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ABSTRACT

The reception antenna diagram side lobe’s level suppression algorithm for
marine UWB-radar by means of antenna array with only a few tuning elements of
antenna array is considered. The others no tuning elements of array are choosing for
obtain a given velue of average side lobe level suppression and with given value of
antenna directivity without using of numerical optimization procedures. The special
algorithm of interaction of these no tuning elements for realizing superdirectivity
properties is used. The structural diagram of array is presented. The efficiency of
suggested design has been investigated.

Keywords: ultra-wide band, antenna array, weight coefficients, side lobes
level, partial diagram, superdirectivity.

PEDEPAT

MeTow TpeACTaBICHOTO JOCTIHKEHHS € (OPMYBaHHS alrOPUTMY ISt
MPUTHIYCHHS OIYHUX TENIOCTKIB JllarpaMH CIPSIMOBAHOCTI aHTEHU CYJIOBOTO HaJ -
mmmpokocmyroBoro (Ultra-wide band — UWB) pamionokaropa 3a JIOMOMOTOO
AHTEHHUX PEUIITOK 3 KOHTPOJIbOBAHUMHU €JIEMEHTAMHU.

MeToauka JOCITIKEHHS TMOJSATae B po3poOIll METOIB MPUTHIYCHHS O1YHUX
MEJIIOCTKIB  JlarpaM  COpPsIMOBAHOCTI AHTEHM 3a JOTMOMOTOI0 BUKOPUCTAHHS
AHTEHHHMX PEIINTOK 3 OOMEXKEHOI KIJIBKICTIO HAJAIITOBAHUX BaroBUX KOE(DIIIEHTIB
MpOCTOpOoBOr0 GUILTPY (€JIEMEHTIB aHTEHHOI pelriTku). Ik BiJIOMO, yepe3 JOCUTh
BUCOKHUI pIBEHb OIYHUX MENIOCTKIB JlarpaMu CHpPSIMOBAHOCTI AHTEHU HEMOKIIMBE
BIJIOKPEMJICHHSI BIJOMTUX CHUTHAJIB B BENUKUX IIJIeH (SIKI MalTh BEJIHUKY
edexkTuBHY 1oty po3citoBanHs (EIIP)) Ta Bix Manux uinei, o marots Many EIIP,
[0 PO3TaIloBaHl Ha OJHIA JATHHOCTI Ta MalOTh OJM3bKI 3HAUYCHHS a3UMYyTaIbHHUX
kyTiB. UWB - pamionokaropu 37aTHI po3mi3HABATU TUM 1 GOpMy IUT, OCKIIBKH
MPUIHATUN €X0-CUTHAT Hece 1HPOPMAIIii0 He TITLKU MPO 00’ €KT B MJIOMY, ajie i mpo
roro einemeHTH [1].

Pe3y1bTaTOM IOCHIKEHHS € PO3PAaxOBAHUN ANTOPUTM NPUTHIYEHHS O1UHUX
METIOCTKIB JlarpaMu CIPSMOBAHOCTI aHTEHH B 3a3HAYCHHX TOYKAxX 3a JIOMOMOTIOIO
JIBOX HAJIAIITOBAaHWX BaroBuXx KoedirieHTiB (meprioro Ta octanaboro Wy, Wy ), a Bci
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iHI11 BaroBi koedimieHTH W; mpuiloMHOT aHTEHHOI penniTku (GikcoBaH1 (0OMPaIOThCs

3a YMOBH 3a0€31e4eHHs HEOOX1AHOTO CepPeIHHOT0 PiBHs O1YHUX IMETIOCTKIB JllarpaMu
cupsiMoBaHocTi — W,;W3;.;Wy_1) [6]. Ha ocHOBI oTpuMaHuX pe3yibTaTiB

PO3paxyHKiB MOOYIOBAHO JiarpaMu CIPSIMOBAHHOCTI, SIKi BiIOOpaKatOTh OTPUMAHHS
NpUTHIYeHHs] OIYHMX TENIOCTKIB B 3a3HAYCHUX TOYKaX. TakoX MPUBEICHO
CTPYKTYPHY CXEMY 3alPOTIOHOBAHOTO aJITOPUTMY.

IpakTuune 3Havyenns. [IpeacraBieHe TOCTIIHKEHHS MOXJIMBO 3aCTOCOBYBAaTH
y MOJepHi3allii ICHyroUMX Ta MOoOyJ0BI HOBHUX CHCTEM MOPCBHKOI paioJIOKarlii.
BpaxoBytoun mupoke 3actocyBaHHs Haj ImmmpokocmyroBux (Ultra-wide band —
UWB) Ttexnomorii g 3amad  (GopMyBaHHS JiarpaM CIPSMOBAHOCTI aHTEH,
3aMpPONOHOBAHUI aNTOPUTM TaKOX JIa€ MOJKJIMBICT BHKOPUCTAHHS OTPUMAaHHUX
PO3paxyHKiB CTOCOBHO 3aBJIaHb MOPCBHKOI Pa/ii0JIoKaIlii.

KirouoBi  cioBa:  HaA-IIMPOKOCMYTOBHM, AaHTEHHa  pEIIITKA, Barosi
KOe(illleHTH, TPUTHIYEHHS OIYHMX TENIOCTKIB, TNaplliajibHa jJiarpama, Haj-
CIPSIMOBAHICTb.

Formulation of the problem in general terms and it connection with
Important scientific practical tasks

UWB radars are use not only ultrashort pulses, but also a very low level of
radiated power. Higher range resolution and accuracy of mesuaring the distance to
the target is provided by a UWB radar’s wide band. High spatial resolution also
provides the ability to isolate the target from inteference reflections [1]. The modern
UWRB radars aren’t free from lot of drawbacks, including high enough side lobes
level of radar antenna array diagram. It leads to impossibility of separation reflected
signals from the big targets (which have big effective reflecting surface (ERS)) and
from the small targets, which has small ERS, and which are situated on the same
distance and have azimuth angle’s with close value. The solution of this problem can
be obtained by means radar antenna pattern formation on the base of antenna array
with controlled elements.

The last achievements and publications analysis, in which the solution of the
problem is begun and selection of the unsolved aspects of the problem

Optimal methods of radiation pattern linear array with controllable elements are
known and involve the adjustment of all elements on the rather complicated
algorithms and discussed in [2]. Our research makes it possible to simplify these
methods and use simpler algorithm, worked out on the base of approaches, suggested
in [15], [16].

The proper chose of antenna construction for corresponding broadband
characteristics is considered in [3]. Also, obtaining good broadband characteristics
using horn elements in antenna array considered in [3]. Corresponded broadband
characteristics of antenna may be achieved by means proper choose of antenna
construction [3]. Theoretically antennas which are constructed on the base of
biconical elements may be provided pattern as well as impedance which are
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practically independent of frequency inside of certain interval [3], [4]. It is known
UWB antenna array based on planar dipole elements [5].

In [6], [7], [8] are presented the different algorithms for calculation the fixed
weights coefficients for providing the required average antenna pattern side lobes
level on the base of mean-square criteria, and more simple ones on the base of
weighing functions sin(x) and (sin(x))* [8], [11].

The increasing the width of main lobe of antenna diagram’s issues are
considered in [8,12]. Our algorithm allow significantly reduce the width of main lobe
of antenna diagram’s on the base of forming two partial diagrams and using the
special interaction between them [9,10].

Therefore, the issues of using ultra wideband (UWB) techniques for marine
radiolocation’s tasks are relevant, and this determines the choice of this publication.

The paper purpose formulation

The purpose of this paper is to use special algorithm of interaction of non-tuning
elements for realizing super directivity properties for UWB radars. The considered
algorithm together with suppression antenna diagram side lobes in given points will
improve the antenna array resolution and give possibility of separation reflected
signals from the targets with different effective reflecting surfaces (ERS).

Presentation of basic research material substantiating scientific results

The reaching of antenna pattern side lobes required suppression level may be
realized with the simple methods by using the arrays with limited number of tunable
weight coefficients of spatial filter (antenna array elements), for example, when there
are only two of such tunable weight coefficients. In this case all weights coefficients
W, of the receiving antenna array, except two (first and last:W,,Wy), are fixed

(selected under the condition of providing the required average antenna pattern side
lobe’s level) (W,;Ws;..;Wy_;). Value of the two tunable weights coefficients are

selected for providing zero values in two points (6,,0,) of the reception pattern [6,8].

The expressions, which are describing the reception pattern of linear array
antenna G(0) for the case considered were obtained in [6], and has the next form:

N . .
G(0) = Z\Ni g IzrEAIANAIING Gy (0)—71-Gy,(6) —7, -Gy, (6,), (1)
i=1
where G, _,(0)— partial diagram,
N-1
G ) (9): Wi 'e—j2ﬂ(d/i)(N—l)isin0 2
N-2 ZZ: (2)
= Gy,(0,)-€ j2r(d /2 )(N-1)singy “Gy,(60,)-¢ j2n(d /1) (N=-1)sind, 3
1 o J2n(d/R)(N-1)sind _ g j2n(d/2)(N-L)sindy
WN — GN-Z(el)_GN-Z(GZ) (4)

e 12n(d/2)(N-L)sind; _ o j2n(d/2)(N-1)sino;
e-i2n(d/A)(N-1)sin6; _ o—j2r(N-1)(d/2)sin0

Y1(6) - p-i2n(d/2)(N-1)sin0; _ o—j2n(N-1)(d/2)sin6 (5)
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a—i2n(d/2)(N-1)sin _ o—j2n(N-1)(d/2)sin6;

72(6): p—12n(d /1) (N-1)sinby _ q—j2r(N-1)(d/2.)sinf; ’ (6)

¢=2zdsing/ 2—signal phase; . — wave’s length; d — distance between antenna’s array

elements; 6 — angle between the normal to the axis of the array antenna and direction
of coming signal.

(N-2)-fixed weight coefficients may be selected under condition of additional
suppression average level of reception diagram’s side lobes (2) with possible
widening the main lobe of antenna array diagram (1). So, the full number of the
coefficients, which creates reception array diagram, is equal N. In this resrarch we
use ten-elelements antenna array. This number of antenna array elements is used in
standart marine radars. Calculation algorithm of the fixed weight coefficients
optimized by mean-square criteria is considered in [7], [8].

Losses in antenna’s directivity to fully common-mode reception diagram:

G(0)’

N
2
ND (W,
n=1
Let’s consider the form for different weight functions effect on reception

diagram, which allow transforming the reception diagram properties. The expression
for the weight coefficient in this case has the next form [6,11]:

wn<l>:smH y , n-2 ﬂ (8)
N+1-2 N+2z-2

W™ {SinHN emral er_zz—zm2 ®)

where: n=2:N-1; y=1/[(N-2+1)/2]; z=[2y(N-2)-(N-2+1)]/[N-2+1-2y].

We can regulate the main lobe widening by parameter ‘y’. The bigger value of
parameter ‘y’, so the less main lobe widening. For example, the reception diagrams
calculated with (8) and (9) are shown in Fig. 1.
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Fig. 1. Partial reception diagram with 1) —y=1, W ); 2) —y=1, W, *
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The similar type of expressions, as (3), (4) were obtained for the signal time
processing in the case of frequency selection [15] and the time-frequency task
selection of signal [16].

So, we can correct the reception diagram by different weights functions. This
approach doesn’t require the implementation of numerical optimization procedures as
were described in [6]. Choosing of such kind weighing functions we can get
additional average side-lobe suppression, but with widening main lobe. The results of
calculation diagram with using tuneable weights coefficiants chosen according (3),
(4) presented in Fig. 2. As we can see zero values in two given points are provided.
The side-lobes value between suppressing points is rather small and satisfy to

estimates were gotten in [17].
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Fig. 2. Reception diagram side lobes suppression:
1) -6, =-0.2576,0, = —0.2293,p = —1.4107dB;

2) — 0, =-0,2576,0, =-0.2293 p = —7.4690dB, y=1, W, (%)

The method of increasing angle selectivity without losses in suppression of
given points and in average side-lobe level had been suggested in [9] on the base of
approach worked out in [18]. In considered case at the output of N-2 antenna array
(no tunable part of reception antenna (1) (see (4))) we have complex signals
X1,X5,..Xy [6]. By the first N-2 signals are created the sum:

Z, =S WX, (10)
i=1
Beside (8) the second sum is created:
N
Z, = XWX (11)
i=3
Where X; =S; + Ny;,S; =|S,|e!"™? ¢ = 2nd sin0/ &, N,— thermal noise. If
root-mean-square value of thermal noise is negligible small and |S,|=1 coincides
with (2) and z, = Z,e’%°.
Then the sum is created [18]:
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G0 ):‘h.e-jw]ﬁj | 12)

where y"=-2arctg-psing®/(1-pcos¢®) — resulting pahse angle; ¢ — resulting
signal’s phase; 0<u<1- parameter, that controls the main peak’s width.

sin2pn=1m((2;2,) /(Z,]Z,])]s cos2p”=Re|(;Z,)/(Z,]Z,]))-

From (11), using (12), after some transformations we can get:

Ga(@) = [Gy_5(9)-2-Ju—cos of]/|J1- 2 cos @+ 2 | (13)
Considering (11) and (12), (13) may be represented in the form:
GR(e)ZGN—Z(e)'GS(e) (14)

Gs(0) = [2-|u—cos2nsine(d / 1)|]/|y1-2ucos2msind(d /1) + u?),  (15)

where: G, _,(0) is determined by (2).

As we can see from (11) angle selectivity of antenna may be essentially
increased by means proper choose the value of . The width of the main beam of

(11) on the level 0 and level 05G4(0) are:

A®, = 2arcsin|(arccosp)/(2nd / 1)), (16)
A0y = arccosi/ 2+ (y2—p? )/ 2|i(nd /1) (17)

From (17) it follows, that if p —1, so A6,; — 0. So supper selectivity [13,14]

may be provided by means (15).

Consider some peculiarities of antenna array working with diagram (15). Due
to functional transform (12) linearity of processing and Principe of superposition are
breaking under affecting a few signals from different direction. If two interfering
signals have close angels of arrival, may be provided good enough suppression of
both signals. If the difference of arrival angels is big and intensity one is bigger
enough than another, we get the suppression of the bigger signal. These
considerations are stay in force for the case of more, then two signals. Thus for
providing functionality of proposed principle of selection for multitarget situation
special condition should be provided. Which suppose that signals with approximately
equal intensity would have small difference of arrival angels, and for signals with
essential different angels of arrival would be provided corresponding difference in
their intensities. It may be realise by means antenna with diagram Gg(0) (14). So,
approximately equal intensities will be took place only in narrow angels interval,
determined by main lobe bean width of diagram G, (6). For the signals which have
essential difference of arrival directions, weighting of their intensities would be
provided by the same diagram (G _,(0)).

Thermal noise and errors of practical realization are limited the maximal value
of , and thus limited the minimal value of main lobe beam width. If it is introdused
n - hoise/interference ratio (supposed equivalent noise, which included thermal noise
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and technology errors), then we have p<i1/1+v. Using this value in (14) we can get

restriction on main lobe beam width.

The partial reception diagrams, calculated by (11) with weight coefficients,
calculated by (8) and (9), with equal and unequal correction are shown in Fig. 3.

The reception diagrams side lobes suppression in given points, calculated by
(11), and for comparison reception diagram 10-element phased array with equal
correction, calculated by (2) are shown in Fig. 4. One can see that not only side lobs
suppression level was reserved, but and main lobe width is decreased in twice
comparatively to simple phased array without amplitude correction.
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Fig. 3. The reception diagram W;(Gy_»(6)), n=0.95:
1) — with equal correction; 2) — with unequal correction, y=1
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Fig. 4. The reception diagram W;(Gy_»(6)) side lobes suppression in points:
1-0, =-02576,0, =—-0.2293p = —7.4690dB; y=1, W,) 1 =0.95;
2 — 0, =-1.20010, =-1.1718p =—0.2238dB; y=1, W, |1 =0.95;
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The block diagram of the proposed ten elements radar antenna array algorithm
Is shown on fig. 5.

]
2
rz,

QUERKTE
Fig. 5. Block diagram of the proposed algorithm

Conclusions

In this paper UWB radar’s antenna array design capable to obtain the given
side-lobe suppression with controlled value of directivity coefficient and with
possible realization of superdirectivity property is suggested. The approach is simple
enough for calculations and does not require the implementation of numerical
optimization procedures. It’s very useful for practical implementation, when it’s
necessary to get the given side lobes suppression with given main lobe properties.
This approach can be applied in the modernization existing marine radar and
construction of new marine radar systems on the base UWB techniquies. The
efficiency of proposed approach is investigated.
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