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MODELLING OF THE RATIONALLY DEPLOYMENT OF OBSERVING SYSTEMS

Abstract. The various types of electron-optical supervisory control systems (SCS) have been used in Armed Forces of
many advanced countries. The mission of these SCS is to supervise day and night enemy troops, technics and weapon
systems, frontier intruders with high precision a great and middle distance. The SCS optimal deployment in mountainous
terrain makes possibility to use rationally SCS number, because SCS has very much costs. Using the rationally SCS
number we can reduce a necessity of the specialist number. Also, it accelerates comander’s correct decision making. The
optimal deployment of SCS on a terrain is one of important task of military reconnaissance. The specific character of such
task is that the necessary for continuing surveillance and control military objects can be located in specific zones of terrain
(for examples, in canyons, along of river etc.). Accessible places of SCS set are situated on some distance from these zones.
The number of SCS is limited; therefore, it is impossible to distribute theirs on the all set points. It is necessary to select
such SCS set points that the zone observation range would be the largest. In present paper the mathematical model of the
rationally deployment of technical observing systems in mountainous terrain has been developed and offered. The
determination method of visibility level between selected terrain points has been developed. The assesment criterion of

rationally deployment and the algorithm of fast solution have been offered.
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Introduction

Nowdays, the various types of electron-optical
supervisory control systems (SCS) have been used in
Armed Forces of many advanced countries. With goal
of optimal (rationally) SCS deployment in mountainous
terrain by using of the digital altitude model of terrain
the viewsheld analysis is possible to carry out [1-4]. The
correct SCS deployment makes possibilities to take into
account during monitoring such dead zones as runways
or ravines. The correct SCS’s posts selection increases
the visible areas and, in the same time, decreases
invisible areas and it helps us to eveal and to prevent
enemy subversive actions.

The SCS deployment makes possibilities to take
into account during monitoring such dead zones as
runways or ravines. The correct SCS’s posts selection
increases the visible areas and, in the same time,
decreases invisible areas and it helps us to eveal and to
prevent enemy subversive actions. This SCS can be
applied in civil goals, too: in war zone for security
providing of oil pipeline, header water pipe, road
infrastructure. The optimal deployment of SCS on a
terrain  is one of important task of military
reconnaissance. The specific character of such task is that
the necessary for continuing surveillance and control
objects can be located in specific zones of terrain (for
examples, in canyons, along of river etc.). Accessible
places of SCS set are situated on some distance from
these zones. The number of SCS is limited; therefore, it is
impossible to distribute theirs on the all set points. It is
necessary to select such SCS set points that the zone
observation range would be the largest.

Analysis of rationally SCS deployment in
mountainous terrain by using of the digital altitude

model helps to select optimal points on the terrain. The
SCS optimal deployment in mountainous terrain makes
possibility to use rationally SCS number, because SCS
has very much costs. Using the rationally SCS number
we can reduce a necessity of the specialist number.
Also, it accelerates comander’s correct decision making.
The SCS deployment makes possibilities to take into
account during monitoring such dead zones as runways
or ravines. The correct SCS’s posts selection increases
the visible areas and, in the same time, decreases
invisible areas. The correct post’s points and rational
number deployment help to observe and to detect many
targets and movements on the terrain. Also, it helps us
to eveal and to prevent enemy subversive actions.

In present paper the mathematical model of the
rationally deployment of technical observing systems in
mountainous terrain has been developed and offered.
The determination method of visibility level between
selected terrain points has been developed. The
assesment criterion of rationally deployment and the
algorithm of fast solution have been offered.

Some definitions

For analysis, let us use the 3D digital vector model
of the terrain relief. There is Digital Terrain Elevation
Data (DTED) file in Fig. 1. We can see that this file has
the values of elevations of the relief set in points of
regular grid.

There are four neighbours around of each relief’s
points. For example, the points with knot’s number of
(i-1,7),G+1,)), (G j—1)and (i j + 1) are neighbours
for point with knot’s number of (i, j). Let us denote the
height of relief in knot of (i, j) by A(i, j), It is obvious,
we can take such Oxyz coordinate system that {(i ),
(i<£1,)), (G £2,)),..} knots set is located parallel to Ox
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axis for each j, and {(i, /), (i, j £ 1), (i, j £ 2), ...} knots
set is located parallel to Oy axis for each i, and A(i)
elevations are indicated along 0z axis. The Oxy plane
included %(i, j)) = 0 points, and let us call it as basic
plane.

Fig. 1. 3D digital vector model of the terrain’s relief

Neighbour’s points are connected by straight lines,
and in result, the 3D digital vector model of relief of the
terrain is generated. These segments are called relief
lines and their projections on side plane are called
edges. All these edges can be divided on two classes.
Let us consider if the first numbers of connected (i, j),
(i£1,)) knots of some edge are coincide then the this
edge belongs to P class. If the second numbers of
connected (i, j), (i, j+1) knots of some edge are
coincide then the this edge belongs to M class.

Let A and B are some knots. Let Pr(4, B) is the
projection of 4B segment on the Oxy base plane. The
edges set, the projection of which are crossed on the
Pr(4, B), is called incidental.

Let us consider that for any i, j the relief in range
of space quadrangle with (i, ), (i+1,)), (@+1,j+1),
(i ,jt1) knots has such shape that any two points of its
boundary edges can be connected by line not crossed on
relief plane. So, we consider that always the knots see
each other in range such space quadrangle.

The task determination

We consider that 3D map of terrain relief is
presented in vector form, that is, for considered terrain
the A(i,j) heghts are set in (i,/) knots. Let the necessary be
search terrain’s zones are known and connected to (i,))
knots. Let us consider that the possible knots of SCS
installation are marked. It is obvious, in the range of each
observation place the most suitable observation point can
be selected. For example, if the observation of nearest
lowland is priority then the observation point can be
placed nearer to observed points. However, if the
observation of far lowland is priority then the observation
point can be placed in highest point, etc. Therefore, we
can adopt that observation points set is grouped around of
N separate high-altitude knots. Let they are called initial
knots. In real conditions usually N < 10.

It is required to deploy n (n < N) SCS on the terrain
that they would provide the maximum observation zone.
Not intersection the line segment connecting 4 and B
points on the relief plane is condition of visibility B point
from A point. That is, if AB segment is placed above all
incidental edges then A point see B point. The next
method for solution this task is offered:

e development of & procedure for the each other
visibility checkup of two given knots;

e by application of & procedure for each 4 knot
from the set of possible SCS deployment places to
determine the set of visible and invisible points in range
of technics possibilities of SCS;

e assessment of visibility level of zone and
determination of the most suitable SCS deployment in
the set of initial knots;

e improvement of computed
variation of knots in the range of group.

solution by

Development of the g procedure

The task of investigation of B point visibility from
A point can be turn into next subtasks:

(I) Determination of the incidental edges set;

(IT) Assessment of the spatial deployment of AB
segment and incidental edges.

Let us consider task (I). It is obvious, the
incidental edges set can be presented in form of sets
sum of incidental edges of P and M classes. Let mark
these sets in M, and M), and forms. Let 4 and B knots

have (i4, j4 h4) and (ip, jp, hp) coordinates, respectively,
where iy, j4, i, Jp, are integer numbers.

Below there is an equation of the line connected A

and B points on the Oxy side plane [5, 6]:
Yo _ X~y

JB = J4

The coordinates of knots can be calculated on the

base of equation (1). Let assume j, # j. Let A, = 1, if

Jja<js and A,=-1,if j, > jz. Denote the integer part of

xj=ig+((ig=ig)/(ip=ia))-(i=Ja)> (@

by B(j). It is gotten from (1) when y =j. Then M, set

will be:

()

ip—iy

o B/ kA ), ja+kA, ], o
! [B(jA +kAy)+1,jA+kAy} ’ Rl
kyz(jB_jA)/Ay'

If j,=jp then x;=i, and M, set will be in form

here:

[i4:ja+KA, |,
[iA +1,j4 +kAyJ

Let assume iy # i3. Also, we take A, =1, if i, <ip,
and A, =—1, if i, > ig. Denote the integer part of

M, =

vi=ja+((—ia)ip—is)-(i-ig), (3)

by a(i). It is gotten from (1) when x = i.
Then M, set will be in form:

[ig+kAo(iy+kAL)],
[ig+kA  a(iy+kA,)+1]

kx =(iB_iA)/Ax .

#, = =1k

x [

here
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If iy = ig then y;=j, and My, set will be in form

My ={([i”‘ +kAx’jA]’J,k =1,2,...,kx}

lig>ja+1]
The M set of all incidental edges will be a sum of the

incidental edges of P and M classes, that is
M= M,U M, . Now, let us consider task (II). First of all,

let order elements of A set by serially number and dispose

from A to B knots. Let incidental edges have numbers of
k=1,2,..., ky. The coordinates of the crossing points of
incidental edges on the (1) line are determined by (2) and
(3) equations in dependence on class of its belonging. Let
this point has (x,,yy) coordinates. Let denote the knots

coordinates of k incidental edge by (xk , y}\T ) and (xk , y;\T )

respectively, and appropriate relief points by

(x}g,y}f,h(x}f,y}f)) and (x};,yll,h(x};,y};)) respectively.

Then, there is an equation of relief’s line connecting these
knots

1

X=X y-w z=h{x. vk )

Xp =X Vi~ Yk h(xkyk)—h(xk,yk)

)

and there is an equation of line connecting 4 and B
peaks

X—ig _ Y=ja _ Z=hy

JB—Ja hp—hy

In concordance with above described method,
there is not a visibility between A4 and B peaks if for
some k the line (4) in range of appropriate incidental
edge will be located above the line (5).

Therefore, for clarification of visibility conditions
between A and B peaks it is necessary to investigate for
all k mutual alignment of these lines in indicated ranges.

Let denote the values of z calculated in base point
(x0,y0) from (4) and (5), respectively, by ¥, and z,. Then,
it is obvious, there is not a visibility between 4 and B
peaks if for any k there is Zf, > z. And there is a
visibility between A and B peaks if for all £=1,2,...,ky
there is 2, < z,.

)

ip—iy

The criterion of the zone observability

Let denote the set points of under obligatory
observation terrain zones by V.

As stated above, the observation set points will be
grouped around separate altitude knots of A4,
(m=1,2, ..., N), which are taken as initial knots. Let
V,, are set knots, which can be observed from 4,, knot in
the case of ideal flat relief, the ranges of which only are

depended on technical characteristics of observation
devices.

By use & procedure for each initial knot of 4,, we
will get U,, < V,, sets.

The various tasks are set when devices are placed.
Let consider two examples of these tasks.

Task 1. To deployment SCS such way that to
embrace widest zone observation. In this case, we can
take a following functional as the assessment criterion
of zone observation range:

3(my,my,...,my,) =mes(U N Vm/U;’\ﬁzluk)—)min,

here: m;, m,,...,m, are serial numbers of taken 4,, sets in
number n, mes(L) is a measure of L set.

As far as, all considered sets are limited and
discrete then an operator mes(L) is a number of
elements of appropriate set.

Task 2. To deployment SCS such way that to
embrace widest zone required observation. In this case,
we can take a following functional as the assessment
criterion of zone observation range:

S(ml,mz,...,mn) =mes(V0 \UZ:1Un1k)—>min.

Thus, first of all, by application of & procedure all
sets included in functional are described. Then, by the
method of m;, m,...,m, exhaustion, J is calculated and
the most suitable is determined. At this time, the
number of all various observation devices on the initial
peaks can be calculated as in combination N with n [7]:

Cy = N!/((N—n)!n!),

here: N is a number of initial knots, z is a number of
observation devices. In real case, usually N < 10 and
n=3 or 4, therefore, at this stage the total number of
calculations is < 240. Further, by varying knots in the
range of m;, my,...,m, groups we can improve obtained
solution. It is obvious, that from the point of view of
mathematics it is possible to prove that in common case
such algorithm not leads to potimal solution. However,
in practice such solution is satisfactory. Therefore, this
solution is called rationally.

Conclusion

So, it can be concluded:

—the mathematical model of the rationally
deployment of technical observing systems in
mountainous terrain has been developed and offered;

—the method of determination of the visibility
between peaks points is developed;

—the criterium of assesment of the optimal
deployment and the fast algorithm of task solution are
offered.
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MojeoBaHHsI PalliOHAJBLHOI0 PO3TANIYBAHHS CHCTEM CIOCTEPEKEHHS
S1. A. Haci6os, A. A. Baiipamos, E. H. Ca63ies, E. I'. 'amumos

AHoTanisi. Y 30poiiHux cwiax 0araTbOX PpO3BHHEHHMX KpaiH BHUKOPHCTOBYIOTBCSI Di3HI BHAM €IE€KTPOHHO-ONTHYHUX
HarssioBux cucreM (SCS). [IpmHavenns mux SCS nonsrae B nijiogo00BOMY TOYHOMY KOHTPOITI Ha OJIM3BKOMY 1 JJAJIEKUX BiJCTaHSX 3a
BilfiCbKaMM CyIPOTHBHHKA, HOTO TEXHIKOIO i 030pOEHHSM, a TaKOX 3a IOPYIIHUKAMU KopzaoHiB. OntnMainbHe posramnryBanHs SCS B
TOPHUCTIH MICLIEBOCTI CIPHsiE MOYKIIMBOCTI BUKOPUCTOBYBATH pallioHAIBHY KUTbKicTh SCS, Tomy 1m0 Bapticth SCS € myxe BHCOKOIO.
BukopucroByroun pauioHanbHy Kigbkicte SCS MOXIIMBO CKOPOTUTH KUIBKICTh HeoOXimHuX ¢axiBuiB. Ile Takox ckopouye uac
NPUAHATTS pillleHHs KoMaHayBaHHAM. OntuMansHe posranryBaHHs SCS Ha MICHEBOCTI € OZHUM 3 BaJKJIMBUX 3aBJlaHb BiHCBKOBOI
po3Biku. Crienugivamii XapakTep IBOro 3aBJaHHsI IIOJSrae B HEOOX1THOCTI TPHBAJIOrO CIIOCTEPEIKEHHS 32 BIHCHKOBIMU 00'€KTaMH, SIKi
MOXYTh OyTH pO3TalloBaHi B OCOONMBHX 30HaX Ha MICHEBOCTI (HANpUKIak, B KaHBHOHAX, Y3[OBXK pycia pidok Tomo). Miciust
posramryBanHs SCS MOXYTh PO3TalIOBYBaTHCS Ha Pi3HUX BifcTaHAX Bin wux 30H. Kimbkicrs SCS oOMexeHa, TOMy HEMOMUIUBO
BCTAHOBUTH IX Ha BciX oOpaHMX To4kax. HeoOximHo BHOpaTn Taki Micis posramryBanns SCS, mo0 3oHa ornmigy Oyma 6
MaKCUMAaJIGHOIO. Y JIaHiH CTaTTi MPOIOHYETHCS pO3pOOIIeHa aBTOpaMU MaTeMaTHYHa MOJIeNb PalliOHAIBHOTO PO3TAITYBAHHS TEXHITHUX
CHCTEM CIIOCTEPEKEHHS B T'OPHCTIH MicieBocTi. Po3pobieHo MeTox BH3HAYSHHS DPIBHS BHIMMOCTI MK OOpaHMMH TOYKaMH Ha
MiCLIEBOCTI. 3alpONOHOBaH1 KPUTEPIT OLIHKK PaLliOHAIBHOrO PO3MILLIEHHS 1 aJIFOPUTM LIBUIKOrO BUPILIEHHS 1IbOTO 3aBJaHHS.

KaodoBi cjgoBa: TeXHIYHI CHUCTEMH CIIOCTEPEKEHHsS; TOpPUCTa MICLEBICTh, palioOHAJIbHE PO3MIICHHS;
MaTeMaTH4YHa MOJENb.

MopeaupoBaHue PAMOHAILHOIO PACHOJIOKEHHS CHCTEeM Hal/ 10 1eHus
S1. A. Hacubog, A. A. Baiipamos, 3. H. Ca63ues, D. I'. 'ammumoB

AHHOTaNUA. B BOOPYKEHHBIX CHJIaX MHOTHX Pa3BUTHIX CTpaH MCIOJIB3YIOTCS Pa3IMyYHbIE BUJIbI IEKTPOHHO-ONTHYECKHX
HaOmoaarenpHbix cucteM (SCS). Hasnauenwe stux SCS 3akimodaeTcs B KPYrJIOCYTOUHOM TOYHOM KOHTpOJIE Ha OJIM3KOM MU
JTAJIBHUX PACCTOSTHHUSIX 32 BOMCKaMU MPOTUBHUKA, €T0 TEXHUKOH M BOOPY)KEHHUEM, a TAKOKe 3a HapyIIUTesIMU rpanuil. OnTuMaibHoe
pacrnonoxenre SCS B rOpUCTO MECTHOCTH CIIOCOOCTBYET BO3MOXKHOCTH HCITOJB30BaTh paloHaitbHoe dncio SCS, moromy 4to
cronmocTh SCS o4eHb BbIcoka. Vcrnonb3ys panronanbHoe 9ncino SCS MOXXHO COKPaTUTh YHCIIO HEOOXOIMMBIX CIIEIUAINCTOB. JTO
TaKKe COKpallaeT BpeMsl MPHHATHS pelleHUs] koMaHgoBanueM. OnrumaibHoe pacnonokenrne SCS Ha MECTHOCTH SIBJISIETCSI OJTHIM
M3 Ba)KHBIX 3a7a4 BOEHHOH pa3Beakd. CrenupuuecKuil XapakKrep STOH 3aJaud 3aK/I04YaeTcsi B HEOOXOJMMOCTH JUIMTEIILHOIO
HAOMIOJICHUS 32 BOCHHBIMU OOBEKTaMH, KOTOPBIE MOTYT OBITh PACIOIOKEHBI B OCOOCHHBIX 30HAX HA MECTHOCTH (HAIpUMEDp, B
KaHbOHAX, BIOJIb pycia pek u T.1.). Mecra pacronoxenuss SCS Moryr pacrojiaraTbCsi Ha Pa3jIMUHBbIX PACCTOSHHUSIX OT 3THUX 30H.
Yucno SCS orpaHuueHO, MOITOMY HEBO3MOXKHO YCTAHOBUTh X HA BCEX BBIOpAaHHBIX TOukaxX. HeoOXommmo BEIOpaTh Takue Mecra
pacrnionoxenunss SCS, 4roObl 30Ha 0030pa OblIa OBl MakCHMaJIbHON. B 1aHHON crarbe mpeiaraercst pa3paboTaHHas aBTOpPAMHU
MaTeMaTudeckass MOJIENb PAalMOHATIBHOIO PACIIONOXKEHHSI TEXHUUECKHX CHCTEM HAOMIO/IeHUs B TOPHCTOH MecTHOCTH. Pa3zpaboran
METOJ OIpeNeNieHHs] yPOBHS BHAMMOCTH MEXKIY BBIODAaHHBIMM TOYKAaMH HA MECTHOCTH. IIpelU1okeHBl KpUTEpHUs OLECHKH
PaLMOHATIBHOTO pa3MeNIeHHs U aJITOPUTM OBICTPOro PEIleHHs STOH 3312yl

KiawueBbie cI0Ba: TEXHUYCCKHUE CHUCTEMBI Ha6J’lIOZ[eHI/IH; ropucrasi MECTHOCTb, pallMOHAJIbHOC pPa3MEIICHUE,
MareMaTudeCkKkas MOJ€CIb.
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