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Design of a neuron-based square wave generator and parameters optimization
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Abstract: The electromagnetic protection for electronic equipments is necessary for ensuring the normal operation of the
electronic equipments in complex electromagnetic environment. Although the traditional electromagnetic protection methods
have achieved some protection effects, they still have drawbacks. In the study, a bio-inspired electromagnetic protection
method is proposed based on the anti-interference mechanism of neuron to make up the shortcomings of traditional
electromagnetic protection methods, and the corresponding square wave generator is designed by Hodgkin-Huxley model, a
mathematical model closest to the electrophysiological activity of neurons. The simulation program for the novel square
wave generator which is set up by the Simulink toolbox of Matlab is used to analyze the characteristics of the duty ratio of
square wave signals and obtain the relationship between duty ratio and model parameters. In order to obtain the special duty
ratio, the model parameters of the square wave generator are optimized based on smaller-the-better characteristics of Taguchi
method. The proposed square wave generator can provide stable and reliable square wave signals for intelligent electrical
equipments.
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Figure 1 The whole program of Hodgkin—Huxley (HH) model
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Figure 2 Parameter # program module
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Figure 5 Program chart of square wave generator based on neurons
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Table 2 Features at intercept constant of 30 mV

WA L /ms T /ms BB R /ms  EW/ms 525 H/%

1 0.8562 1.3961 0.5399

2 11.1111 11.5391 0.4280 10.2549  5.2648
3 21.1188  21.5393 0.4205 10.0077  4.2767
4 31.1183  31.5389 0.4206 9.9995 42052
5 41.1182  41.5388 0.4206 9.9999 42060
6 51.1182  51.5388 0.4206 10.0000  4.2060
7 61.1182  61.5388 0.4206 10.0000  4.2060
8 71.1182  71.5388 0.4206 10.0000  4.2060
9 81.1182  81.5388 0.4206 10.0000  4.2060
10 91.1182  91.5388 0.4206 10.0000  4.2060
11 101.1182 101.5388 0.4206 10.0000  4.2060
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Table 3 Features at different intercept constants

_
ﬁf‘jﬁ/ i ms RN /ms IR MR /ms JAMms %5 /%
0 91.0089 92.1049 1.096 0 10 10.9600
-15 90.9422 92.409 1 1.4669 10 14.669 0
-25 90.8864 92.633 1 1.7467 10 17.4670
-30 90.846 8 92.7450 1.7467 10 17.4670
-35 90.7959 92.8558 2.0599 10 20.5990
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Table 4 Parameter design of Taguchi test
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Table 5 Orthogonal array of Taguchi test

1 46 -81  -58.4 116 32 0.1

3 46 -81  -584 116 38 0.4

5 46 -77 0 -54.4 120 36 0.3

7 46 <75 -52.4 122 32 0.1

9 46 -75 -52.4 122 38 0.4

11 50 -81  -54.4 122 36 0.4

13 50 -77 0 -52.4 116 32 0.3

15 50 -77 0 -524 116 38 0.1

17 50 <75 -58.4 120 36 0.4

19 52 -81  -52.4 120 32 0.4

21 52 -81  -52.4 120 38 0.3

23 52 -77 -58.4 122 36 0.1

25 52 -75 0 -544 116 32 0.4

27 52 -75 0 -544 116 38 0.3

{54 19.946%. iz F Minitab X {E XHR 56 (5 25 L i 1
HATHE T2, LR 8.
& 8 R/ INFEME X 4 28 A BT AR 4
AL, R 8 M BE AT LIS B K - AKCOF X 4 LB Y
W LRI, W22 9. 229 PP i Delta 26 /R 15 1 He (1)
P W 2B R /INR R T R 7 52 ) ) T AR B,

6 F 1AL KR
Table 6 Test data in group 1

1 0.5801 2.7200 2.1399 - -

3 20.8818  23.0456 2.1638 10.0466  21.792

5 40.8784  43.0413 2.1629 10.0006  21.626

7 60.8783  63.0412 2.1629 10.0000  21.628

9 80.8783  83.0412 2.1629 10.0000  21.629
11 100.878 3 103.041 2 2.1629 10.0000  21.629

=7 F24E~5 27 RIS BB N AF M

Table 7 Response characteristics of test data from groups 2 to 27

90.8449 92.8926 2.0477 20.477

90.8178 92.9807 2.1629 21.629

90.7939 92.7887 1.9948 19.948

90.7719 92.8167 2.0448 20.448

10 90.7994 92.9465 2.1471 21.471

90.8729 92.9680 2.0951 20.951

90.770 6 92.7856 2.0150 20.150

90.794 6 92.9262 2.1316 21.316

18 90.8368 92.9022 2.0654 20.654

20 90.8551 92.9776 2.1225 21.225

22 90.8000 92.9262 2.1262 21.262

90.8297 92.8729 2.0432 20.432

90.8214 92.9019 2.0805 20.805
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Table 8 Calculation results of signal-to—noise ratios (SNR)

and their mean values (dB)
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Table 9 SNR response of duty ratio

KF Ey/mV EJmV E /mV Gy/mS:cm? G/mS:cm? G, /mS - cm?>

AR EeE AH fEMRE HME 1 2631 -2639 -2637  -26.28 -26.58 -26.50
1 -26.700  21.629 15 -26.241  20.514 2 22636 -2633 -2634  -26.36 -26.29 -26.31
2 -26.225  20.477 16 -26.574 21316 3 22637 -2631 -26.33 -26.39 -26.16 -26.23
3 -26.013  19.984 17 26222 20.470 Delta 0.06 0.07  0.04 0.10 0.42 0.27
4 26700 21.629 18 26300  20.654 HEE s 4 6 3 1 P
5 26224 20476 19 -26.506  21.151
6 25998  19.948 20 26.537  21.225
26.694  21.614 21 26.191  20.39 x> B
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Figure 6 SNR main effect diagrams
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Table 10 Variance analysis of SNR

SR AR N T AR BTy 22 i B
TEPR -, 45 G T R ) 4 SR A ) R AR R £

il FE  SeqSs  AdiSS i W He 300 175 9 TR T 4L 4, AT DL AL 7 R
Na 2 0.018  0.0187  0.000 N G=38 mS/cm’ , G,=0.4 mS/cm’ , G\,=116 mS/cm”
Ee 2 0.027  0.0278  0.000 E.=-75mV .E,=46 mV .E,=-52.4mV.
£, 20007 00072 0.002 373 Mimitab 4 0000 T 1 25 52 S R 1
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Table 11 Comparison of Taguchi prediction results with the 9th group of data
T P 7K
IS T (%
Ey/mV E/mV  E/mV Gy/mS:cm? Gg/mS:cm? G /mS:cm?
94 46 75 =524 122 38 0.4 19.9460
LR e 46 -75 -52.4 116 38 0.4 19.7032

TSR R ME . T IR T S AR A 1E
e, AR 5 BT S 20 05 BT 45 R S i 2 R
XFRCIE AL, AR 12, 3R 12 AT LIS Fti 45 SR Ay
HAER A AR IR ZEUN 0.09% , PRI n] HIF ]
F D7 i e A B AL 5 S A B 45 SR 2 AT AT Y . 18

F Minitab i F2EA T FH RS 74T 3 TR 20 i &
A o s UL, B 2R A 1R R, AR
(EENERA RN 8

34 g



_ 508 — o B A P A R R 394
12 RUBFRFEHEERETNGSEREIEXTE X R
Table 12 Comparison between simulation and prediction results of optimization scheme
B Tk T ‘
WES T/ %
Ey/mV  EJ/mV  E/mV Gy/mS:cm? G/mS:ecm? G /mS-cm?
o A5 2R 46 -75 -52.4 116 38 0.4 19.7032
P E4s 46 -75 -52.4 116 38 0.4 19.6850
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