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ABSTRACT

This thesis presents the incremental Delaunay triangulation algorithm for constructing a
Triangulated Irregular Network (TIN) to represent the terrain surface. The advantage of using
triangles in Digital Terrain Modelling (DTM) is the possibility of adapting the triangular elements
to fit variation of the terrain surface. By using the novel data structures, the computation of TIN is
dynamic where the algorithm enables 2 point to be added, or removed from a model, depending
on the contribution of the point relates with the model. The structure of TIN is recursively
reorganized until the Delaunay criterion is satisfied. Consequently, TIN can approximate any
surface at any desired tolerance with a minimal number of triangles. The incremental algorithm is
implemented with various data sets, random points, digitized spots from contour map, and Digital
Elevation Models (DEM). The results of experiment and performance compared with other

algorithms show the efficiency of the Incremental algorithm.
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class Point {

float x,y,z;

}
class Edge {

Point *org, *dest;
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class Triangle {

Point *pl, *p2, *p3;
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class TriangleBased {
TriangleBased *t1, *t2, *t3;

Point A*pl, *p2, *p3;

37 4.4 Toozunsuveslnseadndoyawiia Edge-Based

432 Tassghadeyariin Edge-Based
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class EdgeBased {
Point *pl, *p2;
TriangleEdgeBased *tl, *t2;

}

class TriangleEdgeBased {
EdgeBased *el, *e2, *e3;
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class TwinEdge {
Point *point;
TwinEdge *next;
TwinEdge *twin;

Info *info;
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o9 na?ﬁnﬁ 4,1 the Ordinal Succession

algorithm ordinalSuccession()
while edgelList.isNotEmpty() do
e = edgelist.getFirstEdge();
splitTriangle(e);
endwhile
end

[ 5aﬂﬂ?ﬁn17l 4.2 the Randomized Succession

algorithm randomizedSuccession()
while edgelist.isNotEmpty() do
r = randomNumber (edgeList.size()):
e = edgeList.getEdgeAt(r);
splitTriangle(e);
endwhile
end

fanosNuh 4.3 the Incremental Triangulation

algorithm incrementalTriangulate(pointSet, succession)
constructInitialNetwork (poinSet);
if succession.isOrdinal{) then
ordinalSuccesssion();
else if succession.isRandomized() then
randomizedSuccession{);
endif
end

sanesfiun 4.4 Constructing an Initial Network

algorithm constructInitialNetwork (pointSet)
findMinMaxXYcoordinates (pointSet});
constructSixNewEdges(m, n, o, p}:

—

transferPointBetweenTwoTriangles(on, pointSet):

createEdgeSuccession(on, no);
end
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8ane3NuT 4.5 Splitting a Triangle

algorithm splitTriangle (basedEdge)
D = basedEdge.point():;
constructSixNewEdges (D, b, 1, r):

transferPointsBetweenThreeTriangles(BD, AD, CD);
updateEdgeSuccession{l, r, b):
reorganize(b) ;
reorganize(l);
reorganize(r):;
end
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fanoI N 4.6 Edge Reorganization

algorithm reorganize(diagonal)

if angleSum(diagonal) < = then
edgel = diagonal.twin.next;
edge? = ‘diagonal.twin.next.next;
swapEdge (diagonal) ;
reorganize (edgel) ;
reorganize (edgel?) ;

endif

end
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5ﬁﬂﬂ?ﬁn‘ﬁ 4.7 Recursive traversal of a TIN

algorithm traverseTIN (currentEdge, Trianglelist)

if currentEdge # null then
if currentEdge.info.visit == false then
currentEdge.info.visit = true;
traverseTIN (currentEdge.next.twin, trianglelList);
trianglelist.addTriangle {currentEdge.point,
currentEdge.next.point,
currentEdge.next.next.point);
traverseTIN (currentEdge.next.next.twin, trianglelist):
endif
endif
end
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{(e.twin.next.twin = null) and (e.twin.next.next.twin == null)) then

€ = e.next; nioe= e.next.next;

endif
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o4 na?ﬁuﬁ 4.8 Nonrecursive traversal of a TIN

algorithm nonRecursiveTraverseTIN(firstEdge, trianglelist)
stack.push{firstEdge);
while (stack.isNotEmpty{))
currentEdge = stack.pop():
currentEdge.info.visit = true;
trianglelist.addTriangle {currentEdge.point,
currentEdge.next.point,
currentEdge.next.next.point);

if currentEdge.next.twin # null then
if currentEdge.next.twin.info.visit == false then
stack.push(currentiEdge.next.twin);
endif
endif
if currentEdge.next.next.twin # null then
if currentEdge.next.next.twin.info.visit == false then
stack.push (currentEdge.next.next.twin) ;
endif
endif
endwhile
end
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algorithm removeThinTriangle (edge, creaseAngle)

end

org = edge.next.next.point;
dest = edge.point;
P = e.next.point;
alphal = angle(p, dest, org);
alpha2 = angle(p, org, dest);
if (alphal < creaseAngle) or (alpha2 < creaseBRngle) then
leftEdge = e.next.twin;
rightEdge = e.next.next.twin;
leftEdge.twin = null;
rightEdge.twin = null;
removaeThinTriangle (leftEdge, creaseAngle);
removeThinTriangle (rightEdge, creaseAngle);
endif
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b=x(zp—zg)+xp{z s -zt xc(25 —2,4)
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P v o ! § 4 ¢ a :i
3199 5.1 HAANENIINARele DEM veswuiigw IWisudinaudgnduiausuimioy

(et maugaduniiy = 145820 (317 X 460), $S1uaumumaouuatiy = 200088)

(M) AFUHULNBUNAY
mIalsanszesna (uas) 20 30 40 60 80 100
IUIUNTITUNINYA 16676 | 3907 1936 716 411 270
$umsnageuyunioly 166302 | 35657 | 17222 6111 | 3465| 2238
§nanveiignady sg1st | 11982 | 5721} 1996 | 1131|729
fauganadng 16680 | 3911 | 1940 720 415 274
s ausHadng 33354 | 7816 | 3874 1434 824 542
BATITIUVBIYA (%) 11.44 2.68 1.33 0.49 0.29 0.19
S ITuvBIENMALY (%) 11.50 2.69 1.34 0.49 0.28 0.19
pmi 1R man (i) 3059 | 547| 420| 341 331 3.22
(v) SV UY
mIaleadszoen (wag) 20| 30 40 60 80 100
TIUIUMTUNINYA 16463 | 3786 1894 747 424 274
$1umsnaaouynmoiy 161189 | 33671 | 16478 | 6369 | 3663 | 2199
§anveudignady 55919 | 11174 | 5415| 2080 | 1214 707
Smganadng 16467 | 3790 | 1898 751 428 278
SaumHALIHaENT 32028 | 7574 | 3790 | 1496 850 550
BATIHIUVBIYA (%) 1130 |  2.60 1.30 0.52 0.29 0.19
Sastduvesmm e (%) 11.35 | 2.61 131 o052 029 019
R idi i (i) 2536 | 43s| 41| 313 3.03 2.53
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T 3 » 1 ]
A131e0 5.2 wadwsmInansaile DEM vesfiufiunsuaunuseugnilaammasy
(iemugaRuR = 169002 (369 X 458), S admumasuduatiy = 336352).

(n) AFULVUNOUYAS

mialeadszoenia (uAT) 20 30 40 60 80 100
$1UMTUNINYA 11911 | 3512 2216 | 1210 797 551
$Sumanaasuyuniely 114051 | 31587 | 19610 | 10540 | 6869 | 4688
ﬁwmumuﬁgnﬁﬁn 39183 | 10550 6500 | 3470 [ 2252 1530
fuuganadng 11915 | 3516 | 2220 | 1214 801 555
SummRTuRa NS 23824 | 7026 | 4434 | 2422 1596 | 1104
SRS UUBIYA (%) 7.05 2.08 131 0.72 0.47 0.32
Sas1danveIMINALY (%) 7.08 2.0 1.32 0.72 0.48 0.32
a1l aof) 20.37 7.29 7.13 4.41 3.53 3.41
(v) SAuULU
mialzadszoznia (was) 20 30 40 60 80 100
91UIUNITUNINYA 11530 | 3371 | 2146 1194 774 565

Sumanadouyumly 107606 | 29424 | 18730 | 10327 | 6630 | 4767

q‘hmwanﬁgnﬁﬁ’n 36535 | 9683 | 61741 3394 | 2169 1548
$rurugenading 11534 | 3375 2150 | 1198 778 569
SmisuRatng 23062 | 6744 | 4294 | 2390 | 1550 | 1132
89510 UY09A (%) 682  2.00 1.27 0.71 0.46 0.34
Sasiduvesmumioy (%) 6.86 2.00 1.28 0.71 0.46 0.34

A lgfman () 20.10 6.46 6.24 4.06 3.10 3.32
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