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k$ Overview

mill W
" Problem outline

= XISL introduction
= Implicit surfaces (implicits) in XISL
= XISL language
= Representation of implicits

= Conclusions and future work
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;$ Jntroduction

mill W
" |mplicit surface — a set of points satistying

equation f(x)=0
= Basic modeling approaches

= GUI modelers, programming languages and
declarative text files

= Representation of complex implicit models is still
a challenge
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;g ;aoals

=
= Assist in construction of arbitrary implicit models

" Propose a declarative modeling language
= Textual model representation
= (Clear and easily understandable

" Build a simple and intuitive API
" Provide conversion tools to various representations
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;g Related Work
—

A
Modeling systems for implicits:

= BlobTree [Wyvill99]

= CSG system, skeletal based surfaces, Python based
scripting

" Hyperfun [Adzhiev99]
= F-rep objects, high-level programming tool
= VTK toolkit, POV-Ray, ...
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= XISL - XML based scripting of Implicit Surfaces

= Components:
= XISL language

= Supporting software package
= Construction of complex implicit models
= Rendering, conversion to other representations

;$ XISL Overview
i
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ki XISL Building Blocks

n
= |Implicit objects: f(x)=0
= Bounded by implicit surface
= Analytic, geometric, convolution,...

= QOperations on objects

= Transformations, deformations, CSG,
Interpolations,...
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g Lnalytic Objects .

l“ n

= Algebraic functions
= First and second order polynomials
= Plane, quadrics
= Non-algebraic functions
= Exponentiations of quadrics
" Supershapes [Gielis03]
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;$ Geometric Objects

mil W
= Defined as a signed distance function

= Offset surfaces
= Distance from a skeleton

= Quadrics as distance based functions
= Representation proposed by [Hart96]
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\$ _Convolution Objects

L
= Convolution of a kernel function h(r) and a skeleton primitive S(p)

fp)= [ S(p)h(|s—pl)ds

R3
h(r) = : hr) = (1—}%—22)2 r< Kk
(14 52p2)2 a 0 r> R
pa.u.Chy kerngl Quartic kernel
(infinite domain) (finite domain)
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$ JNon-categorized Objects

= Surface approximation and reconstruction

= RBF approach reconstruction [Savchenko95] and [Turk
and O’Brien 99]

= |mplicit curved polygons [Pasko96]
= Function takes zero value at polygon edges
= Surface of revolution
= |nterpolation between implicit polygons
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ki Operations on Objects

n
= Unary operations

= Affine transformations, offsetting, twist,...
= Binary (n-ary) operations
= Blending, interpolation

= CSG operations
= Min / Max operators: union(f,g)=max(f,g)
= R-functions: union(f,g)=f+g+sqrt(f>+g?)
= Blend extension of CSG operations [Pask095,Dekkers94]
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The XISL Language

li alags (1)

" Tag: a basic element

= QObject tags

= QOperation tags (with sub-tags)
= Special tags (object variables)

<defObject name="two spheres union>

<gaphere:
</ g3pherex
<gipherex
</g3pherex
</hlendednionRE>
</fdeflhijectr
Julius Parulek SCCG 2006

<hlendedlUnionRf a0="0.3" al="0.Z" ai="0.2">

<wecd x1="TOM wZ=TOM w3=r0r 4=l

<wecd x1="01 xZ=T2N o x3I=TO0r ox4=r1tds
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The XISL Language
li alags (1)

" Tag: a basic element

= QObject tags

= QOperation tags (with sub-tags)
= Special tags (object variables)

<defObject name="two spheres union>
<hblendedUnionBf a0="0.3" al="0.2" g2="0.2">
<gaphere:

o

ecd H1="07 xZ="0" xI="07 Wg=rivSs
</ g3pherex
<gipherex
Cvecd x1=TOf wEZ=TrET o LI3="rOr oxg=ritds
</g3pherex
</hlendednionRE>
</fdeflhijectr
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The XISL Language

li alags (1)

" Tag: a basic element

= QObject tags

= QOperation tags (with sub-tags)
= Special tags (object variables)

<defObject name="two spheres union=

<gaphere:

</ g3pherex
<gipherex

</blendedlnionRf>

</fdeflhijectr
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|<blendEdUniDERf|aD="D.3" al="0.2" aZ="0.2">

<wecd x1="TOM wZ=TOM w3=r0r 4=l

<wecd x1="01 xZ=T2N o x3I=TO0r ox4=r1tds
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The XISL Language

li alags (1)

" Tag: a basic element

= QObject tags

= QOperation tags (with sub-tags)
= Special tags (object variables)

|{defﬂhject|name="twu_apheres_uniun"}

<gaphere:
</ g3pherex
<gipherex
</g3pherex
</hlendedlnionRE>
}q* defOb i Ect}|
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<hlendedlUnionRf a0="0.3" al="0.Z" ai="0.2">

<wecd x1="TOM wZ=TOM w3=r0r 4=l

<wecd x1="01 xZ=T2N o x3I=TO0r ox4=r1tds
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XISL language

‘§ alags (2

<defdhject namwe="cowplex spheres":
<blendedlnionkf a0="-0.5" al="0.2" az="0,2":>
<rotati =" il ="0r z=roMs
<getChiect ame="twu_spheres_uniun"ﬁ>
<frotation>
<translation x="0O" g="—1M" z=M1M;
<rotatipn x=MOM s=MOOr =M
<getChiect name=”twn_spheres_uninn"f}
</rotation:
</translation>
</blendednionkf=
</fdefibijects>
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L$ C++ Implementatior

IFunction

IFuncAnalytic IFuncConvolution | [FuncGeometric

IFuncOperation

IFuncVarious

= Class IFunction
= Basic abstract class

" Implements common functionality
= Qther implicit functions are derived from |[Function

Julius Parulek SCCG 2006
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é C++ Implementation

IFunction

3

[FuncAnalytic I[FuncConvolution | IFuncGeometric IFuncOperation IFuncVarious

= [FuncACone,
~uncACylinder,
-uncAParaboloid,...
" |FuncSuperEllipsoid,
FuncSuperToroid,...
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é C++ Implementation

IFunction

3

[FuncAnalytic I[FuncConvolution | IFuncGeometric IFuncOperation IFuncVarious

" [FuncCauchyLine,
FuncCauchyLineWeighted,...
= |[FuncQuarticPoint,
FuncQuarticLine,...
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.C++ Implementation

IFunction

[FuncAnalytic I[FuncConvolution | IFuncGeometric IFuncOperation IFuncVarious

" [FuncGTube,
~uncGSphere,...
= |FuncGCone,
~uncGCylinder,...
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§ .C++ Implementation

IFunction

| | | |
[FuncAnalytic I[FuncConvolution | IFuncGeometric IFuncOperation IFuncVarious

® [FuncBlendMayx,...

" [FuncRifBlendUnion,...

" |[FuncOffset,..

= [FuncNaryQuadraticint,...
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li .C++ Implementation

IFunction

IFuncAnalytic

IFuncConvolution

IFuncGeometric

IFuncOperation

IFuncVarious

" [FuncVis2D,

Julius Parulek

FuncVis3D,...

®= |FunclmplicitPolygon,
FuncSORImplicitPolygon,...

SCCG 2006
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L |
® |nner nodes:

operations
" | eaves:
objects

Julius Parulek

Lé .CSG Hierarchies

IFuncRfintersection
\\
/ IFuncNaryRfBlendUnion
IFuncAPlane *

IFuncASphere

|
. IFuncRfintersection 'i uncATube

IFuncSuperElliw

IFuncAPlane
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Lé CSG Hierarchies

L |
® |nner nodes:

operations
" | eaves:
objects

Julius Parulek

IFuncRfintersection
N

/ IFuncNaryRfBlendUnion
IFuncAPlane *

IFuncASphe're l
Tu nchIntersecti\gn 'lFu“CATUbe

IFuncSuperEllipsoid

e

IFuncAPlane
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= Simple C++ API

= XISL file loading and parsing
= Object manipulation

= Conversion to other representations
= Object voxelization
= Object polygonization

Lg XISL Tools
—

Julius Parulek SCCG 2006
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;g._ _Object Voxelization

= Discrete 3D grid representation

= \/oxelization methods
= Direct voxelization

= Representation by distance fields
= Sharp details correction (SDC) [Novotny05]
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Object Polygonization

L
= Adaptive polygonization [Bloomenthal88]

= Marching cube based algorithm [Lorensen87

Julius Parulek SCCG 2006
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li XISL tools

= POV-Ray format (xisl plugin for version 3.1g)

export

= OpenGL based viewer

=101 x|

Julius Parulek

SCCG 2006
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-

Availability

L
= Open source software

= Zlib licence

= Download (Windows/Linux versions)
www.sccg.sk/~parulek/xisl

= Supported IDEs
= CodeBlocks, MSVC, make

Julius Parulek SCCG 2006
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Lg Conclusions

mill W
= XISL - a development tool for implicits

= Language for complex implicits

= A way to script/store objects

= Support for most popular implicits
= Well defined API

= External tools

Julius Parulek SCCG 2006
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k;i Future work

L
" |nteractive modeler / GUI front-end
= Application to current research

= Development of high-level XISL tags for biological
models

Heart model

Muscle cell model
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W www.sccg.sk/~parulek/xisl
B parulek@sccg.sk

<defCbhject name="pei":

<intersectionRf:>
<unionRf>
<hlendedUnionREf al="0.2" g1="0,3" a2="0.3">
<aEllipsoids
<yend x1="0" xZ="0t xI=TOtSs
<vend K1="0.5" x2="0.2" x3="0.5" s
</aEllipsoids
<hlendedDifferenceRf a0="-0,1" g1="0,3" g2="0.2">
<aTubex
cvecd x1="0" xZ="0" x3="0T x4="0.257
cvend w1="0" x2="1.37 x3=T0T xd4="0LZ0M
</aTuber
<gEllipzoids
cyend wl1="0T xzZ=TiL4mt o x3=tonSs
<vecd x1="0.3" x2="0.4" x3I="0.3" s
</aEllipsoids
</blendedbifferenceRf>
</hlendedUnionRf>

<translation x="0" y="1,25" z="0">
<getChiect name="head"/>

</translations

</unionRf>

<aPlane>
<yend w1=t0T owZ=Tor o x3=torSs
<yend x1="0" xZ="1t ox3=rot/s

</aPlane>

</intersectionRix
</deflhiects
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