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Abstract - Digital terrain elevation model (DTEM)
databases are essential for realistically calculating
path loss and coverage areas for radio communica-
tion systems of all types. Because such propaga-
tion models are well-suited to computer programs,
the factors determining efficient DTEM data
structure and necessary DTEM data accuracy are
largely derived from the requirements of the com-
puterized propagation models. The first part of
this paper discusses DTEM data structures for ef-
ficient elevation retrieval. The second part exam-
ines the required DTEM accuracy needed to
achieve acceptable path loss results given
commonly-used diffraction loss propagation primi-
tives. The results show that obstacle elevation er-
rors on the order of 15-25 meters can be tolerated
before calculated path loss changes by more than
about 2 dB on obstructed paths.

1.0 DTEM Database Structures

DTEM's are generally organized in two forms - vector
format and raster or grid format. Vector databases
are collections of vectors usually describing elevation
contours where vector endpoints have equal elevation,
or constant slope vectors in which the vector endpoint
elevations are different. Vector databases are often
the direct product of digitizing topographic maps.
Unfortunately, they are inefficient to use in computer
programs because there is no simple mapping from
geographic position to DTEM database position due
to the non-uniform density of the vector data. Grid
format DTEM's are therefore almost universally used
with propagation software because there are simple
mapping algorithms which relate geographic position
to the location of the data point in the database.

For most currently used propagation models, path loss
is predict using a 2 dimensional (2-D) terrain profile
between the transmitter and the receiver. The 2-D
profile follows the radio path from transmitter to re-
ceiver forming a sector of a great circle path on the
earth's surface. To construct a terrain profile, the

terrain database must be repeatedly accessed to find
elevation values along the great circle path. For a
typical area-wide propagation study, 360 radial paths
may be used extending out from the base station
transmitter and spaced every degree in true azimuth.
If the study radials are 50 km long (a typical value for
cellular base station studies), and the point spacing
along each radial is 0.1 km, a total of 180,000 eleva-
tion points must be extracted from the database. For
a composite study with dozens of base stations, liter-
ally millions of elevation points along study radials
are required. It's therefore worthwhile to make ter-
rain extraction algorithms as efficient as possible.

The points along a terrain profile great circle path arc
conveniently defined by a latitude-longitude pair. As
the extraction process moves out along a radial. the
latitude-longitude location of each point is calculated
using spherical trigonometry, the radial azimuth, the
point distance. and the base station latitude-longitudc
coordinates.

With the latitude-longitude position of the point
known, the next step is to determine the position in
the database where this point occurs. In general, ter-
rain elevation databases will consist of sets of da-
tafiles, each of which covers a defined geographical
area. Within each datafile the elevation points are
usually arranged in a simple row-column matrix for-
mat such that the geographical position of an eleva-
tion point is conveyed by the row-column position in
the matrix. The terrain elevation lookup process es-
sentially is the process of answering three questions
about the location of the point: 1) which datafile?, 2)
which row?, and 3) which column?

The datafile question can be easily answered in one of
two ways. Where the database has a uniform, homo-
geneous structure, the datafile names themselves can
convey the area covered. For example, for a 20 km x
20 km data tile in Great Britain, the tile with south-
west corner National Grid coordinates of x=300000.
y=100000 could have a file name such as
EDX30010.TER. The "30" is the x position of the



southwest corner; the "010" is the y position. The
next file east would be named EDX32010.TER. The
next file north would be named EDX30012.TER, and
so forth. With such a pre-defined file name structure,
it 1s only necessary to translate the latitude-longitude
at the desired point into National Grid coordinates,
construct the file name using the coordinates rounded
off to 20 km intervals, open the file, and read the
data.

If the files in the database are non-uniform, it is nec-

essary to use a "header" record in each file which
contains the coordinates of the corners of the area
which the datafile covers. The information in the
headers for all files is read and cataloged when the
propagation program is started so that finding the ap-
propriate file during the terrain extraction process in-
volves a quick search through the cataloged header
information.

Since the desired elevation point coordinates are
known in terms of latitude-longitude, finding the
right row and column in the datafile matrix is most
rapidly done when the grid of points are at even
latitude-longitude intervals. The 3 arc second data-
base covering the United States is such a database.
Finding the correct row and column numbers is a
simple matter of subtracting the latitude-longitude of
the corner from the latitude-longitude of the subject
point, and dividing by the grid point spacing in geo-
graphical seconds.

Usually the desired point does not fall directly on a
grid location so that it's necessary to find surrounding
grid points and performing an interpolation among
them. Several simple and elaborate schemes have
been used or suggested for this interpolation problem.
but simply using the four surrounding corner points
and linear interpolation has been shown to be about
as good as any approach [1], and is certainly compu-
tationally efficient since it only requires a one row or
column shift to find the necessary four points.

When the datafile does not use a regular latitude-
longitude spacing but a linear x,y spacing in meters
such as the 50 meter terrain databases for Great Brit-
ain, a further translation step is needed for each ex-
tracted point. This extra step converts the
latitude-longitude position to the linear X,y coordinate
system on which the datafile is based. This transla-
tion requires knowledge of the map projection and
particular earth ellipsoid constants. In our work
we've found the Transverse Mercator conversion for-
mulae for ellipsoids as found in [2] accurately per-
form this coordinate translation when the particular
earth radius, eccentricity, and projection biases are

used in the conversion operations. Latitude-longitude
to UK Nation Grid coordinate conversion is typically
with 1 meter of known resuits using this method.
This is certainly adequate accuracy for the terrain
lookup process.

Because the linear x,y datafile arrangement requires
the extra conversion step, (and the conversion calcu-
lations are non-trivial), from a computational view-
point the latitude-longitude grid structure is
preferable to the linear x,y arrangement. The disad-
vantage, of course, of the latitude-longitude coordi-
nate system is that it is not linear on flat maps and
thus more difficult for people to use when manually
determined coordinates. By contrast, linear X,y sys-
tems are ecasy to use for manual coordinate
determination.

2.0 Radial Line versus Regular Grid
Propagation Studies

An issue which frequently arises is the relative merits
of radial line and regular grid propagation studies.

In a radial line study, elevation points are found along
radials emanating from the transmitter site. Path loss
calculations are then done to each point on each ra-
dial. The resuits are then plotted in a variety of ways
such as multi-colored radial lines where the color in-
dicates the field strength. Alternately, the ensemble
of radial line path loss results can be mapped into a
regular grid for a colored grid display, contouring.
etc. This is a computationally efficient approach both
for terrain data extraction and for path loss calcula-
tions, especially if recursive techniques are used to
compute diffraction loss as the study proceeds out
along a radial. The drawback, of course, is that the
study resolution gets more crude as the distance from
the transmitter increases simply because the radials
are getting farther apart.

The other approach is to define a study grid. construct
terrain profiles to each point in the grid, perform a
path loss calculation to each point, and then plot the
results as a colored grid. There is a much greater
computational burden associated with this approach
since each of the extracted profiles can only be used
to find the path loss at one point (in general). Also.
recursive techniques cannot be used to accelerate the
rate at which path loss results are obtained.

If a hypothetical study area with a 50 km radius is
considered, and the radial line approach is used with
1 degree radial spacings and 0.1 km point spacings



along the radials, a total of 180,000 known path loss
calculation points will result. If an arbitrary random
point is chosen within the 50 km radius, the worst
case distance difference between this point and a
point where a path loss calculation has been done oc-
curs at the end of the radials where they're farthest
apart. This distance = 50.0 x sin (1.0 degree)/2.0 . or
0.43 km. If the total study area is considered with an
area of 7,853 square kilometers, the average area rep-
resented by each know path loss calculation point is
0.0436 square kilometers.

With the fixed study grid, to achieve the same worst
case distance error as the radial line study, the grid
point spacing would be set at 0.86 km. With the 50
km radius, the number of grid points is about 10,617,
so 10,617 terrain profiles with an average length of
25 km are required. This compares with the radial
line case where only 360 radials required, each with a
length of 50 km. This is a substantially greater com-
putational burden for the fixed grid case. Moreover,
when the total study is considered, each know path
loss calculation point represents on average 0.739
square kilometers for the fixed grid, more than 16
times greater than the 0.0436 square kilometers for
the radial line study. The average area a known point
must represent is directly related to the amount of dis-
tance error which exists between an arbitrary random
point chosen in the study area and the nearest known
path loss calculation point.

While it is true the resolution of the radial line ap-
proach is concentrated near the transmitter, even with
equivalent worst error conditions at the end of the ra-
dials as in the example above, the fixed grid approach
is still inferior from a computational viewpoint. The
radial line approach is thus preferred for propagation
studies, and is widely used in commercially-available
propagation software products.

3.0 DTEM Accuracy For Propagation
Modeling

Propagation models use a variety of information from
DTEM's to calculate path loss. For empirical models,
such as the CCIR and FCC propagation curves, or the
Okumura (Hata) model, usually only antenna height
above average terrain (HAAT) and sometimes delta H
(inter-decile terrain variation), is used. Models which
primarily rely on average elevations or some other
general terrain statistic, are fairly insensitive to
DTEM accuracy. For example, calculated HAAT
values from the 30 arc second and 3 arc second ter-
rain databases covering the U.S. are typically within a
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Figure 3 - Wedge obstacle diffraction.

few percent of each other despite the fact that the 3
arc second database has 10 times the horizontal
resolution.

While these empirical propagation models require
limited DTEM accuracy, because of this same insen-
sitivity to terrain, these models can give seriously in-
accurate path loss predictions when the terrain along
the path departs widely from the average values.






