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selected. Some aircraft will have a need for a DTM which
covers the entire world. Other aircraft which may have
memory limitations may only require a DTM which spans a
single continent. For example, military aircraft may need to
be deployed anywhere in the world at a moments notice and
may not have the ability to load new DTMs into their
systems. Alternatively, small commercial aircraft may only
fly US domestic routes and only need the area of the
continental US.

Further user input includes the type of flat geometric
surface or facet 102 that will be employed to approximate
the digital terrain and compress the digital terrain data. The
two options for this input are, max thinned and a biased
linear regression. The max thinned facet is a facet with
constant elevation which is set to the maximum elevation in
the area that the facet approximates. The biased linear
regression is a facet surface whose surface is sloped by using
a linear regression technique to approximate the terrain for
the area that the facet will represent. The surface is then
biased up so that all of the actual terrain in the facet area is
below the facet. Max thinning compression produce datasets
which are easier to decompress since no interpolation along
the surface is necessary. However, more facets are required
to accurately approximate most areas compared to linear
regression. Linear regression facets approximate terrain
slopes well and require fewer facets per error tolerance;
however the decompression time per facet is increased due
to a need to interpolate across the facet face.

Another user input is the type of tree structure 104 that
will be employed to compress the digital terrain data in
association with the type of facet 102 selected. Two pre-
ferred options for this input are binary tree and quad tree.
Binary treeing allows for two facets to approximate terrain
not acceptably represented by a single facet. Quad tree
allows for four facets to approximate terrain not acceptably
represented by a single facet. Binary tree structure provides
about 33% savings in memory usage at the cost of less
regularly shaped facets. Quad tree regularity may produce
savings in decompression speed for certain hardware imple-
mentations.

Yet another user input are global error tolerances 106.
This input specifies the allowable error tolerance for areas
not defined in a specific error tolerance zone as discussed
below. For example, areas of the continental US which are
not used for low level flying or landing may have an error
tolerance of 1000 feet. 1000 feet would be the global error
tolerance.

The user must also input error tolerance zone definitions
108. These input files specify the allowable error tolerance
for specific areas. For example, a particular low-level flying
route may require the compressed map to be accurate to 100
feet in that area while the map in general may have 1000 foot
errors. This low level route should be defined in an Error
Tolerance Zone Definition file (.tgl).

The final user input is the actual DTED 110 from the
DTM. This type of data is used by the United States Air
Force, amongst others, to provide elevation data for systems
on-board their high performance fighter aircraft. The DTED
database consists of more than 14,000 one degree by one
degree cells. Each cell consists of elevation data points at
intervals of 1 arc second. Cells with other dimensions and
point spacings are also included in the database, but the vast
majority, are as stated herein.

The present invention includes several compression pro-
cesses that modify and or use the input data to employ the
invention. The first of these is the regular area division
process 112. In this process the DTM is compressed into a
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plurality of regular areas (areas of the same size). This is
done to increase decompression speed by allowing for quick
indexing into the compressed data. If the compressed map
was completely irregular or semi-regular then the entire map
would have to be decompressed at once. Allowing for a
regular division allows for a user to choose a regular area
and only read and decompress that area. The drawback to
this regular division is increased memory usage. So, the
regular divisions should be large enough to allow for effi-
cient memory usage and small enough to allow for rapid
decompression. Hence, the simplest possible map would be
one facet approximating the area of each regular division.

For the present invention, the preferred regular area size
is one degree latitude by one degree longitude in size. This
regular area size provides the benefit of updating just that
area of the map, since DTED comes in 1 degree by 1 degree
cells, and not decompressing the entire map.

The next major process is approximating each of the
regular areas using the facets 114. Each regular area of
terrain data sent to this process module is approximated
using either max thinned or linear regression facets. Max
thinned approximates the terrain by creating a facet with a
constant elevation which is equal to the highest elevation
terrain in that area. Linear regression approximates the
terrain by performing a linear regression through the data to
obtain the slope of the facet and then biases that facet so that
no terrain is higher than the approximating facet.

These terrain approximations using the facets are then
sent to the tolerance check process module 116. This process
receives a facet terrain approximation, which is then com-
pared to the actual terrain data that it is to approximate. If the
errors between the two falls outside the user inputted toler-
ances for a specific regular area, the module sends the area
to be further divided in the semi-regular area division
process module 118.

The semi-regular area division process module 118
receives input from the tolerance check process module 116
when errors in the terrain approximation fall outside of user
inputted tolerance for a specific regular area. When a facet
doesn’t adequately approximate its area, this process module
further divides the regular area into, preferably, four or two
regular areas. This creates a tree structure called binary tree
or quad tree. Semi-regular divisions allow for low memory
usage through the use of their irregularities and fast decom-
pression through the use of their regularities. The flat
geometric surface is used to approximate the terrain in each
of the divided portions of the regular area. The tolerance
check 116 is then repeated on these new approximations of
terrain. This process is recursively repeated until all terrain
approximations for the entire three dimensional map fall
within tolerances.

The outputs 120, 122 of the overall compression process
are provided to a computer system, or, preferably, to an
automatic ground collision system for an aircraft.

The outputs 120, 122 fall into three categories. The first
output category is header information. The header informa-
tion is used to determine the geographic boundaries of the
map, the facet and treeing type used, the size of the regular
areas, and the data byte format.

The second output category is table information. The table
information is used to index into the data along the regular
area boundaries.

The final output category is the actual compressed map
data related to the facet approximations and semi-regular
divisions of regular areas. The output compressed data is
saved in a compressed format for each regular area as further
discussed below.
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