UDC 629.5.052.3+621.396.67.012.12

33

MULTIPLE DIRECTION INTERFERENCE SUPPRESSION BY UNIFORM LINEAR
PHASED ARRAY SIDELOBE EFFICIENT CANCELLER

Vadim V. Romanuke
Polish Naval Academy, Gdynia, Poland

Background. For radar systems, the beam pattern of a uniform linear array (ULA) is synthesized to ensure signal
selectivity by direction. A specific ULA sidelobe is cancelled by rescaling the beam weights. In particular, this is done by
increasing the number of sensors and shortening the scanning step. However, a noticeable limitation is a loss of the transmitted
power. Therefore, the problem is to optimally balance the number of sensors versus effective ULA sidelobe cancellation.

Objective. In order to ensure multiple direction interference suppression, the goal is to find an optimal number of ULA
radar sensors for the beam pattern synthesis. The criterion is to determine such a minimum of these sensors at which mainlobes

towards useful signal directions are evened as much as possible.

Methods. To achieve the said goal, the ULA sidelobe cancellation is simulated. The simulation is configured and carried
out by using MATLAB® R2020b Phased Array System Toolbox™ functions based on an algorithm of the sidelobe

cancellation.

Results. By increasing the number of ULA sensors, the beam pattern lobes are not only thinned but also change in their
power. In particular, the interference direction sidelobes become relatively stronger. The number of sensors is limited by the
three influencing factors: the thinned-array curse transmitted power loss, the aperture size, and the sidelobes intensification.

Conclusions. An optimal number of ULA radar sensors for the beam pattern synthesis can be found when the scanning
step is equal to the least distance between adjacent interference directions. At the start, the number of sensors is set at the
number of useful signal directions. If the mainlobes towards useful signal directions are not evened enough, the set of

interference directions is corrected.

Keywords: radar phased array; beam pattern; interference direction; sidelobe cancellation; aperture size.

1. Beam pattern synthesis

In radio, radar services, and telecommunication
systems, to efficiently identify and localize sources of
space-time wavefields, phased arrays are used [1], [2].
Using an array of sensors, data are collected over a
spatiotemporal aperture and processed. At the receiver,
phased array systems implement algorithms to extract
temporal and spatial information about the sources of
energy. Thus, the performance is significantly improved
over a single sensor [1], [3], [4].

For radar systems, the beam pattern of a uniform
linear array (ULA) is synthesized to ensure signal
selectivity by direction [5], [6]. This is a common task
because the area scanned by a radar can have interferers
[7], [8]. These interferers and their directions are
presumed to be determined. For instance, a mobile
radar system may need to suppress interference from
nearby radio stations whose locations are known [9],
[10].

A proper beam pattern synthesis is done for
suppressing the interference. For this, a specific ULA
sidelobe is cancelled. The canceller is constructed by
rescaling the beam weights [5], [11]. In particular, this
is done by increasing the number of sensors and
shortening the scanning step. The mainlobes are evened
in this way. However, there is a limitation because of

the well-known thinned-array curse theorem [12], [13].
Due to the theorem, the amount of power beamed into
mainlobe is reduced by an amount proportional to the
ratio of the ULA area to the total area of sensor
apertures. Thus, there is a loss of the transmitted power,
although the interference is then efficiently suppressed
[1], [2], [6], [14], [15]. Therefore, the problem is to
optimally balance the number of smaller antennas
(sensors) versus effective ULA sidelobe cancellation.

2. Goal formulation

In order to ensure multiple direction interference
suppression, the goal is find an optimal number of ULA
radar sensors for the beam pattern synthesis. The
criterion is to determine such a minimum of these
sensors at which mainlobes towards useful signal
directions are evened as much as possible. To achieve
the said goal, the ULA sidelobe cancellation is to be
simulated by using MATLAB® R2020b Phased Array
System Toolbox™ (PAST) functions. First, the
simulation parameters and set-up are to be described.
Along with that, an algorithm of the sidelobe
cancellation will be stated. Next, the simulation of ULA
sidelobe canceller is carried out and appropriate
inferences are made from it. The results obtained from
the simulation will be discussed with a purpose to
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mention all limitations and controversies. The research
will be concluded with factual recommendations of how
to improve the beam pattern synthesis by efficiently
suppressing multiple direction interference.

3. Simulation parameters and set-up

The PAST functions used for simulation are
(phased.ULA) and 0. Function y creates and models a
ULA formed with identical sensor elements. The origin
of the local coordinate system is the phase center of the
array. The positive abscissa axis is the direction normal
to the array, and the elements of the array are located
along the ordinate axis. Function 0 returns the steering
vector for each incoming set of plane waves impinging
on a sensor array. The steering vector represents the set
of phase-delays for an incoming wave at each sensor
element. The inputs of O are the sensor element
positions and the incoming wave arrival directions
specified by their azimuth and elevation angles. By
default, the elevation angles are zero [1], [3], [16], [17].

If £ e 1 a signal carrier frequency, then [18], [19]

). =299792458/f . (1)

is the wave length. Let M be a number of useful signal
directions. The set of these directions in azimuth angles
(degrees) is

S :{Sm}i:[:l ° (2)

Let / be a number of interference directions. The set of
these directions in azimuth angles (degrees) is

D={d}; (3)

="
Function y creates a ULA radar of N sensors with a
distance of A/2 between two adjacent sensors. The
sensor positions are [20], [21]

N-1
P={p}} = 5t

oA
(1—1)'5 : 4)

i=1
First, an (M - N)xM matrix Wy of steering vectors
for useful signal directions (2) is found by mapping
P/ and set (2) via function 0:
W, =0(P/1, S). )

An (M-N)xI matrix W, of steering vectors for
interference directions (3) is found similarly by
mapping P/A and set (3) via function 0:

W, =0(P/%, D). (6)

Then the response of desired steering at interference
directions (3) is found [5], [11], [12], [22]:

T -1
R, =(Wp W) (W - W,) )
whereupon the response is cancelled:
W=W,-W,-R]. @®)

=5GHz.
So, number N and sets (2) and (3) are to be varied.

For simulation, it is sufficient to set f.

carrier

4. Simulation of ULA sidelobe canceller

Consider a case when a radar scans between —45°
and 45° with a step of 15°, and there are four
interferers at 20° to 35° spaced 5° apart. Thus, there
are seven useful signal directions. So, let the radar be of
seven sensors:

S={-45+15-(m-1)} .
D={20+5-(i-1)}},, N=7. 9)

The linear and polar beam patterns for this case are
shown in Fig.l. Whereas the sidelobes for the
interference directions are cancelled indeed effectively,
it is well seen that the mainlobe towards 45° is too
weak. Obviously, this cannot be rectified by decreasing
the number of sensors. Increasing the number of sensors
to 3N evens the mainlobes, but then the sidelobes are
cancelled less effectively (the normalized power
increases up to —20 dB compared to —65 dB seen in the
linear beam pattern of Fig.1). This is caused by the
radar scanning is too sparse [7], [12], [23], [24].

Therefore, consider the same case in which the
scanning is fulfilled with the step equal to the
interference direction spacing:

19

S={-45+5-(m-1)}"" |

D={20+5-(i-1)}},, N=19. (10)

The linear and polar beam patterns for this case are
shown in Fig.2. Now, the sidelobes are cancelled less
effectively (reaching up to —-22.5dB) compared to
Fig.1. The mainlobe at direction s, =40° is weaker
than at the other useful signal directions. Another
option is to use the number of sensors equal to the sum
of the number of useful signal directions and the
number of interferers:

N=M+1I. (11)
In this case, the mainlobes at directions s,; =40° and

5, =45° are almost evened with the remaining 17

mainlobes, but the sidelobes towards interferers are
grown up to —16 dB. This is not an effective sidelobe
cancellation. Other simulations distinctly prove that
setting N =M , in the case when the spacing in (2) and
(3) is the same, is quasi-optimal (i. e., it is efficient).
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Fig.1. The linear and polar beam patterns (normalized power in dB) for case (9)
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Fig.2. The linear and polar beam patterns (normalized power in dB) for case (10)

It is also worth noting that the aperture size is
56.96 cm in case (10), whereas it is 68.95 cm by
increasing the number of sensors by 4 according to
(11). This is another contra against setting the number
of sensors as (11).

An important note is that, unlike the interference
direction spacing, the radar scanning step is commonly
the same. This implies that the elements of set (2) are
equidistant [3], [14], [22], [25]. On the contrary, set (3)
may be non-equidistant. Moreover, the interference
directions are not necessarily enclosed within the

margins of the scanning area [26], [27], i. e. inequality
12)

does not always hold. For instance, consider a case
when

s, <d, <d, <sy,

S={-60+10-(m—-1)}" , N=13,

m=1"

D ={-45,-35,-10,-5,15,40,55,65,70} . (13)

The beam pattern for case (13) shown in Fig.3 is not
effective as a sidelobe canceller because the mainlobe at
5, =60° is too weak. If to exclude dy=65° and

35
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dy =70° from set D due to they are not in the range of

set S, the interference cancellation worsens further. If
the scanning step is possible to shorten, it should be
made equal to the least distance between adjacent
interference directions in set D. Thus, in case (13) it
corresponds to a case when
S={-60+5-(m-1)}2 , N=25,

D ={-45,-35,-10,-5,15, 40, 55,65,70} . (14)
The beam pattern for case (14) shown in Fig.4 is more
effective as a sidelobe canceller because the mainlobe at

INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 12 NUMBER 1 JANUARY-JUNE 2021

5,3 =60° now is stronger (—15.5dB versus -35dB in
Fig.3). Then, surely, there is a loss in the ULA
geometry as the aperture size is 74.95 cm which is
almost twice as longer as in case (13). If it is impossible
to shorten the scanning step, then the only way is to
increase the number of sensors. If N =2M then,
compared to Fig.3, the mainlobes at s,=250° and
8,3 =60° are strengthened up to —3.24dB and -14 dB,
respectively. The aperture size, however, becomes

77.95 cm, which may be crucial in geometrical terms.
To adjust it, a few sensors can be removed [28], [29].
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Fig.3. The linear and polar beam patterns (normalized power in dB) for case (13) with interference pointers
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Consider a more complicated case, in which there
are 10 interference directions and two of them are
beyond the range of the radar scanning:

S={-80+5-(m-1)21 , N=2I,
D={-35,-33,-30,-16,-13,-9,8,12,24,28} . (15)

Thus, the radar scans between —80° and 20° with a
step of 5°, but the least distance between adjacent
interference directions in set D is less than 5°. The
ULA sidelobe canceller must suppress the interference
at azimuth angles 8° and 12° by maintaining a strong

37

mainlobe at s, =10°. Fig.5 shows that the respective

beam pattern is not applicable. First, the direction at
—85° is not a useful signal direction, but its power is
almost maximal. Second, the mainlobe at s, =10° is

too weak. So, set D 1is corrected as follows:
S={-80+5-(m-1)}2,, N=21, D=1{-90,
-35,-33,-30,-16,-13,-9,7,13,24,28}. (16)

Fig.6 shows that, owing to the corrections in set D,
these two demerits are almost rectified [30], [31].
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Fig.5. The linear and polar beam patterns (normalized power in dB) for case (15) with the radar range margins
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5. Discussion

In general, Figures 1 — 6 show that, by increasing
the number of ULA sensors, the beam pattern lobes are
not only thinned but also change in their power
(strength). In particular, the interference direction
sidelobes become relatively stronger. Therefore, the
sensors’ number increasing is limited by the three
influencing factors: the thinned-array curse transmitted
power loss, the aperture size, and the sidelobes
intensification.

If the scanning step is wider than the interference
direction spacing, then the ULA sidelobe cancellation is
not effective, let alone its efficiency. In this case,
obviously, the scanning step should be shortened [23],
[24], [32], [33]. If the shortening is not possible, a
tradeoff between the ULA radar effectiveness and the
power-geometry loss must be made [34], [35].

6. Conclusion

Based on the simulation results, it is ascertained that
an optimal number of ULA radar sensors for the beam
pattern synthesis can be found when the scanning step
is equal to the least distance between adjacent
interference directions. At the start, the number of
sensors is set at the number of useful signal directions.
Then the multiple direction interference is tried to be
suppressed by a canceller routine of (1) — (8). If the
mainlobes towards useful signal directions are not
evened enough, the set of interference directions is
corrected. The correction can be done in two ways.
First, directions which are beyond the scanning range
can be added into the set for suppressing the
interference close to the radar range margins. Second,
the interference directions close to the useful signal
directions can be slightly “pushed” aside for
strengthening those useful signal mainlobes. Along with
the abovementioned, the multiple direction interference
is indeed efficiently suppressed when the direction
spacing in the sets of useful signal and interference
directions is the same. Thus, the ULA radar beam
pattern synthesis can always be improved by adjusting
the radar scanning step as close as possible to the
minimal interference direction spacing.
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3araymenns inTepgepeHuii 32 MHOKHHHUMH HANPAMKAaMU epeKTHBHUM HeliTpasizaTopoM GiuyHUX
NeJI0CTOK PiBHOMIpHO-JIiHiliHOT ha30BaHOI aHTEHHOT peliTKH

IpodaemaTuka. JliarpamMa CcrnpsMOBaHOCTI

PpiBHOMIipHO-JHIHHOT

(azoBanoi antenHoi pewitku (PJI®AP) B

DPaTIONOKAMIMHAX CUCTEMAX CHHTE3VETHCS U 3a0e3rmedeHHs BMOIDKOBOCTI 3a HAIpSIMKOM. Bu3HaueHa OOKOBa IEIIOCTKA
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PJI®AP npurHiuyeThes 3a JOTIOMOTOFO MIATOHKA BaroBUX KOeillieHTiB. 30KpeMa, IIe 3MiHCHIOEThCS 30UTBIICHHSIM KiTbKOCTI
CEHCOpIB 1 CKOPOYEHHSIM KPOKY CKaHyBaHHA. OIHAK OIHMM 3 iCTOTHHX OOMEXEHb € BTpara MoTykHOcTi. Tomy mpobiema
TIOJISITa€ B ONITUMANBHOMY OallaHCYBaHHI KUTBKOCTI CEHCOPIB 33111 €(heKTHBHOTO TPHUTHIUeHHS Oi9HHX TemocTok PJTIOAP.

Mera pocaimkenns. Jlist 3ariyiieHnst iHTepdepeHiii 32 MHOKMHHUME HalpsMKaMd HEOOXIHO 3HATH ONTHMAaJbHY
KUTBKICTh CEHCOpiB pamapiB Ha ocHOBI PJI®AP s cuntesy aiarpamu cnpsiMoBaHocTi. KputepieM € BH3HAYEHHAM MiHIMyMY
TaKHUX CEHCOPIB, 32 IKOTO TOJIOBHI METIOCTKH 32 HAMPSAMKAMH KOPHCHOTO CHTHATY BHPIBHAHI IKOMOTA Kparlle.

Meronuka peamizanii. Jyist JOCATHEHHS METH TNPOBOAMTBHCS CHMYJALis NpUrHIUeHHs OiyHuX mnemoctok PJIDAP.
Cumynsaiis Ta ii kKoHQirypysanus Binbysatothess 3a jgomomororo (ymkuiii MATLAB® R2020b Phased Array System
Toolbox™ na ocHoBi anroputmy HeliTpanizaiii GiYHEX TETHOCTOK.

PesyasTaTn gocaimkenns. 3i 30uiblIeHHsIM KijbKocTi ceHcopiB PJIOAP nemocTkn piarpamn cnpsMOBaHOCTI HE JIMILE
3arOCTPIOIOTHCS, Al TaKoX 1 3MIHIOIOThCS 32 TOTYXKHICTIO. 30Kpema, Oi4HI TEeNIOCTKM 32 HampsMKaMu iHTepgepeHtii
HOCHITIOIOThCS. KibKicTh ceHCOpiB 00MEXEHO 3a TphoMa (pakTOpaMy BIUTMBY: 30MTKOBICTb BTPATH MOTYXKHOCTI 3arOCTPEHNX
nemocTok PJI®AP, po3mip anepTypu, MOCHICHHS OI9HIX METIOCTOK.

BucnoBku. OnTnMansHa KiTbKiCTh CEHCOPIB pagapiB Ha ocHOBI PJI®AP mis cuHTe3y miarpaM cripsMOBaHOCTI MOXe OyTH
3Hal/IeHa TOIi, KOJNU KPOK CKaHyBaHHS PiBHUI MiHIMAIBHII BIICTaHI MiXK CYMDKHUMH HampsMKaMu iHTepdepertii. Criogatky
KITBKICTh CEHCOPIB JOPIBHIOE KITBKOCTI HATIPSIMKiB KOPHCHOTO CUTHANY. SIKIIO TONOBHI METIOCTKY 32 HAPSAMKAMU KOPHCHOTO
CHTHAJy BUPIBHAHI HEIOCTATHHO, MHOKHHA HANIPSIMKIB iHTEep(hepeHIIii KoperyeThes.

KurouoBi ciioBa: (a3zoBana aHTeHHA pelIiTKa pagapa; Jiarpama CIpsMOBAHOCTI; HAIIPSAMOK iHTep(epeHIii; TPUTHIYCHHS
OIYHMX METOCTOK; PO3MIp arepTypu.

Pomanwk B. B.

IlonaB/ieHue uHTep(epeHIINU 10 MHOKECTBEHHBIM HanpaBjieHUAM 3(pGeKTUBHBIM N0aBUTeIeM
0OKOBBIX JIeNeCTKOB PABHOMEPHO-JINHeiTHON (ha3HupPOBAHHOI AHTEHHOI PeIéTKN

IMpodaemaTuka. /lnarpaMMa HampaBIeHHOCTH paBHOMEpPHO-THHEWHON (azupoBaHHOW aHTeHHOU pemétku (PJIGAP) B
PaanoJOKAUOHHBIX CUCTEMAX CHUHTE3UPYCETCA I 06ecneqeﬂnﬂ I/I36I/lpaTeJ'lI)HOCTI/I 0 HaIlpaBJCHUIO. OHpeﬂeﬂéHHbIﬁ
OokoBoit nenectok PJIOAP mnopapisercs mnpu IOMOLIM MOJTOHKK BECOBBIX Kod(pduuueHtoB. B wactHocTH, 3TO
OCYILIECTBISIETCSl YBEJIIMUEHUEM KOJIMYECTBA CEHCOPOB MW COKpallleHHeM Iara ckaHupoBaHus. OJHAKO OIHUM W3
CYILICCTBEHHBIX OTPAHWYCHHUHN SBILSICTCSA MOTEPS MOIIHOCTU. [103TOMY mpobiemMa COCTOUT B ONTHMAIbHOM OallaHCUPOBAHUH
KOJIMYECTBA CEHCOPOB B OTHOIICHUH 3()()EKTHBHOTO TI0JaBJICHUS OOKOBBIX JieriecTKoB PJIDAP.

Heas wuccaenoBammsi. [ns momaBicHUsS WHTEP(EPCHIMM MO MHOKCCTBCHHBIM HAINPABICHUSIM HEOOXOIMMO HaHTH
ONITUMAFHOE KOJMYECTBO CCHCOPOB pamapoB Ha ocHoBe PJIOAP mus cuHTe3a quarpaMMBbl HAIpaBIeHHOCTH. Kpureprem
SBIIACTCS OTIPEICIICHNe MUHUMYMa TaKUX CEHCOPOB, TP KOTOPOM TJIABHBIC JICTICCTKU IO HAMPABICHISAM IIOJIC3HOTO CHTHAJA
BBIPOBHEHBI KaK MOYKHO JTy4IIIe.

Metoauka peamuzauuu. {11 TOCTIKEHHS IENH TPOBOTUTCS CHMYJIAIMSA TOMAaBIEeHHS OOKOBBIX nernecTkoB PJIDAP.
Cumymamuio 1 e€ KOH(HUTYypHpoBaHHE Mpou3BoAAT mpu momomu ¢yHkmmd MATLAB® R2020b Phased Array System
Toolbox™ Ha ocHOBaHMH ANTOPHTMA ITOAABIEHHS OOKOBBIX JIETIECTKOB.

PesyabTaTel necaenoBanus. C yBeqnueHneM koaudectBa ceHcopoB PJIOAP nenecTku auarpaMMbl HalpaBiI€HHOCTH He
TOJIBKO 3a0CTPAIOTCA, HO TaKXKE€ U UBMCHAIOTCA IO MOIIHOCTH. B YaCTHOCTH, 60KOBble JICNECTKU B HaIlPaBJICHUAX
UHTEP(EPCHIIMU CTAHOBATCS CHJIbHEE. KOJNHMUYECTBO CEHCOPOB OrPaHMYCHO MO TPEM BIMSIOMIUM (paKTOpaM: YIIEpOHOCTH
HOTEPH MOIITHOCTH 3a0CTPEHHEBIX JienecTkoB PJIOAP, pazmep aneprypsl, ycuieHHe OOKOBBIX JICTICCTKOB.

BoiBoabl. OnTuManbHOE KOJIMYECTBO CEHCOPOB pajnapoB Ha ocHoBe PIIDAP nmis cunTe3a auarpamMm HampaBlIeHHOCTH
MOXKET OBITh HAWIEHO TOTAa, KOTMa Imar CKAaHUPOBAHWSA pAaBEH MHUHUMAIFHOMY pACCTOSHHIO MEKIY CMEKHBIMH
HalpapJIeHUAMA HHTEpPepeHnH. BHayaze KOMMYecTBO CCHCOPOB PAaBHO KONUYECTBY HAIIPABICHHH MMOJe3HOTO curHaia. Ecim
TTIaBHBIC JICTICCTKH 10 HAMpaBICHUAM TIIOJIE3HOTO CHTHANA BBIPOBHEHBI HEIOCTATOYHO, MHOXKECTBO HAIPaBICHHUIT
UHTEP(EPEHINI KOPPEKTHPYETCS.

KiaioueBble cioBa: QasmpoBaHHAs aHTeHHAs pemiéTKa pajapa; IHarpaMMa HAlpaBICHHOCTH; HAIPABICHUE
UHTEep(EPEeHITNI; TI0IaBJIeHIE OOKOBBIX JICTIECTKOB; Pa3Mep almepTypEL.





