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1. Introduction

During the last decade, an adaptive antenna has considerable received the interest for
mobile communication systems. This is because it can increase the system capacity by reducing
interference. To achieve the interference reduction, an adaptive algorithm is necessary. There are a
number of the adaptive algorithms proposed to improve the signal-to-interference plus noise ratio
(SINR) in such the systems i.e. [1]. Recently, an adaptive on-off algorithm was introduced to
achieve a high SINR [2]-[3]. This approach maximizes the array output power. The SINR
improvement using the algorithm depends on the strength of received signals. Namely, the
algorithm work well if the power of the desired signal is sufficiently stronger than that of
interference. It is know that generally an adaptive antenna using on-off algorithm adjusts its main
beam to the desired signal. Nevertheless, its nullity does not appear at the interference direction.

Another popular adaptive algorithm recently proposed in [4] is a constant modulus
algorithm (CMA) which is a blind algorithm. The algorithm does not need a training sequence for
adaptation. It can eliminate interference with the condition that the transmitted signal has a constant
envelope, for example, a frequency- or phase-modulated signal. This is because the interference
signal involves the amplitude fluctuation on the received signal. The main drawback of applying the
CMA to the adaptive antenna system is its slow convergence property. It was reported that the
convergence behavior of CMA heavily depends on its initial condition [5]. Recently, the problem of
CMA convergence property was resolved by using the concept of the digital beam-switching
initialization for CMA [6]. However, it is still sensitive to convergence because there are only
sixteen initial beams used for adaptation of CMA. Moreover, an adaptive antenna using CMA has a
nullity at the interference signal but it does not guarantee whether its main beam directs to the
desired signal.

In this paper, we propose a combination between CMA and on-off algorithms. The on-off
algorithm is utilized to generate an initial beam for CMA. Then, CMA is used for adaptation to
eliminate interference. After introduction, a combination between CMA and on-off algorithms is
presented via its derivation in Section 2. Simulation results are shown to validate the performance
of the proposed technique in Section 3. Finally, the conclusions are drawn in Section 4.

2. On-off and CMA Adaptive Array Antenna
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Figure 1: Architecture of the proposed technique

Fig.1 depicts the architecture of the proposed adaptive array antenna using a combination
between on-off and CMA algorithms. The four-element linear array antenna with element spacing d
of 0.25/ is used. The complex signals received by n” antenna element and then down converted are
digitized by analog-to-digital converters (ADCs). The received signals can be defined as

x(k)=As(k)+n(k) (D
where s(k) and q;k) are the transmitted signal and additive noise vectors, respectively. The matrix
A=[1 "0t gImUkdeosiT denotes an array response and the received signal vector is defined in [6]

The adaptive on-off algorithm is used for yielding the maximum array output power. The

adaptive weight is updated by

w(i) =&, )
Here, a is a progressive phase between each element, which can be obtained from
o =—kd cos ¢, 3)
where ¢, are the main beam directions in azimuthal plane and can be adjusted by using the iterative
algorithm as given by
Po(it1) = do(i) + (i) “4)

where y(7) is the on-off variable which is chosen for the weight drives the output power to its
maximum using the rule that [2]

@ >0 D=1

d <o p=-1 5)

1) if D = 1, then w(i+1) = w(i) and this means that if the output power P(¢) increases, then
the direction of the next iteration is in the same direction as the previous one.

2) if D = -1, then w(i+1) = -y(i), and this means that P(¢) is decreasing. Therefore the
direction of the next iteration must be changed.

Hence, D = 1 is maintained as long as power increases.

The output from on-off algorithm has been used as the effective input of the CMA antenna
system X(k) which can be expressed as

. .;Cl(k) = Wix,'(k). (6)
Collecting the effective input x;(k), we may write
X(k) = [xo(k) x1(K) ... Ty (K)]". (7

The complex effective input signal x;(k) is then multiplied by an adjustable complex weight w;(k).
Therefore, using matrix-vector notation the adaptive array output is written as

(k) = W(k)"x(k) @®)

W(k) = [o(k) Wi(k) ... waa(R)]" ©)

where
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where 7 is the vector conjugate transpose. The CMA adjusts the weight vector w(k) in a way that
the cost function is minimized based on the stochastic gradient steepest descent method. The weight
updated equation is defined as [4]

W(k+1) = W(k) - 4ux(k)y (/W0 - o°). (10)
3. Simulation Results

The simulations were conducted to evaluate the performance of the proposed system. The
desired and interference signals were n/4-QPSK-modulated and propagated through an additive
white Gaussian noise (AWGN) channel. In practical wireless environments, the desired signal
power is normally larger than that of the co-channel interference. Here, the power of the desired
signal was set to be 3 dB stronger than that of interference. The signal-to-noise ratio (SNR) was set
to be 30 dB. In our simulations, the incident angle of desired (¢p) and interference (¢;) signals were
30° and 150°, respectively. Fig.2 illustrates the radiation pattern of the antenna after adjusting the
main beam direction to the desired signal direction by using an on-off algorithm. With the on-off
algorithm, the main beam of the antenna directs to 30° (desired signal direction) as seen in the
figure. However, the nullity does not appear at the interference direction (150°). The resulting SINR

is not enough. Therefore, the SINR should be further increased by using CMA in order to increase
SINR.
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Figure 2: Radiation pattern obtained from only on-off algorithm.
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Figure 3: Radiation patterns obtained from a combination of CMA and on-off algorithm.

The antenna pattern obtained from the on-off algorithm is used as an initial beam for CMA.
Fig.3 shows the radiation pattern after respectively performing on-off and CMA algorithms. The
main beam of the antenna obtained from on-off and CMA algorithms direct to 27° close to the
desired signal direction (30°) as seen in the figure in which the nullity appear at 150°. By using a
combination between CMA and on-off algorithm, it is clear that the main beam and nullity of the
final antenna pattern are in the direction of the desired signal and interference, respectively.
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Table 1: SINR obtained from the adaptive array antenna

Incident Angle SINR (dB)

On-off Algorithm | Proposed System
¢p=30, #=150 14.4 50.2
¢p=00, $=150 11.7 50.2
#p=90, $=150 15.8 50.0
#p=30, $=100 27.4 50.2
¢p=060, $=100 7.5 49.9

Besides only a simulation case seen above, Table 1 shows the SINR improvement with five
different cases of the incident angles of the received signals. As seen in the table, all SINRs
obtained from the conventional on-off algorithm are relatively small, which depend on the antenna
pattern. The SINRs obtained from a combination of CMA and on-off algorithms are approximately
50 dB higher than that from only on-off algorithm. The on-off algorithm adjusts only the antenna
main beam to the desired signal while does not guarantee whether the nullity of the antenna appears
at the interference direction. On the other hand, the antenna pattern obtained from performing only a
CMA has the nullity at the interference direction but its main beam does not direct to the desired
signal direction. According to Fig. 3 and table 1, it reveals that the proposed system operates very
well by reducing the interference and maximizing the array output power.

4. Conclusions

In this paper, a combination of CMA and on-off algorithms has been proposed. In the
proposed technique, an on-off algorithm is utilized to maximize the array output power. The beam
whose main beam almost direct to the desired signal is employed as an initial beam for CMA. With
the initial beam, CMA is used to adjust the nullity of the antenna to the interference signal. The
simulation results show that the nullity obtained from the proposed antenna appears at the
interference direction while the main beam directs to the desired signal.
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