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Position Control of Linear Synchronous Motor by Dual Learning
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This paper proposes PID and RIC (Robust Internal-loop Compensator) based motion controller
using dual learning algorithm for position control of linear synchronous motor respectively. Its
gains are auto-tuned by using two learning algorithms, reinforcement learning and neural
network. The feedback controller gains are tuned by reinforcement learning, and then the
feedforward controller gains are tuned by neural network. Experiments prove the validity of dual
learning algorithm. The RIC controller has better performance than does the PID-feedforward
controller in reducing tracking error and disturbance rejection. Neural network shows its ability to
decrease tracking error and to reject disturbance in the stop range of the target position and
home.
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Fig. 1 Position controller based on RIC
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Fig. 4 RIC controller based on dual learning
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Fig. 5 PID controller based on dual learning
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Table 1 Specifications of PMLSM TB2506

ITEM VALUE UNIT
Peak Velocity 9.7 m/s
Force Constant 33 N/A
Back-emf Constant 27.0 V/m/s
Electrical Time Constant 0.7 ms
Trust Block Mass 1.50 Kg
Forcer Length 174 mm
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Fig. 6 Photograph of motion control system of linear

motor
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Fig. 7 Motion profile based on sinusoidal wave

Z2odg B oJFAE 0.05m %— GE3HA
=] Zﬁﬂ TEAE 0.8 20|t} 0.1 25H 03 =
7HA 02 Z Abolel] 0.05m HEA| ] Edat l H
o} 0.3 25 04 2704 1 23F 0.05m ZTAH

<

A 7S Eta 04 ZHE 0.6 & Alolddl %7
QA2 Folth

¥ 8 & FEXSE PID Ao FFL
Adtolty. 11 ()= 200 3] “Fspots §o A3
ARzA AW FF QA7 60um AEoltt. WE
AE [03 0412 T3 & %ili Eok2 0.6 0.8]
Z FRrllA e eafMe] Hasith 1Y §(b)E

n%_}t‘

PID Alo]] o5& AsGon HEe AN T
WAL olgae] ASIAE oI5 )
dstolsh, 56 Ruds FHAR Goke 47

AT

PID Aloj7]el] Hla} Hojd Hs& HolFrh ot

ol FA7F WA Ae [03 04]% T3+ [0.6 0.8]%
o EA

0.03 % ¥ OWﬂﬂ‘: % REIEIREI LS .
2 8 oA PID Alo]7|ol Ao xRk



January 2012 / 83

PID - 0.8sec profile
T T

T T
| |
| |
[ .
| |
| |

(b)
Fig. 8 Tracking error based on PID: (a) PID with
reinforcement learning; (b) NN learning after
PID reinforcement learning

RIC + NN - O.8sec profile

(b)
Fig. 9 Tracking error based on RIC: (a) RIC with
reinforcement learning; (b) NN learning after
RIC reinforcement learning(RIC+NN)
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Fig. 10 Load insertion structure and its profiles: (a) Load
applying mechanism, (b) Load profile
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Fig. 11 Tracking error based on PID: (a) Loading after
reinforcement learning; (b) Loading after
PID+NN learning; (c) Loading with NN learning
after PID reinforcement learning
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Fig. 12 Tracking error based on RIC: (a) Loading after
reinforcement learning; (b) Loading after
RIC+NN learning; (c) Loading with NN learning
after RIC reinforcement learning
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Table 2 RMS error value overall range (unit[um])
PID |[PID+NN| RIC |RIC+NN

Without loading

. 24.09 19.91 11.14 12.10
after learning

Loading after
. 23.87 | 19.83 12.17 | 12.15
learning
Loading with
. - 19.03 - 12.10
NN learning

Table 3 RMS error value in the stop range (unit[um])

PID |PID+NN | RIC |RIC+NN

Without loading | 5.43 1.68 4.55 4.81
after learning | (4.91) | (0.98) | (0.92) | (0.61)

Loading after 8.77 4.75 4.93 5.16
learning (7.17) | (3.75) | (0.78) | (0.52)

Loading with 2.1827 4.77

NN learning (1.1654) (0.73)
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