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Annomayusa. Ctatbsi NOCBAIIEHA OLICHKE BBINOJIHUMOCTU 3a/ad IOCTaBJICHHBIX MHEpen
OCCIUIIOTHBIMHM JIETATCILHBIMU aIlllapaTaMu. METOJ] OLICHKH KadecTBa pa3padbotku BITJIA
BOCHHOTO Ha3HaueHus. B pe3ynbrare Takoit oneHKu GOpMHUPYETCS 3aKIIOUEHUE C yUETOM
noTpeObHOCcTe W mpedepeHnuit  OSCMIOTHOM TeXHUKH. VI3BECTHBI KPUTEPHH,
BKJIFOYAIONIME TAaKXe TOKa3aTelid KaK COOTBETCTBUE, CIIOCOOHOCTh, OTEpaluoOHHas
0€30macHOCTh, BBDKMBAEMOCTh M TOTOBHOCTHh K PEIICHUIO 3a7a4, TOCTABICHHBIX TEpe.
BIUIA. B 3ToM miiane 0co00 akTyaJdbHO PEIIEHUE BOIPOCOB COOTBETCTBUSI BO3MOXKHOCTEN

HCMOJIB3YEMBIX CEHCOPOB IS PELICHMs 3anay, nocTtaBiieHHbIX nepen bIIJIA. Ykasannas
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3a7aya  OOBIYHO  pemiaeTcss METOJAOM  MOJENMpPOBaHUsA. Takke  NpUMEHSAETCS
JNECKPUNTUBHASA CTPYKTypa CHEUUATbHOW METPUKH JUIsl BBIPAOOTKH KPUTEpPHUS OLIEHKU
BbIToTHUMOCTH 3anad BITJIA. Hampumep, Bompoc o BemmonHuMoctd BIIJIA 3amau mo
MOMCKY HEKOTOPHIX OOBEKTOB B 3aBUCMMOCTH OT PEATBHOIO JaHAmadpTa MECTHOCTU
J0JKHA OBITh pelieHa MyTeM CO3JaHusi 0COO0O0W METOJOJIOTHU IO OLEHKE BU3Yyalu3aluu
MECTHOCTH B 3aBUCUMOCTH OT COCTOSIHUA peibeda uccienyeMoil moBepxHoctu. Pemienue
BOIIPOCA O BBIIIOJIHUMOCTH 3a/1a4 TECHO CBA3aHO C BOIIPOCOM JOCTHKEHUS PALIMOHATIBHOIO
KOMIIpoMHUCcca Mexay oOmeld Harpy3kod BIIJIA, pasnuuHbiMH  CEHCOpaMH |
BbINOJIHUMOCTBI0O Muccun BIIJIA. B cTaTtbe mccinenoBaH BONPOC OLEHKU BBIMOJIHUMOCTH
3aJlay MOCTaBJIEHHBIX Mepe]l OECIMIOTHBIMY JIETATEIbHBIMU annapaTaMy IMyTeM pelieHUs
3alayd  pa3pabOTKM HOBOI'O KpPUTEPHUS BBIMOJIHEHUS OECIMIOTHBIM JIE€TaTeIbHBIM
anmaparoM (QyHKIMM OOHapyKeHHs OOBEKTOB Ha MOBEPXHOCTH MCKOMOTO ydacTka. Ha
OCHOBE M3BECTHOIO SMIIMPUYECKOIO KPUTEpHUs BBIIOJIHAEMOCTH YKA3aHHOM 3aJadyu
chopMHpOBaH HOBBIA TOKazaTtelb B BUAE Jorapudma OTHOLIEHUS BEPOATHOCTEH
BBIIIOJITHEHUSI W HEBBINIOJIHEHMS 3a7aud. Ha OcCHOBe mpeaaraeMoro mnokas3arelis
chOpMHpPOBAaH HWHBAPUAHT CBSI3BIBAIOIIMIA JTOT TOKAa3aTelb C KOJWYECTBOM ITUKIIOB
paboThl, 00eCIeYNBAIOIIUX COOTBETCTBYIOIINE BEPOSITHOCTH BBINOJIHEHHUS MTOCTABICHHOM
3a7a4u.

Knwuegvie cnoea: OGecnmiioTHbIE J€TaTelIbHBbIE almaparbl, OOHapyXeHHE OOBEKTOB,
BEPOSTHOCTD BBHITIOJHEHUS] MIUCCHH, BU3YyallbHasi 0OCTaHOBKA, KPUTEPUIl
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Abstract. The article deals with the feasibility assessing of the tasks assigned to unmanned
aerial vehicles (UAV), and presents a method for the quality assessment of the military
purpose UAV. As the result of the said assessment, the resulting inference with account
for the unmanned engineering requirements and preferences is being formed. Criteria,
which include indicators such as conformity, capability, operational security, sustainability
and readiness for solving the tasks assigned to the UAV are known as well. In this regard,
it is especially important to address the issues of the used sensors capabilities matching to
solve the tasks assigned to the UAV. This task is usually being solved by modeling.
Besides, the descriptive structure of a special metric is employed as well to develop a

criterion for the UAV tasks feasibility assessing. For example, the issue of the of UAV
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tasks feasibility while searching for some objects depending on the terrain real landscape
should be solved by creating a special methodology for the terrain visualization assessing
depending on the state of the surface relief under study. Solving the issue of tasks
feasibility is closely associated with the issue of a rational compromise achieving between
the UAV total load, various sensors and the UAV mission feasibility. The article studied
the issue on the tasks feasibility assigned to the UAV by solving the problem of
developing the new criterion of executing functions of objects detection on the surface of
the sought-for site by the UAV. Based on the well-known empirical criterion of the said
task feasibility, a new indicator has been formed as a logarithm of the ratio of the task
fulfillment and nonfulfillment probabilities. Based on the proposed indicator, the invariant
linking this indicator with the number of work cycles, which ensure the corresponding
probabilities of the task fulfillment, has been formed.

Keywords: unmanned aerial vehicles, object detection, mission probability, visual
environment, criterion
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BBenenue
DddekTuBHOCTh PabOTHl OCCHMIIOTHBIX JICTATEIBHBIX aIllapaToB B HEKOTOPOM
CMBICJIE MOXET OBITh 3aIPOTHO3UPOBAHA 3apaHee, MCIOJIb3Ysl METOJIOJIOTHH, Pa3BUTHIC B
pasnnuHbIX paborax. Hampumep, B pabore [1] mpemnoskeH MeTOH OIEHKH KadecTBa

pazpadotku BIIJIA BoeHHoro HazHaueHus. B 3Toli paboTe mpeioKeH KpUTEpuil,
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BKJIIOYAIOIIMNA TakKXKe TIOKa3aTeliM KaK COOTBETCTBUE, CIIOCOOHOCTh, ONEpaluoOHHAas
0€30MacHOCTh, BBDKMBAEMOCTh M TOTOBHOCTH K pEIICHUIO 3amad. B pe3ynbrate Takoi
OlICHKU (POopMHPYETCS 3aKIIOUEHUE C YUETOM NMOTpeOHOCTEN U npedepeHIInii 3aKka3unKa.

B paGorax [2 —4] paccMOTpeHbI BOIPOCHI COOTBETCTBHSA BO3MOXKHOCTEH
WCMOJIB3YEMBIX CEHCOPOB IS pelIeHWs 3aaad, mocTaBieHHbIXx niepen BIIJIA.
AHajornyHas 3ajada TaK)Ke pelanach METOJO0M MojenupoBanus B [5]. B pabGore [6]
pa3paboTaHa JECKPUTITUBHASI CTPYKTYpa CIICIHATBHON METPHKH JJI BRIPAOOTKU KPUTEPHS
OILICHKHU BBRINOJIHUMOCTH 3a1a4u BITJIA.

B pabore [7] Obul mpemsioxKeH METOJI OIEHKH IMOKa3aTesied >KMBY4YECTH OOpPTOBBIX
CHUCTEM  JICTAaTCJIbHBIX  alllapaToB B YCIOBUSAX  M3MCHSIOIMIHUXCA  PEIKUMOB
(YHKIIMOHUPOBAHMSI W JICCTPYKTHBHBIX  BO3JCHCTBUU. BakHOCTH NpUMEHECHUS
MaTEMaTUYECKOTO MOJIEIUPOBAaHUA sl 00€CTeueHus: YCIEIHOro (PYHKIIMOHUPOBAHMS
aBUAIIMOHHBIX CHCTEM OTMeueHOo B paborax [8,9]. B pabore [10] Obuta paszpabGoTaHa
METOJIUKA BBIYMCICHUS ONTHUMAIbHBIX PEXUMHBIX IapaMeTpoB, 00€CTeUunBaIOIINX
sHEeprouH(popMaIrmoHHO-3pHeKTUBHBIM pexuMm GyHkunonupoBanus BIIJIA. B pabGote
[11] Owuta pemeHa 3amada OOECIEUEHHS YCHENTHOTO (YHKIIMOHUPOBAHUS MHOTO
¢ynkimonanbHbIXx BITJIA ¢ ydyeTomM BO3IEHCTBHUS IIYMOB B PaJHOMETPUUYECKOM KaHaJe.
HoBas meromuka ¢opmupoBanusi cnoco6oB ympaBiaeHuss bIIJIA u  onenku
adpdexkrnBHOCTH TpuMeHeHus BIIJIA Opuia wuw3nokeHa B pabore [12]. Onenka
BBIIIOJIHUMOCTH ~ 3a7ay, ImocTaBileHHbIXx mnepen BIIJIA, KOCBeHHO 3aBUCHUT  OT
s dexkTnBHOCTH armmaparoB. B pabore [13] usmokeHa cucTeMa KPUTEPHUEB JJIS OLICHKHU

b (PeKTUBHOCTH Takux Mep. Bompockl OIEHKHM IMOMEXOYCTOMYHMBOCTH DJICKTPOHHBIX



cpeactB  BIIJIA  nyrem  mpoBedeHus  (QPU3HMYECKOTO  MOJCIHUPOBAHUS  OBUIU
MpoaHaIN3UpPOBaHbI B padboTe [14].

Bompoc o BeImonmHMMOCTH 3an1ad, nocraBieHHbIX nepen BIIIA, paccmarpuBacs
TaKke B page pabor rpymmel  aBropoB [15 — 18]. Hanpumep, B pabore [15]
paccmarpuBaeTcsd Bompoc O BbimosHUMOCTH bBIIJIA 3amady 1Mo mNOMCKY HEKOTOPBIX
O0OBEKTOB B 3aBUCHUMOCTH OT peajdbHOro Janamadra MecTHocTH. Paspaborana
METOOJIOTHS IO OLICHKE BU3Yyau3allii MECTHOCTU B 3aBUCUMOCTHU OT COCTOSIHUSI pelibeda
UCCIIETyEMOM MOBEPXHOCTH.

B pabore [16], paccMaTpuBaeTcs BONPOC JOCTHKEHHMS  PAlMOHAIBLHOIO
KOMIIpOMHUCca Mexay oOmeld Harpyskoit BIIJIA, pa3IMYHBIMU CEHCOpPaMU U
BbINOTHUMOCTBIO Muccur  BITJIA. TlpemgnoxkeHn cnenuanbHbl Moka3atensb "MHaEKC
BoimoaHUMOCTH Muccuu" (MPI ), KOTOpBI# Oyayun CKaasSpHOM BEITUUYMHON MCIIOIB3YETCS
B KayecTBe II€JI€BOM (YHKIMU MPH TPOBEJECHUH ONTUMHU3AIMOHHBEIX Tpouenyp [18]. B
pa6ore [19] ormeuaercs, uto uHaekc MPI m03B0IsSET ONTUMU3HPOBATH TyTEM M3MEHECHHUS
reometpun BIIJIA u cooTBeTcTBYyMOIIETOo BhIOOpa IMokazarenei ceHcopoB. Muaexke MPI

OIIpCACIACTCA KaK

g AR Erer . _Paet . _Tm ._cA :
MPL = a2 fagg (CSD) + - =h 4y ot 4§ e 2 2
uQlI
UOlyer (1)

rae: ACR - cteneHb 0xBaTa HCCIEIYEMOIO y4acTKa, ONpPEIeNaeTcs] KaK

1 T
ACR = ;f() Wswarn -V - dt (2)



rae: T - Bpems BoinosiHeHus muccuu BIUJIA mo moucky 0oOBEKTOB MpU MPOBEACHHUU

TOUCKOBBIX OIEPALUN.

Wewatn - IIMpUHA OXBaTa CEHCOpPa HAa MOBEPXHOCTH HCCIEAYEMOTO ydacTka; V -
CKOPOCTb TIEPEABIKCHHUSI.

faeg(CSD) - daktop  merpaganuy, ONPEAECHSIONMA  BO3MOXKHOCTH IO
IPOCTPAHCTBEHHOM JTUCKPETHU3AIIMN UCCIICTYEMOTO yJacTKa.

ITokazatens E xapakTepu3yeT KOJIWYECTBO SHEPTHUH, HEOOXOAMMOE ISl BBITIOJTHEHUS
muccuu BITJTA.

CA - mokazaTellb BO3MOXKHOCTH co3nanus kommyHukanuu;, UOI - mokaszatensb,
3aBUCSIINI OT TEXHOJOTHYCCKUX BOIIPOCOB IOJIETa, yIpaBlieHus u xpaneHust BITJIA.

Pjet - BEPOATHOCTH OOHAPYKEHUSI 0ObEKTa Ha MOBEPXHOCTH y4YacCTKa, BBIUMCISETCS

o kpurepuio [Ixoncona [20], onpenenseMoro Kak

P(N) = i 3)
50

Kputepuii J[>xoHcona (3) sBisETCS BEPOSITHOCTHIO BBIMOJHEHUS MHUCCHUU MyTEM
BBITIOJHUI N KOJTMYECTBa IUKIIOB PabOThl ceHcopa, Tie N5y - KOIWYECTBO IIUKIIOB PabOTHI
CEHCOpa, KOTOpPOE 00ECreYnBAET BHIMOJTHEHNE MUCCHU C BEPOSITHOCTHIO 50%.

IIpu sToM onopHast BenuunHa Ng, NMPUHUMAET pa3HbIe 3HAYEHHS MPU BHITOJIHEHUU
pPa3sTUYHBIX IO KAadeCTBY OIepanuu: s omnepanuu oOHapyxkeHuss Nsg = 0,75; s
onmepaunu pacno3HaBanus Nsg = 3,0; 8 onepanuu UACHTUDUKAIIH Ngo =
6,0. Cormacio [10], BeposATHOCTL OOHApyKEHHMsS OOBEKTa 3aBUCHT OT BpPEMEHHU

oOHapyXeHHsd. DTO CBSI3aHO C TEM, YTO OINEPATOP-YEJIOBEK pearupyeT Ha U3MEHEHUE



BU3yaJbHOU oOcTaHOBKM 3a Bpems 0,25 cek, a s OOHapyKE€HHS HCKOMOI'O OOBEKTa
omeparopaMu TpeOyeTcsi OKoyio 2 cekyHAbl. [lpu 3TOM BepOSTHOCTH OOHApPYXKEHUS
nocturaet 70%.

Ilenpro  HACTOSIIErO0  WCCIENOBAHUS  SBISAETCS  JAJbHEHIIEE  pa3BUTHE
BBIIIEPACCMOTPEHHBIX MpeAcTaBieHnid 0 BeimoaHuMocTH BILUJIA 3amau moucka oOBEKTOB
Ha TOBEPXHOCTH MCCIEAYEMOI0 y4yacTKa IyTeM INEPEX0oJa Ha IMpeiiaracMblii HOBBIU
NOKa3aTelb - BEPOATHOCTb HEBBINOJHEHUS MHCCUM M HCCIEIOBAHUS  YCIIOBUM

MHWHHUMHU3alIUM BHOBb BBCIACHHOI'O ITOKa3aTCJIA.

IIpennaraemMbiii MeTO

JInst nanpHENIIEro ynpoileHus MaTeMaTHYeCKUX 0003HAUYEHUM MPUMEM CIIeYIoIIee

o0o3HaUYeHHUE
N \27+0,7(5—)
N,N5y) = (— >0 4
o( 50) (Nso) “4)
C yuetom (4) bopmymy (3) 3anuirem Kak

~ 14+@(N,Nsg)
Win
P(N) + P(N) - ¢(N,Nsq) = ¢(N,Ns5o)  (6)
N3 (6) nonyyaem

@(N,Nso)(1 — P(N)) = P(N) (7)



BBCI[GM Ha paCcCMOTPCHHUC HOBBIM I10Ka3aTelb - BCPOATHOCTH HCBLIINTOJITHCHHUA MHUCCHUU

B,(N), onpeneiseMyro Kak

F(N) =1—=P(N) (8)

C yuetowm (8), BeipaskeHue (7) nmepenuiinemM Kaxk

@(N,Nso) - B, (N) =P(N)  (9)

NI

QD(N:NSO)'Pn(N)‘l'Pn(N)=P(N)+Pn(N) (10)

Tak P(N) + B,(N) = 1, Beipaxkenne (10) nepenumem Kak

Fu(N)[@(N,Nsp) +11 =1 (11)

NN

1
Pp(N)

@ (N, N5g) = -1 (12

VMHOKHB JICBYIO ¥ ITPaByI0 cTopoHsl Ha P, (N) moay4aum
@(N,Nsp) - By(N) = P(N)  (13)

501051

P(N)

@(N, N5y) = ) (14)

Jlorapudgmupys (14) u BBOAS HOBBIN MMOKA3aTENb 1) TIOTYIUM

— a2 _ MY.oin o
n—m%my—@7+07%)ln50 (15)



BBoauMblii HOBBIM TOKazaTtenb 1 omnpexnenserca corjacHo (15) B kadectse
jgorapumMa  OTHOIICHHS BEPOSATHOCTEH  BBHIMOJNHEHHS MHUCCHM K  BEPOSITHOCTH
HEBBITTOJTHEHHU.

N3 (15) cnenyet nBa BhIBOJA:

1. Cy1ecTByeT MHBApUAHT B BUJIE

T 0,7x = 2,7
In x
rue:
N
x = —_—
Nso

2. 3ajgaBasch HUCXOAHO TpeOyeMoW BETWYMHOW 1) = 1), 3HauyeHue N MOXKHO

BBIYHCIINTDh PCUINB YPABHCHUC

No = (2,7 + 0,7i) . lni

Nsg 50

Uto kacaetcs Boimeynomsinytoro unaekc MPI, to 31ech, ¢ yuetom (14) B3aMeH Pyt

MOYKHO HCIIONIb30BaTh mokasarens P(N) = B,(N) - ¢(N, Ngo)

3akaroueHue
PaccmoTrpena u pemiena 3amada ¢GOpMHUPOBAHHS HOBOTO KPUTEPHS BBHITOJHCHUS
OCCIUJIOTHBIM JICTATEIIFHBIM aIlllapaToM 3aJa4i OOHAPYKEHUS 00BbEKTOB HA TTOBEPXHOCTH
HCKOMOTo ydacTka. Ha OCHOBE HM3BECTHOIO SMMIUPHUYECKOTO KPUTEPUS BBIMOJIHIECMOCTH

3amauyu  OOHApPYXEHUS HUCKOMBIX OOBEKTOB c(OpMUpOBaH HOBBI  TMOKa3aTelhb



BBITIOJIHSIEMOCTH 3aJlaud OOHApy)XeHUsi B BHUJAE Jiorapudma OTHOLIECHUS BEPOSTHOCTEH
BBITIOJIHEHUST U HEBBINOJIHEHUS 3ajaud. Ha oOcHOBe mpenjaraeéMoro Inoka3artens
chopMUpOBaH HWHBApHAHT, CBSA3BIBAIOIIMI JTOT IOKa3aTeldb C KOJWYECTBOM IIMKJIIOB
paboThI, 00ECIEeUUBAIONINX COOTBETCTBYIONINE BEPOSITHOCTH BBHITIOJIHEHUSI TTOCTaBICHHON

3aJa4Hu.
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