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Sensorless Speed Control of Induction Motor
using ANN and FMRLC

Su-Myeong Nam, Jung-Chul Lee, Hong-Gvun Lee, Young-Sil Lee, Bung-Sang Park, Dong-Hwa Chung
School of Information & Communication Engineering, Sunchon National Univ.

ABSTRACT

Artificial intelligence control that use Fuzzy,
Neural network, genetic algorithm etc. in the
speed control of induction motor recently is
studied much. Also, sensors such as Encoder
and Resolver are used to receive the speed of
induction motor and information of position.
However, this control method or sensor use
receives much effects in surroundings

environment change and react sensitively to -

parameter change of electric motor and control
Performance drops. Presume the speed and
position of induction motor by ANN in this
treatise, and because using FMRLC that is
consisted of two Fuzzy Logic, can correct Fuzzy
Rule Base through learning and save good
response special quality in change of condition
such as change of parameter.
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Reference
Model

FLAM: Fuzzy Logic

Adaptive Mechanism
Rule Base | | DFC: Direct Fuzzy
Modifier Controller
T
o))+ e Rule DFC
- Base
~ = Fuz;i-
or RA fication Inference Defuzzi-
ce fication

33 2 FMRLC H|0{7|

2.1 DFCol| 2|3t & ZH 07|
DFCel dde sxox eDo £x 039 W
sti ce(kD) e g Aoz Aot

e(kT) = w, (kT) - &, (kT) (1)
ce(kT) = e(kT) ~ e(kT - T) 2

DFCS] &d¢ igoln} Aojalzs o2 Hiad i
g dxth 7 & dojaE 719 HAAFeR )

E1HXE X
cw’ NL [NM|NS | ZE |PS | PM|PL
NI: NL |NL [ NL | NL | NM[NS | ZE
NM| NL | NL | NL | NM| NS | ZE | PS
NS {|NL | NL | NM| NS | ZE | PS | PM
ZE |NL {|NM|NS | ZE |PS | PM | PL
PS | NM|NS | ZE | PS |PM|PL | PL
PM|NS | ZE|PS |PM|PL |PL | PL
PL [ ZE|PS [PM|PL |PL |PL | PL
¥ 1€ 979 & Wol2E uehith

o714 NL(Negative Large), NM(Negative Medium),
NS(Negative Small), ZE(Zero), PS(Positive Small),
PM(Positive Medium) 2 PL(Positive Large)°]tt.

2.2 FMRLC H0o{7|

FLAMS| AAE A29 $g¢ 2 54 2o & 2
Fol o8} F2 dg Weok el Azskd 4%
gtk uE YiEe 4% %ow Furee Wge A
zde] 35ATL, LHRE, AR 2 HEAHY o
A 5ol 9B Foh w}am DFCA %% W7hiZe
Hgate] § Wol2d FHE £AUT. & WIS
e WA 92d % Q4o £HAE TgA =
goln Azde] #EHFE JERYe 459 24
£ o o3 F$-ack

I

_39_

em(kT) = w,,(kT) - &,(kT) 3
cem(kT) = em(kT)—em(kT - T) (4)

A7\ et em(kD) = 2z} e dojxe ¥
23 £E4%Y 54 HFxon. Aol WEFT F9Y
em(kI) =00 st w7l ZEe DFCIA $3% Be
7b 9ok 284 go® gy diiiEe aTHE

=TS 7] A%t DFCY & dlo]28 F2AA
A& #fof Foh.

WA drde ox em(kI)g Apgsid ZzAAe
A8 pkI)g AsiAge em(kT) g Go] HEZ 34
3 ARk QEEY 492 H3)F 44t 2ol 23}
g o3 dgEez ¥t A #9344 L DFC
A ALgE W FAEHA AMEETE AN
s P = g ext emkT) o) 71x3 o wx drd
o elaiA TP

=) 2 wo] 29 AL pKT)e| wets DFCY =4
Wloj2g WAZITh o] ¥sE DFCAA &3] 9y
4 e 39S FAs%o 78IS

r b

C,(kT) = C,(kT = T) + p(kT) ®)
A7I Mal ie qRdd o8 Fste (WA 9y
4 8 Yedn. 9714 4 F2 @ste 7 A3

A o)FojAth o] WM DFCE 87HE kKD
& 2R3 A3t ZAAst A7 ol JiEEdd
2ol F2AA7]7] $8ld AFIE FA 3 Az

H 2 0.15200M E HO|2 B

€0,

NL

g

PS | PM| PL

cem)
NL | ZE
NM| ZE

ZE | ZE | ZE
ZE | ZE { ZE
ZE | ZE

NS | ZE

ZE | ZE
PS | ZE
PM | ZE
PL | ZE

ZE | 2E
ZE | ZE
ZE
ZE | ZE

&

AR
HIS|R(B|R{B|H
HBISIB[(B|B[(R|S| B
HIB|R[R|R

o
B
2
=
L]

HolA B

g
g
B
)
g
=

ZE | NS | ZE | NS

NS | NS | NS

ZE | ZE [ PS | PL
PM

N
o
b
g

&
HIB|IH | BNBIN B |

8

8

§
BIF|H|E|HIB|H

]




H 425x0M B HO|2 B

A

NL INM|NS | ZE | PS | PM | PL
cea)

NL { NS | ZE | NS |NS NS | ZE | PS
NM| NM{ ZE | NL | NL { NM{ ZE

NS | NM| ZE [ NL | NS | NS | ZE { PM
ZE | ZE | ZE | N§

PS | NM| ZE | ZE | PS | PL | ZE | PM
PS
PS

PM

ZE | ZE | ZE | ZE

PM | NM| ZE | PS | PL | PL
PL | ZE| ZE | PM | ZE | PM

H

B

olg]g MIe AMg3le] FLAMS & ujo]x9 &
E 194 yetd #22 4459 A8 4 g4+ DFCY
A ALg-3E ?J-*rg} 2.

S5AAL & Hlojxo A oste dEE 5 9l
o A7 ‘&"3-‘4’ Rt A AlEH ol 93 015
10, 25z & Holxe EE 24 YERH E_
2-49} ¢t}

3. ANNoj| 2jst £5 FH
ANN(Artificial Neural Network)2 %

12
2dd o3 Amde P22 @ AFY A2d
79 3¢ ANNE 0§ A299 $3¢ vehdrh

u(R Unknown y(k)

plant
o
L=

Estimation

7 (k+1)

12 3 ANNS 0|85 AlAH =X

ANNE W48 54 A" seueg &7
) Aojg st AT ANNE ol 8@ Axd
9 RN 7¢ ¥F FASEE e 4% 2o

o,k +1)=0,(k)+Ad, (k)
AW,(k)
=d (k) +—+— T
=o,k)+21 {[¢,,,(k> 8, (016, =) = [4,,(0) ~ 8, ()] 6, (k= T)}

a
+ AW k=1) 7

1A T 48R F1E v T w4
Asolm s Aol A
&7b 2w 8% AEs)
S5ee AFol LA P& EAAN 2 geo
2 AReYG. A% @t A4 34 AEH
37 stz d%e AAVY. FRLEE 8@

s

AA% A2 AR g 2

8.(k+1)=8,(k)+T-,(k) @)
4. NA"S M5AHT

a9 4= & =24 AAE FMRLC Aoirle] 2
$EA%e 1000pmles B8 $HE 35 354
Uehdth 27)9) 150sec) B H&E FBdT ¢ F
9= FMRLCE 39 PI € DFC Bt} SHFE, <A
3 N2, B 2L B 23 =
Ho| ¥ 402 hehdrt,

1400
Pl DFC_
w:, @y AN
[rpm] FMRLC
=30
(@
50
ig[A] O W
-50
(b)
L 1
0 t [sec) 2.5

a8 4 28 NFEE0| 2JF SHSE(FMRLC)

2000

». 7N /
. o) o,
mr, wr
[rpm} \ /

-2000

50

ig[A] O _.ES...,..W-E“—*;.....J

_40_



FMRLC Aoj7lel &2E4E Jehdd. FsEa
¢] ¥¥d % FMRLC’} DFC 2tt &£xw¥sst of
<+ AA vgdo.

2000
7,0, N
{rpm} vV M
1600
(@
50
iq[A]
0 ‘vl ot r.. ey w‘fv‘-“"i ‘Fv‘rvn v
(b)
L 1
0.5 t [sec] 1

18 6 $stE3S HEY 28 SHSE(DFC)

2000
o}, 0, . A
(rpm] 1%
1600
@
50
ig[A]
0 wm.,m

()
0.5 t [sec] 1
a8 7 fstE39 HE0 o8 SHEH(FMRLC)

1200

* ~ ~a S
O, @, B, oy 2]

[rpm]

(a)

50

ig{A] O pemwt W m“:r‘*:‘%-n-nva—w-“r

-50

(b)

0 t [sec] 1
a7 8 XNE&x Hstol ot SHSY

a3 8& FMRLC Aloj7lo] 93t  0.25[sec]oll

_41_

18300[rpm}&.2 ¢Ast7t 0.75[seclell 100[rpmlez &
ARPe 3¢ $EEAHL Yehdh. ANNY & F
A&TE ALz F3sHA FH3 3ok
et 2 =EA A FMRLCH @ %59
Zeo] Aojr|g vlwale] -3t ANNe| &F 3
AeE d38 Jeyez 2 =79 83E 45T
+ ek

54 B

B =FdixE ANNF FMRLCE ol &% F=4
719 AMEE E2AAE AASH. DFCS
FLAM® #sA=82 FA4¥E FMRLC: g&& %
3] DFCe & dlojx9 €& FA3JHE. I &
7%} FMRLCE A2 #evge tgd HFdE
mz g Bty F53 FHAFS0] YERT

ANNE 22 FzE 713 4733 2% BPAE
Hesgor FALEE AL FTEA F
A& 3

B =204 AAE ANNH FMRLC Aol7le $E¢
2R3 Aol AL wEYNY ARE d& T+ AN
t}, waa B dFA A3 ANNT FMRLCY €
AL JAFE & UATh

> AU |

[11 P. L. Jansen, et al, "Observer-based direct field
orientation analysis and comparison of alternative
method,” IEEE Trans. on IA, vol. 30, no. 4, pp.
945-953, 1994,

[21 A. K Toh, E. P. Nowicki and F. Ashrafzadeh, "A flux
estimator for field oriented control of an induction motor
using an artificial neural network,” IEEE IAS Conf. Rec
Ann. Meet.,, vol. 1, pp. 585-592, 1994.

[3] M. G. Simoes and B. K Bose, "Neural network based
estimation of feedback signals for a vector controlled
inducion motor drive,” IEEE Trans. IA, vol. 31, no. 3,
pp. 620-629, 1995.

[4 M. T. Wishart and R. G. Harley, "Identification and
control of induction machines using neural networks, ”
IEEE Trans. IA, vol. 31, no. 3, pp. 612-619, 19%.

[5] 1 J. Leontarits and S. A. Billings, "Input-output
parametric models for nonlinear systems,” Int. J. Contr.,
vol. 41, pp. 303-344, 1985.



