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ABSTRACT

'The Constrained Delaunay Triangulation is one @f thost typical algorithm in computer graphics. Bustill has

some limitation. Thus we want to do some changesate it more efficient. Our main work can be diddnto two
parts. Firstly, we design a algorithm to improvs ieadability and execution efficiency. In this tpave adapt the
thought of polygon’s successive division and creatpolygon class, for this mainly using C++ and @@t

languages to realize. Secondly, we design anotlyarithm to expand its application scope. Main tgbtiis the
cross determination for selecting the eligible diagls. Experiment showed we have achieved expattetfect to
some extent.
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INTRODUCTION

As one of the most important topic in computer giap, triangulation has wide application inomputer graphics
processing ,pattern recognition, curved surfacerg@®n of three-dimensional geometry modelingtsys and

many other fields. Planar polygons’ triangulatisrto divide the polygon into a series of triangh@sl generate no
more new vertexes[1-2]. It is meaningful to studg polygon triangulation. On the one hand, as ¢ontlst simple
planar graph, it is more convenient to represemyae and process the computer data by usinggteanOn the

other, triangulation is the foundation when to deh many other issues[3]. Any polygons can badfarmed into

triangle meshes, therefore it has a common sense.

Currently, there are many algorithms for polygaartgulation, such as the Divide-and-Conquer Aldunit Greedy
Algorithm, Incremental Inserting Algorithm, Trianigtion Network Growth Algorithm, and so on. Amonll af
these algorithms, the CDT(Constrained Delaunayngiidation) proposed by Bern & Eppstein is one & thost
typical one. Its main thoughts is to choose thetelsb edge from all of the polygon’s diagonalsntitkelete those
that intersect with it. Keep on iteration untilih triangulation. So it is easy to understand @gadize. But it still
has sme limitation, that is only convex polygons can itsénd the efficiency is lower because of mucletiag
operation. [4]

The intent of this paper is to make some optimiZmgthe CDT algorithm. Therefore, the followingsteiption is
not exhaustive, and does not give a detailed aisatythe theories surrounding triangulation. Oonttibutions can
be summarized as follows:Firstly, we designed aritlym using polygon class and realize the triaatioh without
deleting operation. Secondly, we designed anotlgerithm so that it can be used in concave polyghastly, we
made some test to verify our algorithms.

OPTIMIZATION I: READABILITY AND EXECUTION EFFICIENCY

In this part, we will attempt to make some changegnprove the implement efficiency. Among this thiggest
change is that we design the polygon class andithmw delete operation. Main steps can be shovsefbliows:
[5-7]
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(1)Create the polygon class, including the infoiiorabf polygon’s diagonals and vertices.

(2)Compute the length of each diagonal, sort iradig order.

(3)Draw the shortest diagonal, therefore the patywill the divided into two smaller ones. Respeeljvdetermine
the number of the two polygons’ vertices. Whenrthenber is three or less than three, the polygome baen the
triangles, and then finish the triangulation. Ottise compute the length of polygons’ diagonals,tisgrin
ascending order. Find out the shortest one and draw

(4)Repeat the steps above until total number dfoes is three.

The following figures show the triangulation proges

BN
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Fig.1: Polygon triangulation

The following is the class polygon we designed
class PolyTriangulor {

public:

struct Diag { /ldiagonal struict

float length; /ldiagonal length

int pntOID; //diagonal end O

in pntliD; /[diagonal end 1

%

public:

typedef MathN::Vec3f Point; /lcoordinatepayof polygon vertices

typedef std::vector<Point> Polygon; //list typepaflygon vertices
typedef std::vector<Diag> Diags; st typedihigonals
PolyTriangulor(Polygon* _poly=0) : poly_(_poly) {iéonstructed function
public://public functions

void renderPoly(void);

void renderDiags(void);

void renderTri(void);

void setPolygon(Polygon* _poly) { poly_ = _poly; }
private://private functions

void _assertPoly(void);

void _createDiagInfo(void);

void _sortDiags(void);

void _cullDiags(void);

private:
Diags diags_; /Nlistadf diagonals
Polygon* poly_; /Ipolyg®to triangulate

OPTIMIZATION STRATEGY : APPLICATION SCOPE
As CDT algorithm only applies to the convex polygowe want to do some work in order it could bedusethe
concave polygons. That is another important jobhase done. Improved thoughts can be describedlas/$o[8]

Assume that the number of vertices of the polygstl1\I i, then we can get the number of the diagonals

is N(N-3)/ 2. According to the definition of simple polygonamigulation, the line segment used for triangulation
can be selected from all the diagonals. Main ideauo improved algorithm is to choose the eligiblagonals step
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by step. Firstly, we can delete those which arsidatof the polygon, then delete those crossing thi¢ side of the
polygon. After these, we draw the eliminating maoksthose which are in the polygon and cross wéttheother.
When finish these tasks, we have accomplisheditnggulation. Main steps are as follows.

(1)Calculate the length of the diagonals and sheentin an arraf\, two endpoints of the diagonal are saved as
well.

(2)Judge the diagonals outside of the polygon (Sml:f)%%in Figure 2.) and make deleting mark. We can decide
whether the mid-point (or any other points excemtpmints) of the diagonal is inside or outsidehaf polygon. If it
is outside, then delete it. [9]

P : M
Pz

Fig.2: lllegal diagonals
(3)Select the diagonals which intersect with ottzerd delete them. If two lines intersect, they nausss each other.

We can apply the cross determination.Fl)]f% crosses 1Q , then vectors l(:)l_ Ql) and ((PZ_ Ql)must locate

on the two sides of the vecto(r 2 _Ql), according to the cross determination, we can thet following
expression:

(P]__ Ql )x (Qz_ Q1 )[(Pz_ Ql )X (Qz_ le C 1) (
It also can be expressed as follows:

(Pl_ Ql)x (Qz_ Q.I.)*(QZ_ Ql)x (Pz_ Q>) ( 2)(
The limiting case is(R~Qu)*(Q=Q)=0 3)

It means that(Pl_ Ql)and Q.- Ql)Iocate in the same line, scl?1 must lie in the line 1QZ; Similarly, when
the following equation is true

Q= Q)x(R-Q)=C (4)
It means thatPZ must lie in the line 1Q2. So the condition judging Whethe(P1Q2 crossesF}P2 can be
expressed as:

Q-Rx(BR-RH({E- P¥y Q- P3 )

(4)As to the diagonals which lie in the polygon, ean do as follows: sort these diagonals in anyaﬁramake

marks on the diagonals which intersect with thertglsb one, and save the shortest one in anothay Brr Repeat
the process until all the diagonals have been ndarkbich means we have finished selecting the ribdaggonals.

(5)Lastly, diagonals stored in the arra& are the needed. Draw them and then we have fuhithe polygon’s
triangulation. The following Figure 3 and 4 shove ttniangulation process of convex polygon and ceaaanes
using our algorithm.
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Fig.4: Triangulation of concave polygon

CONCLUSION

For our first algorithm, we adopt the thought ofygon successive division and the polygon classe, @++ and
OpenGL languages, which make it easy to understaddrealize. On the other hand, the executionieffay will
be improved without much deleting operation. BUC&T algorithm, it cannot be used in concave pohgo

The second we applied cross determination to th& @Qorithm. Because of this, the algorithm canakréhe
limitation that it can be only used in the conveygons. Instead it also can be used in the conoaes.

The quality of triangles’ shape is another mostdtive criteria to determine whether the triangalais well or bad.
Generally, we can usé evaluation factors. It can be calculated as foltdds]

435
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Generally, the0 is greater than 0.1. Whefl < 0-1, we can call it narrow triangle and whé?1:1, it is the
regular triangle and has the best shape quality.
According to this, after computing, there are naaerow triangles by our second algorithm, showfigare 3 and

figure 4. In other simple planar polygons, thistidl relatively well. So it has greatly improveket triangles’ shape
quality, which also can be observed visually.
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In the future, we will continue to optimize the CRlgorithm to make be used in more complex polygsnsh as
the polygons with the hole.(as shown in Figure 5¢akWwhile, we will consider how to further improvieet
execution efficiency as well.

Fig.5: Polygon with a hole
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