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The use of 3D animation tools at experimental design is new, easy to
use and creative method of generating free-form structures. This paper
presents a transdisciplinary or hybrid approach through the creation of
multimedia educational materials. The multimedia consist of short
animated forms supported by concise textual explanations with aim to give
the students of engineering and art the basis of geometrical education.

1. Experimental design

The experimental design deals with the creation and generation of free-
form using 3D animation tools. At the multimedia DVD are integrated
contributions of the experimental design representing research and
experimentation of free form.

1.1. Freeform

Free-form surfaces (free forms) can be classified according to the value
of their total or Gaussian curvature. Their further classification is possible by
way of their generation. The most appropriate method of determining the
geometric surface, in a constructive sense, is to consider them as parts or path
(track) of lines and curves. Methods of generating a geometric surface are:

1. Dilative translation: expansion, contraction; 2. Translation:
translation profile curve along another curve; 3. Rotation: rotation of the
plane or space curve around the axis; 4. Movement made by another straight
line or curves the directrix: ruled surface; 5. NURBS surfaces (Non Uniform
Rational B-Spline).

NURBS surfaces and techniques provide ways for determination of any
imaginable surface. Freeform NURBS surfaces require complex geometric
structures of objects, starting from the line, curves and planes, their mutual
interactive procedures to determine and create new forms in an iterative
manner. Complex network mapping NURBS surfaces are composed of parts
with control points and polygons. The term element means lines, surfaces or
solid, the element of finite dimensions. A basic function of NURBS in most
cases 1s not of interpolation character. There are two kinds of concepts
network: the control network and the physical network. The control points
define the control network and the control network is interpolated by control
points. The control network consists of multi - linear elements in two
dimensions that are bilinear quadrilateral elements, and the three dimensions
as three - linear hexahedron. Control network does not correspond to real
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geometry but control it. Control network looks like a typical network of finite
multi - linear elements. Control elements could be translated to much simpler
forms such as triangles or tetrahedral. The physical network is decomposed -
disaggregated actual geometry. There are two terms of physical network
elements, such as: patch and knot range. Patch involves macro-element that is
made of an arbitrary number of finite elements. For most academic tests one
patch is sufficient to represent the matter to any curve, surface or solid. In the
case when the surface is complex character meaning that it contains of
surfaces of different origin (cylindrical, spherical, conical, etc.) should be
introduced more than one patch. Each patch has two teams, one in nature, and
one in physical space. In the two-dimensional topology, the patch rectangle in
the natural domain representation is the three-dimensional cuboid. Patch may
be decomposed into intervals that are defined by spacing between nodes.
These defining elements of the domain are the basic functions of smoothness.
Nodes could be understood as micro elements because they are the smallest
elements isogeometry dealt with. Also they have a team in natural and
physical space.

The key to understanding NURBS is an index (parameter) space that
uniquely identifies each node; it also discriminates amongst those nodes that
have a multiplicity greater than one. All points are control and some of them
are interpolation, these are just the ones that belong to the surface. For
interpolation points weighting factor is equal to one. NURBS (Non-Uniform
Rational B-Splines) are a standard in describing and modeling curves and
surfaces in CAD (Computer Aided Design). The computer analyses of
geometric NURBS are used for isogeometrical analysis. From the computer -
geometrical's point of view NURBS provide precise represent effectively the
data geometric forms, with the ability to control a simple form of interactive
manipulation of control points, weights, knots and degree of curvature. Using
NURBS modeling system used an internal representation for a wide range of
curves, surface and bodies

1.2. Free-form dome structures

Good example of using free form structures are on domes. Images
shown variations of free-form dome structures formed from various basic
geometric shapes. From free-form dome structures formed by triangles, free-
form dome structures formed by hexagons to variants of triangulated 3D
mesh.

Figl. Variations of free-form dome structures
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2. Multimedia

Regarding the method of generating free-form using 3D animation
tools Softimage provide more detailed explanations on published multimedia
related to the experimental design. Animation was chosen as the new method
because it allows the observation of shape changes in time. So far it was
working in the context of a model with a fixed shape while here form
changes, develops, and tests. Through these changes the experimenting with a
new degrees of freedom. In 3D applications deformers can serve for modeling
or animation in the sense that it is required to follow changes - deformations
in time.

2.1. Animation

During the animation process a large number of points is taken to
follow the topology which facilitates a larger number of forms. With a larger
number of points and denser network configuration change that is more
organic - freer and the result is softer. NURBS geometry is one of the softer.
The basic geometric bodies are chosen in order to move from simple shapes
to better display the differences in the results. Lattice deformer enables prism
around the object, the prism has a small number of points. In order to
facilitate deformations points are grouped into clusters and the choice is free;
it is possible to make cluster from one point but this is often done in groups.
Clusters are used for animation. Basic geometric transformations that are used
here are Scaling, Rotation, and Translation (SRT). We distinguish between
rigid (hard) and soft (organic) surface. The process of making multimedia is
rigging; it's the process of the control for animation. There is possibility to
choose several forms simultaneously. A number of variations of shape could
be obtained because it is possible to animate the geometry the object itself
except animation deformers. It is also possible to work simultaneously on the
object and animation deformers. Tools that are used are tools for character
animation allows the digital sculpting. It is possible to selected one form for
further deformation and animation. Multimedia applications show that the
animation tool can easily affect the topology. The network can be selected
form a triangular or quadrilateral, but furthermore can be changed one into the
other.

3. Multimedia DVD.

On multimedia DVD in the framework of experimental design (free
form) are multimedia described in this paper: Lattice deformer (Lattice),
Duplicate along a curve, and profile and two guides (Birail tool). On Figure 2,
3 and 4 showed the front page of multimedia.
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metode generisanja slobodnih form
GENERISANIE GEO.

Fig 2. Frontpage: Lattice Fig 3. Frontpage: Duplicate along a curve

Fig 4. Frontpage of multimedia: Birail tool

Conclusion. Multimedia DVD is the digital learning tool done for the
students of engineering and artistic orientation, to greatly facilitate and
accelerate the process of geometrical education. The DVD is composed with
short animations which could be used for exercises, further experiments and
explorations in any software that is available to students. The accent is to
stimulate students for further research at free-form construction process. The
importance of dynamic geometry education is to make the opportunity for
almost unlimited variations in forms. The special advantage of this method is
the possibility to create the physical models of chosen form.
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HU®POBOE MOJAEJIUPOBAHUE KOHCTPYKIIUU CO
CBOBOJHOM ®OPMOM ITPY SKCHNEPUMEHTAJIBHOM
IMPOEKTUPOBAHUU
A.Kykaxkoeuu, H.Teoghunosuu, b. /[>icoeuu

Cnoco6 3D aHuMauuM 0OpU 3KCHEPUMEHTAIBHOM MPOECKTUPOBAHUU
€CTh HOBBIW, MPOCTOM B HCIIOJIB30BAHWUM W TBOPUYECKHI CHOCOO CO3AaHUS
KOHCTPYKIIMH CcBOOOMHON opMbl. ITa cTaThd MpeACcTaBisieT coOou
TPAHCAMCUMIUIMHAPHBIA ~ WIM  TUOPUIHBIM MOAXOA TYTEM  CO3JaHUs
MYJIbTUMEIUMHBIX YYEOHBIX MaTepuasoB. MynbTUMEIUNHHBIN MaTepuan
COCTOMUT M3 KOPOTKHX AHUMALMOHHBIX ()OPM M CONPOBONKAAIOTCS KPATKUMHU
TEKCTOBBIMU IIOSICHEHUSIMH C LIE€JIBIO JaThb CTYJCHTaM MWH)KCHEPHBIX U
APXUTEKTYPHBIX CIIELIUAIIBHOCTEN OCHOBBI reOMETPUYECKOTO
dbopmooOpazoBaHUs.
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OU®POBE MOJAEJIOBAHHSA CITIOPYAU 3 BI/IBHOKO ®OPMOIO
IIPU EKCHHEPUMEHTAJIBHOMY ITPOEKTYBAHHI
0. Kykakoegiu, H. Teogpinoeuu, b./[>cosiu

Croci6 3D animariii npu eKCiepuMeHTaIbHOMY IPOEKTYBaHH1 € HOBU,
NPOCTUH y BUKOPUCTAHHI 1 TBOPYWU CMOCiO CTBOPEHHS CIOPYHA BiIBHOT
dopmu. Ll crarTsa siBase COO0OK TPAHCAUCHUIUTIHAPHUX a00 T1OpUIHMIA
MIIX1J [IJIIXOM  CTBOPEHHS  MYJBTUMEIIMHMX  OCBITHIX  MarepialiB.
MynbTUMENIMHUN MaTepiall CKIAJA€ThCs 3 KOPOTKUX aHIMaIlliHUX (GopMm i1
CYNPOBOKYIOTHCSI KOPOTKMMHU TEKCTOBUMHU TOSICHEHHSIMU 3 METOI0 JIaTh
CTyJIGHTaM 1HXEHEPHHX Ta apXITeKTYpHUX CIEIaJbHOCTel OCHOBU
T€OMETPUYHOTO (POPMOYTBOPEHHSI.
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