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STRUCTURES OF ADAPTIVE SIGNAL PROCESSING SYSTEMS
FOR RADAR SENSORS OF EXTERNAL INFORMATION
FOR CORRELATION-EXTREME AIRCRAFT NAVIGATION SYSTEMS

During the guidance of the aircraft on the final part of the flight, it is affected, along with other external factors, by interferences of
various (artificial or natural) origins. These interferences have various effects on the receiving elements of the antenna array of the

radar sensor of external information. Due to the variability and rapidity of the complex interference situation, adaptive interference

protection systems are the most effective in combating these interferences. It is known that the use of adaptive processing systems allows
for overcoming the practically inevitable a priori uncertainty of statistical characteristics of signals and interference of various origins.

At present, due to the development of digital technology, new methods and devices for adaptive signal processing against the back-

ground of interference have appeared. Thus, the arsenal of methods of adaptation to Gaussian disturbances has been supplemented
by methods involving the inversion (direct or recurrent) of the most plausible estimates of correlation matrices of disturbances or their
regularized varieties. Wide possibilities of adaptation are opened up in modern radar stations with multi-element phased antenna ar-

rays, which provide for digital information processing. Due to the very high speed of the aircraft during the operation of its correlation-

extreme guidance system, as well as due to the dynamic and non-stationary interference environment, an important requirement for
adaptive anti-jamming systems is their speed. The effectiveness of adaptive processing of signals against the background of interference
can be significantly increased by using reliable a priori information. The paper considers a method of increasing the speed of adaptive
protection systems against radar interference of various origins by taking into account a priori information about the central symmetry
of the receiving channels of radar sensors of external information of correlation-extreme aircraft navigation systems. It is shown that
taking into account such a priori information as the central symmetry of the receiving channels of radar sensors of external informa-

tion leads to a corresponding change in the structure of devices for adaptive signal processing in the conditions of interference in these
sensors and as a consequence, 1o an increase in their speed.
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INTRODUCTION

While guiding an aircraft (AC) equipped with an ex-
ternal information radar sensor (EIRS), especially
during terminal flight, the problems of the speed of
protecting the EIRS from various interferences (ac-
tive, passive, or mixtures thereof) come to the fore
along with the problems of accuracy and speed of
the aircraft guidance proper [1, 4—6]. High require-
ments for the speed of anti-jam systems are deter-
mined by both the instability and dynamism of the
interference environment and a very short time al-
lotted for correcting the environment and protecting
against interference.

Using a priori information allows counting on an
increase in the speed and efficiency of the anti-jam
systems [2, 7].

It was shown in [2, 7] that if the antenna array (AA)
receiving elements are symmetrical with respect to
the array’s geometric center, i.e., the difference in
distances d between the pth and qth receiving el-
ements and the difference in distances between the
(M+1-¢g)th and (M+1-p)th elements are the
same, i.e., when

d,—d =d
g€l M,

d

M+l-q ~ “M+1-p>

where M is the number of the array’s receiving ele-
ments, and also, when the amplitude patterns of the
elements symmetrical with respect to this center are
identical, the spatial correlation matrix (SCM) of
active interference is not only Hermitian but also
has additional symmetry with respect to the sec-
ondary diagonal (the so-called persymmetry). Tem-
poral SCMs of passive interference in pulse radars
with a centrally symmetric sweep law can have the
same properties [2, 7]. Mathematically, persymmetry
means that

O TI=TIDTI, ¢, =Ppii grrorps

where IT is the orthogonal symmetric permutation
matrix (ITIT=1, [1=I1"), containing ones on the
side diagonal and zeros elsewhere, is the sign of a
complex connection.

The persymmetric matrix (2) is completely de-
termined by the elements (M*+2M)/4 | which at
M >> 1 is almost half as much as in the case of a gen-
eral positive Hermitian matrix [6, 7]. Actually, it is
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this reduction in the dimension of the vector of the
estimated parameters that allows for a further in-
crease in the speed and efficiency of the anti-jam sys-
tems, since in order to obtain the value of the weight
vector, which makes a “dip” in the radiation pattern
of the EIRS receiving AA on the direction of influ-
ence of a particular interference (this is the adaptive
signal processing against the clutter environment),
this correlation matrix (CM) should be rotated in
real time.

PRESENTATION OF THE MAIN MATERIAL

The central symmetry of the receiving AR of the EIRS,
which gives rise to the specificity of the CM structure
(i.e., persymmetry), also leads to a respective change
in the structure of adaptive signal processing devices in
the clutter environment in the EIRS.

As is known, an adaptive processing system should
generate statistics of the following form [6]:

E=V, ¥X, (1)

where A is the evaluation symbol, * is the Hermitian
message symbol.

If spatiotemporal signal processing in the EIRS
is carried out jointly, then the V. role is played by
the ML-dimensional complex amplitude vector of
the input sample of the mixture of the desired signal,
interference, and noise (L being the number of tem-
poral receive channels), the ¥ role is played by the
(ML x ML) matrix, inverse to the estimated interfer-
ence CM @, and the X role, by the ML-dimension-
al vector of the desired signal.

Expression (1) also works in the case of only spa-
tial or only temporal processing of signals against
the clutter environment [1]; it is only the content
of components (1) that changes. For example, dur-
ing spatial processing, the M-dimensional vector
Y =Y, +yX plays the role of V, , where Y,, is the
M-dimensional vector of input samples; the role of
V¥ is played by the (M xM) matrix, inverse of the
estimated spatial CM at the input of the spatial signal
processing device against the clutter environment;
the role of X is played by the M-dimensional spa-
tial vector of the expected desired signal of the form
X =x(t)X(a) , where

X(o)= {xf"'") };:
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Figure 3. A simplified version of Figure 2, which takes into
account the condition X(a) =TITX (o)’

is the vector of the amplitude-phase distribution
(APD) of the desired signal in space, and x(t) is a
random amplitude factor.

In the case of temporal (interperiod) processing,
V. is the L-dimensional Y. complex amplitude vec-
tor, ¥ is the (LxL) matrix, inverse of the estimated
CM of interperiod fluctuations of interference @ at
the input of the temporal (interperiod) processing
device, Xis the L-dimensional temporal vector of the
desired signal of the form X =x(¢)X_, where
X ={x(x)}L

x ' im

is the vector of the desired signal APD in time.
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The paper proposes the following engineering so-
lutions, described below, suitable for all addressed
options of processing in the EIRS, if the corre-
sponding interference CM @ at their inputs is per-
symmetric.

Let us introduce the following matrix [2] (let us
say, it will be (M x M) in size):

M 1 .
T={t:f,. = ﬁ[IM —jm,, ] )
with the following properties:
T=T" = I, T, =-jT'I, = _jHMT*’ TT = Iys

where [, is the identity matrix (M xM), I1,, is the
permutation matrix (M xM).

It is known that any complex matrix can be repre-
sented by a set of its real and imaginary parts:

@ ={0, }fj:l =D+ jD"

Using the matrix 7, the Hermitian persymmetric
matrix turns into a real symmetric matrix (M xM):
O, =TOT =0'+®"11,,.
Given the notation introduced above, let us rewrite
the expression (1):
E=Y X =Y TTYTTX =V, X, =V'R,
where
V={v},=TY =V _+jV, (3)

is the transformed input sample vector,

1 ! n
Vi :{Vzi}il; =$(Y +11,Y ),

1
V, =y}, =——(Y"~T1,Y"), 4
A {VAt}l:l \/5( M ) ( )
X, =TX=(X;+jX,) — (5)

is the transformed vector of complex amplitudes of
the expected desired signal, whose components X,
and X, are equal to:
1
X, =—=(X"+I1X"),
2

NG

X, =L2(X”—HX’), ©6)

N

‘i‘v —TYT = Cf);l is the real matrix, inverse of the
transformed real estimated CM:

O, =TOT,
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R is the estimation of the weight vector consisting of
the ratio:
R=T'®'X,=TR,, R, =¥, X,. (7

Figure 1 shows the diagram of generating the
weight vector R based on (7). Double arrows indi-
cate the vectors, shaded arrows, the matrices. Here,
the vector R is generated by multiplying the vector
R, by the matrix T at the output of a vector-matrix
multiplier (VMM) with a matrix impulse response
(MIR) proportional to the real matrix ¥, indicated
in parentheses in the VMM block. The transformed
reference vector of the desired signal X, (5), (6) ar-
rives at the inputs of this VMM. The parameters of
this VMM are estimated in the estimation block (EB)
thanks to the processing of the k-dimensional inter-
ference sample transformed based on (3), (4).

The structure of the EB and the algorithms for es-
timating the required parameters can be varied, de-
pending on the VMM block structure.

Figure 2 shows the diagram presented in Fig-
ure 1, but the structure of the blocks transformed
with the matrix T (2) spelled out. In these blocks,
the input complex vectors, having the form of a set of
their real and imaginary parts, are transformed into
the output sum and difference vectors determined
by (3)—(6). In this context, the blocks are called
blocks of the sum-difference transformation (SDT).
The real (R') and imaginary (R") parts of the vector

R=R'+jR"=Y¥,X, are then equal to:
R—R,-TIR,, R"=R, +TIR, ,
R, =¥ X, , R, =¥ X,. (8)
Figure 3 shows a simplified version of the Figure 2
diagram, which takes into account the condition [2,

7] that is essential for a radar with central symmetry
of receive channels X(a) =I11X (o), therefore:

X, =-X, , )

which allows representing the vector R , taking into
account (2), (5), (6), (8), as:

P P
R TJ(RZ +jTIR,).

In this regard, under conditions (9), for the com-
plete plotting of the complex vector R , it is sufficient
to generate only the vector:
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Iix = \i]VXZ )

which is taken into account in the diagram shown in
Figure 3. Processing here is simplified by extracting
the operations associated with the generation of vec-
tors X,, R, and subsequent operations associated
with them. If there is no need for the vector X, , the
SDT(T) block is replaced by the sum transformation
block ST(T). X

The values R' and R" in the Figure 3 diagram
differ from the corresponding values in the Figure 2
diagram by a constant factor

b

that does not affect the output value of the signal-to-
noise ratio.

CONCLUSIONS

The article shows that using the estimate of the per-
symmetric correlation matrix, which is inherent in
centrally symmetric receiving systems, in particular
in the EIRS, in combination with the sum-difference
transformation of input influences, allows expecting
a reduction in the number of calculations by almost
four times.

The article proposes the structures of adaptive sys-
tems of spatial, temporal, and spatiotemporal signal
processing against the background of interference of
various origins for the EIRS with central symmetry of
receive channels. The main elements of the proposed
structures are the blocks of the sum-difference trans-
formation, vector-matrix multipliers, and the evalu-
ation blocks to adjust the parameters.

Various types of adaptive devices, differing in struc-
ture and algorithms for estimating a priori unknown
interference CM, can be used as EB and VMM in
the proposed diagrams. Among them, adaptive lattice
filtering methods are of the greatest practical interest
due to their important practical advantages [3] such as:

- suitability for a wide range of tasks,

- structure regularity,

- universality,

- high numerical strength,

- ease of accounting for and using of a priori infor-
mation,

- ease of control of malfunctions and failures, etc.
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CTPYKTYPU ATATITUBHUX CUCTEM OBPOBKW CUTHAJIIB /14 PAIIOJTOKALIMHUX JABAYIB 30BHILITHBOI
THOOPMALIIT KOPEIAUIMHO-EKCTPEMAJIbHUX CUCTEM HABITALIIT JIITATbHUX ATIAPATIB

Ilin yac cynpoBony JiTaJIbHOTO anapara Ha KiHLEBili AUISHLI TOJbOTY HAa HbOT'O BIUIMBAIOTH MOPSIA i3 30BHILLHIMU (hakTOpaMu
11e ¥ 3aBaau pizHOro (IITYYHOro abo MpUpOAHOro) rnoxomkeHHs. i 3aBaayu MalOTh pi3HOMaHITHUI BIUIMB Ha MPUMaJbHI
eJIEeMEHTU aHTEHHOI PEINTKM paaioioKalliiiHOTO AaBavya 30BHIlTHBOI iH(opMaltii. Yepe3 MiHIMBICTh Ta MIBUAKOIIMHHICTD
CKJIaIHO1 3aBaJI0BOI 0OCTAHOBKHY HalOi/IbIll €(heKTUBHUMU Y OOPOTHOI 3 IUMU 3aBalaMU € aJaliTUBHI CUCTEMU 3aBaIO3aXUCTY.
Binomo, 110 BUKOpUCTaHHS aganTUBHUX CHUCTEM [O3BOJISIE TOMOJATU MPAKTUYHO HEMUHYYY amnpiopHy HEBU3HAUYEHICThb
CTaTUCTUYHMX XapaKTepUCTUK 3aBajl pi3HOTO MOXOMKeHHsA. Ha TemepilnHiii yac y 3B’SI13Ky 3 PO3BUTKOM HUMPOBOI TEXHIKU
3’SIBUWJIMCh HOBI METOAM i MPUCTPOI agarTUBHOI 0OpoOKM cuUrHaiiB Ha (oHi 3aBam. Tak, apceHajq METOMAIB ajanTalii 10
raycCciBChbKUX 3aBaj] MOMOBHUIM METOIU, L0 TependavyaoTb obepTaHHs (Oe3rnocepenHe abo pPeKypeHTHe) MaKCHUMAalbHO
MpPaBIONONIOHUX OLIIHOK KOPEJSLIHHUX MaTpullb 3aBaj ado iXHiX peryjsipu3oBaHUX pi3HOBUIIB. LLIMpoki MoXIMBOCTI
TaKol ajanTallil BiIKPUBAIOTbCS y CyYaCHUX PaliojoKaliMHUX CTaHLisX 3 O0araToeJleMeHTHUMHU (a30BaHUMU aHTEHHUMU
peuriTkamu, y sSKux rnependavaeTbes nudposa 06podka iHdopMaliii. Yepes ayxe BeJMKy LIBUIKICTD JIITATbHOIO anapara
mig yac poOOTH MOTo KOpesiiiHO-eKCTpeMaaIbHOI CUCTEMU HaBEeIeHHSI B yMOBax JMHAMIYHOI Ta HeCTallioHapHOI 3aBa0BO1
CUTYallil BAXKJIMBOIO BUMOT'OIO 10 a1aNITUBHUX CUCTEM 3aXMCTY BiJl 3aBajl € iXHSI IIBUAKOIISI. E(heKTUBHICTb a1anTUBHO1 00pOOKU
CUTHAJIiB Ha (POHI 3aBaji MOXe iCTOTHO MiJIBULILYBATHUCS 3aBASIKM BUKOPHUCTAHHIO JOCTOBIPHOI anpiopHoi iHGopmaltii. ¥ crarti
PO3IJISTHYTO CIOCIO MiIBUIICHHS IIBUAKOIIT afalTUBHUX CUCTEM 3aXUCTY BiJl padiofoKallifHUX 3aBajl Pi3HOTO TTOXOKEHHS
3aBASKM BpaXyBaHHIO alpiopHOi iH(opMallii Npo LEeHTpadbHy CUMETPil0 NpUIMaTIbHUX KaHAJiB pafiojoKalliiHUX AaBayviB
30BHILIHBOI iH(hOpMallii KOpeasiLiiHO-eKCTpeMaIbHUX CUCTeM HaBirauii JitaabHux anapatiB. [lokazaHo, 1110 BpaxyBaHHs
Takoi ampiopHoi iH(opMalii, K IeHTpaJibHA CUMETPis NMPUUMaJbHUX KaHATIB pamiojoKalifHMX JaBadiB 30BHIITHBOI
iHbopMallii, MPU3BOAUTH 10 BiAMOBINHOI 3MiHM CTPYKTYPH MPUCTPOIB aJalITUBHOT OOPOOKHM CUTHAJIIB B yMOBAX 3aBajl y LIUX
JlaBavax i, SIK HacJIiIOK, IO IiABUIIEHHS IXHbOI IIIBUIKOIII.

Karouoei caosa: 3aBaiu, aHTeHHA pelLLiTKa, paaioJoKalliliHi 1aBayi, alanTUBHI CUCTEMU 0OPOOKU CUTHAIIB.
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