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INVESTIGATION OF THE OBSERVATION CONDITIONS
ON THE TERRAIN OF WAR OPERATION USING GIS TECHNOLOGY

The modern geoinformation systems (GIS) have been widely applied in Armed Forces for preparation and control of battle
operations, for information providing of tactic activities, for improvement of topographic maps etc. In real situations during
war activity the Geography information about situation on the terrain can be ofthen changed. So, in this cause the
application of usual maps isn’t effective. Only the modern automated control systems can provide fast changing
information documenting. The observation condition is one of the terrain features for providing information about enemy
troops position and facilities. This feature helps to detemine the distance of sight between any observation points, the
invisibility factors of terrain. It is depended on nature of relief plant cover, human settlements and other objects, also
meteorological conditions, influencing on the visibility. As result of correct organization of observation, the obtained data
help commander to estimate completely the military operation area and adopt a reasonable decision. In paper the
observation conditions between two points of mountain terrain during battle operation have been investigated using GIS
technology. The experiments for estimation of observation situation in mountain terrain has been carried out for one of the
chosen region of the Caucasus. The visible and invisible areas have been revealed on the line of sight between two selected
oversight points. The invisibility factors have been calculated and studied in depended on camera platform height. The
visible and invisivle areas are determined under 0-180° angle in range 17941.16 m. The height profile between
observations points and the digital heights model of investigated terrain have been constructed and analysed. At the various
heights of camera observation platform the 3D heights models of the visible and invisivle areas have been constructed The
invisibility factors between two delected viewpoints have been calculated. It is determined that if the heght of camera
platform is increased above-ground level then the invisible area is decreased. ArcGIS software has been used for

development and calculation measured results.
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Background

The modern geoinformation systems (GIS) have
been widely applied in Armed Forces for preparation
and control of battle operations, for information
providing of tactic activities, for improvement of
topographic maps, for determination of location on the
ground of the land forces etc. [1-4].

In real situations during battle operations the
Geography information about situation on the terrain
can be ofthen changed. So, in this cause, the application
of usual maps isn’t effective. Only the modern
automated control system can provide fast changing an
information documenting. The modern GIS electron
maps, video data editing systems, the especial GIS
softwear in modern computer-driven control system
(Windows 8, 10, 13 etc.) have been developed [5,6].
They provide a creation of the vector, rastr and matrix
maps, moreover, and give possibilities efficiently data
about terrain updating.

In previously works [7-11] using GIS technology
the relief digital model application and the terrain
observation conditions were investigated for possibility
of planning war operations.

In given paper using GIS technology for one of the
chosen region of the Caucasus the observation
conditions from one supervision point, the visible and
invisible areas have been investigated.

The observation condition is one of the terrain
features for providing information about enemy troops
position and facilities. This feature helps to detemine
the distance of sight between any observation points, the
invisibility factors of terrain, and it is depended on
nature of relief plant cover, human settlements and
other objects, also meteorological conditions,
influencing on the visibility. As result of correct
organization of observation, the obtained data help
commander to estimate completely the military
operation area and adopt a reasonable decision.

If there are many ravines, valleys, hills, trees and
bushes, various buildings on the terrain then the
visibility conditions are such unfavourable. In mountain
conditions during supervision it should be select such
observation point from out of which it can be possible to
see roads, precipices, paths and valleys. The observation
conditions help a reconnaissance, organization of fire
systems and control of military units, or make worse
ones. It help to reveal surroundings terrain and targets,
or make worse ones. The observation conditions are
characterized by optical (radiolocating) visible distance
in one of concrete sector (range) of elevations of the
surroundings terrain and targets, also by the sizes of
invisible areas and bounds.

As result of carried out and presented experiments,
the estimation of observation situation in mountain
terrain has been realized. The goal of work is to
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determine of visible and invisivle areas between two
oversight points. The GIS analysis has been carried out
at two stages. At the first stage, the visibility analysis
on the line of sight between two oversight points has
been carried out, then the visible and invisivle areas
under 0-180° angle in range 18000 m are determined,
and the terrain profile has been constructed. At the
second stage, the terrain elevation 3D model has been
constructed. GIS and ArcGIS software have been used
for our calculations [5].

Experimental results

Two viewpoints on the topographic map have been
selected. The height of first point is 900.8 m, and the

height of second point is 901.5 m. The distance between
these viewpoints is 17941.16 m.The goal of this work is
to study of the influence of relief, trees and bushes,
human settlements, various buildings and the height of
camera platform on the level of visibility.

I-st experiment. The result of analysis of the line
of sight between two viewpoints is shown in fig. 1. The
camera platform is located on the surface of ground (the
height # = 1 m). The visible areas are marked by the
geen lines, the invisible areas are marked by the red
lines.

The visibility analysis of the line of sight between
two viewpoints has been carried out with taken an
account of Earth surface curvature.

Fig. 1. The visibility analysis of the line of sight between two viewpoints

I1-d experiment. The camera platform is lifted on
the height #=10m above-ground level. Took 1-st
viewpoint as basis, the visible and invisivle areas under
(0 + 180°) angle in range of 18000 m to direction to 2-
nd viewpoint are determined by GIS analysis. The result
of analysis of the line of sight between two viewpoints
is shown in fig. 2.

Fig. 2. The visible and invisible areas
beween two viewpoints (h=10 m)

The 3D model of visible and invisible areas
between two viewpoints (4 = 10 m) is shown in fig. 3.

Fig. 3. The 3D model of visible and invisible areas
between two viewpoints (h=10 m

III-rd experiment. The camera platform is lifted
on the height # = 20 m above-ground level. Took 1-st
viewpoint as basis, the visible and invisivle areas under
0-180° angle in range ~ 18000 m to direction to 2-nd
viewpoint are determined by GIS analysis.The result of
analysis of the line of sight between two viewpoints is
shown in fig. 4.
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Fig. 4. The visible and invisible areas
beween two viewpoints (h =20 m

The 3D model of visible and invisible areas
between two viewpoints (4 =20 m) is shown in fig. 5.

Fig. 5. The 3D model of visible and invisible areas
between two viewpoints

IV-th experiment. The camera platform is lifted
on the height # = 30 m above-ground level. Took 1-st
viewpoint as basis, the visible and invisivle areas under
(0 + 180°) angle in range of ~ 18000 m to direction to 2-
nd viewpoint are determined by GIS analysis. The result
of analysis of the line of sight between two viewpoints
is shown in fig. 6.

Fig. 6. The visible and invisible areas
beween two viewpoints (4 =30 m)

The 3D model of visible and invisible areas
between two viewpoints (4 =30 m) is shown in fig. 7.

Fig. 7. The 3D model of visible and invisible areas
between two viewpoints (4 =30 m)

The investigated terrain were classified on heghts

and were divided on 13 zones (fig. 8).
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Fig. 8. The digital heights model of terrain

Using GIS softwear the profile on the line of sight
between two viewpoints has been constructed (fig. 9).
This profile is applicated for determination of double-
sided invisible areas between selected viewpoints, for
investigation more precisely of terrain profile, for study
of terrain slope etc.
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Fig. 9. Constructed profile between two viewpoints

From fig. 9 it is clearly seen, that how the terrain
relief is changed step by step by distance and by
heights.

Analysis and disscusion

The investigation of observation condition on the war
operation region has a goal to determine of visibility and
invisibility levels (factors) on the most suitable viewpoint
of terrain. By construction of the heights profile of terrain,
the visible and invisible areas are determined below
method. Let us explaine it using fig. 10.
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Fig.10. The profile of conditional mountain terrain

The profile of conditional mountain terrain is
shown in this figure 10. The two viewpoints are selected
on the high posts. Here: A4 is the first viewpoint selected
on the top of mountain, B is the second viewpoint
(enemy target) selected on the top of another mountain.
Between 4 and B viewpoints on the line of sight the
heights profile is constructed by use GIS software. As
results, visible (1) and invisible (2) areas (figures 10)
are determined. From analysis of obtaining information
the command staff located in the 4 post make at a
decision that the enemy troops and armoured
machineries located in areas (2) will be unobserved. On
the other hand, if enemy troops will be located in areas
(1) then they will be observed from 4 viewpoint.

If C, or D, or E points are selected as viewpoints
then, by the same rule, the invisible areas can be
determine on CD, DE or EB lines of sight.

Such viewpoints can be selected on the various
peaks of the terrain. For the right and correct decision
making the commander must to choose such viewpoint
that the sum of the invisible areas is minimal. For this, let
us apply and use an invisibility factor P for various peaks:

n—1 1

1 n—2 .
p=—r D25 (1)
n—1 = g9 o

1

Here: S is an invisible area between i and j

peaks, S° is a total area between 4 and B peaks; n is a
number of peaks.

After calculation P;, P,,... invisibility factors for
various viewpoints to the lines of sights to the enemy
post B, the minimym of them can be determined::

P, =min {P,P,,...}.

So, after calculation of the minimal invisibility
factor P,,;, by this method, the cammander can choose a
right viewpoint. From this viewpoint (a peak) on the
line of sight to ememy point B the invisible areas are
minimal. Based on this method let us determine an
invisibility factor P in our experiments.

I-st experiment: the camera platform is located on
the ground, then from analysis of data on the fig. 1 we
can calculate the invisibility factor P; from A viewpont
on the line sight to B post:

P;~0,55 or P;~55%.

That is, 55% of total area between viewpoints A
and B are invisible.

II-nd experiment: the camera platform is lifted on
the height of # = 10 m above-ground level. Then from
analysis of data on the figures 2 and 3 we can calculate
the invisibility factor P, from A viewpont on the line
sight to B post (/=10 m, figures 2 and 3):

P;~0,42 or P,=42 %.

That is, the camera platform is lifted on the height
of h =10 m above-ground level, then 42 % of total arca
between viewpoints 4 and B are invisible.

III-nd experiment: the camera platform is lifted
on the height of 2 = 20 m above-ground level. Then,
from analysis of data on the figures 4 and 5 we can
calculate the invisibility factor P, from 4 viewpont on
the line sight to B post ((#=20 m, fig. 4 and 5):

P;~0,36 or P;~36%.

That is, the camera platform is lifted on the height
of h =20 m above-ground level, then 36 % of total area
between viewpoints 4 and B are invisible.

IV-th experiment: the camera platform is lifted on
the height of # = 30 m above-ground level. Then. from
analysis of data on the figures 6 and 7 we can calculate
the invisibility factor P, from A viewpont on the line
sight to B post (/=30 m, fig. 6 and 7):

P,~0,22 or P,~22%.

That is, the camera platform is lifted on the height
of & =20 m above-ground level, then 22 % of total area
between viewpoints A and B are invisible. So, we have

P;<P;<P,<P

We can conclude that if the heght of camera
platform is increased above-ground level then the
invisible area is decreased.

Conclusion

The experiments for estimation of observation
situation in mountain terrain has been carried out.

Using GIS technology and ArcGIS software the
visibility analysis on the line of sight between two
selected oversight points has been carried out. The
visible and invisivle areas under 0-180° angle in range
17941.16 m are determined. The terrain profile and the
digital heights model of investigated terrain have been
constructed. At the various heights of camera
observation the 3D heights model of the visible and
invisivle areas have been constructed. The invisibility
factors between two delected viewpoints have been
calculated. It is determined that if the heght of camera
platform is increased above-ground level then the
invisible area is decreased.
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Jocaigxkenns yMoB cnocrepexenns ¢ BukopucranusM I'IC Texnosoriii Ha TepuTopii BilicbKoBHX ajii
E.T. l'amumos, A. A. Baiijpamos

CyuacHi reoindopmaniiini cucremu (I'IC) mmpoko BUKOPUCTOBYIOTHCS B 30poitHux Cuiax Ul MiJATOTOBKH 1 yNpaBIliHHSA
GolioBuX omepauii, i iHdopMaliiiHOro 3a0e3neueHHs TaKTHYHUX Milf, 111 moninmeHHs TornorpadiuHux kapT. B peanbHii
curyanii mijx 9ac BIMCBKOBHX il reoiH(opMallis Mpo CTAHOBHINE Ha MiCIIEBOCTI MOXKE YacTo 3MiHIOBaTHCS. ToMy, B IOMY
BUINAJIKy 3aCTOCYBaHHs 3BHYAilHMX KapT He edekruBHO. TiNbKM CydacHi aBTOMaTH30BaHI CHCTEMH YIPAaBIIHHA MOXYTh
3a0e3MeunTy IBUIKO MIHINBY iH(OpMaIiiiHy JoOKyMeHTaIlif0. YMOBa CIIOCTEPEKEHHS € OHMM 3 BJIaCTHBOCTEH MiCIIEBOCTI, 110
3abe3nedye iHpOPMAIIEIO PO ITO3UIIIF0 BOPOXKUX BIMCHK 1 BiHCbKOBOI TexHIKH. Lle BIacTUBICTh joromMarae BU3HAUUTH BiJICTaHb
CIIOCTEPEIKCHHA MIXK TOUKAMH CIIOCTEpPEXEHHS, (akTop HeBHAMMOCTI MicueBocti. Ile 3anexxurs Bix npupoxu peibedy
POCIIMHHOTO TIOKPHUBY, HOCEJICHb 1 IHIIMX OO0'€KTiB, a TAKO)X METEOPOJIOTIYHMX yMOB, IO BIUIMBAIOTh HA BUAMMICTB. SIK
pE3yNbTaT MpPaBUIBHOI OpraHi3awii CrOCTepeXeHHsS, OTPUMaHi J@aHi JONOMAararoTh KOMAHIMPY IOBHICTIO OLIHMTH 00JacTh
BilicbKOBOi omeparii i NpUHHATH NpUHHATHE pileHHs. Y crarri, BUkopucroByroud ['IC TeXHOOriro, HOCIi/KeHI YMOBU
CIIOCTEPEIKEHHSI MK JIBOMAa TOYKaMM TipChKii MicmeBocTi miJ yac OoiioBoi omepamii. ExcriepumenTn mo omiHI cuTyamii
CIIOCTEPEIKEHHA B TipChbKill MicueBocTi Oynu npoBeneHi B onHiil 3 oOpanux perioniB Kaskasy. Ilo niHii orismy Mixk JBoMa
00paHUMM TOYKAMH CIIOCTEPEKEHHs Oy/iM BUSBIICHI BUIMMI 1 HeBUaUMI obOinacti. Bynn pospaxoBani (akTopy HEBUAMMOCTI i
BUBYCHI B 3aJIEXKHOCTI BiJl BUcOTH Iuiatdopmu kamepu. bynu Bu3HaueHi BumuMi i HeBuaumi obuacti B paxiyei 17941.16 m nix
kyramu 0-180 °. By noGynoBanuii i IpoaHani3oBaHO NPOdiab BUCOT MK TOYKAMHU CIIOCTEPEKECHHS 1 IU(POBAa MOJIENIb BUCOT
JocnipKyBanoi Tepuropii. Ut pisHHX BHCOT po3TallyBaHH: Iu1aTopMu 3 Kameporo Oynu moOynoBaHi i gociimkeni 3D moneni
BUCOT IUIsI BUOMMMX 1 HeBUAMMHUX oOyacteil. Bynmm pospaxoBaHi (akropm HEBUAMMOCTI MiXK JBOMa OOpaHMMHU TOYKaMHU
criocrepekeHHs. byno BcraHOBIIEHO, 10 MM BHIIE IIIATGOpPMA 3 KaMEPOIO CIIOCTEPEKEHHs, TUM MEHIIIe HeBHauMa iomma. Jlns
00poOKH 1 po3paxyHKy BUMIPSHHUX Pe3yJIbTaTiB Oy/0 BUKOPUCTaHO NporpaMHe 3abesneueHHs ArcGIS.

Kar4dosi ciaoBa: ymMoBH criocTepexeHHs, ripcbka micuesicTs, I'IC, daxrop HeBumuMocTi, Ipodiiab BUCOT, IpOrpaMHe
3abe3neyenns ArcGIS.

Hccnenopanne ycaopuii Ha0mogeHns ¢ ucnojab3opanneM I'HC TexHOIOTHIf Ha TEPPUTOPHH BOCHHBIX JAeHCTBHIA
O.T. T'ammmos, A. A. Baiipamos

Cospemennble reounpopmarmonnsie cucremsl ('MC) mumpoko ucnonb3yrores B Boopyxennsix Cuiiax st OATOTOBKH U
ynpaBieHus OOeBbIX —omnepanuii, 1 HHGOPMAIMOHHOTO OOECHEYeHMS TAKTHYECKMX JCHCTBUH, Ui  YIydIIeHHs
Tonorpauueckux Kapr. B peanbHOH cuTyalum BO BpeMs BOSHHBIX JEHCTBHII reonHpopMmalys O MOJI0KEHUH Ha MECTHOCTH
MOJKET 4acTo MeHATbcs. [loaToMy, B 3TOM cilydae NpUMEHEHHE OObIUHBIX KapT He 3ddexruHO. TombKO COBpeMEHHbIE
aBTOMATH3MPOBAHHbIE CHCTEMBbl YHPABIECHHUS MOTYT OOECIEUUTh OBICTPO MEHSIOLIYIOCS MH()OPMALMOHHYIO JIOKYMEHTALHIO.
VYcnosue HaOMIOCHHS ABISIETCS OHUM M3 CBOMCTB MECTHOCTH, o0ecreunBatoniee HHGpopManueil o o3ULUH BPaKECKUX BOHCK
U BOCHHOH TEXHHMKH. DTO CBOWCTBO IOMOTraeT ONPENEINTh PACCTOSHHUE HAONIOACHUS MEXHY TOYKaMM HaOrogeHus, (axkrop
HEBUIMIMOCTH MECTHOCTH. DTO 3aBUCHUT OT IIPUPOJIBI pelibedha paCTUTENBHOIO OKPOBA, IOCETIEHUH U IPyruX 00bEKTOB, a TaKKe
METEOPOJIOTMYECKHX YCIIOBUH, BIMAIOMINX Ha BUAMMOCTb. Kak pe3yabraT NmpaBUIIbHOI OpraHu3aluu HaOJItoIeHHS, MOJIydeHHbIe
JIaHHbIE MTOMOTAI0T KOMaHIUPY MOJHOCTBIO OLEHUTh 00J1aCTh BOCHHOM ONepalyu U MPUHATH NpHeMieMoe pelleHue. B crarbe,
ucnonb3yst 'IC TeXHOIOr U0, UCCIIEIOBAHBI YCIIOBUS HAOIIOAECHUS MEXK/TY ABYMS TOUKAMH F'OPHOH MECTHOCTH BO BpeMs 00eBOit
ornepanyy. DKCIEPUMEHTHI 10 OLIEHKE CHTYal[ud HAaOJIIOJEHUS B FOPHOH MECTHOCTH OBbUIM IPOBEIEHBI B OHOW M3 BBIOPAHHBIX
peruoHoB Kaskaza. ITo smHMM 0030pa Mexay IByMs BBIODAaHHBIMH TOYKAMM HaOJIIOJEHHS ObUIM BBIABICHBI BHIMMbIE U
HeBUMMbIE oOnacTy. Beum paccunTansl pakTOpbl HEBUAMMOCTH M M3Y4YEHBI B 3aBUCUMOCTH OT BBICOTHI IIAT(OPMBI KAMEPBL.
Beu ompeneneHbl BHIAMMBIE W HEBUAUMBIE oOnacTH B pamamyce 17941.16 m monm yrimamu 0-180°. Bpur moctpoeH u
[POAHAIM3UPOBAH NPO(MIL BHICOT MEXIY TOUKaMH HaOMIOAeHHS M L(poBast MOAENb BBICOT MCCIENYyeMON MECTHOCTH. Jlis
Pa3HBIX BBICOT PACIONIOKEHUS IUIATGOPMBI C KaMepoil ObUIM MOCTPOCHBI U McCleoBaHbl 3D Mozeny BBICOT A BUIUMBIX U
HEBUJIMMBIX oOnacteil. Bbuin paccunrtansl (akTropsl HEBUIUMOCTH MEXIY IBYMS BbIOpaHHBIMU TOYKaMu HaOmropeHus. bpuio
YCTaHOBJIEHO, YTO 4YeM BbIllIe IIIaTdopMa ¢ KaMepoil HaOI0IeHHs], TEM MEHbIIe HeBUAUMAsI IuIoIaab. [y o0paboTku u pacyera
H3MEPEHHBIX Pe3yJbTaToB ObLIO HCIIONIB30BAaHO MporpaMMHoe obecrneuenue ArcGIS.

Karoudesbie cioBa: ycnoBus HaOmopeHus, ropsHas MectHoctb, [MIC, ¢akrop HeBUIMMOCTH, NpPOGHIb BBICOT,
nporpamMHoe obecrieuenust ArcGIS.
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