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Figure 2 - Look-up tabla for black and white image display system

A look-up table is physically realized by wolid-state
memory. Standard tables are usually provided by the manufacturer
and stored in ROM; user programmable RAM tables are generally in-
cluded in the commercially available systems.

As an example of look-up table utility, contrast stretch can
bs implementsd on svery readout of the display memory SO that the
results of a new stored table look-up are viaswsd on the display
screen immediately after the table values arw stored. In most
display systems, the total time to store a new look-up table is
less than 1 second.

2.4, BLACK AND WHITE DISPLAY SYSTEM SELECTION

Fig.3. shows the architecturs for a fully configurad black and
white image display system that includes full graphics and cursor
capability. The major system components include the solid-state
image memory, the graphics overlay plane driven by a character
and vector generator and through direct software commands from
the host computer, look up tables, and the interface with inter-
active hardware companents.

The system designer must determine the nature of each of the
components when seslecting a display system. The selection process
usually involves a trade-off between available funds and system
capability. Most systems are provided with a minimum set of image
memary for a basic price,

Display systems are how available with host microprocessors
and local disk and/or tape storage devices, providing local
input-output capacity and limited image processing capability
within a self-contained display system. These systems also incor-
porate limited image processing capability so that the entire
system can be run in a “stand—alone" mode.

Display systems are also offered as computer peripherals.
The display system, including controller, memory, and graphics
and interactive device options is provided with an interface to a
host minicomputer, mainframe, or microprocessor host system that

provides overall control functions to

the display device. The
host processor handles user intertace support and utilizes its
own peripherals for image storage and input/output functions.
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Figure 3 ~ Black and white image display system architecture
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fFigure 4 - Color image display system architecture

3.1. IMAGE DISPLAY MEMORY MANAGEMENT

Most commercially available image display systems allow flexible
and dynamic utilization of the image display m¢m9ry. A% an
example, a block of solid state memory that is 1024 lines by 1024
samples by 24 bits in size can be configured in several ways for
image storage. Feasible configurations jinclude the following:

i) One 1024-square three-color image (B bit per color)

ii) Four 512-square three-color images (2 bit per ctolor}
iii) Sixteen 254-square three-color images (P bit per color)
iv) Three 1024-square black and white images (8 bit/pinel)
wv) Twelve 512Z2-square b/w images (8 bit/pixel)

vi) Forty-eight 256~square b/w images (8 bit/pixel)

RDAM and Z00DM, Most display systems can accommodate storage of
images that are too large to be displayed by the TV anitnr. As
an example, a system configured with the memory described in the
above example may have a display monitor that can display only
color images that are 512 pixels square or less. Therefore many
avagilable systems are equipped with the capability to ROAM and
I00M within the full image size contained in image memory when
the display monitor cannot accommodate the full pixel resolution.
The roam operation consists of extracting an image segment
(window) for display at full resolution on the display screen.
The zoom function consists of enlarging or shrinking a portion of
the image in memory for display. As one example, consider a 1024-
square three-color image memory associated with a display monltqr
that can accommodate only 512 square images. The user may ini-
tially display the full image at one-quarter resolution_ on the
J12-square display by selecting every other image pixel from
every other line in the display memory. The user may then choose
to zoom into a particular region within the image, and a selected
image segment can then be displayed at full pixel resolution on

the monitor. In some applications, zoom is used to perform seg—
ment magnification, using either pixel replication or intensity
interpolation to generate the pixels created by the
magnification.

3.2. MICROPROCESSOR-BASED DISPLAY SYSTEMS

Self-contained display-based image processing systems are now
available. These systems incorporate microprocessors that control
display functions and sSupport the user interface. The
microprocessor can also provide limited image processing
capability, and specialized arithmetic processors can also be in-
corporated to perform specific image processing operations.

The functions that can be performed by microprocessors or
other arithmetic processors incorporated within display systems
include the following:

~ Support of user interface functions

-~ Contrast manipulation (including pseudocolor)

— Digital filtering

~ Roam and zoom

- Image ratioing, differencing and averaging, using local disp-
lay memory as both input and output

- Edge detection

~ Multispectral classification

- Graphics manipulation

4, FUTURE TRENDS

The diversity of commercially available image processing and dis—
play systems is increasing rapidly. The basic options currently
available have been outlined in this survey, but the field isg
quite dynamic, and improved capabilities and increasing
flexibility continue to be developed rapidly. There is a clear
trend towards increased local storage within the display system.
The use of rapid-access high-density digital disks interfaced
directly to the display system makes already available a large
number of images for processing directly within the display
system. Optical disks are increasing in use and utility due to
the high density and reliability of recorded digital data.
Unfaortunately, their market is limited to Read Only disks (like
Compact Disks) and "Write Only one time, Read Many times" (WORM)
disks, for which both drives and disks exhibit low cost per data
storage wunit {(Mbyte or Gbyte). Also video disks become inexpen—
sive devices used for archival storage of large image data bases
as the ability to convert imagery without significant loss of
quality from this starage format to digital format, suitable for
processing, becomes available.

In color displays, most available systema utilize the con-
cept of separate red, green, and blue component images within
their basic architecture. Future systems probably will incor-



porate other color coordinate systems directly, enabling more im-
mediate user control of color image manipulation and snhancement.
At present only some medium or high cost systems incorporate hus-
saturation—-intensity coordinatesg such systems include a hardware
conversion from red-gresn-blus coordinates to hue-saturation-
intensity coordinates and direct user manipulation of the hue and
saturation properties ot the color image.

The trend toward increased local processing capability will
continue. New systems incorporate advanced computational devices,
including pipewline pProcessors and digital array processors,
within their architecture. Image processing will participate in
the general trend toward distributed processing and linking ot
processing elements through local or distributed networks. The
trend toward self-contained highly capablie image processing and
display units that are optimized to psrform a set of operations
supporting a limited number of applications will constitute
another important aspect of this general trend. Finally, image
processing technology will benefit directly from the trend toward
development of customized VLSl (Very Large Scale Integrated
circuitry) for high-spesed axecution of specific computational
functions.
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