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Research and develo?ment on automated design method of microwave bandpass
filters using neural network
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In this study, an automatic design method usin? both a forward model and an
inverse model constructed by a neural network has been proposed to realize automation of the design
of microwave bandpass filters (BPFs). In the proposed design method, initial values of structural
parameters of BPF to be designed are first estimated with high accuracy from design specifications
by the inverse model, and then the structural parameters are optimized with the help of fast
calculation of frequency responses using the forward model. Furthermore, this study has also
proposed a framework for reinforcement learning using a deep Q-network to acquire design techniques
with a computing machine. The effectiveness of the proposed design methods has been demonstrated

through design examples of a fifth-order microstrip BPF.
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Structural Traini ng data Test data
parameters| Min. | Max. | Step | Min. | Max. | Step
11 (mm) 330| 35.0| 05 3325|3475 05
l,(mm) | 33.0| 35.0| 05 |33.25|34.75| 0.5
Is(mm) | 33.0| 35.0 | 0.5 |33.25|34.75| 0.5
gi(mm) | 1.5 | 40 | 05 | 1.75| 375 | 05
g2 (mm) 15| 40 | 05 | 1.75| 375 | 05
lq(mm) | 11.0 | 13.0 | 05 |11.25| 375 | 05
23 NN
Model Number qf Training | Test
hidden units| error error
Forward 60 3.86x10°|7.70x10°
Inverse 70 9.22x107°|9.83x10°
0 p——r——r—r —
— EM simulated
|1== . [,=34.05mm_|
@ 102 9ynthesized |,=33.55mm
o 20 \ 15=33.40mm—
g u g;=2.15mm
£ -30 . g,=3.25mm |
[}
g -40 : Iq=12.80mm_
¢ 50 s -
_60 | L \.l L
25 3.0 35
Frequency (GHz2)
@
O EM Ll |T Ed T LI L
= simulat
- ) |,=34.05mm
~ -10 =2 synth L —
_Cg 10 Synthesized [,=33.45mm
o -20 |5=33.45mm—
o) g,=2.15mm
g -30 9,=3.10mm |
g -40 Iq=12.70mm_
¢ 50 - -
\
_60 | | L al 1
2.5 3.0 35
Frequency (GHz)
)
6
@
®)
3 DQN BPF
Ex. State L(mm) | 1(mm) | I5(mm) | gy(mm) | g(mm) | |(mm) E
intid | 34.05 | 33.65 | 33.35 | 275 | 3.65 | 13.20 | 15.06
A
Designed | 34.05 | 33.45 | 3340 | 250 | 335 | 13.10| 0.12
Imitid | 34.20 | 3350 | 33.20 | 290 | 380 | 13.20 | 16.75
B
Designed | 34.05 | 33.45 | 3340 | 250 | 235 | 1310 | 0.12
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