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GA Adjustment Type NN-PID Control for Ultrasonic Motor
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The ultrasonic motor (USM) has strong non-linearity caused by frictions. Therefore, it is difficult to accomplish
satisfactory control performance by using PID control. In this paper, we propose the genetic algorithm (GA)
adjustment type neural network (NN)-PID control that used GA for study of NN. The effectiveness of the proposed

method is confirmed by experiments.

Keywords: Ultrasonic motor, non-linearity, PID control, genetic algorithm, neural network.

1 [ZC®IZ

BEEE— % USMIEERFICEELEINL72BRC
AU LHIREZ IR L T2 FHOE—4 T, /g,
EEIE D L2V, IR CH® MLy 36N 5, Bk
REDERFF BV 7 BREWVEOIEROERES 1T — #1272
BN REEE R L CQ0A[12], £, FEEER A X
ERART, iz, BRBOEEEZZITLIIELRE
RERISIPEC AR T QN D, T4, EREAL
DEELED, EERDODH LW DB ~DLASEIR I
TW5, LarL, USM I3ERET BREND 1= OB  JE— &
D X 5 BRI fRAT D REETE O T MMUTAR S T
R0 DT FEE T M ES < BAHTEE RO A
NTEP, ThETEE LU TEEIEHTHS PID HlE
BEL OBESGTRANONTE 35, LaL, USM B
BIFORERRCATWEMIZ L Y 77 2 N ORHENEE)
L, fERDEES A > PID HlECIIHEIMEREAME T LT
LE 9, Fiz, USM I3 IBRE CIEREIEN D2 D 58
W2 DRERDEES A R0 PID HECRE, HlEEAE
(2R B O KGR ILBIRDIERE R AR T DITIZE ST
WD T, D UM IZ=a2—F Ry RT—2
(NN)Z IV CRAEEBRCF R A AR 2 =003
RADNTE[6-8], EE DL HIERD PID iz NN %
*AEE 72 NN-PID Hl#EIZ#RE L T\ 59]), Lo,
NN TiiRak FEE O TRAMEDFE 21T O 8B4

RS . [ IEA, T755-8555 FEPHTEARS 2-14-1, FELLT
ERSHMERER TR,

e-mail: oka@ube-k.ac.jp

ThARYE PFEHTESSHEMAYR SHREXRE

T OFEN RFTESEARTIUR L, FIRAIBEMR IR L7
WEW ) RIS ER S COB[10], F7z, NN OFR
W3y 7 FurF e a VBPEE VWS Z EREN,
FOGEEHINEBDODATNERIC L HRED (Y227 Y)
ERNEEL 72 B3 T ML 3REE e USM Tl 0
RN E LN E W) ISR D D,

FERDORIE S AR D 7O ARSI T, PID N
NN % £ L 7= NN-PID il % FV NN IZ31T & TiE
DOFE% BPIETIIR < BEHNT VT Y ANGA) 1115 A
WCHEEERET 5 GA FEA! NN-PID HlEOFEEZ#RE
35,

ARRDERIL, 52 ETELEOXBRE T 5 USM & v

Toth—ARRICOWTEERT 5, 8 3 BTIEL, ESR-E PID
HlE L RET D GA FFEE! NN-PID HilfElOREREIZ DU
THAT 5, 554 =TI, GA DHERIEICOWTHAZT
9, 5 ETE, BELUEREOR RS 5T
DIZFEFED USM & VT To T2 R DR 7~ T,
FER T, PID HliE & 12232 U 7= GA 37 NN-PID Hl# %
22 PR @

2 USM H—H%

Fig. 1 IZASGSCTHR D USM & VWi — R ROk %
N9, USM, Tra—&36 X UARRAE HICER S
TW5, Tra—FnbLOMNEFRE, —YFrar
B o —Z PONHNBE ST v v Z R — R AT &3,
ZOHAB LI OEEMEEL Y PCNTEHESNZHHEAT
OEHRIY, V0 R— FERE L CEFERIZEZ bivd,
EREhERIE, v 7 FLUREERANTT VX VERTHE

415

NI | -El ectronic Library Service



The Japan Society Applied El ectronmagnetics and Mechanics

HAARAEMEESTE Vol 15, No.4 (2007)
& U7z[4), Fig 2 \ZBRENEEED T v v 7 MERd, £, Table 1 Performance of USM, encoder and Load.
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Fig. 1 USM servo system.
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Fig.2 Block diagram of drive circuit.
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Fig.3 Speed characteristics to phase difference (£=36.0kHz).

Table 2 Performance of drive circuit.

Driving frequency 36.0kHz
Driving voltage 150V
Phase difference —90~90 deg
Resolution of phase
. 1.406 deg
difference
Sampling time 1.0 ms
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Fig.4 Block diagram of PID control.
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Fig.5 Block diagram of GA adjustment type
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Fig. 6 Architecture of GA-NN.
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Fig.8 Responses of PID control. Fig.9 Control input of PID control.
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Fig.10 Positioning accuracy of PID control (No load).
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Fig. 11 Positioning accuracy of PID control (Load : 0.1N-m).
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Fig. 14 Positioning accuracy of GA adjustment type NN-PID control (No load).
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Fig. 15 Positioning accuracy of GA adjustment type NN-PID control (Load : 0.IN-m).
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