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A genetic and simulated annealing combined algorithm is presented and applied to optimize broadband matching networks
for antennas. As a result, advantages of both the genetic algorithm (GA) and simulated annealing (SA) are taken. Effectiveness
and efficiency of the presented combined algorithm are demonstrated by optimization of a wideband matching network for a
VHE/UHEF discone-based antenna. The optimized parameters provide significant improvements of VSWR and transducer power

gain for the antenna.

1. Introduction

Development of wideband, low-profile, and miniature an-
tennas has garnered attention in recent years due to demands
for high-speed and small devices and systems. On the other
hand, wideband and miniaturization are two contradicting
requirements for antenna design. One helpful way to mitigate
this problem is to employ a wideband matching network.

In the past, designs of antenna impedance matching
networks have been focused on multiple-input multiple-out-
put matching [1], non-Foster matching [2], adaptive im-
pedance matching [3], RFID dual-band matching [4], and
matching with metamaterials [5].

In these designs, optimization techniques were employed
to develop wideband matching networks. For instance, the
real frequency method was introduced in [6, 7]. The com-
bination of the real frequency technique and GA was devel-
oped in [8] for broadband loaded wire antennas. A real-
coded GA was reported in [9] for broadband HF antenna
matching network. A GA-based optimization method was
presented in [10] to design “on-body” matching networks
for VHF/UHF antennas. SA algorithm and the finite element
method (FEM) were used to optimize ultra-wideband mono-
pole antennas [11], and a multiobjective particle swarm
optimization (PSO) was applied to LC filter tuning [12].

Among the optimization methods, GA is robust; how-
ever, as stated in part A of Section II of [9], “usually a GA

converges very fast to the neighborhood of the solution,
but then it does it very slowly or can even stagnate”
Also, part E of Section II of [9] indicated “the excessive
slow convergence of conventional genetic algorithms after a
number of generations”; in other words, GA may converge
slowly to an optimized solution when it is near the solution.
On the other hand, SA has better optimization efficiency if
with good initial parameters [13]. To solve this dilemma,
a GA-SA-combined algorithm is introduced in this paper;
it takes the advantages of both methods, resulting in a
robust and fast optimization method. The GA-SA algorithm
is then applied to optimize a wideband matching network
for a discone-based antenna [14] over the band of 225 MHz
to 400 MHz; the results demonstrated effectiveness and
efficiency of the method.

This paper is organized as follows: first, the configuration
of the matching network to which the presented GA-SA is
applied is described in Section 2; then the combined GA-SA
algorithm is described in Section 3. The optimization results
of the GA-SA algorithm are presented in Section 4. Finally,
the conclusions of this paper are made in Section 5.

2. The Wideband Matching Network

The wideband matching network under consideration in
this paper as an example is shown in Figure 1. It consists
of three parts: a three-resistor 7 network, two T-networks,
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FiGure 1: Topology of the matching network.

and an impedance transformer. The series component of the
T-network is the LC series resonant circuit and the para-
lle] component is the LC parallel resonant circuit. The ele-
ments of the resistor network are resistors; although the re-
sistors will reduce the efficiency of the network, they and the
transformer together can match the T-network to the an-
tenna better.

The matching network was used for the wideband VHF/
UHF antenna proposed in [14]. The VHF/UHF antenna
without matching networks has a VSWR of less than 2.5
from 200 to 447 MHz. The overall height of the antenna is
only 0.087Amax, Where Amax is the largest wavelength that
corresponds to the lowest frequency of 200 MHz. It has met
the requirements of applications required by our industrial
sponsors except the height and diameter. The required
height and diameter of the antenna are reduced further to
0.069A and 0.375A, respectively, where A is the wavelength of
225MHz. In recognizing the difficulty in achieving standard
low VSWR with such an electrically small antenna over a fre-
quency band of 225 to 400 MHz, the requirement for VSWR
is relaxed to VSWR < 3. Such a relaxation of the VSWR re-
quirement happens in some applications; for example, in
[15-18], the VSWR was specified in the range of 3.0 to 6.0.

To achieve VSWR < 3 with the reduced size, the im-
pedance matching network is added, analyzed, and then opti-
mized with the proposed algorithm as described hereinafter.

First, the transfer function of the overall matching net-
work is found by cascading the transfer functions of every
series or parallel elements. For the T impedance network,
they can be written, respectively, as (see Figure 1) follows:
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For the resistor network, the transfer functions of every
element are

Bl R, 1 0
AR] = 0 1 > ARZ = L 1 >
L R,
_ (2)
1 0
A, = .
R; i 1
L R3
For the transformer, the transfer function is
1
-0
A, = |1 (3)
0 n

Then, the transfer function of the overall matching net-

work is then
( )
5 4
cd

where a, b, ¢, and d are the elements of the transfer matrix
that can be found through (4).

The input impedance Zi, (w) of the matching network, as
seen in Figure 1, can be expressed as

Anetwork = AR3AR1AR2A5A4A3A2A1An = |:

& . aVZ + b(*Iz) _ aZantenna +b
jl CVZ +d(—j2) ¢Zantenna +d’

Zin = (5)

where Z,ptenna is the impedance of the antenna.
The reflection coefficient is a function of the input
impedance:

(6)
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FiGure 2: Impedance of the wideband VHF/UHF antenna with the
reduced height of 0.069) and diameter of 0.375A.
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Ficure 3: VSWR of the wideband VHF/UHF antenna with the
reduced height of 0.069) and diameter of 0.375A.

where Z, is the characteristic impedance of the feeding line,
and it is assumed to be 50 Ohm.

With (5) and (6), two important antenna parameters are
found: one is VSWR which is

1+ [T(w)l

VSWR(w) = m)

(7)

another is transducer power gain (TPG), which is defined as
the ratio of the maximum power available from the source to
the power delivered to the antenna [9]; it can be found as

2
4|221 | ZO Re(Zantenna)
3.
[(z11 + Zin) (222 + Zantenna) — 212221

TPG(w) = (8)

Here z11, 212, 221, and z;; are the elements of the impedance
matrix of the overall matching network; they can be obtained
by converting the transfer matrix of (4) as described in [19].

As mentioned before, the antenna under consideration
is the wideband low-profile discone-based antenna proposed
in [14] but with a reduced size; it has a height of 0.0691 and

a diameter of 0.375\, where A is the wavelength of 225 MHz.
The antenna impedance ZynennaWithout the matching net-
work is shown in Figure 2. The corresponding VSWR of
the antenna is shown in Figure 3. In Section 3, the match-
ing is added as shown in Figure 1 and the GA-SA is applied
to optimize the matching network to reduce the VSWR.

3. The GA-SA Algorithm and Its Application to
Optimize the Matching Network

GA and SA are two of the most popular optimization tech-
niques. GA is a robust optimization tool based on biology
evolution theory [9]. It simulates gene recombine and evo-
lution process, including natural selection, crossover, and
mutation operators. With iterative operations, the best solu-
tion can be obtained for a system.

In general, the rate of convergence of a global opti-
mization technique depends on proper choice of design
parameters and rules of evolution. GA has the advantages of
that it does not require derivative information, and it is well
suited for parallel searches from a wide sampling. However,
the GA process can be slow, especially when it closes in the
neighborhood of the best solution [9].

SA originated from emulation of the process of solid
material annealing in the material science field [11] and is
now widely utilized in numerical parameter optimization. In
the annealing process, a substance is heated above its melting
temperature and then gradually cooled down to minimize
its energy distribution. SA emulates such a process and is
generally more reliable in finding the global optimum. It
does not require derivative computation and is a zero-order
algorithm like GA. However, SA is highly dependent on the
initial temperatures or initial parameters; it may not be as
robust as GA if initial parameters are not well chosen [13].
More discussion and implementation issues of GA and SA
can be found in [20, 21].

From the previous observations above, we conclude that
GA and SA have complementary advantages and disadvan-
tages. Therefore, a hybrid GA-SA algorithm should combine
the advantages of the two methods while circumvent the dis-
advantages. GA is not sensitive to initial starting parameters.
It can iterate fast to nearby the optimal solution; then SA
takes over. Due to the good initial parameters from GA, only
a small number of iterations are needed for SA to obtain the
optimal solution.

In other words, GA and SA are combined in such a
way that GA is applied for the first part of the optimization
process, while SA is employed for the second part. GA starts
the initial phase of the optimization and provides its values
as the initial parameters of SA which forms the second
phase of the optimization; as a result, fast convergence to an
optimized solution is expected.

In the following subsections, implementation details of
the combined SA-GA optimization are described.

3.1. Chromosome Specification in GA. The proposed match-
ing network consists of resistors, reactive elements, and
an ideal transformer. Altogether there are 14 elements in



the network. A real-coded GA is used in this paper: behaviors
of each element are described by a real vector of the elements:
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)

where 7 is the turn ratio of the ideal transformer; R; (i =
1,2,3,L(i=1,2,34,5),and C; (i = 1, 2, 3, 4, 5)
are the values of the resistors, inductors, and capacitors in the
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TasLE 1: Control parameters of GA-SA. TasBLE 2: Optimal values of matching network elements.
GA parameters Values  SA parameters  Values Elements Values Elements Values
Number of individuals 200 Initial 0.05 " 0-88 Ry 720
temperature R, 955Q) Rs 900 Q
Initial crossover probability 0.9 Terminated 0.00001 L, 1.8 pH G 23 pF
temperature L, 18nH C 9pF
Initial mutation probability 0.015  Annealing rate 0.9 L, 10nH Cs 7.8 pF
Generation gap 0.9 — — L, 25nH Cy 0pF
Number of generations 250 — — Ls 1.1 pH Cs 15 pF

matching network, respectively. The GA-SA algorithm will
then give the optimized real vector after the optimization.

The admissible value ranges of each element are 0.1
n<10,0 < R =5kQ,0 < L; < 1.0yH, and 0 < C;
800 pF, based on the practical considerations provided by the
industrial sponsor of this work.

<
<

3.2. Objective Functions. The optimization is carried out in
respect to VSWR and TPG over a wide frequency band.
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TasLE 3: Comparisons of the results with different algorithms.

. Number of Generations Initial parameters Initial temperature Terminated Matching network performance
Algorithm . ividualsin GA in GA in SA in SA temperature
in SA VSWR TPG
GA 200 400 <4 >45%
SA Random 0.05 0.000001 <4 >36%
GA-SA 200 250 Optimal 0.05 0.00001 <3 >59%
parameters in GA
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FiGure 6: VSWR obtained with different techniques.

Therefore, the design is a multiobjective optimization prob-
lem. The objective function is then defined as

i=1

N
min{ZVSWR(wJ},

f= (10)

N
mu{zTPG(w;)},

i=1

where N is the total number of frequency points selected for
optimization in the frequency band of interest.

3.3. Combination of GA and SA. As indicated before, the
proposed optimization process starts with the GA process
and then SA process. The stopping condition for the GA
process is either that a given number of generations of GA are
reached (which is taken to be 250 in this paper), or that neg-
ligible further improvement of the objective functions is ob-
served.

The complete optimization flowchart is shown in Figure 4.

4. Optimization Results

The GA-SA algorithm is applied and the control parameters
of the algorithm are listed in Table 1.

With the GA-SA optimization, the optimal values of the
matching network elements are obtained as presented in
Table 2.

0 n n n n
200 230 260 290 320 350 380 410
Frequency (MHz)

— GA-SA
--- GA
SA

F1GURE 7: TPG of the matching network.

As shown in Table 2, the values of L;, L5, and Cy4 are so
small that these three elements present no utility and are
therefore eliminated from the network. The final optimized
matching network is depicted in Figure 5.

The VSWR of the antenna, after the optimization by
GA-SA, is shown in Figure 6. We can see that VSWR is
much improved after addition of the optimized matching
network and the bandwidth of VSWR < 3 now covers a fre-
quency range from 225 MHz to 400 MHz, which meets the
requirement set by the industrial sponsor of this work.

For comparison, two VSWR results, after the optimiza-
tion with GA and SA, respectively, are also shown in Figure 6.
Both of them are less than 4 in the operating frequency band
but larger than that obtained with the proposed combined
GA and SA algorithm.

Figure 7 is the TPG of the matching network. With the
matching network optimized with GA-SA, the TPG is greater
than 59% within the whole bandwidth. With GA and SA, it
is only 45% and 36%, respectively.

The comparison of GA-SA, GA, and SA in terms of
convergence is given in Figure 8. In Figure 8, the errors are
computed in reference to the optimization targets for the
algorithms over the whole bandwidth. The optimization re-
sults with GA-SA, GA, and SA are shown in Table 3. It can be
seen that the optimized results with GA-SA are better than
those with GA or SA alone. In addition the combined GA-
SA method used fewer numbers of generations or iterations.
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In other words, the performances of the combined GA-SA
method exceed over those of the GA and SA alone.

5. Conclusion

In this paper, an algorithm combining GA and SA is devel-
oped and applied to optimization of a wideband matching
network for antennas. By adding the matching network for
a discone-based VHF/UHF antenna and then optimizing it,
the proposed algorithm is demonstrated to be efficient and
effective since it takes advantages of both GA and SA. In other
words, the GA-SA-combined method is an effective tech-
nique for optimization.
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