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Abstract

This report are described the versions and the synthesis results of new designs of
electrically small antenna based on ant colony optimization algorithonstudy the a-
rameters of thérame and nofoopback vibratorMMANA package was used. Gean
tric forms that were obtained might be used as contour lines of printed, slot antenna or as
forming surface of the crystal dielectric resonator antenna. A cotisg metaheuristic
search algorithm for optimization of the antennas forms using solutions of travelling s
lesman problem (TSP).

Keywords:Ant colony system (ACS}ravelling salesman problem (TSP), MMANA

ant algorithm implemented in software, the optimal

1. INTRODUCTION closed route was found,_ aIIo_vvmg to bypass a_ll _cmes by
] . o the shortest way Hamiltonian cycle of minimum

One of the important directisnin the antenna theory |engih[4]). The results of the program were displayed

development is to find their optimal design solutions,g 5 sequence of the city coordinates which thé opt

To optimize the form of an antenna ant colonyoald ym line passes through. The outcome was saved as a

rithm can be used. One similar example was describggl yith the extension ". maa" in a format that allows

in work [1, 2], which proposed the optimal design 0, to open it iNMMANA . It helped to automate the
antennas RFIBags baed on ant colony optimization 5ntenna design parameter calculations to tagimum.
agorithms (ACO). It should be noted that there might - coordinate transformation matrix of cities in a coo
be several possible options of using ACO in the $thginate system of MMANA carried out in a such way
sis of antennas. For example, one of them is that they; the reference point in the construction of the a
ACO procedure serves only as the generator of multiplgnn, coordinates (0,0) is located in one of the 4aserti
optimal solutions, among which you have to select thgs of the city matrix, coincidingor example, with its
best ones in terms of achievable parameters, simulatifgoih site. The optimization results were saved in a
the form of antenna in tHREC, MMANA package etc. cqordinate table in thMIMANA file as a sequence of
Another option involves an iterative search for optimal,yginates of the beginning and end of each straight
solutions with stefpy-step test of the anten@gnamic  jine segments of an elementary length equal to the di
properties in the indicated peages and the adjustmentiance petween the nes in the lattice. In all problems,
of the antenna shape syesfs similar to how it was it \yas equal to 10. Therefore, it turned out that the table
done in the synthesis of genetic antennas discussedyiflscribing the location of antenna sites consisted of
[3]. . _more lines than in the case if only the initial and final
In this report, the authors have used ACO asman icoordnates of straight line segments were taken
strument of multiple optimasolution generation by consigeration. This solution decreases theurmmy of

using travelling salesman piiems [4] as a prototype gome calculations because of the large number gf fra
of antenna structure gerator. This problem is solved ents. but the deterioration is negligible.

in a classical manner, i.e. the salesman needs to Visitag 5 result of consistent selection of optimal routes,
each city only once (to avoid loops and unnecessagy ey closed winding linesvere formed. Thy were
connections) rad return to the starting city. Meover, passing through all points of the coordinatetri,

the length of the route should be minimal. which can be used as forming lines in the sgsithof
new conduct frame antenna designs (Fig. 1, &).
2. RESULTS Moreover, for the antenna inscribed in the square with

Reviewed lattice structure of the problem wasatrpn  Side 0f 0.1 m, bandwidth reachedt9at frequecies
of 100 cities in the f or @epd8q0dvHg (figy3,4). Geometric forms that were
In the first case one QCainpdsmighsbeused gsccanfoyr fines;jofprinted, slof

With the antassistance, in accordance with the logic of
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antenna or as forming surface of thestay dielectric
resonator atenna. ]
Another version of the ACO implementation was |—I
avoiding the requirement to return to the initial point of
the road. In this case the program wasking for the
[

shortest Hamiltonian path that passes through all citie:
In this version at the beginning of the algorithm all the a) b) c)
"ants" are housed in the saméydias opposed to aatr

velling salesman problem). The final search reselt d
pends on what node to start with a movement. For thi
purpose the program can vary theefBning of the
Route" coordinates. I::‘__I_l
]
f)

Search of the nenlosed route, as opposed to tiave |
ling salesman problem, provided the best format |-IJ [
loopback wire vibratorgFig. 2, 7- 10). In fact, in this d) e)
case there is another option of antenna sgiihbased . .
on the ACO. Essentially, under this approach, the a Fi9- 1. Looppack vi brators 10110, s
tual antenna appearance was obtainégnthe local means of ACO algorithm.

evapration rate trace was increased to 0.75. And it was ] ] ]

fully identical to meandedine winding trajectory L L

shown in the article of RFID [1, 2]. For this antenna, 5 [ | E
]
]

there is an analytical formula of mwmnce frequencies
calculation, allowingto verify the accuracy of the [ ]
MMANA functioning and to eliminate the questions ] ] l_I
about the reliability of results. a) b) c)

It should be noted that in the computational exper ) .
ments ACO values were experimentally selected in thEi9- 22.Unl oopback vibrators 10110
vicinity of those coefficients, whictvere used by Ma means of ACO algorithm.
co Dorigo (inventor of ant colony optimization alg izte ]
rithms) and his colleagues [4]. In general, the theme of R J
the optimal ACO values selection for antennatlsgsis
deserves a individual extensive study with the depe
dency identification of @me parameters on the other.
This is required to fulfill a very large amount ofrae S
puting with multiple repetitions of experiments, taking |*
into account that even the number of arffeds the
final result, and the best ant range can be found in the = S e W
artificial cdony. o 2, 86 B 23 28

7400 3508 2042 24 27 On
8000 1505 1221 238 17 On
Fild(s) BE0.0 2702 E27 29 11 Cn
Oov OH OTatal @V 9200 [g223 1477 28 0.2 On

z SWR | Gain/FB | Farfields | Setup

3. CONCLUSION

It has been shown that the use of AOA allows generaFig. 3. A directivity characteristics (DC) obbpback
ing the new forms of antenna, among which the best vibrators 1 0 T, 1sgnthesized by means of
design should be chosen in terms of the parameter va ACO algorithm (f|g 1.a)

ues (Fig. l.a, 2.a)The results comparison with the &= X
work of the genet algorithm in the solution of the |, i ore v o S
travelling salesman problem allows giving preference | =° Ewmb\k\mw o

NMatch freq.: B00.0

to the synthesis loopback vibrators ant optimization A
procedures as being more rapil.similar application
of genetic algorithm is overloaded by synthesis of a | _..
large number of lines imperfect by forms with mutual 163
segment intersections.

ACKNOWLEDGEMENTS .

We thank Elena Antonova frorGeorgia Indtute of i o0 e o o
Technology (Atlanta, Georgiajor translation of the Fig. 4. A amplitudefrequency response (AR) of
original mamscript. loopback vibrators 1 0T 10 (bandwi dt
reached 9%)synthesized by means 8CO
algorithm (fig. 1.a)

International Conference on Antenna Theory and Techniques, 6-9 October, 2009, Lviv, Ukraine 299



T pagpmin

Slyusar V.I. and Ermolaev S. Y.

z KCB | Yewnewwa/FE  AH YeTamosin

20481 = 0dB

Freg R | x|

5374 16344
799.0
B00.0
l801 0

Mokasars JH ANA NONAPKHIALMM
Ov OH Ocpm

® vaH |:= 0 29370 16257

1306 (17956 2
15817 [19258 2.
1716 1900 2

ca | FB | on |
20 00 on

19 0

Fig. 5. A directivity characteristics (DC) obbpback
vibrators 1 0 |, 1s@Pnthesizedby means of

ACO algorithm (fig. 1.b)
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