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Immune Co-evolution Particle Swarm Optimization for Permanent Magnet

Synchronous Motor Parameter Identification
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Abstract Aiming at the problem of permanent magnet synchronous motor (PMSM) multiple parameter identification,
a novel parameter identification approach to PMSM based on immune co-evolution particle swarm optimization (ICPSO)
algorithm is proposed. The proposed ICPSO consists of one memory subpopulation and several normal subpopulations.
In each generation of the algorithm, the best individual of each normal subpopulation will be memorized into the memory
population. A hybrid method, such as elitist reservation, immune network, cauchy mutation, etc., which creates new
individuals by using three different operators, is proposed to ensure the diversity of all the normal subpopulations.
Furthermore, a simple wavelet learning operator is employed for accelerating the convergence speed of pbest. The immune
clonal selection operator is employed for optimizing the memory population while the migration scheme is employed for the
information exchange between memory and normal subpopulations. Its performance is further verified by its application
in multi-parameter estimation of permanent magnet synchronous machines, which shows that its performance is much
better than other PSOs in simultaneously estimating the machine dg-axis inductances, stator winding resistance, and rotor
flux linkage. In addition, it can also effectively track the varied parameter.
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Table 2  Results comparison among seven PSOS on PMSM parameter identification with normal temperature
T = 300 HPSOM HGAPSO HPSOWM CLPSO A-CLPSO APSO ICPSO
R () 0.347 0.352 0.363 0.372 0.397 0.344 0.336
Ym (Wb) 0.0788 0.0789 0.0784 0.0782 0.0774 0.0790 0.0791
Ly (h) 0.00390 0.00339 0.00367 0.00381 0.00361 0.00332 0.00339
Ly (h) 0.00393 0.00400 0.00390 0.00390 0.00379 0.00399 0.00397
Time (s) 26.540 16.990 26.181 13.093 13.159 10.634 12.654
Mean 0.506 2.344 0.966 2.759 2.794 3.677 0.176
Std.dev 0.602 1.015 0.692 0.976 1.084 2.378 0.116
t-value 3.8061 15.0058 7.9614 18.5829 16.9806 10.3980 N/A
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Table 3  Result comparisons among seven PSOS on PMSM parameter identification with temperature variation
T = 300 HPSOM HGAPSO HPSOWM CLPSO A-CLPSO APSO ICPSO
R () 0.453 0.459 0.458 0.473 0.479 0.455 0.453
Ym (Wb) 0.0769 0.0770 0.0768 0.0764 0.0762 0.0772 0.0770
Ly (h) 0.00347 0.00341 0.00411 0.00414 0.00388 0.00370 0.00364
L, (h) 0.00376 0.00378 0.00376 0.00370 0.00369 0.00386 0.00376
Time (s) 26.569 17.006 26.217 13.172 13.128 11.313 13.445
Mean 0.283 2.246 0.410 1.968 1.135 3.300 0.261
Std.dev 0.121 1.121 0.215 0.841 0.483 3.866 0.147
t-value 0.8171 12.4147 4.0453 14.1380 12.2409 5.5544 0
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