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THE NUMERICAL ESTIMATION METHOD OF A TASK
SUCCESS OF UAV RECONNAISSANCE FLIGHT
IN MOUNTAINOUS BATTLE CONDITION

The numerical estimation of performance of battle task in mountainous region by using Unmanned Aerial Vehicles (UAV)
reconnaissance flight is very important for theatre-of-war planning of battle operations. In paper, the numerical estimation
method of a task support success of UAV reconnaissance flight in mountainous battle condition has been offered and
considered. This method is based on the probabilistic approach. The battle support (security) is activities complex realized
for the purpose of creation of the favorable conditions for successful battle activities and enemy impact degradation for any
conditions. The battle support includes reconnaissance, electronic warfare, tactical camouflage, engineering support,
radiation-chemical and biological protection, aiming control and astrogeodetic support, hydro-meteorological support,
protection. The minimum of permissible safety height of UAV flight by using geoinformation system (GIS) technology has
been determined. Only the UAV tactic reconnaissance flight is considered in paper. For solution of this task, the various
input parameters have been took into account: security events set of the troops, security events set of UAV reconnaissance
flights, set of the UAV performance characteristics, set of UAV operating conditions, set of mountainous landscape
characteristics. The calculations have been carried out for the specific conditions of one of the mountainous broken ground
region of the Azerbaijan Republic.
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mountainous region.

Introduction

The numerical estimation of performance of battle
task in mountainous region by using Unmanned Aerial
Vehicles (UAV) reconnaissance flight is very important
for theatre-of-war planning of battle operations. The
numerical estimation is mean a level of the battle task
performance, which is varied from 0 to 1. For solution
of this task it is necessary to know next input
parameters:

- security events set of the troops;

- security events set of UAV reconnaissance flights;

- set of the UAV performance characteristics;

- set of UAV operating conditions;

- set of mountainous landscape characteristics.

Below the method of numerical estimation method
of a success level of the battle support based on the
application of UAV reconnaissance flight in
mountainous battle conditions. The battle (strategical)
support is activities complex realized for the purpose of
creation of the favorable conditions for successful battle
activities and enemy impact degradation for any
conditions. The battle support (security) includes
reconnaissance, electronic warfare, tactical camouflage,
engineer support, radiation-chemical and biological
protection, aiming control and astrogeodetic support,
hydro-meteorologic support, protection [1]. Only UAV
tactical reconnaissance will be considered below.

The problem formulation

Taking into an account that the considered process
is stochastic, then the numerical estimation of events
realization can be carried out by using probabilistic
factors: a degree of success of the event of battle

support, a guaranteed probability of realization of the
event of battle support, a probability of realization of the
M events among of all Z events etc. For the purpose of
finally solution (choice reasonable option of battle
support) it is necessary to use a validity criterion [2].

The investigation task is: by using UAV to find
reasonable option of a battle support U* belong among
U set when a mathematical expectation of the number of
successfully performed events of battle support will be
the largest, that is

U*eU: Mg, (1)=supMy, (1), (1)
where Mg, (1) is determined by method of the

examination of obtained calculated values of the
mathematical expectation in sample of its general set.

Calculated values of the mathematical expectation
of the number of successfully performed events are
calculated by next formula [3, 4]

z
M. (t) = Zpsuci (t) > (2)
i=l
where B, (t) is a probability of successfully
performed i event of UAV battle support, Z is a
common number of performing events.
UAV flight above mountainous
landscape with terrain following
The providing of accident-free UAV application is
the main task during UAV flight in mountainous

difficult broken relief. The mathematical model of UAV
flight in regime of the terrain following was offered in
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[5]. The minimal permissible safety height of flight is
the main operation factor determined UAV flight safety
in regime of the terrain following. The minimal
permissible safety height of UAV flight is determined
from the conditions of UAV non-collision with ground.
It is depended from UAV mobility and maximum
overloads, the rate of overloads forming, the range of
permissible flight speed:

Hmin:f(na kmaxa ta AV),

where 7 is a value of the normal component of overload
determined by the limiting value of lift force which can
be formed at instantaneous values of flight height and
speed; k.. is the maximum overload (UAV ultimate
strength limit) determined by the maximum permissible
value of lift force; ¢ is a duration of normal overload
formation; AV is a range of flight speed.

The duration of normal overload formation ¢
defines possibilities of violent maneuvers making
demanded an agility of flight trajectory curvature in

UAYV plane of symmetry. It is very important during
flyby around mountainous difficult broken relief of the
terrain.

The duration of normal overload formation ¢ and
type of dependence

An = (1)
are depended from UAV moment of inertia relatively
transverse axis; damping moment; static steadiness
moments, efficiency of elevation rudder, sluggishness of
UAYV moving control.

Let’s determine the minimum of permissible safety
height of UAV flight by using geoinformation system
(GIS) technology. We use experimental data obtaining
in our previous work [8]. The task of determination of
the height relief for specific region of the Azerbaijan
Republic by using GIS technology had been considered
in this work. Let’s consider the features of UAV
reconnaissance flight between observation point 4 and
point B (see Fig. 1 [6]).

The height relief between observation point A and point B
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Fig. 1. The height relief between observation point 4 (2951 m height) and point B (2590 m height) obtained
by using GIS technology: red colour lines are invisible areas, green colour lines are visible areas

By analyzing data from fig. 1 we can make next
conclusions:

- at UAV flight on 4400 m distance the mountain
with 250 m height is the highest obstacle 1600 m away
from point 4;

- the hill with 50 m height is the highest among
hills 1100 m away from point 4;

- the cruising speed of used wing-shaped “Trimble
UXS HP” UAV [9] is 24 m/sec;

- the widths of the largest depression in point of
1600-1700 m from away A4 and in point of 2900-3100 m
from away 4 are from 100 m till 200 m;

- the estimated flight time these depressions are
from 5 till 10 sec.

By using these date, we can estimate that the
minimum permissible safety height of UAV flight in

regime of the terrain following taking into account UAV
speed change is ~ 50 m.

The probability of UAV
battle task realization

Now, let’s consider and estimate the probability (a
success level) of UAV reconnaissance flight realization.

Let’s write the expression of an objective function
of successful realization of one battle task based on one
UAYV application [8].

Then, for the battle conditions, we get the next

expression:
=Kpe (1) Koy (2 Bor (1)x G)

r )
%Bin (¢) Pria (1) Biny (1) Fanay (1)-
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We don’t take into account correlations between
factors in (3). Here:

K,/ (t) is the factor of personnel combat readiness
for the battle tasks realization;

Ko (?) is the factor of nature features (mountainous
landscape, wind etc.);

P,,(t) is a probability of UAV fault-free operation;

P;,(¢) is a probability of objects and events
identification;

Pi(1) is a probability of hidden UAV operation;

P,,/(?) is a probability of information transfer to
central post;

Pnaes(t) 1s a probability of UAV un-destruction.

For getting the specific expressions in (3) we need
to choose the theoretical laws of random values
distribution. In considered case we can choose
exponential and normal distribution laws [2—4]. At the
same time, for determination of the wvalues of
coefficients and probabilities in objective function (3)
we need to use empirical data obtained, for example, in
tactical exercises.

In case of realization of the M events of battle
support by using one UAYV, the probabilities of
successful realization of the indicated events are
determined by formula

M

Pouernr (1) = T Poui (1)

i=1
In case of realization of the K events of battle
support from Z events we can use Bernoulli’s formula

[4]:
PsucKZ(t) = CKZ'PsucK(t)'[l - Psuc(t)]ZKa
where Cgy is the number of combination of executed
battle support events
Z!

Cxz =——o
K27 k\(z-k)

The guaranteed probability Pg(Zf) of successful
realization Z events of UAV battle support in combat
task conditions can be determined by using Poisson’s
formula [4]:

7 (1 K
PG(Z,t)= exp(_,l.,),lé)(/lkt!)

b

where A=1/T, T is average time of battle task
realization.

Let’s carry out specific calculations for practice
event with conditions described in [6] (fig. 1).

Let’s assume, that personal is ready at all to realize
combat task, that is, K,.(f)=1.

The reconnaissance event is realized in conditions
of mountainous difficult broken relief of the terrain (see
fig. 1).

Given region is characterized by leap direction and
speed of air flow till 15-20 m height, and by unstable
state of atmosphere till 100 m height. The UAV has
obstacle’s sensors.

The UAV’s frame is made on based of very firm
and light composite fiber carbon material. This UAV’s

frame can be stand high overloads and can execute spin
round. Based on the expert judgements and height relief
(fig. 1) we can assume that K,,,(¢) = 0,90.

The UAV used by us has high reliability [7],
therefore P,,(f) = 0,92.

UAYV has high-precision optics, and it provides a
high probability of events and objects identification, that

By using the results of investigations in [9,10,11],
we determine a probability of UAV hidden operation
Phid(t) = 0,80

Taking into account that the distance of
information transfer is less 5000 m, then we can assume
that the probability of information transfer to central
post is P,[(f) = 1.

Taking into account that UAV executes flight not
above enemy region then the probability non-
destruction of UAV is P,,,(f) = 1.

Thereby, taking into account above obtained
parameters and coefficients in (1) we can determine the
probability of successful realization (level realization)
of reconnaissance task in conditions of mountainous
difficult broken relief of the terrain:

Py (1) =1-0,90-0,92-1-0,80-1-1 = 0,66
or
Psuc(t) = 66%.
Mountainous very difficult broken relief of the
terrain and atmospheric meteorological conditions
causes such not high probability;

When N identical UAVs execute one battle task
[8] then we have

N
Foe (t) =1 _H(l — Py (t))
i=
When N =2 UAVs, then Py,(f) = 88 %.
When N = 3 UAVs, then Py, (t) = 96 %.
Thereby, 3 UAVs are sufficient for successful,

with high probability level, execution of combat
reconnaissance task.

Conclusion

Thus, the numerical estimation method of a
combat task success of UAV reconnaissance flight in
mountainous battle condition has been developed.

For specific conditions of the mountainous
difficult broken relief of one of the terrain of the
Azerbaijan Republic, it is determined that the
probability of successful execution of combat
reconnaissance task by using one UAV is 66%. 3 UAVs
are sufficient for successful, with high probability level
(96%), execution of combat reconnaissance task.

The calculations have shown, that the minimum
permissible safety height of UAV flight in regime of the
terrain following taking into account given parameters
is~ 50 m.

Obtained results can be useful when determination
of the application limits of UAV complexes in the
system of execution of the combat support tasks of
troops.
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KisnbkicHuii MeTo OLiHKH BUKOHAHHA po3BinyBaibHoro 3aianus BIIJIA B OoiioBiii 00cTaHOBLI B ripcbKHX YMOBax
A. A. Baiipamos, E. I'. T"'ammos

UYucenbHa OLiHKA BUKOHAaHHs 00HOBOrO 3aBIaHHs B IipChbKOMY paifoHi 3 BUKOPUCTaHHIM O€3MiJIOTHOrO JITAIBHOrO arnapara
(BILTA), myxe BaxxIuBa JUIs IUIaHyBaHHS OOHOBHX oOIlepaliii Ha TeaTpi BIICBKOBUX [iil. Y CTaTTi pO3IIITHYTO Ta 3aIIPOIIOHOBAHO
METOJl KIUJIBKICHOI OLIHKM YCHIIIHOCTI BHUKOHAHHS 3aXofiB OoifoBoro 3a0e3medeHHs Biiicbk mpu 3actocyBaHHi BILUJIA 3
PO3BigyBaTEHUMH IUIIMH B 00HOBii oOcranoBLi. Lleit meTon 3acHOBaHHM Ha iMOBipHiCHOMY miaxoni. bolioBe 3abe3neueHHs —
1€ € KOMIUIEKC [, 371iHCHIOBaHNX 3 METOIO CTBOPEHHS CIPUATIMBUX YMOB JUISl YCIIIIHUX O0HOBHX Ailt 1 ocnabieHHs it Bopora
B Oynp-AKuX ymoBax. boiioBe 3a0e3neueHHs BKIIOYA€E PO3BIJIKY, palioeIeKTPOHHY O0POTHOY; TAKTUYHY MaCKYBaHHS; IH)KCHEpHE
3a0e3reueHHs]; pagialliifHiH, XIMIYHUH 1 O10OTYHUIA 3aXUCT; KOHTPOJIb NPUIUITIOBAHHS 1 aCTPOHOMO-TE0/Ie3UYHEe 3a0e3eUeHHST;
ripoMeTeoponoriune 3a0e3neueHHs; 0XopoHy. Bu3HaueHo MiHIMaNbHO foImycTUMY BHcOTy nonbory BITJIA, BukopucTOBYIOUM
texHonorito reoinpopmaniiinux cucreM (I'IC). ¥V crarti posrisHyro jimine TakTH4HWM po3BimyBanpHuii nomit BIUIA. Ins
BUPIIIEHHS 1IbOT0 3aBJaHH: BPaXOBaHi Pi3HI BXiJHI MapaMeTpu: 3axoau 60HoBOro 3a0e3reueHHsl, 110 BUKOHYIOThCS BilicbKamu;
3axoziB OoioBoro 3abesneueHHs, M0 BUKOHYIOTbCS BIIJIA 3 po3BilyBajbHOK METON; TAKTHKO-TEXHIYHI XapaKTEePHCTUKU
BITTA; ymoBu excruryaraunii BIUIA; xapakrepuctuku ripcbkoro nanamadry. Po3paxyHkn mpoBeneHi s KOHKPETHHX YMOB
ripChKOro CKJIaHOTrO penbedy MiCLEBOCTI B O/IHiH 3 0Opanux obnacreit AsepOaiikaHcbkol PecrryOuiki.

Knaro4doBi caoBa: Oe3miyoTHUIl JNiTanbHUIl amapar; po3BidyBaJIbHUH IONIT; IMOBIpPHICHI IOKAa3HHMKH; reorpadidna
iH}opmaniiiHa cucTema; ripcbKuii perioH.

KosnyecTBeHHBI MeTO OLIEHKH BBHITIOJIHEHUS pa3BeabiBaTeabHOro 3aganus bBIIJIA
B 00€B0if 00CTaHOBKE B T'OPHBIX YCI0BHX

A. A. Baifpamos, 3. I'. 'aiuumos

UucneHHas OLIEHKA BBIIOIHEHUsI OOCBOrO 3a7aHUS B TOPHOM paliOHE C HCIIOJIL30BAHMEM OECIMIOTHOrO JIETATEIbHOr0
armapara (BITJTA) oueHp Ba)kHa IUIsl IUIAHUPOBAaHMs OOEBBIX OINEpalMil Ha TeaTpe BOCHHBIX JeicTBUil. B cTaThe paccMoTpeH u
NPEJUIOXKEH MEeTOJl KOJIMYECTBEHHON OLICHKH YCIEIIHOIO BBINOJIHCHUS MEpOoNpHATHH 0oeBOro obecredeHus BOMCK Ipu
npumMenenun BITIA ¢ pa3BenpiBaTenbHBIMU LEISIME B 00€BOH 0OCTaHOBKE. DTOT METOJ OCHOBAH Ha BEPOSATHOCTHOM IOZXOJE.
BoeBoe obecrieueHre —3T0 KOMIUIEKC AEHCTBUI, OCYIIECTBIIIEMBIX C LIEIbIO CO3JaHHs ONaronpHATHBIX YCIOBMIL Ul YCIEHIHBIX
0OEBBIX NEWUCTBUI M ocnabieHus IeHCTBMI Bpara B JIIOOBIX YCIOBHAX. boeBoe oOecriedeHne BKIIOYAET pPa3BEAKY,
PaaMOdIEKTPOHHYI0 OOphOy; TaKTHYECKYI0 MACKHUPOBKY; HH)XXEHEpHOe O0O0eCIeueHue; paJUalliOHHYI, XUMUYECKYI U
OGUOJIOTMYECKYIO 3alUTY; KOHTPOJIb IPUIEINBAHMA U aCTPOHOMO-T€OAE3UUYEecKoe 00ecHedeHHe; THIPOMETEeOpOIorH4ecKoe
obecrieueHne; oxpaHeHue. OmpeneneHa MHHMMAaIbHO JomycTuMas Bbicota mnosnera BIIJIA  ucnonb3ys TEXHOJOTHIO
reounpopmarmonnbix cucreM (I'MIC). B crarbe paccMOTpeH TONBKO TakTHYeCKHi pasBexbiBaTenbHblil noner BIUIA. s
pelleHnst 3TOH 3aJaud  yYTeHbl pa3JIMYHbIE BXOJHBIE IAPaMETPbl: MHOXECTBO MEpONpusTHii OoeBoro obecredeHus,
BBITIOJIHAEMBIX BOHCKaMH; MHOXXECTBO MEpOIpHATHI 6oeBoro odecneuenus, BeinosHiseMbix BITJIA ¢ pa3BenbIBaTeIbHON LEIbIO;
MHOKECTBO TAaKTHKO-TEXHMYECKHX XapakTepucTuk bBJIA; MHoxecTBo ycnmouit okcruryartaimu  BIIJIA;  MHOXecTBO
XapaKTepUCTHUK ropHoro jaHamadTa. PacyeTsl npoBeieHb! A1 KOHKPETHBIX YCIOBHI TOPHOTO CIOKHO-TIEPECEUSHHOr0 penbeda
MECTHOCTH B OJTHOM U3 BbIOpaHHBIX oOuactelt Azep0aiipkanckoit PeciyOmmku.

KiroueBbie cioBa: OecnMIOTHBIN JIeTAaTelNbHBIM amnmapar; pas3BelbIBATENIbHBINA I10JIET; BEPOATHOCTHBIE IIOKA3aTelld;
reorpaguyeckast ”HYOPMALMOHHAS CUCTEMA; TOPHBII PErHOH.
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