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Indirect Vector Control of Induction Motor using Nonlinear Observer
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Abstract ' Indirect vector control for induction motors
requires the use of observers for estimation or observation
of rotor flux magnitude and position. In this paper, authors
discribe the induction motor vector contral and introduce  a
nonlinear  observer, named ELO(extended Luenberger
Observer), without simulation results as a preliminary work
for trial application. Normally, design of nanlinear observer
need coordinate transfromation and linearization through
solving the partial different equation. However, ELO requires
minimal solution of nonfinear partial differential  equation.
Simulation was performed by under the enviroment of
Matlab and Simulink without the proposed observer because
we are still working.

Simulation was performed with conventional flux cbserver, a
dc-ac inverter modulated by SVPWM technique, a vector
controller ammed with muftiple =1 controffers.

1.4 &

FEATIA MSAAAEIZANG <) 9
He A%el 271 2 Ao P Bust Aol
A DA FEAF7Y 24z °
34% JYvHS IRNoE AN ARG 2L
WY WEI9 4AE AFan oF Aoz 7

#ate] dsts AAE FesA At
FEEHA N = ALE fFalr] g5 wyozA
ol 7t g ol&Ed A&k Y UL Eo=E A
FAsE WHel dal AgEIm glen} olad Ag=
o Z1EAlS #e REAEHNE RAYS] qZsr) o
o wabAd WEFrle AHE o AgE 48 5= @
317 fHAAE g & A B2 Huol vl
gAs L B 5 9

FEAEZY AHAE 4% AAF T ok P&
2= H%9-2] Kalman filter, Luenberger Observer & 9]
#E77F Q2] AEEZ gEd ol #Er|e HLL
545’8"5“‘31] g HE} HET AL JMsetA AE
2 ol BEIVEL F2 FEAFVI ZE uAYg
o= “.-‘3;—?15}“7 AL EHANHE 71T AYsn =de
HEB2A A=NEd DI oZo) o= Ax FAES
AR e Aoz Bdv) maa oS sAE =22
5171 fste] o= 8AY BZ7] 24 EFK(extended
Kalman Filter)®le] v]4% 48] #57](Nonlinear State
Observer), #-2827|(Adaptive Obsever), ELO (extended
Luenberger Observer)®] &% |37 49 AxESe

xx G

H#ER" FHHST =gu”

08
O

shol B o ZE M) &

DHKim  Y,0.Choi, G.B.Cho

o3 = AR 1I[231[41[51.

B =®dAz geAold] uMy w27
& AZZA ELOZ &3 AsuE7)
H) o x Yo ANAFRE 7&stn 9o

= {:{’roﬂf\%—‘c— FEAFZY dq2ae A}%EM Ag
Hold-g Fdl HH AE FYjx I BAE AA &
o= %alolf‘w»ﬂ PIAlo1 719} 71#8) zlol|HriR
2o #BEHI]E ASGD. = Azt oe s F
e WME7|H(SVPWM)S AHgetgd o Simulink &
£& o] &3ty molag).

#8.5)
AZ 9%

£ 4

mt ru[ru
rEL E,

Aa" wd3)
FEAETY]
FEAF7Y 2Yge dudo gt E dqg RYES

ARSI A (D 2% 2RA7IE AFERYelr,
) De A 71§ AL 2ok

diy R M R, \. RM
e “(aLsL, + oLs)ld AL % W
oLIYIL w0, + D%_“Vd
di, R, M R, \. R,M
& _(oLer + a'Ls)l“ T AaL % @
__——OLI\:IL, w,dy + ——giq Va
do RM ., R,
dtd = I"IrVI iy L—r(Dd — w0, (3)
? R,
%EL: RI:IYI g + wethy — -I::(Dq (4
dw, N _
dt_ - J (Te TL) (5)

&, Tezﬁ—'%\iM (1q@a— 140,)

Wag _ We W,
W, We

Sl=

o=1-1/[ 1+o)(1+0,)]=1—-L%/(L.L,)

~ 366 -



Z.=(R.+iw.L.) - ( 1+J%&)/( 14j SlgELr )

ol71A, 81 €%, 0 FEAF
g7 ZAgA A&ws @ AN gRE TAE

AT
WE A 7]

FEHT7] HE Aol ohdEZ PIAol 7S AR sty
TSt e, A g AZHL RAEI] g4
A (6774 2 2d 3 2 (decoupling circuits) 9 2] (8,
91007 o] 7]EY zZte|FARLE offsld Eox
£d 9 J&S gEsigt

K L. . .

VEch(Kp‘i‘TI)(&wT&‘;)(%—%) ®)

K r-l—lg w .

V;sc: (KP+TI)(T:U_{E;;)(ZQ$_ zas) (7)
T.= 1@ *if» II:"‘ ®
desl =wy= LmRr i(.]Se

& o
dt l@r‘Lr (9)
BSI = fwsl dt
b= 6y + 6 (10)

TUNE BT (SVPWM)

AHE HYHEYoEA FIWE HAZHEZ(space
vector pulse width modulation)® TFE3IIHE. o] W=
WAL YHEAZPR(SPWM Hlste] de A gtel
olg-Fe] < 156% Ax FAEI A F(commutation)s=
7t 33%AE BAHY, Aa WA 33 FA
29N ERE 2 A& AEAeg AMdEE OFAel
AARE el g}
WEZ|EE A (11-16)9] Vet F2AGHE 7 o
=T 2] AoFH,

V=V,+a-V,+a?:V, (11

ANA a=e T
¥ 283 Fago diEd ZlEEAG F9H vE
ZF 294 7]3te] Uidty gAY 2EE S Yoo
2 OVl R8T F /e A WH e on 7S V. s}
Ve WEA g3le Ao

V' To= Vi tit Vg - teay (12)
AEEF 719 vzl AL AAEZT dge] 2
) AR

tg=T. —ty—tyeq a3
4 (19 Fn FEY dgres RHag.

V' cosy- To=V3-Vdc-t, +V3-Vdc-t;- cosb0’

_ (14)
V¥ siny: To=V3:Vde-t,
V=V VE+V2E  (Odeg < 7 < 60° ) (15)

et 29 A 4 (16)% 2o
ti=m- T~ sin(60+7)
tp=m-T;- siny (16)
t0=Ts—t1—t2

A7N WEAS m= Y3V o

m. ¥A3 #=7)

8] #=7]9 ¥ ¥ (Canonical form)

A7|M = A (ANF e AEW uaY AAng uE

g},

x =f(x,u),
y =h(x,u)
X! n®WE, u: m¥EH, y: pAE

x(0)=xq a7

48 A2"e] JtAEA 88 (observability matrix)S
4 (18) of e =61 [7].

Qx,w= [dhy, Ly(dhy),— L7 (dhy), 18)

d(hy), Ly (dhy), -, L”" (dhy)]”
THEEA PP M. Zeitze) BV ZAFY Folx
g2 JElgleh o714 LA dhp)e &3 o] Ao
B,

T T
Ly () = (HP 1) e, 2
L7 (dh))= L/7'L} (dhy), (19)
LY (dh;) = (dh;)

4 (18)2 & FGows)o] Mz MPHozm =yAY A

of RFHY, Yo e FolA AAH] AHEA

A 4(observability indics)e] ©]&3th, Yurx oz 7@

&4 A%E 0% 2o BEdR Sn=n 9 BA%

ATH HAE BEH7]Y ¥ERL & o] et

)}\(: f'\(;i, U)"‘G(AX-, 11‘) * [Y—h( f)\{n, 1.1)] (20)
X(O): 55\0

Extended Luenberger Observer

ELO+= extended linearizationol] ¢}8] 3379 oA A=
AYselz Wgoes 71£¢ Luenberger BE7] 9 F4}
@ 7xE RE,

EFY vAd8 B2re FEugd o8 ATdn x 9
u 8 59 (nxm)e) o|=59dS TFET, & (21)
7 22 WY (transformation matrix) & 12 5kd
(#1729 v d"A = M¥EA=Z FEAF 7Hesi

Wix* 1), x"=W l(x.u) (21)

x= g}‘:ﬁf‘(x*,u‘n%d 22)
— HW * * * 8—W

f(x,u)———ax. °(x",a") + Frl (23)

- 367 -



Wy, ) =90 W I(x,u)],
E)xi axi

i=1-mn (24)

A (0o thated HEHE PERANL AWAE o

sted E7lsbd 2 (2526)9] ZH6][9l.

AW _ _of W 9 [ W
ad(—y ox;  Ox 9x] ax( ox; )f (25)
W wy=-2B" 0 1(x,m)[0-1]" (26)
0%, O0Xp,
714
sj(x,u)= 3 W . 27)
Xmy,+1
2 A=we e §iE u2s BA 44
3“{ = [51, ad _¢sy, - adf‘f_lsl» adfffsl,
ox
52,’"' f}sm]
ah; 4
sj(x,u)=—’~f.)X T Q (x,w (28)

71X ad; W /[ ox;x= "Blel 2#iZl (Lie Braket)“o]th.
A (18)3 Ze wHY BELY oSgTe 4 (20)%
Ze yFY FE X2 ¥Ba AFHEL = A0
X= Ei‘—a('§,u‘)+[—a% ek 0"
d X (29)
[0, W) =0 X, )]
714 x*e FHEFASY AR olInh b (v.w)
2 g (y,u))E MAY EFFeln, GT( X ,u)e oF
A ¥ (gain matrix)2 &3 2o] JJelid,

[Ea, =+ 0 x;| [alv.ul)
f(xw =|i - pl-t }
| 0 - Ea) (%] {2.(v,uq)
1 x‘(O)zxa
hi( x,,", 1)
g = | he %a, "+ Ha o)
[D3( %" 5o, o)
a m;_1+1(qu)
ai(qujt) = :
a (v, u)
[ G x,ul)
~ . 5 1| Gl x,uy
g(x,u )=[ W Fa
a X Gm( X-sum)

BE7] 0AE 4 (0T Zo] EFAD oA7H 4o I
s pAel BE7| 9Ae v|R2RRA @A

X = E,. ij*—aj(’fr,uj')-—aj(y,uj')-l—
(30)
gl (%, u) - [h*(xh, W —h"( X'y, W]
gaoz THHE F=27] o4 ATHNH o&) A
248 %, o et extended APHEZ ALsto]

%

= 2

~ % P a i * - *

o, g [fdn e o
| Y 9% @D
£, J=1,--,q i=1,-,q

oEgae Asw ATFHd AR X o Wt AYs
(extended Linearization)3t®] ZRF |, o582 uiA
&3}t e 28 starting vector B AR A
Fam 2o g o] B3l dAog FIAs o
£ @y For vehd & o

g( g*,u‘)z {[ [A11+A12€ld(,)rsl+,”',+

Amady " s +ady's;], o LA, +
Ap@ds s, o, + A ady ™ s, + ad}'s,))

— 11

[8h”

= (32
olSZaldE e Al & (28)¢ ofgated ThgH Zo| UE
2 & lvHel
gx,u)= {[A+Aad_p++ Aead{"}+

-] x[ %(i“:um”(%,u)]}/[g (’ﬁ,u)}

4 (3e w2YBEo|%e 99 ELOE ARANE A
asatm 92 ¢ F Ao

offt
uch

G 2N WHAYAZIE olgstd FEHTV] A
B27le] 7tazy PAH 5P ANSAD. FE
AF7E A4 (-5 el AR A e KsEe A
s n@se] 639 AR FAFseT
x=[

iy gr Pars Bars @, Tr17
u =[Vg, V17 (34)

. . a7
y = [Zdvg lqsy CU,-]

A (193 GHERH AnEy WS TR A (35)
3 2o

dh;
Ly c(lh dh;)
= 2
Az, ¥) Ly(dhy
3
L,(dhy (35)
1 0 0 0 0 0
—a 0 as agts Ay 0
_ 0 1 0 0 0 0
0 — @y T ayXy as — a3 O
0 0 0 0 0
T QgXy Oo¥z  QgXz T Xy 0 —ay

- 368 -



047 A AT ay,
Tl ag R g x4

AFLAAAN FaAE 7
AN 22 T, 0 T, %

as, 04%:" A

u W Aol

A (5)e AAPolmR 4 He N NYHoz %
Qolth webil W AY Ao Ex BE olEd] GAN
4 (35 BEat Ansy 4L FHEs B &
AuTlel 2ol Ba v2A AAT 4 AEW AIE 3
Aol EFAE dstel 0% % 1349 o] BHEE )
A5l THNGY F1E SRAHE iy D L= A
ek Agole A4y Egugel e 24 o x

Y4 AdsielolslEz ABEA WAol AU B
Az A (35)9 AYDL 4 (3)0) e,
Qx, ™

D 0 0 0 0 0
0 0 D 0 0 0
kl kz —k3x5 - k4x5 Mlag 0
0
0

(36

1
D by kyxs  fy ky  myg
0 0 0 0

Mg Mgy Mg Mgy

oA7[A D= a%am-l- aliawxé, ch‘:_ AHHSE LA

L‘o1_ }a}_l"‘?o]—‘- mny. /gl- ‘Q]' }&-E“%Z":_E o]"l'_o']l-] T

AZoth ol FE B2 14 vJelidn

2 (36)=T Aoy, oo Y M2 AHFE=Po|r}

A (34 # @)ezREH S Age O n=1,
n=1,n=19-& &5 olc} wgr 7d24 P2 L

D hy, hy, byl WiEk] 44 1AlY 2RI p=17}

Ao o5 He] Ade Bog I}

UA V=g FHAEL SYFRL FIH Y (V)F 2
01‘3'11 starting vectors= A HBALA] FEA = 7
d o determinantE 33}t

ah1 Y

£ * = * = 7
5x2 3x,1 3x5 D (3 )

‘l}‘{‘ _Q, CL) “v‘Pn'

olF WEE TheT 7T,

g1={p1*s+ 512}/ D g2 ={bosSoy t+ s}/ D

g3={p3*sy + 53}/ D (38)
17| 4]
0 0 0
D 0 0
= ky S21= l/;:x; S31= 8
0 0 0
Mz ™ M
- ﬂgkg + k4)65
S1 — asky — kyxf

T | (ar— aghky+ (ko= ks — (asky + kgxs|”

Resars + kg
Qgkeoiy — AgX XXy T 21y Mg
0
[
[

Fatgich

V. A &d o]

Ngaol e g AN HAYBENG TehalA @3
Y

B

Eanpminy

=

e

(M 25
i I||LE

g 1, AlEHe]AE A7 simulink FAHAE

TRz 2YayE 29 29 JENT. ¥z
Ao 2= AAE A7ho] ZF MEZE AzlEor AR}
7tAsta, EJAR Zzhe] Ad] Ag 93
T AFHALT FYG F19 daaAEel s 4T
F7lel st wlmsts Ao PSR,

33 2. AU UZ &9
3% 32 PLAIIE o8l 459 &
$= % ARAHoIT

Z=7HAAL Y

(b) 457 £4AR7(d-aF)

3% 3 457 SEUSA $uRY

B AE719 PHELAT AUAY A9 SE
S A% ¥ 5034 $EAFoI I H A G &
o4 AWElY 2L FASA F3 Az AB
%9 $EHY ol



(b) AF

(c) E23
oY 4 RslEe 3 PhHA 2B

AgdolAe 28 13 o] Y Pl Ao} E o] &8t

A 7)ol AL Pl Alojrle] 4AZE 222
(ETY L

v.a g

YAN FEAF7F AU Q& ARG RH 24
3 BEgeelqs) 2858 AAEY ZHoz wAY
#27\9] A4-g A%e, ELORA S u4¥ BE7|2
He3trl G g ons ugALRe SBay
92 S YRY ANAHE AAGAT T Ao
3 wHYBSI|Y o[SWDe WAL FEAF
Heidold] AYRAT W2}l dAME EolAde

¢ 7% ¥asnn e
Yol 7129 BEIE o] 8% AHAIRINE B3
£ AANSHACE, Simulink AIAE 4R FuE
MEYA el e A8 Ao

RE LA @Y 2 ARFHRE AR

k= ayazay, ko= aay,
ky= aqjaqay, ky= auoq,
ks = 0'%‘110. IS ﬂiam,
k= azaqay, ks= azaqaq,
ko= ayazay, ky= aga,g,
by =040y, k= 9239,
k= may,  ky-aqay,
by = af, by = a
D= ks + kex?,

g2l ook Rl ORI opA

m35=—k7x4 _kex_gxs
M= kpxg —hgx4xs

— 2
me = kyxy  —hRpxy  —hyagxs 4 kpxgxd
Mgy = Ri3xy  —RyXiXs

: 2

Mg =—Ryxy  Fhyxs —lyxaxs  +
Mo = Ry —RiygXaxs
Mes=— Ry X103 tRgxaxy — kg Xaxaxs + Ry x,xs

— 2
Mgy = — R — Fyg x5

2 2. A%7] dAgtujE 2L Pl Aor] olF

7] £€ : 15kw HAE7] Ae : 480Vac
A A7 560 A2 Ag o 46Q

A2 e 031 H s#dA d9d~ 1 0833 H
E dd¥e~ 0809 H ErA7] t Kp =1
ZAo{7]: Kp=5, Ki=15 EoaA{7[: Kp=5, Ki=15
FA4 =171 Kp=2, Ki=30

sl
b
#a
rl'

L

— 370 -

. C. Manes, et. al. ”

Y. R Kim, S K Sul, "Speed Senserless Vector
Control of Induction Motor Using Extended Kalman
Filter” TEEE Trans. on Industrial Appl. Vol. 30, no.
5, Sept. 1994

. T. Orlowska-Kowalska, " Application of extended

Luenberger observer for flux and rotor time
constani estimation In induction motor drives” IEE
proceeding, Vol. 136, Pt> D. No. 6, Nov. 1989

. TDu, et al. , " Design and application of extended

Luenberger observer for joint state and parameter
estimation in high-performance AC drives” , IEE
Proc. Electr. Power Appl. Vol 142, no 2, march,
1995

. R.Marino, et. al, "Adaptive Observer for Induction

Motors with Unknown Rotor Resistapce”
CD-ROM, 1994

IEEE,

DSP based Field-oriented
Control of Inducton Moter with a Nonlinear State
Observer”, IEEE CD-ROM, 1996, M. Zeitz, ”
Extended Luenberger observer for non- . linear
multivariable systems”, INT. ]J. Control, Vol 47,
No. 6, 1823-1836, 1988

. W. Leonard "Control of FElectric Drives", Springger,

1996

. J. H. Jung, et al, " PI type decoupling control schemes

for high speed operation of Induction motors”, IEEE
CD Rom, 1997

. XHZXia, WB. Gao, " Nonlinear observer design by

observer error linearization”, SIAM. J. Control and
Optimization, Vol 27, no 1, 199-216, 1929



