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The article is devoted to the optimization of the detection of stealth aircraft using a group of satellites
flying at different altitudes and equipped with an infrared reproducing system. The main sources for the
formation of the infrared signature of stealth aircraft are the heating of the aircraft casing during flight and
the high-temperature plume emanating from the nozzle of the aircraft engine. The necessity of calculating the
infrared signature of stealth aircraft is noted. The infrared signature of such aircraft is usually calculated in
wide ranges of IR waves. At the same time, there are works according to which it is advisable to use narrow
spectral wavelengths for these purposes. A push-pull method of detecting stealth aircraft using satellites
flying in a group at different orbital altitudes has been developed. The proposed method makes it possible
to increase the signal-to-noise ratio in the resulting informative signal, which is the difference between the
signal from the aircraft itself and the background signal within the frame. It is shown that the introduction of
a binary control signal depending on the spatial resolution of the distance to the satellites allows minimizing
the total background signal coming from a group of satellites. At the same time, an increasing version of this
function applied to the sum of signals from the background under a given restrictive condition ultimately
increases the signal-to-noise ratio in the system, and also increases the probability of detecting a stealth
aircraft using spectrometric devices installed on satellites.
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Introduction

Currently, the detection of stealth aircraft using
space means encounters a number of difficulties. Such
interfering factors as Earth radiation, atmospheric
attenuation and the small size of the infrared signature
of such aircraft seriously limit the possibility of their
detection from an orbital altitude [1,2].

The main sources for the formation of the infrared
signature of stealth aircraft are the heating of the
aircraft casing during flight and the high-temperature
plume emanating from the nozzle of the aircraft engi-
ne [3-5]. A large number of papers have been devoted
to the issue of calculating the infrared signature of
stealth aircraft (see for example [6-10]). A number of
studies have noted the need to calculate the infrared
signature of stealth aircraft in wide ranges of IR waves,
such as (1.8-2.4 microns); (2.5-3.57 microns); (4-4.76
microns) [11,12]. At the same time, it was shown in [13]
that for these purposes it is advisable to use narrow
spectral wavelengths (4.14-4.18 microns), (4.56-4.65
microns). In relation to the space detection systems of
stealth aircraft, the use of ranges (2.65-2.90 microns)

and (4.25-4.50 microns) is proposed in [15]. The ideas
presented in [15] were further developed in [16], in
which the analysis also included such indicators as
aircraft speed, flight altitude, atmospheric attenuati-
on, the influence of Earth radiation, etc. At the same
time, the issue of detecting a stealth aircraft from an
orbital altitude in [16] was considered in relation to
one satellite equipped with IR recording equipment.
In this paper, this issue is considered in relation to
a group of orbiting satellites performing a joint flight
at different altitudes above the atmosphere. To solve
this problem, we will use some of the research results
presented in [16].

1 Materials and methods

The main indicator of the ability to detect stealth
aircraft in the IR range using a group of satellites flying
at different altitudes is the signal-to-noise ratio (SNR),
defined according to [16] as

Nrp — Npp

SNR = N, ,

(1)
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where Npp is the signal power of the IR detector
detecting the target, i.e. the signal coming from the
aircraft; IV, is the noise power in the system.
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According to [16]:
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where A, is the area of the input aperture; 7,
is the optical transmission; 7 is the quantum efficiency
of the photodetector; Ij,.% is the dark current of the
detector; ¢ is the electric charge, ¢ = 1,6 - 1071°C;
Agirer 18 the projection area of the aircraft in the
imaging system (including the image of the casing
and plume); S is the spatial resolution of the imaging
system, defined as

g (Pix) - R’

7 3)

where R is the distance to the object; f is the focal
length; Pix is the pixel size; Lgpack is the total
background radiation; I qirer is the radiation intensity
of the aircraft at the input aperture; PVF is the point
visibility coefficient; T;,; is the integration time on the
photodetector.

In formula (1), Ngp is the signal strength of the
detector receiving the signal from the entire plot of
Land in the image frame. According to [16], Npp is
defined as

Lq.backs2 : AoptToptnTint + Tine - Idark. (4)

N =
BD R2 P

The method we propose is to use a group of satelli-
tes in the number n; which should fly on trajectories of
height R;; i = 1,n. At the same time, there are many

R={R;} (%)

contains the elements of R;, which are ordered as
follows

R;=R;_1+AR; AR = const,

where Ry is the lower orbital height; R,, is the upper
orbital height.

It is assumed that the satellites are equipped with
IR spectroradiometers, the focal length of which is
adjustable, which according to (3) leads to a change
in the resolution S (Fig. 1).
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Fig. 1. Schematic representation of the formation of IR

images in one satellite from a group located at altitude

R;, equipped with a spectroradiometer with a focal
length f;

Next, we consider the case when R; > h,
where h is the altitude of the aircraft. Our proposed
method of detecting stealth aircraft involves a push-
pull implementation of the detection process using
signals from all satellites in orbit. In this case, two sums

are formed:
n
oy = E Nrp,,
i=1

n
g = E NBDi~
i=1

Therefore, the signal-to-noise ratio, by analogy with
(1), is determined by the formula

> iy Nep, = i Nap,
Z?:l N; ,

where N; is the noise power in the system of the i-th
satellite.

The push-pull implementation of the detection
procedure aims to achieve the maximum value of the
SNR by calculating Y"1 | Nrp, in the first clock cycle
and minimizing Y | Npp, in the second clock cycle.
The formation of these amounts is carried out in

(6)

(7)

SNR = ®)
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a controlled mode. The control function S = f(R) condition concerning total value of spatial resolutions
is introduced into the system, the type of which is of all acting satellites. In first approximation the total
selected from the following criteria: value of spatial resolutions is equivalent to total initial

When measuring the sum of >_"' | Nrp, the form information to be processed. So that condition (9) is
of the function f(R) should ensure the immutability of necessary for required optimization
this sum,;

Rmax Rmax

When measuring the sum of Y ;" | Npp, the form / f(R)1dR = / F(R)2dR = C;
of the function f(R) should provide a minimum of Ronin Ronin (
this sum. Thus, such an order of calculation of these C = const.
amounts in two cycles will allow achieving a high SNR, ) o o
value when conducting group satellite measurements. The' technical reahzaftlon of condition (9) shogld
A block diagram of the algorithm for implementing the be carried out by changing the focal length of optics
proposed method is shown in Fig. 2. depending on distance as far as stealth aircraft.

The shown variants of the functions f(R); and
Start. Inroduction of f(R)2 allow us to impose restrictive condition (9) on
control function them. To clarify the order of selection of criteria for

I applying the functions f(R); and f(R): to calculate

the sums of Y. | Nrp, and Y. | Ngp, expressions

Carrying out of

satelltes formation Construcion ofconir (2) and (4) are represented in the following form
ﬂlght unction
2
[al(S — a2) + (13] c Ay
‘ Nrp = 2 + as, (10)
Calculation of Minimization of 52
TH T, ai - o°ay
™ §=2a) NBD — _|_ a57 (11)

_ =
where:

Calculation of . — . — .
SR a1 = Lgpack; a2 = Agirer; a3 = 1y qirer PVF}
Tint - Laark (12)

Fig. 2. A block diagram of the algorithm for q

implementing the proposed method At the same time, we assume that a; = const; i =
(1,5).

If the sums in (6) and (7) are conditionally changed
to integrals, then taking into account (10), the follow-
ing functional can be formed

ay = AoptToptnTint; as =

Let’s form the control criteria specified in the
flowchart shown in Fig. 2. As noted above, the control
function uses the functional dependence S = f(R) in
binary form, the general form of which is shown in

Flg. 3. Rmax a 52_ .
1 az)+asz| - ay
P :/ [[ ( i ] +as|dR. (13)
Ronin
5 A Similarly, taking into account (11), we form the
following functional
R 2

max ay - S as

F2 = /Rm’m |:R2 +G,5:| dR. (14)

Taking into account (9) and (14), we form the
following target functional of unconditional variational

optimization
R 2
maer gy - 5%
B= [R +} IR+
Rwuin
Rmam
A / S(R}R—C|. (15)
Rmin
Fig. 3. The general form f)f the binary function. f(R)i, The analysis based on the Euler-Lagrange equati-
i =1,2; where f(R); is an increasing function; on [17] allows us to conclude that the minimum Fj
f(R)2 — decreasing function appears when the condition is met
In order to optimize the procedure of stealth air- 2a1a4S(R)

craft identification we need to adopt following limiting R A=0. (16)
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From (16) we find:

S(R) = 17
( Saas (17)
Taking into account (9) and (17), we obtain
Riax 2
mar AR
- dR = C. 18
/Rmm 2a1a4 ( )
From (18) we find
C
>\ - R?na;r_ min (19)
6aiaq
Taking into account (17) and (19), we obtain
3CR?
S(R)= ———77——- 20
( ) (R%za:r: - Rf’nzn) ( )

Thus, when solving (20), the functional Fj reaches
a minimum, since the derivative (16) with respect to
S(R) turns out to be a positive value.

Consequently, the application of control (20) to the
functional F5 can lead to an increase in the signal-to-
noise ratio calculated by the formula (8).

Let’s estimate the gain in the signal-to-noise ratio
when using control (20) to calculate F3. If there is no
such control, we estimate the difference AF = F; — Fy

as
Rmax
ar= [
Rin

The corresponding difference in the proposed
method is defined as

aszay — a1a204

AR

(21)

dR—

Rmaz alS(R)2a4 — a1a204 + azay
AF,, = =
me'n
R 2 4
mas 9C2R
_/ al? " (R3 5z dh.
Rpin R (Rmax - R )

min

(22)

Taking into account (21) and (22), the gain in the
proposed method 9§ is defined as
0= AFpr — AF = a1a4 X

R 2 R 2 R4

maz §(R) mar 9C?R
dR— dR| .
. [/I%min R? ~/1;i (R;)naa:_anin>2R2

From (23) we obtain the following winning conditi-

on
3CR?

—R3 .

R%naw min
Therefore, based on conditions (23) and (24), it can
be concluded that in the proposed method of push-
pull measurements of stealth aircraft using a group of
satellites located at different altitudes, a real gain in
the value of the signal-to-noise ratio is possible.

S(R) > (24)

We will conduct model studies to calculate the
threshold value of spatial resolution, when exceeded,
there is a gain in the signal/noise ratio. Calculate the
values of the constant C.

According to (9) we have

Smaz — Smi
C= (len +R7naw) . Smin + ( ez 2 mzn) . (25)
We conditionally assume
Rmaz - Rmzn = 100km = 100 - 103 m,
Smin + (Smax - szn) —1m.
2
In this case we get
C =100 10° m.
Take:
Raz = 200km; R, = 100 km. (26)
For R = 150km we get
3C-2,25-10*-103
S(R) > B R, (27)

Taking into account (26) and (27) we get

3-100-10%-2,25-107
(8-106 — 105) - 109
3-100-2,25-101° 0,7-10%3
- 7.1015 7105
Thus, even with a spatial resolution of more than

0.1 cm, a gain in increasing the signal-to-noise ratio is
possible.

S(R) >

m ~ 0,1cm.

Conclusion

A push-pull method of detecting stealth aircraft
using a group of satellites flying at different orbital alti-
tudes is proposed. The purpose of the proposed method
is to increase the signal-to-noise ratio when calculating
an informative signal, which is the difference between
the signal from the aircraft itself within the frame and
the background signal within the frame. It is shown
that the introduction of a binary control signal ensur-
ing the constancy of spatial resolution in the range of
the distance to the satellites (Ryin +~ Rmasz) allows
minimizing the total background signal coming from
a group of satellites. In this case, the control function
has a binary character and can have both a decreas-
ing and an increasing type. An increasing version of
this function applied to the sum of signals from the
background under a given restrictive condition leads to
a decrease in the total background signal, which ulti-
mately increases the signal-to-noise ratio in the system,
and also increases the probability of detecting an air-
craft using spectroscopic radiometric devices installed
on satellites.
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IMuranua onTuMizailil BUSBJIEHHS CTEJIC
JiTaKiB i3 BUKOpPHUCTaHHAM rpynu opbi-
TaJbHUX CYIYTHHUKIB

Azaes @. I'., Acados X. I'., Anicea I. B.

CTarTs IpPUCBSYeHA NUTAHHSIM ONTHMIi3arlil BHUIBIIEH-
HSI CTeJIC JIITAKIB 3 BUKOPUCTAHHAM T'PYIH CYIIyTHHUKIB, 110
3HAXOMSATHCA Ha PI3HUX BUCOTAX. 3a3HAYEHO HEOOXIiTHICTH
obuncyenss indpagepBonol curuarypu cresic. OCHOBHUME
mxkepesamu (GpopMyBaHHS iH(DPAYIEPBOHOI CUTHATYPH CTEJIC
JITaKiB € HATPIBAHHS KOXKYyXa JITAKa IPU MOJBOTI Ta BUCO-
KOTeMIIepaTypHHUI mijeid), 0 BUXOANUTH i3 COIJIA ABUTYHA.
IudpavepBona curmarypa Takmx JiTakiB 3a3Budail 064m-
CJIIOETHCA y mHUpoKuX mianmaszonax [Y xsuan. Pazom 3 Tum,
icHyfoTs pOOOTH, 3rigHO 3 AKUMU 3 II€I0 METOIO IOIiJjIb-
HO BHKOPHCTOBYBATH BY3bKOCIIEKTPAJIbHI JTOBKUHU XBUIb.
Po3pobiierno mBOTaKTOBUIT METOM BUSIBJIEHHS CTEJIC JITAKIB
32 JOIIOMOTOI0 CYIyTHHKIB, IO 3HAXOOAThCHA y IPyIi Ha
pi3HuX opbiTaabHUX BHCOTaX. IIporoHoBaHMi METO/I JJ03BO-
Jiste 3017bIINTH BiHOUIEHHS CUT'HAJI/IIYM B PE3yJIbTYI0U0-
My pi3HHUIEBOMY iH(DOpPMATHBHOMY CHTHAJL, OTPUMAHOMY 3
YPaxyBaHHSIM CATHAJIY Bif riTaka i GOHOBOro CUTHAJLY B Me-
JKaX KaJpy. 3arporoHOBaHO GiHApHY (DYHKIHIO yIIPABIIiHHS,
sKa € 3aJIeXKHICTIO IIPOCTOPOBOTO J03BOJIY 300parKyBaJIbHOT
CHCTeMHU CYIyTHHKIB Bif Bimcrami MiXk JTakoM 1 cymy-
THUKaMU. PO3rIsi1aeThest BUMAI0K, KOIM HA IO (DYHKIIIO
HaKJJIaJeHO IIeBHE iHTerpajbie obomexkenHs. [lokazaHo, 1o
BBeJIEHHSI DIHAPHOTO KEPYIOYOTr0 CHUTHAJLY 3AJIEZKHOCTI IIPO-
CTOPOBOTO JIO3BOJIY BiZl BiACTaHI IO CYIYTHHUKIB JO3BOJISIE
MiHiMiZyBaTH cymapHuil (GOHOBUI CHUTHAJ, IO HAIXOIUTH
Bix rpynu cymyrtHmkiB. Ilpm mpomy 3pocrarodmii BapiaHT
miel (yHKIi, IO 3aCTOCOBYETHCH JI0 CYMH CHUTHAJIB BiJL
dony, migBumye BiTHOMEHHA CHTHAJI/TIYM B CHACTEMI Ta
MMOBIPHICTD BUSMBJIEHHSA CTEJIC JIiTaKa 3a JOIOMOIOIO CIie-
KTPOMETPHUIHUX IPUCTPOIB, BCTAHOBJIEHUX HA CYIIyTHUKAX.

Karouost caosea: cresic JiTak; BUSBJIEHHS; IPYIOBHI
ToJIiT; onTHMizarisT; YHKINS KOHTPOJIO; IiIH0BA BYHKIHO-
HAJIbHICTH
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