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Figure 1: Lattice structure. Left model is the Lattice Mesh and right model is the corresponding Lattice Surface. Topologies of these
models have one to one correspondence.

Abstract Therefor_e, a compac_t and _qualified 3D-I_Data representation
) _method is greatly required. This paper describes XVL (eXtended
Computer graphics systems and CAD/CAM systems are widelyyrRML with Lattice), a new framework for compact 3D-Data
used and an abundance of 3D-Data in various fields existSyepresentation with high quality surface shape. By utilizing a free-
However, based on the VRML technique, it is difficult to send form surface technique, qualified surfaces are transferred with a
such 3D-Data through the Internet, because of the large data siz§mited amount of data size and rendered. Free-form surfaces

Transmission of practical and highly detailed 3D-Data through theyransferred by an efficient data structure are called lattice structure.

Internet becomes a primary requirement. This data structure contains only vertices, topologies, and

attributes, and can be converted to the original surface. Because

) _ ) o the lattice structure is regarded as a polygon mesh, it can be easily
Graduate School of Media and Governance, Keio University. integrated to a VRML file. These surfaces and lattice have the
532&. E”dr‘:.' F“J'saf""?(' Kanagawa, 252-8520, Japan. same topology and are thus interchangeable in the lattice structure.

) {Wa_l_ ita, chiyo}@s c elo.ac.J-p ) By using weighting attributes, a sophisticated surface shape can be
{yajima, harada, toriya}@lattice.co.jp represented. Some practical XVL applications, such as an intuitive

surface design system, are also introduced.
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1. INTRODUCTION weighting properties, is transferred. Because complicated free-
VRML offers increased opportunities for the use of 3D-Data form surfaces are generated from simipégtice Mesh compared
through the Internet. Nevertheless, VRML is not as widely {© Sénding polygons, transmission time of ttaitice Mesh is
accepted as expected and few VRML applications exist. One ofnuch faster. Based on our invertible rounding algorithattice

the biggest reasons s its data size. When we generate a realisfii€Sh can be transformed intbattice Surfaceand vice versa.
VRML model from CAD or computer graphics systems, and try to Using XVL, we can transfer highly qualified 3D-Data eff|C|entIy._
transfer it through the Internet, it takes an enormous amount of © Manage lattice structure, we have developed a solid modeling
time. Widespread use of mid-range CAD and inexpensive cckernel called attice Kerne_.l By_ l_‘nanlpulat_lng simpleattice Mesh o
systems produced tremendous 3D-Data around the world. If wurfacé shape can be intuitively designed. Therefore, realistic
transfer these 3D-Data rapidly through the Internet, a new use of VL data is easily generated using the aforementioned design
3D-Data can be yielded, i.e., 3D digital documents or 3D systems. Mor_eover, b_e_caus_e XVL is represent(_ed as a solid, the
magazine. Another reason VRML is not widely accepted is that itdat@ can be directly utilized in the CAD/CAM environment.

cannot represent sophisticated surfaces. Primitives and polygonin Section 2, the concept of the XVL data format is described
meshes used in VRML cannot represent realistic objects withand why it is compact. Section 3 presents an algorithm of
complicated surfaces. Most 3D CAD/CAM systems employ free-generating Lattice Surfaceand Lattice Mesh A method to

form surfaces like NURBS, which must be converted to polygonsgenerate various shapes by changing the weighting properties is
when its shape data is transferred as VRML. We need surfacalso described. Section 4 introduces some XVL based applications.
representation to popularize the use of VRML in fields like In this section, an intuitive surface design system based on the
CAD/CAM applications. Lattice Meshis described. Practical examples of data exchange

A number of methods have been developed to compress thBetween CAD/CAM systems are also_ presente_d. Performancg
geometry of 3D shapes. Mesh simplification technique is one of SSU€S of the propo_sed framework are discussed in Section 5. This
them. Hoppe[7] has presented an algorithm for optimizing surface®@Per concludes with Section 6, some tasks and future works.
meshes. The main idea is to reduce the number of polygons to
minimize energy function. Different from other mesh
simplification algorithms, Hoppe’'s method can reconstruct
original shapes from simplified shapes. Lounsbery et al.[8] and
Eck et.al.[6] have developed the idea of Multiresolution Analysis.
The main idea is that any function can be decomposed to a Iov?' Data Structure
resolution function and a series of components. This idea is
applied to the meshes of arbitrary topology. Taubin et. al.[9] havezll Data Structure of XVL

prese_nted the Compressed B.”?ary Format of VRML. Ponhedr_onThe most important properties of XVL are compact data and

data is compressed by describing wo mterlockl_ng trees. Abadje\éurface representation. When a polygon mesh is used to represent
gt.l_al.[légage de\(ek:oped Me(;aStre%r]r_l, a practlilal frameworl;éoa 3D object, to reduce data size, the resulting shape is inadequate.
eliver 3D-Data with texture data. This approach constructs 3D-r, get high quality data, the data size increases tremendously. A
Data and additional information progressively. Although many free-form surface is thus used to overcome these problems

appr_oaches have been proposed, none of them satisfies t_hﬁmultaneously. Free-form surface can represent complicated
requirements of both data compactness and surface shape quahtg

This is b h hod based | h hapes with few control points. By using free-form surface, the
Is Is because these methods are based on polygon meshes. 56 nt of data decreases and more sophisticated shapes can be

Subdivision surface is another approach to generate a qualifiedepresented with reality. We have introduced a lattice structure to
rendering image of surface shape from simple mesh. Doo andepresent free-form surface efficiently. Using lattice structure
Sabin[5] and Catmull and Clark[2] have developed a fundamentaimakes it possible to reduce the amount of data to represent free-
theory of this technique. This method can be applied to meshes dbrm surface shapes and also to manipulate surface shapes
arbitrary topology. Our approach, which can generate free-formintuitively. Because lattice structure is regarded as a polygon
surfaces from the arbitrary mesh, is an extension of Doo andnesh, it can be implemented as an extension of VRML, which we
Sabin's work. DeRose et. al.[4] enhanced Catmull and Clark'sall XVL.
method for the practical use of contents creation. Their method
can generate a variety of surface shapes by blending multipl
surface shapes. Subdivision surfaces are adapted to hand
arbitrary topological meshes, which are easy to implement. This
method, however, requires successive filtering steps to genera
limit surface shape, thus prediction is difficult.

Lattice structure consists dfattice Surfaceand Lattice Mesh
attice Surfacas free-form surface data represented by a Gregory
atch[3]. Gregory Patch has been used to represent surfaces with
eometric continuity. Because it can be converted to NURBS,
attice Surfacecan be used in CAD/CAM systems. Figure 1
shows Lattice structure. Left object is thattice Meshand the

One of our goals is to create compact and qualified 3D-Dataight object is the correspondihgttice Surfacelattice Meshis a
suitable for data transmission through the Internet. To achieve thipolygon mesh which has the same topologiattice Surfaceand
purpose, we propos¥VL(eXtended VRML with Lattice) , a has properties to reconstruct surface shape. As shown in Figure 1,
new framework of 3D-Data using lattice structure. Lattice topologies ofLattice Surfaceand Lattice Meshhave one to one
structure consists ofattice Surfaceand Lattice Mesh. Lattice  correspondence and can be interchanged.
Surface is free-form surface data represented by a Gregory

Patch[3]. Lattice Meshis a polygon mesh which has the same ) ]
topology aslLattice Surfaceand has properties to reconstruct Figure 2 shows the method of migratingttice Meshto VRML.
Surface Shape' In XVL' instead Of transferring po'ygon mesh’LatUCG Meshcan be loaded from any kind of VRML browser as
Lattice Mesh which consists of vertices, topologies, and



polygon data. In cases where the browser supports XVL, the

polygon will be rounded, thus resulting in free-form surface shape.

#VRML V2.0 utf8

PROTO XVL_EDGE[
field SFFloat round_val O
field SFVec3fround_str00 0
field SFVec3fround_end 00 0
field MFInt32 is_round [1, 1, 1]

]

Text{
string["weight of edge rounding"]

}
PROTO XVL_STATUS|[

field SFString status "XVL_LATTICE"

]

Text{
string["status of shape"]

}

Group{
children][

## Shape information of Lattice
Group{
children[
Shape{
geometry IndexedFaceSet{

BHHHBHHH R R

## coordinate information
## of Lattice Mesh

FEHHTH T R T R

}
}
]
h

## Property information of Lattice
Switch{
choice[
XVL_STATUS{
status "XVL_GREGORY"

}

XVL_EDGE{
round_val 0.5
round_str011
round_end 0.20.31
is_round [111]

IndexedLineSet{
coordindex[ 24 103 ]
}

]
whichChoice -1
}

Figure 2: Method of XVL. Information of Lattice Mesh is
described in Group node. Information of properties to reconstruct

As shown in Figure 2, an XVL file consists of two parts, Group
node and Switch node, and combined to one Group node. The
Group node contains the information lcdttice Mesh which is
equivalent to polygon mesh. The Switch node contains properties
necessary to reconstruichttice Surfacefrom the polygon mesh.

In the Switch node, thevhichChoicefield is set to —1 enabling
non-XVL browsers to ignore this field. Heleattice Mestresults

in polygon shape on the browser. Otherwise, the browser obtains
attribute data from the choice field in order to round the polygon.
Also, any type of attribute data which are not supported by VRML
can be defined in this field (see PROTO XVL_EDGE in Fig. 2).

The simplest property of this example is version and status
information. The status information has two values,
XVL_LATTICE and XVL_GREGORY. In the former case, we
display the shape with onlyattice Mesh In the latter case, we
display the free-form surface shapelaittice Surface The next
property, which can be set to vertices and edges, is weight
information of the surface shape. IndexedLineSet node is used to
determine to which edges or vertices weight information is applied.
The same coordinate of IndexedFaceSet can be used. We describe
only the indices in IndexedLineSet. Weight information is
described as a scalar value and some vectors. If the property is
edge information, we describe one SFFloat field, two SfVec3f
fields and one MFInt32 field. The first SFFloat field is weighting
value. The next two fields are rounding vector of the start point
and rounding vector of the end point. The last field describes the
flags, whether to round an edge, start point, or the end point. For
example, putting a vertex in this field requires insertion of a
weighting value and rounding flags. In the parsing stage of XVL,
first we construct the shape béttice Meshand then check its
properties. If the status information is XVL_GREGORMttice
Surfaceis reconstructed frorhattice Meshand weight properties
of vertices and edges described here are reflected to the shape of
the surface.

2.2 Data Size

VRML makes it possible to transfer 3D-Data through the Internet.
Practical VRML data generated from a CAD/CAM system,
however, contains large amounts of polygon data tessellated from
free-form surfaces. Thus, its data size becomes more than 10MB.
Because XVL can represent free-form surfaces, the amount of
data required to transfer the same kind of surface shape, becomes
much smaller. Figure 3 shows a comparison of the amount of data
required by XVL versus VRML. The raptor model is used for
comparison in Figure 4. VRML consists of text data, and
generally supports binary data compressed by gzip. This also
applies to XVL. In Fig. 4, the division number for the polygon is
set to 8 for comparison. The result shows XVL can represent the
better quality shape with less than 10% the amount of data of
VRML. As a result, XVL shows the potential of expanding the
capability of 3D-Data use through the Internet. Moreover, after
transmitting the XVL file, the division number for the tessellation
can be freely edited to obtain required rendering quality. This
flexibility is another merit of using XVL.

Lattice Surface is described in Switch node. In the Switch node,
the whichChoice field is set to —1 enabling non-XVL browsers to

ignore this field.



Control points of Lattice Surfaceare calculated as a linear
transformation of vertex coordinateslafttice Meshas follows:

K Bytes
2500
_ R=2 KV,
2000
1500 B VRML Text whe_re Py is an obta_lined ccl)ordinatb’; is a vertex coordinate of
= B VRML Binary Lattice MeshandkK; is a real number.
1000 O XVL Text Linear transformation generally has its inverse transformation, as
B XVL Binary long as it is not singular. Therefore, each vertex coordinate of
500 Lattice MeshV, can be calculated by the following function:
oL JLJ;

2 4 6 8 Division Numhber VO = Zl i PJ
Figure 3: Comparison of data size. The division number for the ) _ o
polygon is set to 8 for comparison. The result shows the amount dfierelj is also a real number. These two functions indicate that
data of XVL is less than 10% of VRML. Lattice Meshcan be reconstructed frorattice Surface To

generate a polygon model representedLbjtice Meshfrom a
free-form surface model representedlajtice Surfacegenerated
curves are replaced by straight lines. We call these two operations
rounding and inverse rounding operations.

3.2 Generation of Lattice Surface

The basic idea of rounding is the same as the subdivision surface
of Doo and Sabin[5]Lattice MeshandLattice Surfacecorrespond

to base mesh and limit surface, respectively, of the subdivision
surface. However, while the subdivision surface method requires a
number of filtering processes to generate smoothly rounded
shapes, our rounding operation generates a smooth surface model
directly. The following shows the precise steps of rounding.

Figure 4: Raptor model used for comparison. Left model is
Lattice Mesh.

Step 1
Stepl is to find the vertex coordinates not changed in subdivision
filtering.
3. Conversion between Lattice Surface Subdivide theLattice MeshMy once with Doo and Sabin's
and Lattice Mesh subdivision rule and get the subdivided mésh Calculate the

face points(average of each vertex coordinates of the Fyce
M;. These points become the vertices battice Surface

3.1 Overview of Algorithm corresponding to the vertices lofittice Mesh This step is shown
Lattice Surfacés generated according to the following steps. in Figure 5.
Step 1

Calculate the vertex coordinatesladttice Surfacecorresponding  Step 2
to the vertex coordinates bhttice Mesh Vertex coordinates can

be obtained by the linear transformation of coordinatdsatifce In this step, we generate curves corresponding to thedi@sof

Mesh Lattice Mesh Define a vector between face polg and edge
point Q of M;. (Edge point meaning a midpoint of the edge.) This
Step 2 vector represents the derivative vector of the curve. Start Bgint

Calculate the curves dfattice Surfacecorresponding to the lines ~a@nd end poinP; of the curve were calculated in Stepl. Define the
of Lattice Mesh New curves are represented as cubic Bézierinner two control point$; and P, of the new curve. The two
curves. Control points are also obtained by the linearcontrol points are calculated by the following functions:

transformation of coordinates béttice Mesh 4
RP=3RQ
Step 3 3
Interpolate Gregory Patches to the region surrounded with cubic 4
Bézier curves. Topology of theattice Surfaceis the same as PR, :§P3R

Lattice Mesh



Now we can define a cubic Bézier curve with control points curve respectively (b). Define a Cubic Bézier curve with control
Po,P1,P2,Ps. This step is shown in Figure 6. points R P, P, P3(c).

Step 3

In the last step, using Chiyokura’'s method[3], the regions
surrounded with cubic Bézier curves are interpolated by bicubic
Gregory Patches. Generatddattice Surface has the same
topology ad attice Meshas shown in Figure 1.

Rounding Weight

A wide range of surface shapes can be represented by specifying a
weighting parameter to each edge and vertex. The main idea is to
a b move the face points(PO and P3) calculated in Stepl. We can
move these points by changing the filter of subdivision. This
information is stored as weighting properties.

4. Applications with XVL
We have developed two applications to demonstrate the efficiency
of using XVL. These aré.attice Designerand Lattice Kernel

rd Lattice Kernelis a solid modeling kernel, which is used as a base
software to develop.attice Designer a solid based 3D design
system.

\ J K

C d

Figure 5: Calculation of vertices on Lattice Surface. Initial Base 4.1 [attice Designer

mesh M(a). For each faces of i connect face point and edge | attice Designe(Figure 7) is a 3D design system which offers
points(b). For each fac_es made in (b), calculate face points(C).intuitive user interface based ohattice Mesh and XVL
Connect these face points and generate new Meslrdd each  jnoyy/output. By transmitting 3D-Data with XVL, users can design
faces of M, calculate face pointskt). collaboratively by sharing the same model on each screen.

The realistic human body model and MTB model, shown in
Figure 8, are transferred as only 44KB and 39KB XVL data,

) A Co C1 respectively.
e
1 Pt - ..
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e e _;j\‘
~ /
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Figure 7: Snapshot of Lattice Designer.

Figure 6: Calculation of control points of the curve. Define a
vector between face poing Bnd edge point Q of Ma). P, and
P; calculated in Stepl become start point and end point of the



Figure 8: Human body data(44KB) and MTB data(39KB)

4.2 Surface Modeling with a Polygon Modeling-

like Operation

Becausd attice SurfaceandLattice Meshare closely related, the
user can create surface shapes by manipulhttige Mesh This
indicates that the user can create free-form surface shapes with
polygon modeling-like operation. Figure 9 shows an example o
this practical modeling style.

Figure 9: Modeling with Lattice Mesh. User can create free-form
surface shapes with polygon modeling-like operation.

4.3 Dynamic Feedback Modeling

Simple modification ofLattice Meshresults in an immediate
modification ofLattice SurfaceThis enables users to interactively
change the surface shape by a type of real-time digital clay
modeling. Figure 10 shows an example of this property.

Figure 10: Dynamic feedback modeling. Users can modify the
surface shapes with real-time digital clay modeling.

4.4 Direct Manipulation of a Surface

A direct modification ofLattice Surfaceis possible. Here, the
corresponding meshes are internally re-generated by the algorithm
described in Section 3. This enables a seamless operation of
modeling the shape either by modeling a lattice or a surface.

4.5 Data Exchange with CAD/CAM Systems

Becausel attice Designeris a solid based modeling system, the
data exported from Lattice Designercan be directly used in
CAD/CAM systems. Moreover, XVL can be converted to STL
fgrmat used in rapid prototyping (RP) systems. Generally, STL

ffl es are huge, therefore XVL offers a network solution to RP

systems. Figure 11 shows a demon model made by a CAM system.



Figure 11: Demon model made by CAM system.

4.6 Lattice Kernel

In short,Lattice Kernelis developed as a scalable solid modeling
toolkit transmitted in the XVL format. The application field may

6. Conclusions and Future Works

We have presented a framework of XVL as a compact 3D-Data
format with high quality surface representation. The data structure
can be migrated to VRML to use the Internet environment.
Because XVL is based on a free-form surface, transferred XVL
data can be directly utilized in CAD/CAM systems. This enables
rapid transmission of practical data through the Internet. Lattice
structure is composed of free-form surface and simple polygon
mesh. These two data have the same topology and are
interchangeable. A wide range of surface shapes can be generated
using weighting factors. The rounding algorithm is so simple that
rapid surface generation can be accomplished. Because of the
compactness and ease of surface manipulation, XVL application
fields are vast. Now we are extending XVL to migrate X3D. XVL

is an extension of VRML, and therefore the same extension is
easily accomplished in the framework of X3D. In order to
completely exchange CAD/CAM data withattice Kernel a
future task is the support of timmed-surface.

vary from CAD/CAM, to amusement, to 3D browsers. This type 7. ACKNOWLEDGMENTS
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for example. An application of thé&attice Kernel can be

extremely compact, thus high-speed, by simply using the polygor{1]

module and omitting the complex surface.

5. Results
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