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Abstract— This paper presents a performance analysis of two linear ar-

rays structures considering the effect of excitation coefficients and random z

separation between elements. The results obtained show that these config- MM+1
urations can produce good radiation patterns in terms of side lobes level a /
and directivity. Depending on the chosen parameters the irradiation pat- " M+1

tern can be optimized as compared to the one obtained using binomial co- aMy/ '
efficients and as good as the patterns obtained using Dolph-Tschebyscheff. r ___a /
This method can be used in order to get a smoother irradiation pattern and a / no2 or

can be useful to control de irradiation pattern in response to user mobil- A 1

ity. Another advantage is related to the numerical processing involved in a % Y ,al 1 :y

the computation of excitation coefficients. They are chosen randomly from
a convenient set, while in other cases they are computed in real time and -
depend on antenna dimensions, a task which can be computer intensive.
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I. INTRODUCTION M

LTHOUGH it is now a consolidated area, the antenna ar-

ray theory has given researchers the opportunity of study- @) (b)
ing applications involving signal processing methods, in order
to get controllable antenna patterns in accordance with inforn%i L. Linear array with non-uniform amplitude excitation for (a) an even or
tion exchanged between the users of a wireless communicatf pdd number of sensors distributed along tfws.
system and the radio base station. These antennas are called
smart antennas and require that all numerical processing at &veay from array, The array factor can be written as
radio base station be fast and efficient. So, it is necessary to de- . i
velop good algorithms in order to shape the irradiated pattern in (AF)oy = agel s ) 4 gyed 2" cos(®)
a desired direction in response to a mobile user requirement. Loy anejw cos(9)

_An approach to_ control the |_rrad|at|on pattern is to adjust cer- i cos(s) 3k cos(p)
tain parameters, like the spacidg between array elements, the T ome 7 +aze 72
excitation coefficients amplitude,, and the transmitted phase + et ane—jwcos@, (1)
0. Therefore, in this work one proposes another method of
allocating the sensors and controlling the amplitude of the ex@nd can also be written in a normalized form as
tation coefficients,,. Uniformly distributed random parameters M
are used. Such parameter arrangement presents good advantages (AFyy) = Z .y, COS [(M) kd 605(0)] , 2)
in relation to classical linear configurations and can be a practi- n—1 2
cal solution to wireless local loop systems.
wherea,, are the array excitation coefficients, = %’T dis
[I. DEVELOPMENT the distance between the array elemektgpresents the wave-

In the following the viability of three types of array config-length and is the horizontal angle used to observe the irradiated

uration are analyzed, considering the irradiation pattern shape, .

. o . . f the number of isotropic elements is oddy/ + 1, as shown
regarding the excitation coefficients values and displacement. of . .
X : : in Figure 1(b), the array factor array can be written as
the antenna elements. First, consider an array with an even num-

ber 2M of isotropic elements (sensors), symmetrically placed (AF)anr41

2a1 + azet*deos(®) 4 g, piZkd cos(d))

along the z-axis, as shown in Figure 1(a). Bhexis is used for L -ta J2Mkd cos(9))
convenience, without loss of generality. Considering the spac- .‘M“ o

. i L + a efgkdcos(e) +a €7J2kdcos(9)

ing between elements constant, that amplitude of the excitation 2 _ 3

coefficients is symmetrically distributed around thexis ori- + - ape I2MEdcos() (3)

gin and the irradiated field observations are taken at a point far. )
or in normalized form
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La cos(ﬁ)} ]

The two usual methods to obtain the excitation coefficienteents and:,, ~ Ula;, a,], can be written as
are the binomial expansion, using coefficients of the function
f(z) = (1+z)™ 1, and the Dolph-Tchebyscheff's polynomial S
coefficients. In the first case, the positive coefficients of the se- (AF)2m Z @n €OS {
ries expansion for different values of form the known Pas-
cal’s triangle. Usingn as the number of array elements, then (a; + a,) M 2n—1
the expansion coefficients represent the relative amplitudes of = D) Z S [ kd COS(G)} ()
the elements.

In the second case, considerikdcos(d) = u, the terms and the array factor whety, ~ U|[d;, d,], can be written as
cos(nu) in Equation 4 can be expanded in a series of cosine

n=1

functions withu as argument. For example, for = 9, —
(AF)opm = Zan cos kd cos(f)
cos(mu) = 256cos(u)’ — 576 cos(u)” + 432 cos(u)®
d,
— 120 cos(u)* + 9 cos(u), (5) - " N a.Sa((2n - D) —

@) ; Jur)

form a Tchebyscheff polynomial of order 9, or using another d; M

notation, - = anSa((2n — ), (8)
(d,. —dy)

n=1

To(z) = 2562° — 57627 4 4322° — 1202 + 92.  (6)

whereu, = fecos®) 1, — kdicosl) gngge(z) = S,

In (8) the excitation coefﬂments could be obtalned using the
In this work, instead of using a deterministic method to finBinomial expansion or Tchebyscheff’s polynomial and in this
the excitation coefficients, their values are assumed independesge it presents the irradiation pattern shown in Figure 3 nor-
and uniformly distributed in the intervd,, a,], wherea; and malized with respect to the binomial expansion. The normaliz-

a, are related to the number of elements in the array. In thisg factor wag AF; )max = 22(M -1,

case, it is interesting to consider an average irradiation pattern.

Figure 2, show normalized irradiation patterns of the proposed )

method in order to compare with the conventional methods. 300
In addition to the the use of random excitation coefficients, -

the distancead between elements can also be uniformly dis- ) \ .

tributed in the intervald,, d,.], which gives the pattern shown eorj/ B 05 s 60°

in Figure 6. /" e R ol
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Fig. 3. Average array factor for an array with 8 elements distributed around
L . L L the origin of thez axis, with the amplitude of the excitation coefficients given
12hj ; g ~120° by the binomial expansion and the spacihpetween the elements uniformly

i : distributed in[0.25, 0.45] ), [0.00, 1.00]A and[0.0.0, 0.50]\.

ke, g As can be seen, its possible to obtain a good irradiation
[ D pattern control just controlling the spacing between the ar-
ray elements. In the same way, the irradiation pattern when
Fig. 2. Average array factor for an array with 8 elements distributed around tehebyscheff’'s polynomial is used, is shown in Figure 4.
origin of the z axis with the amplitude of the excitation coefficients uniformly As can be seen, the array factor produced the elimination of
distributed in the intervg8, 16]. The spacing! between the elements are mad¢ne side lobes whed ~ U[0.25,0.45]\ and an interesting be-
equal tox/2, A\/4, A/6 and\/8. N . . .
havior whend ~ U[0.0,0.5]A. Comparing Figure 4 with the
L Figure 5 one can see that the random sensors allocation provides
The average array factoA’), considering 2M isotropic ele- an improvement over the conventional Tchebyscheff’'s method.
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Fig. 4. Average array factor for an array with 10 elements, distributed aroufid. 5. Average array factor for an array with 10 elements distributed around
the origin of thez axis with the amplitude of the excitation coefficients given bthe origin of thez axis with the amplitude of the excitation coefficients given
Tchebyscheff's polynomial and the spaciddetween the elements uniformlyby Tchebyscheff's polynomial and the spacihbetween the elements given by
distributed in[0.25, 0.45] ), [0.00, 1.00]A and[0.0.0, 0.50]\. /2.

The antenna length is given by the addition of all indivigintensityU in a given direction to the average radiation intensity
uals lengths. For example, if the distances between the efver all directions and is given by

ments werd 0.25A 0.32XA 0.15A 0.45\ 0.50A ] so, the Umax
antenna length would be67\. D= Uy (11)
When botha,, andd,, are random, the average array factor is L
. whereU, is given by
given by
1 27 ™
Up=— / / U (6)senfdpdb (12)
471' 0 0

(AF)om = E

M M —1
Z ap, COS { 5 kd, cos(@)H . 9)
n=1 andUmax= [(AF)3,/] |9:90.

For an array witl2 M elements positioned on theaxis, U

Assuming that.,, andd,, are completely independent, we haveCan be written as

M M
e ar + ap _ 2
AF = — . 2n — 1u, U, = an”[1+ Sa((2n — 1)kd
(AF)2m 0, —d)) nz::ld Sa((2n — 1)u,) ; [ (( Jkd)]
M M-1 M
n=1 n=1 m=n+1
M-1 M
When bothd,, anda,, are uniformly distributed in appropriate — 9 Z anamSa((n — m)kd) (13)
intervals, the average irradiation patterns are as shown in Figure =1 mend1

6. and the maximum radiation intensitymax is given by
When compared to the irradiation pattern obtained with bino-
mial expansion, as shown in Figure 7, there are some undesired M M-l M

side lobes that can be reduced with an appropriate parameter Umax = Z az, +2 Z Z UG- (14)
choice. Figure 7 shows a normalized irradiation pattern Wwith n=1 n=1 m=n+1

elements and excitation amplitudes given by the binomial eyvhend = ) /2, the directivity expression is reduced to
pansion.

M
Although the binomial expansion can completely eliminate p = Umax _ (Z, an)? (15)
side lobes whed = )\/2 andd = \/4, there is a disadvantage U, M oan?

in using such method because the coefficients present a larg

variance, the compromises the practical use of the antenna ?Sngvrgenré;ﬁ sgﬁgg}g)gﬁgﬁg'gve;tj aerf:/;ﬁjrédic;m it/heendblrectMty
its efficiency be reduced. g9 g y

An important parameter that can be obtained is the directiv- Umax]

ity. This parameter is defined as the ratio between the radiation Dmax=FE U,

(16)




International Telecommunications Symposium — ITS2002, Natal, Brazil

[ N B

0°

180°

Fig. 6. Average array factor for an array with 10 elements distributed aroundfig. 7. Average array factor for an array with 11 elements distributed around
origin of the z axis with the amplitude of the excitation coefficients uniformlyhe origin of thez axis with the amplitude of the excitation coefficients given
distributed in[8.0, 16.0] and the spacing between the elements uniformly dis-by the binomial expansion and the distamtleetween the elements given hy
tributed in[0.25, 0.45]\, [0.0, 0.50]A and[0.0, 1.0]A. A/2,\/4e3\/4.

Three values of directivity, for the Binomial expansion]6]
Tchebyscheff’'s coefficients and random coefficients were ob-
tained, respectivelyp, = 7.31dB, D, = 9.48dB andD3; =
9.23dB. These values were obtained using an array with 10 elé}
ments and a spacing= A\/2. The valueD; was obtained using
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random excitation coefficients and, as can be seen, this meth&d Josef FUHL. Smart Antennas for Second and Third Generation Mobile

offer good results as compared to the classical methods.

[0l
CONCLUSION

This paper proposes another method for controlling the irrg-o]
diation pattern of an array antenna with sensors displaced sym-
metrically around the axis. The results shown here were ob-
tained considering far field observations and show good restilt$]
compared to classical methods, including binomial expansiiﬁ]
and Tchebyscheff’s polynomial. Its presents a practical and fas
way of adjusting the irradiation pattern. Those characteristics
are important when wireless local loop and mobile cellular sys-
tems are deployed.
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