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AN ESTIMATION OF DIRECTIVITY CHARACTERISTICS
OF ANTENNA ELEMENTS IN ANTENNA ARRAY WITH
COUNTING OF SIGNAL CONJUGATE COMPONENTS

Kopiievska V. S., Slyusar V. I.

Central Research Institute of Armaments and Military Equipment of Ukraine’s Armed Forces, Kiev, Ukraine
E-mail: swadim@inbox.ru

Abstract

In this paper a two-stage digital processing of N-OFDM signals test sources for
measurement of directivity characteristics (DC) of antenna elements in digital an-
tenna array (DAA) with counting of complex conjugate components are presented.

Keywords:

A measurement of directivity characteristics (DC)
of antenna elements in receiver digital antenna array
(DAA) according to [1] can be simultaneously carried
out on several test sources, being based on estimation
amplitudes of signals on outputs of reception channels
DAA.

At use of quadrature-free circuits of an analog re-
ception path, and also in a case of the non-identical
quadratures channels providing formation of complex
voltages of signals in an analog kind, the problem of
DC measurement becomes complicated due to occur-
rence of complex conjugate components (CCC) of
signals. Presence CCC at the signals response on out-
puts of procedure digital beamforming processing
(fig. 1) results in mistakes in estimation amplitudes of
test signals, that limits accuracy of measurement DC
antennas elements.

Fig. 1. The main (1) and complex conjugate responses
of signals (2) on an output of digital beam-
forming procedure in planar DAA.

Treating complex-conjugate components of signals
as jammers, we use for measurement of directivity
characteristics an approach, which advanced in [1].

Let's believe that amplitudes of signals of all test
sources are identical or normalized with known

digital antenna array (DAA), digital beamforming, complex conjugate
components (CCC), N-OFDM.

weight factors to amplitude of benchmark signal. It
will allow to refuse necessity of the control for time of
a constancy of amplitudes of test signals at statisti-
cally significant series of measurements and to use for
DC estimation a broadband or even noise signals in-
fluences.

It is supposed, that directions of test signals arrival
are precisely known. This condition automatically
predetermines, that an angular coordinates of re-
sponses of a complex conjugate components of sig-
nals are also known (fig. 1).

Within the framework of an offered method at the
first stage of processing of signals it is necessary to
execute digital beamforming with the help of proce-
dure of fast Fourier transformation, having generated
so-called secondary spatial channels. It will allow to
improve the attitude signal - noise that is important
for carrying out an estimation of directivity character-
istics.

In the case of linear DAA the estimation of ampli-
tudes of signals on an exit of digital beamforming
procedure can be shown similarly [1] to the decision
of the matrix equation

U=0QA+n, 1)

where Q =[Qs | Qp] — block matrix of values DC

of secondary spatial channels in directions on test

sources (a block Qg) and on complex conjugate
components (block Qp );

for general case of M test sources a matrix’s blocks
of a directivity characteristics of secondary spatial
channels can be written as

Q) Q(x,) Q(xy)
. Qz (Xl ) Qz (Xz ) Qz (XM )

QS N : : : : >
QR (X1) QR(XZ) o QR(XM)
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Q] ('X1) Q] ('Xz) Q] ('XM)

Qp = Qz ('X1) Q2 ('Xz) Qz ('XM)
P= : : : : ’

QR ('Xl) QR ('Xz) e QR ('XM)

where Xp(j) — a generalized angles coordinates of

main responses of test sources or responses of CCC
with respect to DAA normal,

2n .
Xm(j)ZTd(r— jSIIlem(j),
A — wavelength of test sources carrier, d — the dis-

tance between array’s elements of DAA, R — a num-
ber of array’s elements, Opj) the angles

coordinates of main responses of test sources or re-
sponses of CCC with respect to DAA normal,
Q,(x,). Q,(=x,) - a directivity characteristics of

™ secondary spatial channels of DAA in azimuth
planes in directions on a main response of m" test
sources with angle coordinate X relative to DAA

normal and its complex conjugate response with angle
coordinate —X_ ;

Q,(x,)= [sin(g [r—x, ]ﬂ[sin%(r — X, )T ,

AT = [As | AP] — a block vector of the ampli-
tudes of signals (a block As , which contains the in-

formation about of the amplitudes of test signals, and
a block AP , which contains the information about of
the complex conjugate components of response of test
signals); “T” — a symbol of operation of transposing;
n — a vector of noise’s voltage.

For separation of test signals responses and CCC—
response separation during the forming of optimum
estimation of amplitudes vector A=(Q"Q)'Q'U are
calculated only the segments of a vector A, corre-
sponding data of main response of test signals, that is
the block A . Thus a segment of a vector of estima-

tions of amplitudes CCC (block Ay ) is not formed at

all.
In case of planar DAA the formula (1) need trans-
form in the form of

U=K-A+n, Q)
where U:[U11 U, - U

TS

. URZ]T - a vector of

complex voltage of signals responses on exit of RxZ
secondary  spatial channel of flat DAA,

K= [Q (] V] - a signals matrix,
[M] - the symbol of blocked matrix product of
Khatry-Rao,

Q:[Qs :QP] )
V:b/s :VP]’
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Vily) Vilya) - Vil
v =| % Vilya) e Vil
Volyi) VR(IYzJ Ve lym)
Vl['YlJ 1('}’2] 1['YM)
V- Vz(.-le V,lva) - Vilyu)
V) Vi) o Vi
2n R-1Y)
Xin kdx(r—2j3'”em0058m'
ym=2;dy(r—Rz_l)sin9msinsm,

-1
Vr(ym ) = |:S|n(£ [r ~Yn ]j:":sml(r ~Yn )jl >
2 2
dx, dy - the distance between array’s elements of

planar DAA in two coordinate planes, €, - the angle

between directions on a test sources and DAA normal
in a second coordinate plane, Z — a number of array’s
elements in a second coordinate plane.

The estimation of a vector of amplitudes
A= (KT K)’1 KTU without taking into account struc-
ture of matrix K remains to the same.

The expression for Cramer-Rao low bound (CRB)
for dispersions estimations of amplitudes vector can
be written in the form of [1]:

a) linear DAA: o, > o diag [QTQT1 ,
. 1
0) planar DAA: GZA > Gﬁdlag[KTKT ,

where Gi — a dispersion of noise in separate mo-
ments of readout time on exit of the secondary spatial
channel, diag[W | - a vector made of diagonal ele-

ments of a matrix W.
In recalculation to a dispersion of noise on an exit
of the analog-to-digital converter we can receive:

2 2 ; TA !
Gp = Cape R-dlag[Q Q]
or
. 1
o2 > o2 -R-Z -diag[K K] ",
where R and Z — a dimensions of spatial FFT (a
number of DAA elements in two coordinate planes),

GZADC — a dispersion of noise on an exit of the ana-
log-to-digital converter.
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