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MODELING OF OBSERVATION IN THE MOUNTAIN TERRAIN DEPENDING
ON NUMBER OF SUPERVISORY SYSTEMS

Abstract. The various types of electron-optical supervisory systems (SCS) have been used in the border stations of
border zones in the Armed Forces of many countries. The mission of these SCS is to supervise the possible activities of
smugglers, the illegal movement of enemy troops, the technics and weapon systems, the frontier intruders. In the paper,
there has been offered a method which, on the basis of the developed mathematical model and Geography Information
System technology, allows modeling of observation in mountain terrain depending on the number and location of SCS. The
developed software module allows: 1) to generate the investigated terrain based on Digital Terrain Elevation Data file, 2) to
input the possible observation points and the controlled zone via an interface, 3) to simulate and visualize the observed
areas for both single and group observation devices located in the possible observation points. The developed method had
been applied to one of the selected terrains of the Azerbaijan Republic and demonstrated efficiency of the offered method.
Based on the developed model and GIS technology the visual modeling in mountain terrain depending on a number and a

location of the SCS has been carried out.
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Introduction

The various types of electron-optical supervisory
control systems (SCS) have been used in the border
stations of border zones or/and in the Armed Forces of
many advanced countries. The mission of these SCS is
to supervise day and night the possible activities of
smugglers, the illegal movement of enemy troops,
technics and weapon systems, frontier intruders with
high precision a great and middle distance [1,2,3].

With the goal of optimal SCS deployment in
mountain terrain by using the digital altitude model of
terrain the views held analysis is possible to carry out
[4]. This views held analysis helps to select optimal
points (posts) on the terrain. The SCS optimal
deployment in mountain terrain makes the possibility to
use rationally SCS number because SCS has very much
costs. Using the rationally SCS number we can reduce
the necessity of the specialist number. Also, it
accelerates the commander’s correct decision making.
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, at 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 reveal and to prevent enemy subversive
actions.

Taking into account above, in [5—7] papers the
mathematical model of the rational 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 assessment criterion of rationally
deployment and the algorithm of the fast solution have

been offered. For task solution the below method has
been offered:

1) it is offered a net of terrain, the net point
junctions are heights of the terrain;

2) it is adopted that around of each height all
point junctions are a SCS deployment set;

3) we determine the visible and invisible point’s
sets for each selected SCS deployment point;

From the set of the deployment point junctions, the
deployment points were selected for minimal SCS
number determined maximum visible zones.

In the presented paper, the task of development of
the software module has been formulated and solved on
the basis of the developed mathematical model and
Geography Information System technology. The
developed software module allows:

- to generate investigated terrain based on Digital
Terrain Elevation Data (DTED) file;

- to input the possible observation points and the
controlled zone via the interface;

- to simulate and visualize observed areas for both
single and group observation devices located in possible
observation points.

Methods. Mathematical model of deployment
of the electroptical supervisory systems

Early, the mathematical model of the rational
deployment of electron-optical SCS in mountain terrain
has been developed and offered [5,6,7]. The
determination method of visibility level between
selected terrain points has been developed. The
assessment criterion of rationally deployment and the
algorithm of the fast solution have been offered.

The optimal deployment of SCS on terrain is one
of the important tasks of military reconnaissance. Such
a task has its own specific character and can be solved
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by the application of appropriate mathematical methods.
The specific character of such tasks is that the necessity
for continuing surveillance and control objects can be
located in specific zones of terrain (for example, in
canyons, along with rivers, 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 all set points. Therefore, it is
necessary to select such SCS set points that the zone
observation range would be the largest.

In the paper, the task of optimal SCS deployment
in mountain terrain has been considered by using the
digital altitude model and knots of the regular net of
terrain. Neighbor’s points are connected by straight
lines, and as a result, the 3D digital vector model of
relief of the terrain is generated. These segments are
called relief lines and their projections on the side plane
are called edges.

Let the searching terrain’s zones are known and
connected to 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 the nearest lowland is a 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 at the
highest point, etc. Therefore, we can adopt that the
observation set of points is grouped around of N
separate high-altitude knots. Let them 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 A 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 B
point is seen from A point.

The next method to solution this task is offered:

o Development of ¢ procedure for 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 the
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 the computed solution by
variation of knots in the range of group.

Let denote the set of points of under obligatory
observation terrain zones by V;,. As stated above, the
observation set of points will be grouped around
separate altitude knots of 4,, (m=1,2,...,N), which are
taken as initial knots. Let V,, are set of knots, which can
be observed from A4,, 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 A4, we will get
U, cV, sets. As the assessment criterion of zone

observation range for the task of SCS deployment such

a way that to embrace the widest zone observation, we
can take a following:

S(my,my,...,m,) = mes(VO \UZ=1U”% ) — min .

Thus, first of all, by application of ¢ procedure all
sets included in functional are described. Then, by the

method of my,m,,...,m, exhaustion, J is calculated and
the most suitable is determined. Further, by varying
knots in the range of my,m,,...,m, groups we can

improve the obtained solution.

It is obvious, that from the point of view of
mathematics it is possible to prove that in common case
such an algorithm not leads to an optimal solution.
However, in practice such a solution is satisfactory.
Therefore, this solution is called rationally.

Experiments

One area in the mountain terrain of the Azerbaijan
Republic was taken as an investigated zone. The
mountain terrain is higher than the surrounding zones.
The absolute height of such areas is more than 500 m.
The mountain terrain has a complex and diverse colored
relief, a characteristic nature. The mountains, steep
slopes of the mountain chain and narrow canyons are
the main relief forms of this area. The characteristic
features of mountain terrain are input-output and
difficult relief, the poor road network and few
settlements, varying level and rapid flow rivers,
diversity of climate, stone land. The mountainous
terrain is closed and split area.

The combat operations in mountain terrain demand
especial combat training, a detailed and maximum
precise evaluation of the condition. The level of cross-
country ability of mountain roads is depended on the
season. In winter the roads are covered by snow and ice.
The difficult relief of mountain area leads to form the
unobservable zones. It makes a worse condition for
observation and fire, but it provides conditions for
security deployment and movement of troops,
fortification construction, masking and easing antitank
defense. Depending on the absolute height the mountain
terrains are low (500+1000 m), medium (10002000 m)
and high (> 2000 m).

For investigations, the topographic maps with
1:50000 scale had been used. First of all, by using of
ESRI company ArcGIS program package and Global
Mapper software [8,9] the DTED [10] format of terrain
has been obtained. Then, for the purpose of
investigation of observation conditions of terrain, the
program module has been developed in Delphi package.
Purposely construction of the model and algorithms
testing, there had been had below:

- the investigated zone had 5.5 km x 5.5 km area;

- WGS84 coordinate system was taken [11, 12];

- in the investigated zone (X, y, h) coordinates of
21 483 points were measured,;

- the distance between knots of regular graticule of
the (%, y) coordinate was 115 m;

- the maximum height was 1730 m, the minimum
height was 920 m.
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Results and discusions

The models of terrain have been made at three
steps: data obtaining, developing and models making.
At the step of data obtaining, for the purpose of the
showing possibility of the topography surface with any
precision, the local topographic contours on the
topographic maps of the investigated area have been
digitized in ArcGIS 10.4 program software of ESRI
company (Fig. 1).

Fig. 1. Digitized topographic contours

The height difference between the topographic
contours is 10 m. Then, by using ArcGIS 10.4 program
software on the topographic contours at every 50 m one
point had been indicated. As a result of this, 21 483
points had been obtained. The values of rectangular
(x,y) coordinates of obtained points had been calculated.

One of the tasks of observation system
organization on the terrain is an optimal number of
observation devices and the correct choice of their
deployment. As it was indicated above, in [7] the
mathematical model for determination the visible zone
of terrain from the given point based on the relief map
in DTED format was offered [10,13]. DTED file is the
value of heights of terrain relief and is set in the knots of
the regular rectangular graticule. Such a format is
suitable for visualization on the computer screen by
using various software. For instance, the generated
shape of the above-indicated area of terrain (see fig. 1)
by Excel program is presented in Fig. 2.

Fig. 2. Investigated area heights classification. Visualization
terrain by Excel program

However, it should be noted that in such kind
realization of the offered model demands many
computational resources in the case of numerous data
value. On the other side, the percentage evaluation of
the area of observation zone by supervisory devices
towards all controlled zone formulated in [7], it is not an
adequate extent of task solution. Due to security, it is

conditional on demand of the view of some “continuous
line” along the whole length of the observation zone.
So, the sufficient reasons are raised for the development
of the software module, which allows the commander to
calculate a view zone both for single observation’s
device allocated in the suitable observation point and for
the group of devices. At this time, the commander
chooses more suitable versions.

So, the task of development of such a software
module have been postulated for:

- generation investigated zones on the basis of
DTED data file;

- input the possible observation points and
controlled zone via the interface;

- visualization view zone both for the single and
for group (one, two, etc.) observation devices allocated
in the suitable observation points.

By using this software module, the commander
can choose more suitable versions for the allocation task
solution. Such a software module had been developed
with the above-indicated characteristics. The functional
block-chart is presented in fig. 3.

—

Input control
zone

Input DTED data

Terrain relief
visualization

Input possible
observation
points

!

Choice of
calculation mode

Fig. 3. A software module block-chart

Calculation and!
visualization of
results

Using this software module, the relief map of the
terrain, shown in Fig. 1 and 2, is presented in Fig. 4. In
accordance with the indicated size of terrain, the relief is
presented by 45x45 squares painted by colors of the
middle height. There are six colors in these figures, each
of them include the alternate fields with height
difference of 135 m. It is obvious, in depending on
necessary precision, other parameters of detailing relief
can be chosen.

The simulation program had been written on the
Turbo-Pascal programming language in the Delphi
package. Let us demonstrate the operation of a software
module of the developed program. The electron-optical
supervisory systems (devices) were put in points 1 and 2
(Fig. 5). There have been carried out the investigation
and analyzing of the calculated visible zones (blue
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color) from the view of selected point 1, from point 2
and from jointly 1 and 2 (Fig. 5). There is the more dark

- the areas of visible zones are differed depending
on the selection of viewpoint;

color the higher mountain terrain in Fig. 5. - the higher mountain terrain does not create a
possibility of more area of the visible zone;

- even simulate observation from two selected
viewpoints, then there is an invisible strip area on the
terrain.

- if there are several viewpoints (electron-optical
supervisory systems), there is some area of the invisible
zone.

So, it can be concluded that when even the several
electron-optical supervisory systems are used, then in all
of the same cases there is an invisible zone, where the
enemy can cross the border (frontier). In this case, there
appear to be sufficient reasons for the use of Unmanned
Aerial Vehicle for controlling (monitoring) invisible
zones.

Conclusions

Thus, by analysis of obtained results, the next
conclusions can be made:

- based on the developed model and GIS
technology there has been carried out visual modeling in
mountain terrain depending on a number and a location
of the electron-optical supervisory systems;

- the developed software module allows visually
analyze of developed mountain terrain and find the
hidden zones from viewpoints;

Fig. 4. A relief map of terrain

From an analysis of simulated images on Fig. 5 (a,
b, ¢), it can be concluded that:
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Fig. 5. Visible zones (blue color) from the view of point 1 (a), from point 2 (b) and from jointly points 1 and 2 (c) — crosses;
Tthe black strip in fig. 5, ¢ is invisible zone

- the developed method allows efficiently to
investigate the dependence of hidden zones area on a
number and a location points of the electron-optical
supervisory systems;

- by using the given method it can be to determine
exactly a minimum number of electron-optical devices
that to carry out observation for maximum area zones
for given mountain terrain.
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Mone/0oBaHHA OIJISIAY B TipebKiil MiclIeBOCTI B 32J1esKHOCTI Bi/l KIJIBKOCTI cCHCTeM CIIOCTepesKeHHs
A. A. Baiipamos, E. H. Ca03ies, 5. A. Haci6os

AnoTaunin. Pi3Hi Buau enexrponHo-ontuuHux cucteM (EOC) BukopucToBYrOThECS 30poitHumu CuiiaMu B IPUKOPIOHHUAX
30Hax pi3HUX KpaiH. [Ipm3HadeHHs mux EOC monsrae B CHOCTEPE)KEHHI 32 MOXKJIMBOK AKTHBHICTIO KOHTPaOaHIWCTIB,
HEJICTAJIbHUMHU TICPECYBaHHAMHU BIMChK, TEXHIKM 1 CHCTEM O30pO€HHS TPOTHBHUKA, MOPYIIHHKIB KOPIOHY. Y CTaTTi
MIPOIIOHYETBCS METOJ, KWl Ha OCHOBI MaTeMaTHYHOrO MoJeiroBaHHs 1 TexHounoril ['eorpadiunoi IHpopmamniiiHoi Cucremu
JIO3BOJISIE MOJICITFOBATH OIJISIJT CIIOCTEPEIKEHHS B TPChKil MICIIEBOCTI B 3aJIS)KHOCTI BiJ| KiJIbKOCTI Ta Micis postamryBanus EOC.
Po3pobiienuit mporpaMHuii MOAYJb A03BOJISIE: 1) reHepyBaTH JOCTIIKYyBaHy IUISHKY Ha ocHoBI Digital Terrain Elevation Data
file, 2) BBOOMTH depe3 iHTepdec MOXKIMBI TOYKM OIJISAY I KOHTPOJBOBAHY 30HY, 3) CHMYNIOBATH 1 iMiTyBaTH 00JacTi
CIIOCTEPEIKEHHS Il OJWHOYHUX 1 TPYIOBUX IPHUCTPOIB CIIOCTEPEKEHHS, PO3MIIIEHHX B MOXIIMBHX TOYKAX CIIOCTEPEKCHHS.
Po3pobiienuii MeTox 3acTocoBaHM Ha 0OpaHiii MmicieBocti AsepOaiikaHcbkol PecriyOmiku 1 mokazaB e(peKTHBHICTh JaHOIO
merony. Ha ocHoBi po3pobienoi moxeni i texnonorii I'IC npoBeieHo BizyaldbHe MOZIENIOBAHHSA B TipCbKiil MicueBocTi B
3aJIeKHOCTI BiJ] KUIbKOCTI Ta postamryBanus EOC.

Kaw4doBi caoBa: MOZCIIOBAaHHA; CIIOCTEPEIKCHHSA; MaTEMAaTUYHA MO/IC]Ib; CUCTEMA CIIOCTEPEIKCHHS, l'IpOl"paMHPII’I MOZIYJIb.

MopneaupoBanue 0030pa B TOPHOH MECTHOCTH B 3aBHCHMOCTH OT YMCJIa CUCTEM HAO/II0ieHUsI
A. A. Baiipamos, O. H. Ca63ues, f. A. Hacu6os

AHHoTanusi. Paznuunbie BHIBI 3nekTpoHHO-onTHYeCKHX cucTeM (DOC) mcnonb3yrores BoopyxkeHnHbiMu CHiaMu B
MOrPaHNUYHBIX 30HaX Pa3iM4HbIX cTpaH. [IpenHazHauenue aTux D0C 3aKiro4aeTcs B HAOIIOAECHUH 33 BO3MOXHON aKTHBHOCTBIO
KOHTPaOaHMCTOB, HEJICTAJIBHBIMHM IEPEIBIKCHUAMU BOICK, TEXHHUKM U CHUCTEM BOOPY)XEHHUs INPOTHBHMKA, HapyIIUTeNeH
rpaHuipl. B cratee mnpepmaraeTcss MeETOZA, KOTOPBIM HAa OCHOBE MAaTEMaTH4eCKOrO MOJAENHMPOBAHHMS W TEXHOJIOTUH
I'eorpaduueckoit MudopmarmonHoii CucreMbl HO3BOISAET MOIENIUPOBATH 0030p HAOIMIOAEHHMS B TOPHOM MECTHOCTH B
3aBHCHMOCTH OT uucia u Mecra pacrnonoxenus JOC. PazpaboranHbIil IPOrpaMMHBIA MOIY/b 1103BOJSET: 1) reHepHpoBaTh
uccienyeMblii yuactok Ha ocHose Digital Terrain Elevation Data file, 2) BBoguTs uepe3 unTepdeiic BO3MOXKHbIE TOUKH 0030pa 1
KOHTPOJIMUPYEMYIO 30HY, 3) CUMY/IUPOBATh U MMUTHUPOBATh 00JAaCTH HAOIIONEHMS ISl OAMHOYHBIX M I'PYIIOBBIX YCTPOHCTB
HaOIIOCHUs, Pa3MEIIEHHBIX B BOSMOXKHBIX TOUKaxX HaOmozeHus. Pa3paboraHHblil MEeTO IPUMEHEH Ha BBIOPAHHOH MECTHOCTH
Asepbaiiipkanckoit PecriyOnuku u nokasan a¢dexTuBHOCTh JaHHOr0 Meroza. Ha ocHoBe pa3paboTaHHON MOJENIN U TEXHOIOTUH
I'NC npoBeneHO BU3yanbHOE MOAEIMPOBAHHE B TOPHOH MECTHOCTH B 3aBUCHMOCTH OT uHcia H pacronoxenus J0C.

KawueBbie ciioBa: MOJIenMpoOBaHUE; HAONIONEHNE; MaTeMaTHIeCcKasi MOJIENb; CUCTeMa HaOIOACHNMS; IIPOrPaMMHBII
MOJYJb.
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