RF DESIGN

Are genetically designed
Yagis worthwhile? -
Richard Formato
investigates.

he genetic algorithm is a
powerful new antenna design
and optimisation tool that is
receiving progressively more attention.
A natural question is “How good are
genetic-algorithm-designed antennas?”
This note looks at that question by
comparing four 12-element Yagis
designed using genetic-algorithms. It
does not examine how genetic
algorithms work because there are
many good references. Several are
listed later.16
Here T emphasise Yagi performance,
and how it changes in response to
changing the parameters.

Genetic algorithm in action

Richard A. Formato, The genetic algorithm searches a

specifying minimum and maximum
values for cach antenna parameter.
Only antennas falling within these
limits are allowable solutions to the
optimisation problem. This is a
characteristic of genetic algorithms that
gives the antenna designer exceptional
flexibility.

Each element in a Yagi-Uda array
has three design parameters: length,
spacing, and radius. The
minimum/maximum range of each
parameter can be set on an element-by-
element basis, but the usual approach
is to restrict all elements in the same
way — with occasional exceptions as
discussed below.

For the arrays described here, the
element lengths were restricted as

Genes and Yagis

wavelengths, or ‘waves’.

reflector 0.35-0.65 wave
driven element  0.35-0.60 wave
directors 0.3-0.6 wave

Element spacing was .03-0.5 wave,
thus limiting the longest boom to 5.5
wavelengths. For designs 1-3, the
clement radius was constant at
0.003369 wave, while design design 4
allowed driven-element radii from
0.001 to 0.0075 wave.

The standard Yagi configuration is
used. Here, element 1 is the reflector,
and element number 2 is the driven
element.

Figure of merit
The ‘goodness’ a particnlar Yagi

Ph.D., WWIRF  ‘decision space’ which is defined by  follows. Al dimensions are in  design is determined by a figure-of-
merit which is specified by the

Table 1. Performance analysis of the four Yagi designs. designer. For the arrays in this note, the
Anmt# L G HPBW &, SWR F-to-B Fto-R MaxSLL figure-of-merit was:
1 253 13.56 35.5 47.9409 1.05 10.5 105 -174 a6 -b|Z, - R, |_ ClX |
2 344 . 15.28 31.0 19.8+j04 253 20.5 20.5 -16.2 FoM = = - -
3 3.45 15.86 27.6 5.3+179 131 13.6 13.6 -16.3 atb+e
4 3.29 14.53 32.0 48.8+j0.1 1.02 17.7 17.7 ~16.4 . Variable & is the forward gain — zero
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~-degrees azimuth — in dBi, while Z, is
e feed system characteristic
impedance, in this case 50€2 resistive.
Variable Ry and X;, are the Yagi's
input resistance ' and reactance,
respectively.

This figure-of-merit is used in
reference 1, which is why it is used
here. A genetic algorithm allows the
antenna designer to choose any figure-
of-merit that reflects the desired
balance between various antenna
performance parameters, For example,
front-to-back or front-to-rear ratio, or
maximum sidelobe level could also be
included if the designer wished to
optimise against these parameters,

Weighting coefficients a, b and c
determine the relative importance of
each antenna performance parameter.
For all designs below, the coefficient a
is 40. For designs 1 and 2, b=c=1,
_which are the values suggesied in

reference 1.

In design 3, the Yagi input
impedance was removed from the
figure-of-merit by setting b and ¢ equal
to zero. In design number 4, the input
impedance was weighted somewhat
more heavily by increasing the
coefficients to b=2 and c=3.

Optimised Yagis
Optimisation was done by a piece of
software called Yagi Genetic

Optimiser’ which computes antenna
performance using the Numerical
Electromagnetics Code, Version 2,
double-precision, or NEC-2D.8

Seven segments were used for each
array element in the NEC-2D model.
Performance of the genetically
designed amrays shown in Table t.
Important parameters include the boom
length (wavelengths), forward gain
(dBi), half-power (—3dB) beam width

(degrees), input impedance {(chms),
standing-wave ratio relative to 500,
front-to-back and front-to-rear ratios
(dB//G), and maximum sidelobe level
(dB//G).

Designs 2, 3 and 4 are the optimised
Yagis, corresponding to the three sets
of coefficients b and ¢, (1,1), (0,0} and
(2,3), respectively. Design number 1 is
a suboptimal design that appeared in
the optimisation run for design number
2. It is included to iilustrate another
important genetic algorithm
characteristic: a genetic algorithm does
not produce a single “best” design, but
instead produces a group of designs,
with each design in the group ranked
from best to worst.

This feature can be very useful,
because even suboptimal designs may
be attractive. Design number 1, for
example, may fill a real need because
of its short boom length and excellent
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Performance
plots of the four
genetically
designed Yagi
antennas.

Genstically optimised 12-f
Yagi E-plane (Az) pattern.
Design #1
Chromo #1, generation #50
Figura-of-merit=12.843

. Array length=2.53 wvin

Gmax=13.56dB], HPW=35.5°
F/B=10.5dB F/R=10.5dB
Zin=47.9+].90Q SWR=1.05/50Q
SL1=-17.4dB, Az=49.5° )
SL2=—18.1dB, Az=129°
51.3=—41.8dB, Az=75°
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Genetically optimised 12-el
Yagi E-plane (Az) pattern.
Design #2

Chromo #1, generation #50
Figure-of-merit=13.823
Array length=3.44 wvin
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' F/B=20.5dB F/R=20,5dB
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. SL1=—16.2dB, Az=42°

SL2=—26dB, Az=61°

5L3=-26.5dB, Az=132°
SL4=29.24B, Az=152"
S51.5=-29.4dB, Az=109°
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Genetically optimised 12-at
Yagl E-plane (Az) pattemn.
Design #3

Chromo #1, generation #70
Figure-of-merit=15.86
Array length=3.45 wvin
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Design #4

Chromo #1, generation #32
Figure-of-merit=12.857
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Table 2. Dimensions and spacings for the four Yagi designs. In summary
Design #1 Design #2 Design #3 Design #4 This note describes four genetically
Element L 8 L $ L s L designed Yagis that iHustrate how
1(REF) 0.4794 0.0000 0.5008 0.0000 0.5006 0.0000 0.5006  0.0000 effective a genetic algorithm can be in
2{DE} 04853 0.1824 0.4549 0.2388 0.5784 0.1082 0.4588 0.2741 designing complex antennas. Amateurs
3 04165 01135 04388 02671 04400 02671 04365 0.2247 interested in antennas are likely to hear
4 0.4328 00924 04318 03006 04188 04047 0.4341  0.3006 more about genetic algorithms, and may
5 04341 02388 04141 03641 04188 03871 04259 03076 wish to learn more about them.
6 04047 04320 03624 02582 03624 02476 0.3647 0.2582 The genetic algorithm is a state-of-the-
7 04204 00847 03718 02218 03718 03218 03718 03218 art design tool that is truly revolutionary
8 04176 02194 04012 0.18068 04012 02088 04012 00959 in nature. Its potential in antenna design
9 0.5671 0.1065, 0.4200 02424 04200 02424 0.4212 0.2424 is just beginning to be explored, and
10 04388 0.1171 04035 0.4876 0.4035 0.4876 0.4035 04876 may lead to some very interestinf;r and
1 0.3606 02706 04176 0.3218 04176 0.3218 0.4176 0.3218 unusual antennas .
12 0.2847 0.4735 0.3471 04556 04224 0.4559 0.3482 04559 ’
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Counter intuitive
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intriguing, because the designer cannot:

predict what the next ‘best’ antenna
might look like.
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