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Abstract

The field oriented control of induction motors is widely used in high performance applications. However,
detuning caused by parameter disturbance still limits the performance of these drives. In order to accomplish
variable speed operation, conventional Pl-like controllers are commonly used These controllers provide
limited good performance over a wide range of operation, even under ideal field oriented conditions.

This paper is proposed adaptive fuzzy controller{ AFC) and artificial neural network(ANN) based on the
vector controlled induction motor drive system. Also, this paper is proposed control of speed and current
using fuzzy adaptation mechanism(FAM), AFC and estimation of speed using ANN.

The proposed control algorithm is applied to induction motor drive system using FAM, AFC and ANN
controller. Also, this paper is proposed the analysis results to verify the effectiveness of this controller.

Key Word : Induction Motor Drive, FAM, AFC, ANN, BPA, Speed Control, Speed Estimation

i

1. M

=

S ok
i

HE Ao g HE3 FEATY) =fojue
HAste] 4k A-gHolol) FEHAstA AL
E 2d%7] See|urt dsla o
545 73 Qe A, 7HE, NElg 2
stk 3R dEel Aol
ofell 7Hg o] AREEE= Alolrle PL Ajelr)
ojth. ol Thadt T2 FHAF FTARANM %T
P A%S 2HY 7 7] dEolde} a3y P Alo]
71E 959 9F ¢ meng ol u¢ ggsln o
A o5 g A U $9E& FZAIVI7)
AHTH2L olH® =d& FFAFI7] sty FazA
3 =golr getvlele] HGAE AMgdor itk
SMC(Sliding Mode Control)[3], MRAC(Model Reference
Adaptive Control)[4], STC(Self Tuning ControD(5] 5
& HEAl 7ol AANER. o] 71y AEr] Hat
uE, 83t B2 ¥ #A7 2 PP Thiashlx
FEF EEGHE A& F AT ¥ VYo FrE
okt et o] ZIHE AR 3y mdye) ¥}
I P& F2FEE TS o8 ZAFe] A
o} AR Eoke] Heolw R} o deuy ¥ @
ojd zdle] B4 ol uidjd e IS W
g 5 Ade 7o) ui=A) "asi)

HZdl= HAAe] 7o) fFEAE7] =elo]ne A

0 oox B

% L ol ]

32 2

o|

il
oX
o

bt Jp oo fI

o
>

n:?, 0oL
e 2

A

r

oo HLHATHE]. AH HAAAANA HE FHAAY,
sebe WE5E 1T HA A, M2E HAA] F
gkt A7 ARHAY. 2D AAHERE o &
st FEAE7Y &2 Ao 2 FHg 39 gz
A3 4& F JAHT. 2 A R AAEF
zZubo] 4% o] gleomz o|Ft AHorle] A
we fr1dos Agshs EEFEY AT @2
APt Aol AAg2ee E9E INNFuzy-Nard
Network) A|©171[8], FNN #[0171& BAFsh= 28 FNN
Aei71[9] T TRt A7} o1 FoiR Tt olHY ATFE
2 34 9 R £us) B3} ¥, 34 w3t ¢
A 434 A T O 6T F5g 5498 9E
& itk a8y o] ATFEL iRE SEA R 48
gt3lon AFAlel7|e A48 agskth AFEA1Y =
2 Pl 0|52 AFSHE AA =olBe 53X A%
9] Al zAdth A AfARTE 24d% Ao
7} "esla £ 2 Y& B3 5 dehlee] ¥ 5
thsled o& 7 2 IS AE A A A
2% 71¥o] "aslA HUrh

2 =FMe /=AY Alels e Hsld
FAM(Fuzzy Adaption Mechanism) 22 Pl #loj7]¢} ¢]5&
FAsle] £5F Aojdt). AFC(Adaptive Fuzzy Controller)
2 AFE Aoj3ls] ANN(Artificial Neural Network)el 3}
£58 FA%0 B =54 AN Alorle] Alei543

- 404 -



FHYE ENE O BFE AAP
2. Al~Y 1M 9 gl

B =FdAE FHE PWM Qg o3 7%
= 1%7)9] WEAo] A A€e na] gt

s
ox
o
o
H1
2

HE e FEL 2R, 337 R AnAsa 5
8] Egjo|B s} 22 1A% Ao} Al=ddl S-Edr.

g4 o Im .
v,
Tgs|- Controller s Vas, Vo, Yos M
qd SV PWM >Y
abc Inverter M\
. l
ids + P vj,
8,
X Controller + et
s |~ oy = 6, Position
sensor

Y 1. M2 HEHAO N
Fig. 1. Vector control system of IM

w9} Iy AW B3 9 A% 4R MRS Uehy
o) ARAF o} g o} v £ PI A0)7)E
o}gste] Aol@tt. Pl Aloj7le] EHE Vi 8} Vi oo
o= HEWH a] Var VeV 2 WBB F7helE
PWM s o8] SEA%7E Aotk A%
o] 9XAR 6, FHEWsol| o]LFch

33 Y AR FEAEI BY 2de 4-9% F7)
HASN FPs vl BANE e g}

R, 1-oR LR
_[:{,L+Tf:) “ Al ol 2,
Iy @ _(-&-{»ER—) L— LR '« o,
el ' da, o L oLl ol | |,lo L “ﬂ]
b LR, 0 PR Mt P
[ L . s l]00
o R, R, o0

SHEAE O Ao® FEHET
A e
@714, o & gg A 2tk
o=1-L2KLL,) 3)
aem Ll L 34, 44 2 45 Qs
R,R: 342 @ 4x A%
0, 0,0, §7), AW R &Y &%

23S A% A Aofe Y E33%E A
@

. - . Rl
Vd.r (lds - td: ) - we ULJ ll].l

¢ | —

“@

[k,, +,
(

k,+k,

* —
qu =

W |-

. . L
(lqs - tqs) + a)taleds + wc -f ¢dr

)

3. 0 &3 HAMN I

s A HA A7 E o83t {rEHFT] =il
B &% o] 2 A g A|AHY TAEEE 2
g 29} Zt} FAM(Fuzzy Adaption Mechanism) 2%
Pl Aoj71e] o5& FAd £HEE  Aolsk:
FAM-PIL Alo}717} Utk AFC(Adaptive Fuzzy
Controllen)® AHFE Aolsi ANNol| o3 &=8 5
A7H101.

PI Alo}7]9] % 7l9] ol5o] & 4=zl Fae Wy
& olgsle] zylspgith 2y o] o5 AAH TF
274X FEAFT7Y FARY EF P A7
o] F 9 o}5E FF3] A% A dagdFE @
eyl WEY A9l Y3 A% S A 98t
o] Abggit) of AK g AK g wAATF)Y] $18t
WA g ARt o] B9 AAe AFHYA AH
Nz o8 RPN Koo Ko gt kg
A3 9 PL Alel7l & shAsto] &t

FAMOIA Q8 &% 03} eo} &= Q2] 3} ce

olal & T 719 oF K, 9} Kot K, 9 Ko g
AAE7) % AR & ¥ 1o Jvepdth AR

& Zog FBE A4 #4E ARET

HA B2 ¥ A £¥ dohisd HHANE
Hate] FAZTAEE AHEEt] PL o719 ol5e] A
A wge et o F A o5 UdH Zol

R i
KP=KP+Kka1(en,Ae,,) 6)
K, =Ki+Kl:if1(en’Aen) N
Ly
@ To [ 2
3 AC i~ -
noxrve b 1 Yabes
. iz ) (7 —
= Controller’ = NG - ._Ll"‘ kel
= & - FAM oL
IR o
Fid & oy
FAM:PL 2 AFC = [.]
e
?.’f LA ANN [+ ADC
oA T Sk Modtion AEC w?usymc«mw
B T irmion  ADC Avakog D Corern
IPT : trrvarse PT

oy 2. g8 E
72 MOl

Fig. 2. Adaptive learning fuzzy neuro controller for
induction motor drive.

celolBg 98 HEsa HA

- 405 -



¥ 1. 0S8 HL81T siet B ol
Table 1. Rule base to update gain

oh K (h X
T v ns | ze | s e e m’NLNMstEPsPMVL
A
NL | ZE{NS | NM}NL | NM| NS | ZE NL [ NL | NL [ NL {NL | NM| N8 | ZE
NM|Ps | ZE | Ns | NM[Ns | ZE | P8 NM| NL | NL | NL {NMiNs | 2E | PS
NS [ py|PS | ZE|Ns[ZE|Ps |PM NS | NL INL|NM|Ns | ze jps | BM
ZEJPLEPM Ps [ZE|ps [PM| L ZE|NL|NM|Ns | 2ZE|PS | PM | PL
PS [PM|PS |ZEINS | ZE|PS [ PM PS [NM|NS | ZE | ps [ M| PL | PL
PMPS | ZE [ NS [ NM| NS | ZE [ ps PM|Ns | zE|PS [PM|PL | PL i PL
PL | ZE | NS [NM|NL | NM| NS | zE PLIZE|Ps [PM[PL [ PL {PL | PL

celoluel HAEE 3l o5 K, K Ay
Ao =23 Agstn #E4&Er) W Agdle
Z718%t A HAlE 38 § BN o= K &x
QAE A Wk I AU WY g
te 27712 59 2AbHstE A Wgor =7
AY F ukek A fele o AR
E9 A5zl HAHAT euGE o3 £T8Y
o] AJHck F WAE o5 K& oxtel eapasl
A WYPoE F Aol /IR B Wges g
Aol AaA ole £E9 QufFES AHAMF
Ble] ©21E8 ZAAZTh

23 Alxee] HenAge 270 HAA oy T
ok a¥ 3& F A9 HAFRe] 45F8E vehlg
DRC(Direct Fuzzy Contrdllen)= F:2l9] 4ubAQ) Hx|#]o)7]
o]31 AFC(Adaptive Fuzzy Controller)+= 7]& 2de 1
He HE A A7 E Jebdth

DEC %mg)Zol of§t 28& Av(k) o) ARCe o

§ 2ge A Mol o] ¥ e Pl WIS
23 NE 95 AYL A=y,

o %

lagr (k) Reference |_ () + ~

Model

k)

+ - Elags(k) ,E;Av;,,l( &
- = * A0

fags (k)

I8 3 5HE HAHM

Fig. 3 adaptive fuzzy controller

Integrator [~> V,;q.. *)

i (kY™

4. N&H ds 2 21y

3¥ 4% Ollsecloll 1800ipml2.2 &AF A#HS%

& Odlsecldl 12000rpmlE W3A7]3, 06[sec]ol A
08[secl7HA] H3lE=AE SINMIQA7EIR-& AS $HE
Ae et 18 AUVae AHETe) ALY,
39 40+b)et 4(7F-c)= FAM-PI A|oj7)o|A F3F o]

5 b kg Jely3, 19 40HdE 15 AFE U

@k a9 4vhe a9 40hE BEEA AESP] 9
3 39 40hd =" R ¥R mE 895
4& gzl g FsE vehdd. a8 4(d-a)=
Sisd WE 954, 38 4A(W-be Sxskdl
e $HEA, 28 dYox AUl e $HE
4€ vekdd. FAM-PL #2717} Feel PI Ajei7]el
Hlgla] QB|FETL Fa AeAlzte] wWED, s A
A= Fol 3% 5ol vehdo.

2200

. ,.ra. FAM-PY
@, 22
[rpra] " n \_/ 2
R 2
0 @, 0 FAM-PL
(®) frpm]
£ L06)
b : SRR ' (&) )
l 0.1 t[sec] 0.16
ol 2
o R —
200 ' @, FAMAPI
P
% f 1000 z
()
ol L y X
P 0.37 t[sec) 0.46
40 1500] )
r . p FAM-PI J
. @
TV ———_t ol e &
PI F FAM-P{
“ 900
@ ©
K e ] 0s t[sec) 09
&) (h

38 4. 55 % Ba o Ust 5= SHSH
Fig. 4. Speed response characteristic with command speed
and load torque variation

I4 58 ¥4 R AR AR T4 sefvlErt dEst
W& B 5L vEY a¥ 50D #Adel 34
HEE 35 $R/5EE vEhn, a8 5(Whe A7)
Aol pHENE 2F SHE4S vehdch 84 3
HHA A7 T Aehler dFENE AolE £ =
oA A FAM-PL #101717} 2] PL A|o)7]oll u]
5] g5 SHEGS vehi tk

=9

22 = 22 ]
[rpm] [rpm]
220
22 ® 20 @
220 S FAM-PY 2 Vs FAM-PL
* N / » R /
2, o, v, @y 4 \
[rpm} \ / {rom) S/
. —g
22 -221
(b) ()
10 50
EAM-P] FAM-P
oo, 0 ﬂ P ‘ﬂv {E’ A PR o
[rpm] T ,U [rpe] .
-1 Lt 50
©) {©)
0 t [sec] 4 0 t [sec] 4
7h S =37, (h R.=3R,

¥ 5. m2tolel ¢alo] st 448 28 SHEM
Fig. 5. Response characteristic of quadrant drive with
parameter variation

- 406 -



7% 62 ANN| olg SRR oje $HEAE
vehdoh 39 6la)e ALz AALE, 6b)e A
BEES FAEE 60t 9F AR, 6D dHAsx
% 2% 038 Uitk 19 6@I4 F4L
e 1% W2 F44%0] v§ 95

2200 40
*
0f o, , k !
. i [A] O T
i w s
=150 ~40
@) ©
2200 — 19
@ r‘, a/;v f—FA @y —03\1 o B
[rpm] L [rpm] '
<15 -1
(b @
0 t [sec] 1 0 t [sec) 1

J8 6. S=FH0 Us SHEN
Fig. 6. Speed response charactenistic with speed estimation

a9 78 A - Ao oigk AF $EEAHE UE
WAk 28 7(7h2 PL Ale], 7uh)& AFCe $gEA 0
24 09 (v AHEES FAH%5E, 2" b A%
a¥d IF, 3™ (0 44 a3 AF, 28 = AFL
al 29 (e 293 AE Jeiid 28 70-d)s
I 70Jd-d)ellA B =FolA AAF ARC Ao}z
% HAFLAVL Pl Aloj7)e) 2% AF &R Ho}
I SHEEE Yehdt

P41 ——erti - 2200

: T -
o* $, ] o), J’T |
[rpm] q\ i’ [rpm} \‘ /
22 -2 >
() (a)
40 40
ia|A] o ﬂ vvvvvv A .ﬂv ........ A ias[A] o ﬂv-"v"-vmﬂv AR
40 -40
(b) (b
40 40
A
| J l
Vo [A] 0 edimaranal sk as TA] 0|~ b !
1

1 [sex] i 0 t {sec] i
(7} PIAlo] (1} AFC Al
D8 7.8 -H92%00 st 85 S3YSH
Fig. 7. Current response characteristic with forward and

reverse operation

5.8 £

= T

B =EolAe FAMAPI(Fuzzy Adaption Mecharism-Fl)

of A¢ FEdT7Y HEA 2 ANN(Artificial
Neural Network)ell 9@ &&= AX2]29t AFC(Adaptive
Fuzzy Contral)oll 1% HfAlol& A8 145 &
Aol 2 A% ARAAE B2 F AU ANE
FAM-PI #0}7]¢] FAM(Fuzzy Adaption Mechanism)2
HA A% HgAE EFT Fejoln FAM Aloi7]
g F3 PL Al0719] ol5aE &1 dHe webd A
FTOE XTI, BAE o5 e fEIT7Y
£5E Aok AFC Alo7le 7IEEd e e
AFCSt Fdo] #AA] DFCE 3¢ ey

E ol88ld FEAET7IY FFE Ajsith A
A% FAM-PI Aloj7] 2 AFC Aozl F8¢] PL A
o7] Bt} FEA0] R HFAY 5ol ot 23
& 4& & AUtk 53, &5, Feped, 34 R A
% Fevle Ag® FEF Ao SHFEEE de T
AL IHT R AAY AE FAF 5 %I
ANNE °]&3 ¥d APEEe A FAHSE
T AREEd F3A FAAT Wb & =g
A AAZ FAM-PI 2 AFCA°)7]¢] ggAe A5
T AT

£ HAEHDE B8 |ET  ANFAT -
wERY FATOL FUT ASHHTANFS
49l AFAAYIE

{11 B. K. Bose, “Modem power electronics and AC drives,”
Englewood Cliffs, NJ, Prentice-Hall, 2002.

(2} Gy. Juhasz, S, Halasz and K. Veszpremi, "New aspects of a
direct torque controlled induction motor drive)” IEEE
International Conference on 1T, vol. 1, pp. 43-48, 2000.

(3) Y. Zhang, 7. Zhao and G. Song, "A full sliding mode
sensorless control of three-level inverter—fed induction
motors,” in Proc. IHEE PESC, pp. 2825-2831, 2008.

[4) L. A S Ribeiro, C. R Jacobing, A M N, Lima and A C.
Oliveira, "MRAC strategies for an IFO oontrolled AC motor
drive with parameter estimation,” 27th Annual \EEE PESC
'96 Record, vol. 2, pp. 1222-1228, 1996

(5} S Yasoh and F. A Mohamed, "Redl time seif tuning controiler
for induction motor based on P metod” 3Bth Awvwal
Conference Proceedings of the SCE, pp. 909-914, 1999,

®) J. C Lee and D. H. Chung, "MRAC fuzzy control for high
performance of induction motor drive,” The Trans. of KIPE,
wl. 7, no. 3, pp. 215-223, 2002,

(7) M T. Wishart and R G. Harley, "ldentification and control
of induction machines using neural networks, ” IEEE Trans,
A, vol. 31, no. 3, pp. 612-619, 1995

(8 H G Lee, S M Nam | S Ko, |. S (i, J. C Lee and D.
H Chung, "MTPA contrd of induction rrotor drive using
fuzzy-neural networks controller,” 1CCAS 2005, p. 134, 2005,

{9) ). C Lee, H. G. Lee and S. M. Nam, D. H, Chung, " Speed
oontrol  of induction motor drive using adaptive A\N
controller,” Intermational  Conference ICEMS'04, Conference
no. A-5(430-M03-052), 2004. (D ro. 2)

(10) J. S. Qwi, J. S. Ko, and D. H Ghung, "Efficiency Optimization
Control of SynRM with ANN Speed Estimation,” KIEE, vol.
55P, no. 3, pp. 117122, 2006.

- 407 -



