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Abstract

In this paper the description of the two - dimensional modeling program
of irregularly shaped objects is given. The program is very easy to use, it
works fast and has many other advantages.
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1. Introduction

The problem of two-dimensional modeling is the first step of achieving the optimal arrangement
of any irregular shape details on the surface. The applications of this optimization problem are
related to the real life issues in the field of optimal cutting from any limited material, for
example, wood, leather, metal or paper [1-4].

Actually there are some existing softs that can solve this issue [5], but they do not work with
irregular shapes. Some of them are working with rectangles only [6,7], the others are private or
very expensive.

The description of the objects usually begins with the design of digital model. For this
purpose a software environment is implemented in which the two - dimensional digital

models are created.

The interface of this tool is similar to already existing three-dimensional editors like
AutoCAD, 3ds Max, etc. But today’s existing tools are designed for three-dimension objects
therefore, they contain a very huge set of unnecessary tools and are hard to use. Meanwhile the
approach of creating a two-dimensional editor will simplify and speed up the process multiple
times, and will need less productive capacity.

The main principle of making an irregular shape object is manipulation with simple
geometrical shapes, because every complex shape consists of more or less amount of simple
shapes. These shapes can be designed manually, by mouse and with coordinates.

The paper is organized as follows. The description of simple geometrical shapes modeling is given in
the second section. How to manipulate with the existing shapes is given in section three. Making of any
shapes from simple ones is described in section four.
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2. Modeling of Simple Geometrical Shapes

In our program there are corresponding tools for creating simple shapes, the main shapes
supported by the soft are:

1. Rectangle

2. Ellipse

3. Polyline

They are automatically including the square, circle and other shapes. For creating complex
shapes from simple ones they have to be transformed, rotated and changed in dimensions.

When soft works only with these simple shapes, it needs only to remove the existed shape and
create some new shape with new given properties. But when it needs to work with complex
shapes the program has to remember all the simple shapes that the complex shape is made of,
and after transformation recreate all simple shapes, then transform them with the given way and
then again create a complex shape from them. Each of the above-mentioned elements has
specified tools. It is made for even more flexibility of the soft, and the modeling of the shapes
can be done without any limitations and deep knowledge of modeling. Here is the list of the tools
and their working modes:
1. Rectangle
1) To give the diagonal points: it can be done by mouse or by giving x and y coordinates
of that points in the specified fields, or with combined way, by giving the x point by
mouse and y by coordinates.
i) To give a one diagonal point with width and length of the rectangle: it can be done by
the same three ways.
2. Ellipse
i) To give the diagonal points of the circumscribed rectangle: this is very similar to the
first mode of the rectangle.
ii) In the special case to give the circle: it can be done by giving the center and r radius,
it also can be done by multiple ways, by mouse and by coordinates.
3. Polyline
i) To give the coordinates of the corner points: after giving the last point the soft will
automatically close the chain by linking the first and the last points.
4. Contour
i) Itis the special case of the polyline with very small distances, it has been included for
easier work with irregular lines and curves: it is convenient to give by mouse, it
continuously takes the points and creates a very deep cornered polyline. If it is not
necessary to achieve a very high level of accuracy, this tool can be used (see image
1).
5. Point
i) Itisnotan independent object, but it will help to use all the above described tools.
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Fig. 1. Object created by the program.

3. Manipulating with Existing Shapes

The movement of the objects is realized by the geometric center. The coordinates of that
point can be calculated with the help of the circumscribed rectangle:

x = TopLeft.x + Width/2, (1)
y = TopLeft.y + Heigth/2,

where TopLeft.x and TopLeft.y are x and y coordinates of the top left corner point of the
rectangle. After movement the coordinates of the new point will be

x'=x+d,, 2)
y' =y+d,,

where x" and y' are new coordinates of the point and d,. and d,, are the movement distance.

The rotation of the objects can be realized by axis or by the center point or by any given
point. The rotation angle can be given either by the mouse wheel or by the given quantity. The
new coordinates are calculated by the following formulas:

x" =x +tan(4) — (y — cky), (3)
y' =y +tan(4) — (x — cky),

where A is the rotation angle, ck, and ck,, are x and y coordinates of the central point.

It is possible also to make size modifications. For that again the coordinates of the central point
are needed, the transformation will be done by the following formulas:

!

X' =5, *x+ (cSy, — Sy *CSy), 4)
y' =s,xy+ (s — sy * Csy),

where s, and s, are horizontal and vertical zoom coefficients and cs, and cs,, are coordinates of
central point.
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4. Making Complex Shapes from Simple Ones

Of course, the contur tool can be used for creating irregular shapes but in the more presice way it
can be made from simple shapes. There are 4 kinds of combination tools (see Fig. 2):
1. Union - creates an object that contains all the points of component objects,
2. Intersect - creates an object, that contains only the common points of component
objects,
3. Xor - creates anobject, that contains points, that belong only to one of objects,
4. Exclude - creates an object that contains all the point that belong to the first object but

not to the second one.

Fig. 2. All tools in action.

The last two tools work only for two objects, but for multiple objects the recursive approach can
be used.

To select an object to be manipulated, there are three conditions:
1. The selection area will be completely in the object (see Fig. 3).

2. The object will be completely in the selection area (see Fig. 4).

3. The selected area must be crossed with the object (see Fig. 5).
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Fig. 3 Fig. 4

Fig.5

An example of selection of multiple objects is given in Fig. 6.

Fig. 6. Example of selection of multiple objects.



A. Keyan 159

5. Conclusion

We have implemented a program which is modeling two - dimensional irregularly shaped
objects. It includes tools for creating simple geometrical objects, for manipulating with them and
for creating complex shapes.
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U. Lhjul

Udthnthnid

Uohwunwtpnmid  tjupugpus L judwjuljuit nipjugdny opjtljnntbkph Gplswth
Unnpljuynpdwt dpwljdws dpwughpp: Opwughpp owwn htown £ oguruugnpsdty, wytt woawnnid
E wpwg U muph dh owpp wy] wpwybnipmittp: Uyt tkpunnid E gopshputp wupgq
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Juwnwnptint hwdwp, htiyylu twb pupn nipdugstp unbtnstint hwdwnp:
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MogaesmpoBaHue IByMepPHbIX 00bEKTOB IIPOU3BOJIHLHOI0 OYePTAHUSA

A. Kesan
AHHOTANuA

B nanHO# cTaThe MpUBEACHO ONMCAHUE POTPAMMBI IBYX - MEPHOT'O MOJITUPOBAHHS OOBEKTOB
HenpaBwIbHOW (opmbl. [Iporpamma odeHb mpocTa B HCHOJIB30BaHUHU, paboTaeT OBICTPO H
UMEeT MHOro Jpyrux npeumymiectB. OHa BKIIOYaeT B ceOS WHCTPYMEHTHI ISl CO3JaHUS
IPOCTBIX T'€OMETPHUUECKUX OOBEKTOB, /I MAHHUITYJSLMU C HUMU U JJIS CO3JAHMS CIOXKHBIX

dopm.
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