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A 3D Modeler Using Genetic
Algorithm
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Abstract We propose a new approach to easily creating 3D geometric models from real
objects. Genetic algorithm (GA) is used as a framework for the acquisition of approxi-
mated models and the creation of new 3D geometries from the real objects. We use the
implicit method for 3D geometric representation. A set of model parameters to approxi-
mate a real object’s shape are explored by GA. Then, the approximated model is evolved
to various 3D geometries by the proposed modeler using interactive GA. The user can
easily create novel 3D models through subjective evaluation.
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L Introduoction

Computer graplacs [CG) beeomes a
popular technology in wany fields such
as games, wediciue. product desigu. and
art. However. an enormons amonnt of
time and efforts is reguired to creare 3D
models from sevateh. Ooe solution is to
capture a real object’s shape with the 3D
geanner, produce a deformalle model from
the scanned object data (called a point
clond}. and produce new geometries by
deformnng the model. This method re-
lies on & fact that a new product tends to
b procuced by modifving the current de-
sign rather than inventing a new one from
ecratel, Becanse a point clond comsists of
many digcrete 3D vertices, it is difficult to
use as a base wodel for deformation,

Therefore, a methed to antomatically
convert the point clowd to a delormalile
AD wodel is desired. Moreover. the nser
nead a good design sense to create appeal-
ing shapes. Consequently. & mechanism to
support easy creation of new 3D geoine-
tries from the deformable model also 15 a
critical requirement.

There are many published methods to
convert a point cloud to some types of 3D
model[1][2]. However, they do not eon-
sider to automatically ereate new shapes
from the acouired mode] after the conver-
sion. Other research proups focus on the
modeling nterface to realize eagy defor-
mation[3][4]. They cannot, however. effec-
tively support the nser’s ent and oy pro-
eese to create new models.

Our proposed wethod is to make a de-
formable 30D model o a point elowd
with GA aiud to create new 3D peonyetries
Tazere] on the deformalile mode] with inter-
active GA, It represents the deformalle
model by using the implicit method[5).
An implicit model has a set of deforma-

Figure 1; Implicit models,
injdefimmation and blendmg of prnitive shapes
[ Lhmpdias mode] cxampde

tion parameters to define its geomerry,

Because the modification of these pa-
rameters mtaitively  deforms its omoedel
shape. a set of optinnun parameters (o
approximate a point cloud can be foud
by using an  appropriate  optimization
method, The dimension is generally more
than fifty, We adopt GA as a unified apti-
mization method for these problems. Ad-
ditionally, & set of parameters to represent
new and muovative 30 shapes can also be
explored by such au optimization method.
GA 15 an excellent method ar finding an
aptimim solution i a very browdl search
BpRCE.

Finding a set of implicit mode] parame-
ters to approximate a specific point cloud
is a very diffienlt problem becanse the
search space of moedel parameters is a
very high dimensional space. While other
optimization wethwls can easily find Jo-
cal optimum solution in suel bigh i
mensional space, the proposed GA-basged
seatch method ean efficiently find a glob-
ally optimmn solation.

The mteractive GA-based deformation
method ereates various 3D shapes fron
the approximated model. A group of musd-
ele, the so called a generation. is exhib-
ited Lo thee user and the user subjectively

e



Fignre 2: Superquadries expansion methaod

for ecpmentation.

evaluates these models in the generation
The system produces o new set of mod-
¢lz based on the user's evaluation using
GA and exhibits themn again, This pro-
Cir4E 15 1'1*]1-|-'u;| e el |]||= USET #e0 & ,;'|.p:;i-|_-_
able model. Becanse this process deniands
no skills and knowledge ou CG model-
iy, BVl Hovice mser can easily create e
medels.  Various shapes jncloding unex-
pected] oues can intuitively be produced
lteause of GA's randomuess.

2 GA-base 3D Modeling

2.1, Implicit Model

The iL'L'I.J.IiEII'.':h method blends |_|||'|]r.il_:|1_-
primitive shapes to generale & complex ge-
ometry as shown in figure 1[5, A primi-
tive shape is represented by using a su-
perguadric: function. being defined Ty a
get of deformalile parameters. The jm-
plicit model can intuitively be deformed
by chauging the parameter values.

2.2, Deformable Model Generation

Using GA

A point ¢lond taken from a real oliject
needs to be segmented before the appros-
maation.  We introduce a segueutation
methed, what is called the supergquadrics
expuusion wetlod |G, This method swells
a superguadrie sphere in the point elowd
until the sphere matches the point cloud’s
surface,  All vertices matched with the
swelled sphere is segmented as a part. Fip-
ure 2 shows low this method work. The
process i iterabed until &l verfices 1 the
point cloud are segmented, Finally, the
point clond is converted to a set of parts
and each part js used Lo generate a de-
formable mndal.

GA is used to explore au optimwm sef
of paraneters to approximate eacl part in
il .‘if"l_.:n1+'llr|=~|| proinl RIVITH seErarely Fi'l.'r'
are 3 illusirates the shape approximation
process,  Each sepmented point cloud s
approxiuated oue superquadries primiive
shape by GA operations. Each primitive
shape, the po called an individual. is en-
coded as & chromosome and a ehromosome
m genotype consists of model paramerers
of & prinutive shape, A group of individu-
ads. what is called a generation, is created
lor the parameter optinization by GA,

The process of O Eir e mocle] [AEraL-
eters 32 a5 follows,

1, Create the first generation by ran-
domiving model parameters,

2. The fitness value of eacl individual is
calcidated by a predefined evaluation
fnnetion,

3 The next seneration is created Ioy
the simulation of natural evolutionar
processes such as seleciion, crossover,
and mutation based on esch idivid-
wal & fitnese value,

-



first generation
(coding)

optimiizstion

{evolutiog) .

4 evaluation
amimeas (fitneas vakue)

Fifage jmmge
[vertices] |

| final generation (secoding) | ket

& proximaied
primitive shape

. -

primitive shape |
Iversices]

Figure & Approgimadiom process of ane peimilive shape by GGAL

1. Eeturn to step 2 nntil an optimunin set
of primitive paraumneters js foumd.

A set of vertices |5 penerated from the
priwitive paramerers to caleulate the Hi-
pess value for each individual. Next, a
pair of nearest vertices is spotted between
the segmentsd point clond and the prime
itive shape, aul the distance of the ver-
tices pair is caleulated, The distance cal-
culation is executed for all vertices in the
segmented point clond and the prmomtive
shapes. Then, the fitness value F 15 com-
puted as follows:

F = .-I.l"l"'}‘l\-..g + EIID}E-\A-"_I

where Ave 15 the average distance herween
the segmented point doud and the prine
itive shape, 50 is the standard devia-
tioar. awd wy and wg are the weight values.
Because smaller fitness value means bet-
ter modle] parameters, the set of optimum
parmueters 15 detected when F hecomes
smaller than a predefined threshold.

As the approximation Process i8 eN-
ecuted for all sepmented paris, a de-
formable model approximating the cap-
ture] pojnt cloud is acouired by blending
all primitives with the implicit method.

2.3. Model Delformation
Using Tnteractive GA

A deformable model acquired o the pre-
vions approximation process s used as an
initial shape and deformed to produce new
models by interactive GA.

First of all. this process randomly vi-
brates the model parameters to ereate a
st of varied models as an iitial geners-
tiom. Up to twenty models are simmltane-
ously displayed ax shown in figure 4. Next
the nser intuitively selecr their preferabile
shapees in the display and give them lagler
fitness values, Then, the system prodoces
a new set of models (6 pew pencration)
based on the miven htness values and dis-
playe them sgain. This process is repeatodd
il the nser gets o satisfactory modal.
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2 A-hased mikilebing,

A difference between the  interactive
GA-based deflormation and the GA-hased
shape approximation is how to set the fit-
ness value, While the fitness value is cal-
culated by a predefined evaluation Fune-
ton in the shape approsimation. it js set
iy the nser based on their subjective pref-

erence m the model deformation. A set of

wodlels in a population is evolved by sim-
ulating the GA operations such as selac-
tion, crossover, and muration as clesepibied
in Ll J.:I.I.'l:"'-'il:ll'l.h sectjan, Fjgurr- S ahowes e
provess of the interactive G A-hassd mod-
eling,

3. Preliminary experiment

We conductd a preliminary experiinent

Fipure 6: Exportimontal result

" . ¥
al .-:1|:|||r IO L FO.
{0 leharheter morchandise s i axperrnanent

ihjpoing choasd with aurface rendering
{ ¢ lapprosamart e medel

to Lest the effectiveness of our proposed
method. We used a character merchan-
dise, as shown in figure Gia), as an (M1 2=
mal model, and tried to create different
shapes from it. Figure G{li} shows a proint
clond with surface rendering captured by a
S0 seanner., the Minelta's VIVID 700, aad
fignure G{« | s an approximated deformable
maoclel derived from the poine cloud. The
shipe approximation is performed under
the following conditions:

s Population count 1= 100,
o Solection rate is 80 %

o Urossover metlhond s

LIOS50E T,

ame=pomd
o Mutabion rate js 1%

The seformalde mode] is approxinated
by usimg five primitive shapes and de-
formed by the interactive GA modeler, Ax
A resile . some inter esting chavacter aliapes
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Fugure 7: Experimental resalts

of deformetion.

are acouired as shown in fisure 7. The ap-
proximated model 15 nol =0 accurate one
as found i other proposed methods|1]]2].
It catches, however, enough featnres of the
ariginal shape and provides a good start in
the followimg mode] deformation process,

4 Conclusions

We proposed a modeling method to eas-
ilvy creating 3D geomerries from real ob-
jects. It allows the user to create new 3D
shapes without depend on any expertise
in 3D maodeling technigues.

The approximation, however, some-
times generabes an inappropriate shape
from the poiut clond, becanse the GA pa-
ratneters are not sufficiently tuned. We
need to optimize the GA paraneters for
selection. crossover, and mutation opera-
tions. Ve also need 1o conduet further ex-
periments using wore fealistic objects to
prove the effectiveness of ow method
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(1) XE
2GHz #HOBEIM & L TiX, 1998 4E FCC (Federal Communication Commission)iZ X ¥ . AIA
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MDS Multi point Distribution Service
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CREETIERLTWA S —2bRZIONER, BRTORBNIEA L F—Fy bD
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KFRCAND I ENTRETH D, AT, [ERLANBIT Y 7 b7 250D HB8
LTETWD, L2L, T—FRTETRTUEZBHETEL LW IHOMLIIVWEFERESL
TV,
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