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The tasks of urban planning are currently being solved by the traditional method on interactive
maps, where zoning and input of relevant data are carried out manually. The solution to this issue
using mathematical modeling is known as the so-called, Voronoi diagram. Practical application of
this method has not been widely used. The point is that the objects that determine the land use of the
region to be reviewed, are considered as homogeneous taking into account the fact that they have the
same potential, which is far from reality. In this paper, each project object is different and they have
different potentials that makes it possible to identify ,,inconsistencies* in urban planning parameters
both — in terms of urban planning and in terms of socio-economic issues. Appropriate application
software system is made based on the above mentioned method as well. © 2022 Bull. Georg. Natl.
Acad. Sci.
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The optimal solution of urban design for sustainable development and urban reconstruction is an urgent
problem. Urban planning and zoning tasks are currently being solved with the help of interactive maps
where related technical data are provided manually.

The solution of this problem with the help of mathematical modeling is known as the Voronoi diagram
[1]. after the development of an appropriate algorithm, this method could become the basis for the
development of an application software package. But the practical application of this method has not been
widely used for many reasons. One of the main points is that each of the objects that determines the planning
of the territory is considered as homogeneous and has the same potential, which is far from the reality. The
method we have developed makes it possible to overcome these problems, in particular, to identify urban
»inconsistencies”, both in terms of urban planning and socio-economic issues, and to develop an appropriate
application of software system.
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Suppose that in the considered area E on the coordinate plane there are N material points (objects)
A(X;y,), i€ [1_N] . According to the definition of Voronoi diagram, for each i e [1_N} , the ,,coverage
zone* of point A (x;;y;), is the set of all points E , from which the distance to the point A (x;;y;), is less
than the distance of the other A, (x;;y,), (foreach je [1_N] J#I).

In this case the allocation of ,,coverage zones* is not difficult. The ,,coverage zone* of point A, (x;;y;),
is the intersection E H(U'}lsﬁj , where the set S, is defined as: Median of the segment connecting point
j#i

A (x;;y;), and A (x;;y;), divides the plane into two half-planes. S; denotes one of these two half-planes,
in which point A, (x;;y;), is located.

Naturally, in real situations, different points (objects) can have different potentials. Therefore, the
answer to the following question is undoubtedly interesting: how to build ,,coverage zones* (how to build

Voronoi diagram), when different points (objects) can have different potentials (weights).
Suppose that p; denotes the potential (weight) of the point A (x;;y,) . If, for some point M of the set

E, the conditionm—A|<&,i, j e[l_N]l # |, then we say, that the influence of the material point
P;

Ajl
A, (x;;y;) on the point — M is greater, than the influence of the point A (x;;y;) . If we denote by the
symbol E; the sum of all points of the set E, in which the influence of the point A is greater, than the

influence of the point A , then, naturally, the ,,coverage zone* of the point A will be the set: E; = U';:L E;.

J#i

As mentioned above, the construction of the Voronoi diagram means dividing the referred area into
»coverage zones“ of the given material points. We can easily solve this problem if for every
i, J e[l_N]l # j, we can find lines that satisfy the condition Iij_{M € E;%:ﬂ} (such lines are

J i

called boundary lines).

To simplify it, we introduce the notation: k; = P .

P

It is easy to see that if k; =1, then I; is the median of the section[A;Aj]. Therefore, consider the

case when k; #1.

Without loss of generality, we may assume thatk; >1. If M(x;y) is a point of the circle I, then, by

ij !
definition, we have the equation:
|MA =k, | MA,. 1)

(1) The equation is equivalent to the following equation (based on the formula for calculating the
distance between two points):

(x=%)* + (Y =¥ = ki -((x=x)* + (y-y,)%).

After simple transformations we get
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X_kij?.szxi 2+ y_kif'yj:yi 2=
k-1 ki-1
(6 + 2 =K kg ye) (k1) (%) (kv )
(ki 1)

The numerator to the right of the obtained equation will then look like this:

ki?'((xi _Xj)2+(yi —y].)z):ki?~a§,

where a; denotes the distance between points A (x;;y;) and A;(x;;y;).
Therefore, we get that I, whenk; >1, is a circle whose equation is given by:

2 2
_kiJ?'XjZXi _ki]?'yj:yi _ kij?.ai?
e |V T ) T ey
i~ i~ (k —l)

ij

2 .

kZ-x, =x kZ-y. =y,
It is easy to show, that point: [ R BRI k|

2 ! 2
ki-1 ' Kki-1

located on the line connecting the points A and A,.

J, which is the center of the obtained circle, is

In fact, the following theorem holds:
Theorem: If the distance between two points A and B of the plane is equal to aand k >1is equal to any

number, then the set of all points of the plane that are at a distance k from point A is a circle, whose radius
2

. . k-a .
and whose center is located on the (A;B) ray at a distance DL from point A.

. ka
is 2

p
A J

Fig. 1. lllustration of VVoronoi diagram for points of different potentials.
Our result allows us to create a Voronoi-type algorithm in the case when the potentials of different
objects are different and when the potential of each object P represents a vector value P(p,, p,,..., p,) - In

this case, the numerical value of the potential of the object is determined by the sum of the components of
the characteristic vector of the object. Therefore, we can consider each object as a simplex, and the region

to be reviewed as a simplicial complex. That allows to study the relationship of objects in the referred
region based on the q-analysis method [2] and also to create an interactive applications software package

for optimal zoning and building economic urban infrastructure.
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