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Abstract

In this paper, we use eight transmitter antennas and eight receiver antennas as the circle antenna

arrays. Shooting and bouncing ray/image (SBR/Image) techniques combining with antenna pattern are

used to calculate the impulse response in indoor wireless environment. Beamforming techniques are

employed to reduce the multi-path effect of the channel and bit error rate (BER). We adjust the

excitation amplitude and feed length of each array element to synthesize the pattern of the antenna

array by using the genetic algorithms (GA) and self-adaptive dynamic differential evolution (SADDE).

Numerical results show that SADDE algorithm outperforms GA algorithm in terms of bit error rate

performance and convergence speed.
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1. Introduction

Beamforming techniques make use of antenna array

elements and integrate multiple antenna elements with a

signal processing [1�11]. These techniques combine the

signals from multiple antennas in a way that mitigates

multipath fading and maximize the output signal-to-no-

ise ratio. It can obviously enhance the performance of a

communication system. Beamforming technology in wire-

less communication can apply to the receiver [1,2] and

the transmitter [3�10]. The beamforming technique at

receiver is to perform combining or choosing in order to

improve the quality of the received signal. When using

the beamforming techniques to be transmitter and re-

ceiver, it can focus the synthesized antenna array pattern

to optimize available processing gain by adjusting the

excitation phase delay and amplitude of each antenna ar-

ray element and so on.

Most papers about ultra wideband antenna array are

employed for the transmitters instead of receivers [7�
10]. To the best of our knowledge, a smart ultra wide-

band circular antenna array at both the transmitter and

receiver has not investigated by SADDE yet [9,10]. In

this paper, we propose a smart ultra wideband circular

antenna array at the transmitter and receiver to synthe-

size array pattern for minimizing the BER performance

in UWB communication system. UWB communication

system spans a wide bandwidth in the frequency domain.

Adjusting the same excitation phase delay of the UWB

antenna for different frequencies is difficulty. Thus we

control the feed length of the array element. It provides

the excitation phase delay which varies with different

frequencies to synthesize the antenna array pattern.

In this paper, both genetic algorithm and self-adap-

tive dynamic differential evolution are used to regulate

the antenna feed length of both transmitter and receiver

array elements to minimize the BER performance of the

communication system. The remaining sections of this

paper are organized as follows: section 2 briefly explains

the formulation of the problems which include antenna
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pattern, channel modeling and the BER calculation. Sec-

tion 3 describes the genetic algorithm and self-adaptive

dynamic differential evolution. Numerical results are then

presented in section 4 and conclusion is made in section 5.

2. System Description

The whole block diagram of simulated system can be

depicted in Figure 1. It is the B-PAM UWB modulator

and demodulator. We exploit eight antennas of the circu-

lar antenna array for transmitter and receiver respectively,

to generate baseband impulse response hb(t). Each ele-

ment is the UWB printed dipole antenna with circular

arms, which has been designed in [12,13]. The radiation

pattern between 3 GHz and 7 GHz is omnidirectional in

the azimuth plane, which convey widely to the objects

having undefined the position in relation to each other.

Because of this advantage, we use this kind of antenna

for circular array element. The array factor of this circu-

lar antenna array can be written as

(1)

In is the excitation voltage. k = 2�/� is the wavenumber,

where � is the wavelength of the sinusoidal wave. R is

the radius of circle array (R = 6.75 cm). �n (f) is the phase

delay in different frequency. We exploit eight antennas

at transmitter, the position of antennas is put on the �n =

0, 45, 90, 135, 180, 225, 270 and 315 degrees in the cir-

cle array respectively. According to (1), the array factor

of the transmitter and receiver can be derived and de-

noted as AFt and AFr.

Thus the total radiation vector can be express as

(2)

where Ne (�t, �t, f), Ne (�r, �r, f) are the radiation vector

of individual element which can be obtained by the

HFSS software based on the finite element method.

As shown in Figure 1, {d} is the input binary data

stream and { �}d is the output binary data stream after de-

modulator and decision device. When {d} passing through

the B-PAM modulator, the received signal r(t) can be ex-

pressed as follows [10]:

(3)

where x(t) is the transmitted signal and hb(t) is the im-

pulse response of the equivalent baseband, n(t) is the

white Gaussian noise with zero mean and variance N0/

2. The correlation receiver samples the received signal

at the symbol rate and correlates them with suitably de-

layed references. The output of the correlator is Z(t) =

V(t) + �(t). It can be shown that the noise components

�(t) are uncorrelated Gaussian random variable with zero

mean. The variance of the output noise � is
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Figure 1. Block diagram of the simulated system.



(4)

where Et is the average transmit energy.

Finally, the average BER for B-PAM IR UWB sys-

tem can be expressed as [10]

(5)

where erfc(x) =
2 2

�
e dy

y

x

�	


 is complementary error

function and { }
�
d = {d0, d1, …, dN} is the binary sequ-

ence.

3. Relative Algorithm

3.1 Genetic Algorithm

Genetic algorithm is a scheme to optimize the nu-

merical result. It recombines and evolve the genes in na-

ture. In the beginning, we select population of potential

solutions randomly to optimize iterations. Then evolve

toward a better solution gradually by operators.

When considering about the circular antenna array,

we adjust feed length instead of phase delay of each ar-

ray element due to different frequency. The relationship

between n-th antenna feed length � n and the excitation

current phase delay �n can be expressed as follows:

(6)

where � is the wavelength. Thus, we regulate the an-

tenna feed length of each array element to get an opti-

mal radiation pattern which can minimize the BER.

The genetic algorithm is used to maximize the fol-

lowing fittness function:

(7)

where fF is the inverse of the average BER for B-PAM

IR UWB system. Through reproduction, crossover, and

mutation operate repeatly, the initial population is trans-

formed into a new population in an iterative style. New

populations will contain increasingly better chromosomes

and will finally converge to an optimal population that

consists of the optimal chromosomes.

3.2 Self-adaptive Dynamic Differential Evolution

The SADDE is evolved by DDE scheme. The SADDE

algorithm begins with an initial population of potential

solutions which is composed by a group of randomly ge-

nerated individuals. SADDE algorithm procedures can

divide into six steps.

First, we initialize a population. Each individual in

SADDE algorithm represent a set of D-dimensional vec-

tors in the parameter space for the problem, {Xi: i = 1, 2,

…, Mp}, where D is the number of parameters to be opti-

mized and Mp is the population size.

Second, we evaluate the population by applying ob-

jective function.

Third, we perform mutation operation for individu-

als to generate trial vectors. In SADDE, the basic idea is

to have the control parameters evolve through genera-

tions. New vectors are generated by using the evolved

values of the control parameters. These new vectors are

more likely to survive and produce offspring during the

selection procedure. In turn, the survived vectors carry

the improved values of the control parameters to the next

generation. Therefore, the control parameters are self-

adjusted in every generation for each individual.

Fourth, we exploit crossover operation with proba-

bility of crossover Crs to deliver crossover vectors. The

parameter vectors can be increased through the cross-

over operation. The crossover operation is similar to the

crossover process in GA. However, the crossover opera-

tion of SADDE algorithm just allows to deliver the cross-

over vector by mixing component of the current vector

and the trial vector.

Fifth, we perform selection operation to produce off-

spring. Selection operation is conducted by comparing

the parent vector X i

g
with the crossover vectors ui

g� 1
. The

vector with larger objective function value is selected as

a member of the next generation. The SADDE algorithm

is carried out in a dynamic way: each parent individual

will be replaced by his offspring if the offspring has a

better objective function value than its parent individual

does.

Finally, if the termination criterion is satisfied the

Beamforming Techniques at Both Transmitter and Receiver for Indoor Wireless Communication 409



object function, we stop the process and obtain the best

individual. If it is not satisfied the object function, then

go to step 2 until it meets the termination criterion.

4. Numerical Results

We investigated a realistic environment in Figure 2.

The length is 10 m, the width is 10 m and the height is 3

m. There are one metallic cupboard and three wooden

bookcases. Both of the cupboard and bookcases are 2 m

in height. The radiation wave can penetrate through woo-

den bookcases and is totally reflected by the metallic

cupboard. A plan view of the environment is shown in

Figure 2. Tx and Rx are 1 m in height. The transmitter

and receiver position is at Tx (7 m, 5 m, 1 m) and Rx (3

m, 8.5 m, 1 m). A three-dimensional SBR/Image tech-

nique combined antenna radiation pattern has been pre-

sented in this paper. This technique is used to calculate

the UWB channel impulse response for each location of

the receiver.

Furthermore, we exploit the impulse response to cal-

culate the BER. Due to the omnidirectional characteris-

tic of the array element [12], the range of frequency in

the UWB channel is simulated from 3 GHz to 7 GHz.

GA algorithm (GA) and self-adaptive dynamic dif-

ferential evolution (SADDE) are used to minimize the

BER. In our research, the fittness function is the inverse

of BER in (7), the number of generation is 1000, i.e.,

when the generation is up to 1000, the algorithm will be

terminated. The relative parameter for GA is as follows:

the population size is 200, bit length is 10 cm, crossover

probability is 0.4, mutation probability is 0.025, the rank

number is 120. In SADDE, the population size is 80, the

crossover probability is 0.8.

Figure 3(a) is the radiation pattern for Tx to Rx in x-y

plane by GA. It is found the side lobes of transmitter’s

pattern is still large. Figure 3(b) is the radiation pattern

for Rx to Tx by GA, we can find that the radiation pattern

point to the transmitter directly which is about 137 de-

grees. Figure 3(c) is fittness function of GA. The hori-

zontal axis is the number of the generations and the verti-

cal axis is the fittness value which is equal to the inverse

of the summation of BER from SNR = 20 dB to SNR =

40 dB. Here SNR is defined as the ratio of the transmitted

power to the noise power at the receiver. It is seen that

the fittness function does not converge at the 1000th gen-

eration. Figure 3(d) is the BER performance from SNR =

20 dB to SNR = 40 dB.

Figure 4(a) is the radiation pattern for Tx to Rx in x-y

plane by SADDE. We can find that the sidelobes in Fig-

ure 4(a) is smaller than those in Figure 3(a). Figure 4(b)

is the radiation pattern for Rx to Tx by SADDE. Figure

4(c) is fittness function of SADDE. In Figure 4(c), the

fittness function almost converges after 200 generations

by SADDE. Note that, in Figure 3(c), the fittness func-

tion did not converge after 1000 generations. It is clear

that the convergent speed of SADDE is faster than GA.
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Figure 2. A top view of the environment.

Figure 3. The radiation pattern by GA. (a) radiation pattern
for Tx, (b) radiation pattern for Rx1, (c) fittness
function for each generation by GA, (d) BER vs.
SNR.

(a) (b)

(c) (d)



Figure 4(d) is the BER performance from SNR = 20 dB

to SNR = 40 dB. It is found that the BER in Figure 4(d) is

smaller than that in Figure 3(d). In other words, the BER

performance by SADDE is better than that by GA.

5. Conclusions

In this paper, we exploit UWB circular antenna ar-

rays at both transmitter and receiver to minimize the BER

performance in indoor circumstance. We employ GAand

SADDE algorithm to adjust the feed length and excita-

tion amplitude for synthesizing the radiation pattern. The

radiation patterns for transmitter and receiver can point

directly to each other by using GA and SADDE. How-

ever, the side lobes of transmitter by GA are a little bit

large compared to SADDE. Numerical results show that

the accuracy and converge speed for SADDE are better

than those for GA.
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