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Abstract−− The performance of an algorithmic 

procedure to visualize digital landscapes based in the 
dynamic control of the size of the model is presented. 
Approximate representations are produced taking 
into account criteria relative to the observer position 
and the local curvature of the terrain. The algorithm 
leads to substantial reductions of the size of the final 
meshes, lowering the rendering costs down to 5%. 
An application of the algorithm is tested on a model 
of the Colorado Canyon is shown. 
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I. INTRODUCTION 
Virtual reality applications based on outdoor scenarios 
demand realistic and efficient topographic representa-
tions. The current trend is to abandon models based on 
special effects such as projected images or synthetic 
representations, resorting instead to real digital eleva-
tion models (DEMs). Basically a DEM is a grid where 
each cell is associated with a pair of geo-referenced 
coordinates (e.g. geodesic or Gauss Kruger) and a corre-
sponding terrain height, leading to a digital representa-
tion of a fraction of the earth surface within a given res-
olution. Current DEMs use tens and even hundreds of 
millions of cells. Such a huge volume of data is neces-
sary in many applications, but it is hard to visualize in-
teractively, particularly if interactive navigation is in-
volved (Duchaineau et al., 1997; Gobbetti et al., 2006 
and Livny et al., 2007). The mesh data often exceed the 
available memory, and this problem is more dramatic if 
texture maps are involved (Döllner et al., 2000). 

In the last decades several efficient algorithms and 
techniques were developed to digitally represent terrains 
preserving the quality of the visualizations while keep-
ing fast access to the data. One of the most interesting 
strategies is mesh simplification by recursive decompo-
sition. In particular, the adaptive simplification algo-
rithms start from the simplest version of the original 
model and subsequently add greater detail enhancing 
the quality of the primal model (Balmelli et al., 1998; 
Hoppe, 1998; Pajarola, 1998; Röttger et al., 1998; Lind-
strom and Pascucci, 2002; Pajarola et al., 2002 and Pa-
jarola and Gobbetti, 2007). DeHaemer and Zyda (1991) 
have successfully applied this technique in DEMs with 
an algorithm that preserves the topology. 

In this article, a variant of the adaptive simplification 
methods is presented and applied to DEMs visualiza-
tion. A hierarchy quadtree with restrictions and tem-
plates associated to the end nodes is used to generate the 
final surface ensuring conformal triangulation and 
avoiding major changes in the size of the mesh poly-
gons. The basic guiding criterion to the coarsening 
process is the local curvature of the represented surface 
(Cifuentes et al., 2004). Subsequent enhancement is 
achieved by introducing a refinement according to the 
position of the observer (Gerstner, 1999). The result is a 
dynamic mesh that is extracted from the quadtree hier-
archy which mutates following the movement of the 
observer. The size of the problem can be reduced one 
order of magnitude; and even more if some quality loss 
is accepted. 

II. COARSENING GUIDED BY CURVATURE 
Let us start with a DEM supported by a regular mesh of 
squared pixels. The height of the terrain, hij, is provided 
for every Δ×Δ cell located in each vertex (i,j). One rea-
sonable criterion to simplify this model is to decrease 
the number of pixels in regions where the curvature is 
small (Miao et al., 2009). The underlying principle is 
that in order to obtain similar visualization qualities 
smoother regions can be represented by fewer cells than 
rougher regions. 
 To construct a simple local curvature indicator, we 
propose to use the Frobenius norm of the curvature ten-
sor in each vertex, given by: 
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where ijGx  and ijGy  are the gradient components in 

each direction and can be efficiently approximated by 
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Accordingly, the cumulative curvature of a given set S 
of neighbour vertices is defined as 
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Then, the procedure to simplify the mesh is as fol-
lows: 


