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Abgract

In this paper, the god of morphing is to find
intermediate modd's between two modd's corresponding
to two consecutive leves of a leve-of-detal (LOD)
gructure. By usng the data sructure of this LOD
structure, we can eesily find the correspondence between
the source mode and the degtination modd, and have a
method to solve this 3D morphing problem. This method
istested, and our experimentd results show thet it is fast
and dfident. In addition, the intermediste modds
generated by our morphing dgorithmisasosmplified.
Keywords computer grgphics, level of detal, morphing,
dmplifiedmodd, mesh

1. Introduction

In this paper, the purpose of morphing isto find the
intermediate modd's between two modes corresponding
to two consecutive leves of a leve-of-detal (LOD)
structure, respectivdly. This LOD dructure is constructed
from the dusteringased agorithm shown in [12]. This
LOD dgorithm repeatedly executes the following three
deps  dudtering, boundary  draightening, and
triangulation. Each iteration corresponds to a pass and
generatesaone-leve object. Initidly, thefirst level object
isthe origind modd of input data. The firgt iteration of
this LOD dgorithm performs on the origind modd, and
we can get a smplified model with smaller boundary
information. Then, this Smplified modd is used as the
input of the second iteration of this LOD agorithm, and
another dnplified modd with smaler boundary
informationisgenerated. Ingenerd, any iteration tekesas
input data the smplified modd generated by its previous
oneiteration, and generates a new smplified modd with
smdler boundary information, which will be used asthe
input data of its next iteration. Then, we can have a

series of modd data, and esch leve object presarvesthe
feature of the origind input modd. Objectsin this series
of models are from the most detailed object to the lesst
Oetaled object. Because of the behavior of this LOD
dgorithm, showing two consecutive  modds
(corresponding to two consecutivelevesinthe LOD tree
gructure) has popping conditions. That is, the trangtion
between two consecutive modd s is not enough smooth.
Hence, in this paper, we propose a method to insart
intermediiate models into ary two consecutive modes 0
& to make smooth trandtion between these two
consecutivemodds

This paper is organized as follows. In Section 2, we
decribe the related work. In Section 3, our morphing
method is described. In Section 4, mesh morphing is
discussed. Experimentd results are illustrated in Section
5. Andly, condusonsaregivenin Section 6.

2.Rdated Work

Lazarus and Verroud [6] give an excdlent survey of
previous work on the 3D morphing problem. Most
methods for morphing 3D objects use either discrete or
combinatoric representations for the objects themsdves.
Discreterepresentationstypically voxdizeobjectsor ther
digance functions and am to extend 2D morphing
dgorithms to 3D. Lerious & a. [8] used fidds of
influence of 3D primitives to warp-volumes. Hughes [3]
proposed a method working in the Fourier domain.
Payne [11] dexribed a digancefidd volumetric
crossdissolving technique. The dternative is to work
directly on boundary representations such as polygond
meshesor petchcomplexes[5,9,10,1,4,2, 7).

3.Our Morphing Methad
The morphing method presented in this paper is to



find intermediate modes between two consecutive leve
modesinan LOD treestructure. The LOD treestructure
is ocondructed from the Tseng and Cheng's
dudeingbased LOD dgorithm [12]. In this LOD
agorithm, it repestedly produces smplified modes
Each iteration of this adgorithm performs three seps
cugering, border sraightening, and triangulation. For
eech iteration, our morphing method works on two
modds, which are the input and output modds of the
boundary gsraightening process, respectivdy. Suppose
thet theinput modd isM and that the output modd isM'.
Our morphing method is bassd on the following

properties

(1) The number of meshesin M isequd to thet of
meshesinM’.

(2) For any mesh min M, there is a correponding
mesh m' in M, which is the reault of the
boundary straightening process.

Therefore, the kermel of our morphing method in this
paper redly performs mesh morphing betweenm andm'.
That is it is to find intermediate meshes from mto m'.
Because of the behavior of our morphing agorithm, al
intermediate meshes between any mesh and its
corresponding border-graightened mesh have the same
number of vertices, i.e, they have the same topology. If
we peform the triangulation process on these
intermediate meshes, each intermediiate mesh will be
triangulated into the same number of triangles. In such a
way, these intermediate meshes have no smplification
effect. In order to have smplification effect on these
intermediate meshes, we goply the border sraightening
processto each intermediate mesh, and take the output of
the border draightening process a the input of the
triangulation process. Fndly, we have got a st of
triangles for eech intermediate mesh. In the next section,
wewill describethemesh morphing.

4. Mesh Morphing

Before describing the meshing morphing method, we
firgt discuss border trangtion in the following section.
Then, we use this border trandition technique to develop
our meshmorphing method.

41 Border Trangtion

Suppose that we are given two borders Bs and B,
whereborder Bs has the vertex sequence by b, b, with
by andby, being the sart and end vertices, respectively, and
border B; is the border connecting the sat and end
vertices of border Bs. (Thet is, border B: is the line

sgmet b, ) See Fig. 1. In this section, we will

show how to find the intermediate trangtion from the
border B;totheborder B..

Pr{b; ) b

Fig. 1

Fird, we define the projection of vertex by, for i=2,
3, ...n-1, onto the line ssgment connecting the sart and
end verticesof border B, thelinessgment b,b, . Let it
bedenaoted by Pr(ly). Theprojection point Pr(by) isapoint
onthelinessgment b, b, whichisnearest to vertex b,
Then, according to the geometric properties, one of the
fallowing cases about the projection point Pr(b) should
occur: (1) thelinesegment B Pr(l) is perpendicular

tothelinessgment b,b, ; (2) the point Pr(o) isether
b; or b, By smple computation, we can eesly get the
projection point F(b).

Then, for any line ssgment by Pr(by) , for i=2,
3,..n-1, wechoose mpartition pointsto partitiontheline
ssgmert b Pr(b) into m+1 pieces each of which
has equd length. Let these m partition points be b,
bio, . by which are ordered such thet point b 1is neerest
tob, and pointby misnearest to Pr(). (SeeFg. 1) Hence,
we can get mnew borders say By, By, ... Bm, wherethe
border B; hasthe vertex sequence by, by, ;. ., bn
forj=1,2,.,m. Border Bjdsohasvertices b; andb,tobe
its dart and end vertices, regpectivey. We cdl these m
borders By, By ... Bm the m intermediate borders
trangtion from the border Bs to the border B:. These m
borders are what we want. When miis large enough,
showing bordersBs, By, By, ... Br, B:hassmooth trangtion
fromtheborderBs totheborderBe.

4.2 Our Mesh Morphing Method
Now, our mesh morphing method is presented.
Supposethat the mesh beforethe boundary straightening
process woks on is M and that the mesh &fter the
boundary draightening process works on is M. In this
section, we will show how to find the smooth transition
from the mesh M to the mesh M. That is, we will find
omeintermediate mesheswhose shgpes changefrom M
to M" amoothly. Assume that the mesh M’ consgts of n



edgese, &, ... & ,which are ordered in clockwise (or
counterclockwise) sequence. For each edge of the border
onM', it hasacorresponding border pieceonM which is
graightened into thisedge (onM’). Now, let usgive some
notations. For eechedge g (= 1,2,..,n) of themesh M,
its corresponding border on M is dencted by E. We note
that E may betheedgeq. Ingenerd, theborder E is part
of theboundary of themesh M and containsone or more
consecutive boundary edges of the mesh M. Then the
border sequence By, B, .. B, forms the boundary of the
mesh M. By teking advantage of the rdaionship
between border E and edge g, we can find intermediate
meshesfrom meshM to meshM’ asfdllows

If the number of intermediiate meshes from mesh M
to mesh M’ that we need is m let these intermediiate
meshesfrommeshMtomesh M’ be My, My, ..My, In
this paper, the boundary of any intermediate mesh is
congtructed from themintermediate bordersfrom Eito g
(destribed in Section 4.1), for i=1,2,..,.n. Assume that
the mintermediate bordersfrom E to g, for i=1,2,..,n,
.- Bim. The boundary of any intermediate
mesh M, for i=1,2,..m, is formed by n intemediate
borders Byj, By, .., By, which are in dockwise (or
counterclockwise) sequence. Once we have the
boundaries of dl the mintermediate meshes from mesh
M to meshM', smooth trangtion effect fromM toM’ can
beobtained.

ae Bi,]_, Bi2:

5. Experimental Results
Weusetwo test modelsfor experiment. Theplatform

is Sun UltraSparc 350MHz with one CPU inddled. The
experimenta results are illusrated in Sections 5.1 and
52

5.1 Experiment 1

The input modd is a cow modd composed of 5804
triangles (Fig. 2). In this experiment, we run our
morphing dgorithm to find 10 intermediate modelsfrom

the original (cow) modd to asmplified modd, which is
obtained from the result of the firg iteration (or pass) of
running the Tseng and Cheng’ sLOD dgorithm[12]. We
note that the tolerance rate used in this Tseng and
Cheng' sLOD dgorithmis 1t /5. In this experiment, we
cdl this smplified modd the destination modd. This
epaimatd reaitisshoanninTablel

Fig.2.Theoriginal cow model with 5804

triangles.

Fig. 3. Theoriginal cow model

Fig. 4. Intermediate modd 1



Modé No. of Triangles Reduction Rate Time
Original modd 5804 0 0

Intermediate model 1 5664 97% 67
I ntermediate model 2 5402 93% 70
Intermediate model 3 5248 9N% 73
Intermediate modd 4 5092 8% 7
I ntermediate model 5 4872 83% 80
I ntermediate model 6 4313 4% 83
I ntermediate moddl 7 3880 67% 87
Intermediate modedl 8 3351 58% 89
Intermediate model 9 3024 52% 92
Intermediate model 10 2344 40% 9%

Destination model 1750 30% 118

Table 1. (time unit: second)

Fig.5. Intermediate model 2 Fig. 6. Intermediate model 3

Fig. 7. Intermediate modd 4 Fig. 8. Intermediate moddl 5



Table 1 shows tha the Tseng and Cheng’ s LOD
dgorithm [12] is run & time O, and & time 118, the
degtingion modd is generaed. At time 67, the
intermediate modd 1 is generated, and, after 3 seconds,
theintermediate modd 2 isgenerated a time 70. The last
intermediate modd , the intermedige modd 10, is
generated a time 96. It indicates that the time required
between two consecutive intermediate modd s generding
isaout 2 ~ 4 seconds. From Tablel, we know that the
reduction rates of the 10 intermediiate models decrease
from 97% to 40 %, where the reduction rate of our
dedtination modd is sbout 30%. Furthermore, it shows
thet our morphing agorithmisfast and efficient. In order
to illusrate the shape changing from the origind (cow)
modd to the destination modd, we show the origind
modd, 10 intermediiate models, and destination modd in
Hg 3~Fg 14

Fig. 9. Intermediate modedl 6

Fig. 10. Intermediate model 7

Fig. 11. Intermediate model 8

Fig. 12. Intermediate model 9

lod
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Fig. 13. Intermediate model 10

Fig. 14.The destination model



Fig. 16. Theoriginal Fandisk model

Fig. 17. Pass1 Model

Fig. 18. Theintermediate model

between pass 1 mode and

pass 2 model

Fig. 19. Pass 2 model

Model |No. of Triangles |Reduction Rate |Time
Original Model 3392 0 0

Pass 1 model 324 %% 67

Pass 2 model 1755 52% 93

Table 2. (timeunit: second)

Model No. of Triangles |Reduction Rate [Time
Origina model 3392 0 0

Pass 1 model 3254 %% | 67
Intermediate model 2369 % 71
Pass 2 model 1755 52% | 96

Table 3. (time unit: second)




5.2 Experiment 2

The sscond test modd is cdled ‘ Fandik with
3392 triangles (Fig. 15). Werun the Tseng and Cheng' s
LOD dgoarithm [12], and get two Smplified modds
obtained from pass 1 and pass 2, respectivdy. (See Table
2) In this experiment, we find one intermediate moded
between these two smplified modds. The experimental
restisillutraedin Table3.

Table 3 shows thet this Tseng and Cheng sLOD
agorithm [12] isrun at time 0, pass 1 modd isgenerated
a time 67, and the intermediate modd is generated a
time 71. In other words, it takes4 secondsto generate the
intermediate modd after pass 1 modd isgenerated. From
Table 3, the reduction rates of pass 1 mode and pass 2
modd are 96% and 52%, rexpectively. Thereduction rate
of the intermediiate modd is 70% and lies between the
reduction rates of pass 1 modd and pass 2 modd. It dso
shows that our morphing agorithm is fast and efficient.
In order to show the shape changing form the origina
(Fandisk) modd to the modd generated by pass 2, we
illugrate the origind modd, pass 1 modd, this
intermediate modd, and pass 2 modd in Fg. 16 ~ Fg.
1

6. Condudgons

Wehave proposad amethod to solve a3D morphing
problem on aLOD tree dructure ThisLOD dructureis
congtructed from the Tseng and Cheng’ sLOD agorithm
[12]. This agorithm repeatedly executes three steps:
cludering, border draightening, and triangulation. Our
morphing dgorithm redly performs mesh morphing. It
is executed in the border sraightening step of each
iteration of this LOD dgorithm. In the border
graightening step, our morphing agorithm keeps dl the
meshes of the input modd, and al their corresponding
border-straightened meshes. Then, for each input mesh
kept by our morphing agorithm, find the intermediate
meshes between this input mesh and its corresponding

border-gtraightened mesh. Because of the behavior of our
morphing agorithm, dl intermediate meshes between
any mesh and its corresponding borderdraightened
mesh have the same number of vertices. That is, they
have the same topology. If we perform the triangulation
process on these intermediate meshes, eech intermediate
mesh will be triangulated into the same number of

triangles. In such away, these intermediate meshes have
no smplification effect. In order to have smplification
effect on these intermediate meshes, we apply the border
draightening processto each intermediate mesh, and teke
the output of the border straightening processastheinput
of thetriangulation process. Findly, we have got a st of
triangles for each intermediate mesh. This effect can be
seen from the reduction rates of the intermediate models
inour experimenta results. In other words, out morphing
dgorithm not only gets a st of intermediate models, but
aso has smplification effect. Our experimenta result
aso shows that our morphing agorithm is fast and

dfident.
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