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The main objective of the work is to develop a program for the construction of
computer graphic models of real objects in three-dimensional space, as well as of relief
perspectives of compositions in interactive mode formed by means of various objects.

For the development of the program, the following baseline data can be used:

a) the geometric description of a real object or a composition formed from several

objects (i.e. shape, dimensions and mutual position of the objects);

b) as a starting point, a three-dimensional graphical model of a real object or a

composition of several objects in any computer graphics system.

The choice of the first version of the baseline data is not recommended because there
will be a need to repeat the development of already existing programs intended for the three-
dimensional graphic modeling of objects. Therefore, we choose the second version of the
baseline data. In case of selecting this option, the construction of the relief perspective
graphic model of the object can be carried out by modifying the already built three-
dimensional graphical model of the object. This approach is justified if the fairly high level
of development of modern computer graphics and such a wide market of various computer
software means intended for the automation of graphic modeling and graphic information
processing are taken into account.

Keywords: baseline data, graphical model, composition, relief perspective, modeling,
surface, three-dimensional set.

Introduction.There are well-known leaders in the market, one of which (if not
the first) is the automated graphic system AutoCAD, that implements the modern
3D (three-dimensional) modeling and design technology. Since the AutoCAD
system has the widest possibilities for graphical modeling and modification of the
above mentioned models compared to other similar systems, it is world-renowned
and is considered to be the most suitable one for solving the problem proposed by
us, therefore it is thought appropriate to develop a relief perspective construction
program to be implemented in this very environment[] Programs designed for
AutoCAD can be developed (or introduced) in a number of programming languages,
including C, C++, Visual Basic, AutoLISP. The latter, that is the AutoLISP
language, appeared to be the most suitable among these languages, as it can fully use
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AutoCAD graphic database and is efficiently dealt with. Thus, we will present the
developed program in the AutoLISP language.

The real possibility for the existence of any model is primarily due to the
accurate geometric modeling of the object, during which the geometric properties of
the object are reproduced: shape, dimension and position. The following two main
methods of geometric modeling of objects are used in AutoCAD.

Modeling by means of two-dimensional surfaces. The essence of this method
is that only the two-dimensional closed surface of the projected object is modeled,
which is formed as a combination of the simplest faces (plane and curve). This
method is more often used in the design of complex, dynamic surfaces, especially in
such cases where high accuracy and aesthetic requirements are needed for the
designed surface.

Three-dimensional solid modeling. The essence of this method is that not only
the surface of the projected object is modeled, but the entire three-dimensional set of
the points bounded by it is also projected, in case of which the model is formed as a
combination of the simplest bodies. This method is more often used in the design of
such parts of the machines that can be obtained by stamping and cutting.

The abovementioned methods of geometric modeling should not be confused
with the modes of projecting the model on the screen. In AutoCAD, the following
projecting modes are used.

» Wireframe mode (2D Wireframe). The model is depicted by means of one-
dimensional lines. On the screen, only the frame is visible constructed with the edges
of the object.

e Invisible line exclusion mode (Hidden). This mode allows to take away the
edges of the object which are invisible in the current view.

* Shade mode (SHADEMODE). The current view presents a painted (shade
mode) model of the object.

* Render mode (RENDER). This mode allows to obtain a realistic model of the
object in successive steps, taking into account its material, light and color properties.

In order to clarify the peculiarities of the geometric modeling methods, let's
consider the modeling process of the object (real object) depicted in Fig. 1, applying
each of the methods listed above.

Fig.1. Object modeling
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In order to obtain the geometrical model of an object with the help of k two-
dimensional surfaces, it is necessary to perform an analysis of the shape of the given
object, during which its surface is mentally divided into such separate simple faces
(plane and curve), each of which can be matched (approximated) to the geometric
model with any plain or textured surface having a certain accuracy built in the
AutoCAD system [1-6].

In our example, the surface of the object being considered can be divided into
the following component parts (Fig.2a).

Component 1 consists only of flat sessions and can be built with the implementation
of 3D Face command.

a) b)
Fig.2: a - Division of the object surface into component parts, b- The geometric model of
the object constructed by the method of surfaces

Components 2, 3, 4, 5 are smooth regions (Regions) that can be constructed with
the help of respective lines by means of the Boundary command.

Components 7, 8 are surfaces of revolution, for the construction of which it is
necessary to have the respective nodes (generatrices) and axes of revolution. The
construction is performed with the help of the Revolved Surface command.
Component 8 can be obtained as Kuhns surface which is defined by four lines
(edges) connected to each other. The surface construction is realized by means of the
Edge Surface command. After having constructed the above mentioned components
of the surface of the object, it is necessary to check the accuracy of their mutual
position and include them in a single group. This is possible with the help of the
"GROUP" command.

Fig. 2b shows the geometric model of the considered object built by the method
of surfaces, which is depicted by the modes of excluding both the frame and invisible
edges.

In the case of k three-dimensional solid modeling, an analysis of the shape of the

object is also performed, during which, however, it is necessary to mentally divide
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the object into such separate simple parts, the combination of which will make it
possible to form a very composite body modelled by the given object.

The main core of the solid geometric model of the very object considered above
can be formed and constructed by using rectangular parallelepipeds A, B, cylinders
C, D and sphere E (Fig. 3a). By combining the parallelograms A and B, subtracting
bodies C, D, E from the obtained result, we get the composite body the image of
which in the frame mode (excluding invisible faces) is shown in Fig. 3b.

Fig. 3. Three-dimensional solid modeling: a,b,c

After chamfering 1, 2, 3, 4 rectangular and 5 circular sharp edges (sides), as
well as filleting 6 sharp edges (FILLET) of the obtained body we get the finished
complete solid geometrical model of the object under consideration, depicted in Fig.
3c.For developming the program for the construction of the graphical models with
k relief perspective of the real object, we choose as a baseline object the graphical
model formed by means of surfaces as the coordinates of the lattice points (nodes of
the polyhedron) necessary for its geometric transformation stored in the graphic
database of the AutoCAD system in the form of special lists, the application of
which while programming, can be available through special functions of the
AutoLISP language.

Graphical models of surfaces in AutoCAD are generally built by means of
the approximation method. In other words, the curved surface is replaced by such a
semi-circular face surface the vertices or lattice points of which (nodes) belong to
the curved surface. In order to build the lattice, it is necessary to propose a two-
parameter array of lattice points (nodes), a matrix of dimension M*N. M and N are
the number of the lattice points selected in the respective directions. For example,
the lattice depicted in Fig. 4a is constructed using a 5*5 array of points (the total
number of the lattice points is equal to 25).
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The denser the lattice, the more accurately the curved surface being modeled
is approximated. Besides, during the model visualization process, AutoCAD
provides us with the opportunity to smooth the lattices, in the result of which we
obtain a rather smooth graphical model of a curved surface (see Fig. 4b).

It is obvious that any surface can practically be modeled by means of
proposing the lattice method.

The designed primitive for constructing graphical models of arbitrary curved
surfaces is the lattice, which is an ordered combination of faces and is perceived as
a whole. The construction of the lattice is performed with the help of 3DMESH
command.

b)
Fig. 4. Construction of graphical models of curved surfaces: a,b

The command is carried out as a result of a simple dialogue, at the beginning
of which it is required to specify the dimensions of the lattice, that is, the number of
lattice points in directions M and N (m and n).

After that, in a certain order (see Fig. 5) all the lattice points are presented.
In every direction any point from 2 to 256 can be proposed. The command ends after
the last lattice point has been presented. But the list of the lattice points of the
polyhedron approximating the constructed surface is stored in the graphic database
of AutoCAD under a special name (code) created for the given primitive.
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Fig. 5. Presentation of lattice points

Conclusion. In order to obtain a geometrical model of an object with the
help of two-dimensional surfaces, it is necessary to perform an analysis of the shape
of the given object, during which its surface is mentally divided into separate simple
faces (plane and curve), each of which can be combined (approximated) with a

certain accuracy to any geometric simple or formed surface.
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AutoCAD Ubhu4U3rnku OR3LUSh UN16LUYNPU UL UbNILEND
Lvuuruarnirfe3nkue

U.<. Unnnintywt, U.Q. Pulniug

Uofuwwnwuph hhduwYwu fuunppu & dowyby dpwghp' nwswid nmwpwdnyegjwu hpwlwu
opjtywnubiph, phuswbu uwl qwuwqwu optlywnubphg suwynpdws Yndwnghghwubph
nbihtdwiht hbnwulwpubph hwdwlywpgswiht gpwdhlwywu dnnbjubpp hunbpwynpy
nbdhdnwd Ywnnigbnt hwdwn:

Opwagph dowldwu hwdwp npwbiu Gulybunwihu myjuiutp Ywnbih £ ogunwgnpdt).

w) Ppwlwt opjtlinh Ywd opyllinubinhg dlwynpywd Yndwnghghwih Gplpwswihwlw
Ulwpwgpnugniup (Glp, swiptipp b opywntitiph thnfuwnwnd nhppp);

p) Cwdwlwngswihu gpwdbhyuywu npbt hwdwlwpgnud Guybunwihu hpwywt opytilinh
Ywd opjntiiphg dlwynpyws Yndwnghghwih tnwswih gpuphlwlw dnnbip:

Glwybunwhu wmyjwubph wnweoht wwppbpwyh punpnigyntup twywwnwywhwndwp sk,
pwuh np wjn nbwpnwd wuhpwdbown Yhup Ypyub, wpnbu gnjnyeniu nwubignn wjuwhup
Spwgntiph dowyndp, npnup twfuwwnbuynud Gu opjtywubiph Bnwswih gpwdphlulywu
dnnbwynpdwtu hwdwp: Nhuwhp dbp Ynndhg punpgt b Gwybnwhtu wndjwiutph Gpypnpn
wwppbpwyp: Wn wmwppbpwyh punpngjwu nbwpnd opjtlwnh nbhEdwihu hbnwulwph
gpwdhlwlwu dnnbih Yunnignwip huwpwynp & hppwlwuwgul) win opjiywnp' wpnbu Yuw-
nnigywsé tnwswih gpwdphlwlwu dnnbih duwihnfunyejwu dwuwwwphny: Uu dwuwwwphu
wpnwpwgynud k, Geb hwoyh wnubup dwdwuwywyhg hwdwlwnpgswihu gpuwbhlwih quip-
gwgdwu pwywlwuhu pwpdp Jwlwpnwyp b gpwbhlwlwu dnnbwynpdwu, huswbu
uwl gpudphlulwt hudnpdwghwih dowldwu gnpdpupwgh wynndwinwgdwt hwdwp wfuw-
wnbujwd pwqdwquu hwdwlwpgswihtu dpwgpuwihtu dhongubiph pwdwlwuht jwju onijwi:

Unwugpuyhti pwnbp. Guybunwhu ndjwiubp, gpwdbhluwywu dnnb), Yndwnghghw,
ntifhtdwiht htinwulwn, dnnbjwynpnud, dJwybtipunyp, tinwswith pwqdnie)niu:
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OIMMCAHUME METOAOB OBBEKTHOI'O MOAEJIMPOBAHUS B CPEJIE
AutoCAD

K.A. Coromonsin, M.I'. BakyHn

Llenpto paboThl sBJISETCS pa3paboTKa NPOrpamMMbl Ul HHTEPAKTHBHOTO
MOCTPOEHHSI KOMIIBIOTEPHBIX TpaUUecKHX MoJeNiel peabHbIX OOBEKTOB B TPEXMEPHOM
MPOCTPAHCTBE, a TakXke pelbe(HbIX MEPCHEKTHB KOMIIO3MIUMA, O00pa30BaHHBIX U3
Pa3ITUYHBIX OOBEKTOB.

Jlnist pa3paboTKy POrpaMMbl MOTYT OBITh HCIIOJIB30BAHBI ClIETYIOLIHE TaHHBIE:

a) TEOMETPHYECKOe OINMCAHUE pPEAIFHOT0 MpeAMeTa WM  KOMIIO3MINH,
COCTaBJICHHOU U3 IpeaMeTOB (popma, pa3Mephl U B3aUMHOE PACIIOIOKEHHE TTPEIMETOR);

0) TpexmepHas rpaduyeckas MOICIb PEaTbHOr0 OOBEKTa HIIM KOMIIO3HMIIUU
00BEKTOB KaK OTIPaBHAs TOYKA B JIIO00I cucTeMe KOMIBIOTEPHON IrpadHKH.

BbI6Op mepBOro BapraHTa UCXOIHBIX JAHHBIX HELENECO00pa3eH, Tak Kak B 3TOM
cillyyae  MPHAETCS  TOBTOPSATH  pa3paboTKy  yXKe  CYLIECTBYIOUIMX  MPOTPamm,
NpeAHa3HAYEeHHBIX ISl TPEXMEPHOTO rpaduiyeckoro MOAEIHPOBaHUs 00beKTOB. [loaToMy
BBIOMPAEM BTOPYO BEPCUIO UCXOHBIX IaHHBIX. [Ipy BEIOOPE JaHHOTO BApHAHTA TOCTPOCHHE
penbeHO-NIepCIEKTHBHON rpadynIeckoil MoeIn 00BEKTa MOXKET OCYIIECTBISATHCS ITyTEM
MOIUGBHUKAIMH yKE TTOCTPOCHHOM TPEXMEPHOU rpaduueckor Moenu o0bekTa. Takoi myTh
ONpaBIaH, €CJIM MpPHHATH BO BHHMAaHHME JIOCTATOYHO BBICOKHMH YPOBEHb pa3BUTHS
COBPEMEHHOW KOMIIBIOTEPHON Trpauku ¥ JAOCTATOYHO IIUPOKUN PHIHOK pa3IUuHbIX
KOMIBIOTECPHBIX IIPOrpaMMHBIX CpCACTB, npeaHa3HauYCHHbIX JJIsL aBTOMaTUu3aluu
rpagpuyecKoro MoeIMpoBaHus 1 00paboTku rpaduyeckoii nHGopmanum.

Knwuesvle cnoea: wcxopnHvie aaHHble, Tpaduyeckas MOJENb, KOMIIO3HUIIUS,
penbedHas nepcrnekTuBa, MOICIMPOBAHUE, IIOBEPXHOCTh, TPEXMEPHBIN HAOOP.
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