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Wideband Smart Antenna Theory Using
Rectangular Array Structures

Mohammad Ghavami

Abstract—Smart antenna techniques at the base station can to improve the quality of the received signal. Space—time
dramatically improve the performance of the mobile radio system coding using multiple antennas has been studied in recent
by employing spatial filtering. The design of a fully spatial signal research [2]-[4], and space-time codes have been introduced

processor using rectangular array configuration is proposed . ltinath fadi . tto i bil t
in this paper. Two-dimensional (2-D) spatial filters that can be " @ Mulipath fading environment to IMprove mobiie system

implemented by microstrip technology are capable of filtering the Performance. Second, adaptive beamforming using antenna
received signal in the angular domain as well as the frequency arrays provides capacity improvement through interference re-

domain. Furthermore, it has wideband properties and, hence, duction and mitigates multipath fading. Adaptive arrays cancel
eliminates the requirement of different antenna spacing for ., 1iinath components of the desired signal and null interfering

applications including various carrier frequencies. The desired . . . . .
frequency selectivity of the smart antenna can be combined with signals that have different directions of arrival (DOAs) from

compensation of the undesired frequency performance of a single the desired signal. The third category of systems uses switched
antenna element, and the result is quite satisfactory for practical fixed beams to achieve coarser pattern control than adaptive

implementation. In addition, if the elements of the array are arrays. Two or more of the fixed beams can be used for diversity
not perfectly omnidirectional or frequency independent, we can reception. Adaptive and switched beam antenna systems are

compensate for these deficiencies in the design algorithm. Two lar] f dt t ant b fthe d .
different algorithms for calculating the real-valued weights of the popularly referred to as smart antennas because ot the dynamic

antenna elements are proposed. The first algorithm is more com- System intelligence required for their operation.
plex but leads to sharper beams and controlled performance. The  Most of the smart antennas proposed in literature are narrow-

second method is simpler but has wider beam and lower fractional pand beamformers [5], [6]. The antenna spacing of narrowband

bandwidth. Some computer simulation results demonstrating 4rays s usually half of the wavelength of the incoming signal

the directional beam patterns of the designed beamformers are that i dtoh fracti | bandwidth (EB) of | th

presented at the end of this paper. atis assumed to have a fractional bandwi .( ) of less than
1%. By definition, the FB of a signal is the ratio of the band-

width to the center frequency as follows:

B 1 =t 1000 1)
. INTRODUCTION (Fn+f0)/2

NE OF the major problems of future mobile communicawhere f, and f; are the highest and the lowest frequencies of
O tion systems is the rapid increase in the demand for dthe signal, respectively. Wideband arrays are designed for FB
ferent broadband services and applications. Since the availa@fié!P to 50% [7], [8], and ultra-wideband arrays are proposed
spectrum for providing high data rate communication to nef@r FB of 50 to 200% [9]. Wideband and ultra-wideband arrays
subscribers is limited, there is no doubt that smart antennas ##€ the same antenna spacing for all frequency components of
the best solution for increasing the system capacity and perffite arriving signals. The interelement distancs determined
mance. These antennas not only increase the gain but alsdbethe highest frequency of the input wave. In a uniform one-
duce the interference and the delay spread by means of spatiglensional (1-D) linear array, we can write
filtering. c

Smart antennas employ arrays of antenna elements and can d= 2fn

improve reliability and capacity in wireless systems in three ) ) ) )
ways [1]. First, diversity-combining techniques combine thwherec is the propagation speed. Conventional wideband an-
signals from multiple antennas in a way that mitigates multipatinna arrays use a combination of spatial filtering with_ temporal
fading. In most scattering environments, antenna diversity idiering. On each branch of the array, a tapped delay line (TDL)
practical, effective, and, hence, widely applied technique. Tfiker [10] or a recursive fi!ter [1_1] allows each element to have a
classical approach is to use multiple antennas at the receidBpse response that varies with frequency. As aresult, the phase

and perform combining or selection and switching in ordshifts due to higher and lower frequencies are equalized by tem-
poral signal processing.

. . . _ Rectangular linear arrays, when subjected to an almost fixed
Manuscript received July 10, 2001; revised May 20, 2002. The associate eﬁi- . | b d for full ial si | .
itor coordinating the review of this paper and approving it for publication was evation angle, may be used for fully spatial signal processing
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Incoming signal located a{n; = 0, ny = 0), the phase of the incoming wave at
: the element denoted kiy:1, n2) is
2rf

O(ny, ng) = — (dinq sin @ — dons cos b) 3)

where f is the frequency variable. Note that4fwas constant

but not necessarily near 9@hen we would have to modify;
andd, to new constant values 6#; sin ¢) and(ds, sin ¢), re-
spectively, which are, in fact, the effective array interelement
distances in an environment with almost-fixed elevation angles.
Unlike conventional wideband arrays, we assume that each an-
tenna element is connected to only one single coefficignt,, .
Hence, the response of the array with respect to frequency and
angle can be written as

Co,Nr1 ” Cl,N,—l "

Cn-1.84

Output
H(f, 0)=Ga(f, 0)
Fig. 1. Incoming signal arriving at aly, x N, array with azimuth anglé N;y—1Nz—1
and elevation angle. Each element is connected to a real multiplier, although . Z Z C o3 @rf/c)(diny sin@—dznz cos§) (4)
not all of them are shown. ninz

n1=0 ny=0

frequency domain filtering can be achieved easily in the desié?/fereG“(f’ 0) represents the frequency-angle dependent gain

procedure. This is called frequency-selective wideband beal Leach antenna element. Normally, (f, 6) is an even func-

forming (FSWB) and can compensate for the frequency depé n of f for —90° < ¢ < 90° and has a maximum value at

dence of the elements. Furthermore, we can selectively filter the_ 0, f = fo. wherefi < fo < fu. Now, two auxiliary fre-

wideband input signals in different frequency regions. quencies are defined by

In this paper, we introduce two new algorithms that design fdy .
wideband rectangular antenna arrays. The first algorithm is h :Tsme ®)
based on the inverse discrete Fourier transform (IDFT), and the fds
second algorithm is a constrained beamforming technique and f2 === cosd. ®)

includes matrix inversion. In both cases, the wideband signaflﬁese new variables are functions of the frequefiand the
received by the antenna are filtered in angle and frequen%{glee and are related as

domains, and interference coming from other sources wit
different DOAs or frequencies are suppressed efficiently by i _di

. . X . " = = —tané. 7
spatial signal processing. The beamforming procedure is fo do

performed at radio frequency (RF), and real multipliers a

necessary for each antenna element. b o : -

. . : . y a positive constant, thefy and f> will also be multiplied by
. The remlndgr of this paper is organlze(_j as follows. In S.eﬁie same factor, and their ratio will be independent of frequency.
tion I, the basic theory of frequency-selective rectangular Wldclahis indicates a wideband propert
band arrays is presented. In Section lll, we consider the firstSubstitutin (5) and (6) irl?(4F)) igl'ds
design algorithm and different aspects of this method such as 9 y

beamwidth control and adaptive selection of the number of ar(f1, f2)

Fhis equation shows that for any value&fif f is multiplied

tenna elements. In Section IV, we describe the second way to Ni—1 Na—1
design a wideband rectangular array. Some simulation results = @, (f;, f,) Z Z Chyn, 27 N1im g —i2mfom2 (g)
are given in Section V. Finally, Section VI concludes the paper. =0 1m0

whereG,(f, 8) is now rewritten as a function ¢f andf». The
two-dimensional (2-D) frequency regigf — f> is limited for
Fig. 1 shows the structure of a linear and uniform rectaboth f; and f> to (—0.5, 0.5) because, for example, fgi, we
gular configuration forV; x N, elements of the proposed beamean write
forming network. Each antenna element is denote@hy n.), fd
where0 < n; < Ny —1and0 < n, < N, —landhasa |fi|= ‘—sine
frequency-dependent gain that is the same for all elements. The ¢
direction of the arriving signal is determined by the azimuth anghere),;;,, is the wavelength of the highest frequency. Equation
the elevation angle& and¢, respectively. As in most practical (9) is valid for f> as well.
cases, itis assumed that the elevation angles of the incoming sigcareful examination of (8) indicates that it looks like a
nals to the base station antenna array are almost constant, diedrete Fourier transform (DFT). Hence, the desired 2-D fre-
without loss of generality, we consider=: 90°. The elements quency characteristics, which are divided®y( f1, f2), gives
are placed at the distancesdf andd; in the direction ofr;  the 2-D DFT of the multipliers denoted y,,,,.,. Therefore,
andn., respectively. Assuming that the phase reference pointig taking the IDFT of the values o (f1, f2)/Ga(f1, f2)

Il. RECTANGULAR ARRAY ANTENNA IN AZIMUTH

<iZ <

c

<05 (9

fdl i)‘min :i &
c 2 c2fn =
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0.50 ; an ideal situation, i.e., for perfect omnidirectional antenna ele-
$=tan7! (g—% tan 6) ments withG,( f1, f2) = 1, the amplitude ofH (f1, f>) at the
L wdy, selected points given in Fig. 3 must be equal to one and, at other
N <L/ points out of this region, must be equal to zero. This is demon-
0.25 7 strated by
Higeal(f1, f2)
fi 0 - _ 1; ¢o =tan™? <Z—: tan 90> s <] <y (13)
0; otherwise
wherer; andr;, are as defined in (12). If the elements are not
—0.25 perfectly omnidirectional and allpass, we have to compensate
the frequency and angle dependence of the elements in (13). It
is easily done by replacing 1 in (13) with inverse@f(fi, f2)
as
—0.50 I i I
—0.50 —-0.25 0 0.25 0.50  Higear(f1, f2)
f2 G (f1, f2); o =tan? <ﬁt&n90>
= 2 (14)
Fig. 2. Loci of constant anglé and constant frequency are radial and < |7| <7
elliptical, respectively. 0; otherwise.

For designing the beamformer with beamwidth control, a low-

in the f; — lane, hav€,,, .., and the design i .
In the /1 — /2 plane, we may have’,,,,, and the design Is %q.iss filter is defined by the impulse response

complete. These are the fundamental steps of our first des
method. sinnf

If ¢ is the polar angle of th¢; — f> plane, we will have Hy(f) = e (15)
% - %tang = tan¢ (10) Then,we transforndd,(f) to H(f1, f2) as
2 2
~ d
and eliminating? from (5) and (6) yields H(f1, f2) = Hideal(f1; f2)Hp <a <% - d—: tan 90))
2 2 (16)
< S ) < f2 ) =1 (11) where « is a constant, chosen according to the desired
fdi/c fdz/c beamwidth of the antenna pattern, afidis the direction of

which demonstrates an ellipse with the centefiat f> = 0.1n the main lobe of the desired beamformer. Now, an IDFT is
the special case of, = d> = d, we have circles with the equa_performed on the frequency response values of (16), and the
tions f2 + f2 = (fd/c)? and radiusfd/c. Equations (10) and "€SUlts ar&Ci,, ;.
(11) represent the loci of constant angle and constant frequenQNOt‘)N’ v(\jlebdemfonstrate th%t several ‘jjse;u' pfire}meters of the
in the f, — f» plane, respectively. Plots of these two loci, whicK/ld€band beamiormer can be assigned adaptively.
are given in Fig. 2, are helpful for determination of the angl .
and frequency characteristics of the wideband beamformer. K Beamwidth . . . .

Assume that an array antenna system is to be designed withternull beamwidthAg is defined as the difference between
6 = 6y, fi < f < fn and a center frequency of = f,. theangles ofthe nearestzeros tothe mainlobe. Tofind arelation

A demonstrative plot, which shows the location of the desirdtetweenAd anda, we first combine (15) and (16), which gives

points on thef; — f> plane, is given in Fig. 3. This location is _ nood
limited by ¢g = tan=t ((d1/d2) tan 6p) andr; < |r| < 74, - Sl [Oﬂf (f_; - d—;talleo)}
where H(f1, f2) = Huea(f1, f2) :
am (f—; -z tan@o)
= ﬁE; 7y, = & d: d= \/d% sin® 6y + d3 cos? 6. . 17
¢ ¢ (12) Now, H(f;, f2) = Oyields
The symmetry of the loci with respect to the origin of the- /> i dy
plane results in real values for the multipliers of each antenna o <E d tan 90) =+ £2,.... (18)
elementC,, ., .
The first zeros correspond to the valuk$ on the right side of
lIl. BEAMFORMING USING IDFT (18); hence, we have

The first proposed design method of wideband beamforming dy d1 _

with the specifications of Fig. 3 is explained in this section. In Ny tan 6 — 4, fo ) =+1 (19)
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¢o = tan_l(j—i tanfdy)

Ty = %Ci
rp = {d
fl ' ' : ! f ! <
\ \\ // K d= \/df sin? 8y + d3 cos? Oy
N N A ' < || < rh
025 s B
—0.50 f I I
—0.50 —0.25 0 0.25 0.50
J2

Fig. 3. Location of the desired points on the intersection of the constant angle and constant frequency loci.

which can be rewritten as S Py ra—
- 1 do { a0=10° --
6 = tan L <tan eoia d—l> = 91, 92. (20) 25{ AD=16° —--
. 1 Ap=20° --- -
This means that the nearest two zero&gtared; andé-, where 1 o250 oo AN
6> > 61, respectively. Therefore\@ = 6, — 6, can be written 20 1 A0:30° i ,/ AN
as 10, J K
1d 1d ] Af = 35° — ,/ \\
A =tan™t (tanfy+ — —2 | —tan~* (tanfy— — — | . o 15 Af=40° —, N
&7 dl (&7 dl 4
21 ]
(21) o
Assuming that); and A8 are known, we can derive a relation .
for determininga from A6 as 5]
& tan AG ]
o= ! . (22) ]
—141/1 + tan® A + tan® A tan? 6, 0
This relation is shown in Fig. 4 for various valuesfgfand A6. -0 -8 -3 0 %0 60 %
o, degrees

As an example, fod; = d», 8, = 80°, andAf = 20°, we will
—_ <

havea = 0.275. Fig. 4. Beamwidth parameter as a function of the beam anglg and the

beamwidthA#6.

B. Number of Antenna Elements

The dimensions of the rectangular array are determined Rbé — 11, 26, 41, respectively. Therefore, we can save on the
N1 andNs. The absolute value of the beamformer arfglean  , ;her of elements used considerably when designing different
be related to the number of elements in two directions;aind beamformers with various angles.
nz inaway that fos = 0° and|QO| ~ 90_0' we haveamaximum = 14 jjjystrate the sharpness of the controlled beam pattern of
num_b_er of antenna elements in t_he d|re(_:t|on_ap1’andn2 and  ihe array at the endfire angles, we consider an example. The pa-
a minimum number of elements in the directionswfandni, ameters of the array have been already mentioned in this sec-

respectively. Using a linear relationship, we can write tion, except thaff, = 0.1¢/d, and f;, = 0.48¢/d. Fig. 5 shows
Ny - |6o] (Neo =Ny ) (23) the 2-D frequency response, and Fig. 6 demonstrates the beam
L= | lmax 7 ggo V' Lmax Linin pattern for ten frequencies betwegnand f;,. The FB is here
and about 131%.
_ (90° — |6o])
Ny = {NQ‘“*”‘ o M = M) (24) IV. BEAMFORMING USING MATRIX INVERSION

where[-] denotes the nearest integer to the argument. As an exin the second method for the design of the real multipliers,
ample, forvy_ ., = No = 41, N, =N, = 11 instead of controlling all points of thé — f, plane, which is
andfy = 0, 45, 90°, we will calculateN; = 41, 26, 11 and very difficult to do, we consider only. points on this plane.

max min min
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4]
r

L3

Fig. 5. Two-dimensional frequency response of the first method &yith=
80°.

10

-20 0 20 40 60 80
Angle, degrees

—40

Fig. 6. Directional patterns of the beamformer of Fig. 5 fpe= 0.1¢/d and
fi = 0.48¢/d.

TheseL points are symmetrically distributed on thig — f>
plane and do not include the origin; thus,is considered an
even integer. Two vectors are defined as

b= [bi, ba, ..., br]” (25)
Ho = |:H (flolv f201) ) H(f1027 f202)7
T
H (fio,+ J2o, )| (26)

2147

is expressed by the multiplication of two basic polynomials
and, then, the summation of the weighted result as

H(f1, f2) Zbl<

Ni—1

Z CJQWnl(flflol)>
n1=0
No—1 )

no =0

In fact with this form of H(f;, f2), we have reduced the
problem of direct computation d¥; x N, coefficientsC,, .,
from a complicated system d¥; x N, equations to a new
problem of solving onlyL equations because normally, we
selectL <« N; x N,. Nevertheless, our final task will be
finding C,,,, from &;. Now, we can obtain the relationship
between; andC,,, ., by rearranging (27) as

{Zb —J27n fig, Cﬁﬂ'nzfzol }

I 2mnafi o —j2mns fr

Ni—1Nz—1

2. 2.

n1=0 ny=0

f17 f2

(28)
Comparing with (8) yields

ZG flol f201) —jQWnlflol CJQanfzol (29)

n1n2

i.e., after calculation ob, we can findC,,,,, from (29). The
computation ofb is not difficult from (27). With the definition
of anL x L matrix A with the element§ay,; },1 < k, Il < L as

Ni—1
Z 6127Tn1(f10k flol) Z —J27Tn2(f20k fzol) (30)
n1=0 ng =0
if (27) is rewritten forL pairs of(flol, fQOZ), l=1,2 ..., L;
then, by using (25) and (26), it follows that
Hy = Ab. (31)
Hence,b can be obtained from
b =A"'H,. (32)

It is assumed thaA has a nonzero determinant; therefore, its
inverse exists. Then, the values Gf, are computed from
(29), and the design is complete.

The question may arise as to how the symmetrical points
(f10,> f2,,) with the corresponding gains of(fi,,, f2,,)
should be located in thg — f> plane. In the following section,
we consider the design algorithm for ax44 array withL = 4
selected points.

12

V. SIMULATION RESULTS

where the superscrigf’ stands for transpose. The elements Two simulations are given to illustrate the performance of the
of the vectorH, have the same values for any two pair§eamformers of the first and second algorithms.

(flola fQOZ)vl:]-, 2, ...,

with respect to the origin of th¢; — f» plane. In addition,

L, which are located symmetrically

A. IDFT Beamforming Network

they consider the frequency dependence of the elements in &tthe first simulation of the proposed FSWB network, we as-
way like (14). The vectob is an auxiliary vector and will be sume that a software defined radio (SDR) platform is designed

computed in the design procedure. Now, assumeHtgt, f2)

to receive RF signals with frequencies 2.45 and 5.25 GHz. It

Authorized licensed use limited to: Isfahan University of Technology. Downloaded on May 31, 2009 at 03:38 from IEEE Xplore. Restrictions apply.



2148 IEEE TRANSACTIONS ON SIGNAL PROCESSING, VOL. 50, NO. 9, SEPTEMBER 2002

2.0
] 1.5,
15
b WCDMA ITS 1
1 BlueTooth IEEE802.11a
Normalized 1.0 :
Magnitude ' 11,54
0.5 - Iy
] |l
0-0 L} | TT1.17T I Troed [.

3 4 5 6 7
Frequency f, GHz

L3

Fig. 7. Desired multibandpass behavior of the beamformer for SD :
applications. -5 _ps i

is desired that a single antenna system can simultaneously 6&-138- dP'Ot OftH(flfvtr{Z) demorlftfa“”? ”:e frequency selection and
. . n I I r mart antenna.
form beamforming and frequency selection. We assume thaf'acPand properties of the proposed smart antenna

microstrip rectangular array with independent gain adjustment L i
for Ni__ = Na_ —=4landN,, = No_. — 1lelementsis For each value of the beamformer angleit is desired that the

available. Beamforming is done using fully spatial analog sign pquency response of the beamformer has bandpass properties

processing. The desired frequency response of the beamfor 2 about_1.6_to 2.7GHz _and fromabout4.9t0 5.6 GHz as well
is shown in Fig. 7. as band rejection properties between these two ranges. Hence,

Each element of the antenna array has a frequency and aﬁ(g the conS|de'ratc|jon ofa smg.ll certainty factor, the definition
response as of the H(f1, f2) is done according to

max min

Gl )= (% P+ 5+ 8) (e +1). @ e ()
1, J2) —
This approximate relation is valid for 1 GHz f < 6 GHz and o (% — tan 90)

—90° < 6 < 90°. The frequency and the anglé are measured

by gigahertz and degrees, respectively. We note that (33) isa | _ 2 9 Ry .
normalized equation and has a unit gainfat= 2 GHz and ( L8[f 18[54+ 0.6V i+ Ji + 0'90)
-1 AN
— [ tan™! Z= 1
16 200 < i f2> " )

6 = 0°. The bandpass behavior of (33) in both frequency and <

—1
angle makes it an appropriate measure of nonideal properties

of each antenna element. The antenna spacing is assumed to be . (39)
di = d» = 0.025 m. With SUpStitUtion Ofﬁ = 3 x 10® m/s for for 0.38 < r < 0.49
the speed of wave propagation, we will have, from (5) and (6)
and0.079 < r < 0.24
1 ¢
fr =13 fsind (34) L otherwise
fr=2 feost (35) - v10

] o ) The value off, is set to 30 for this simulation. The parameter
wheref is measured in gigahertz, affidand f, are normalized , ontrols the bandwidth and is calculated to be 4.296, which
parameters without any unit. For obtaining the desired region fresponds to the beamwidth of*2ig. 8 demonstrates the

the f, — f2 plane, itis necessary to calculate (10) and (11) aspagnitude of thel (£, f) according to (39). Two desired re-

i o_ 36 gions in lower and higher frequencies are emphasized by higher
fs tanf = tan ¢ (36)  amplitudes.
For better presentation of the frequency selectivity of the
2
- <i> ) (37) beamforming network, in addition to the compensation of
12 the imperfect antenna element specifications, the directional
Using these equations in (33), we will have patterns of the system are plotted in Figs. 9—-11. Fig. 9 shows the

directivity of the array for frequencies from 1.61 to 2.69 GHz.
Golfi, f2) = <—1.8f12 —1.8f2+06 /f12 T2+ 0.95> Fig. 10 illustrates the patterns for the frequencies from 4.89 to
5.61 GHz. In both figures, we observe no noticeable variation
-1 2 in the gains of the array antenna for the specified frequency
<m <tan E) + 1) - (38) pands. In Fig. 11, the same patterns are plotted for frequencies
from 3.49 to 4.21 GHz. As expected, an attenuation of 10 dB,
Since the maximum value ¢t andf, is 0.5, the maximum op- due to the factor/10 considered in (39), is observed for all
erating frequency of the designed smart antenna will be 6 GHelated frequencies. Therefore, the interferences at the receiver
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Fig. 9. Directional patterns of the beamformer plotted for frequencies froRig. 11. Directional patterns of the beamformer plotted for frequencies from
1.61 to 2.69 GHz. 3.49 t0 4.21 GHz.
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Fig. 10. Directional patterns of the beamformer plotted for frequencies from
4.89 to 5.61 GHz.

-3 -2 2n f2

B (f1027f202):(_f107_f20) (41)

are filtered in frequency as well as angle domains. The FB P (J1o5 f20,) = (=255 f10) (42)
of the array is at least 0.14 and 0.5 for the higher and lower P, - _ _ 43
regions, respectively. Hence, the overall FB is more than 64%. * (Frags foo,) = Fo: =11o) (43)
where f1, and fz, have been found from (5) and (6), respec-
B. Matrix Inversion Beamforming Network tively. Then, we form the vectdd, as
Now, a simple and efficient 4 4 linear rectangular array is Ho, =[1,1,0,0]. (44)

designed, and itis shown that the frequency independence of the

array is quite appropriate for applications where the fractiondlext, A is constructed using (30), aids calculated from (32).
bandwidth is supposed to be in the range of 0.2 to 0.3. The angigally, Cy., ., for1 < ni, no < 4,is computed from (29). Due

of the beamformer is assumed tofe= —40° with the center t0 the symmetry of the selected points in the- f» plane, the
frequency offy = 0.35¢/d, whered = d; = d,. Because of the values ofC,,, ,,, are all real. This simplifies the computation in
limitation of the number of points on tha — f» plane in this Practical situations. The plot d(f1, f2) from (8), which is
examp|e, we assume t}"ﬁtl =1. |n|t|a||y’ four pairs of critical illustrated in Flg 12, shows the actual 2-D frequency response

points(f1, , f2,, ) are calculated as obtained in our design algorithm. Clearly, there are two peak
points atP; andP; and two zeros aP; and P;. The important
P (f1o,+ f20,) =(f105 f20) (40) result of this pattern is that in a relatively large neighborhood
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10 conditions. Furthermore, reception of a wide range of fre-

guencies is done with a single antenna spacing that is cal-
culated for the highest frequency component of the input
signal.

» Beamwidth and the number of elements selected in each
direction of the array are calculated according to the an-
alytical results. For the IDFT method, the sharp endfire
beams are created with the desired beamwidth.

» As an application of the proposed smart antenna, it was

simulated for a SDR platform operating frequency range,

and the result was quite satisfactory because we can obtain
at least a 15-dB attenuation for the interferences of the
same frequency and about the same amount of suppression
for the interferers that come in with the same DOA but
different frequencies.

It is predicted that using microstrip antenna array tech-

nology and analog amplifiers, this type of smart antenna

can be very helpful and cost effective in future versions of
an SDR platform.

-20 0 20
Angle, degrees

40

60

80 .

Fig. 13. Directional patterns of the 4 4 rectangular array for ten equally
spaced frequencies betwegn= 0.3¢/d andfh = 0.4¢/d.

Between two discussed algorithms for computation of the real

of the point corresponding t§ = fo, we observe an almostWeights, the first method using IDFT gave more a controlled
constant amplitude. This observation for ax44 rectangular beam pattern compared with the second method using matrix
array makes it a wideband array when it is designed for tfieversion. Instead, the second method, although it is for larger
center frequency of the frequency band. Fig. 13 demonstratesamwidth, required a lower number of antenna elements.

this fact more clearly. According to this figure, the frequency

response for mainlobe and sidelobe invariance of the patterns is

from f; = 0.3¢/dto f, = 0.4¢/d, i.e., afractional bandwidth of
28.5%. Assuming a system with the carrier frequency of about
2.1 GHz, i.e.,fo = 2.1 GHz, we will have
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