primaries, and may be
read off the graph shown in Fig. 3. For example, if the
dominant wavelengths are 660 and 450 nm, then 2 bits may
be saved for each color. Choosing phosphors with more
extreme dominant wavelengths could save even more bits
(and allow a greater range of colors to be represented), but
with the phosphors currently available this possibility will
usually require more power and may disturb the color
balance of existing images.

® A suitable number of bits for the green plane of a
color image may be determined from the lower curve of
Fig. 2 for a given output resolution. The bits for the other
two primaries may then be deduced by subtracting the
savings derived from Fig. 3. As an example, for a 4
pel/mm display we would use 4 bits for green and 2 each
for red and blue. These may be conveniently assigned to a
single byte.

¢ If the 2:4:2 scheme for red, green, and blue is used, it
is recommended that green be placed in the most
significant 4 bits so that images of real scenes may usually
be viewed satisfactorily on a monochrome display. Red
and blue, in that order, would be placed in the 4 least-
significant bits. Thus,
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MSB = Most Significant Bit
LSB Least Significant Bit

¢ If 12 bits are available for the display, then the best
coding scheme (allowing for all the factors involved, and
using an integer number of bits for each color) will use 5
bits for green, 4 for red, and 3 for blue:
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