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ABSTRACT: 

This paper proposes an algorithm for simplifying point features on maps based on the multiplicatively weighted Voronoi diagram 

(MWVD). To ensure statistical, thematic, metric, and topological information contained in the original point features can be 

transmitted correctly after simplification, the algorithm selects corresponding measures to quantify these four types of information, 

and integrates the measures in the process of point feature generalization. First, the algorithm detects the range polygon of the given 

point features. Second, it adds the pseudo points to the original points to form a new point set and tessellates the new point set to get 

the MWVD. Third, it computes the selection probability of each point by means of the area of each Voronoi polygon, and sorts all 

points in descending order by their selection probability values. After this, it marks those will-be-deleted points as ‘deleted’ 

according to their selection probability values and their Voronoi neighboring relations, and determine if they can be physically 

deleted. Finally, the algorithm is ended by comparing the number of points retained on the map with that computed by the Radical 

Law. The algorithm is parameter free, automatic and easy to understand, owing to the use of the MWVD. As the experiments show, 

it can be used in the simplification of point features arranged in clusters such as thematic dot maps and control points on topographic 

maps. 
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1.  INTRODUCTION 

Many objects in the real world are visualized on maps using 

point symbols. A typical example is so-called 

horizontal/vertical control points which are depicted as dots, 

small triangles or rectangles on maps. Many thematic features 

(e.g. supermarkets, hospitals, schools, etc.) are also represented 

using point symbols on small scale maps. Therefore, automated 

generalization of point features is of great importance when 

larger scale maps need to be reduced to smaller ones. Indeed, 

automated generalization of point feature has been a hot issue 

for geographers and cartographers for years (Yan and Weibel 

2008). A couple of ailgiiorithms for point cluster generalization 

have been proposed so far, among which five by Langran and 

Poiker (1986) for name selection and name placement, one by 

van Kreveld et al. (1995) for settlement selection, one by 

Burghardt et al. (2004) for on-the-fly generalization of thematic 

point data, one by De Berg et al. (2004) for simplifying dot 

maps, and one by Yan and Weibel (2008) for point cluster 

generalization. However, none of the algorithms can transmit 

statistical, thematic, topological and metric information 

contained in point clusters well. So this paper will focus on 

point feature generalization, aiming at propose a fully 

automated algorithm. 



2.  LINE OF THOUGHT IN THE NEW ALGORITHM 

(1) The Radical Law (Töpfer and Pillewizer 1966) is employed 

to determine the number of points retained on target maps. This 

ensures that statistical information is transmitted correctly. 

(2) Weights of the points are integrated in constructing the 

MWVDs of the point features and the rule “the larger a 

multiplicatively weighted Voronoi polygon is, the more 

probable the original point in the polygon can be retained” is 

abided by so that more important points can appear on the final 

map. This ensures that thematic information is transmitted 

correctly. 

(3) The rule “do not delete any two points that are 1st-order 

Voronoi neighbours” is abided by in the same round of point 

generalization, so that topological (i.e. adjacency relationship 

of points) and metric information (i.e. relative local density) 

can be transmitted well.  

(4) The range polygon but not traditionally used border 

polygon (Ahuja 1982) is employed to denote the distribution 

range of the points, and the area of the range polygon of the 

original point features and that of the final point features may 

be compared to determine if metric information is transmitted 

correctly.  

(5) To get convergent and reasonable polygons, the vertices of 

the range polygon are added into the original point set to form a 

new point set and used in the process of generating MWVDs. 

This makes the influential scopes of all original points finite 

and calculable.  

 

3.  A MWVD-BASED APPROACH 

3.1 Procedures in the MWVD-based approach 

Four procedures are needed in the new algorithm: (1) range 

polygon and pseudo points computation; (2) MWVD 

generation; (3) point deletion/retaining; and (4) decision 

making. To make the discussion of the new algorithm easy to 

understand, the generalization procedures are illustrated using 

an example. The scale of the source map is 1:10K; the number 

of points on the source map is 20 (Figure 1(a)); the scale of the 

target map is 1:20K. 

 

3.2 Range polygon and Pseudo point computation 

(1) The points are triangulated using a Delaunay triangulation. 

In the Delaunay triangulation, if the length of the edge on the 

hull is larger than a given value (it is twice the mean length of 

all triangle edges), the triangle should be deleted from the 

triangle array (this non-convex hull is for obtaining a more 

reasonable distribution range). 

(2) A polygon whose vertices consist of the hull points of the 

outlier triangles is constructed. This polygon is called border 

polygon. 

(3) The range polygon for describing the distribution range of 

the point features is computed (Yan & Weibel, 2008). The 

vertices of the range polygon are named ‘pseudo points’. The 

weight of each pseudo point equals to the weight of the 

corresponding vertex of the border polygon (Figure 1(b)).  

(4) According to the rules for constructing MWVDs, each 

Voronoi polygon containing a convex vertex of the border 

polygon is divergent. However, each point has its finite 

influential area in practical geographical space. Therefore, to 

construct calculable and reasonable influential areas for the 

vertices of the border polygon, all vertices of the range polygon 

are added to the original point set to form a new point set 

(Figure 1(c)). 

Figure 1 Generation of MWVD. (a) original point set; (b) 

range polygon; (c) new point set ; and (d) multiply 

weighted Voronoi Diagrams. 
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3.3 MWVD generation 

Many algorithms for generating MWVD have been developed. 

They are either vector-based or raster-based. Here, the 

algorithm proposed by Aurenhammer and Edelsbrunner (1984) 

is utilized to construct MWVDs (Figure 1(d)). 

 

3.4 Point deletion 

(1) Calculate and sort the selection probability values. 

The area of each Voronoi polygon represents the influence of 

the corresponding point feature. The smaller the polygon is, the 

less the corresponding point has, and the more probable the 

point should be deleted. 

To make the point deletion process easy to understand, the 

selection probability of each point can be calculated using the 

formula (1). 
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Where, Pi= selection probability of the ith point; 

Ai= area of the Voronoi polygon of the ith point; 

Amax = maximum area of the Voronoi polygons. 

The selection probability values are sorted in increasing order 

and saved in a 1-dimensional array P. 

(2) Mark the will-be-deleted points. 

Each of the points may be ‘free’, ‘fixed’, or ‘deleted’. At the 

beginning, all points are marked as ‘free’. Examine each point 

in the sorted selection probability array P starting from the one 

with the least selection probability value. A point may be 

marked as ‘deleted’ only if all of the following three rules are 

satisfied:  

(a) It is marked as ‘free’; 

(b) Its selection probability value is the least in the ‘free’ 

points; and 

(c) None of its 1-order Voronoi neighbors are marked as 

‘deleted’. 

If a point is marked as ‘deleted’, it means this point is a 

candidate that will be deleted. The 1-order Voronoi neighbors 

of each ‘deleted’ point are marked as ‘fixed’ (Fig.2 (a)). ‘Fixed’ 

points can not be marked as ‘deleted’ unless they are set to 

‘free’ status in the next iteration of deletion. This step is 

repeated until no points can be marked as ‘deleted’.  

 

 

3.5 Decision making 

After a round of deletion, mark all points as ‘free’ except the 

ones that are marked as ‘deleted’. Supposing that Nf is the 

theoretical number of point on the resulting map calculated by 

the Radical Law; Nc is the number of points on currently 

generalized map if the ‘deleted’ points are deleted from the map, 

the decision on whether the point generalization procedure will 

be ended or not can be made. 

● If Nc ≥ Nf, physically delete those ‘deleted’ points, and take 

the remaining ‘free’ points as the ones on the resulting map and 

end the procedure; else,  

● physically delete those ‘deleted’ points, and take the 

remaining ‘free’ points as the original point set and restart the 

point generalization procedure from section 3.2. 

In Figure 1 and Figure 2, the deletion procedure is ended after 

the 1st round of selection, because Nc ≥ Nf, 
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4.  CONCLUSIONS 

This paper proposed an MWVD-based algorithm for 

Figure 2 Point feature generalization. (a) 1st round of point 

deletion. Deletion sequence of the points is labeled; (b) 

retained points after 1st round of deletion; (c) 2nd round of 

point deletion; and (d) retained points after the 2nd round 

of deletion. 
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simplifying point features on maps automatically. Three 

improvements have been made in this algorithm compared with 

existing ones. First, appropriate measures for quantitatively 

expressing statistical, thematic, topological and metric 

information are selected. Second, a couple of strategies are 

employed to integrate the measures into the algorithm to 

control the transmission of the four types of information in the 

process of point feature generalization. Third, MWVD is used 

in lieu of OVD, which makes the algorithm simpler and easier 

to understand. It is our future work to implement the other 

existing algorithms and use the same point set to test them 

along with this new algorithm, because it is of great interest not 

only to cartographers but also to some researchers in the field 

of computational geometry. 
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