IVth International Conference on

Antenna Theory
- and
Techniques

Volume 1

Organizers

National Antenna Association (NAA) of Ukraine
Kharkiv National University of Radio Electronics
Karazin Kharkiv National University
Sevastopol National Technical University
- National Technical University of Ukraine "Kyiv Polytechnic
Institute"
Academy of Sciences of Applied Radio Electronics
IEEE AP/C/EMC/SP Kharkiv Joint Chapter of the Ukraine Section
Ministry of Education and Science of Ukraine

9 — 12 September 2003
Sevastopol, Ukraine



Co-organizers

Kharkiv Military University
National Academy of Sciences of Ukraine
Radio Astronomy Institute NASU

We wish to thank the following for their contribution to the success of
this Conference:

Sponsorship

European Office of Aerospace Research and Development of the USAF
IEEE Region 8 Office
Scientific-Production Company “TERA Ltd” (Kyiv, Ukraine)
Scientific-Production Company “ROMSAT Ltd” (Kyiv, Ukraine)
Ternopil State Scientific-Production Enterprise “Promin” (Ukraine)
“UkrAviaZakaz Ltd” (Kyiv, Ukraine)
Scientific-Production Enterprise “Sovremennye Volokonnye Materialy” (“Modern
Fiber Materials”) of the Ukrainian Academy of Sciences

Technical Support

IEEE AP-S
Publishing House IPRZhR (Moscow, Russia)
Publishing House “Izvestiya Vuzov” (Kyiv, Ukraine)
Moscow Chapter IEEE

This material is based upon work suppoted by the Europen Office of Acrospace Research and
development under grant FA8655-03-15060

2003 International Conference on Antenna Theory and Techniques

IEEE Catalog Number: 03EX699
[SBN: 0-7803-7881-4
Library of Congress: 2003103227

Copyright and Reprint Permission: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private use of
patrons those articles in this volume that carry a code at the bottom of the first page, provided
the per-copy fee indicated in the code is paid through Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, For other copying, reprint or republication
permission, write to IEEE Copyrights Manager, IEEE Operations Center, 445 Hoes Lane,
P.O. Box 1331, Piscataway, NJ 08855-1331. All rights reserved. Copyright ©2003 by the
Institute of Electrical and Electronics Engineers, Inc. -

2 Intetnationzl Conference on Antenna Theory and Techniques, 9-12 September, 2003, Sevastopol, Ukratne



06.

07.

08.

09.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22,

23,

24,

10

Table of Contents

THE OPTIMIZATION OF A SIGNAL PROCESSING IN RADAR WITH SCANNING

ANTENNA ARRAY A. D, Pluzhnikov, E. N. Pribidova ...t 352
SPACE-TIME PROCESSING IN THREE-DIMENSIONAL FORWARD SCATTERING

RADAR A. V. Myakinkov, A. G. RUNAYK ..ottt 355
THE ROBUST SPATIOTEMPORAL FILTERING OF SIGNALS IN CORRELATED NOISE

L 7O O PO P PO 359

HYBRID OPTOELECTRONIC PROCESSOR FOR DETECTION, DIRECTION FINDING
AND RECEPTION OF COMPLEX SIGNALS A. Yu. Grinev, D. V. Bagno,

V. V. Rozdobudko, V. S, TEIMCAEIKO ............coviviveiiiescici s oeeceaenresseserirastoressess s esassesnssinasss s ssnir s 362
ANTENNA ARRAY SIGNAL PROCESSING WITH SUPERRESOLUTION BY 2-D UNITARY
TLS -ESPRIT WITH STRUCTURE WEIGHTING V. I Vasplyshpm........ccvcivmneeeceeieeen 366
QUALITATIVE INDICES OF THE METHOD OF DETERMINING THE NUMBER OF
SIMULTANEQUSLY ACTING SIGNALS N. M. Nikitin, L, G. ShatSmarn .......cocouveevvevvvevennenr. 370
CORRECTION OF SMART ANTENNAS RECEIVING CHANNELS CHARACTERISTICS

FOR 4G MOBILE COMMUNICATIONS V. [ Slyusar, £ V. THOV.......cccoccirenervcvrcrsnnan 374
THE VARIANT OF EQUATION OF DIRECTION FINDING CHARACTERISTIC OF THE
AMPLITUDE SUM-DIFFERENCE DIRECTION FINDER V. A. Kryachko......ccoovcvvvvcecvnncnr 376

THE PERSPECTIVE DIRECTIONS OF THE TECHNICAL MODERNIZATION OF INTER-
PERIOD SIGNAL PROCESSING SYSTEMS OF PULSE ATC RADARS  D. [ Lekhovitsky,
V. 1. Zaritsky, I G. Kirillov, 5. [ BUIKOVSKY .....covoveeiivitcviiieeitieiee vt asisisvene s s 378

MEASUREMENTS OF RECEPTION DIRECTION OF DETERMINISTIC SIGNAL AGAINST
SPATIALLY-CORRELATED INTERFERENCES WITH THE USE OF THE ADAPTIVE
ANTENNA ARRAY 5. T Bagdasaryan, V. A. Tarshin, V. A. Vasilyev ... 381

ALGORITHM OF SPATIAL SELECTION OF UNCORRELATED SIGNALS O Z Sultanov... 384
THE METHOD OF DETERMINATION OF THE AMPLITUDE AND PHASE

DISTRIBUTION IN ANTENNA APERTURE PLANE [ B SRIFrOKOV.....oeeeecceeeeeeeeeeeeaeea 387
COMPUTER SIMULATION OF TARGET BACKSCATTERING AS ELEMENT OF
PERSPECTIVE RADAR DESIGN 6. P. Leshchenko, V. M. Orlenko, Y. D. Shirman ................... 389

COMBINED DIRECTION FINDERS OF NOISE RADIATION SOURCES BASED ON
ADAPTIVE LATTICEFILTERS D. 1, Lekhovztsky, DV Atamansky, V.V Djus
N. A. Staheev... SOOI 1.

PERFECTION OF THE ALGORITHM FOR UNCORRELATED SIGNALS ANGULAR
DISCRIMINATION BY MEANS OF WAVELET TRANSFORMATION L. A. Titarenko,

B. YU BOTTUGOV ..ot e 398
EFFECTIVE PARAMETER ESTIMATION OF EXPONENTIAL SIGNALS IN ADAPTIVE
ARRAYS M. V. Andreev, O. O, DIOBAKIII .....oo.oeeeeeeeeeersveeeeeeieeeeeeeeeteeeeaeii s aveevessesseseasssssanans 41
MULTI-BASE INSAR WITH ENHANCED SIGNAL PROCESSING A. V Ksendzuk,

VK. VIOIOSTUK oottt sasase et e e s ettt e et 405
PHASED ANTENNA ARRAY WITH EXCITATION ADAPTIVE TO CONSTRUCTION
DISTORTIONS U K. Liepin, ). V. Karlov, G. A. Golovin, N. N. Petrushenko...................... 409
AN ADAPTIVE PARAMETER ESTIMATION OF GAUSSIAN SIGNAL

IN THE PRESENCE OF AN UNKNOWN GAUSSIAN NOISE V. I Turchint....ceeeeeeeeecrnnn. 411

International Conference on Antenna Theory and Techniques, 9-12 September, 2003, Sevastopol, Ukraine



International Conference on Antenna Theory and Techniques, 9-12 September, 2003, Sevastopol, Ukraine pp. 374-375

CORRECTION OF SMART ANTENNAS RECEIVING
CHANNELS CHARACTERISTICS FOR 4G MOBILE
COMMUNICATIONS

V. L Slyusar, L. V. Titov!

Central Research and Development Institute of Armament and Military Engineering
Kyiv, Andruschenko Sireet, 4, ¢-mail: swadim@profit.net.ua
'"The Kharkov military university,
maidan Svobody, 6, Kharkov, 310043, Ukraine

Abstract

The paper considers a way of correction of the reception channels characteristics
for smart-antennas in 4G mobile communications.

Keywords: smart-antenna, mobile communications, digital beam formings, correction
coefficients, digital antenna array, calibrating source, base station.

The key technology of 4G mobile communications
systems is adaptive digital beam forming for smart
antennas. Adaptive array technology provide for high
gain systems, in tum optimizing handset size and
power consumption, and at the same time reduce pos-
sible interference effects from other terminals in the
same cell area. Software radio technology of smart
antennas also enable multimode and multi band op-
eration for base stations [17].

For errors minimization of digital beam formings
communications systems with nonidentical channels
of antenna arrays arises a problem of correction of the
reception channels characteristics.

For the solution of the given problem it is proposed
to operate by a special external submission of the pilot-
signal. To minimize the hardware expenditures it is
proposed to use as a the pilot-signal a signals from
other base stations in the same cell area (Fig. 1).

When applied a pilot-signal from only one base sta-
tion, as a correction procedures for square smart an-

Fig. 1.
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tennas is proposed to use a method [2]. In the general
case the correction process is consisted in weighing
the digital voltages in receiving channels by complex

weight coefficients:
U . Ci5(:nr = (Ur + .7 U )(ar(::nr + .7 . a;‘or' ) = (])
= U aly — U%aly) + e U +Usaly)

where «f,., af, — quadratic components of cor-
rection coefficient, U, U¥ — quadratic components

of response of the primary digital antenna arrays
(DAA) channels.

In the case of square smart antennas with R x @
elements the quadratic components of correction coef-
ficient must been calculated for a set of N readings of
pilot-signal from base station with number "m":

N
Z {quuﬁf":qm‘n + U:q'rug:qﬂl.n }
Il _ n=1
gy = N )
2 ]
S {Ukn + Ul )
n=l1
R ®)
E {Ur:qn :qm,u - U:qulg:‘:qm.n }

— n=1

&
Qrgm N +

S (Ulan + Ui

n=1
where 3., Oigms — quadratic components of a
measurement standards response of the rg-th primary
smart antennas channels in the »-th time interval,
Oyym » gy — Quadratic components of correction

coefficient for rg-th primary smart antennas channels,
which calculate for a pilot-signal from base station
with number "m", Uy, , UL, - quadratic compo-
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nents of response of the rg-th primary smart anten-
nas channels in the p-th time interval,

,Bvl’:q-uua = (I:, COS( X) - a’:l sin(X),
ﬁqm‘u = a‘:l COS(X) + ﬂ'rr; Sill(X) 2 X = Ly + wqm k]
Tpm s Tq — generalized coordinates of calibrating

source (base station with number "m"} with respect
to DAA normal,

Loy = Q—Wd (7‘ - fitl

Lt 11 A iy 2
2 Q+1

Lo = le]( _T

) sin#,, - cose,, ,

)51116',,z -ging,, ,

A —wavelength of calibrating source carrier, d, , dy —

the distance between array's elements in a row and in
a column correspendingly, R, @ — number of ar-
ray's elements in a row and in a column, #, ¢ -
angle coordinates of the calibrating source with re-
spect to DAA normal, aj = Ugp , a; = Uiy,
quadratic components of response of the standard pri-
mary smart antennas channe! in the s-th time interval.

In the case of linear digital antenna array use a cor-
rection coefficients only for one angle plane:

N

c g s Qs
Z {Urn LR + UTIUBT'H!,H }
=l

K
Qi =

N !
S(0f +07)
M n=1 (3)
Z{Uﬁnﬂ:m,n - U;fu :':m.n }
a:m ==t N y
(s + U
n=1
where 7. .. Bf.. — quadratic components of a

measurement standards response of the r-th primary
smart antennas channels in the n-th time interval,
Qo s Oy — quadratic components of correction co-
efficient for r-th primary smart antennas channels,
which calculate for a pilot-signal from base station
with number "m", [}, , Uf, - quadratic compo-
nents of response of the r-th primary smart antennas
channels in the n-th time interval,

.ﬁfl':m.n = a:' COS(:E,,M ) - afsr Sin(mrm );

ﬁ:ll!.?i = a:t Cos(m?'ﬂ!) + a:; Sill(mf'ﬂl) £

z,, - generalized coordinate of calibrating source
(base station with number "m") with respect to DAA
normal,

27 R+
Lpy = Td(T - 5

A —wavelength of calibrating source carrier, d = the
distance between array's elements in a row and in a
column correspondingly, B — number of array's
elements, § — angle coordinate of the calibrating
source with respect to DAA normal.

1y,
)sm B,
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When applied a pilot-signal from more base sta-
tions, for a correction procedures can be used a aver-
age correction coefficient:

1 M
aifd = 2230 el @
m=1

The most effective way of correction is use of a more
pilot-signals from M base stations in the one time inter-
val. In this case must be used a correction coefficients:

N M M
Z lUI(':q,, ﬁ:qm - U:q,, Z ﬁrr:qm }
1 1 i

“ n=1 m= "=
g T N 3

> (Uk, + UL,

n=1

N M M (5)

Z [U\Eq,, Z ﬂ;‘:qm + U'.:q,, Z ﬁiqm l

¢ _ n=1 m=] m=1
CE,.{I = N . ) N
> (U, + Ui, )
n=1
where

Brym = 61y cos(:lr,.,,l + g ) - al, sin(:::,.m + Ty ).
Bigm = gy €08(Zpy, + Ly, )} + @, sin(z,,, + T4,
as, = Re[4,,], ai, = Im[A4,],
[Au]=[PP] PU,

Alwn)  filwy) filwar)
hlwn)  hlwn) Siwar) )

— ) . : : — matrix of
Me(wr) fylwa) 7 falww)

amplitude-frequency characteristics meanings of N FFT-
filters for a measurement standards reception channels;
f;l(w’”i) =

sin V| (UJ,,” _ Lu',,)
Sin(wm Wy ’

w, — the central frequency of n-th FFT-filter, I/ —
vector of voltages of the responses channels.
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