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ABSTRACT

In the past Jeppesen has built and distributed worldwide terrain models for several Terrain Awareness and Warning
Systems (TAWS) avionics clients. The basis for this model is a 30 arc-second NOAA Globe dataset with higher
resolution data used where available (primarily in the US). On alarge scale however these terrain models have a 900m
(3000ft) resolution with errors that can often add up to 650m (1800ft) vertically. This limits the use of these databases to
current TAWS systems and is deemed unusable for other aviation applications like SV S displays that require a more
resolute and accurate terrain model.

To overcome this deficiency, the target of this project was to develop a new worldwide terrain database providing a
consistent terrain model that can be used by current (TAWS) and future applications (e.g. 2D moving maps, vertical
situation displays, SVS).

The basis for this project is the recently released SRTM data from NGA that provides a more resolute, accurate and
consistent worldwide terrain model. The dataset however has holesin the peak and valley regions, desert, and very flat
areas due to irrecoverable data capture issues. These voids have been filled using new topography algorithms devel oped
in this project.

The error distribution of this dataset has been analyzed in relation to topography, acquisition method and other factors.
Based on thisanalysis, it is now possible to raise the terrain a certain amount, such that it can be guaranteed that only a
certain number of real terrain points are higher than the data stored in the terrain database. Using this method, databases
for designated confidence levels of 10, 10° and 10°® — called TerrainScape level 1 - 3 — have been generated.

Thefinal result of the project is a worldwide terrain database with quality factors sufficient for use in a broader range of
civil aviation applications.
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1. INTRODUCTION
The goal of this project was to devel op a new worldwide terrain database for use in current (TAWS) and future aviation
applications (e.g. 2D moving maps, vertical situation displays, SV'S). This means that the new database must not only
have a high resolution but also high data quality requirements.
The database should be based on the SRTM dataset. The first step to reach this goal was to remove known deficiencies

like void areas from the SRTM datasets (chapter 3). Second, the resulting terrain model has been analyzed and selective
buffering envel opes added, such that confidence levels of 102, 10° or 10°® can be guaranteed.

2. STATE-OF-THE-ART OF TERRAIN DATABASES

2.1. Current Terrain Databasesin Aviation

Prior to the SRTM mission, high-resolution worldwide datasets were not readily available for commercial aviation
applications. Lower-resolution terrain data have been available from the National Oceanic and Atmospheric
Administration (NOAA, GLOBE) and the U.S. Geological Survey (USGS, GTOPQO30). Additionally, many countries
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publish a high-resol ution dataset for their own territory with proprietary quality factors. To compose a worldwide terrain
dataset, it has been necessary to use different sources of terrain data. As of 2005 the Jeppesen terrain database was built
from 28 sources of terrain data which were derived from cartographic, satellite and aircraft collected terrain models (see

Figure 1).

Figure 1 Distribution of terrain data sourcesbefore SRTM.

Each of these data sources has its own horizontal and vertical accuracy quality statement. Depending on the source of
data, the vertical relative accuracies range from +3m up to £ 650m (1) at a 90% confidence level. The terrain model
computed from these different data sourcesis a 30 arc-second model which means elevation sample points are
approximately 900m apart. A 1x1degree tile with this postspacing has 120x120 el evation points creating an elevation
matrix of 14,400 elevation values. The highest elevation within each 900m x 900m cell is provided as the maximum
elevation dataset to TAWS clients. Thisterrain model satisfies the current TSO-C151b Terrain Awareness and Warning
System requirements [1], but it does not satisfy DO-276A Area 1 requirements[2].

Figure2 TAWS display of terrain data.
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Figure 2 shows a depiction of terrain datain a TAWS display. Such displays are intended to provide terrain awareness
only and are not to be used for navigational purposes (i.e. advisory). For future applications like Synthetic Vision
Displays a high-resol ution database is needed, but the data quality shall still meet the TSO-C151b requirements.

2.2. SRTM Data

The Shuttle Radar Topography Mission (SRTM) of February 2000 was spearheaded by the National Geospatial -
Intelligence Agency (NGA), the National Aeronautics and Space Administration (NASA) and other international
agencies. The sensor used was amodified C-Band radar with the transmitting antennainstalled in the bay of the Space
Shuttle Endeavor with two receivers, onein the bay and another on a deployed mast. The interferometric baseline of this
configuration was 60m, enabling the system to capture 225km swaths with a resolution of 1 arc-second (30 meters) in
one pass.

During eleven days, the SRTM Mission obtained elevation data on a near-global scale (80%) between 60 degrees north
and 56 degrees south to generate the most complete high-resolution digital topographic database of the Earth available
today. Figure 3 shows a graphical depiction of the coverage area and the tracks flown.
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Figure 3 SRTM Coverage Map between 60 degrees horth and 56 degrees south.

SRTM data covers the majority of the Earth’s surface with only one dataset having a single set of quality parameters
compared to the numerous datasets used previously. Additional terrain data are only needed to augment the new model
outside of SRTM’s coverage area (see Figure 4).

Absolute vertical accuracies of the SRTM terrain data range from 3mto 15m. Thisis better than the missionsinitial
stated vertical accuracy of 16m at 90% confidence level. The absolute horizontal accuracies have been confirmed to be
in arange from 4m to 13m, which is also better than the 20m at 90% confidence level stated for the mission.

Two different datasets have been processed from the SRTM raw data:
e 1 arc-second model, which means that elevation posts are approximately 30m apart.
e 3 arc-second model, where elevation posts are approximately 90m apart.

Asthe 1 arc-second model is not available to the public outside of the USA, the 3 arc-second model is used for the new
terrain dataset.

The 3 arc-second SRTM data quality factors satisfy the current TSO-C151b Terrain Awareness and Warning System
requirements [1] as well asthe DO-276A Area 1 requirements [2] for aworld wide terrain model (50m horizontal
accuracy, 30m vertical accuracy at the 90% confidence level).
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