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MRAS Based Sensorless Speed Control of Permanent Magnet Synchronous Motor

& BE =T
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Abstract —

Young-Ahn Kwon)

Speed and torque controls of permanent magnet synchronous motors are usually attained by the appiication of

position and speed sensors. However, speed and position sensors require the additional mounting space, reduce the reliability in
harsh environments and increase the cost of a motor. Therefore, many studies have been performed for the elimination of
speed and position sensors. This paper investigates a novel speed sensorless control of a permanent magnet synchronous
motor. The proposed control strategy is based on the MRAS(Model Reference Adaptive System) using the state observer model
with the current error feedback and the magnet flux model as two models for the back-emf estimation. The proposed algorithm

is verified through the simulation and experiment.

Key Words : MRAS, Sensorless Control, Permanent Magnet Synchronous Motor

1M &

474N ENEEIE B AHUES Aol FUyoz
3] Be AR ShEslzll BRssA $45T Aok
53] Fole) AFAEIE AHRHE HEE TES AP AuA
2dolN BEE7 BT Aok AT B/9EAE A
¥ $E % E3 AclE ANt HuAe) SERD b
grae YNHI WEA 27A AAAY 9H 2 &
T AMEANE & 424, HEY 2 dIZEY 22 M Fo
AgHT Atk 2L olAe ANSEe AAN BAHD
AN dR4E Fus] AF ABv1e A L A3 EA
o] BYHAEL ol glod, 9 LEst BAY 717} A
¥ % EE 050 AY BANME AN UAEs} BaI,
A2o)e oY AA4 2 N4 e Aok 4% 2 943
AAE AHEER B AN Aolias) dTr) B o)
Az e
AAE= Ale] WalezE 73y BLDC AE7)e) 2, o
a8 ol8d ANAE WA, YA FAYIN A 3nz
et AAE okt P4, TeWY tholeEe) T
g Aae AU AXE I B4 $o) AHI-3) o]
@ $AZe wzd s Ads AoE £9E > 9
ol AT FATNY FTAA B WE s Ago] of
2 AP SEAE FARI} oYL,
G7AY B71AB7Y AelE nAAAYG R A% @A

rO

_

N

ol rfr S A e

* & Bk TK ERITEN BLHRE
= E & B &Lk ITXK ERTLEH #&E - 18
BEXHF © 2003F 5H 158
RMASET ¢ 20034 108 6H

MRASOll 2|8t J7XtM FI|HE7(e] MMala fS2Hof

245 HE7 YHYOERH £E8 FYRE P48
#2700 gd A% % AAHHL F4HT SERE
£ 3Alo-14], 9EFe] Fee) 9%L Be A HAY
59 YuAEA DY YHE o§3e HA5-19], S
FrAE eae $AR021), AAF Tzel ¢ A
2 AR REFE NG $EE 2R PA2-2] Q
FASE F43E Ao BARS2 B AWEAANE @
83h WA28-32) Sol gtk

B =R 97A4 S48/ AMes Aoy
o 24 MRAS(Model Reference Adaptive System) W2
A st MRASE &3 @#l4]o] h4dsta 8o £o]3)
o HlEd ZQA AlEEHE AoFR9 UEM FEAF)
9] MM Aol gol TEHIJTH33-35]. B =T A
AsHe MRAS #AdA § 237 2de) 23 wse 9]
Ao}, ez B A& MRASY 7Z|E2ddA FHA
FE dol=wss AHBEZIVIERY AUAFHE FAHEa,

o 1%

=~

AaEgel FTAY A& g £4E ol gatel 477
gg 24s0, § 247 2delA 248 9/14ES 45
NI 1 eAE Ae AUEe Agste guA 2=
g FRst WaolTh B RN AQY TTeAFL B
dolin 4P sAs 45 AV

2. ARRY SIHETIS S48 2@

I8 12 B =8dA AEste 38 9458 9774 7

AE719 Frrmdelrt EF HFr|Y 34 AF 24 AR

4 Mz 7E AR8F JFARAE 29 19 debdnh
FFAN FrAENNY A5 A BAH L GEH o

dv,,

dt

. )
= R, i, + ‘%‘ La‘ﬁ

R i, +

Upye =

+ e, 49

541



VAR TR S28% 118 2003% 117

Ps-axis

qs-axis
ds-axis

as-axis
as-axis

cs-axis

a3y 1
Fig. 1

FRXM SI(HEY Srind
The Equivalent model of PMSM

. dy,
Ups — szs _‘1;£

= R,i, + g L,k dt + e, 2)

d¥
Tt

- 3 les
—Rz+2Ladt+ (3)

4A49 $HAHY,

= R,i +

<
]
l

@, R;, L S7F A9E

71 7+ A d9r1dEe Adde Huste 4Tt

e = %‘i = — o,Kgsin 6, @
dy, :
€y = Ttbi = — a),KEsm (0r - %7[) (5)
dy, .
e, = _dtCL = — (l)rKESIIl (0r—' %”) (®)
o, b, DB A7) A
_de,
@™ T P BARE A7) gEE
Kg D gAY A

A3yl A FHEWE ostod 24 AR 71E FEA
as—fs&e AYBRAoT BehlY G 2o

leS = RS zaS + LS {;;ﬂ (7)
vg = Riig+ Li—=% dt + eg (8)
o R, = R,, Ls = % L,

H71A es— BsFe HridEg e dd3 2o

542

dv,
— 2Taf :
€4 - e K, sin 4, ©)
dy
ey = —& = o, K,cos 8, (10)

g, Ko = ‘[’KE

A)-@)NA FEAG) o3te] 24 AR 71ZE HEA
ds—gsZ9) WPy oz Yehyn g3 2o,

dig .
Vg = R lds+ Ls dt - erszqs (11)
Vo = Riipt L, ddIt t o L+ oK, (12)

Ed BANE JAdA 712 AFANA dEiE o

T = PK,i, (13
@, P:Ase
webx 4E5Y F7FRA BUIREY gAEARE ¢F
ARG LA A Aojd. '
TN FrIAF7Y EELAFAL GEFH 2.

dw,,
97T w8 5ea T, : Raieesm

J o BAaAT, D : otZAS

3. MRASO} 2[3t M AMz|2 Hof

B =RdA 9474 B3R5 AMEs Aojwae
24 MRAS(Model Reference Adaptive System) %23]& A}
At g o g MRASY 9% AME2: £ZAAE F
FA719 8% vasd F FZXY AolE HLUWAUS
o HEAPLZH IHAALEE FAHSE FHo2N FE
AF71Y QML Aojo] Fo] GEHIJTHIZ-3BL & =&
A Atste WL 27N A J&d HFY] WA =A
3t MRAS® 7|Z2RddA SHAFE volmwate 4
DEVI2RE GRS FRE, ¥EERdedM I7AH
Adzo] 23 FA L& o83l HUHHE FAHSIE W49
o}, o] w2 AeBEVI7T 47N A& A-E A
g3t deimEsie] A @A HeiujgEFel gEg 4%
o] FhHLR AIY HTE JHAA Hcth

3.1 AEMET| 9 Y
2Rz 71E HEAAM JTAA FrAFA A

g IAAAFS drIAgE AT E S A4
o2 vehdid A7), 2Ry & 2o



44 (2 22130
dt € Ay Ap € B,

Ax + By, (15)

li

(16)

=iy iglT | e,= ley es]”, v,=[v, vg]7

- RJ/L, 0 —1/L, 0
A= Ap=
0 —-RJL, |, 0 —1/L,
0 0 0 —o,
Ay l } Ap =
0 0 ’ wr 0
/L, 0 0 0
SR
0 1/L, |, 0 .0
1 0 0 0
e | |
0 1 0 0

%= Ax+ Bov,+ L(i,— 71,) 17
= Cx (18)
9 T AYBEY 23X, L B3] o5

AANAA Alz=d AFPZ LS APAFY AR £23L
X3y, 3% AR x4 93 pAse HI¥ESV|E
TART 71N HAFRHESTE FH 5T BHEsol2
2 g AN F2AF BFHVY FA) JhEE & 2
BoME g 22 2235 HEASVE FHLEH10]

w = Fw+ Di,+ Go, (19)
w= z-Li (20)
ww= (% ®»], 2= [ 2 2l

FEA Azz"' LA]Z, DE FL+A21_ L'All
GE BZ—LBI

32 MRAS? 74

2 =RdAMe 9734 Fr1dF719 AxIL AdE 9
e NERIZA 2(19), Q0F 22 FAAR Hol=9g
e Fa23F FHBEE AESY J471734E FA3
o, HERA2A 2(9), (107 2L I7A4 AL 9%
FAg At HriAH S FAH3e MRASE TAEH.
a9 2& AYT MRASY £=373 £FE0d. & =&
A AN FA L FEBEN ASRAR [P AREA
deuE71e AE dA FSUERETd e Il o

MRASO!| 2(8t SF XN EIIWET[S MMels Mo

Trans. KIEE. Vol.52B, No. 11, NOV. 2003

Hog AT A5 g 7HAA do.

PPN
%“'—“" Observer =
LA Model — X,
€as
& o~ B
Magnet Flux <
Model -
€as
o Adaptive
Mechanism

38 2 Hokst MRASS £EFF 28X
Fig. 2 Block diagram of a proposed MRAS based speed
estimation

B3 "AeusSed 98 AWASEE dest 2
ol Tt

@,= Kp(Epo— €,5) + K,f (nes— €58,)dt
@1)
W, T, G AHBEIY 9)HY 3H
€y €p 1 FTAN AERD F71HE A%

o] Aol A AAF AME A S0 Alade AMTHE
£ ¥ 37 2

I
i + Vs Vo Space 1
- Vector Vector |
+ ‘. Ve Rotion| ),
o — @A) p—{m |
- - B
b e |2 [
is Rotation| .
7%
~ PMSM
[0 Proposed
MRAS

agy 3 TAAIAEH FAMT
Fig. 3 Configuration of overall system

4. Mg ol M

B =24 AN el Aoty B3 s A
Z37) g3t HFEH AEHIAS FIAUT B AEH
oldz AYe AMSE ITAY FUAF/E 3T €4¥YL
24 A% AES E 134 23 4EYF7)IE 200usecolth

af 4(@), B B (O FHeeM SEARANE 47
S0rpm, 200rpm % 1000pmo2 & 349 £Eg@E WE
W Aok A3AAM YeRd sish Zo] B =AM AL
HAe A& n&dA i £E&E-E UEhl



VAP FRE 52B% 1% 20034% 118

x 1 TS| Al

Table 1 Motor specification
55 8 pole
34&9 750 W
{7 R 53 A
A7 4 H 45 (Kg) 0.132 Vsec/rad
2A32 A FR,) 10 @
A AY- (L) 4.17 mH
AL Yad
Az F4(]) 0.0106 Kgm®
3 Az @22 ASFD) 0.005 Kgm?s

o
S I S S S SN SO
g 1) ] + ]

il Al r------ R Fmmme— R
@ | X | X
E Lol o i Fo----- re--- - Fo——- - F------
@ ' . | :
b IS cTTTo 17 2 Estimaten Speed
o : : ! Real Spepd
[ 1 2 3 4 5
TIME[sec]
(a)

e e
R O S SRS S S
E 1 ] ] 1
E ] 1 ¥ ]

E‘ W= r-—==-=-=-- r=—-=-=-=-- r-—=-==--- r==-=-=-- -
[%5) 1 [ t 1
B ool o= Femmmm- R Femmem- Feemm- .
n ) 1 1 1
ol . beemmm- R, e |
' ) 4 — _ Estimated Speed
0 : : +— Real Spepd
0 1 2 3 4 5
TIME({sec]
(b)

S S
gomf--f--- Lo b A boeeem
3 ! ! : !

E 0| — o~ = = - r===-=-=-- r=—=-=--=-= [ r====-- —
= : : ' |
E 0of - f---- Fo-=-=-=-- o= Fo----- F--=-=- -
17, t | 1 '
Py I R Fmmmee e P b mme I -
1 1 - + - Estimated Speed
0 : : —r— Real Spepd
0 1 2 3 4 5
TIME[sec]
(c)
a3 4 589 AMEdolM
(@) 50rpm (b) 200rpm (¢) 1000rpm
Fig. 4 Speed responses in the speed commands

(a) 50rpm (b) 200rpm (c) 1000rpm

a9 59 62 ATV TAAALY ¥UF B dJAFLS
9 WEE AW A9TA 247 Bde) IAAALL T
QT 50% F7HE A9t WIS E FHRRT 20%
2ad 499 $E89L Ushith TR 200pmes
&4 Fol HeAnHE WEAAT. T B 24T duas
7ol g $AL wmaly] Slskel o5 WAH Ao

e Fastgon o)A e wish ol stetvie

¢ nestE Aol B =R AL B0 S B
ARt $44¢ 2 Uehin Ao

210

- Elstimated lSpeed
— Real Sgeed
TIME[1sec/div]

1 1 1 ]
1 1 | t
1 1 ] t
'_'205 ———————————— L B B R [ ——
] ' 1 1] )
g ] i 1 E 1
: ¥ 1 1 t 1
200 1 |_'__ L 1, L
8 i ; ] 1 1
= ! S i :
% 1 ” 1 1 1
195F = = = = = I
1
]
)
.

I
1}
1
]
]
oo
]
¥
b
t
3
- -
[
1
1
1
1
4
[
)
¥
i
]
4
]
]
[
[
|

(a)

SPEEDI[rpm]

]
- - - Bstimated bpeed
— Real Speed

TIMEl[1sec/div]

(b)
DHXAME HEAM SESEH R, = L5R,,
200rpm) (a) X etsh MRAS (b) AMef #Z7]
Speed responses in the stator resistance variation
(a) Proposed MRAS (b) State observer

adg 5

Fig. 5

240

SPEEDI{rpm]
g

]
)
)
e e i ] ey S - t----- t----—
1 ] [ 1 1
1 ' t - - - Bstimated Speed
“ h | \__—— Real Speed
TIME[1sec/div]
(a)
20 .
1
]
]
20F - - - :

SPEED[rpm]
8

—— lﬂstimated Speed
! —— Real Speed

TIME[1sec/div]
(b)
A7 MY ML HENAM 28 (K, = 0.8K,,
200rpm) (a) A 2+st MRAS (b) Aef 2 &7|
Speed responses in the back EMF-constant
variation (a) Proposed MRAS (b) State observer

oy 6

Fig. 6



5. 482 ¥ HE

B =R AAg AMEs SEAEA Y g A
2 939 AEFANE FARAUT A 43YFY HA
d HE YA rolazZ 2 AN A2 9(80586/150MHz)
& ol g3lgen AEHFIIE 200 usec E A 34 A
HEHY AY4xe IGBTE AHgstden dddAM AR
FTAN BrHEIE FHAM AIHE dvrE T
FARATNRA AFNANGL 479 & 15 2oh

a¥ 7a), (b 2 (e FRIdAM S=AFANE 77
50rpm, 200rpm 2 1000rpmo.2 ¥ H 49 £x8d AdA
ot AlgHeld Aaet utAZMAR A& LN F
3P $=3EE Yedn o

PRI : S

=il o it [ oot [ttt il
a t 1 1 1
:' ' 1 I 1
F----== i [ aladid ===
g i 1 1 1
[ﬂ ¥ ) 1 ]
[ [l Fe---=-- bm————- Fem-———
w 1 1 1 ¥
1 1 1 ¥
- ——— o m - Femm———— -
1 ) - + - Estimated Speed
o ! H —1— Real Spepd
[ 1 2 3 4 5
TIME[sec]
(a)
T T T T
200 " L o —t -
1 1 ) I
1 t t i
-— L 1 [}
3 180 I rTTT T " :' """" r-T T
=) ¥ 1 1 1
- ] 1 1 ]
aw Fr-m-= Fomm——- F==---- Fo==---
m 1 1 1 '
& I I I A
w [} b ] +
] 13 b t
40 e ———— om———— [ e m e e -
) ' - + - Estimated Speed
o ! ! —1— Real Spegd
[ 1 2 3 A 5
TIME[sec]
(b)
T T T T
1000 f- - -~ - 1 4 L L
] 1 ] ]
' 1 1 '
— [ ' t
€ -/ - i T Fomme-- Fomm -
a I 1 ' I
St 1 1 1
a 60~ fr = = = = F=-=-==- - N F====- -
m 1 ' 1 )
' b 1 '
E 40 o ==~ e F-----= Fo---== F---=- -
1731 i 1 t [l
1 1 1 1
W0ff - ——— = o ———— b ———- b= ———-— s ——— —
| | - + - Estimated Speed
o ! X —i— Real Spegd
[ 1 2 3 4 s
TIME[sec]
()]
Iy 7 3= 8E H4EHan

(@) 50rpm (b) 200rpm (c) 1000rpm
7 Experimental speed responses in the speed
commands (a) 50rpm (b) 200rpm (c) 1000rpm

Fig.

¥ 8% 95 HEr] nAAARYY WUF B 471 AHdF
o] U%FE 1A AN 474 2dd aYAAZE T
#ET 50% Frhe Ao ANAGAFE FAFEG 20%
A2 349 58T A¥AFort. FREelA 200rpme

MRASO| 2|8t 7 XM SIIHE7|8 M2 SR o

EREXS!
B2
g
5
o
4]
43)
&
147]
g
a
i)
=]
&3]
[43]
A
w
a3y 8
Fig. 8
B
&
a
&S]
%}
w
]
2
a
3]
A
172)
I
Fig.

Trans. KIEE. Vol. 528, No. 11, NOV. 2003

Zol HAFHE AFAYG. ET 2 FATH 4o
| eg gae wmaly] Astd oF WA AP
240 .

1
]
|
20f - - 1
t
1
!
200 b ety
| |
180 ~ =~ =~ ¢ A
' ' | - - - Estimated $peed
1 I ' —— Real Speed
160 1 1 i L 1
TIMEl[1sec/div}
(a)
240 L} A L] 1 L
| | 1 1 [
] ] ] 1 b
1 ] 1 ] 1
20f = = = =~ [ Jo e e == A e e — U, RN
i : I X |
1 ] i t ]
200 r}f —;s,::nv:\—:\"t = ,.J,aup__-,ﬂ-
\ b
1 3 t ]
1 ] ' ]
R = - (e T Ll
: : : -—— Elstimated ISpeed
160 : : 4'; —— Real S eed
TIME([1sec/div]
(b)

DX E HENA SESE AYBI R, =1.0K,

200rpm) (a) X 2tst MRAS (b) Atef 2&7|

Experimental speed responses in the stator resistance

variation (a)Proposed MRAS (b) State observer
240 T T T T T

\ I | | X
2F-=---- | | JR - [ d - —— -
] ] ] 1 t
13 ) ' [} 1
1
1
!
: ' i -~ - Estimated $peed
! ! ! —— Real Speed
150 1 1 1 1 1
TIME([1sec/div]
(a)
240 T T T T T
1} 1 1 ) 1
) 1 1 ] 1
1 1 1 ' 1
20h w - — = = [ . o e - = -, - ——-— A - - b --
) '
+ ]
i ]
e ¥
| 3
I
mjggl Speed
TIME[1sec/div]
(b)

9 Y7|MAsy HEOAM K SE MEHAD
(K. = 0.8K,, 200rpm) {a) ®etst MRAS (o) &
Ef 2t& 7|

9 Experimental speed responses in the back EMF
constant variation {a) Proposed MRAS (b) State
observer



BRF TR 52BH 113% 20035 1A

£ sysiger] AFAA el wiel Zo] mtepmig
HEL 328 Fgd B =FdA Ag wo] o
Ay 488 & Jelyz gl
gAle] 2
B dFe ¥ B2
(R05—2003—000—11955—0)xl oz Tbﬂ HAS
6.4 =
AN BARE @ dE FEAAYE] A4YE

A3 AR BEASA GEHD dov H2de 4%
87, 712 59 AGoR Astel NA L FEANE AE3
A g AMEs SEA Bol aFHT Jo B &
godE ITAH SAAEAY ANP2 APy ems
MRAS W% ALHIG, MRASE Fel3 AU 2R

2 Ago] golatel HmA Fys ASHE AJTEY &
J2A #5459 ARUL Aot 2] Feasin.
$4e MRASS 71ZRPelH 23AFE Holzuse 4
ARa2EE A RAE 2ga, IRLAAA FT
Agol A 4 ogaed drd=E FANA, T 22
7l 2ol 38 947198e 45 vMEsRL 1 9 A
& A Fel Hgsd HAA SE

Agy AL AgHe NBUelR L H¥S ¥
Az 754 A% 9 nd RN F3Y £E$FE YE
welew L

vehl o

Fol = wﬂ £E59E
FAlo T guT ¢

[1] K. Lizuka, H .Uzuhashi, M. Kano, T. Endo and K. Mohri,
"Microcomputer Control for Sensorless Brushless Motor,”
IEEE 1A-21, No.4, pp595-601, 1985.

[2] J C. Moreira, “Indirect Sensirig for Rotor Flux Position of
Permanent Magnet AC Motors Operating in a Wide
Speed Range,” IEEE IAS Annual Meeting, Vol 1,
pp.401-407, 1994.

3] S. Ogasawara and H. Akagi, "An Approach to Position
Sensorless Drive for Brushless DC Motors,” IEEE 1A-27,
No. 5, pp.928-933, 1991.

[4]1 R. Wu and G. R. Slemon, "A Permanent Magnet Motor
Drive Without a Shaft Sensor,” IEEE IAS Annual Meeting,
pp. 553-5658, 1990.

{5] N. Matsui and M. Shigo, "Brushless dc Motor Control
Without Position and Speed Sensors,” IEEE, I1A-28, No. 1,
pp 120-127, 1992.

6] A B. Kulkarni and M. Ehsani, "A Novel Position Sensor
Elimination Technique for the Interior Permanent Magnet
Synchronous Motor Drive,” IEEE IA-28, No. 1, pp. 144-150,
1992.

[71 M. Naidu and B. K Bose, "Rotor Position Estimation

Scheme of a Permanent Magnet Synchronous Machine for
High Performance Variable Speed Drive,” IEEE IAS Annual
Meeting, pp. 48-53, 1992.

[8] N. Ertugrul and P. P. Acarnley, "A New Algorithm for
Sensorless Operation of Permanent Magnet Motors,” IEEE
IA-30, No. 1, pp. 126-133, 1994.

[B) L. A. Jones and J. H Lang, "A State Observer for the
Permanent Magnet Synchronous Motor,” IEEE IE-36, No. 3,
pp. 374-382, 1989.

[10] J. S. Kim and S. K. Sul, "High Performance PMSM
Drives without Rotational Position Sensors Using
Reduced Order Observer,” IEEE IAS Annual Meeting, pp.
75-82, 1995.

{11] J. Solsona, M. 1. Valla and C. Muravchik, "A Nonlinear
Reduced Order Observer for Permanent Magnet
Synchronous Motors,” IEEE IE-43, No. 4, pp. 492-497,
1996.

{12] K. Tatematsu, D. Hamada, K. Uchida, S. Wakao and T.
Onuki,”Sensorless Permanent Magnet Synchronous Motor
Drive with Reduced Order Observer,” IEEE Proc APEC,
Vol. 1, pp. 75-80, 1998.

[13] Z. Guchuan, A. Kaddouri, L. Dessaint and O. Akhrif,
"A Nonlinear State Observer for the Sensorless Control
of a Permanent-Magnet AC Machine,” IEEE IE-48, No.
6, pp.1098-1108, 2001.

[14] M. Carpita, D. Colombo and A. Monti,
Observer Algorithm for Sensorless Control of AC
Permanent Magnet Synchronous Machines,” IEEE Proc
APEC. Vol. 2, pp.865-871, 2001.

[15] R. Dhaouadi, N. Mohan, and L. Norum, “Design and
Implementation of and Extended Kalman Filter for the State
Estimation of a Permanent Magnet Synchronous Motor,”
IEEE PE-6, No. 3, pp. 491-497, 1991.

[16] H W. Kim and S. K. Sul, “A New Motor Speed Estimator
Using Kalman Filter in Low-Speed Range,” IEEE IE-43,
No. 4, pp. 498-504, 199%.

{171 R. C. Panaitescu and L. E. Norum, "Kalman-Filter Based
Sensorless Control of An IPM Motor Drive,” Proc ECPEA,
Vol. 4, pp. 4567-4572, 1997.

[18] S. Bolognani, R. Oboe and M. Ziliotto, "Sensorless
Full-Digital PMSM Drive With EKF Estimation of Speed
and Rotor Position,” IEEE IE-46, No. 1, pp. 184-191, 1995.

[19) S. Bolognani, L. Tubiana and M. Ziliotto, “EKF-based
Sensorless IPM  Synchronous Motor Drive for
Flux-weakening  Applications,” IEEE IAS Annual
Meeting, Vol. 1, pp.112-119, 2002.

[20] F. Parasiliti R. Petrella and M. Tursini, "Sensorless
Speed Control of a PM Synchronous Motor Based on
Sliding Mode Observer and Extended Kalman Filter,”
IEEE IAS Annual Meeting, Vol. 1, pp.533-540, 2001.

{211 J. Hy, D. Zhu and Y. Li, "Application of Sliding
Observer to Sensorless Permanent Magnet Synchronous
Motor Drive System,” IEEE Proc PESC, Vol 1,
pp.532-536, 1994.

[22] M. J. Corley and R. D. Lorentz, "Rotor Position and
Velocity Estimation for a Salient-pole Permanent Magnet

"Innovative



Synchronous Machine at Standstill and High Speeds,”
IEEE IA-34, No. 4, pp.784-789, 1998.

[23] S. Ogasawara and H. Akagi, "Implementation and
Position Control Performance of a Position-sensorless
IPM Motor Drive System Based on Magnetic Saliency,”
IEEE IA-34, No. 4, pp.806-812, 1998.

[241 V. Petrovic and A. M. Stankovic, "Saliency-based
Position Estimation in PM Synchronous Motors,” IEEE
TAS Annual Meeting, Vol. 2, pp.801-806, 2001.

[25] L. Tong, M. Elbuluk and 1. Husain, "Sensorless
Adaptive Neural Network Control of Permanent Magnet
Synchronous Motors,” Proc IEMD, pp.287-289, 1999.

{26] T. D. Batzel and K. Y. Lee, "A Diagonally Recurrent
Neural Network Approach to Sensorless Operation of the
Permanent Magnet Synchronous Motor,” IEEE PES
Summer Meeting, Vol. 4, pp.2441-2445, 2000.

[271 L. Hongru, J. Wang, S. Gu and T. Yang, "A
Neural-Network-Based Adaptive Estimator of Rotor
Position and Speed for Permanent Magnet Synchronous
Motor,” Proc ICEMS, Vol. 2, pp.735-738, 2001.

[28] M. F. Rahman, L. Zhong, K. W. Lim and M. A.
Rahman, "A Direct Torque Controlled Permanent Magnet
Synchronous Motor Drive without a Speed Sensor,” Proc
IEMD, pp. 123-125, 1999.

[20] F. Minghua and X. Longya, "A Sensorless Direct
Torque Control Technique for Permanent Magnet
Synchronous Motors,” IEEE IAS Annual Meeting. Vol. 1,
pp.159-164, 1999.

{301 M. E. Haque, L. Zhong and M. F. Rahman, "A
Sensorless Initial Rotor Position Estimation Scheme for a
Direct Torque Controlled Interior Permanent Magnet
Synchronous Motor Drive,” IEEE Proc APEC, Vol. 2,
pp.879-884, 2001.

[311 M. E. Haque, L. Zhong and M. F. Rahman, "A
Sensorless Speed Estimator for Application in a Direct
Torque Controller of an Interior Permanent Magnet
Synchronous Motor Drive Incorporating Compensation of
Offset Error,” IEEE Proc PESC, Vol. 1, pp.276-281, 2002.

[32] L. Tang, L. Zhong, M. F. Rahman and Y. Hu, "A Novel
Direct Torque Control for Interior Permanent Magnet
Synchronous Machine Drive System with Low Ripple in
Torque and Flux - a Speed Sensorless Approach,” IEEE
IAS Annual Meeting, Vol. 1, pp.104-111, 2002.

[33] C. Schauder, "Adaptive Speed Identification for Vector
Control of Induction Motors without Rotational
Transducers,” IEEE 1A-28, No. 5, pp.1054-1061, 1992.

[34] F. Z. Peng and T. Fukao, “Robust Speed Identification
for Speed-Sensorless Vector Control of Induction
Motors,” IEEE IA-30, No.5, pp.1234-1240, 1994.

[35] Y. A. Kwon and D. W. Jin, “A Novel MRAS Based
Speed Sensorless Control of Induction Motor,” IEEE
Proc IECON, Vol. O, pp933-938, 1999.

MRASOl 2|gt ¥RXtY SIIFSI(ef MMala HTHof

Trans. KIEE. Vol. 52B, No. 11, NOV. 2003

4 9 & ;D)

19753 2¢ 2394, 20013 <HY F
A7 AT &4, 20033 FAg g
4 A7ZEE EHE@AD. A F uE
2 W71287 B

Tel : 051-510-3086

E-mail : chinwoori@hanmail.net

A o oHHE 2 B)

1955 849 29¢ 4. 197834 M&dl T A
7183 4. 198695 A7wstn
EH4(F). 1991 d 292 HIYIFTU
(ETH) Adas. @A 2440 3d A713F
3 s

Tel © 051-510-2372, Fax: 051-513-0212
E-mail : yakwon@pusan.ac.kr

547



