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A Study on the Design Method of a Four-Port EMI Filter
Using the DDPG Algorithm
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Abstract

In this paper, we propose a design method for a busbar-PCB type EMI filter using the deep deterministic policy gradient (DDPG)
algorithm, which is a reinforcement learning method. Owing to the presence of several parasitic elements in the busbar-PCB type EMI
filter, the accuracy in the differential mode and common mode insertion loss in the wideband equivalent circuits was first demonstrated
replacing the EM-circuit co-simulation. The state and behavior were defined, and learning was performed to satisfy the necessary in-
sertion loss using the DDPG method. Consequently, impedances satisfying the required insertion loss were derived from the open im-
pedance at five positions on the given PCB, and it was confirmed that the CISPR 25 class 4 regulation condition was satisfied in all
frequency bands compared to that in the model used in the existing analysis.
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Table 1. Partial inductances for the additional elements in

the broadband equivalent circuit model of the

EMI filter

P busbar N busbar
Luire tef 17.47 nH 17.47 nH
Ly igh 97.39 nH 92.37 nH
Lyus o 6.269 nH 6.269 nH
Phs 2317 nH 1.488 nH
b 1.488 nH 2317 nH
Py 0.773 nH 0.312 nH

Lyys c1
Nius 0.312 nH 0.986 nH
L Py 3.373 nH 1.468 nH
- Nius 1.468 nH 3.165 nH
Lo s Py 6.406 nH 3.969 nH
- Nous 3.969 nH 7.613 nH
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Table 2. Architecture for an actor network (left) and a
critic network (right).

Layer | Number | Activation Laver tvoe Number | Activation
type |of nodes| function yer typ of nodes | function
Input(FC)| 214 - Inputl(FC)| 214 -
FCl1 800 FCs 400
FC2 2,000 Input2(FC)| 10
ReLu
FC3 3,000 FCa 200
FC4 300 FCl1 3,000
ReLu
Out(FC) 10 tanh FC2 2,000
FC3 1,000
FC4 500
FCs 100
Out(FC) 1 Linear

Episcde rewards

0 2000 4000 6000 8000 10000
Episodes

8 6. DDPG g5 Xgol mE B4 #st
Fig. 6. The episode rewards in learning process of DDPG.
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Table 3. Component values of busbar-PCB EMI filter
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