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Design of a Bent Wire Monopole Antenna Using Machine Learning
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Abstract

This study proposes a bent wire monopole antenna to achieve impedance matching in the frequency range of 950—1,050 MHz and
a directive radiation pattern in the target direction (9=180°, 40°<¢<50°). A machine learning technique based on a deep neural network
is applied to obtain an optimal antenna design that is bent at three points to adjust the impedance and radiation pattern. The machine
learning model is trained using a dataset that includes the antenna geometry and cost, evaluated on how well the antenna performance
satisfies the target bandwidth and radiation pattern. After verifying that the machine learning model is trained using the figure of merit,
the machine learning model is validated by comparing the cost estimated by the model with that estimated by a commercial electro-
magnetic simulator. Next, we obtain the optimal antenna design from the result of a grid search and fabricate it to verify its performance.
The results show that the manufactured antenna has a matching bandwidth from 983.5 to 1,037.5 MHz and a radiation gain of approx-
imately 4 dBi in the target direction. These results are in good agreement with the simulated performance of the antenna. Thus, we
conclude that the antenna design obtained using the machine learning technique is valid for designing the proposed antenna.
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Fig. 1. Geometry of the bent wire monopole antenna.
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Table 1. Locations of the bending points of the proposed
monopole antenna.
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Table 2. Conditions of design parameters and interesting

Bending Location frequency for training data acquisition.
point x (m) y (m) z (m) Number of]
P, X =0 0 0 Parameter Range points
P, x=0 0 z; = 0.007 Target frequency | 950~1,050 MHz (f=1 GHz) 5
P, X2 =x1 + licos 0 7z =2z + lisind, Target direction =180°, 40°< 0 <50° 11
P; X3 = X + heos 8, 0 z3 =120+ bLsinf, Sub-wire length |[0.03 A,~0.18 Ay (9~54 mm) 15
P, X4 = x3 + heos 05 0 z4 = z3 + sin 05 Bending angle 10°~90° 6
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Table 4. Evaluated Cost of sample antennas by the machine learning model and NEC simulation.

Sub-wire length (mm) Bending angle (degree) Evaluated Cost

No - - - - Error (%)
h L kL 0, 0, 05 Machine learning | NEC simulation

| 152 19.9 30.7 82 46 24 0.6 0.5997 0.05

2 36.9 214 16.8 60 46 10 0.7 0.6979 0.3

3 36.9 323 152 68 39 17 0.8 0.7984 0.2

4 9 323 13.7 53 10 10 0.9 0.9040 0.44
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Table 5. Design parameters and evaluated Costs of ranked antenna models.
Rank Sub-wire length (mm) Bending angle (degree) . Elvaluated Cost . . Ervor (%)
I b ;4 g, 0, 0 Machine learning NEC simulation

1 152 26.0 245 90 46 17 0.5983 0.5990 0.11

2 152 27.6 229 90 46 10 0.5984 0.5994 0.16

3 152 19.8 30.7 82 60 17 0.5984 0.5979 0.08

4 152 27.6 229 90 46 17 0.5984 0.5987 0.05

5 152 245 26.0 90 46 17 0.5984 0.5991 0.11

6 152 214 29.1 90 53 17 0.5985 0.5984 0.01

7 152 183 322 82 60 17 0.5985 0.5984 0.01

8 15.2 229 27.6 90 46 17 0.5985 0.5997 0.20

9 152 19.8 30.7 90 53 17 0.5985 0.5989 0.06

10 152 29.1 214 90 46 10 0.5986 0.5991 0.08
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Table 6. Estimated total gain in the target direction.

Direction | Ideal molopole | Gain of resulting antenna (dBi)
(¢ =180°) (dBi) HFSS Measurement
0 =40° 2.9965 4.1288 3.8020
0=41° 3.0393 41373 3.9090
0 =42° 3.0735 4.1383 3.9130
0=43° 3.0993 41318 4.1080
0=44° 3.1172 4.1183 3.8890
0=45° 3.1276 4.0979 3.9950
0=46° 3.1308 4.0908 4.1910
0=47° 3.1272 4.0374 3.9580
0=48° 3.1171 3.9979 3.9950
0=49° 3.1009 3.9524 4.0750
6=50° 3.0789 3.9013 4.1200
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