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B cTaTbe pacCMOTpEHbI Ba KpUTepus
MHPOPMATMBHOCTU N306paXKkeHUs:

JIHeNHoe paspelleHne Ha MeCTHOCTU

(JIPM) u HauMoHaNbHas WKana OLLeHKU
MHTepnpeTupyemMocTtu usobpaxenuii (NIIRS).
MNpepnoxeHa MeToAMKA CPAaBHEHUS KpUTepUeB
MHTEpNpeTUpyeMoCTU U306paxeHuni
06beKTOB KOCMUYECKOWN CbeMKM MO AAHHbIM

CO CMYTHUKOB AUCTAHLMOHHOIO 30HAUPOBaHUS
3emnu. PaspaboTtaH anroputm pacyerta JIPM

n NIIRS, 3aBUCSALLUNA OT OCHOBHbIX TEXHUYECKUX
napameTpoB KOCMWYeCKOM annapaTtypbl

(KA) 1 HaYanbHbIX YCIOBUIN CbEMKU 3eMIN.
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MHPOPMATMBHOCTU AAHHbIX LUCTAHLLUOHHOIO
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The article considers two criteria for image
informativeness: linear terrain resolution (LRM)
and National Image Interpretability Rating Scale
(NIIRS). A method for comparing the criteria for
the interpretability of images of space-based
objects based on data from Earth remote sensing
satellites is proposed. An algorithm for calculating
the LRM and NIIRS has been developed,
depending on the main technical parameters

of the space equipment (SC) and the initial
conditions for surveying the Earth. A comparative
evaluation of the criteria for informativeness of
Earth remote sensing data for high and ultra-
high resolution images was carried out. The
requirements for optoelectronic equipment (OEA)
are determined according to the LRM criteria and
the NIIRS level for various fields of application.

Keywords: remote sensing of the earth,
optoelectronic equipment, linear resolution on
the ground, national image interpretability scale,
spatial resolution

Received on: 08.08.2022
Accepted on: 29.09.2022

INTRODUCTION
Earth remote sensing (ERS) is the process of collecting
information about objects, territories or any phenom-
enon without direct contact with it.

In ERS from space, optoelectronic equipment (OEA)
is used, which takes pictures of the underlying sur-
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BBEAEHUE

KnaccupuKanys OUCTAHLIMOHHBIX METONOB 30H/M-
poBaHus 3eMnH ([133) U3 KoCMOCa OCHOBAaHA Ha THIIE
HMCTOYHHMKA CHUTHa/NA [ HCCIeJOBaHUS OOBeKTOB
B aKTHUBHOM HJIM IIaCCUBHOM peXHMe,

B maccuBHOM peskume [JI33 M3 KOCMOCA IIPUMeEHSsI-
eTCsl ONTHKO-3IeKTPoHHas ammaparypa (O9A), KkoTo-
pasi BBIIIOJHSIET CbeMKY IIOACTUIAIOIIEH ITI0BEPXHOCTH
3emiu, npeobpa3oBaHHe H300paskeHHs B LHUpO-
BOM KOJ, CKaTHe NAHHBEIX, QOPMHUPOBaHHeE ILeje-
Bor uHOGopMmaumuu (IIH), 3amoMHUHaHHe, XpaHeHHe
1 BegAa4y IIM B BBICOKOCKOPOCTHYIO PAAHOIMHHUIO
(BPJI) Kocmudyeckoro amnmnapata (KA) mis mepemadu
Ha HaseMHBble IIYHKTBHl IpUeMa [/ IoC/Iefyoiei
IIePBUYHON U TeMaTH4eCcKOoN 06paboTKY JaHHBIX.

OCHOBHBIMH TeXHHYECKUMHU XapaKTepUCTHUKAMHU
O3A, onpenmensgoiuMU chepy ee IIPHUMeHEHUSI, IBJIS-
I0TCs1 CleflyIoInMe IapaMeTpsl (puc. 1):

e reoMeTpH4YecKoe IIPOCTPAHCTBEHHOe paspelle-

Hue (IIpoeKIUs IKKcena Ha 3emiio) (GSD), M;

e IIMPHHA II0JI0CH 3aXBaTta (CheMKH) (S), M;

* OTHOIIeHHe cUrHaI/myMm (SNR);

»  yHKUMA Iepefadu Monyasuuu (PIIM);

* CIeKTPaJIbHBIH JUANA30H, MKM,;

* TOYHOCTB reorpaduuecKor IpPUBS3KU.

IIpocTpaHCTBeHHOe pa3pemieHue GSD, | (M):

_ aH
9 " F.cose’

GSD,

rae F - dokycHoe paccTosHHe o6beKTHBA, M; H - BBI-
coTa opbUTH (M); a - IWKUpPHUHA IuKcens (M); 6 - yron
BU3MUPOBaHUS (rpaf.). IIMpUHA IIONOCH CBEMKH:
S=N-x, (km), rae N - KOJTHUYecTBO IMMKCeJleH B CTPOKe
I13C-maTpuubl unu I13C-1HHeNKe; X - NIMPHUHA TUK-
cens Ha 3emite (M).

COBOKYITHOCTh 3HaueHHH [JaHHBIX IIapaMeTpOB
oIpene/nsiioT KpuTepur ODA 110 BO3MOXKHOU cdepe MpH-
MeHeHHUs JaHHBIX [133. ODIHHMMH U3 TaKUX KpUTepHeB
SIBJISIFOTCSL IMHEHHOe pa3pelleHHe Ha MeCTHOCTH (JIPM)
(TepMHH HpuMeHseTcs B cTpaHax CHI), ypoBeHb The
National Imagery Interpretability Rating Scale (NIIRS)
HanyoHanpHas MIKajla OLlEHKU HHTepIIPeTHPyeMOCTH
13006pasKeHHUH (TepPMUH IIPUMeEHSeTCs B 3apybesKHBIX
CTpaHaX) U KPUTepHUM [IPKOHCOHA, KOTOPble HCIIO/Ib-
3yeTcsl IIOBCEMECTHO BO Bcex cdepax: U $oTo, U BUJe-
OCBEMKH. ITH IapaMeTpbl XapaKTePU3yIOT BO3MOXK-
HOCTb Pas3/lHyaTh «MeJIKHe» AeTaJk Ha II0/ydeHHBIX
CHHMKaX.

JIPM - ycpenHeHHas BeJIHYHHA IIOJIyIIepHOAA IIPO-
H3BOJIPHO OPHEHTHPOBAaHHOM TpeXIINaJlbHOH KBa-
OPaTHOM MHPBI, KaKfas Iajla KOTOPOH IIPH H3BeCT-
HBIX 3HAaueHHUSX aubbeno ¢oHA, KOHTpAcTa MHPHI,
yIJla BH3HUPOBaHHS OOHapyKuBaeTcs Habogare-
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Puc. 1. B3aumocss3b napamempos Kocmu4eckol ceemKu
Fig. 1. Interrelation of parameters of space imagery

face of the Earth, converts the image into a digital
code, and via a space-borne radio link (SRL) of a space-
craft (SC) transmits it to ground receiving stations for
subsequent primary and thematic data processing.

The main technical characteristics of the OEA, that
determine the scope of its application, are the follow-
ing parameters (Fig. 1):

+ geometric spatial resolution (projection of a pixel

onto the Earth) (GSD), m,

 capture (survey) strip width (S), m,

+ signal to noise ratio (SNR),

« modulation transfer function (MTF),

 spectral range, microns,

« georeferencing accuracy.

Spatial resolution GSD, ;) (m):

a-H

csp, =42
()™ F.cos®

where F - the focal length of the lens, (m); H - the
height of the orbit (m); a - pixel width (m); 6 - view-
ing angle (degrees). Estimated survey strip width:
S=N-x, (km), where N - the number of pixels in a row
of a CCD array or a CCD array; € - the pixel width on
Earth (m).

The totality of the values of these parameters deter-
mines the OEA criterion for the possible scope of
remote sensing data application. Some of these cri-
teria are linear resolution on the ground (LRM) (the
term is used in the CIS countries), The National Imag-
ery Interpretability Rating Scale (NIIRS) level according
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JeM Ha IIOlly4aeMOM H300paskeHHH C BEPOSTHOCTBIO
He MeHee 3aJJaHHOoM [1].

NIIRS uCIIONB3yeTCss aHAIUTHKAMM H300pakeHUH
IUIS1 [IPUCBOEHMS YHC/Ia, KOTOpOe yKa3blBaeT Ha MHTep-
IIPeTHPYeMOCTh JAHHOIO H300paskeHMs. KoHIenmus
NIIRS 11o3Bo/sieT HaIIpSIMYIO CBsi3aTh KauecTBO K306pa-
SKeHHS € 33aflaYaMy UHTePIIpPeTaliu, /i KOTOPBIX OHO
MOKeT ObITh MCII0/1b30BaHO. CaMa IIKajla MHTepPIpeTH-
pyeMocTH obecriedrBaeT CHCTEMHBIH MOAXO[, K H3Mepe-
HUIO Ka4ecTBa [IUPPOBBIX M300pSKEHUE U IIPSIMO 3aBHU-
CUT OT IIPOCTPAaHCTBeHHOro paspemreHus: O3A (GSD),
KOTOPOe OITHChIBAeTCs B AIOMMax JI/Isl pacueTos [2].

Kputepuun [IPKOHCOHA IIO3BO/ISIOT  BBIIEIUTH
HeCKO/IBKO YPOBHeH BOCIIPHATHSI Ha OCHOBe OCTATOY-
HBIX TICUXOQU3HOJIOTHYECKHUX 3KCIIePHUMEHTATIbHBIX
HCCTIeOBAHUM, He Ipuberast K CJIOKHBIM MaTeMaTH-
YeCKHMM BBIPOKEHHSIM, OIIMCHIBAIOIIMM IIPOLIeCC BOC-
IIPUSITUSL U UHTepIIpeTaluy M3006paskeHUsI. BrimeneHo
HEeCKOJIbKO YPOBHEI BOCIPUSTHS: obHapysxeHue (I),
orpeneneHue opreHTauu (II), pasnudenue (III), uneH-
TuduKanug (IV). B KauecTBe mapameTpa, XapaKTepH-
3YIOILET0 YPOBEHb BOCIIPUSTHS IIPH paboTe ¢ ccTeMoOHn
BUJICHUS, KCIIONB3YIOT paspellleHre LITPHUXOBBIX MUP,
SKBUBAJIEHTHBIX 00BeKTYy. [Ip1 5TOM caM 06BeKT Xapak-
TepH3yeTcsl HeKUM MHUHHMaJIbHBIM pa3MepoM [3].

OMUCAHUE MATEMATUYECKO MOAENUN
Hcxkomoe JIPM B pOA0/IbHOM U IIOIIEPEYHOM HaIlpaB-
JIeHHUSIX BBIYUCIAIOT 110 dopmyie [1]:

H
JIPM, | = ,
I 2V ey F-COSO
@ Vypen — TPElebHO paspeliaeMas MPOCTPaH-

CTBEHHAsI YaCTOTA 3JeMeHTa IIPSIMOYTOJIBHOM IITPH-
XOBOM MHUPBI, IIPU HAOMIOOeHHUU H300pasKeHUs
KOTOPOX BOCIIPHHHMAaeMoe OIlepaTopoM 3bdeKTUB-
Hoe (BM3ya/ibHOe) OTHOIIEHHEe CUTHa/JI-IIyM Ha ee
OTAePHOM MITpHUXe OyAeT COCTaBISITh I1OPOrOBOe
3HadeHHe, obecreuynBaromiee Tpebyemyio BeposT-
HOCTb €r0 PaCIIO3HABAHMUS 110 IIPUHSATOMY KPHUTEPHIO
nemudpupyemocty (M),

CaMa K Vy,e, HaXOOUTCS IIYTeM peLIeHUs CKBO3-
HOT'0 YaCTOTHO-9HEPreTU4eCcKOro ypaBHeHHUs (4], kyda
BXOZISIT TaKHe MapaMeTpbl, KaK CHCTeMHas QyHKLIMS
nepenauu moayasuuu (PIIM,.), SDNR - oTHouIe-
HHe CUTHAJI/ IyM a1 JIJambepTOBCKUX ITOBEPXHOCTEH
C K03QOULIMeHTaMH OTpakeHUs 7% U 15% MU 1opo-
roBas YacTOTHO-SHepreTHdeckas XapaKTepPUCTHKA
(®y0p), XAPAKTEPU3YIOWIASACS —PacCMaTpPUBAEMBIM
TeCT-00beKTOM:

%SDNR . (DHMCHCT(V) = (DHOP(V)'
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to the National Imagery Interpretability Rating Scale
(the term is used in foreign countries) and the Johnson
Criteria, which are used everywhere in all areas in
photo and video filming. These parameters character-
ize the ability to distinguish “small” details in the
obtained images.

LRM - the average value of the half-period of an
arbitrarily oriented square 3-bar test target, each
bar of which, with known values of the background
albedo, target contrast, viewing angle, is detected by
the observer in the resulting image with a probability
not less than specified [1].

NIIRS is used by image analysts to assign a number
that indicates the interpretability of a given image.
The NIIRS concept makes it possible to directly relate
image quality to the interpretation tasks for which it
can be used. The interpretability scale itself provides
a systematic approach to measuring the quality of dig-
ital images and directly depends on the spatial resolu-
tion of the OEA (GSD), which is described in inches for
calculations [2,3].

The Johnson criteria make it possible to single out
several levels of perception on the basis of sufficient
psychophysiological experimental studies, without
resorting to complex mathematical expressions that
describe the process of image perception and interpre-
tation. Several levels of perception are distinguished,
depending on the number of allowed pairs of lines
embedded in the target under consideration: detection
(I-1%0,25); orientation determination (II - 1,4+0,35);
distinction (II - 1,4+0,35); recognition (IIl - 4+0,8);
identification (IV - 6,4+1,5). These values of embed-
ded pairs of lines are resolved with a 50% probability
of perception and at the same time the object itself is
characterized by a certain minimum size [4].

DESCRIPTION
OF THE MATHEMATICAL MODEL
The desired LRM in the longitudinal and transverse
directions is calculated by the formula [1]:
H

LRM,

2.y, . -F-cos®’

(xy)
where v;,;; - the maximum-resolved spatial fre-
quency of an element of a rectangular bar test target,
when observing the image of which, the effective
(visual) signal-to-noise ratio perceived by the opera-
tor on its individual bar will consitute a threshold
value that provides the required probability of its
recognition according to the accepted interpretability
criterion (m?).

The very same vy,,;, is found by solving the through
frequency-energy equation [5], which includes such
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Iia pacdyera H IIporHosupoBaHus NIIRS mpu-
MeHsieTcsi O6Ilee ypaBHeHHe KaueCTBa CHHMKOB
(GIQE) [5]: 1,0
NIIRS =c, +c, -log(GSD) + 0,91 - ggag’gg;’;gf
+C,-1og,, (RER)+¢, vﬁ+c4 -Hg, Z’j i - giﬁ?iéﬁm
rae ¢y, €, C, C3, €4 — A0b6aBouHBle KO3QOUIILEHTHI, 0,6 - 7?5?;?;;?“
3HaueHMs] KOTOPBIX IIPUBe/IeHbl B CIIPAaBOYHBIX Tab/Iu- 0.5 | FRER
LlaX U 3aBUCAT OT TOIO, KaKasl BepCHsl YpaBHEHMS
NIIRS mpuMeHsieTCsa )11 pacyeTa M B KaKHUX eIUHH- G
uax GSD [6]; RER - cpenHereoMeTprueckoe 3HaUeHHe 0,3
BeJIMYUHBI I1epexXoJHON PYHKILHUU H300pakeHUS pes- 0,2
Koro kpas (®PK) ¢ yauerom PIIM,,,, (puc. 2); G - ycuie- 0,11
HHe IIyMa, BbI3BaHHOe QHUIbTpalrel H300pakeHHUS; 0 ‘ ‘ ‘
Hg - mpeBblllIeHHe BBICOTHI Pe3KOr0 Kpas, BbI3BaH- 2,0 -15 -1,0 -05 0 05 1,0 15 20
Hoe buIbTpanued uzobpaskeHus (B [2,5,6] TepMuH TIMKCeNb
OUIIeTcs Kak H).
B mocieayoInyX pacyeTrax U UCCIeL0BaHUU I1apa-
metpel Hy u G He GYHYT, YHHTBIBATRCA, Tak Kak Puc. 2. ®yHkyus paccesHus kpas ebieedeHHas us @M., .,
2{1?;Tpaunﬂ u3obpaxennit He npumensercs (Hg=0, Fig. 2. Edge spread function derived from MTF

TexHHUYecKkue IIapaMeTpPhL CheMOYHOM CHCTEMBI U YCTAaHOBJ/IEHHBIE YCIIOBUS Chb€ MKU
Technical parameters of the shooting system and established shooting conditions
OIIM__. (v)
— OIT I
MTE,,,(v)
QHM®H3C(V) [DHMC[/ICT(V)
MTEgccp(V) MTF,(v) SDNR
CDHMCMCT(V)
| | MTE (V)
OIIM._,,..(v)
L »| cMmas [
MTFblurWW) l
®PJI
OIIMgpnR(V) LSE
(®IIM (V) X SDNR)
@0(V) MTEqp ) l Puc. 3. Cxema BRI
FiresholaV) (MTE,(v) x SDNR) pacyema ypagHeHuu JIPM
| | ‘EEIF( u NIIRS 95 8bigedeHus
l mamemamuyeckol modenu
l 0NMUKO-3/eKMpOHH020
Vnpe}::
(@TIMpyg(V) X Py (1) RER mpa Kma
y Fig. 3. Scheme of the algo-
limit o .
(MTFEgp (V) X Fyrasnold)) rithm for calculating the
l LRM and NIIRS equations
(F.H.U.) (CSD) for deriving a mathematical
S fgiﬁ NIRS |« model of the optoelectronic
path
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B pacyeTHOM mporpaMMHOM IakeTe Mathcad pea-
JIM30BaH QJIFOPHUTM pacyeTa KputepueB JIPM U ypos-
Heil NIIRS (puc. 3). BeIIM IPHUHSTBI TPH OCHOBHBIX
IepefarluX 3BeHa CHCTeMBI, TaKHMe KaK OITHYe-
cKoe 3BeHO (06eKTHB), 3BeHO IPHEeMHUKA U3/TydeHHs
(T13C unu @II3C) U 3BeHO MCKKeHUS I/I306pa)KeHI/ISI
(3BeHO «cMmasa»).

st pacyera JIPM HeoOXOOHMO PeIlHUTh yske pac-
CMOTpPEHHOe CKBO3HOE YacCTOTHO-3HepreTH4eckoe
ypaBHeHHe Il HaXOXAEHHUS Ve, PIIM . paccum-
ThIBAaeTCs Kak IpousBemseHHe PIIM OCHOBHBIX Iepe-
NAIONINX 3BeHbeB CUCTeMBI [7];

OIIM,,,., (v) =] [OIIM;(v).
i=1

Ins ontudeckoro 3BeHa (®PIIM,,,) pacCUHTHIBaeM
6e3abeppalliOHHYI0 (QYHKIHIO PpacCesHUS] TOUYKHU
(®PT), a mocie - 4yepe3 B3siTHe MHTerpaja Io Ipele-
7aM MHTeTPUPOBAaHHUS KpPaeBbIX 3HaUeHHUH PPT- BBIBO-
ouM OyHKIMS paccessHus nuHUHK (OPJI). BhlBeneH-
Hyio ®PJI mpeobpasyeM B OIITHYECKYIO IlepPeJaTOUHYI0
dyakumio (OIIP) yepe3 qUCKpeTHOe ITpeobpasoBaHUe
dypre (OI1P), a mocne, B3siB o OIIP momdynb, MONY-
yaeM OIIM, , [8].

s @II3C (PIIMgp3c) Heobxoarmo BbiBecTH PIIM
€ro OrpaHHYMBAOLIKX 31eMeHToB: OIIM reomerpuu
aKTUBHOM dYacTH, PIIM 3dPeKTHBHOCTH IepeHOCa
HocuTeneHd 3apsafga u PIIM nuddysuu HochTened
B mogjokke [9]. Kakmas ®IIM BBIBOSUTCS OTHEIBHO,
U 11ocye bepeTcst Ux obliiee ITPOU3BeieHHUeE.

Ins 3BeHa «cmasa» (PIIM,,,) CYIIeCTByeT Yyxke
BEIBeJleHHOe GopMYy/IbHOe BhIpakeHHe [10]:

OIIM,,,,,(v) =|sinc(n-v-b)

cmas ’

rfe b - BeTMYMHA CMellleHH s H300paskeHUs, B HallleM
caydae b=a (m).

OtHomeHHe curHaa/mym (SDNR) paccuuTbIBaeM
II0 BBIBEIEHHOM MaTeMaTH4eCKOH MOJeNH, UMUTHDY-
IOIleH Cpefly pacIIpoCTpaHeHHUs HU3l1ydeHHs oT ConHIA
[0 IpHeMHHKKa U31ydeHHUs [11] Py acCBHOM PeXXHMe
[133. TIoporoBylo 4YaCTOTHO-3HEPreTHYecKylo XapaKTe-
puctuky (&) BBIOHpaeM 1 KBaAPATHOM TPEXLIIIa/ib-
HOMU INTPUXO0BOKM MHPHI [4]. ITocie BBIBeeHHS BCeX
HEH3BEeCTHBIX IIOPOTOBOrO0 YaCTOTHO-3HEPreTHYeCcKOro
YPaBHEHHsI PACCUUTBIBAEM H BBIBOAUM My, & TIOCTE
U camo 3HaudeHHe JIPM 1o yke H3BecTHOU GopMyIie.

s NIIRS HeobXOAMMO pacCUMTaTh TaKHe Iapa-
MeTphl, Kak GSD u RER (SDNR yke paccuUTaHO). GSD
PacCUMTHIBaeTCsl 10 M3BeCTHOM HaM QopMyJse U TeX-
HUYeCKHMM IIapaMeTpaM CHCTeMBl CheMKH, a RER
HaM Heobxomumo BeIBecTu H3 OPK mepeparomen
CHCTEMBI.
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parameters as the system modulation transfer func-
tion (MTEg,), SDNR - signal-to-noise ratio for Lam-
bertian surfaces with reflection coefficients of 7% and
15% and the threshold frequency-energy character-
istic (Fieshola), characterized by the test object under
consideration:

4
ESDNR : MTFsys[ (V) = Fthreshold (V)

To calculate and predict NIIRS, the General Image
Quality Equation (CIQE) [6] is used:

NIIRS=c, +¢, -log,, (GSD) +

L+c4-Hg,

+C, -log,, (RER)+¢; - DNR

where ¢, ¢, ¢,, ¢;, ¢, - are additional coefficients,
the values of which are given in the reference
tables and depend on version of the NIIRS equation
used for the calculation, and selected GSD units [7];
RER - the geometric mean value of the transition
function of the sharp edge image (FRF) taking
into account the MTEF,, (Fig. 2); G - the noise gain
caused by image filtering; Hg - the excess height of
the sharp edge caused by image filtering (written H
in [2,3,6,7]).

In subsequent calculations and research, the Hg
and G parameters will not be taken into account,
since image filtering is not applied (Hg=0, G=1).

The calculation software package Mathcad imple-
ments an algorithm for calculating LRM criteria and
NIIRS levels (Fig.3).

Four main transmission links of the system were
adopted, such as the radiation transmission link
(atmosphere), optical link (objective), the radia-
tion receiver link (CCD or FCCD), and the image
distortion link (“blur”). To calculate the LRM, it is
necessary to solve the already considered through
frequency-energy equation to find vj,;. MTFy is
calculated as the product of the MTF of the main
transmission links of the system [8]:

MTFSYST(V) = HMTF[ (V)
i=1

To determine the MTF of the atmospheric link
(MTFy,,,), we use the following equation [9]:

At
(2mzv)?+1

— AT+

MTE,, (v)=e

s(A)

where At= 0 - is the probability of photon survival,
t=¢(A)z- s the optical thickness of the medium layer;
z - is the path length, (m); o(X) - is the scattering
index; e(1) - is the attenuation index.
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s BeiBemeHuss ®PK HaM HeobXOOMMO 3HATh LIe/Ib-
Hoe 3HaueHue OII® cucreMsl (ero AeNCTBHUTENBHYIO
Y MHHMYIO YaCTH) AJIs1 IIpUMeHeHHs obpaTtHoro TP
(nonyquI/Ie ®PJI), 1 mocie — IS B3SATHUSI IIPOK3BO-
nHo (monmydeHue PPK). Ho Tak Kak y Hac HMeeTcs
TOJIBKO €Tr0 AeMCTBUTeNbHast dacTh (OIIM,,.), TO HaH-
HBI QJITOPHUTM SIBJISIeTCS. He OCYILleCTBHMBIM IS JJaH-
HOI'O pacyerTa.

BBUIO IIPUHATO pelleHue 1JIs1 BOCCTAaHOB/IeHUS MHHU-
Mo yacTy OII® mcronb3o0BaTh UMUTALMIO PIIM . IPU
IOMOIIHM QYHKUMH pactipeneneHs [aycca (OPTr,y . q,):

,XZ

q)PTraycca(x) = e%’

IJe 0 - CpefHeKBapPaTU4YHOe OTKIIOHeHHe (B HallleM
caydae - BecoBOoM Ko3dduumeHT). Tak Kak OIIM,
MOXeT MMeTb C/IOKHYI0 (GOpMy, HCIIONb3yeTCs [Ba
WIKA TPHU pacipeneneHus laycca M UX IIOCIELYIO-
Ilee HOPMHPOBaHHUe. MCIIO/Nb3yeTcsl TaKOM >Ke aJIro-
puTtM BeiBemeHHs @IIM, Kak [jis OIITHYECKOro 3BeHa
cuctemel. IlyTem mopbopa Ko3dUIMEHTOB 0 J06H-
BaeMCsl CXOIMMOCTH rpaguKoB PIIMpy ., ¥ PIM i,
U II0C/Ie W3 BBIBeJEeHHOH QPJI1ayccas beps mpousBo-
JHYIO U HOPpMHUPY4, rmonydyaeM OPK ...

ITocne BeiBemeHus PPK_,., paccuuTeiBaeM RER
MU yKe I10 M3BeCcTHBIM 3HaueHHAM GSD, SDNR, RER
M PAacCMOTPeHHOM paHee (opMy/ie PacCUHUTHIBAEM
IpefcKa3biBaeMblll ypoBeHb NIIRS.

YNCJIEHHbIE NCCJIEOOBAHUASA

J1sl IpoBefieHUsI pacueToB HCCIeyeMBbIX KpUTepUEB
HHOOPMATHUBHOCTH Obl1a IpUHSATA ODA BBICOKOIO
(GSD=1-10 M) u cBepxBbICOKOro (CSD=MeHee 1 M) pas-
peLIeHUsl C BBICOTOM OpOUTHl cheMKHU 500 KM, pas-
MepoM IHKcesa 7,4 MKM U CIelyIOIUMU YCI0BHUSIMU
CBEMKH

* CbeMKa B HaJup;

e BbIcoTa CoNHIIA Haf, MECTHBIM TOPH30HTOM -
He MeHee 30 rpan;

* KO3QPUIIMEHT IMPOIyCKAaHHS aTMocheprl -
He MeHee 0,85 (MHTeIpPaJIBHBIN) WIH MeTeopo-
Joruyeckas JAIbHOCTh BUuAeHbs (M/IB) He Xyke -
20 KM

* MUHHHMIBHBIN KOIQPUIIMEHT OTPasKeHUS IO~
CTUJAOLIEH ToBepXHOCTH 0,07;

* MAaKCUMAIbHBIH KO3QPUIIHEHT
Tect - obwrexTa 0,15;

e anwbemo dpoua 0,07;

* BepOSATHOCTb OOHapy>ReHUs He MeHee 0,8.

ITpoBefeHBl HCCIENOBAHUS II0 MOJEIHPOBAHUIO

U pacyeTy BbIIIeyKa3aHHBIX KPUTEPHeB HUHPOPMATHUB-
HOCTH B COOTBETCTBHHM CO CHHMKaMHK Pa3HOIO IIpPO-
CTPaHCTBEHHOIO paspelileHUs [12] U BapbUpyeMBIMHU

OTpa’kKeHUs

=

For the optical link (MTF,,), we calculate the aber-
ration-free point spread function (PSF), and then, by
taking the integral over the limits of integration of
the edge values of the PSF, we derive the line spread
function (LSF). We transform the derived LSF into an
optical transfer function (OTF) through the discrete
Fourier transform (DFT), and then, taking the modu-
lus from the OTF, we obtain the MTF,, [10].

For the FCCD (MTFgcqp), it is necessary to derive the
MTF of its limiting elements: the MTF of the geometry
of the active part, the MTF of the efficiency of charge
carrier transfer, and the MTF of diffusion of carriers in
the substrate [11]. Each MTF is derived separately and
then their total product is taken:

For the “blur” link (MTFy,,), there is already
a derived formula expression [12]:

MTE,,. (v)=|sinc(n-v-b)

’

where b - the image displacement value, in our case
b=a(m).

The signal-to-noise ratio (SDNR) is calculated using
the derived mathematical model that simulates the
medium of radiation propagation from the Sun to the
radiation receiver [13] in the passive mode ERS. The
threshold frequency-energy characteristic (Fy o) 1S
chosen for a square 3-bar test target [5]. After deriv-
ing all the unknowns of the threshold frequency-
energy equation, we calculate and derive vj,;, and
then the value of the LRM itself after the already
known formula.

For NIIRS, parameters such as GSD and RER need
to be calculated (SDNR has already been calculated).
GSD is calculated according to the formula known to
us and the technical parameters of the survey system,
and we need to derive RER from the edge spread func-
tion (ESF) of the transmitting system.

To derive the ESF, we need to know the integral
value of the OTF of the system (its real and imaginary
parts), to apply the inverse DFT (obtaining the LDF),
and after taking the derivative (obtaining the ESP).
But, since we have only its real part (MTF), then this
algorithm is not feasible for this calculation.

It was decided to simulate MTF,,; using a Gaussian
distribution function (PSFg,) to recover the imagi-
nary part of the OTF:

,Xz

PSF,, .. (x)=€2°,

Gauss
where ¢ - the standard deviation (in our case, the
weighting factor).

Since MTF,,, can have a complex shape, two or three
Gaussian distributions are used and their subsequent
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ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbHI N

TeXHHUYeCKHUMH IlapaMeTpaMu
CbeMKH, TaKMMH KakK GOKyCHoe 13,1 ‘
paccTosiHue o6beKTHBA KM OTHOCH- 12,1 1 ®oKyCHOe pacCToAHME ,  PaGounii guanason
\ AJIA IIAHOPAMHOM Chb€MKHU i (IJOKYCHOTO PaCCTOSAHUSA
TE/IbHOE OTBEPCTHE. 11,1 —ul Y METeOPOJIOTHH | JJIS BBIC. M CBE€PXBRIC. GSD
YucieHHBbIE pac4eTsl 3Ha- 101 - Focal lenght for panoramic 3 Working range of focal
YyeHui JIPM (pI/IC. 4) H ypOBHefI ’ ik photography and ' lenght for high and
9,1 — i meteorology i ultra-high GSD
NIIRS (puc. 5) NpOBOAMIMUCH IIPU Vi ]
8,1 |\ !
F=400-70000 mm u F/D=10-16. . \ |
~ 7,0 1
Ha rpaduke (cm. puc. 4) MOXXHO S bk ; GsD
Ha6MI0JATh MOCTEIIeHHOe CTpPeM- g 61[ } — JIPM f/d=10
neHUe 3HaueHuH JIPM U 3Hade- 5,1 F S ! JIPM f/d=11
Hul GSD K BeluYHHe OJIM3Koe 41 - “\ AL 2
’ A\ 1 — JIPM f/d=13
K HYII0, 4YTO MOXeT TLOBOPHUTH 31 F \' : — JIPM fld=14
0 XapakTepe 3KCIIOHEHIIMA/IbHOIO il | ., 1 — JIPM fld=15
pacmpeseneHusi. IIpu BeluYHHe ' e — 7IPMfld=16
L1l s e
$OKyCHOro pacCTosiHUSI 06beKTHBa e
0.1 | | | | | | | | | | | | | | [ ——
paBHOM 20 M BCe 3HadyeHHs JIPM ’
4 6 8 10 1517,520 25 30 35 40 50 60 70 88 100 120 135 150 175 200
U 3HadeHMs GSD mpaKTHYeCKHU
CJIMBAIOTCS B OOHY IMHHUIO. F,m
I[Ipu yMeHbIIeHUH [Hadpar-
MEHHBIX YMCel TPadUKH 3aBUCH- Puc. 4. 'paguk 3asucumocmu 3HaveHuli JIPM om 3Ha4eHul GOKYCHbIX paccmosi-
MocTer JIPM 6ynyT MeHSITh CBOIO HUl 06vekmusa u duappazmeHHbIX vucen
dopmy u 3HaueHus JIPM 6ynyt Fig. 4. Graph of the dependence of LRM values on the values of the focal lengths
yBEJIMYHBATh CBOE 3HAYEHHE, YUTO of the lens and aperture numbers
FOBOPUT 06 yXy[IlIeHHUH KauecTBa

Imojiy4daemMoro I/I306pa)KEHI/I${.

Ob1ee COOTHOILIEHUE paccuntanHeix GSD u JIPM
BappUpyeTCcsa B AuamasoHe oT 1,1 go 1,4, 4To cooTBeT-
CTBYeT BeJIMYHHEe COOTHOIIEHMS TeX >Ke ITapaMeTpOB
JJIs CIIYTHUKOB [I33 BBICOKOTO M CBEPXBBICOKOTO pas-
peleHus, paboTaroMUX Ha JAHHBIK MOMEHT.

PacueTHble 3HadeHHUs JIPM HMeIOT CBOM 0COO@HHO-
CTH IIPUMEHeHH

* g CIYTHHKOB BBICOKOTO

normalization. The same MTF derivation algorithm is
used as for the optical link of the system. By selecting
the coefficients g, we achieve the convergence of the
PSFg,,ss and MTF,, plots, and after taking the deriva-
tive from the derived FRL;,, and normalizing, we

obtain ESPy .

U CBePXBBICOKOTO paspelre-

HUS IpUeM/IeMBIMHU SIBJISI- 9
I0TCa 3HayeHus F B guama- 8 Eﬁiﬁ%jg ——
30He OT 4 mo 20 M; 7 - NIIRS f/d=14 == i
* CIYTHUKOBBIE CHUCTeMBbI 133 6 |- — NIRSf/d=13
- — NIIRS f/d=12
c F 6ospie 20 M Ha JaHHBIHA
] 9 5[ — NIRSf/d=11 =
MOMEHT Yy>Xe€ He HCIIONb3y = 4 — NIIRS f/d=10 —
I0TCSI, TaK KaK paboure pas- N i
Mepbl aKTUBHBIX 3/IeMeHTOB 5 P
®I13 u [13C TMHeeK U MaTpHUL] P
1
MMeIOT MaJible pa3Mephl, UTO
p p’ 0\\\\|IIII|\\\\\\\\\\\\\\\\\\
KOMIIEHCHDPYIOT 3Ha4eHH 4 8 20 30 40 60 88 120 150 200 300 400 600 700

obIero yBeTH4YeHHUs U yIyd-
AT 3HaueHus GSD;

* CIOYTHUKOBHIE CHUCTEeMBI
[33 ¢ F MmeHblIe 4 M IpU-
MEHSIOTCS, B YaCTHOCTH, JJIs
METEOPOJIOTHH M IaHOpam-
HOU CbeMKH.

Puc. 5. Tpaduk 3asucumocmu yposHell NIIRS om 3Ha4eHUl PoKyCHbIX paccmos-
HUL 06BeKmuea u 0uddpazmeHHbIX Yucen

Fig. 5. Graph of the dependence of NIIRS levels on the values of the focal lengths
of the lens and aperture numbers

F, M
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Ha rpadure (cMm. puc. 5) MOKHO HabmrofgaTh mocTe-
[leHHOe yBe/ln4eHHe ypoBHeH NIIRS IpY yBelU4YeHUH
$OKYCHOTO PacCcTOSIHUS 00BbEKTHBA, a CAaMHU I'PadpUKU
NIIRS paKkTH4YecKH HMeeT JHHEHMHYI 3aBHCHMOCTb
NIIRS oT F, 4T0 TOBOPUT 0 6OJIBIIOM BKJIA[IE TapaMeTpa
GSD Ha BeixogHoe 3HaveHue NIIRS ypaBuenus GIQE.

IIpy yMeHBbIIeHHH 3Ha4eHUN IuadparMeHHBIX
yrcen rpaduku ypoBHeHn NIIRS IOCTelleHHO CMeIa-
IOTCSI BHU3 Ha OIIpefle/IeHHYIO BeIMUHHY 0e3 HCKaxke-
HHUS CBoer dopMbl. IIpu BrIOpaHHOM JHana3oHe F/D
JaHHOe CMeINeHHe SIB/ISETCS CTAaTUYHBIM M COCTaB-
nser 0,101 yposusa NIIRS. CaMo >ke cMellleHHe BHU3
1o ypoBHIO NIIRS roBopuT 06 yXyIleHHH KadecTBa
dopmMmupyemoro n3obpaskeHUsI CUCTeMOH [133.

PacyeTtHrle ypoBHH NIIRS B COOTBETCTBHM C pac-
CMOTPeHHBIMHU 3Ha4ueHUSIMHU JIPM 10 BapbHpyeMBIM
$OKYCHBIM PACCTOSIHUSIM O0OBeKTHBA HMMEIOT CJlefyIo-
Ipie ITepBUYHbIe COOTBETCTBH

e [ CIOYTHHUKOB [133 BBICOKOI'O M CBEPXBBICO-
Koro paspemreHus ypoBHU NIIRS mpHHHMAIOTCA
oT31m07;

e [1s COYTHHUKOB [I33 c F bompuie 20 M ypOBHH
NIIRS IpUHUMAETCS OT 7 U BHIIIIE;

* UIS CIIyTHUKOB [I33 110 MeTeOpOJIOTMU U ITaHO-
PaMHOM CbheMKH YpoBHH NIIRS INpPHHHMAIOTCI
oT 4 ¥ HIKe,

Brla MpoBelleHO OKpyIJeHHe ypoBHeH NIIRS
no odpuLHMaIbHOMY cTaHAapTy NATO [13] mns cucte-
MaTHU3allUH PAaCCYUTAHHBIX BeTHYHUH JIPM U mocie-
aymoomeM obbeqUHEHHUH KX B QUAIIa30HBl 3HAYEHHH
(Tabm. 1).

Ilo BBIBeIEHHBIM JHAaIla30HaAM 3HaueHUH JIPM
Y OKPYIJIeHHBIM ypOBHAM NIIRS MOXKHO pacCYHTaTh
OMMOKY PacllO3HABaHHSI U BepPOSTHOCTb OOHapysKe-
HUSI MHTEpPeCyIolero Hac obbekTa. OmM6OKa pacrios-
HaBaHUS XapaKTepHu3yeT pas3HyMusg B [JHAIla30Hax
3HadeHUU JIPM npu KpanHHUX BelH4HHax F/D u pac-
CUMTBIBAETCS KaK:

G = O max + Gmin 100,
2
rae
o _ (HPMlG )max _ (HPMIO )max
e (GSDNHRS )max (GSDNHRS )max '
(), (o)
e (GSDNURS )min (GSDNHRS )min

BeposTHOCTh OOHapysKeHHsI Ha MPSIMYI0 3aBHCHT
OT OmMOKK pacro3HaBaHUS pacCMaTpUBaeMOro o06b-
eKTa 1 PacCUYUTHIBAETCS KaK:

n=100-c.

=

After removing ESP,, we calculate RER and, using
the already known GSD, SDNR, RER and the formula con-

sidered earlier, we calculate the predicted level of NIIRS.

NUMERICAL STUDIES

To calculate the information content criteria under
study, a high-resolution (GSD=1-10 m) and ultra-high
(GSD = less than 1 m) resolution EEA was adopted with
a survey orbit height of 500 km, a pixel size of 7.4 um,
and the following survey conditions:

+ shooting in nadir;

« the height of the Sun above the local horizon -
not less than 30 degrees;

 atmospheric transmittance - not less than 0.85
(integral) or meteorological optical range (MOR)
not worse - 20 km;

+ the minimum reflection coefficient of the under-
lying surface is 0.07;

« maximum reflection coefficient of target object -
object 0.15;

+ background albedo 0.07;

« the probability of detection is not less than 0.8.

Studies have been carried out on modeling and cal-
culating the above informative criteria in accordance
with images of different spatial resolution [14] and
varying technical parameters of the survey, such as
the focal length of the lens and relative aperture.

Numerical calculations of LRM values (Figure 4) and
NIIRS levels (Figure 5) were carried out at F=400-
70000 mm, and F/D=10-16. On the graph (see Fig. 4),
one can observe the gradual tendency of the LRM and
GSD values in a smaller direction, which may indi-
cate the nature of the exponential distribution. With
a lens focal length of 20 m, all LRM and GSD values
practically merge into one line.

With a decrease in f-numbers, the LRM dependence
graphs will change their shape and the LRM values
will increase their value, which indicates a deteriora-
tion in the quality of the resulting image. The total
ratio of the calculated GSD and LRM varies in the range
from 1.1 to 1.4, which corresponds to the ratio of the
same parameters for high and ultra-high resolution
remote sensing satellites currently operating.

The calculated values of LRM have their own applica-
tion features:

« for high-resolution and ultra-high resolution
satellites, F values in the range from 4 to 20 m
are acceptable;

+ satellite remote sensing systems with F greater
than 20 m are no longer common at the moment,
since the working dimensions of the active ele-
ments of the FCCD and CCD of the arrays and
matrices are small, which compensates for the
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1. OKpyIJIeHHBIX 3HaueHHH
NIIRS BepOSITHOCTH OOHapysKeHHUS
M omubKM paclo3HaBaHHUS pac-
YeTHBIX 3HAYeHMU IIpeJCTaB/IeHbI
B Tabn. 2. MUHHMaIbHAsS BepoO-

| m//y ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbHI Il

Ta6nuua 1. itorm okpyrneHuns ypoHen NIIRS v cuctematumsanmm s3HaveHmm JIPM
Table 1. Results of rounding NIIRS levels and systematization of LRM values

ConocTaBnieHue 3Ha4eHnn JIPM n yposHen NIIRS
Comparison of LRM values and NIIRS levels

STHOCTb IIPUCBOEHA YeTBEPTOMY E/D=10 F/D=13

ypoBHIo NIIRS u paBHa 95,5%, 4TO

rOBOpUT O HebosnpmoM pasbpoce JIPM, M JIPM, m

COOTBETCTBYIOIIHUX [HAIa30HOB LRM, m LRM, m

3HadyeHuHn JIPM. [Ing ompegeine-

HHUS BepOSITHOCTeN oObHapyske- 2,8-5,7 3 2,9-5,8 3 2,95-58 3
HUS 06BeKTOB IpU 0ObeqUHEHUU

ypoBHer NIIRS B rpymmy 3Hade- 14-2.8 4 14-29 4 148-295 4
HUN bepeTcs cpenHee 3HA4YeHUH

M3 BCeX BEPOSITHOCTEHM, COOTBET- 0.6771,34 > 0.67-1.4 > 0.7-1.48 >
CTBYIOIMX ypoBHAM NIIRS, BXOMA- 0,32-0,67 6 0,32-0,67 6 0,32-07 6
IIMX B 3Ty PYIILY.

AHANN3 0,155-0,32 7 0,16-0,32 7 0,16-0,338 7
W CONOCTAB/IEHME 0,075-0,155 8 0,077-0,16 8 0,079-0,16 8
MOJIYHEHHDbIX

PE3YJ/IbTATOB

IUiss  moCaenymoInero IIPpOBeNeHMs MCCIeJ0BaHUS
U BBIBe[eHMS KpUTepHeB coOTBeTCTBUS JIPM u NIIRS
IJIS TIPAaKTHYeCKOro MCIIO0/Ib30BAaHMS OBIIO IIPHUHSITO
pelleHHe COMOCTaBUTh KPUTEPUH HHQPOPMATHBHO-
CTH I10 BO3MOKHBIM CepaM IIPHUMEHEHHS CHHMKOB
A33. s 3TOro KakAoM cdepe OesSTeNTbHOCTH IIPH-
CBOMM J[Halla30H MHHHMAJIbHBIX Pa3sMepoB PacIio3-
HaBaeMbIX 00beKTOB (Tabi. 3). TakKe BhIBeLEeM COOT-
BETCTBUS KpUTepHeB HHopMaTUBHOCTH JIPM U NIIRS
I10 BBIIIOJIHEHUIO COOTBETCTBYIOIIMX 3a[ay UHTepIIpe-
THpyeMocTH (Tabn. 4) [12]. Ha ocHOBe IONy4YeHHBIX
pe3ynbraToB (Tabn. 1-4) 6pUTH ompeneneHsl TpeboBa-

Tabnnua 2. BepoATHOCTM 06HAPY>KEHMS 1N OLUIMOKKM pac-
MO3HaBaHMS 06HLEKTOB CheMKM

Table 2. Probabilities of detection and recognition errors
of surveyed objects

4 5,6 3.3 4,5 95,5
5 2,5 5,6 41 95,9
6 0 2,5 13 98,7
7 13 2,4 1.8 98,1
8 2 13 1.6 98,4

values of the total increase and improves the GSD
values;

« satellite remote sensing systems with F less than

4 m are used, in particular, for meteorology and
panoramic photography.

In the graph (see Fig. 5), one can observe a gradual
increase in NIIRS levels with increasing lens focal
length, and the NIIRS graphs themselves actually have
a linear dependence of NIIRS on F, which indicates
a large contribution of the GSD parameter to the NIIRS
output value of the GIQE equation.

When the f-stop values decrease, the NIIRS level
eraphs eraduallv shift down bv a certain amount

Tabnuua 3. Pa3mepbl pacno3HaBaeMblX 06bEKTOB Mo cdhe-
pam npMMeHeHmnsa CHUMKOB [133

Table 3. Dimensions of recognizable objects by areas of
application of remote sensing images

Chepa npymMeHeHNsa CHUMKOB /133 Jnana3oH

Scope of remote sensing images pasmepoB, M
Sizerange, m

BoeHHas cdpepa 0,1-1

Military sphere

MpaxxaaHckas chepa 1-1,5

Civil spher

CenbCKOX03aMCTBEHHAA chepa 1,5-3

Agricultural sector

Chepa MYC 1,5-4

Scope of the Ministry of Emergency Situations
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HHA K O3A no kputepusm JIPM u yposHIo NIIRS s
Pa3NIUYHBIX Chep MprMeHeHUs (Tabi. 5).

BeiBesleHHasi TabnHIla COOTBETCTBUS II03BOJISIET
CBSA3aTh KPUTEPHUH HHQPOPMATHBHOCTH, HMCIIONIb3ye-
Mble B cTpaHax CHI u 3a pybexxoMm, ¢ HeDONBIIMM
[IPOLIEHTOM OTK/JIOHEHHS I[10 TOYHOCTH PacyeTos,
a caMm Iepexof, MesKAy HHMH OCYILeCTBJISIeTCS B COOT-
BETCTBUHU C BBIOPAaHHBIM MHHHMAa/JIbHBIM pa3MepoM
CHMMaeMoro obbeKTa pacIio3sHaBaHUSI UM IIPH OIpe-
JIeneHuH chephbl IpUMeHeHMs: CHUMKOB KA J133.

Ha ocHoOBe BBIBeleHHBIX KpPUTepHeB COOTBETCTBUS
U B 3aBHUCHMOCTH OT IIOCTaBJIeHHBIX 33a/a4 II0 IIpH-
MeHeHHI0 O9A MOXHO cHOPMHUPOBATh TeXHUUYECKHUH
00JIMK aNmapaTypbl WIM TexHHUeckoe 3amaHue (T3)
J/1s1 [IOTEHIIMA/IBHOTO I10/1b30BaTelId 110 CIeAyIoeMy
BBIBe/IECHHOMY aJIFOPUTMY (PHC. 6).

[lepBoHaYa/NbHO BBHIOMpaeTCss BO3MOXKHasi cdepa
IesiTelIbHOCTH, 17151 KOTOPOH U 6ymeT pa3pabaTeIBaThCs
6ymymas KA [133. ITocie Bbibopa chepsl IpUMeEHEHUS
CHUMKOB [I33 BblOMpaeM IepBUUHbBIe 3HaueHHe JIPM

Ta6nuua 4. CooteeTcTBME ypoBHen NIIRS K JIPM no 3aga-
4YaM UHTEpNpeTUpyemMocTun

Table 4.Correspondence of NIIRS levels to LRM in terms of
interpretability tasks

Buanmbii 06beKkT
Visible object

YpoBeHb
NIIRS
Level
NIIRS

MaeHTndumkaumsa no obwemy Tmny 4 1,56-3,25
r'YCEeHUYHbLIX MaLUWH, MOJIEBOM

ApTUANEPUN, TPYMMbl TPAHCMOPTHbBIX

cpeacTB

Identification of group of vehicles

Ob6Hapy>eHne aBTOMObWAS Ha CTO- 5 0,97-1,56
AHKe

Parking lot detection

Pa3nnyaemocTb Moaenen 6 0,56-0,97
Manbix/CpeaHUX BEPTONETOB
Distinguishability of models of

small/medium helicopters

MaeHTndnKaums >xenesHoo- 7 0,28-0,56
pOXHbIX NyTen Railroad Track

Identification

MaeHTndmnKaums cTekn1004nMCcTum- 8 0,14-0,28
Tenem Ha TPaHCNOPTHOM CpeACcTBe
Identification of windshield wipers

onacar

i g

without distorting their shape. With the F/D range
selected, this offset is static at 0.101 NIIRS levels. The
very shift down in the NIIRS level indicates a dete-
rioration in the quality of the image formed by the
remote sensing system.

The calculated levels of NIIRS in accordance with the
considered LRM values for variable focal lengths of the
lens have the following primary correspondences:

« for remote sensing satellites of high and ultra-
high resolution NIIRS levels are accepted from 3
to7;

« for remote sensing satellites with F greater than
20 m, NIIRS levels are taken from 7 and above;

 for remote sensing satellites for meteorology and
panoramic imaging, NIIRS levels are accepted
from 4 and below.

The NIIRS levels were rounded according to the offi-
cial NATO standard [15] to systematize the calculated
LRM values and then combine them into ranges of
values (Table 1).

Based on the derived ranges of LRM values and
rounded NIIRS levels, we can calculate the recogni-
tion error and the probability of detecting an object of
interest to us. The recognition error characterizes the
differences in the ranges of LRM values at extreme F/D
values and is calculated as:

O max + O yin .
o= S 100,
where
6. = (LRMl@ )max _ (LRMlO )max
. (GSDNHRS )max (GSDNHRS )max ,
6. = (LRMlG )min _ (LRMlo )min
mm (GSDNHRS )min (GSDNHRS )m[n '

The detection probability directly depends on the
recognition error of the object in question and is cal-
culated as:

n=100-g.

For rounded NIIRS values, the detection probabili-
ties and recognition errors of calculated values are
presented in Table 2. The minimum probability is
assigned to the fourth level of NIIRS and is equal to
95.5%, which indicates a small spread in the cor-
responding ranges of LRM values. To determine the
probabilities of detecting objects when combining
NIIRS levels into a group of values, the average of
all probabilities corresponding to the NIIRS levels
included in this group is taken.
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Bolbop cdpepbl npumereHus

Haugaso cHumkos KA /133
IIPOEKTUPOBAHUS
v
Boi6op 3Ha4enus JIPM
BrI60p KpUTEPHEB u yposHa NIIRS
HUHOOPMATHBHOCTH
v
Pacyem ocHosHbIX napamempos
Pacyer no paspabomaxHoil
mapameTpoB KA mam. modeAu ¢ 3a0aHHbIMU
ycAo8UAMU CHEMKU
v
Beb1800 pesyabmamos
BrIBOZ, pac4emos mam. mooeau:
napameTpoB KA F,D/F,H, fum.d.
A/
DopmuposarLe 803MOKHO20
@opMHpOBaHHE mexHu4ecko2o 3adaHus (T3)
T3 6ydywe2o0 KA Ha ocHosaHuu

pe3yAbmamos pac4emos

Puc. 6. Anzopumm popmuposaHust mexHu4eckozo 0bauxa KA
Fig. 6. Algorithm for the formation of the technical appear-
ance of the spacecraft

u ypoBHHU NIIRS, 110 KOTOPEIM U OyAeT IPOBOLUTHCS
pacyeT OCHOBHBIX TeXHHYECKHUX I1apaMeTPOB ChbeMKH
KA 133 110 BEIBeI€HHOM MaTeMaTHYeCKOM MOJIEIH.

Camo ke ¢popmupoBaHue T3 HIU GOPMHPOBaHUE
BO3MOXKHOI0 TeXHHYECKOro umcroiaHeHus KA 133 ocy-
IIeCTB/ISIETCS. Ha OCHOBE PAaCUeTHBIX TeXHHYeCKUX
[IapaMeTpOB CheMKH, a KMeHHO: POKYCHOIO pacCTos-
Hus (F), oTHocuTensHoero otBepctust (D/F), pabouero
pa3mepa nukcena OI13C mnm I13C (a), BBICOTHI 30HIH-
poBaHus (H) U ApyTHUX IapaMeTPoB ChbeMKH.

BbIBO/ bl
Pa3paboTaH ajJropuTM KM MaTeMaTHYecKas MOZesb
IUIs pacyeTa M CPAaBHHUTEIbHOIO aHaIKM3a KpPUTepHeB
JIPM u ypoBHen NIIRS. Kpurtepuu JIPM 6onee mpen-
IIOYTUTEIBHO HCIIONb30BaTh IIPU IPOEKTHPOBAHHU
U pacdeTe HoBou O3A J133, a xputTepuu NIIRS mpen-
IIOYTHTeNbHEHN HKCIIOTb30BaTh [/ OLIEHKH KadecTBa
CHHUMKOB, IoyiydyaeMbIx ¢ KA ms [133.

Ins NpeACTaBIeHHON MaTeMaTH4YeCKOH
MOJe/NIM IIpOBeJeHbl YMCAeHHble MCCAeJOBaHUSI

U IIOJy4YeHbl Pe3y/lbTaThl, IIOATBEPKAAIONIHE ee
paborocriocobHOCTH.
OmpeneneHsl KPUTEPHU COOTBETCTBHUSI MeXKIY

JIPM u NIIRS 110 BO3MOXHBIM CpepaMm HNpHUMeHeHHUs
CyTHUKOB [JI33. BeposTHOCTb Ob6HapyskeHHs 00BEK-
TOB I10 chepaM IIPHMMEHEHHS COCTaB/ISAeT. BOEHHAas
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Tabnuua 5. Chepbl NpUMeHeHNs
Table 5. Applications

Cdepa npumeHeHns YpoBeHb
Scope of application NIIRS

Level

NIIRS
BoeHHoe feno 0,08-0,7 6,78 98,4
Warfare
IpaXkaaHCKNI CeKTOop 0,7-1,4 5 95,9
Civil sector
CenbCKOE X035MCTBO 1,56-2,9 4 95,5
Agriculture
MYC Ministry of 1,56-5,7 4,3 96,7
Emergency Situations

ANALYSIS AND COMPARISON

OF THE OBTAINED RESULTS

For subsequent research and development of LRM
and NIIRS compliance criteria for practical use, it was
decided to compare the information content criteria
for possible areas of application of remote sensing
images. To do this, we assign a range of minimum
sizes of recognizable objects to each area of activity
(Table 3).

Also, we derive the correspondence between the
LRM and NIIRS informativity criteria for the imple-
mentation of the corresponding interpretability tasks
(Table 4) [14]. Based on the results obtained (Tables 1-4),
the requirements for OEA were determined according
to the LRM criteria and the level of NIIRS for various
applications (Table 5).

The resulting correspondence table makes it pos-
sible to link the informativeness criteria used in the
CIS countries and abroad with a small percentage
of deviation in the accuracy of calculations, and the
transition between them is carried out in accordance
with the selected minimum size of the recognition
object being filmed or when determining the scope of
ERS images.

Based on the derived compliance criteria and
depending on the tasks set for the use of OEA, it
is possible to form the technical appearance of the
equipment or the technical specifications (TS) for
a potential user according to the following derived
algorithm (Fig. 6).

Initially, a possible field of activity is selected, for
which the future remote sensing satellite will be
developed. After choosing the scope of remote sensing
images, we select the primary LRM value and NIIRS
levels, which will be used to calculate the main tech-
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coeprl - 98,4%, rpakpmaHckas cdepa - 95,9%, codepa
C/X-95,5%, MUC -96,7%.

IIpenjioskeH aJrOPUTM pacuyera I1apaMeTpOB OIITH-
YeCKOM CHCTeMBI 11 GOpMUpOBaHHS T3 MpU IIpoek-
THPOBAaHUU HOBBIX KA.
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nical parameters of remote sensing satellite imagery
using the derived mathematical model.

Drawing up the technical specifications (TS) or
the formation of a possible technical design of the
remote sensing spacecraft is carried out on the basis
of the calculated technical parameters of the survey,
namely: focal length (F), relative aperture (D/F), work-
ing pixel size of the FCCD or CCD (a), orbit altitude (€)
and other shooting parameters.

CONCLUSIONS

1. An algorithm and a mathematical model have
been developed for the calculation and compara-
tive analysis of LRM criteria and NIIRS levels. It
is more preferable to use the LRM criteria when
designing and calculating a new EEA remote
sensing, and it is preferable to use the NIIRS
criteria to assess the quality of images obtained
from a spacecraft for remote sensing.

2. For the presented mathematical model, numeri-
cal studies were carried out and results were
obtained confirming its performance.

3. Criteria of correspondence between LRM and
NIIRS on possible spheres of application of
remote sensing satellites are determined. The
probability of detecting objects by areas of appli-
cation is: the military sphere - 98.4%, the civil
sphere - 95.9%, the sphere of agriculture - 95.5%,
the Ministry of Emergency Situations - 96.7%.

4. An algorithm for calculating the parameters of
the optical system for the formation of technical
specifications in the design of new spacecraft is
proposed.
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