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Abstract: The aim of this paper is to enhance the desirathbigception while suppressing the recep
of inference signals to get maximum signal teeifdgrence plus noise ratio (SINR) at the out
Airborne interference sources need to be cancefinggvo flanes azimuth and elevation to ensure
active cancellation for these sources. It is fothat a circular array adaptive antenna systenalgsoc
capability to track any source in two planes siamgétously so that it has been chosen .The fundii
proposed model is to put the main lobe in the timecof desired signal while creating nulls in 1
direction of interference sources .In this paper peposed a circular adaptive antenna array sy
configuration in conjunction with minimum mean ste error (MMSE) algorithm to suppress or car
the effect of deliberated interference sources hia elevation and azimuth planes .The effec
interference signal parameters on the designe@msyperformance is analyzed and investigated su
the outpt signal plus interference to noise ratio (SINRY @anterference to noise ratio (INR).The res
show that the proposed system exhibit a good claticgl performance in the azimuth and eleva
plane in the direction of interferences sourcedenkeeping track a maximum reception in the direct
of desired signal.

Keywords: adaptive array , adaptive beiforming processing , smart antenna , uniform ciact
antenna array , minimum mean square error alganithsignal to interference plus noiratio |,
interference to noise ratio.

O giena (B (o gl joliaa slalY AdsSial) 4y ghall i) g4

3oL ds et o Jsandl dalaill <l Ui sadiy Ley st pall LAY 2300 (pead ) Gia) 138 Caagy Al
Allad e 28BN (o2 ganll g (&Y ey Cadall () LT | sa A ganall slimguall jabas o) . SINR))JANA 5 sl guall
.x:.\,u\‘_g;u_u}_\m‘_g;L.A}..a)md\mu‘;amu&\dhmm}m\m)#\uLu\,gJ\m\L‘a;j Jladl a3l cladY)
.‘—‘)-‘:JAJ‘")L““y‘°B-‘L‘L5)-“J|L;“}Qﬂgs“-‘-‘)nuéﬂ‘é“u@@C‘)-‘M‘CJ}"‘-‘MWU‘ t_\a.\“ \&@a)\.u;‘eudhj}

Jand 45 il bl s dashaia C\).\s\ PUINGIEN KT S S EN Kt | IS PO N g e &L«u‘){\ sl B lbal Al g Ly
. 815 (52 sand) G siasall A DJ}»A&A\u);b.\l\c_ﬂ).ui.lcbd\J\Mwﬂ(MMSE)L&;m&\@)‘JMM)J\F

é| DJ.\SAM o)L.nY\ &&AM\)JSL@.\L&);JUL@J.\LS KA)M\MM\ "“uSJ("‘A‘A"L;‘:U“J“"‘“ a)\.u\ u)m\a.qu\).uh
ciy L (INR) deshiall z a8 el gual) ) u)A\A.\S\ Lo Al 2 SIS (SINR) deshaiall 7 5l 8 slia guall § Sl
ﬁy&@umdawj\}@m Ol (B JANNE jaliaed sam elal) A ilae) s yital) A shaial) o) aall R0
Badall 3LV Bladly a2l alac|

*Corresponding Aithorzahraa_alshamma@yahoo.c

190



Journal of Engineering and Development Vol. 20, No. 02, March 2016 www.jead.org (ISSN 1813-7822)

1. Introduction

Adaptive array processing plays an important moldiverse application areas, such
as radar, sonar systems and wireless communicaiideptive arrays are capable for
spatial filtering, which makes possible to receevalesired signal from a particular
direction while simultaneously blocking the integfece signals from other directions
[1]. Adaptive beam forming processor uses a compigral processing beam forming
algorithms in order to steer the main lobe of at@yards a desired direction while
suppressing or eliminating the interference sourlfess complex weight were used and
adaptively updated in real time, according to ndog environment this process is
called adaptive beam-forming. In this process & ligectivity beam is steered in the
direction of desired signal while nulls are createthe direction of interfering sources,
this process leads to an improvement in the owdigmial to interference plus noise ratio
(SINR). A summary of beam forming techniques issprged in [2]. An overview of
signal processing techniques used for adaptivenaatarray system is described in [3].
A “smart antenna” is generally referred to any ange array, terminated in a
sophisticated signal processor, which can adjusidapt its own beam pattern in order
to emphasize signals of interest and to minimizerfaring signals. Smart antennas are
generally encompassing both switched beam arragemysand adaptive phase array
system. Switched beam system has several avaiiablk beam patterns. While in an
adaptive phased array system, the beam patterrgebaas the desired user and the
interference angle move by using electronic maaipah instead mechanical
manipulation; this manipulation involves changesbith the amplitude and phase
excitation of the antenna elements [4].

Adaptive phased array antenna system can be fowiteddifferent geometries. In
general, these geometries can be classified bas#iteanumber of dimensions and can
be extend to: linear (one-dimensional) , planao{thmensional) and conformal (three-
dimensional).

This paper is divided into the following sectioms:section 2 and 3 introduce the
problem formulation and system consideration. $ectd and 5 presented a
mathematical modal and system performance parasmeieetion 6and 7 is for analysis,
simulation and result discussion, finally sectioco®icludes the paper.

2. Problem formulation

Cancel all airborne jamming sources against landhgp-born radars in azimuth
and elevation planes simultaneously needs a caafign of phased array system
which can provide full prior information about tepatial coordination of the airborne
interferences sources. This information is therplared to design an adaptive system
which can be used with a suitable algorithm torope the system SINR performance.
A required driving weight vector in the path of eaed signals is needed in order to
get this achievement by readjust the beam formneggssor by changing the overall
pattern shape in a way to put nulls in the direxgiof these interference sources in 2-D
planes @, ®) while keeping a main beam in the desired direction
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3. System consideration
3.1. Designing consideration background

Uniform linear array can only manipulate a direatio one-plane with spatial span
range from (Og) While the uniform circular array antenna (UCA29n manipulate the
direction of arriving signals in two planeg, ¢) .So UCAA have received significant
attentions in the design of angle of arrival estiorasystems [5]. Various kinds of
works had been carried out to modify the radiagpattern of basic circular arrays
system by optimizing its geometry to improve sided levels [6] [7] [8], improve
adaptive beam-forming performance [9] [10] [11]ddmally to reduce mutual effect
between antenna elements [12][13][14] .etc.

3.2. Proposed modal system constriction

Comparing with linear array, the size of circularag can be fixed while the
number of elements can be increased. For a cirtlethe fixed radius, the number of
antennas which are arranged on its conferencexgofe. [15] In our work, UCAA is
used with N array elements distributed uniformligtdbuted on circumference of circle
with inter element spacing between elements (d) witadiusk which is equal to

_ d
- . F3
2sin (ﬁ)

(1)

This geometry offers azimuth angular coveragjeif the range from (0-2r) while
angular elevationd) is covered in a range fromO(O’Zf) .

Fig.1 shows the geometry of uniform circular anteramray with N number of
isotropic array antenna elements uniformly distiglouon circumference of circle in x-y
plane.

7
r
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Figure 1. Uniform circular array antenna geometry
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The array factor of uniform circular array antemiaN equally spaced elements is
given by [12]:-

AF(G, ®) = ﬁ=1 Inei(KRSin(B) cos(@—0x)) (2)
Where (}) is the exaction current of th& alement, the phase consténtis equal to:-

K =2/ 3)

andg,, is the azimuth angular position of th8element and its equal to

__2m(n-1)

§ o= 20D )

4 .The mathematical mode[16],[17],[18]

Array antenna system consisting of N antenna elenas shown in Fig. 2. The
received signals from each element is multipliedabyomplex weight and summed to
form the array output.

€ Algorithm

LS

Figure 2. Uniform circular adaptive system

The received signal by any element can be expressaghlar form as:-
X(£)=Xa(t)+xi(t) +Xn(t) )

Eq.(5) In vector form can be written as: -
X(t)= Xa(t) + Xi(t) +Xa(t) (6)

Where: x(t) , x(t) and x(t) are desired , interference and thermal noisgove of
dimensions (1xN) ,respectively. If the desired aigs incident from angle(6, 9,) .
then the received desired signal can be expressszhlar form as :-
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xq(t) = Age'Mot*¥a(7)
Eq.(7)In vector form can be written as :-
Xd(t):Adei(w0t+'Pd) Uqg (8)

where A is the signal amplitudey, is the center angular frequenct¥y is the carrier
phase angle and it is random variable uniformiytritisted on (8- 2r) and uis a
desired signal array vector containing the interrednt phase shift .For circular array
geometry, the antenna elements are disturbed alangle of radius R and the relative
phase at the"helement with respect to the center of the array is

\dezjn R sin Bcos(dg — ¢n) )
where ¢,, given by (4 )then y is given by :-
Ug=[e~WPal e=tWaz e=tWaN|T (10)

Where T denoted, transpose. If the interferencmdglent from anglesé(, @;), the
interference signal can be expressed in scalar &t

xi(t) = Aiei(wot-'_,yi) (11)
Eq. (11) in vector form can be written as:-
Xi(t) = Ajg!Wot+¥dy, (12)
Where A is the interference amplitud®; is the carrier phase angle and it is random

variable uniformly distributed on {€r) and independent &f4,andu; is an interference
signal array vector containing the inter-elemeragghshifty; is given by:

vi=7 REL; sind; cos (8; — 8,) (13)

where M is the interference sources number sattieadnd pgiven by :-
ui = [e"Wil e7¥i2, | e~WiN]T, (14)

The thermal noise voltage of th& array element is zero mean and variaate

The array thermal noise voltages are assumed tambwially uncorrelated and
uncorrelated with yi, yq, Xqandx;. The noise vector express in vector form as :

X (8) = [ (0),n2(0) ..,y (O] (15)

The adaptive array output signal is:

y() = Xily wa" 2 () (16)
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Where (*) is a complex conjugate notation. Eq. (d#) be written in a vector form as:
y(@) = whx(t) 17)
Where H is the a transpose conjugate, and

W[ wi Wa, o, W] (18)
The covariance matrix of received signal vectoaméy antenna is defined as
Cov[xx] = E[x*xT] = R, (19)

Where “E” denotes the expected value of randomabéei Sincexy(t) , Xi(t) andxn(t)
are assumed to be mutually uncorrelated the ovemlhriance matrix of received
signal can be written as :-

R,y = Rgq + R;; + Ryy (20)

Where ,R;,, R;;,and R,,are (N x N) a desired signal ,interference dmfrhal noise
autocorrelation matrices respectively .To searcltafooptimum value for weight vector
(w) which can be applied in the channels of arrayesygo maximize the desired signal
reception and minimize or suppress the effectt@rierence sources , The minimum
mean square error (MMSE) adaptive algorithm wheseubed with LMS adaptive
processor and the Weiner-Hopf solution for optimueight is found to be [18]

W(t):Rxx _1rxd (2 l)

Wherer, 4is a cross correlation vector between referenagasignd the received signal
and equal to

Tya = E [x(8)".d(D)] (22)
Where d(t) is the replica of desired signal
5. System performance parameterfgl9]

In order to evaluate the performance of proposedanthe following measuring
tools are used.

5.1 The output signal to interferences plus noise ratio (SINR) of the system

This parameter give a clear figure about the gbiftthe system to improve the desired
signal level with respect to suppress interferesigaals level. The array output voltage
due to desired, interference and thermal noise asgmare Mt) ,yi(t) and y(t)
respectively ,and they can be expressed as

ya(t) =wxq(t) (23)

yi (D=w"X; () (24)
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Yn(t) = Wxq(t) (25)

SINR of the adaptive array system is defined agdhe of the desired signal power to
the interference plus thermal noise powers at thput of system and can be written as:

Pd

SINR = —— (26)
Pd(t)= E{ [y(t) £}=] w"'Xa(t) xa®" w| =w'Rgq w (27)
Pi)= E {| y(®OF } = | wx@®x®)"w| = w'Ri w (28)
Pn = E{ [yt =] wxa(®)Xa®)™ w| =wW'Rnw (29)

Therefor the output SINR is given by:
SINR = — " RaaW (30)

WHR;;w+WHR, W

5.2. Theinterferenceto noiseratio (INR) at the output

This parameter gives a figure about the level tdrierence signals in the output of
the system with respect to thermal noise level tvioen be considered a measuring tool
for qualifying the adaptive processer goodness wdealing with interference sources
in different scenarios.

INR of the adaptive array system is defined agdie of interference signal power
to thermal noise power at the output of systemaamdbe written as

Pi
INR = —~(31)

Hp..
INR = LR 39y

WHR, W

6. Simulation & Results

In this section, the performance of the uniforntrdisted circular antenna array is
tested. The test is based on the study of the edaptiation pattern and the output
SINR of the system. The proposed model is progragntmge MATLAB 8.3. The
following assumptions are considered:

1- The mutual coupling effects between antennameads are neglected because the
inter element spacing is taken to be (d >)).5

2- The inter element spacing is equal to 0.76 prevent the grating lobes.

3-The number of isotropic array element sensorsesre
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6.1. Scenario (1)

In this scenario the ability of the system to sesprone interference source is
tested. The desired direction elevation arje90° and the azimuth anglg, =40
with input power ratio (SNR) =0 dB .The interferensource elevation ange =50
and azimuth angl@; =7@ with input power ratio (INR) =20 dB . Fig.3shdhat, the
quiescent case exhibit maximum gain in the desdrdction with the absence of
interference source. When there is an interfersncece from elevation angt = 50°
the adaptive process determined anew adapted tweaglor in the path of received
signal which cause a beam-forming circuit to g@aep null in the direction of the
interference source while keeping a maximum patigin in the direction of desired
signal . The weight vector in this case is chanfyeth quiescent casew, (only the
desired and thermal noise present ) which is egual

wl w2 w3 w4 w5

Wa =1 (0.909), (0.0909), (0.0909),(0.0909),(0.0909),

wbé w7 w8 w9 wl0d
(0.0909),(0.0909),(0.0909),(0.0909), (0.0909)]

To anew adapted weight (desired ,thermal noisergederence signals present) :

_ wl w2 w3
Waae = [ (0.1177 + 0i), (0.0745 — 0.0067i),(0.0928 + 0.022i),
w4 w5 wé
(0.745 + 0.00671),(0.745 + 0.0067i),(0.1177 + 0i),
w7 w8 w9 w10 T
(0.0928 — 0.221),(0.0928 — 0.22i),(0.0928 — 0.22i), (0.0745 + 0067i)]

The adapted weight vector elements is just a comieight emerged in the path of
received signals.

quasient and adaptive plot for one jammer signal

-50

T T T T T
| | | | [ Bt adaptive patteren
L e e ST B |~ 7 7 7| T quasient patteren
| jammer signal | | T T
! of arrival =50 I | | |
| | | | |
m OFr---1—-—-— T N S Bl il Bl
e | | | N ! | |
5 L R | 1\, s, (IO I ——
e | A1 | I\ | y |
La0F------ L e v Rt e e e v e e N/ At Bl
« | | | | | i |
o I | I I | I v I
3 | | | | | | |
2-20F - --1--—+ Bt B e et (R L
= | | | | | | 1 |
[=3 | | | | | | | |
E | | | | | | | |
IR T | S e P : T P
% | | | | desired signal |
= I I I I of arrival =90 !
| | | | |
T 1 ] oy |
| | | | | | | |
| | | | | | | |
| | | | | | | |
1 1 1 1 1 1 1 1
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elevation spatial angle (deg.)

Figure 3, Quiescent and adaptive pattern plot for elevation plane
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Fig.4shows that the interference source for azimuthe@®; = 70 is suppressed by
the system. It can be conclude that by a propeicehweight vector, the system c
suppress the interference source simultaneousiydrplanes.f, @) .

quasient and adaptive plot for ane jammer signal

10 : dsredsignal | | eeeee adaptive atteren
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3
E : : : : 3 ;
g i i | | : ? :
3 30p e b R | SRR IRV B SO SR N 4
3 R S D
3 : : : : : : :
= H : : jammer signal : H
T\ | IS b of amival=70 R B
50 i i \ i i i i
I} 20 40 60 80 100 120 140 160 180

azmiuth spatial angle (deg.)

Figure 4, Quiescent and adaptive pattern plot for azimuth plane

6.2.Scenario (2)

In this scenario we test the ability of the systeamdeal with more than or
interference source simultaneously (three interfee sources) comirfrom different
directions in elevation and azimuth domains, witle following assumptions: Tt
desired signal angle of arrival6;-90°,0, = 40°with input (SNR) =(0 dB , 0dB
0dB), three interferences sources arriving from elevatinglesd; = (0°,50°,71.5°)
,with azimuth angles@; = (21.5°,70°,90°) with input INR’'s ( 20 dB, 20 d,
20dB) respectively . Fig.8hows that a deep nulls have been formed in tleetthns of
interference sources while the main beam has beeh ik he direction of desire
angle, comparing the adapted pattern with quiespatiern, one can deduce that
system is capable to deal with more than one imtenice source by putting a comp
weight vector in the path of received signals, uchsa wayto reshape the quiesce

pattern to put nulls in the direction of integace sources. The adapted weight ve
which has been calculated for this scenar

_ wl w2 w3
Waa = | (0.0856 — 0i), (0.0964 — 0.335i),(0.0842 + 0.05i),

w4 w5
(0.0842 + 0.05i),(0.0964 + 0.3351),

wb w7
(0.0.0856 — 0i),(0.0964 + 0.03351),

w8 w9 wl0
(0.0842 — 0.051),(0.08420 — 0.051), (0.0964 + 0.03351’)]
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quasient and adaptive patteren for threejammer signals
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Figure 5, Quiescent and adaptive pattern plot for elevation plane

Fig.6 shows that the system is also completely magsed the same interference
sources arriving from different in the azimuth aw|

I adaptive atteren
— quasient patteren
| |

jammer signal
angle=0 angle=71.5

quasient and adaptive patteren for three jammer signals
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elevation spatial angle (deg.)

Figure 6, Quiescent and adaptive pattern plot for azimuth plane

6.3. Scenario (3)

In this scenario the behavior of the system to dethl interference source arriving
in the vicinity of main lobe of the array is testedwith the following assumptions:
desired signal arriving angles aref;_90°,9,; = 40° with input SNR =0 dB,
interference source arriving angles afge= 88° and®; = 38 ° with input INR= 20
dB . Fig. 7 shows that when the interference soaroging from direction situated in
main beam region near to desired signal direcfldrve system create a null in front of
interference source direction while trying to kegpreasonable pattern gain in the
desired direction but not a maximum gain, due &dkistence of interference source in
the main beam region . The adapted weight vectachwierforms this process is:

_ wl w2 w3
Waae = [ (0.0134 + 0i), (0.022 + 0.1116i), (0.0358 + 0.1795i),

199



Journal of Engineering and Development Vol. 20, No. 02, March 2016 www.jead.org (ISSN 1813-7822)

w4 w5 wé
(0.0358 + 0.17951),(0.022 + 0.1116i),(0.0.134 — 0i),

w7 w8
(0.022 — 0.1116i),(0.0358 — 0.1795i),

w9 w10 T
(0.0358 — 0.1795i, (0.022 — 0.11161’)]

and ptive p:
10F - - —1— 4 jammer signal
of arrival =88 deg.
0o
1]
° y;
o ~. I
S -101 ¢ /
£ \
§
§ -20 |
g |
|
32 |
& -30 | | | | |
= ‘ ‘ ‘ ‘ ‘ desired signal of
| | | | | arrival=90 deg.
O O A I B I
-40 I | | | |
| | | | | | | |
| | | | | | | |
-50 1 1 1 1 1 1 1 1
o 20 40 60 80 100 120 140 160 180

elevation spatial angle (deg.)

Figure 7, quiescent and adaptive pattern plot in elevation plane

Fig.8 shows that for azimuth domain the system aleates null in the direction of
interference source while keeping a less gain paitedesired direction due to the same
reasons mentioned in Fig.7.

I I I I [ i
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azmiuth spatial angle (deg.)

Figure 8, quiescent and adaptive pattern plot in azimuth plane

6.4. Scenario (4)

In this scenario the output SINR of the systemesddd for the case when angle of
arrival of interference source scan a spatial dpam (&) to (r), with the following
assumptions: the desired signal directions &e90° ,9,; = 40° , with input SINR =0
dB, with input INR= 20 dB .Fig.9 shows that thgstem exhibit a constant output
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SINR for all elevations angles of arrival scashiy interference source except the
case when interference angle coincide with desiieetction ,the output SINR drops
from 10 dB to -20 dB because the system is foreegut null in the direction of
interference source to offer-20 dB attention irsttirection while for other angles the
system is succeeded for canceling the effect effietence source and keeping constant
output SINR

SINR and INR plot for one jammer signal

1 1 1 1 ! | —— SINR patteren|'
77777 -k
desired angle of arrival =90 | [T INR patteren |,

field atteren amplitude dB

elevation spatial angle (deg.)

Figure 9, SINR and INR plot in elevation plane

Fig.10 show the output SINR for azimuth case. h t® seen that the system
offered a fixed output SINR of about 10 dB when imterference angle of arrivals is
from direction rather than the desired directiorhid/the output SINR drops from 10
dB to -20 dB when the interference direction isaaimght angle with desired direction.

SINR and INR plot for one jammer signal

field atteren amplitude dB

azmiuth spatial angle (deg.)

Figure 10, SINR and INR pattern plot in azimuth plane

7. Conclusions

The proposed adaptive array system with circuleayaantenna configuration with
maximum signal to noise ratio algorithm is ablettack the desired signal in both
directions (azimuth and elevation) and exhibit aximam pattern gain in the desired
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direction with the existence of more than one dérnference sources arriving from

different directions in azimuth and elevation pkmather than the direction of desired
signal. The mount of nulling created in the frorft the interference sources is

proportional to the level of received interferersignals. When the main beam of the
array is subjected to interference sources, thiesys still able to suppress the effect of
this source while keeping reasonable gain pattertiné desired direction, meanwhile

the inference source is not at the right angleesirgd signal. The system is also exhibit
a constant output SINR for all arriving angle oferfierence source except the case
when the interference arriving from angles overbath desired angles in both planes

azimuth and elevation causes the system exhibit pedormance.

Abbreviations
N number of array sensors
d inter element spacing between elements
R radius of circle
1) azimuth angular coverage in the range frofi+-23)
0

elevation angular coverage in a range frofi+ éb)

In is the exaction current of th& alement
phase constant

@, azimuth angular position of thd'element
Xq(t) desired signal vector of dimension (1xN)
Xi(t) interference signal vector of dimension (1xN)
Xn(t) thermal noise vector of dimension (1xN)
Wo center angular frequency

E[] expected value of random variable

w weight vector

R,y overall covariance matrix of received signal
Txd cross correlation vector between reference sigméltlae received
Wy quiescent weight vector
Waat adaptive weight vector
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