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The Study of LM. speed control using MRAC

Hee-Jong Jeon - Beung-Jin Kim « Jin-Geun Son - Kyoung-Ok Park - Hee-Nam Son

Scong Sil University, Dept. of Electrical Engineering

ABSTRACT

In this paper an induction motor control using
fuzzy controller and neural network adaptive
observer is studied. The proposed observer
which comprises neural network flux observer
and neural network torque observer is trained
to learn the flux dynamics and torque dynamics
and subjected to further on-line training by
means ol a backpropagation algorithem.
Therefore it has been shown that the robust
control of induction motor neglects the rotor
time constant variations

1. A =

A HAN=2=z2 ASsla U= oiuX(el 2/37t
2ol MAS HE|0 o]8E2 U2y o HME
217F &8l ®o| g%IIEE REMSI P
S0 &0{.1 RUCL ol o] AFASHE A Al2
El2 U #8872 dYEE REHES27L &X
5tal A= OlFE olE0| HFHS7I0N HIshA 2
oiatl] =2 Ex23 U 42 55 O9Es 30
Ued HFZIL 2R¢|of feisl= FHI|=R =
£ U] mZolch =, HIAMY aR
HE2O v} 2ol AEst2 YAX 0| =

Che @O0l YVl WRolch &Lt Rl 3IH
AHE MEHESE Y 55 @ 4 23 2ol

SHH BIMEe| AlEALHol7(0] Ho{sky] ofs
CIFCLasiLt 22 Oto|a2 Z2AAM8 Mg
HEE Ao Y3 o820 2452 Hofzt
HsEN

=
"IL"T':L..'

£k

& HP0ME R MBI 2EEN A=
e BRI MS5HEE Yoil= =g M
Z AL XAAHEZI|E MRACZIEES o|88 X
SHEZ OjR|ste] =Ch Zos AlAYE Nt
stCh £, 71E2| Pl PIDHO7|& HXA X
712 OiZ|ste] w21 HFERNE SEHME
tsstA steict

1. MRACH4|
=2 HHE A (Model Reference Adaptive Co
-ntrolMRAC)E 1958 Whitacker0l] 2|8{0] &
qetel Yyaloz ZM= ghetojgle] wafo] A
tlol SHE S0 J[E =Y mat 7pAH 8]
2fA10[ L},
3% 112 PHEe 8@ MRACHA| o=z migt
O BSACtH SHES 7| EnYe| &3 ¢
A2t A=A0[ch of 2A0F FHEN ToZIE
HIlAlH F=2 EWEQ| nieiolg #Hzjo] el
Xolg & 5+ Uk

Al

=
=]
=
[
=

Reference
Model

ym

Parameters

1T
,

Controller
32 11 YeErN el WE MRACTE.

Adaptive
Laws

i

7]




‘OSBRI - RN SRR E WOCHE 1995, 11. 10

2. HAl Nqoj7|

FHAFO{E Zadeh?t Hotet HAXHE 7IX2
Hotgl wAlaz 7= Rz T3 213 2k X|
2 fliof mel Ssel A oXtol WS
HE WA AZICH HXBAE USSR
MY FYge=z OISAIZ|IE HES &k ol HE
Zste)l mp&s 08 2z2¢ ol XAH0[AE
“I{ Then."2] YOS EHUASZ 0[Ss0{ E 2.1
Ip ol Hol B8 AHECH o] XA Hojz=e &
2zt FEIME A AHX|stziof &=ECCh
8 =20ME Max-MinF:E @3 fASMY
g Aeste SEH07i% &N oi71E HX A0
712 F4 8 $ Uch

n mg{z;)e;
DU = EL mci(zi) @D
4
5 L
ot E g
£ contoter | {3
] ] oot
o g

a8 21 HE Hof AlLE

55 54 52 S2 §1 zo BY B2 B3 Ba BS
in

gol

400.80 E0-4D 20 00 20 40 60 &9 100

O 22 Wuiy &
2 21 HA 33
[“.cE [s3]sz2[s1[zo|BL|B2|B3
E
S3 153153/83]83,52]81 |70
52 | 53(S3iS3[sz2(S1z0(BL
51 1s31s3]s3
ZO | 53(52]81
Bl |s2[51(z0
BZ |S1|Z0|B1
B3 [Z0|Bl B2

=

3. Mz% =2 @Ryl 2y
3.1 AP "M HAFI| 4
Azgte ma7ls, WA BIE ALY
Alhar XpN7F e HEssiol ezt ELE |
S PR3 uch %3 HEISE 03ty 1
Hi413 m2lol 2Hsstch dFwe] 2HER
a2 313 2ot
HPRME olEr Aldote- MAE o[F80]
71Z=el RENSY] MY Eatdale] A #57|
alo) AlAUR o[Z8iol MEEHETE TASIA
C} AB7|= SHEQ AR 2238t FHE
o AMEE F FEE ¢+ USE B2 +x=8
#Hzsto] Mol ¥ = U=%® sich

&t

=

mr e

@FHI

re

28 31 MPYS INEPE

32 AAY HE A&7 e exeHYY
MAG xps #H/|9 a2 A5G LAY
S BE7I2 2xHe kDB 0SSN HIY E
23 #AH70 &2 E23 2PN £23 H#AF
78] 2XHerlkDE) ZAB|OJEHE TR (coherent
power)@ O|2310f ASEC M g= =H A
4=0[ Lk

K= olKleg (3.1)

of A7t Al E7|e & 2= HFY
g 2sto] exddn ga2Fof wtM IS
B HiZch gge Al (328 HIXTE AR
gtot,

_ (K exl KI* + e, K1)

7 (3.2)

E

- 97 —



gSORERIER - EEIREEr SRR ScE 1995, 11, 10,

4. AAas=to| M

02 412 MY AAY pMER SEXET|9
S|FA AlFHS M2 2HE0 2eitles A
A A ADS o123ted A1FY A HEI(gl
E23 &&7|9 sEo| Al2elct olg T.0f 4
X Trol SEsi=Esto] AEI(TF AR X5
203 DY 2AE AIFIEE SR (hackp
ropagation) &a2|E& 0|23%CE 400[mslel 4
sg Mg Hen @yl Kl ol AXg
( wyl K OIM ZIS82E2 HEE 0|23l0f
iqs(ﬂvg)- .E;:](avglg 2!21' ?:-iﬁ ’JT\‘ ‘ﬂt}

Lmir:S(avz)[ K}

T K] =—= v {4.1)
d Al K] wglave) K]
lmm
bE] ¥=
¥ Fuzzy Controller + Induction Medor [
K
/
T wkl ol
A ] J?‘?m r 1
X ;ﬂ% ] N
Fi Bk Torqum
o Cbesrver
Z ! :
|l
Filtar1 Fitor2
3 Tt Catodabon
B[ 41 AlAY FME
irlK Flux ernulator
Equ. [4.2) Ar[K+1]

is[K]

si[k]

2 M7 xpE AR
ABIRM A 2122

3
SRS oyl K1t 8% s5( o[ K] )

S osto] &2 §[ K] »8 YokHCLoi?|M
T,& MSZg Alzto|ct.

——— - ___._T
L K+11 =3[ K] (IT Y )

il K (L, 2y

olgt SAISHH 12 430A= AMZY Eo3
ABI M= A 442 HEESE EL3nd
o s=Mg sasich #58 ®&a( 4L K1)
2 EHHBE o|2at0] HME sFIBAM
ol #Al E@AZN T[ K13 417 A#AS72
&2 gea( T[ K] 2 2t 50 =5
JIEX & dipy Z=C ER XX HYAs EF
stof =mah DEA AL 1Y Kl SEH
(2l K18 olgs =23 TJ K1 )&
otg=9la of g M AEV|2| e 2
AH e[ K] VB 0|20l LFY A AEIE
ChAl E&AIZICH

ﬂ:[ K+1] = ,]:[ K] +(V:[ K] (4.2)
—-Ri[ K] )T,

T[ K] = 35{““‘ Al Kligl KI 44

T, K] =%}3(Ais[ Kl il KI (45)
— Azl K] il K1)

A fe] gy
K] Torque emulator T{x+1] l
L 4

Ety. (4.4)
+ I P
1]k} = -
e EI—["E’E’ ol
Coharent Power T

o2 13 HEde Ee3 H#E7|

A 4




'OSHREANERE - MRS SRR HOCE 1995 11, 10.

5 AlEdolM &2

R HE7]8B =22 Whp] 58 572
A HNI e (5[msec]2! HEZY AlZIS
X0 EAB7IE 10lmsec]2] MEFH A2 2
dystch MR 53 AHY CIXYA=229
H3A| Wrasts QALE 04[%]2] WY EH22 2
Ztstol AjEgo|ME &%l AlSgold aletojg
= E 513 2k
57| HEFF FI|e} U8 BtEESE FTA
SHE ApEHEE gEeried 22 HEE
2 KU S528 8 & oo o|xe| MES
ot Feol HlEs sUINE FSE 242
A ol 2 =8 S=2F E718U AA 2t F:9

EEsk= JEE VX222 HEE U8 Fof

=2
X
l'

of1

28 512 1800fmm] XEFSE0| Ui HAZZ
A7l ez Ho{F QUCh

28 51 HAHOM =28

X3

o

(L3N]

o5

a8 5.2 DQE A& 2AMT
T2 5200M = ZIEAEAN ML D, QF &S
LtEHALE,

32| 53 9l g=i3 AAWRT &
28 B0ME XEN mes #EVS 4@y
718 2F L2 ANNUS IS0 AlES #
siLh S5t S9aB st elgol ovt B Z
S ol @A BOIEN &St FI Ao
otEB E20| USE =0iF2 Uch

= 51 AlgalolM matolg
EEREEEEE) FEA

A 4N

B9 AEH 27 (PaTo] To 5Ta
PrTo Ty 5Ty
27T yHrE 3 B N, 5 1
Nt 1 1
Ay EE 7 4 0.1 0.3
7T 0.1 0.3
4. 4 =
bt Xlse| A2 AMEs SFEUEY] YEH|

olel ZR3 Azolch B o AlF4S AR
QEHST! sIHX AlFS o|BSEE S
M7= AlESel HE FHS RO W=
JiE Eopt REoICh WM ol 2XE N
sh71 ofsiM AFY XS BEI (Y 2o BV
2 A BAIE O[B0 REMSI XS
o 523 Clo|UAR 2tz SEAIHA 2t Al
olCH W= XS U Eo3 BEV|ote] 27
AASIZE BFCH SAE HEV|= WEROfe}
S =asiol eARixn YnASE oS8t
2eieloz SEAlZiCh ASAOME B8l |
olEl EE7|= HAEAELE HAHEOlASl 2B
SstolME eIt M58 UEE HoixEaY
=



'OsEEIRY - MRS BRRE FOUE 1095, 11,

10.

% 3 2 #®

[1] Kumpati 5. Narendra & Kannan
Parthasarathy ,"Tdentification and Control of
Dynamical Systems Using Neural
Networks",JEEE Trans. on Neural Network,
vol. 1, ne. 1, pp. 4-27, March, 1991,

[21 DH. Nguyen B. Widrow, "Ncural
Network for Self-Learning Control System,”
IEEE Control system  Mag., vol. 10,
prl18—23 April, 1580

[3] Ying-Shich Kung and Chang~Ming Liaw
A Fuzzy Controller Improving a Linear Model
Following Controller for Motor Drives® IEEE
Tran on Fuzzy systems, vol. 2, No, 3, August
1594,

- 100—



