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METHOD OF ROBUST ALGORITHM SYNTHESIS FOR SEPARATION SIGNALS AND INTER-
FERENCE IN ADAPTIVE ANTENNA ARRAYS

Problem formulation

It is known that an adaptive antenna array (AAA) may be applied to separation of the desired signals, or
desired signals and interference, arrived from different directions. [1, 2].

To form an AAA-separator directivity characteristic the algorithms of a projective type are used [2, 3]

W j=?Pj, j -~%L, (1)
where Wj is the N - dimensional weighting coefficient vector (WCV) of the j -th channel of an AAA,;

P. K.fe:».! 1£‘H; B,= vWWV2-vj-lvj+l ..vL Vj, i L , is an estimation of vector

Vj, characterized spatial structure of the i-th signal; L is the number of signal sources; H isa Hennit con-
jugation sign.

In the case when vector Vj allows a scalar parameterization of V(&,) type for obtaining V|0 ?) esti-
mations, the traditional methods of spectral analysis may be used (MUSIC, method of entropy maximum and
so on). If such a parameterization is not allowed, the so called “blind” algorithms are used [3, 4]. At the same
time in both cases estimations Vj are never accurately equal to the corresponding true values of Vj. There-

fore, the situations are possible when at some AAA output the signal/(interference+noise) ratio (SINR) be-
comes intolerably small.
The purpose of the work is the synthesis of the algorithms providing formation of AAA directivity char-

acteristics satisfying the condition: “deviation of SINR (r” ) ) from a potentially achievable (t|/g) does not
exceed a given value (Ar])”.

Problem solution

Let us assume that the estimation accuracy of vectors Vj, i =1, L ,is characterized by
v fan | 1
Rs =V,ViH sGyl-Gyl 'Rn jmax Rf -R F £ 50] (2)

where Féjj = VjVjH ;80 £ R+ jIHL is a designation of Frobenius norm matrix,

Analyzing the projective WCV (1), we come to the statement:
Statement 1. Projective WCL (1) coincides, with an accuracy of a constant coefficient, with an eigen-

vector (EV), corresponding to a maximum eigennumber (EN) of a matrix pencil Lj(a) =Ry - aRv ,

where Rv = é_R’)?-
A, itj
Direct use of statement 1 is possible only in the case when pencil L ;(X) is not singular, i.e. with
L > N . At the same time, in practice, the most interesting case is just the case with L < N . Therefore, let
us introduce a corresponding L ,(X) regularized pencil Lj(X)=Rjj —/-fR™ +a 1), where | is a unit ma-

trix, a e R+, and write a limiting relation

lim e(x.max(R™ -J.w(re +al)))=wWij, 3)
a—0 J J
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lire Xj* is a maximum EN of a regularized pencil Lj(X); 0(*-max(”)) iHan EV, corresponding to a

timum EN of matrix B .
| Alimiting relation (3) gives us a possibility to take advantage of the results of [5] and to represent a ro-

;WCV in the form of Wpl = Q{xmax (f{rjj - XRy })), where F{} is some contracting operator, Sub-

ating the problem of F{.} synthesis for the problem of this operator image construction, by some not
aplex reasoning, we come to the conclusion that the algorithms for the forming the AAA directivity char-

ristics meeting the condition T|'iWp )> t|0 - Ail VR ¢ Gyi may be presented in the form of

f ( W

Wp j=Q Araax E o\l , [ =1L, 4
Vv |

iiere A{ is a center-symmetric matrix, the elements of which take the form of (A;)" =
J Kk

Ai)]rt~PkI\~}H Ikl "k=I,N, 1=1,N, Pm = p/£ g ]04*I]; Xi g R+, i=1 L. For calculation of
» V J

(K"maxQ) "e traditional methods of linear algebra may be used (method of Givens, Jacobi and so on). At

(he same time algorithms (4) may be presented also in the form of globally converging recurrent procedures
ofthe form

f
L
Wpi{k +1)=Pr wpjik)+nk xjaj - _ , 1 =U )
\ Hitej ;
vnere li* e R+; Pr{." is a projector on the hypersphere of unit radius.
Necessary for application of (4), (5) matrices A; and coefficients Xj may be detennined reasoning

from a possible maximum estimation error of vectors Vt.

Analysis of algorithm efficiency
For clearness we shall estimate the efficiency of algorithms (4), (5) as applied to the case of AAA per-

forming separation of two independent narrowband signals this case, the efficiency is con-
sidered to mean SINR Y=Rj\P2+ ); il($2)="2/ (f\ + ° «):where Pj, P2 - power of signals
- a variance of a thermal noise, and taking into account an obvious AAA

shall limit ourselves by considering of SINR ) only (we consider signal S\{t) to be a desired one and

R(f) - interference, respectively). To obtain concrete numerical values of rife) we introduce a set of
assumptions characterizing a signal-interference situation and the AAA proper: the antenna array is linear,
equidistant, N —3; the antenna elements are isotropic and not interacting; the arrival angle of signal J(/),

detennined relative to the normal to the line of antenna elements arrangement, ©] = 28°; the arrival angle
of signal ~2(?) 02 =45° (fig.l), 02 - is a variable value (fig.2); the input signal/interference ratio
10lg(Pi/c*“)~20dB (fig.2), 101glP]/a”™) - a variable value (fig.l); the input interference/noise ratio
101g(p2/cr™)= 204B; vectors V\, F2 allow a scalar parameterization Fj(©j), F2(©2), in this case
©j-©j=02-©2=A0 =5°.
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Fig. 1, 2 (curves 1) show output SINR r|(fFj) versus input SNR [p\j ) and the angle of interferenc«

arrival (© 2) calculated with the use of assumptions. Algorithm (5) was used for calculations, and matrice:
A]» A2 were detennined as

1 OA® 1 ©2+A0
Al =~ 1 r,(o)pf(o)<l/e, az2=,-;t f F2(eFZ&/(e)rfo .
2A0 0] A0 2Afc> ©2-A©

For comparison, the dependencies obtained with a projective algorithm (curve 2) we also plotted in
Fig. 1, 2. In both figures, curve 3 denotes the curve characterizing potential efficiency of separation.

The plots show that for rather wide class of signal-interference situations the efficiency of separation re-
alized on the basis of algorithms (4, 5), is close to potentially achievable one and practically does not depend
on the input signal/noise ratio.

©2, grad
Fig. 1 Fig. 2
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