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Merging planar Delaunay triangulations based on universal operators
and the implementation of a divide-conquer algorithm

Liu Yonghe', Feng Jinming’, Guo Weidong’, Tian Gen', Jin Yi'
1. Institute of Resources and Environment, Henan Polytechnic University, Jiaozuo 454000, China;
2. Key laboratory of Regional Climate-Environment Research for Temperate East Asia, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Betjing 100029, China;
3. ICGCR, School of Atmospheric Sciences, Nanjing University, Nanjing 210093, China

Abstract: Delaunay triangulation will play an important role in numerical simulation of the geophysical process in the fu-
ture. The divide-conquer algorithm is one of the well-known traditional fast Delaunay algorithms, but its complicatied mer-
ging procedure has limited the applicability of this algorithm. In this study, we propose the concept of universal opera-
tors, which are used to simplify the construction of the Delaunay triangulation algorithm. Several operators are extracted
from some previous Delaunay algorithms, and three new operators are used in the merging process of the divide-conquer al-
gorithm. The operator of expanding a triangle is developed for constructing each new triangle and for managing the topology
information and the linked list which represents the border edges of the triangulation. The operator of filling basins is devel-
oped for automatically filling the basins by creating new triangles using recursions. The triangulation-merging operator is de-

veloped for linking two sub-triangulations using one new triangle, transforming the two original linked list of border edges
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into one new linked lists with a new sequential order, and filling the two basins by calling the operator of filling basins. All

these operators are based on the same set of data structures and the linked list represented triangulation hull. Using opera-

tions on the linked list, all search operations in the triangulation hull are avoided, which make the final algorithm very

concise and fast. The operators are successfully used for construct other Delaunay algorithms besides the divide-conquer al-

gorithm. Large point datasets generated stochastically as well as LIDAR point clouds are used for testing the operator-based

algorithms, and the result shows that the algorithms can correctly generate triangulations. Meanwhile, it is shown that the

divide-conquer algorithm based on the operators are almost as fast as the horizontal expanding algorithm.

Key words: Delaunay triangulation; universal operators; merging of triangulations; basin-filling; divide-conquer algorithm
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struct DPoint // T 5 1 58 X

{
Double x;
Double y;
!
vector < DPoint > Points ;//fF 55 BB R FE 4T 5
struct DEdge //A W) E X
{
int beginPoint ;// 1 (¥4 15 7E Points 040 P 9& S| T A%
//HIZE RAE Points WY TR AR
/IR IE R =HTE T AR
int ContraryEdge ;// A1 1) 5 [7] 31 T b1
V& S uNINY ey EDAS N

int endpoint;

int ltrig

int Index;

f
vector < DEdge > edgeList; //FEH0 RISAH 4%
struct DTriangle // =ffIE ) E X
{
int Edges[3];// =ML E Fhr
int index; /A= I IFEALE TR
f
vector < DTriangle > triangleList;// 771 = A1 H B B
list < DEdge > hull; //fFHGHR FihnysEsR
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Fig.1 The process of expanding triangles
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Fig.2 The basin-filling process of the border hull
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public Linklist DivConquer(int left,int right) {
int n = right —left +1;// 5%k
if (n < 6)| //HgE—4=fIF

/R = A AR = AT
Linklist hull = SingleTriangle(left,left +1,left +2) ;
//JE WA AR £
if (n ==4)]
expandPoint (left + 3, hull) ;
!

(b)
K3 T RE IRl

Fig.3 The merging process of two sub-triangulations
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5) WA 21000, SRR M BTy
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B E AT IR, — 2R = B X 4 =P
LOP fL AL R M1 SO S5 AT 55 5 #h Gl AR 7oK 52
AN 2 3 e v S I

if (n ==5)}{
expandPoint (left + 3, hull) ;
expandPoint (left +4 , hull) ;
J

return hull;

else |
int divider = n / 2;
Linklist hulll = DivConquer(left,left + divider — 1) ;
Linklist hull2 = DivConquer(left + divider, right) ;
Linklist hull = MergeHull(hulll ,hull2) ;
return hull ;
}
}
& T8 F A7 S B i e BE B RS
Lee % A J5 U6 43 3 35110 BLAT MIE 0 BT 280%
T Lee ¢ NBYSEBLHD, 7 G IR B b J2 1 =
LRI A 52 e, B 5 LOP b Z8 e A it o2&
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Table 1 Universal operators used in many Delaunay triangulation algorithms
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Fig.4 Two applications of Delaunay triangulation

constructed using the universal operators
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Fig.5 Delaunay triangulation based on artificial point
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Table 2 The CPU time required for triangulations of different numbers of artificial points in a uniform distribution

/s

=% B BYA K Fortune {2k IR AR SFS Zalik FHf#iZik
10 000 2.75 0.203 0.453 0.125 0.125 0.046
20 000 11.843 0.734 1.125 0.281 0.250 0.093
30 000 26.296 1.421 1.937 0.484 0.375 0.171
40 000 47.89 2.406 3.031 0.656 0.593 0.281
50 000 79.062 3.671 4.125 0.875 0.671 0.343
100 000 — 14.156 10. 890 1.812 1.468 0.937
500 000 — — 102 10. 890 11 5.093
1 000 000 — — 261 24 24 11.421
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Table 3 The CPU time required for triangulations of different numbers of artificial points in a Gaussian distribution

/s
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