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Parameter identification of DC motor model by flower pollination algorithm
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Abstract

Analysis and design of the direct current (DC) motor speed control system require its accurate model
parameters. This paper proposes the parameter identification of the DC motor model based on the flower pollination
algorithm (FPA), one of the metaheuristic optimization search techniques. The FPA firstly proposed in 2012, mimics
the pollination process of flowering tree in nature associated with Lévy Flight. Under testing, the DC motor system
was excited by the step input to generate the specific level of the motor speed considered as the output of the
system. As identification results compared with the model obtained by the cuckoo search (CuS), it was found that
the FPA gave the model parameters representing system dynamics superior to the model obtained by the CuS.
Details are discussed and shown in the paper.
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Figure 1 Schematic diagram of DC motor (Ogata, 2010; Ketthong, Kiree, Tunyasrirut, and

Puangdownreong, 2015).
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U049 FPA mmmuqmﬂmmnmﬁmﬁumwwﬁ (termination criteria)

(local entrapment) WATAUMNHALRALI9NEN LA

- Objective function f(x), x = (x;, X,,...,%,).

- Initialize a population of n flowers/pollen with random solutions
- Find the best solution g, in the initial population
- Define a switch probability p [0, 1]

No

rand < p

Y

- Draw ¢ from a uniform distribution
in [0, 1]

- Randomly choose j and k among all
the solutions

- Invoke local pollination in (8)

- Draw a step vector L
via Lévy flight in (5)

- Activate global
pollination in (4)

- Evaluate new solutions

Update g.=x

No

Yes

- Report the current best solution g.

Figure 3 Flowchart of FPA (1m1n wadmnaizes, 1ol 5990501, as305ml wrdnnamns, wavanlsayd

NALNTINe, 2559; Yang, 2012).

- DC Motor

(1)

V(1)
DC Motor @*(1)
Mathematical Model

(

Searching Parameter:
J,B.R,,L,.K K, K, and7,

f

Metaheuristics
(FPA or CuS)

F=Y[00)-0 OF

Figure 4 FPA-based parameter identification (Ketthong, Kiree, Tunyasrirut, and Puangdownreong, 2015).
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Figure 5 DC motor testing rig (Ketthong, Kiree, Tunyasrirut, and Puangdownreong, 2015).
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R, =[0,5.0], L, =[0,0.05], K =[0,0.5], K, =[0,0.05],
J =[0,0.0005], B=[0,0.0005], K, =[0,0.5], z,=[0,0.0005] (9)
Table 1 Identified parameters of DC motor.
model parameters SSE SSE search time
methods
R, . K, K, J B K, T4 (iden) (valid) (sec.)
CuS 3.9427 0.0107 0.2316  0.0410 0.0002 0.0005 0.1518 0.0004 0.0144 0.0185 2.8227
FPA 26256 0.0086 0.1148 0.0021  0.0001 0.0005 0.0342 0.0001 0.0059 0.0077 1.6131
DC Motor Identification
2400 T T T T T T T T T
O S [ A B A S 7Ac(ualspeed7
| | | | | | === = \odel by CuS
2000 — — —1— — — T B ErrorCus ||
| | | | | | — Model by FPA
1800 | Error FPA

Motor Speed (rpm)

1600
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Figure 6 Identification results of DC motor by CuS and FPA.
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Figure 7 Validation results of DC motor by CuS and FPA.
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