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INFORMATION TECHNOLOGY AND COMMUNICATION

so 11. The data are sufficiently in ccord
with a ognormal distribution that e can make rJ"
statistic estimates of upset phen ena in mis-
siles with p to 90% confidence nd up to 95%
probability. We continue to lo k for exceptions
to our result As in the case of populations
deliberate hu n interventi (e.g., hardening 02
of systems to r diation str s) could distort the
lognormal distri ution. t knowing how mis-
sile systems nor lly b ave, such distortions
could be characteri ed nd identified as a dis- - ,
tinct class.
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2. S. Ko owski, private comm.ication. m Fig. 8 - Digital moving map display

tion is limited. In direct support of these navi-
gation and mission planning systems. the Naval
Research Laboratory-Stennis Space Center

The U.S. Navy's Compressed (NRL-SSC) is developing the Compressed Aero-
nautical Chart (CAC) database Ill.Aeronautical Chart Database

CAC Overview: CAC is a global. seam-
M.C. Lohrenz less database of scanned aeronautical charts at

Marine Geosciences Division six different scales (ranging from 1:50.000 to
1:2.000,000(). CAC data are derived trom the

The implementation of digital moving map Defense Mapping Agency (DMA) ARC (equal
systems (DMS) aboard tactical naval aircraft has Arc-second Raster Chart) Digitized Raster
resulted in a dramatic shift from the use of Graphics (ADRG) database, which is a collec-
paper charts to digital chart products for naval tion of charts that have been scanned into red.
mission planning and navigation. A DMS green, and blue pixel components. NRL-SSC
computer stores all of the digital maps that are digitally compresses ADRG by 48:1 to generate
required for a particular mission and displays CAC. which is mastered onto Compact Disk-
up-to-date threats, intelligence, or other infor- Read Only Memory (CD-ROM). NRL-SSC has
mation as pilot-selected overlays to the base been processing CAC since April 1990, and
chart. An effective DMS provides pilots with DMA distributes CAC to the navi2ation corn-
precise, hands-off route selectien and naviga!ion munitv as a standard product. The follo'k itie
information (Fig. 8). The DMS that is cur- sections briefly describe the steps that are In-
rently used on AV-8B Harriers and F/A-18 volved in processing ADRG into CAC. includ-
Hornets was originally designed for night-attack ing a map projection transformation and tmo
air missions, since the system provides valuable compression phases. and relevant research
positional information when visual flight naviga- efforts.
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INFORMATION TECHNOLOGY AND COMMUNICATION

Projection Transformation: CAC is process that selects the closest match from 240
stored as a seamless, global database such that 8-bit colors in a predefined palette to represent
the transition from one source chart to another each input pixel [3]. A decompression color
is transparent to the pilot. The data are stored table is also generated to convert each 8-bit
in discrete 50.8-mm (2 in.) square segments of code back to its original (or close to original)
source chart that cover the entire globe (Fig. 9). RGB value for DMS display. Because the
The model is known as the Tessellated Spheroid number of possible colors that can be used to
(TS) and was originally developed by Honey- represent each pixel has been reduced from 16
well, Inc. In TS, each segment of CAC data is million to 240, this compression is not lossless.
projected onto the DMS display in an equirec- However, any observable loss of information is
tangular projection. Transformation from the usually perceived as a normalization of the map
DMA ARC system to TS is accomplished with a colors and does not sacrifice image integrity.
neighborhood averaging function that effectively
reduces the image resolution from 10 pixels per Spatial Compression: A second compres-
mm (the resolution at which ADRG data has sion is-performed to further reduce data storage
been scanned) to approximately 5 pixels per mm requirements. This is referred to as "spatial"
and results in a 4:1 data compression. This compression, during which each nonoverlapping
reduction in resolution is required for compati- set of 2 x 2 pixels in the color-compressed
-bility itlftiaircraft displays. - -image is replaced by a 1-Eyte-codeword. Be--

cause each color-compressed pixel is 1 byte
(8 bits) long, this represents a 4:1 compression.
The method by which a fixed set of best-fitting

POLAR ZONE codewords is chosen to represent all of the
image's 4-pixel patterns is based on color vec-

EZONE tor quantization [3]. Spatial compression is
EQUATORIAL ZONE not lossless but, as in color compression, the

loss of information is not significant for DMS
applications.

Research Efforts: The original ADRG
CAC compression algorithms were developed
by Honeywell, Inc., and Honeywell maintains

Fig. 9 - Tessellated spheroid model proprietary rights for that software. Conse-
quently, the source code for those algorithms is
not available to the Navy, and the software can

Color Compression: Each ADRG pixel is never be ported to any computer other than that
24 bits long: 8 bits each of red, green, and for which it was developed (a VAX/VMS sys-
blue (RGB) intensities. Thus, more than 16 tem). Over the past two years, NRL-SSC has
million (224) possible colors may exist in the developed a comparable compression method
ADRG database. The Navy DMS system can that would be distributable and installable on
display only 256 (28) colors: 16 colors are any government computer system. This year,
reserved for graphic overlays, and 240 are used NRL-SSC mastered a prototype CD-ROM,
to display the chart images. Consequently, data which contains CAC data that were compressed
storage requirements are reduced from 24 bits with this new software, and distributed it to
per pixel (bpp) to 8 bpp. Following the trans- more than 20 government agencies for evalua-
formation from ARC to TS, ADRG data un- tion. Although the ,-aluation is not complete,
dergo a 3:1 color compression in which each preliminary results indicate that the NRL-SSC
24-bit pixel is replaced by a similar 8-bit color, compression method is comparable or superior
Color compression is achieved by subjecting to the original in producing quality chai, ira-

the image data to a color vector quantization ages. NRL-SSC introduced a "clean-up" stage
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to the color compression that reduces the degree DMS-equipped F/A-18s and plan to use the
of scanner noise and produces a sharper image, NRL-SSC CAC database.
particularly in large areas of similar color (such [Sponsored by NASCI
as oceans and desert areas). As a result, text
features in those areas are easier to read. Fur- References
thermore, NRL-SSC is developing additional
color tables that will allow users on limited-
color systems (e.g., 16-color PCs) to display 1. M.C. Lohrenz and J.E. Ryan, "The
CAC data with reasonably good color quality. Navy Standard Compressed Aeronautical

Chart Database," NOARL Report 8,
Significance to the Navy: The Ocean- NRL-SSC, July 1990.

ographer of the Navy recently proclaimed that
CAC is the standard aeronautical chart database 2. Defense Mapping Agency, "Product
supporting naval air navigation. F/A-18 and Specifications for ARC Digitized Raster
AV-8B aircraft are in the process of replacing Graphics (ADRG)," First edition, DMA
all of their paper and filmstrip charts with CAC Systems Center/West Group, St. Louis,
data. Many of these aircraft relied on CAC for Missouri, April 1989.
mission planning and navigation during Opera-
tion Desert Storm, and the Navy's F/A-18 pro- 3. M.C. Lohrenz, P.B. Wischow, H. Ros-
gram office reported-that the integrationo-WCAC che M.E. Trenchard, and L.MR. ied-
with their DMS contributed significantly to the linger, "The Compressed Aeronautical
success of F/A-18 pilots during that conflict. Chart Database: Support of Naval Air-
In addition to the U.S. Navy, several foreign craft Digital Moving Map Systems,"
countries, including Kuwait, Finland, Switzer- Proceedings of IEEE PLANS '90 Con-
land, and Australia, have recently purchased ference, Las Vegas, March 1990. U
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