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Digital Terrain Models – DTMs (resp. Digital Elevation Models – DEMs) are numerical models for the ground (resp. an envelope of the ground and objects on the
ground) (4). As numerical models, they are computed from a set of height measurements generally irregularly scattered over the ground.
The spatial distribution of these measurements, and the method used to estimate
the model (tesselation in case of polygonal irregular networks, interpolation in case of
lattices) cause well-known artefacts (5), and have a great impact on the shape of the
resulting relief (1; 2; 3; 9). These artefacts have generally a greater impact on DTM
quality than noise and imprecision in the measurement process. We study here the nature of these artefacts and their typical location, to highlight their effect on geographical
applications. We present algorithms to correct them as much as possible, and provide a
methodology to predict the location of possible errors.
We provide numerical illustrations of these artefacts in case of high resolution
DTMs created from contour lines, by comparison with an extremely high resolution
DTM obtained by LIDAR. We construct DTM with several classical algorithms. We
consider three interpolation methods: Inverse Distance Weighted (GRASS 5), Regularised Spline with Tension (6), and kriging. We also evaluate tesselation methods:
standard Delaunay triangulation, and enhanced Delaunay triangulation, i.e. Delaunay
triangulation corrected as much as possible from artefacts and enhanced by exogeneous
vector data. Figure 1 illustrates summit correction.
We focus on the impact of these artefacts on the elevation, slope and aspect values
computed from the DTM, as these terrain parameters are useful for many geographical
applications. Figure 2 shows kernel density estimation of elevation errors for three of
the five DTMs.
We illustrate the gain of precision obtained by the use of artefact correction algorithms such as (8), and by coherent integration of exogeneous vector linear data (7)
which leads to the enhanced Delaunay triangulation. Note that even for the best DTM,
that is to say the enhanced Delaunay triangulation, elevation error distribution is not
Gaussian (cf. quantile-quantile plot from Figure 3), suggesting that not all errors are
measurement errors.
However, the fact that not all artefacts can be corrected suggests that the artefacts
come from interpolation or triangulation, but also from the very nature of terrain and
from its shape. The investigation of the origin of artefacts, and the study of their localisation leads us to propose an a priori characterisation of DTM quality through potential
error maps. The computation of potential error maps relies on morphometric parameters (10), which raises the need for efficient and robust morphometric parameter computation algorithms. This approach enables local quality prediction without the help of
reference elevation sources.
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Fig. 1. Example of summit correction
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Fig. 2. Kernel density estimation of elevation differences for three DTMs

Fig. 3. Quantile-quantile plot of elevation difference distribution against normal distribution

