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Abstract: Problem statement: Subdivision surfaces were applied to the entirstrae in order to
produce smooth surfaces refinement from coarse .n@skeral schemes had been introduced in this
area to provide a set of rules to converge smootfaces. However, to compute and render all the
vertices are really inconvenient in terms of memaopsumption and runtime during the subdivision
process. It will lead to a heavy computational leagecially at a higher level of subdivision. Adegt
subdivision is a method that subdivides only ataierareas of the meshes. Although subdivision
occurs at the selected areas, quality of producethces can be preserved similar to a regular
subdivision surfaces. Nevertheless, adaptive sigidiv process suffers because of two reasons;
calculations need to be done to define areas #tined to be subdivided and to remove cracks
created from the subdivision depth difference betwselected and unselected areas. Cracks must be
removed because it creates artifacts in editingjegng and processing of the mealpproach: This
research brings to iterative adaptive subdivisionimprove simple adaptive subdivision surfaces
method for triangular mesheResults: The result of this iterative process presentegrtmluce fewer
polygons while it preserve smoothé&onclusion: The proposed method created surfaces of better
quality, computationally more efficient and occupless memory as compared to original method.

Key words: Subdivision surfaces, adaptive subdivision, sedectcriteria, handle cracks, smooth
surface, triangular meshes

INTRODUCTION Motivation: Subdivision schemes were applied to the
whole coarse meshes and refined globally at e |
Subdivision surfaces represent a simpleof subdivision. This can lead to a huge computation
refinement Operations app]ies to a po|ygona| mesh tload at hlghgr_lgvels of subdivision. Furthermcnﬁ(_ar_ _
produce smooth surfaces and can be applied & few subdivision steps, the generated subdivision
arbitrary meshes. Subdivison surfaces is replacin%urface is smooth enough to represent a fine m&del.

traditional modelling such as NURBS and surface sually there is no need for a model to be subdich
. S ) all areas to get smooth surfaces, only some ateds t
modeling application because it may overcome th(?_Ieed to be subdivided to make them smoother,

previous weaknesses. Even though subdivision,, eqver, subdivision of a flat surface still prods a
surfaces are not a newly invented technique, bist it 5t surface. It is also important to reduce the
used widely in the field of computer graphics, ynnecessary subdivision to save the render timetend
computer aided geometric design, 3D modelingstorage space, since the size of mesh otherwisgsgro
game development and animation packages. Fagxponentially with the level of subdivision (Mulland
examples are Geri's Game, Toy Story and Bug’'slaeschke, 1998).

Life. 3D Light Wave modelling and animation To apply this concept, adaptive subdivision is the

system of Newtek also use subdivision with the samé“b‘:t‘thct’_d th]?t drefitnes abdc,_u_bs_et .Oft thebzgr_gaces.h The
purpose (Zorin and Schroder, 2000; DeResal., objective ot adaptive subdivision IS 10 subcividees

o . that produces smooth surfaces and yields the same
1998). Recently,-many. subdivision techniques havggg o quality as a uniformly subdivided mesh while
Doo and Sabin (1978); Loop (1987); Dyat al.  Figure 1 shows the examples comparisons of coarse
(1990) and Kaobbelt (2000). mesh, regular subdivision and adaptive subidn.
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P vertex or face. Local refinement can be achieved by
LVAVGYENTE, setting a reasonable tolerance limit. After theestibn
criteria work efficiently, we need to be prepared o
another problem that will occur. While a subdivisio
process working based on face split, cracks created
between subdivided and non-subdivided areas.

Based on the ideas for handling cracks proposed by
Farinet al. (2001), they introduce a simple triangulation
method to remove cracks that is to bisect the fhae

Fig. 1: Example comparison of (a) coarse model, (bj)a@s not been subdivided. While Baekal. (1983)

regular subdivision and (c) adaptive subdivisiondevelop a new method on removing cracks by
(Pakdel and Samavati, 2004) inserting edge into the mesh called as red-green

triangulation technique. Liu and Kondo method on

Concept of adaptive subdivision is simple, connitgti ~ identifying which vertex of a face was ‘dead’ and
and geometrical inconsistencies that arise wharbaes ~ Proposing suitable mesh refinements based on the
of the faces are subdivided must be concerneddroperties of its three vertices. They take carehef
Although adaptive subdivisions are some of thel-vertices (cracks) problem and propose a solution
simplification and interest feature for subdivision Which is called Local Mesh Realignment (LMR) (Wu
surfaces, but it has two drawbacks which is tordefi €t al., 2005).

selection area to be subdivided while prevent

unnecessary locations and to avoid cracks that are MATERIALSAND METHODS

caused by a difference subdivision depth of neighigo o o

faces. These cracks prevent some further procesﬁng To visualize subdivision SUrfaceS, the meshes are

the mesh and high quality rendering (Pakdel andubdivided until it reaches a good approximatiorhef
Samavati, 2004). limit surface. Subdividing the entire mesh incretse

number of faces exponentially. To reduce the

Related work: Previously, adaptive subdivision complexity of a model in a real-time application,s
methods have been observed that it can be categorizComputed by subdividing the meshes adaptively.
by two ways which is identifying the surfaces bytes Adaptive subdivision produced a better visualizatio
split or face split (Fariret al., 2001). A crack is not surfaces at a onver cost. A_framework. has been
produced when refinement process based on vertedeveloped to describe a flow of simple adaptivehwet
split. However, adaptive subdivision method based o This framework (Fig. 2) referred to the Gardere
face split will yields cracks. Then, related woedsout ~and Landry (2002) project study. Previously, oradin
adaptive subdivision based on selection criterid anmethod was using a threshold which is an angle of
handling cracks are reviewed. Selection criterisstmu normal vector between the adjacent faces for eaat |

be determined which areas need to be subdivided tof Subdivision to define necessary areas. For aéver
avoid unnecessary areas affected. Based on the,idedeVel of subdivision were using same threshold| unti
Farin et al. (2001) use the normal angles between th@roduces smooth surfaces. We proposed iterativeepso
faces and its adjacent faces to determine whetreer t Of this simple adaptive by using different threshér
face needs to be subdivided or not at the nexg€ach level of subdivision that will generates fewer
subdivision level. Meyeet al. (2003) have introduced Polygons while it preserve smooth result.

Gaussian curvature analysis to define high cureatur ~ Now, we elaborate the main method used by the
areas. Higher curvature areas need more refinemeRfoposed iterative process.

because they contain more details than flat areas ] ) ]

(Meyer et al., 2003). Isenbergt al. (2003) have used Creating initial mesh: The file begins with a number
the Degree of Interest (DOI) function in order ecifle  representing the triangles mesh that contained the
refinements of the mesh either they are requiredopr humber of vertices and triangles. Each contains the
by comparing to a certain threshold value. Liu andtriplet (x,y,z) which specifies the coordinates.

Kondo (2004) produced a new rule that the biggest

angle between the normal vector of adjacent faées o Selection areas: Generally, the areas of the meshes that
vertex is used as error estimation and was calledeed to be subdivided must be decided first before
Conical Angle (CA). Wuet al. (2005) proposed an subdivision steps. This method computes a function
adaptive subdivision approach utilizes local flasef based on angle of face normal on the triangksh.
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Create initial mesh

v

Selection area bv difference normal angle
between adjacent faces

!

Tterative Subdivide selected area
process by Butterfly scheme

v

Cracks handled with
simple triangulation

v

Produce smooth surfaces

A 4

Fig. 2: Framework for basic adaptive subdivisiorthod
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Fig. 4: (a) one subdivided neighbor triangle (b)otw
subdivided neighbor triangles (c) regular
subdivision (Isenbergt al., 2003).

Fig. 5: A simple method to handle cracks (Pakdel an
Samavati, 2004)

Butterfly scheme: If the movement of this vertex is
below some threshold, the vertex is not insertetitha
edge is not divided. Otherwise a new vertex isrieske
using the Butterfly subdivision techniques for irisgy

a mid-edge point. Butterfly subdivision was propmbse
by Dyn et al. (1990). It is an interpolating scheme and
does not reposition during subdivision. Butterfly
subdivision was implemented by finding mid-edge
points for each edge of a triangle. Finding the paidt

of the edge and adjusting it by its neighbors ia th
butterfly mask (Fig. 3).

To compute the position of the new (mid-edge)
Fig. 3: Butterfly mask point, multiply its neighbors by the corresponding
) ) o ) coefficient and add them up:
To decide if the subdivision steps are required by
comparing the angle between normal vectors OMidpoint, M(c) = average (f) + (average(s) — averag
adjacent faces to a certain threshold value totifyen )/ 4
faces where subdivision is needed. For examplaeif
angles were more than the®3@reshold, the adjacent Handling cracks: During a subdivision step, if a face is
face is subdivided using the subdivision schemegqing to be subdivided but its neighboring faceds a
Otherwise, if the movement of the vertex is bel@me  rack will be created. Crack or called Fsvertices
threshold, the vertex is not inserted and the @sig®t  occyrred in adaptive subdivision. If the cracks aoe
divided. _ processed properly, the subdivision may fail and
Basic scheme for selection areas works as fOHOWS:produced some artifacts. The resulting cracks rbast
) filled so that the surface can be further subdidide
+ Calculate the normal for each triangle edited. Figure 4-5 shows a simple triangulationhoet
« For each triangle, compute the normal angleto deal with the cracks as follows:
between the triangle and its neighbors
« |If the angle is bigger than a given valuee A face will be subdivided is split in half when it
(threshold), so a selected area and the neighbers a  has only one subdivided neighbor face
subdivided using subdivision scheme, otherwise it When it has two subdivided neighbors, it is spjit b
is not subdivided two face edges
1130



J. Computer i, 7 (7): 1128-1132, 2011

Table 1: Simple adaptive method at five level obdiuision by Secondly, O-vertices have a different subdivisieptt

different degree for each level : than the even vertices of the selected area. Tdrexef
Level Degree Edht  the even vertices are not repositioned properlhé
1 10 1536 ; L P .
> 20 6068 selected area is subdivided again. Finally, igrgptime
3 30 6192 irregular  connectivity of T-vertices, repeated
4 3¢ 6232 subdivision and simple triangulation of the seldcte
5 3% 6272 area produces high valence O-vertices. High valence
Table 2: Simple adaptive method using suitable edpr five level vertices Iead to long faces WhICh create ripplectt on

of subdivision (based on original method) the subdivision surface (Faret al., 2001). However,

Number of polygon this study only covered an iterative process fosiba

Level Eight (20) adaptive instead through for an incremental thdt wi
1 1536 reduce some undesired side-effects.
2 3624
3 4268 Iterative process. Iterative process means that adaptive
g gggj subdivision works by using a different threshold fo

each level of subdivision until it converges tonaosth
Table 3: Final result for each method surface. FOI’. example, at level one using 15° watle
Previous Modified level two using 20° and it changes with differeatue
until the meshes reaches a good surfaces.

RESULTS

We compare the results of simple adaptive
subdivision from the previous method. Based on the
framework that were mentioned earlier, we had made
some evaluations for a basic adaptive method using
Butterfly scheme. We applied iterative process of
adaptive subdivision surfaces method. Table 1-4vsho
the examples.

Based on our comparison, it was proven that our
method using iterative process of adaptive subidinis
method can improve the previous method which is our
result can reduce a number of polygon, better in

Table 4: Another result

r;iil(lms) Level Degree Number of polygon rendering for high level subdivision and produce
Original 1 19 3926 smooth surfaces.

2 8394
Modified 1 1% 3926 DISCUSSION

2 20 7654
Dragon (2730) Selection area had to be carefully observed ierord
Original ; 30 2%%86 to avoid unnecessary areas subdivided. It should be
Modified 1 30 0528 projectgd the .suitatl)le mgsh refinements based_n th

2 3 27942 properties of its neighboring faces. To overcoms th
Foot (240) issue, several methods had been proposed to datermi
Original 1 13 938 if the face needs to be subdivided or not. The glan
Modifi 2 3232 area in subdivision surfaces had to be analyzetheo

odified 1 10 940 . .
5 o 2962 selected criteria can accurately find the areas dana

not flat or with high curvatures in the meshes aad
« If it has three neighbors to be subdivided, it atso b€ computed efficiently. Therefore, removing crabis
subdivided using a regular subdivision adding edges create a number of extraordinarycesti
that are unavoidable in adaptive subdivision atbari
Even though simple triangulation method removesExtraordinary vertices affect the shape of the tlimi
cracks efficiently, but it has some undesired sidesurfaces and reduce its smoothness. Selectionaaka
effects. First, it changes the connectivity ancemaé of the way to fix a crack must be balanced to impletmen
odd vertices. This will not only alters the limit adaptive method that will be avoiding some artgact
subdivision surface, but also reduces its smoothnesand produce a better result of smooth surfaces.
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CONCLUSION Dyn, N., D. Levin and J.A. Gregory, 1990. A butberf
subdivision scheme for surface interpolation with
In this study, we proposed an iterative process of tension control. ACM Trans. Graphics, 9: 160-169.
adaptive subdivision method based on triangular DOI: 10.1145/78956.78958
meshes. Our method can be very well applied to th&ardere, L. and B. Landry, 2002. Project 2: Sulsitivi
Butterfly scheme. We can produce mesh with the  Surfaces.
smaller number of polygons while keeping the simila http://www.cc.gatech.edu/~Igardere/graphics/Subdi
smoothness as the regular subdivision scheme. The visionSurfaces.html
obtained results are in accordance to the resultssenberg, T., K. Hartmann and H. Konig, 2003. lestr
obtained by regular subdivision. Value Driven Adaptive Subdivision.
According to the results, the proposed method is  http://citeseerx.ist.psu.edu/viewdoc/download?doi=
certified efficient. The adaptive subdivision meiho 10.1.1.72.145&rep=repl&type=pdf
proposed here will strengthen the functions of cotap  Kobbelt, L., 2000.V3-Subdivision. Proceedings of the
graphics system which use subdivision surfaces to 27th Annual Conference on Computer Graphics

model surfaces. and Interactive Techniques, July 23-28, ACM
Press/Addison-Wesley Publishing Co., New York,
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