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Driving simulators are complex technical entities for reproducing the phenomena of real driving. One 
of their essential components is the visual simulator. For the purpose of creating the visual simulator 
it is of utmost importance to generate the 3D surfaces such that they simulate both the road and the 
environment. In this paper, the problem of terrain generation has been encountered. The generation of 
such surfaces, suitable with real ones, is a natural issue.  In the last few decades much research was 
done and many attempts were made in order to generate random surfaces, as real looking as possible, 
theoretically justified and easy to model. The purpose of our research is to propose an alternative 
method for generation of 3D surfaces for different roads by using two uncommon algorithms which 
were initially designed for other purposes: the Douglas-Peucker algorithm and the so called onion 
peeling algorithm. 
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1. INTRODUCTION 

To describe the shape of the road's surfaces, the data about three dimensions of every point are 
necessary. The contour lines have to be constructed from various relief parameters such as elevation, slope, 
slope aspect, roughness and so on, and can be used for sight analysis. This paper presents an alternative 
technique to generate 3D road surfaces. This technique works in two steps: the first step is to obtain the 
rough surface, followed by the second step where the surface is smoothening.  The first step is completed 
using one of the methods: the Brownian motion technique [1, 2] and the genetic algorithms [3]. To complete 
the second step, the Douglas-Peucker algorithm can be successfully used. The Douglas-Peucker algorithm 
simplifies the rough surface. After our knowledge, such procedure hasn’t been enough developed and studied 
yet. In the Douglas-Peucker algorithm the surface is generated by modifying and slightly moving an initial 
planar curve. The initial form of the algorithm was independently suggested in 1972 by Urs Ramer [4] and 
1973 by David Douglas and Thomas Peucker [5] and several others in the following decade [6–9].  

The onion peeling algorithm has the objective to find a triangulation over a set of planar points. It 
works on a set of planar points and consists in determining of some consecutive convex hulls, followed by 
the triangulation of the planar region situated between two convex hulls. In this paper we pay greater 
attention towards the layer division which stems from the iterative construction of convex hulls. Each layer is 
obtained by applying a method to conceive the planar convex hull for the set of points that were not already 
assigned to a previous layer.  

For the second step, we intend to use in addition a method based on quadtrees [10–12] for the sake of 
comparisons. The Douglas-Peucker algorithm gives results that are quite different from those obtained by 
using quadtrees, but both methods can have specific advantages. The virtual roads generation is a process 
that involves determining a set of height values over a two dimensional grid. Some researchers consider that 
this process cannot be entirely mathematically and suggest hybrid cooperation between the algorithmic 
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approaches and the human interaction. The user has the possibility to influence the result by choosing 
between some patterns or even by manual corrections. This paper is not aimed at the user’s contribution, 
which may be interesting for game developers or artists, but on the computational aspects: several computer 
programs have been designed and their outcomes have been compared and analyzed.  

We are aware of many applications of the proposed alternative algorithm, such as: propagation of 
chemical events, study of the Earth’s atmosphere, network protocols [13], fingerprints verification [14]. In 
this paper we focus only on the building of virtual roads close to the real ones, for the purpose of their use in 
driving simulators. 

2. SURFACES GENERATION USING THE DOUGLAS-PEUCKER ALGORITHM  

As mentioned above, we propose an alternative technique for generation of 3D virtual road surfaces. 
The procedure has two steps: the rough surface followed by its smoothening. However, the results of the first 
step may be too far from our ability to manage random data and the second step has to simplify the surface. 
In the context of 3D surfaces, the simplification means the reducing of the number of points needed to 
represent the surface. The diagram shown in Fig. 1 illustrates the entire process: 

 
Fig. 1 – The steps and results in generating smooth surfaces.  

The surface generating begins with creating a random planar curve. This curve is slightly modified and 
moved, and after drawing several curves, a surface is obtained. The Brownian motion procedure is based on 
the random motion of particles suspended in a fluid.  In 1D, a function ( )x t  representing the position of a 
point at the moment t , is obtained under two restrictions: the increment ( ) ( )x t t x t+ Δ −  must have Gaussian 
distribution and the mean square of the increment must have a variance proportional to the time differences 
[1, 2]. The algorithm gives the broken lines used to generate the 3D surfaces (Fig. 2).  

 
Fig. 2 – Broken line obtained using Brownian motion. 
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A C++ program creates a matrix H and writes it in a file. This file is imported in MATLAB to 
generate images similar to those displayed in Fig. 3. Every new line in the matrix is obtained by applying the 
same algorithm. 

 
Fig. 3 – Rough surface obtained using the Brownian motion algorithm. 

The H  matrix has the following form 
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where ( )x t represents the position of a point at the moment t .  
Genetic algorithms provide another way to obtain planar curves and, ultimately, rough surfaces. The 

usage of the genetic algorithms in surfaces generation is based on the elementary procedure of deforming a 
planar line segment and transforming it into a planar broken line. Each breaking point will be referred to as a 
gene and the structure formed by all the genes as a chromosome. Given a starting point A, an ending point B, 
n  other points from A to B have to be placed so that each segment formed by the last two points forms a 
random angle with the Ox axis. Starting in A, the random direction changes may lead to a final point B', 
different from B. Considering the fact that B should be the final point, the AB' segment has to be scaled and 
rotated, together with all the other intermediate points so that B' equals B. The fitness score for an individual 
broken line is computed as a sum of certain values calculated for all the belonging genes. The values 
associated with the genes depend on the angle of the direction change and on the smoothness computed into 
a small enough vicinity [10].  

Replacing the old generation with the new one will need specifying how crossover and mutation take 
place. The previously described technique leads to results shown in Figure 4. There are many situations 
when genetic algorithms are preferable to Brownian motion based algorithms, mainly because the outcomes 
can be changed and partially directed and this can be easily done by a proper way to calculate the fitness 
function. 
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Fig. 4 – Broken line obtained by genetic algorithm (RED line) compared to the broken line obtained using Brownian motion 

(BLACK line). 

The process of simplifying the surfaces is the second important step in generating surfaces that are built 
upon a grid [1, 2]. This process can be considered the opposite of the first one, as it straightens the surfaces 
previously generated. This process is done not only to control the processing time, because “it is desirable to 
use approximations in place of excessively detailed models” [15] but also because it allows the manipulation 
of a number of additional parameters.  Some simplifying methods are based on triangulations, but their 
applicability in MATLAB is limited, as MATLAB normally uses matrices. The following two methods, the 
Douglas-Peucker algorithm based method and the quadtrees based method are supposed to be more suitable 
for MATLAB, since they work with both one dimensional and two dimensional arrays. 

The Douglas-Peucker algorithm is a technique used for reducing the number of points in a planar curve 
that is approximated by a series of points. It was found at the beginning of the seventies and it is used on a 
large scale for drawing maps. One of the targets of this research is to prove that the Douglas-Peucker 
algorithm can be applied in the case of the task of simplifying surfaces (in this case a surface is considered to 
be a number of broken lines one next to another). Briefly, to simplify a broken line determined by the planar 
points 1 2, ,..., nP P P one can check if the maximum distance from one of the points 2 1,..., nP P −  to the line formed 
by 1P  and nP  (called maxd ) is smaller than α 1| |nPP |, where α is a positive real constant and 1| |nPP  is the 
length of the segment. If the condition is met, the simplified line is determined only by its endpoints, 1P  and 

nP , otherwise the algorithm is recursively applied for  1 2, ,..., kP P P  and 1, ,...,k k nP P P+ where kP  is the point 
placed at the maximum distance from the line 1 nPP . 

 
Fig. 5 – Example of simplified planar curve.  

Figure 5 illustrates the situation where the Douglas-Peucker algorithm is used. The number of points is 
7n = .  Parameters 2 3 6, ,...,d d d represent the distances from the points 2 3 6, ,...,P P P  to the line determined by 

points 1P  and 7P , respectively. We note max 2 3 6 6max( , ,..., )d d d d d= = . The red broken line in Fig. 5 is 
obtained by running the Douglas-Peucker algorithm on the black broken line. 

To determine the length of the planar AB segment the well-known Euclid’s formula is used 

2 2| | ( ) ( )A B A BAB x x y y= − + − .                                                           (2)  
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Fig. 6 – Original surface generated by Brownian motion 
technique. 

Fig. 7 – Same surface after applying the Douglas-Peucker 
algorithm. 

 
Fig. 8 – a) Original surface; b, c) simplified surfaces using quadtrees with different criteria in accordance to the experimental data. 

The equation determined by two planar points, ( , )A AA x y  and ( , )B BB x y  is 

                                            A A
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or 0ax by c+ + = ,  where B Aa y y= − , B Ab x x= −  and B A A Bc x y x y= − . 

The distance from the point ( , )P PP x y ) to the line AB is 

2 2

| |( , ) P Pax by cd P AB
a b
+ +

=
+

.                                                             (4) 

This is applied for each of the lines of the matrix H  which contains the heights of the surface that are 
to be simplified. In Figs. 6 and 7, the same surface before and after applying the simplification algorithm are 
presented. 

In order to compare the results of Douglas-Peucker algorithm, the quadtrees method is next analyzed. 
Quadtrees has a dynamic data structure, designed to store information about an 2 2n n×  surface [13]. If the 
whole surface contains elements of the same height, then the corresponding quadtree is composed of only 
one vertex, having no descendants and containing the numeric value of the height as specific information. If 
the surface contains different heights, then the surface is divided into four 1 12 2n n− −×  smaller surfaces. 
Quadtrees is used to simplify surfaces by testing if the difference between the highest point and the lowest 
point in a region is small enough [10]. Quadtrees method has some properties which make them suitable for 
some operations such as: changing altitudes, geometrical transformations (especially rotations, changing 
sizes, reflections, etc) in accordance to experimental data of real roads. Different results can be obtained by 
using different criteria and parameters for establishing the necessity of the recursive dividing process or 
stopping it, respectively. 

We must specify, even if we not insist on the real roads specimens, that all virtual road construction are 
based on the real roads and check the minimum set of data which require virtual roads to be very close to the 
real roads from which we started. 

3. SURFACES GENERATION USING THE ONION PEELING ALGORITHM  

The onion peeling algorithm is a method which can is used to obtain a triangulation of a set of planar 
points. Let P  to be the set of planar points. The convex hull of P  is the planar convex polygon, having the 
minimum area and its vertices belonging to P . To determine the convex hull is a well-known issue and 
several methods were developed over the course of many years [16]. Every new point is compared with the 
last two points belonging to the stack. If the new point is situated to the left, then it is pushed to the stack, 
otherwise the top of the stack is popped (Figs. 9 and 10).  
 

  

Fig. 9 − Planar point C is situated to the left of the line AB. Fig. 10 − Two nested convex hulls, P and Q, and the annulus 
between them. 

The points that remain to the stack belong to the convex hull. To check whether the planar point 
( , )C CC x y  is situated to the left of the planar line AB or not, ( , )A AA x y , ( , )B BB x y  one must check if the 

following inequality holds 

( )( ) ( )( ) 0B A C A C A B Ax x y y x x y y− − − − − ≥ .                                         (5) 
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Fig. 11 − Results for different values of n  and function ( )h k . 

After the convex hull of the initial set of points P  is determined and the corresponding set of vertices 
P′  is established, the same method is applied on /P P′  and so forth, until all the points belong to one 
convex hull. The region between two nested convex hulls is called the annulus. About annulus, Touissant 
[18] discovered an ingenious algorithm to triangulate it. His algorithm has as input data two nested convex 
hulls, Q and P, Q being geometrically included in P.  

Finally, the method to generate 3D road surfaces by using the onion peeling algorithm was tested by a 
C++ program. This program firstly generates a set of n random 3D points. All the points are situated in the 
inner part of a [0, ] [0, ] [0, ]x y z× ×  parallelepiped box in which the z  value is significantly less than x  and 
y  values. The onion peeling algorithm is then applied over the set of those n  points, which finally gives a 

triangulation of the set of n points. In the last step, by using different ( )h k  functions, all the found triangles 
are pictured (Fig. 11). We must specify that the best virtual representation which approximates a sample of 
real road is obtained for n = 300 and ( )h k = [0, 1, 0, 1, ...] in Fig. 11. 

4. CONCLUSIONS 

The first aim of this research is studying and proving the applicability of the Douglas-Peucker 
algorithm in the second step of the process of generating grid-based road surfaces. Even if its outcomes are 
different from those obtained with quadtrees method, it has several advantages: the number of mathematical 
operations is small and the complexity of data structures is a usual one. In addition to this, the Douglas-
Peucker algorithm is not limited to 2 2n n×  working surface, thus making it much more versatile. 

The second aim of this research is to find a way to adapt the onion peeling algorithm to the purpose of 
generating road surfaces. Different methods could be used to connect the different layers. The method based 
on triangulation allows to the results to be directed to a large number of patterns. We must specify, even if 
we not insist on the real roads specimens, that all virtual road construction are based on the real roads and 
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check the minimum set of data which require virtual roads to be very close to the real roads from which we 
started. 
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