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Parallel Dynamic Learnable Immune Evolutionary Algorithm for Permanent
Magnet Synchronous Machine Parameter Condition Monitoring
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Abstract
novel multi-parameters intelligent identification and condition monitoring method is proposed based on GPU parallel

In order to improve the efficiency of permanent magnet synchronous generator parameter estimation, a

dynamic learnable immune evolutionary algorithm. This method named G-PDLIA combines graphics processing unit
(GPU) parallel computing technology and artificial immune system. To improve the fast dynamic tracking performance
of the detection algorithm, a knowledge learning scheme is used to guide the evolution process of the artificial immune
algorithm. The details are as follows: firstly, the whole population is divided into B cells, plasma cells and memory
cells; secondly, three learning strategies are designed for different evolutionary groups, including immune comprehensive
learning strategy, immune opposition learning strategy and Gaussian dynamic learning strategy, and the interactions
between antibodies are enhanced by a proposed learning operators; then, the proposed method is accelerated by GPU
parallel computing technology. Finally, the proposed method is applied to PMSM parameters estimation and condition
monitoring. The proposed method can effectively estimate the machine dq-axis inductances, stator winding resistance
and rotor flux linkage. The task of online monitoring and early warning can be implemented for the running permanent
magnet synchronous machine (PMSM) according to parameters changing. Furthermore, the computational efficiency is
greatly enhanced by GPU-accelerated parallel computing technique compared to a CPU-based serial execution.

Key words Permanent magnet synchronous machine (PMSM), parameter identification, condition monitoring, artificial

immune system (AIS), dynamic learn, graphics processing unit (GPU) parallel computing
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Fig.1 Parameter identification and condition monitoring model for PMSM
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Fig.3 Schematic diagram of immune comprehensive learning
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Fig.5 Schematic diagram of PMSM parameters estimation and condition monitoring system based on G-PDLIA
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Table 2 Result comparisons among seven methods on PMSM parameter identification with normal temperature
Result HGAPSO HPSOWM CLPSO APSO ICA MICA G-PDLIA
R(2) 0.375 0.447 0.435 0.510 0.383 0.404 0.335
L, (h) 0.0031 0.00339 0.00352 0.0032 0.00352 0.00343 0.0021
Ly (h) 0.0039 0.00363 0.00395 0.0034 0.00384 0.00373 0.00397

Ym (wWh) 0.0781 0.0758 0.0768 0.0744 0.0788 0.0770 0.0791
Mean 2.657 3.085 7.209 6.89 1.559 1.839 0.319

Std.dev 0.989 1.906 2.918 4.39 0.475 1.319 0.133
t-value 15.683 10.079 16.567 10.548 14.642 7.854 0

Time (s) 30.9 46.24 23.03 19.13 78.16 107.05 13.98
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Fig.6 The fitness convergence curves of seven methods
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on PMSM parameter estimation under normal
temperature condition
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Table 3  Result comparisons among seven methods on PMSM parameter identification with heating temperature
Result HGAPSO HPSOWM CLPSO APSO ICA MICA G-PDLIA
R () 0.453 0.518 0.537 0.552 0.504 0.528 0.459
Lg (h) 0.003 0.00346 0.00349 0.00349 0.00323 0.0034 0.00193
L, (h) 0.00378 0.00359 0.00353 0.00358 0.00358 0.00356 0.00374
Y (Wh) 0.0770 0.0752 0.0746 0.0743 0.0754 0.0749 0.0768
Mean 2.087 1.253 4.609 5.587 1.353 1.36 0.375
Std.dev 0.915 0.904 1.246 2.932 0.761 0.859 0.115
t-value 12.406 6.430 23.185 12.487 8.301 7.542 0
Time (s) 28.92 45.89 22.82 17.10 77.12 109.67 13.93
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Fig.7 The fitness convergence curves of seven methods
on PMSM parameter detection under heating

temperature condition
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Fig.8 The fitness convergence curves of seven methods
on PMSM parameter estimation under heating

temperature after cooling condition
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Table 4 Result comparisons among seven psos on PMSM parameter identification with heating temperature

after cooling

Result HGAPSO HPSOWM CLPSO APSO ICA MICA G-PDLIA
R () 0.415 0.543 0.533 0.507 0.513 0.515 0.407
Lg (h) 0.0031 0.00329 0.00368 0.00345 0.00375 0.00323 0.00203
L, (h) 0.00396 0.00352 0.00366 0.00374 0.00358 0.00359 0.00394
Vm (Wh) 0.0778 0.0742 0.0748 0.0755 0.0749 0.0749 0.0780
Mean 2.157 2.480 4.595 4.098 2.006 1.917 0.339
Std.dev 0.937 1.379 1.634 2.879 1.180 1.489 0.159
t-value 112.624 10.546 17.893 9.145 9.464 7.239 0
Time (s) 30.161 45.93 22.75 16.99 76.36 110.64 13.92
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Fig.9 The result of PMSM parameter detection under several working condition based on G-PDLIA
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