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Fig. 1. Presenting a system with bond graph method
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Table 1. Parameters of the example bond graph model in Fig. 1
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Fig. 2. Time response of 71 voltage for bond graph model of Fig. 1
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Fig. 3. Time response of /1 voltage obtained from 20-sim software for bond graph model of Fig. 1
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Fig. 4. An example of the embryo bond graph model

93 0l BLEWL gl aiges f U

Insert-1J

End

Fig. 5. An example of GP tree of the Add-Element function (Add-I)
(Add-I xu) ,0) Add-Element sb 4 by o (o550 jlges aiges 10 S5

S5 G yyaaly g BIFAL plesl Slles mlgh 4 b e sloas Y Jgos

Table 2. Construction functions codes for integrating bond graph and genetic programming
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Table 3. Initial parameters for integrating bond graph and genetic programming process
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Fig. 7: Embryo model of band pass filter [23]: a) Electrical circuit, b) Bond graph presentation
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Table 4. Values of obtained elements for designed band pass filter before and after optimization
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Fig. 8. GP tree of best individual in band pass filter design with depth of 13 in single objective approach
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Fig. 10. Band pass filter: a) Frequency response of desired system, b) Comparison of absolute error for present study system and reference model [23]
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Table 5. Objective function values of band pass filter for present study and reference model [23]
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Fig. 11. Pareto front of designing band pass filter in two-objective approach
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Table 6. Objective functions values of band pass filter for design points 4, B and C in two-objective approach
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Fig. 12. GP tree of designed point B for designing band pass filter in two-objective approach
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Table 7. Values of obtained elements for design point B of band pass filter in two-objective function approach
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Fig. 13. Evolved band pass filter model for design point B of two-objective approach: a) Electrical circuit, b) Bond graph presentation
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Fig. 14. Embryo model of band stop filter [23]: a) Electrical circuit, b) bond graph presentation
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Table 8. Values of obtained elements for designed band stop filter before
and after optimization
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Fig. 15. GP tree of best individual in band stop filter design
SBoke s s (e ($5 )3 Hlaged VO JSB
) R 100 Q ()
100Q 1 ——=l1 AN
—A1—0 o @ é é
Se 1—= J_ R:105MQ
R:10°MQ

Fig. 16. Evolved band stop filter model: a) Electrical circuit, b) Bond graph presentation
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Fig. 17. Band stop filter: a) Frequency response of desired system, b) Comparison of absolute error for present study system and reference model [23]
in one-objective approach
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Table 9. Objective function values of band stop filter for present study and reference model [23]
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Fig. 18. Embryo model of MSC system [23]: a) Free diagram presentation, b) bond graph presentation
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Fig. 19. GP tree of best individual in MSC system design with depth of 13 in single objective approach
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Table 10. Values of obtained elements for designed MSC system before and after optimization
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Fig. 20. Evolved model of MSC system in one objective approach: a) Free diagram presentation, b) Bond graph presentation
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Fig. 21. MSC system: a) Frequency response of desired system, b) Comparison of absolute error for present study system and reference model [23] in

the one-objective approach
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Table 11. Objective function values of MSC system for present study and reference model [23] in the single-objective approach
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Fig. 22. Pareto front of designing MSC system in the two-objective approach
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Fig. 23. GP tree of designed point B for designing MSC system in the two-objective approach
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Table 12. Objective functions values of MSC system for design points A, B and C in the two-objective approach
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Table 13. Values of obtained elements for design point B of MSC system in two-objective function approach
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Fig. 24. Evolved MSC system model for design point B of two-objective approach: a) Free diagram presentation, b) Bond graph presentation
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Table 14: Comparison of RMS values for results of this study and reference model [23]
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