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Abstract. Increasing of radio-system noise immunity agaipsttially concentrated

interference is achieved by optimizing the spati@cessing which is an amplitude-
phase forming on the array aperture with selectibthe optimal spatial element
position. To overcome the difficulties associatethvincreased optimal coordinate
sensitivity to deviations of estimated non-statigngparameters, a regularized
algorithm of robust spatial structure is used. Anparative analysis of the spatial
processing efficiency in static and dynamic modesairried out. High convergence
speed of adaptive weight vector adjusting in spgtiaconfigurable antenna arrays is
achieved by pre-processing, which means changiagasposition of antenna array
elements.
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I ntroduction

The coordination of spatial structures of an obaele field with spatial
structures of radio system allows to increaseafi@tence immunity essentially [1,2].
At the same time high sensitivity of optimal splasftuctures to deviations of field
characteristics from the supposed ones does ot &l reach maximum interference
immunity in case of non-stationary interferencesd aaccepted algorithms of
optimization of spatial structure have low compgtefficiency [3].

Grating lobes of antenna array pattern cause extidlémal criterion function
with commensurable peaks [3,12], and refer a prabbf synthesis optimal spatial
structure to class of ill-conditioned problems asIwStrong dependence of optimal
antenna element position on inaccuracy in initethddoes not allow to apply directly
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interpolation methods for determination of antenc@ordinates and leads to
computing complexity increase. In previous pap@ularized algorithms of spatial
structure optimization for elimination of these atlsantages are offered [4]. This
algorithm allows to synthesize robust spatial dtmes [5,6] with the size of the
obtained spatial structure defined according tcepiad metrics as the stabilizer is
used [5]. As a result the effect of stabilizatidnoptimal structure is found out in a
static mode. It gives a possibility to raise conmuytefficiency by mean of

interpolation methods in the case of calculatioamtenna array coordinate.

Efficiency of spatial interference rejection cores@bly depends on properties
of interference correlation matrix, particularly s eigenvalues. For large difference
of eigenvalues the convergence speed for gradigotitams of adaptation decreases,
and the sensitivity of matrix inversion result tooes of its estimation increases. This
condition occurs if signal environment include®sy source of interference together
with other weaker but nevertheless potent intenfegesources. This condition also
obtains if two or more very strong interference rsea arrive at the array from
closely spaced directions [7].

Known methods of elimination of these drawbacks wuaeous types of
preprocessing: an accelerated gradient procedutesfaled conjugate gradient
descent [8], cascade preprocessors with resolviteg ibput signals into their
eigenvector components. In this paper it is offei@ implement preprocessing by
variation of spatial structure of the receivingeamta array. Previously optimization
of antenna array spatial structure was used foease of signal-to-interference ratio
[3], faster reorganization of spatial structure, [8ptimization of non-linear signal
processing in the presence of non-gaussian inegrdes [1, 2].

Objective of the paper is the enhancement of atlaptapeed for spatial
interference compensation by means of preprocessirthe base of spatial structure
optimization in antenna array.

1. Dynamic Properties of Radiosystem with Spatial Structure
Optimization in Presence of Interferences
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1.1 Problem Statement

The research objective is to improve interferemmoeniinity of radiosystems
with optimization of spatial structure in staticdadynamic operating modes under
the assumption of mechanical inertance of spdtiattire tuning.

The discussed radiosystem consists of an antemag aith amplitude-phase
control. Thesum of the determined desired signal and sevenat-pource broadband
gaussian interferences is observed on an outpwtaoh antenna array element.
Interference immunity is defined as a signal-t@fifégrence ratio on an output of
spatial processing system. The spatial structuspesified by a vector of coordinates

of antenna array elemen&={r,,i =1,..,n}. Criterion function of spatial structure
optimization is accepted as a likelihood raﬁ(R). The stabilizer is a size of spatial
structureF(R) [5], which is defined as a distance of given spairucture from some
mid-point of this structure. A measure of differenof one spatial structure
A={a,i=1.,n}0D, from anotherB={b,i=1..,n}0D, is a metricL(AB) in

space of coordinates of antenna elements on some surf&c& he distance between

two subsets from this set is defined onBets follows [5]:

L(AB)= LQ?iQn{p(aml% plazh, )+ +planb )= nrgign{i p(ak,bn(k))},
_Dki;:___j k=1

where p(a,b) =1/ (X, = %)%+ (Ya - Yo)? + (24 - ,)° - distance between elements of

coordinate subsets, B, and minimization is made on all permutationsfro

elements of subseB; x,Y;,z characterize a position of-th spatial sample in
rectangular coordinate system. Hence a presencdistdncelL(A,B) on setD,
transforms it into metric space. The metrigs?, B) allows to solve a problem of

discrimination of spatial structured1D,,.

Let an averaged likelihood rati®@(R)=-M{A(R}} is a convex continuous

function in some neighbourhood, which has nonemsptyset of points of minimum
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R 0D, . The stabilizem (R)=L(R,ry) is a strongly convex continuous function

which characterize degree of difference from a pothit of spatial structure

i=1 i=1 Ny=1

10 e 29 13 Y
o =—2.1 and take on form™(R)= >, ——Zrk+?[k§ﬁ<J '

The regularized algorithm of spatial structure mation looks as follows [5]:

R=arg gg)ntba(R), @, (R)=d(R)+ar(R), a>0 (1.1)

The function®(R) is multiextremal in typical situations, therefare a range of

definition S there can be some poin@:ﬁ, 1<k<K, and each ones has such

~

neighbourhoodu(,R) that there is®(,R)<®(R),ROSNU(cR), where (R -

coordinates of the local minima, and one of whichis coordinate of a global

minimum;

~

R= argk£711,i“r’1K P, (k F~Q) 1.9)

A search of the solution of multidimensional prablg€1.2) is reduced to one-
dimensional multistage problem solved by mean®cdll extremum search methods

[5,10,11]:

(i +2)=r (i) +egrad®,(R), (1.3)

Ao (R) Ao (R) Ad (R)

wheregrad @, (R) = { Ay, Ay
| 1

},i =1....n IS a antenna element

number j=1,2,... is a step numberg >0 is convergence factor of gradient

algorithm. Thus, solving of a multiextreme problenreduced to sequential solving

K local extremum problems (1.1) for alantenna elements. Iterative procedure (1.3)

4
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repeats while value of an ertor(j +1) - r; (j)|* not above a preset value. After that
reduction twice of subare&§ is made, and calculations repeat while the same

requirement is met.

1.2 Calculation Results

The analysis of optimization algorithm (1.1)-(1i8)carried out by means of
computing experiment for a case of the linear amerarray at number of

interferenceam =3 which are distributed uniformly in angular secsgize Ay =0,5

radian and located at an angleto a normal line of antenna plane. The three-elé¢men

antenna array is chosen, the distance betweenafigtiast elements is fixed and is

equals to 1@, and the medium element is moveable.

Estimation of synthesized topology is carried owytrbeans of analysis of
occurrence frequencyp(L) of distance L when random initial values R, ,
1<k< K, with uniform probability density function o, . In the absence of
regularization there are some spatial struct@esith commensurable frequencies of

occurrence for one position of signal and interiees. The regularization factor

increase to some critical value= o, gives stability of solutions. Optimal structures
slightly differ one from another when changes ¢éiference parameters is small and
thereby this structure become robust. Dependep(®) allows to define a critical
value of regularization parameter, providing siabibf solution and uniqueness of
optimal spatial structure for variousy . The size of angular sector essentially
influences on distance at o =a,,: increase ofdy reduces influence of interferences
on spatial structure, and reduction®f increases distande and size of the antenna

aperture. The reason for that is a necessity teease angular resolution as signal
source is spaced nearer to interferences sourbes, Bpplication of regularization
provides uniqgueness of solution for optimizatiomgadure and provides its poor

sensitivity to initial conditions and to parametefsnterferences as well.
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Figure 1

Regularization influence on solution sensitivity ®mall deviations of
interference spatial position is presented on [Eglir Dependence of a metric

dispersionD, for accepted optimal structures on root-mean-sgjudgviation of
interferences angular positian, with uniform distribution shows that applicatioh o

the stabilizera = 0,5 decreases metric dispersion in 20 ... 50 timesaore.

Calculation of dependence of normalized signahktesference ratia =¢q;/q, on

regularization parameter at various positions of interference angular segtos

. P,D? . . .
carried out, wherey =mS¢, do - R are relations of signal power coming

m
> RD*(v)  XR
i=1 i=1
from directiony =0, to power of uncompensated interferences with a&rdout
taking into account the directivity of the antensmaay respectivelyP; is signal
power, P, y; are power and angular coordinate of interfererl[iz(e/,i) - antenna

array pattern. The analysis shows thhagjrows asy increase. This fact can be

explained by increase of signal and interferengegtia diversity. Efficiency gain
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from use of spatial structure optimization is 9B id comparison with equidistant

array at the preset number of interferences arghaatelements.

Continuous dependence of optimal element coordsnafiéer synthesis of
robust spatial structures, on spatial position sigaal and interferences allows to use
interpolation methods for calculation intermediatdues of coordinates at rather
small number of interpolation points. The optimalisture is defined at interpolation
points in advance for all combinations of powelueal and angular coordinates of the
preset number of interferences. So the definitibaptimum spatial structure in real

time is possible as interpolation procedures passiggh computing efficiency.

Figure 2

Dependence of signal-to-interference ratig averaged by all positions of
interference sectoyD[— 7t/4;n/4] on quantity of linear interpolation pointg,; are

represented on Figure 2 both with regularizatiod anthout of this onex =0.
Interpolation is applied to position of movable emrta element at change pf
Having set permissible losses for signal-to-noiagoy it is possible to define

necessary number of interpolation points for optation procedure carrying out. So
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at reduction of points number 19, , = 40 at a =0,5 computing complexity decrease

not less than in 5 times under the set conditidnaarleling, and the general losses in
comparison with maximum value of signal-to-integfece ratio efficiency-gain at
a =0 make 1,7 dB in a static mode.

Owing to interpolation, computing efficiency strdpgncreases at use of two-
dimensional antenna arrays, at higher number oérfetences in all forward
hemisphere, at various level of power.

Mechanical element moving possesses noticeabléamsx which should be
considered at the analysis of spatial optimizatiynamic mode at not-stationary
interferences. Speed of spatial structure variatiepend on maximum possible
change of element coordinate expressed in wavelengths for one time step of
spatial structure optimization system, and spataai-stationarity of interferences is

set by interference angular sector movinygfor the same time interval.

gav

Figure 3

Research results are shown on Figure 3 in the &drdependence of signal-to-

interference ratiay,, () averaged by 0[- z/3;z/3] for system with spatial structure

optimization at dynamic operating mode. The analyss carried out by modeling at

various values of regularization parameterat angular speed of interferences
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dy =0,00%x. It is the established fact that at values of e#yoparameter =0..1,5A,
regularization ati,, = 3fprovides the maximum benefit in interference imrtyun
up to 6 dB in comparison with a case of spatialicitire optimizationat a=0.

Expansion of signal-to-interference ratio averagibgrders and increase in
interference movement velociyy expands parameterarea which gives additional
signal-to-interference ratio gain.

2. Enhancement of Adaptation Speed In Signal Processing System With
Optimization Of Spatial Structure

2.1 System Model and Signal Processing

Let us consider aiN -element planar antenna array with axial coordmatie

elementsx,, y,, n=1..,N. The array is divided on two sub-arraysNfandN,
elements respectivel§\; + N, = N. The first sub-array oN; elements is intended
for source direction finding and forms the maint@at. The second sub-array N

elements is intended for spatial interference comsaon and contains elements
which provide the adaptive adjustment of amplitiedel phases of interferences.

Coordinates of\, elements can be variable for obtaining of the estrference
immunity.

Interference environment is set B point sources with poweD,,,, allocated
in the directions set by angles of azimwth, and by angles of elevation,,
m=1,...M . Vector of complex observable signél represents a set of complex
envelopes for signd and interferencé&l on outputs of antenna elements at the same

point of time:
X:@n,nzL..,N}:§+N. (2.1)

Matrix of spatial correlation for interferences amputs of antenna elements:

m=1

M
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where V. ={\1mn = exp{— j%[sinym(xn Cost ., + Yy, sinam)}, n =L..,N} -

interference source position vector, which depemisntenna element coordinates,
sign " denotes Hermitian conjugation,- wavelength.

It is possible to represent signals on outputsrsf &nd second sub-arrays as follows:
Y, XN1+1

) X]_ =l Xz = s . (2.3)
YN Yn

—Np I

In this case correlation matrix has a block strrectu

* - Bll BlZ

Y, Y,

Y
Ry =‘_1
Y2

321 322
and optimal weight processing vectar, =-R,;R,,W, minimizes the power of
uncompensated residuals of interferencew atconst [7].

Optimization of spatial structure of the second-atday is carried out by criterion

(2.4) of maximum ratio of minimum ;,, and maximumA ., eigenvalues of

matrix R,,, defining speed and stability of adaptation preces
{X(N1+1)opt ++XNopt  ¥(N1+1)opt ** 'yNopt} =arg max Amin : (2.4)
X(N1+1) XN » Y(N1+1) YN A max
The criterion of maximum eigenvalues ratio alloves raise efficiency of
interference rejection by solving the following plems:
- enhancement of convergence speed for the adaptght adjustment using
gradient algorithms,
- reduction of correlation matrix inversion error,

- increase of suppression ratio by more exactmgithn antenna pattern.

> Preprocessor Adaptive

. Interference
,’>- T X(N1+1)opt -+« Xopt * Rejector
W et

y( N1+1)opt** 'yNopt

Figure 4.Spatial adaptive processing with spatralcture optimization
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2.2 Numerical Analysis

Let us carry out the statistical modeling of pre@ssing with optimization of
spatial structure and processes in system witladlaptive spatial signal processing at
various parameters of the antenna array ( Fig. 4).

For calculation of optimal vector valu&/,, =arg min D, where D, -
w

dispersion of estimation erra of the desired signal, we use a steepest descent
method [7]:
W(k+1) = W(k)+2y,eY,
wherey, - convergence factog, - interferences suppression error.
An example of convergence result for weighif{K , ) adjustment process in case of

presence and absence of preprocessing with optionzaf space structure (2.4) is

represented in Fig. 5. Modeling conditions: integfece-to-noise power ratig=20,
Yy, =0,001,M =2, N =7, N, = 2, interferences angles of arrivg =25, y, =50,
aperture size of arrdy,, /A = 15.

N=7, N2=2, M=2, Lap=1.5
12

W(1)

Ka

Figure 5. Adjustment of weight at adaptation witbgrocessing

Fig.6 illustrates the same situation as the Figdinfthe point of antenna

pattern nulling for adaptation with the preprocessod without it. In this case the

11
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number of adaptation stepis ;=100 corresponds to time of the preprocessing, whic

increase speed of convergence. Thus adaptive anfattern with the preprocessing
practically coincides with the optimal one.

DN, dB

gamma, grad

Figure 6. Antenna pattern nulling and adaptatioth wreprocessing

Lap

Figure 7. Dependence of minimum eigenvalues ratiaerture size

The adaptation speed gain is illustrated by depmese of minimum optimal

Amin opt

eigenvalues to original eigenvalues ragc= on aperture sizeLap/)\ of

min 0
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original uniformly spaced antenna array, Fig. 7s lhecessary to mark that maximum
gain of adaptation speed is reached in the casemall sizes of the antenna array

aperture.

Conclusion

Thus regularized algorithm of spatial structureiroation provides poor
sensitivity signal-to-interference ratio to dewas from suppositions, and the
introduced stabilizer limits the size of spatialsture. It is shown that optimal spatial
structures, obtained as a result of regularizapossess stability both to deviations of
antenna element initial positions and to changsigrial and interference positions.
These properties of optimal structures allow tovs@ number of technical problems
facing before developers of radiosystems. For e¥anipr increase of computing
efficiency there is possibility to use interpolatiof optimal structures for the values
calculated in advance and stored in database. @thentage of regularized spatial
structure optimization algorithms is continuous elggence of antenna element
coordinates on parameters of interferences thatvallto lower requirements to
velocity of reorganization and, thus, to establigiiimum coordinates of elements
more precisely, to increase signal-to-interfererat® in comparison with absence of
regularization.

Moreover, in this paper preprocessing in the fofrapatial structure optimization
in antenna array is proposed. Efficiency of thehmdtof convergence improvement for
adaptive adjustment process of weight vector isvehdncrease of efficiency of point-
source interferences suppression by means of ma@et @and fast nulling on antenna
pattern is also obtained. Maximum gain in adaptasipeed is reached at the small sizes
of the antenna array aperture and increased up2tdil3es under predetermined

conditions modeling.
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