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The problem of covering the fields by the circles in the task of optimization
of observation points for ground video monitoring systems of forest fires
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Abgtract. The problem of covering the area by cirdes,
mathematicad model of the coating offers a new coverage criteria
based on which anayticaly describes the range of permissible
solutions of the problem. Based on the andysis of the properties of
the modd, it is shown that the solution of the problem can be
reduced to the solution of problems of nonlinear programming
sequence.

At the moment, there are systems of video monitoring forest
land. An important dass of geometric design problems is problems
of irregular covering the field by geometric objects, as well as
regular. In the problems of covering it is set up a daim that al
points of the field were covered by geometric objects, while the
conditions of non-intersection of objects between themselves and
their placement in the field may be vidlated. One problem with the
design of terrestriad video monitoring systems is to optimize the
placement of observation points. optima placement of towers
problem can be formul ated as a coating task.

An gpproach to the placement of towers terrestria video
monitoring of forest fires, the main stage of which is set forth search
method loca extremum in the problem coverage area cirdes of
varying radius.

There is build a mathematicd mode to optimize the
placement of varigble radius drde and on its bass — the
development of methods of solution and proposed an approach to
obtaining aloca extremum of covering problem.

Key words: cdirde, coverage criteria, optimization, nonlinear
programming.

INTRODUCTION

One of the approaches to the early detection of forest
fires is a monitored [1], as space [2], and ground [3, 4].
Satelite monitoring alows you to quickly identify pockets of
fires on forest area of more than (6 — 8) hectares in remate
aress with a high update rate and wide coverage area of
observation. In this case information obtained remotely,
allows not only to analyze the current Stuation with forest
fires, but also to further analyze the dynamics of fire [5-7].
For the detection of fire outbresks, forest areas are smaler
local terrestrial methods using watchtowers and match
different designs, industrial video sysems. The monitoring
data of different levels (ground and space) congtitute asingle
architecture information layers of geographic information
sysemsfor monitoring forest fire.

At the moment, there are systems of video monitoring
forest land [8-12]. The Smplest system [8] alows on the
basis of the color image to increase the efficiency, quality
and identification of fires in the forests. The monitoring
system [9] based on nework principle Video cameras
transmit information by radio to asingle control point. In the
Pskov region tesed the system [10], based on forest
monitoring with the help of video equipment. The German
company offers their Fire Watch developed a system using
equipment company |Q wirdess[11].

In 2008, the Nizhny Novgorod company “Remote
control sysem” developed an innovative “Forest Watch”
forest monitoring system for the early detection of forest fires
and determine their origin. [12] “Forest Watch” operates on
the basis of modern technologies [1P-CCTV, mobile
applications, geographic information systems (GIS), Internet
applications and “computer vison”.

One problem with the design of terrestrial video
monitoring sysems is to optimize the placement of
observation points. optimal placement of towers problem can
be formulated as a coating task. These problems are referred
to a dass of optimization geometric design problems [13],
which solution as well as the development of their methods
is important. This dass of problems include the problem of
optimal materia cutting (both regular and irregular), the
problems of building the optimal ways and linking networks,
coverage, partition, some scheduling problems, and others
[13-19].

THE ANALY SIS OF RECENT RESEARCHES
AND PUBLICATIOS

An important dass of geometric design problems are
problems of irregular covering the field by geometric objects
[20], aswell as regular [20-24]. In the problems of covering
itissat up acdaim that al points of the field were covered by
geometric objects, while the conditions of non-intersection of
objects between themsdves and their placement in the fidd
may be violated. Results and detailed reviews on given
researches arein [25-27]. The problems of single covering a
limited area by N-circles (such asin a Euclidean metric, and
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in some other metrics) is also known as the problem of N-
centers. For the problem of N-centers in different metrics it
is offered a veriety of heurigics and agorithms using
Voronoy'sregions[28].

Problems of coverage are modds of many practical
problems. In [29] it is st and solved the problem of
interaction between militarized security subdivisions of the
railroad and fire-rescue units, which is reduced to covering
the area by the cirdes of different radii. In [30-32] it is set
the problem of the placement optimization for observation
points, which arises when designing ground video
monitoring systems. The problem is reduced to the problem
of covering the area by the circles of variable radii, the value
of which depends on the class of fire danger of covered area
and its relief. Thus, the important practical problems require
to develop the methods of covering the fidds by cirdes of
variableradius.

OBJECTIVES

The purpose the atideisto build a mathematicd modd to
optimize the placement of varigbleradiusardeand onitshess—
the devdopment of mehods of sdution. We propose an
gpproach to dtaining aloca extremum of covering problem.

THE MAIN RESULTS OF THE RESEARCH

Thereisapolygon P, defined by a st of vertices p,,
k=12,..,n and a s of crdes G, i=12,..,N, with
varying radius r, <r and centers v, =(x%,Y;). Suppose
U=V, M,V Iy) - vector of variables,
F(u) —the objective function:

XW=UG 5.
By definition X(u) —coverageof polygon P if:
Pl X0 XuiP=£,
where: X (u) = R2\int X(u) .

Note 1. In this study, we consider only such coverings,

which met the fdlowing conditions intC E X(u),
i-1 N .
X (u) = jl-:Jle v xrj)k:l-ijﬂck(vklrk) and intG(v,n)1

1intP! £,i=12,..,N.
Problem of circular coverage of polygon. The dart
point — vector:
ul =2, Vo),
where  X(u°) —coversapolygon P .
Thetask —to determine the vector:
U = (V0 eV ) »
in which F(u) reachesthe extremeand X(u') iscoverage

of apolygon P .

The problem of covering polygon by cirdes
Mathematical modd of the problem of circular coverage can
be represented as follows:

extr F(u) , (@)
ul W
where
w={ul RV XWwiIrP=mA. )
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Asa criterion of covering for afixed u can beused phi-
function method [24]:

XuIP=/£E0 &*P30,

where: @*P _ phi-function of objects X (u) and P [29].

Since the description of admitted region of the form (2)
in an anaytical form is extremdy difficult theoretica
problem and requires significant computationa cogt, in this
dudy we propose the coverage criteria based on the
following statement.

Satement. In order X(u) to cover thepalygon P, itis
necessary and sufficient that the vector u = (v, 1y,...,Vy Iy )
satisfies the condition:

1) " p ki |, exigssuchdrde C, that:

pi G, CEP;
2) if thereisapoaint:
tT frC 1 frP,CEP,
then thereareacirde C; andapoint v;;,i * j, suchthat:
viT G, vT Cp, v 1 R\intP;

3) if there is a paint t=frC I frC; and where in
ti frP, thereis C; andapoint vyg, st i,s? j, suchthat:
VijsT Ci ' VijsT Cj !VijsT Cs;

4) if there is a point t, = frC 1 frC; and t,1 intP,
g=12,it j, then thee is a crde C, and a point
Vi, St 1,8t j,such, that:

ijsqr
Vigl G Vi ! Cj Vi1 Cg -
Onthe Fig. 1 thereisan example of a polygon coverage
by the set of circleswith the points of type V;;, Vijs, Vije» Vijs2 -
With this in mind, the inequalities describing the
admitted region of the problem based on the information
about the tart point can be written as;

Fig. 1. Example of coverage by cirdeswith system of auxiliary
points

1) for the vertices of the polygon " p, k1 1,,, and the
corresponding cirdes C, p 1 C, C E P, inequdlity:

(%, = %)+, - V)2 E17,
(il,k)T X1 3

2) for pants tT frC 1 frP, drdes C E P and the

corresponding cirdes C; istheinequaitiessystemiin theform:
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N 2 2 2
1%, = %,1,)7 * Vigiy = Yipjp) " E 1)
I (ij ) Xizjz)z + (yjz ) yizjz)z £ rizz '
|
f fiziz(xiziz’yiziz) *0
(i2,j2)1 X, 4
where fii, (%0, Yii,) * O — the membership function of the st
R?\intPof paints v, ; (maximumof k lineer functions);
3) for points t = frC; I frC,; , tI frP and the corres-
ponding drdes C,—theinequalities system in the form:
HO = %)+ Uy = Vigige)“ £ T
|
I (Xja ) Xisias)z + (yis ) yisias)z £ rii !
|
T (%- Xi3j3s)2 +(Ys- yi3j3s)2 £ rs2
(i3! JB!S)T X3 ’ (5)
4) for points t,=frC1frC; and t,IintP,
q=12,i* j and the coresponding cirdes Cy, — the
inequalities system in the form:
.i. (X|4 - Xi4j4sl)2 + (y|4 - yi4j4sl)2 £ rij
: (Xj4 ) Xi4i451)2 + (yj4 ) yi4h151)2 £ rii
. 2 2 2
T(Xsl ) Xi4i451) +(y51 ) yi4]451) £ 'y
(i Jars)T Xag s (6)
T(% =% )2+(Y -V ) Er?
N X‘4 X‘41452 y'4 y'4J452 I4
! (X5, = K1) F Vi~ Vi) £ T
T (XSQ ) )(i41452)2 + (ySQ B yi41'452)2 £ r522
(i4Jar )1 Xyp - ()
Thus, the mathematical mode of the problem coverage

area can beformulated as a problem of local optimization:
min_F(u) (8
dwi R
U= (U, Up e U Vi (120 J2) T X3,
Vi3j3s!(i3!j3!s)T X3!Vi4j4sl!(i4!j4’s_|.)T X41’

Vi4j452!(i4!j4!52)T X42)
in the area of feasible solutions W , taking into account the
limitations of the system (3)-(7). Here:
S =3N+2| X, [+2]| X5 | +2| X1 |42 X 42 |,

X —cardindity of thesat X X; — set of indexes of pairs
of numbers of vertices polygon and circles, satisfying the
conditions of paragraph 1 of the criterion of the existence of
covering the polygon by thecirdes, X, —set of indexes of
pairs of numbers of vertices polygon and circles, satisfying
the conditions of paragraph 2 of the criterion of the existence
of covering the polygon by the cirdes, X; isset of indexes
of pairs of numbers of vertices polygon and circles, satisfying
the conditions of paragraph 3 of the criterion of the existence
of covering the polygon by thecircles, X,,, =12 —set of
indexes of triples of numbers of vertices polygon and cirdles,
satisfying the conditions of paragraph 4 of the criterion of
the exigence of covering the polygon by thecirdes.

and
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U =06, Y, ) =M,5), 1=42,..,N;
Vigip = (Xiziz’yizjz) » Vigiss = (Xisiss’ yi3j3s) '
Vaissg :(><i4j45q, yiqu) is the coordinates of auxiliary
pointsthat are used to formalize the terms of covering.

Search of local optimal solution is performed usng
nonlinear of package of open source IPOPT. It should be
noted that at the lagt iteration of the algorithm point of local
extremum in the subregion isthe points of local extremum of
theinitia problem.

Given adarting point — a vector:

W= rl,...ud. ),
inwhich FC,y2 10 .. x%, y%,r) isacovering P (Fig. 2a).

It iSs necessaty to define a  vector
U = (4, Y1 h e Xa Yo Ti) . IN Which F(u) is a
covering P, and the radii of the cirdes have reached the
minimum value (at zero — the cirde is removed). On Fig.2b
isan example of problem solving.

An agorithm for solving the problem of location of
observation terregtrial systems video monitoring forest fires
[30], the main stages of which are asfollows:

1. Condruction dart permissble coverage and
corresponding function tables gridded values based on the
analyssof therdief and fire safety zones.

2. Sdection on the bass of the analysis of the tabulated
valuesin thevicinity of each of the towersinterpolation areas
for which interpolation polynomia satisfies the condraints
on the maximum permissible error, the transformation of the
sHected area to the square of the size of the unit (if appro-
priate transformation of the detector coordinates) and the
congruction of the coefficients of interpolating polynomials.

3. Generation of a sysem of nonlinear inequalities
describing the range of permissible solutions of the problem.

4. Search locally optimal solutions generated subdomain
of feasble solutions for the methods described above
Contact coordinate transformation fire detectors. If you re-
ceve improved value of the objective function, then a
trangtion to the second point, otherwise the completion of
the agorithm.

Condusion. An approach to the placement of towers
terregtrial video monitoring of forest fires, the main stage of
which is sat forth search method local extremum in the
problem coverage area circles of varying radius.

CONCLUSIONS

The congtructed modd of covering the polygon by the
circles of variable radii and a method for obtaining local ext-
remum is basic for a wide range of practica problems, in
particular for the problem of locating points of video
aurveillance, which arises when designing ground video
monitoring systems.
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Fig. 2. Covering of polygon by dirdes: &) theinitial covering of areg; b) optimization result
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