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ABSTRACT 2. RELATED WORK

In this paper we present a new framework, based on subdf:l Mesh compression

vision surface approximation for efficient compression and® lot of work has been done about polygonal mesh com-
coding of 3D models represented by polygonal meshes. Olession. A good review can be found in [3]. This repre-
algorithm fits a piecewise smooth subdivision surface to théentation contains two kinds of informatiogeometry and
input 3D mesh, aiming at getting close to the optimality inConnectivity the first describing coordinates of the vertices
terms of control points number and connectivity of the subdiin the 3D space, and the later describing how to connect
vision control polyhedron. Our method is particularly suitedthese positions. The connectivity graph is often encoded us-
for meshes issued from mechanical or CAD parts; indeed ifd & region growing approach based on faces [4], edges [7]
these cases the research of the optimality is quite relevarfif vertices [18]. Others techniques consider progressive ap-
The found control polyhedron is much more compact tharProaches which encode a base mesh and then vertex inser-
the original mesh and visually represents the same shape ien operations [1]. Less efforts have been done about ge-
ter several subdivision steps. This control polyhedron is theRMetry compression which is often simply performed by
encoded specifically to give the final compressed stream. weredictive coding and quantization. Other researches have

obtain very promising results in terms of compression. put more efforts on geometry driven mesh coding, using
wavelets [10, 19] or spectral compression [9]. On the whole,

better mesh compression methods give between 1 and 2 bytes
1. INTRODUCTION per vertex; although this represents an excellent result, the

. . utput bit stream remains large for complex objects because
Advances in computer speed, memory capacity, and hartg- the high number of vertices to encode. That is why we

ware graphics acceleration have highly increased the amoupl, o chosen to approximate input meshes with subdivision
of three-dimensional models being manipulated, V'Sual'zegurfaces (see Figure 1), of which control polyhedrons should

and transmitted over the Internet. In this context, the need foéontain much lesser faces to store or transmit, knowing that
efficient tools to reduce the storage of this 3D content, mostl fter several refinement steps, the subdivisio,n surface will

represented by polygonal meshes, becomes even more ac ually represents the shape of the original mesh (of which
particularly to reduce the transmission time for low band-

width applications. Many efficient techniques have been de(_)rlgmal connectivity will not be kept).
veloped for encoding polygonal meshes but fundamentally2.2 Subdivision surface approximation

this representation remains very heavy in terms of amourSeveral methods already exist for subdivision surface fitting,
of data (a large points set, on top of the connectivity havenost of them take as input a dense mesh and obtain the sub-
to be encoded). Other models exist to represent a 3D shapdivision control mesh connectivity by simplification [13, 14].
NURBS surfaces or subdivision surfaces. These models al#ith these simplification based approaches, the control mesh
much more compact. A subdivision surface is a smooth (oconnectivity strongly depends on the input mesh and there-
piecewise smooth) surface defined as the limit surface gendiere can gives quite bad results if the input mesh is very irreg-
ated by an infinite number of refinement operations using alar. Our algorithm remains independant of the target mesh
subdivision rule on an input coarse control polyhedron (seeonnectivity by using boundaries and curvature information.
Figure 1). Hence, it can model a smooth surface of arbiSome algorithms [17, 8] also remain independent of the tar-
trary topology (contrary to a NURBS model which needs aget mesh, by iteratively subdividing and shrinking an initial
parametric domain) while keeping a compact storage and eontrol mesh toward the target surface. Unfortunately this
simple representation (a coarse polygonal mesh). Moreovenethod fails to capture local characteristics for complex tar-
it can be easily displayed to any resolution. Subdivision surget surfaces. To our knowledge, the optimality in terms of
faces are now widely used for 3D imaging and have been ineontrol points number and position represents a minor prob-
tegrated to the MPEG4 standard [15]. For all these reasonematic in the existing algorithms but is particularly relevant
we have developed a new algorithm, based on subdivisiofor mechanical or CAD objects. Only Hoppe et al. [6] opti-
surface fitting for efficiently compressing 3D meshes, for lowmize the connectivity (but not the number of control points)
bandwidth transmission and storage. Section 2 details the rby trying to collapse, split, or swap each edge of the control
lated work about mesh compression and subdivision surfagaolyhedron. Their algorithm produces high quality models
fitting, while the overview of our method is presented in sec-but need of course an extensive computation time. Our al-
tion 3. Sections 4 and 5 detail our subdivision surface apgorithm optimizes the connectivity of the control mesh by
proximation method and the associated coding scheme. Fanalyzing curvature directions of the target surface, which
nally, results are presented in section 6. reflect the natural parameterization of the shape.



ated by assembling local control polyhedrons and is encoded
specifically to give the compressed output binary stream.

3. FRAMEWORK AND PRELIMINARY WORK

Our framework is the following: firstly the target 3D objects
are segmented into surface patches. Then, for each patch, a

local approximating subdivision surface is constructed, asso- 4. SUBDIVISION SURFACE APPROXIMATION
ciated with a control mesh. The final control mesh definingy 1 Eqge score definition

the whole surface is then created assembling every local con-

trol meshes, and encoded. Our algorithm adapts the conng@nce the boundary control polygons have been extracted,
tivity of the control mesh to the natural parameterization ofthe purpose is to create edges and facets by connecting the

the target model by using a specific quad-triangle subdivisiofontrol points in such a way that the corresponding created
scheme [16]. subdivision surface is the better approximation of the target

surface for these given control points. For this purpose, we
consider the lines of curvature of the original surface, rep-
resented by local directions of minimum and maximum cur-
vature. Control lines of a subdivision surface are strongly
linked to the lines of curvature. Indeed the topology of a
control polyhedron will strongly influence the geometry in-
formation of the associated limit surface, which is also car-
ried by lines of curvature [2]. This coherency between con-

Decomposition into patchesThe used method is based trol lines and lines of curvature is shown in the example pre-
on the curvature tensor field analysis and presents two disented in Figure 3.
tinct complementary steps: a region based segmentation

Figure 1: Example of Quad-Triangle subdivision.

which decomposes the object into near constant curvature
patches, and a boundary rectification based on curvature
tensor directions, which corrects boundaries by suppressing
their artefacts or discontinuities. This method is detailed

in [11]. Resulting segmented patches, by virtue of their prop-

erties (constant curvature, clean boundaries) are particularly @)
adapted to subdivision surface fitting (see Figure 2.a).

Figure 3: The coherency between control lines (a), minimum
(b) and maximum (c) directions of curvatures.
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Thus, for each couple of control points from the bound-
ary control polygon, a Coherency Sco®( is calculated,
taking into account the coherency of the corresponding po-

tential control edge with the lines of curvatures of the corre-
sponding area on the target surface. The mechanism is illus-
trated on Figure 4: For each potential edgewe consider

its verticesPy, Py and their respective limit positiorg’, P°.

Then we calculate the pseudo geodesic path, between these
limit positions, to simulate the control line, by applying the
Dijkstra algorithm on the vertices of the original surface. Fi-
nally we consider the curvature tensors of theerticesV;

of this path, and particularly their curvature directions. The

S b) © - ! re
. . _ coherency scor8Cfor this potential edgé& is:
Figure 2: lllustration of segmentation (a), boundary extrac- y P g

tion (b) and subdivision curve approximation (c).
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SQE) - min(y i, 6min, S ; 6max)

Local subdivision surface approximation: For each n
patch, the mechanism for subdivision surface fitting is the . . .
following: First, the boundary of the patch is extracted. In, Whereomin (resp.omax) is the angle between the min-
order to prevent our model from cracks, for each patch thd"um (resp. maximum curvature direction of the verigx
boundary is divided into pieces of boundary correspondin@nd the segmeri'Py". This scoreSCe (0,90 is homoge-

to the different adjacencies with its neighbouring regions (seB€0US t0 an angle value in degrees. Two special cases are
Figure 2.b). Then the boundary is approximated with a piecelt—""kef1 into account, concerning the nature of vertigelse-
wise smooth subdivision curve following the algorithm de-10nging to the path:
tailed in [12]. According to subdivision properties, the asso- ® If Vi owns an isotropic curvature tensor (plane or spheri-
ciated control polygon (Figure 2.c) will represent the bound-  cal region), hence the directions of curvature do not carry
ary of the control polyhedron of the approximating subdivi-  information. In these case#min; and @max are set to
sion surface. Then our process will attempt to connect con- 45, to not influence the final score.
trol points of the control polygon, in order to create the opti- e If V; is on a boundary (while not being the beginning or
mal set of facets that will represent our final control polyhe-  the end of the path), then a penalty is introduced, because
dron. if the corresponding potential edge represents a correct
Final control polyhedron construction and coding: control edge, thus it should not cross or touch a boundary.
The final control polyhedron for the whole objectis then cre-  Therefore in these case@min, andémax are set to 90.

1)




sen to implement the Face Fixer [7] algorithm (see Section

P 2.1) seeing that this encoding scheme is based on edges and
z allows to process arbitrary polygonal meshes and not just
5 fully triangulated ones. In addition this scheme, which pro-
—> £ vides quite good compression rates, is able to encode easily
; face groupings which can be useful, in a perspective way,
P to transmit the segmentation results within the object. This

algorithm encodes the connectivity graph by a lisinda-

bels (amongx 10, depending on the maximum face degree),
with n the number of edges. The corresponding bit stream is
created using an arithmetic coder which achieves quite good

—— Control polygon O Limit positions

..... Potential edge /™ Pseudo geodesic Path results. Concerning geometry encoding, which remains in

. ) . I progress, a 10 bit quantization is performed. Once the posi-

Figure 4: Mechanism for edge score definition. tions of three vertices of a planar face are known, we have to

4.2 Local subdivision surface construction encode only 2 coordinates for the remaining vertices. Flags

Our algorithm is the following: we extract a single contour O the edges (sharp or not) are represented biaed bi-
from the boundary control polygons, that we call the Topo-”ary vector, encoded with a run Iength algorithm. Thus the
; dotal size of the compressed stream is the sum of the connec-

itis automatic. In the case of a multiple boundaries target sutt-'\./ity (C), geometry G) an_d flags £) sizes (see examples in
Figure 6,C, G andF are given in bytes).

face (a cylinder for example), we have several control poly-
gons, hence we link them by creating edges and doubling \, 233772B
certain control points. Fon boundaries, we creat@ — 1) \
edges, by choosing those associated with smallest sE@es
Once the topological contour has been extracted, our algo-
rithm is quite simple. We consider the potential edge asso-
ciated with the smallest scof®C (dotted segments in Fig-
ure 5), and we cut the contour along this edge, creating two

sub-contours. This algorithm is repeated recursively on sub- #l7=6495
contours until it remains only plane contours (see contours — — PTI98 _wME®_ | _Chemn i
1,2,3 on Figure 5). Then for each plane contour, we check (

its convexity; if it is convex, we create a facet, and if not, (b)
we decompose it into convex parts, using the algorithm from
Hertel and Mehlhorn [5]. By assembling created facets we
obtain our initial polyhedron of which limit surface repre- \

987488

134B

sents in most case a quite good approximation of the original
surface (see Figures 4 and 5).

{

#1'=2743 #'=40
HF = 5486 #F =38 C=25,G=99, F=10

Original objects Control polyhedrons  Limit surfaces

Figure 6: Results of our subdivision surface fitting algorithm,
and corresponding file sizes (in bytes).
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6. RESULTS AND DISCUSSIONS

/
N\ Our compression method was tested on several different ob-
e jects; figure 6 shows the number of vertices and faces of the
original objects and of the corresponding found control poly-
. hedrons for two mechanical models: Fandisk (a) and Swivel
% (b). Control polyhedrons have widely less faces and vertices
— Topological contour v y compared with initial surfaces and the approximation errors
----- Smallest score edge remain very low (limit surfaces are very close from original
. ) . . objects). Mean L1 and L2 errors are shown on Table 1, they
Figure 5: Local control polyhedron creation mechanism. gre cajculated between the original object and the subdivi-
5. FINAL CONTROL POLYHEDRON T e s & onot i
CONSTRUCTION AND CODING rates CR= BS/C9 for both objects, after encoding. Table
Once each patch has been fitted with a subdivision surfacg, shows a comparison, for the Fandisk object, with differ-
the final control polyhedron for the whole object is createdent state of the art algorithms: Alliez and Desbrun progres-
by assembling local control polyhedrons while marking localsive encoding [1] and the wavelets based algorithms from
boundary control edges as sharp (specific subdivision ruldshodakovsky et al. [10] and Valette et al. [19]. Our algo-
which respect sharpness of the edges) (see red edges on Fighm achieves drastically better compression rate8Q0),
ure 6). This control polyhedron containing triangles, quadwhile keeping a low geometric error. Coders from Alliez and
rangles, higher order polygons and marked edges is then e¥alette are lossless thus the geometric error is limited to the
coded. Concerning connectivity information, we have cho-quantization erroQE (a 10 bits quantization, like ours).




BS(Byteg | CS(Bytes | CR [ L1/L2(10 ) [3] C. Gotsman, S. Gumhold, L. Kobbelt , Simplification
Fandisk | 233772 282 829 | 0,99/0,012 and compression of 3D-meshdsytorials on multires-
Swivel 98748 134 737 3,03/0,044 olution in geometric modelingA. Iske, E. Quak, M.
Table 1: Original binary sizeB§), compressed size€§), Floater (eds.), Springer, 2002. _ )
compression rate€R) and L1 and L2 errors. [4] S: Gumbhold, W. Stras_,s_er, Realltlme compression of
triangle mesh connectivithCM Siggraph Conference
Alliez | Valette | Kodakovsky] Ours Proceedingspp. 133-140, 1998.
Size(Byteg | 14075| 10603 6063 282 [5] S. Hertel, K. Mehlhorn, Fast triangulation of simple
CR 17 22 39 829 polygons, Lecture Notes In Computer Science, Pro-
L2(10°%) QE QE 0,045 0,012 ceedings of the International FCT-Conference on Fun-

Table 2: Compressed sizes, associated compression rates and gilgnelnggg of Computation Theowol. 158, pp. 207—

L2 errors for several approaches applied to the Fandisk ob-
ject. [6] H. Hoppe, T. DeRose, T. Duchamp, M. Halstead,

H. Jin, J. McDonald, J. Schweitzer, W. Stuetzle, Piece-
7. CONCLUSION wise smooth surface reconstructioMCM Siggraph
Conference Proceedinggp. 295-302, 1994.

We have presented a new framework for compression andm M. Isenburg, J. Snoeyink, Face Fixer: Compressing

coding of 3D models. Our approach, particularly adapted : . )
for mechanical objects, is based on subdivision surface fit- Folygon Meshe(; with PropertiesCM Siggraph Con-
ting. Our approximation algorithm aims at optimizing the erence Procee mggp. 263_270’ 2001. ] ]
connectivity of the generated subdivision control polyhedron [8] W.K. Jeong, H.C. Kim, Direct reconstruction of dis-
which is then encoded specifically. After a segmentation ~ placed subdivision surface from unorganized points,
step, the 3D object is divided into surface patches of which ~ Journal of Graphical Modelsvol. 64 (2), pp. 78-93,
boundaries are approximated with subdivision curves which ~ 2002.

lead to the subdivision control polyhedrons by linking con- [9] Z. Karni, C. Gotsman, Spectral compression of mesh
trol points of the boundary control polygons. These edges  geometryACM Siggraph Conference Proceedingsg.

are created with respect to the lines of curvature, to preserve  279-286, 2000.

the natural parameterization of the target surfaces. The fin 0] A. Khodakovsky, P. Sclider, W. Sweldens, Progres-

control polyhedron containing triang_les, quadrangles, highe sive Geometry CompressiodCM Siggraph Confer-
order polygons and marked edges is then created by assem- 4.0 Proceeding®p. 271-278, 2000.

bling local subdivision control polyhedrons and encoded us:
ing an efficient edge based algorithm followed by an entropi¢t1] ﬁéh?;ggr?’rrf.e%li)r()jonl;ééé??)snkglrjtr,vgtzer;vtceiqs(r)nre;r?asl:esgi-s
coding for the connectivity and a 10 bit quantization for the ided e ysIs,
geometry. Results show quite impressive compression rates  COmputer Aided Desigr2005, In press. o
compared with state of the art algorithms, even if our ap{12] G. Lavoue, F. Dupont, A. Baskurt, A new subdivision
proach still presents some limitations which represent inter- based approach for piecewise Smoot_h'apprOXImatlon of
esting perspective works: results are effective for mechanical 3D polygonal curvesPattern Recognition2005, Ac-
models since they present large constant curvature regions cepted for publication.

which are particularly adapted for subdivision inversion; oun13] A. Lee, H. Moreton, H. Hoppe, Displaced subdivision
method is not suited for natural objects. An other limitation surfaces ACM Siggraph Conference Proceedingp.

is the difficulty to adjust the resulting error, seeing that lo- 85-94, 2002;

cal subdivision surface construction mainly relies on bound[14] W. Ma, X. Ma, S. Tso, Z. Pan, A direct approach for
ary approximation. As future work we wish to introduce a subdivision surface fitting from a dense triangle mesh.,

surface optimisation scheme to better manage this resulting Computer Aided Desigrvol. 36 (16), pp. 525-536
error. Finding a way to treat natural noisy objects is also of 2004. ' B '

interest. [15] MPEG4, ISO/IEC 14496-16. Coding of Audio-Visual
Objects: Animation Framework eXtension (AFX),
2002.
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