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Annomayua. CraTbsd TIOCBSIIEHA pa3pabOTKE HOBBIX KPUTEPHEB ONTUMH3ALUU
(GYHKIIMOHUPOBAHMS M300pa)KarolUX yCTPOMCTB, YCTAHOBJICHHBIX HA CBEPXCKOPOCTHBIX
JeTaTeIbHBIX YCTpOoHCcTBaxX. PaccMoTpeH citydait pa3menieHus n3o0paxkaronieid CUCTEMBI B
COCTaBE JIETaTEJIbHOTO CPEACTBA, MEPEIBUTAIONIENCS CO CBEPXBBICOKOM CKOpocThio. [Ipu
OTCYTCTBUU TEPEKPBHITUN COCEAHUX BO BPeMEHU (HOPMHUPYEMBIX M300paxkeHUi TpedyeTcs
chopMHpOBaTh HOBBIE KPUTEPHH ONTHMHU3AIMKA TaKUX CHCTeM. lIpensokeHbl aBa
KpUTEpHUs TAKON ONTUMHU3AIMHU U BBIABICHBI YCIOBUS BBIMOJHEHHS 3TUX KPUTEPUEB.
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Abstract. Effective visual monitoring of the ground situation can be carried out using
various imaging devices installed on the UAV. In this case, the spatial resolution can be up
to 1 cm. The dominant direction here is the fulfillment of the criterion for overlapping
images of each other, obtained at the rate of UAV movement. It is common knowledge.
That in order to obtain a high-quality orthomosaic image, adjacent terrain images obtained
during the UAV flight should overlap 60% in the forward direction and 20% in the
direction perpendicular to the direction of movement. At the same time, when the carrier is
flying at supersonic speed and the requirements for the overlap of time-sequential images
are often not met. In such cases, qualitatively new criteria are required to optimize imaging
systems. The resolution of photogrammetric images obtained from aircraft equipped with
imaging devices is determined by such a metric as the Ground Sample Distance, or GSD

for short, which is defined as the distance between two adjacent pixels.
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With regard to high-speed flying objects equipped with imaging devices, the following
optimization criteria have been proposed: (1) Design criterion o 1, (2) Functional
optimization criterion o 2 The first criterion is put forward in order to achieve small
design dimensions of the imaging unit for a given value of the number of pixels per unit
image width and GSD = const. In turn, the second criterion is put forward from the
conditions for achieving stealth devices for various detection systems. The solution of the
formulated optimization problems showed that the criteria o._1 and a_2 are fulfilled with a
square root dependence of the distance from the sensor to the ground object and the size of
the sensor area on the focal length of the device, respectively.
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1.BBenenne
Knumatnyeckue n3MeHeHus!, MPOUCXOSIINE B MOCIEAHUE JECATUICTHS MPUBETU K
Oonee dYacTOMy TOSIBJICHHIO TaKHMX KaTtacTpopuueckux COOBITHI KaK OTOJ3HH,
HaBoAHeHUS U np. [1,2]. DddexTuBHBIN BU3yanbHBI KOHTPOJIb TAKUX COOBITHI MOXET
ObITh ocymiecTBiIeH ¢ moMolnbio BITJIA, cHaOGXEHHBIX Pa3sTUYHBIMH H300paKAIOMUMU
ycTpoiictBamu [3-8].
Hampumep, B pabore [9] cooOmaercs O JOCTHKEHHUH MPOCTPAHCTBEHHOTO

paspemrenns 10 cM, KOTOpOE MOXKET OBITH IMOBBIIIEHO Takke 10 1 cMm [10].
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Yro kacaercs ONTUMHU3AILMU TaKUX H300pAKAIOIIUX CUCTEM, TO JTOMUHUPYIOIIUM
HaIlpaBJICHUEM 3/I€Ch SBIIAECTCS BBIIOJIHEHHUS KPUTEpPUS MO MEPEKPBITUIO M300paKeHUM
Ipyr — npyra, noiaydaeMblx B Temrie nepensukeHuss BIIIA [11-16]. Tak, manpumep,
coriacHo [11], ans monyd4eHHuss KAYeCTBEHHOTO OPTOMO3aMYHOI0 M300paKeHUsI COCETHUE
CHUMKHM MECTHOCTH, Iojy4daemsble B xo1e nosiera bIIJIA nomxsbl nepekpeiBaTbest Ha 60%
B HampaiieHuu Briepead U Ha 20% B HampaBiI€HUU MEPHEHIUKYISIPHO K HAIpaBICHUS
nBukeHusi. OUYeBHJIHO, YTO TaKOW KPUTEPUM MOXKET OBbITh MCIOJIb30BaH NpH padote
U300paXKarollero yCTpoicTBa B peKMME HENpPEephIBHOW CheMKU. BMmecte ¢ Tem, MoOXer
OBITh HCIOJNB30BAH PEXKUM MHOTOTOYEYHOM CBEMKH KOIJa HOCUTEIb JETHT CO
CBEPX3BYKOBOM CKOPOCTbIO U TpeOOBaHUS MO TMEPEKPHITUIO TOCIEA0BATENbHBIX BO
BpEMEHU H300paKEHUI HE BBINONHIETCS. B MOAOOHBIX ciydasx Ijisi ONTUMHU3ALUU
N300paXalolUX CUCTEM TpeOYIOTCS KauyeCTBEHHO HOBBIE KPUTEPUH, KOTOPBIM H
IIOCBSIIICHA HACTOSIIAS CTaThsl.

2.1lpensiaraemMblii MeTO

Kak ormeuaercs B pabore [17] paspemieHue ¢GoTOrpaMMETPUUYECKUX CHHUMKOB,
MOJy4yaeMbIX C IIOMOIIbIO JIETATENbHBIX aIlapaToB, CHA0XKEHHBIX H300pa)arolIMMU
YCTPOMCTBaMHU, OIpENEessieTCs] TaKUM IOKa3aTesleM Kak IUCTaHLUs BBIOOPKM Ha 3emiie
(Ground Sample Distance), wmm cokpamenno GSD, ompenenseMoro B KadecTBe
PAcCTOSIHUSL MEXy IBYMS COCEIHMMHM NuKcaismu. [Ipu 3Tom, cymiecTByeT cieayrolee

0a30BO€ COOTHOILIEHNE

Fy = ()



rae Fy — BbIcoTa mosieta HocuTenst OTOrpaMMETPUUYECKOTI0 H300pakaroIero yCTponucTBa;
GSD — nucranuus BRIOOPKHU Ha 3emile, B MeTpax; F; — poKycHOe paccTosiHUe, B MM; Py —
KOJIMYECTBA THUKCENIe Ha eJWHUYHON mupuHe uzoOpaxkeHus (per image width); S, —
IIMPUHA CEHCOopa.

Hanmpumep, kak ormeuaercs B pabore [18], kamepa tuma Canon S100
BOCHPOU3BOJIUT M300pakeHus B ¢opmare 12.1 mera nukceneit (3000-4000 nukceneit).
Pasmep cencopa 7.44-5.58 MkMm; pazmep oaHoro mukcens 1.86 MKM; oTkanuOpoBaHHas
BenuuuHa poxycHoro paccrosiuus (Cy) 5.361 mm.

W3 Boipaxenus (1) nmonyuaem

Fy-Sy, _ piX'FH
F-Py N Fp,

GSD = )

r7ie pix — pa3Mep MUKCces.

CooTHolieHne YKa3aHHbIX roKasaTtenei IrCOMCTPHUICCKU ITOKA3aHO Ha pHUC. 1.



c b’

Puc. 1. 'eomeTtpuueckast uuteprpeTanysi GopMUPOBAHUS U300PAKEHUS C
OTIpEeJICTICHUSIMU OCHOBHBIX MOKa3aTesle PyHKIIMOHUPOBAHUS KaMephl YCTAHOBIIEHHON Ha
BITTA

[IpuMeHUTENBHO K BBICOKOCKOPOCTHBIM JIETATENBHBIM OOBEKTaM, CHA0XKEHHBIM
U300pKAIOMIMMUA ~ YCTPOWCTBAMH, MOXHO  TPEUIOKUTh  CIEAYIOIIUEe  KPUTEPUU
ONTUMH3ALUN:

1. KOHCTpYKTUBHBINA KPUTEPHUI ONTUMU3AIUN 1 ONPEAEISIEMbIN KaK
a1 = Sw * Frmax 3)

2. OyHKIMOHAIIBHBIN KPUTEPUI

a, = Fy - Fimax 4)



[I[py mpumMeHeHHMHM TIEPBOTO  KpPHUTEpHUs  JIOTUYHO  TOTpPeOOBaTh,  YTOOBI
YIOBJIETBOPUIIOCH YCIIOBUE
a; = min upu Py; GSD = const (%)
[Ipy mpuMeHEHUN BTOPOTO KPUTEPHUS TAKKE JIOTUYHO MOTPeOOBATH BBITIOJTHEHHS
yCIIOBUSA
a, = min npu Py; GSD = const (6)
OTMeTHM, YTO KPUTEPHHA (1 BBIABUTACTCS W3 COOOpPAKCHUN TOCTHKEHHS MAJbIX
KOHCTPYKTHBHBIX pa3MepoB H300paxkarwolero ysna npu Py = const; GSD = const . B
CBOIO Ouepe/ib, KPUTEPU Q, BBIABUTACTCS M3 YCIOBHH TOCTHXKCHHSI Majl03aMETHOCTHU
YCTpPOMCTBA JIJIsl Pa3IUYHBIX CUCTEM OOHapykeHus. PaccMoTpum ycioBHsi, KOr/ia MOXKET

OBITH BBINTOJIHEHO TpeboBanue (5). 13 Beipaxenus (1) momydum

__ GSD-F,-Py

S
w Fy

(7
Jlanee normyckaeM HaJIMYUS TEXHUUECKHUX PENIEHUH CKOPOCTHOTO HW3MEHEHMUsI
dbokycHOro paccrosHus JauH3. Tak, Hampumep, B pabore [19] coobmaercs 006
U3TOTOBJICHUU JKUJKUX JIMH3, CIIOCOOHBIX MEHATh (POKYCHOE pacCTOSHHE 3a 10U
MUWITACEKYHBI [19].
JlommycTuM, YTO B XOJ€ BBICOKOCKOPOCTHOTO TOoJieTa HocuTelnsi (OKYyCHOE
paccrossHue F; MeHsieT cBO€ 3Hauy€HUue€ OT Fi.in 10 Fypma, JUCKPETHO, ¢ naroMm AF; =

const. CJ'IGI[OB&TCJ'H)HO, HMCCM YIIOPATOYCHHOC MHOKCCTBO

F = {FL,i};i =1,nn= —FLm“Z;fLmin +1 (8)

ITpu 3TOM, BBOOUTCSA PYHKIIMS YIIPABICHUS BHICOTOM MOJIETa HOCUTENS B BUJE

Fy = f(FL) )]



CnenoBaTesbHO, MOXKHO PACCMOTPETh CYyMMY

_yn GSDFPy _
SWZ' - Zizl Fy(F) 1 Zl—l f(F ) (10)

rne C; = GSD - Py = const.

Takum 06pazom, Ha ocHoBe (10) MoxkHO chOpMUPOBATH ONITUMHU3ALMOHHYIO 33/1a4y
nmoucka Takod (QyHKIMOHaNbHOU 3aBucuMoctd (9), mpu kKoTopod S, 5 JOCTUTAET
MUHUMYMa. [l pelieHus JaHHOW 3afaud mpuMeHHTenbHO K (yHkuuu f(F,) mnpumem
cleNylolee OrpaHUYMTENIbHOE YCIOBHE, CIHPAaBEMAJIMBOE [UJISi YCIOBHO HEMpPEpPhIBHOM

MOACIIN paCCManHBaeMOﬁ 3a1da4n
Jo Fmax “f(F)dF, = Cy C, = const (11)
Hexkotopsie Buabl dyukimii f(F;), ynoiaerBopsitomux yciouioo (11) mpuBemeHs
Ha puc. 2.

f(FL |

FL
Puc. 2. Bo3smoskusie Busl Gyukiwmii f(F;), yaosiaetBopsomux yciuouro (11)

VYcnoBHO HenpepbIBHAS 3anUCh BeipaxkeHus (10) umeer Bua

chp =

C1

FLmax_FLmin

FLmax
Frmin f(FL) dFL

(12)



C yuetrom (11) u (12), a Takxke ycioBHO NPUHSB Fj,,i, = 0, MOXKHO COCTaBUTh

3a/1a4y O0€3yCIOBHOM BapHMallMOHHOW ONTHMH3AIMKU B BUJIE lLieJIeBOro GyHKIHOHANA Fyq,

IIojIeKamero MUMHUMHU3alli .

Fo1 = : fFLmaxidFL + 4 [fFLmaxf(FL)dFL — Cz]

0 f(FL) 0

rje A — MHOXUTENb Jlarpanxa.

Pemenue 3amaun (13) cornacuo [20] 10KHO YAOBIETBOPUTH YCIOBHUIO

a{ ¢ _Fi +/1-f(FL)}

Flmax 'f(FL)

of(FL)

U3 (14) nonyuyaem

4l 3-0

FLmax'f2 (FL)

_ , C1Fy,
f(FL) B A'FLmax

N3 (15) maxoaum

C yuetom (11) u (16) umeem

Cy . J‘OFLmax \/F_LdFLl — CZ

A'FLmax

N3 (17) naxoaum

HIIn

(13)

(14)

(15)

(16)

(17)

(18)



C yuetom (16) u (18) nomyuum

9:F -C,% 3 CyF

f(FL)= 2 — 5

4 Frmax 2

(19)

N W] N[

F Lmax

[Ipu sTom, pemenue (19) obecreunBaer MUHUMYM IiesieBoro (yHkuuonana (13),
T.K. BTOpas mMpous3BojHas HHTerpanta B (13) mo wuckoMol (YHKIUM OKa3bIBACTCS
IIOJI0KUTEIIBHOW BEJIMYUHOM.

AHaNOrMyHbli aHaNW3 NpoBeJeM B OTHOIIeHHH Kputepus (6). OTmeTum, YTO
KPUTEpUM @, BBLABUTAETCS W3 COOOpPAXKEHUM JOCTHKEHHS MallO3aMETHOCTH TOJeTa
HOCHTEIS, T.K. TpeOyeTCsl JOCTHKEHUSI MUHUMYyMa TIpou3BeAeHUsS Fy - Fi oy

B Beipaxkenuu (1) mpumem Hanmwuue (yHKuuu yrnpasienus S, = @(F;). B atom
cilly4yae, Hamnojgo0ue BBIIMICIPUBECHHOMY aHaIW3y NPUMEHHUTENIBHO K  YCIOBHO
HEIMPEPBIBHON MOJIENIM PAacCMaTpUBAEMOM 3aJayd MOKHO BBECTH OrPAHUYUTEIBHOE

YCIJIOBHC.

fl:FLme‘xgo(FL)d F, = C3; C3 = const (20)

Taxoke, Harmog00ue BeIpakeHHo (12) MokeM chOpMHUPOBATH IEIeBOM () YHKITHOHAT

C Frmax _F)
Faep = - [} L dF, 1)

Fimax—Frmin “Fimin @(F)
C yuetom (20) u (21) ipu F i, = 0 cocTaBuM meneBor pyHKIIMOHAT O€3yCIOBHON

BapHaHHOHHOﬁ OIITMMH3aIlUH.

Fimax Fi Frmax
Fop = s [ i dFy + A [ o (F)AF, - G @)

B cuny cummerpuyHoctu BblpaxkeHuid (13) u (22) MOXHO HPEANOJIOKUTH, UTO

peueHue 3aaauu (22) OyaeT uMeTh BUA

10



N

C3Fp,

p(F) == (23)

N W

F Lmax

[Ipu sTom pemienune (23) Takke MpUBEAET K MUHUMYMY (yHKiuoHana (22) mo
BBIIIENPUBEICHHBIM cOO0pakeHusiM. OTCro1a oJTydyaeM
ay = Sy * Fymax = min
Taxkum o6pazom, ¢ yuetom perieHuid (19) u (23) MOXKHO 3aKIIOYUTh, UTO KPUTEPUU
Q1 U @, BBINOJHIETCS NpPHU KBaApaTHO KOpHEBOH 3aBucumocth Fy u S, ot Fj
COOTBETCTBEHHO.
3akiiouenne
PaccmoTpen  ciywalt  pasMmeleHHs M300pakaromieid  CUCTEMbl B COCTaBe
JIETaTeNIbHOTO CPEJICTBA, TEPE/IBUralolIecsl CO CBEPX3BYKOBOW CKOpocThio. [lpu
OTCYTCTBUU TMEPEKPBHITUN COCEAHUX BO BpeMeHU (HOPMHUPYEMBIX M300pakeHui Tpedyercs
chopMHpPOBaTh HOBBIE KPUTEPUU ONTHUMHU3ALMU TaKuX cHucTeM. IlpensoskeHbl aBe

KpUTCpUH TaKoOu OIITUMH3alIUU U BBISIBJIICHBI YCIIOBUS BBIIIOJIHCHUS 3TUX KPUTCPHUCB.
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