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3.1 Monopole Antenna. Monopole antenna is one type
of the wire antennas having the simplest structure for
manufacturing. In addition, there is ¢ close-form expression
for caleulating mutual impedances. The disadvantage of
monopole antenna is on the space requirainent of its
structure. For mobile devices, itis impractical to install such
awire antenna. However, the mutual impedan
of monopole antenna are in the puxhc formt
help the optimization process much casier.
Consider an MIMO svstem with
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where 1 is the intrinsic impedance of the medium, 1 is the
length of the monopale, k is the circular wave number equal
to 2n/4, d,; is the distance in unit wavelength, and C; and S,
are cosine and sine integrals.

3.2, Bow Tie Antenna. In order to confirm the proposed
method of finding optimal MIMO untenna positions, the
other antenna structure has to be undertaken. In this
paper, the bow tic antenna is adopted because it is a
microstrip antenna which can be easily implemented on
the printed circuit board, and it requires a little space for
installing. Although bow tie antenna seems more practical
than monopole antenna, there is no close-form formula
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5 The conliguration of two bow tie antennas,

for caiculating the mutual impedances. This causes the
optimization process 1o be more difficult.

i this paper, the anthors achieve the mutual impedance
of bow te antennas by using C8T Microwave Studio
program. In fact, GA is available in the new version of CST
programming. Nevertheless, the matrix operation is still not
mcluded in the capability of CST programming. Then, to

caleulate MIMO capacity, the use of MATLAB programming

is still necessary. Consequently, it is impossible to solve
A GA problem in MATLAB by real-time interfacing with

CNT programming,. In order to response this constraint, all
possible mutual impedances between two bow tie antennas
are collected and stored in the specific file in which the
MATLADL program can read
later. Figure 2

A processing
shows the configuration of two bow tie
antennas which are designed and simulated by CST. The
mgle 6 and distance o are varied to cover all possible
positions of two antennas on the lmited area of mobile
devices.
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FIGURE 3: The dimension of bow tie antenna.

Ficure 4: Example of antenna positions on a mobile device using
CST for monopole antennas.

which is approximated as the size of iPhone device. For bow
tie antennas, the dimension is shown in Figure 3 and the size
of a ground plane is 40 x 100 mm? which is approximated as
the size of Nokia device.

4. Genetic Algorithm

The examples of CST layouts for monopole and bow tie
antennas are illustrated in Figures 4 and 5, respectively.
Accordingly, the examples of four antennas mounted on
PCB with dimension of mobile devices are shown in Figures
6 and 7. From measurements of both monopole and bow
tie antennas, the return loss of expected frequency band
is below —10dB which is in an acceptable condition for
implementation.

5. MIMO Channel Model

Since the channel capacity is determined by the radio
propagation conditions of MIMO channel, characterization
and modelling of MIMO radio channels for different envi-
ronments are critical issues. Accuracy of the model used in
design plays a vital role in the validity of predicted system
performance. The channel H can be written as shown in
Figure 1 [3]. There is an arbitrary number of physical paths
between the transmitter and receiver [12]; the ith path having
attenuation of a;, makes an angle of departure Q; with the

International Journal of Antennas and Propagation

Ficure 5: Example of antenna positions on a mobile device using
CST for bow tie antennas.

FiGure 6: Example of monopole positions on a mobile device.

transmit antenna array and an angle of arrival Q,; with the
receive antenna array;

H= an’er(Q,,)e,(fl,i)*, ©
where
ab = ai\/NiN, exp(-ﬁﬂ_‘{f) (10)
. 1 r L2 A[ 4
( ‘ '
1 exp[-j(274,Q)]
i N ; (11)
Lexp[ (N, - 1)(27A,Q)] |
[ 1 0
1 exp[—j(2nA,Q)]
o) = o 4 W
Lexp[= (N - 1)(27A,Q)] |

Also, d; is the distance between transmit and receive
antennas along path jth. The vector ¢/(Q) and e,(Q)
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FiGure 7: Example of bow tie positions on a mobile device.

are, respectively, the transmitted and received unit spatial
signatures along the direction, A is the wavelength of the
center frequency in the whole signal bandwidth. A, is the
normalized transmit antenna separation, and A, is the
normalized receive antenna separation. Note that the authors
use (9)—(11) as presented in [13].

Then, the MIMO capacity C using equal-power alloca-
tion can be expressed by [14]

H_HI
C=logzdet<l+p—'}'\]ﬂ>, (13)

t

where p denotes the received signal-to-noise ratio (SNR) and
()" denotes the complex conjugate transpose.

There are many algorithms to find the best optimal
solution for our problem. The exhaustive search is well
known as the simplest algorithm. It verifies all possible
combinations of optimized parameters and therefore can
definitely find the best possible solution. But the time
required for exhaustive search increases rapidly when the
number of parameters increases. Instead, GA method is
a search algorithm based on the mechanics of natural
selection and natural genetics. They combine survival of the
fittest among candidates with a structured yet randomized
information exchange. This method uses genetics terms
like fitness, population, generation, mutation, gene, and so
forth. In contrast to random search methods, GA method
is no simple random walk. It efficiently exploits historical
information to speculate on new search points with expected
improved performance. Its goal is to find a population of
trading strategies with the best fitness (optimization criteria
values). GA method combines the best characteristics of
other optimization methods such as fast convergence that
does not depend on properties of optimization criteria like
smoothness and robustness. Figure 8 shows the flowchart of
GA method and Figure 9 shows the example of GA fitness
output versus iteration time (generation).

The objective function which determines the optimiza-
tion goal is called the fitness function. The goal of this
design in determining the design parameter is to solve for
the optimal antennas positions. The design parameter is
a distance (dj;) between antenna elements. The maximum
channel capacity can be achieved by considering the effect

Initial population

Fitness function
Sel
Crossover

Stop condition

lect

FiGure 8: Flow chart of GA method.
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FiGure 9: Example of GA simulations.

of mutual coupling between antenna elements. The fitness
function can be determined by using MIMO capacity given
in (13).

6. Results and Discussion

6.1. Deterministic Channel. The simulations of GA method
to find the optimal antenna positions on a mobile device
are undertaken by MATLAB programming. Basic parameters
of evolving process are set as follows. The crossover and
mutational probabilities are 0.8 and 0.2, respectively. The
population includes 200 individuals. The number of gener-
ations is 150. Figure 9 shows an example of GA simulation.
In this figure the optimal solution is achieved after 125
generations. This solution provides the coordination of
either three or four antennas described as case (b) in Tables
1 and 2, respectively.
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Figure 16: The amplitudes of fading channel coefficients.

Empirical CDF 360-360

Cumulative distribution function

Capacity (bits/s/Hz)

— 60-60 == 60-360
---360-360 - Average
----- 360-60

FiGURE 17: The cumulative distribution function of 4 x 4 MIMO
capacity at channel condition (i).

is also noticed that the different channel conditions provide
the different coordination of antennas. The results emphasize
that to design the suitable antenna positions according to
channel conditions is very important. However, the channels
of mobile users are always changed by time and unpre-
dictable. Hence, this paper proposes the averaging solutions
to be used as the case of nondeterministic situation. By
averaging all antenna positions from four channel conditions
given in Table 3, the average solution is achieved. Next, the
investigation on the average solution is undertaken.

“Firstly, four antennas are manufactured according to all
positions given in Table 3. Then, the antenna impedances
including mutual impedances are measured by Agilent
8722D Network Analyzer. These impedances are the input
parameters of MATLAB programming to calculate the chan-
nel capacity. Figures 17, 18, 19 and 20 show the cumulative
distribution function of channel capacity when using all
solutions given in Table 3 for channel condition (1), (i1), (iii),
and (iv), respectively. The results indicate that the solution
from the same condition of channels offer the best capacity
in comparing with the others. However, the average solution
still provides the high capacity with 0.2-1.7 bps/Hz less than
the highest one and 0.8-5.1 bps/Hz more than the lowest one.
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