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Abstract

Abstract: For the speed tracking control problem of Permanent Magnet Synchronous Motor (PMSM), an
observer-based back-stepping speed tracking control method was presented. To reconstruct the motor
speed and stator axis current, a full order Luenberger observer for PMSM was constructed. By using
Lyapunov stability theory, the linear matrix inequality (LMI) based design method of observer was
obtained. Through the design of the virtual control input that include the reconstruction variables, using
back-stepping control strategy and integrating with tracking errors, the controller of the closed-loop
system was proposed. The obtained controller can achieve high precision speed tracking. The validity of
these methods were verified by a numerical example.
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Abstract: For the speed tracking control problem of Permanent Magnet Synchronous Motor (PMSM), an
observer-based back-stepping speed tracking control method was presented. To reconstruct the motor
speed and stator axis current, a full order Luenberger observer for PMSM was constructed. By using
Lyapunov stability theory, the linear matrix inequality (LMI) based design method of observer was
obtained. Through the design of the virtual control input that include the reconstruction variables, using
back-stepping control strategy and integrating with tracking errors, the controller of the closed-loop
system was proposed. The obtained controller can achieve high precision speed tracking. The validity of
these methods were verified by a numerical example.

Keywords: PMSM; speed sensorless; observer; backstepping control

2= 1M, PMSM A% S A7 E4 VW UIGE T HUR . FORRFE AL
Fe T HEREIIAL 5, SEERS SN 8) A5 T 2 A A

BEAE P P ARDPR S KM R RIER ) e, S8 BRI ATERE R,
P, KLY LRI AT B DA BH05 gy pMSME fo e A S RIBRER E , JIEAR K H B0
T S R LRI TR 2SR 7 o o W W o - ] ] T LRSI B G BRI 70, S gy i

AN IS BRI TRATIA LRI 2 g T pMSM poiisne, T H R b
Hdt T PMSM BN TERE .

Wk H 3 2015-09-09 10 F131: 2015-12-11; STTAELR MR H R 40, KEmsk ik 72 —F

HATUH: 5 R 4(61573298), BIHEH A N NN N, —
L L (15825, TR R B 71k I Z T I, SCEk
FEERAr: 22K (1976-), T, WIRGHE, 11, #U%, [5-6]5ETL T PMSM (3L TR A& S ks i e MEAL 1T

BRI ST ARG i), 56561990, ), T T T
2 il o 7 EREALH R, BN
R ——————— Fed Pl SCRR[TIMGE TR BER Y A, K

http: // www.china-simulation.com

* 1753«

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 8, Art. 15

%529 %35 8
2017 4F 8 H

ML RR T S s M R BRI LGS A, SEIL T
PMSM #5155 5 1 il 5 40 4% S A A B 1) B 2SR
Pl XTI LT RS B AL T i, TEA
RAGE A MRS VERI TS TE T, W] LAR] 22
L NE RGP I B R A T FI B A s o R T
HAER, TRESEMEARD,

TR ABEAR S RL AR N T IR 2 BB AR A
Bl EAT AP A M o SCBR[8-910F I T 56 T B 4%
HI#S1) PMSM oAk s o sl in) il . % FE 3 41
HSHIAIE M, SCER[10-11]8F T PMSM &
T R AR R 0 Ao Ay A o A S R
SR RHRILS, SCIR[12-1310E 20 R M 1%
I 28, g TR T AR 5 (1 3l R A ol
W, AL B T e N R R R R R
T AR 25 R 12 SN R B AR IR RS FE B R AN
RGN SRR SRS A EU, AR R
ST AT B BT 2 7 A s A ), I A SE B
I R AN ATELR o

SAEFE AR by — Fh AT 280 AR Btk 4 il e vt 7
%, 7€ PMSM 4G 2 T T2 MV . it
TR A 3 A5 30k BYR JUIR 2 A s 1 R 58 R R
GUEROIF I BN T R4, 5T Lyapunov FaiE Ik
ik, BB TR LERFEE], £35S
Rgitae. FIZI, LSl PMSM R4
SEAMAE, H Bk (R g BAT 4 R As e rE A
FEEI) O T IR A AR A BB P S A
POEEANH S PE RS, SCHR[14]7EAL 5 PMSM #1411
THRE PR b, SR S A ) S s 1A T T R L
PN, 1T ZR G0 B DI 18R ER R R e ey
o fEMCIERE T, SCRR[ISTEESIABL 3T, ¥
T — MR B el gs, il PMSM 3R3) R4
(R34 ) A IR R SR P, 3 T REEHIAR
ASrERE. DR, AEES TSI/ E g, 5T
SCHE, BARGFI N HANE

HERBILL EIVERZ 2 EE PMSM HLIUR R
WU HORS A T o RG22 5018 F AL RN e 7 Jd
MSEbrfE, LU TR HIas s A4nFBoe

ARG HAR

Journal of System Simulation

Vol. 29 No. 8
Aug., 2017

R 2 2 A A R LR AR KR A FEAT L M FL 3T
(RO IXEERE BN T RGMA, BRAL T RGemm]
£ SO B S WV R B e UM AN AL I S S
PERIRE], B REA G 28 T 5 Fhin a1,
H T v AT AR A 45 R GE T R I AR, ATk —
LR AR T 2 MO AL AR I PMSM #5107
%o AN ITIEA TR 7K S 0B ) ol AL K
Pl B 222 [ 35 W (MR AS) TG 8 % g s )
DI B S LN % 10 G 3o 8 A e 2511, AL L |
TIERZ RIS S i as b se v, BBk i 4
RS T PR T RO T (o LR A T UL A
AR5 o T AL AR e (AL A k) T A e 4 1
PP KA BRSO 28 st 2
ZHLOW A 7 5 SEPRIR S AR )M P, — &R
JE 5w T RS BE .

Z UL EITE R R, AL R PMSM
& g B IE Luenberger MU 45 1% 11774, IF
KA PR SR T T Bzl 5 LUE TR AN A
[R5, %7V I 2 MR R AN S (LMD AL 3L, T
AT A5 3G 78, BETTARATF AL N d Al F R A
. B2, RIS THE 45 & B il g 2
VT T PN R IR A T 4% A AR G B AT R AT I
BRBER I L b Y, o

1 KBRS B R
1B AR 26 B BRI ASHLRN REGH LA K%

TEATFCA 2, A% 50 ) 2R KR [ 20 R ST L I B
FHRALE d-g AAFRHEZE R AT il By RELL 4 -

di, R 1
—==—1;+Pwi, +—u
dr L d q L d (1)
di R 1

q _ . %
E——Zlq—PWld——W‘i‘zuq (2)
o 3P BT, (3)

K ug, u, N d, q e THER: iy iy 0 d, g BlE
FHW; R AETHI; LoAe G T e
R J NSRS B R R REL P OAIR
X w U R

http: // www.china-simulation.com

<1754+

https://dc-china-simulation.researchcommons.org/journal/vol29/iss8/15

DOI: 10.16182/j.issn1004731x.joss.201708015



Lan et al.: Observer-based Integral Backstepping Control for Permanent Magnet

529 B 8 1 Vol. 29 No. 8
2017 4 8 3 2ETREL, A BT I AR IR 20 LR 43 e s Aug., 2017
JE X x=[w i, i, 1" MR )~3), Wk d_v?/:'ﬂ‘i; —£W+Ll(i -3 )_T_L )

dt 2J 1 g ¢ J

[R5 LB AR R DU e IR 2 ) X

X=Ax+¢(x,u)+Bu+n
{ _ “
y=Cx
e
_B 3Py ]
J 2 0 0
a=| o _R B=|1 o
L L L
0 0 _R 0 1
L L | L L]
0 J
C:[O 1 O],¢(x): —Pwi, |,n=| 0
Pwi, 0

ASCH) 2P H B2 R PMSM. P 534
TR BT ST B N, G I B O A DL
FE R AU 1 WL A T P SRS A2 K, R Y e 4
PEHMAR, Bt PMSM RGUHE T H A AR a8
SRR 5% S AL Sk i X 0T B A A 5 (1

re R P PR
2 EHIZSRIT
2.1 ET LMI BR0m 88+t

AT G AR LA R GU(4) IO I 5 BEVT ) AL
IRBEAEL M L d(x,u) /& Lipschitz 1, RIXS T
1 x,,x, e DL

[¢Cau) = oy )] < — o (5)
AW 7l Lipschitz # 4. T Eidgie, XTIk
NERG (@M EETE AN -

{£=Aﬁ+¢()e,u)+3u+n+L(y—y)

6
p=Ci ©

K L=[Ly Ly LR ML 3 25 0 o
LN R GE(6) T LAE petn T 5 FR L B 2
d? R AR . 2 1
f= —zld + Pwi, + Ly (i, —lq)+zud @)

d, R; _.. Pp. N
=2 —Pwid—T(pw+L2(iq—iq)+Zuq(8)

EFxTAELett R G04), & SOMR %
e(t) = x(t) = X(t) , WRFEITFEN
&(t) = %(t) = () = AcR(0) + P, 1) — p(5 1) (10)
A
A.=A-LC (11)

TR0 455 4] 5 U1 Il 7 Ak Ok 52 22 J7 F.(10)
PR T 1) A

KT IRTFEET LML A e vl 7k, 4651
i~ gL .

FlH AP A AR EF,T SR EF YN
WHOERE, FOORFMRE, FiL FFT <1, U
fE—NMEERE >0, it

(EFT)' + EFT < ¢ 'EE" +&¢T'T

Bl 2P, XTI Q=Q", Tt

2.0,>0HQ,, -0,0,0,>0;

3.0,,>0HQ,, -Q/,Q,,Q,, >0.

UL EGHE, N Lyapunov fée PR,
AT 2T LMI 0 2% BE v 5 ik

B 1 X TARZME RS (4), W RAFLEIEE
FEFE P, FEEE WAL S e >0, 113

TP 12
s oS (12)

A
[M=PA+ A" P-WC-C"W" +&r’l
WARZ M & Ge(4) B A TE =) M4, H
L 25 R B Ay
L=P'Ww
TEBE . XU 2 3h AR 22 RS (10), Wi
Lyapunov EQHLV = e(t)’ Pe(r), FF3FHUYERZE(10)
R
V =é(t) Pe(t)+e(t)’ Pe(t)=e(t)' (4" P+ B-A)e(t) +
2e(t)" P((x,u) — H(%,u) (13)

http: // www.china-simulation.com

* 1755«

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 8, Art. 15

%529 %4 8 1) E R Vol. 29 No. 8
2017 48 1 Journal of System Simulation Aug., 2017
511 FIAARS), FHIE

2e(t) P(pox,u) - P& u) <& e(t) Pelt) +ere(t) eft) 22 ET OB g ] BR B

ditr kst R3S T
V< ety (AP + Py + 5P + 61 Delty (14) SRR FI A 3 AR R ) 31

4 AcfEN, FEa s 120 Fv vk R RS2 38 20 SR TR JULAR AN R J0L 47 1 o6
Wi P+ PA— PLO—(PLOY +6- P v o1<0 o WERSIRIBICRA I T R2E A5
L, Fyi& Lyapunov R, ZEA¥IE, HRRIIRSN
V< i (D) e|]* = =0]jee)|? 0> 0 (15)  EbsgEl MRS RGO
1 Lyapunov FasE PERRIE, M TTALIN A2 it TR L LIRS, ASCHIBISEH

FERGNOWHIERE. 5, Ww=pL, N AR RAEFEHIE, (A RALAH 3 il gy
Schur #hEH, A2 w<02FR(12), Ml CHHE, HRAERFIRERWIE 1 PR,

45 78 dil T =0 4 7 e idw®
— poRIE g
ARl I, B TOUL Y
c{‘iﬂl‘l,u ‘?fuﬁ{ﬂd i’)}'J iR 2 e =w W
WK ZEe ~il
F3 Lyapunov i 5 G B, | i Lyapunovefi %L

bl A, FeAD

q

PEAIR R
W e =i,

#yit Lyapunov B& %

A 4

sl A,

B s E R
Fig. 1 Backstepping control diagram

UL BRSOk, IR A e U R e, = w —w, WHRR:

P SEmg L0, SR H T LI B SR 6 zéw_ﬂiq /.
B F = oo

o 3Pp. 3Pp-
F—b BB YU S )2 7(BW+BW+TL_ 5 T, i,) (16
dW_3P(/7 B TL . ~ ~ ~ . 2
E*yzq—jw—T X w=w-w, =i, ~1,

N T AR S BRI UR 2 RE(L6) T T A€

q
RAEFEHIBE TSR0, e LR W IR R g
46 X Lyapunov F& %L

PRI, Bow SR, B W =0,

http: // www.china-simulation.com
* 1756 «

https://dc-china-simulation.researchcommons.org/journal/vol29/iss8/15
DOI: 10.16182/j.issn1004731x.joss.201708015



Lan et al.: Observer-based Integral Backstepping Control for Permanent Magnet

529 B 8 1

2017 4E 8 /1 2Lk, &

e UWIE S FRVARTE N IR AT i i ]

Vi ke +lefv+V (17)
2 2
Kb V=e() Pet), 0 &% B 3 7 10 B4
K>0,9:Ilewdr_
0
Xt vy kS, HRHRAS)E R
V,=K00+e,é, +V <K00+e.e, o) =
W(KJ9+BW+BW+T —3P‘”;_3’%; _
dlle)|’ (18)
€ SCRE A il A
f—z—J(£w+cle +T +K0) (19)
! 3Py J J

e

V< —cel +67W(Bﬂ/ 3P

o KT 0 IS, X (18) L 4
=Zip-ole@ (0

R 2 ALK +ab <ega® +(1/4e)b* (e >0), NI

V<-—qé+— (gle + w2)+
3P
2“’ £, +—z Y —dlet) <
B 3P¢7 B
—(q——§-——85)e,—(0—
(¢ S8 2)é —( e
_qevzv -
X
B 3Pg
Cl =q —751 —ng,Cz =0—
WG

M C>0, W4
V, < -Gl -G e <0

3Pg0

4J g
22 £,>0,6,>0 Fll ¢; 145 C,>0

)Ile(f)ll

3Pg
8Js,

21)

QD)IRUE T I8 PR ZE T (16T AR E o

Y =

i) 7

o T,
i —Z—J(£w+cle +-L+K0O)
7 3Pp J

€S g Bl %/}ILEEETWW@Ee
> Lyapunov PR %
V, = %ej +V

H(8), OFIR2)E

Published by Journal of System Simulation, 2017

KA FEN, g G FVE I EEAE N N

(22)

i, EHUEE

(23)

Vol. 29 No. 8
Aug., 2017

. 2 A . A dl}\q
e, =——(Bw+qgé, +KJO) ——=
7 3Pgp dt

2B 3Pp. B,

—(—=i
3Pp 2J 1 J

R'\ AR P¢ ~ 1 ~
Zlq + Pwi, +TW—Zuq - Ly, (24)

L+ le s
J 3Pp

¥ 16N (2415
¢ =28 3P0y By Ty
a" 3Pp 2J T T
ZCIJ

3P(o

( l) B(w+w)-T,)+

Pp . 1 ~ 2c1
3Py

~ 2
)w+Pv?/id— clK]H—
3Pgp

(— —)

2.8, 2BL - Uy 2JB(-K)
3JPp  3JPp L Py "
7 X
Pp 2B* .-
L 3JPp
2T,B  2¢2J 2KJ.  2¢,KJ
3JP¢_(3P¢_3P(p ' 3Pg

L NITES]

0= (E E)A

L ¢ -L )z ——(25)
4

DU v, i ie] ¢ Sk, IR A(Q2D), £
E A
v, = e, +V, <-Ce: -G, ||e(t)||2 +

2Bc, . 2BL,
W+ (
3JPp 3JPg

A TAERT g Bl PR A AR R TR 2T AR T » 3
PRSI ug
u, =LO+Leye, =

~ u
— =Ly, +(©- Tq)eq (26)

ng 2B* . ..
W+ Pwi, —

L[(? i+

2ch_2KJ)e _2c1KJ
3Pp 3Pp" "  3Pgp

W, B I AN
2BL 2BL, 1 -

: _cl_Lz) e, \( —cl—Lz)(6‘3ez+—i )
3JPg 3JPg T 4g 7

6’+czeq] 27)

(

http: // www.china-simulation.com



Journal of System Simulation, Vol. 29 [2017], Iss. 8, Art. 15

5529 %5 8 1] RGN B Vol. 29 No. 8
2017 48 1 Journal of System Simulation Aug., 2017
2Bc, . 2Bc, | . Bc 2
Live, <229 (5,02 + 3 hy <~ -G -2~ e — (e, ~ -
3JP¢ 3JP¢ 4g, 6s,JPp A4s,
Rofre eses AT 0 HISH AT, SRQ6)PT LI fhﬂk —aL)e ~Ce
At JP.
— B Ak ?
. _ WHRIEFAEN S c1,c0,03 T eg,es 15 T 20
Vz\—Clew—(Cz—Q—6 " e ()|| - s
2B, c_c o Ba L
(€ =G~ 3JPgp w4 (5) o 66, JPp 4&;
. 2B
Ao ¢ —Cy =20 g, 50,05 — 5Ly > 0
3JP
——(2BL1—C -L,),C =5(2B;L1—c -L,))
S 4e, 3JPp ' U Tgpp 7 MAHV, <0, XUl d fBERsh iR E R
UL P AT B C Cy A2 I RGE R -
1 \
Cz_C3_4_>O,Cz_C4_C154>0 3 ﬁﬁmﬁ
&3

BAHV,<0, I g il IR PR R ) A5 1 22

%:bfb: Y58 d BERIIEE M =0, X
PRER R ZE
e; =iy —1i, (29)
eq Xt S HCh
. di; di, R, .. -
e, =————"=—i, —Pwi, ——u, — Lii 30
“T Ty a Le 4 a — L, (30)
JEHUEE =A™ Lyapunov PR
V=to+odl (1)
X Vs kS
V,=V,+ee, <—Ce. —
C-C - e(t ¢ —-Cy—
€ -Gl ~eC,
2BC'1 2
AP &)e; +ed(z sz -L,w)(32)
A A AR uy
u, = Riy — PLWi, + Lese, (¢, > 0) (33)
WA B32) A
. Be 2
V,<-Ce, —(C,-C; — . e(®)| -
S0 (GG et
2BC‘1 2 2 ~
—C, - Lee? — el - L
(e, = C4 3JPp 4)eq Gy — Lseyw
BT AL —Lie,w< g5Lye) + L [ des
g5 >0, ANEXGB4AE K

KT BGAUE_FIR P ST riE R AT A
MATLAB ' Simulink #HTHE AT EL . 7KL [R5

RNLAARSE R 1 4.
® 1 KRB
Tab. 1 Parameters of permanent magnet synchronous motor
S8 Bl
JE T HIFH R/Q 0.56
Boxs % P 3
IR Jkgm?) 0.002 1
TREREE /(WD) 0.82
SE L L/H 0.0153
MR B 0.000 1

HIHLI G 2R A4 2 5 Nom, 76 0.4 s (I
52224 10 Nem, BRI G ER EZHE 300 r/min,
1 0.3 s MR INHB B € FRIEEHE 4 150 t/min, £ 0.6 s
(AT % 58 BR BRI 4 350 r/min.

KARE LMI(12), FRAFAMI 28 (6) I3 2 H B A
L=[1595.9-24.8 0]".

HEET LB K=10, =250, =600, ¢3=150,
0=150 Lk, SHEFEHIEE S AT 0 2

HL LT P ER R 2 o 0 L 5 SR AN 1] 2~6 T
2 RUFHEHLYIIAESE N 5 N-m, {E 0.4 s FHEREZAM B
Z55EIAE 10 Nom. 7E 0.2 s i il T 4 2] 150
t/min, FFEBRES KA, [FIE, 7E 0.7 s IR
T2 350 r/min, FRBESK A4, BT,
AR SCBVT R A8 2R 0 HAT PR 1) 2 R

http: // www.china-simulation.com

1758+

https://dc-china-simulation.researchcommons.org/journal/vol29/iss8/15

DOI: 10.16182/j.issn1004731x.joss.201708015



Lan et al.: Observer-based Integral Backstepping Control for Permanent Magnet

529 B 8 1
2017 48 H

50

40
30} k
20

04 05 06 07 08
time/s
K2 SR

Fig. 2 Electromagnetic torque

00 01 02 03

Bl 3~5 S0 R B g Bl d ST = A LR
AR 2 o py T L, R AR T (B SR R R A
e A, B S B L, [ ]
A R B 4y AR M. A& 4 Bt d
Bhra i1 0, LSO A ISR — 2.

14

12+

10}
8l

(= )
=

00 01 02 03 04 05 06 07 08
Time/s

K3 qhhriii

Fig. 3 g-axis current

0.10
0.08
0.06
0.04
0.02
0.00
-0.02
-0.04
-0.06
-0.08

~0.10 . . .
00 01 02 03

04 05 06 07 08
time/s

K4 dHidER

Fig. 4 d-axis current

KA, A SRS K KRG TR D LR 23 B A

Vol. 29 No. 8
Aug., 2017

00 01 02 03 04 05 06 07 08
time/s

K5 HHLE T A

Fig. 5 Three-phase current of motor stator

AT L, N 226 SCHR[22] 82 H 0 TG %
79 X0 PSR B T T o P S99 B SR Bkt AT
i, K6 4th T Hp s R EEA R, Horp
SEE ARSI R PR R th 2, 2k
SR TG 5 A I e PR th 2. el I m)
W, FEHNLE SRR, o 2 i w5
2 0.03 s, HIEAEIA 550 t/min, AR
TR 0.01's, HIFHIEAE R 400 r/mine AR,
11 0.4 s A IS), SCER22]H 758k
BB M AR T k. W, R
SCPTHR R R R PR T, AT iR, R
N BB NEAR R

600

500 F

400

300 §-

200 3

100 F

ok

—-100

200 1 1 1 1 1 1 1 L
00 01 02 03 04 05 06 07 08
K6 S H b

Fig. 6 Simulation and comparison of speed tracking
4 H5ig

Pl Lyapunov F g P BRE FIZR P AN SE N
BEaih, WA IS, SRAF GRS LI
TSR LA T o FERESEA L, ) T R

http: // www.china-simulation.com

* 1759«

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 8, Art. 15

%529 %35 8
2017 4F 8 H

DAE, S S AP SR ok LT R Gl 2 P Tl 4
SICIL FUMLPR) S P R R o (LA R W], A
BEVH IR 5 BE A AR e 1) A Y DR R R 2 2 i
FLRATE R I EREAAS E o

SR

(1] B, 5K¥e FETIUEMERL S A& NAUE BAT v/f
ANFREE RS AL IEE 3D (1] PHEAER, 2012,
61(3): N0.030505. (Duqu Wei, Bo Zhang. Adaptive chaos
motion of permanent magnet synchronous motor with v/f
input based on passive theory [J]. Journal of Physics,
2012, 61(3): No.030505.)

[2] Ramirez Leyva, Peralta Sanchez, Vasquez Sanjuan, et al.
Passivity-based speed control for permanent magnet
motors [J]. Procedia Technol (S1877-7058), 2013, 7(10):
215-222.

[3] ak/hAE, XEEWE, TR, A RTINS A B
B i) 428 1l ) K B )20 B L IR R B8 [J]. $a i) 5 ook,
2009, 24(7): 1028-1032. (Xiaohua Zhang, Huixian Liu,
Shihong Ding, et al. Permanent Magnet Synchronous
Motor Speed Regulating System Based on Disturbed
Observer and Finite Time Control [J]. Control and
Decision, 2009, 24(7): 1028-1032.)

[4] BEAILS, 5RALDG, XIF5HN, &5, B I AR T R 1) 4
) PMSM JfGidt A% Ik ais S Moz hl [0, 42 ok
%, 2010, 25(5): 686-692. (Limin Hou, Huaguang Zhang,
Xiuchong Liu, et al. Adaptive fuzzy sliding mode soft
handover PMSM robust sensorless speed sensorless
control [J]. Control and Decision, 2010, 25(5): 686-692.)

[5] HMAZE, PNEGE, ZER%E, 5. IR RBUE Ttk
WE IR0 B U (0], AL 3 ARk, 2007,
11(1): 21-25. (Zhaogong Meng, Changzhi Sun, Yuejun
An, et al. State feedback accurate linearized permanent
magnet synchronous motor speed control [J]. Journal of
Electrical and Control, 2007, 11(1): 21-25.)

[6] Hehua Xiaohe Liu.

synchronous motor Feedback linearization vector control

Wang, Permanent magnet
[J]. Mechatronics and Automatic Control Systems
(S1876-1100), 2014, 23(7): 601-608.

(71 XBEX, DEAE, WIESC, AR BTG AR
AHEIR P AL A R B R S (9], I AL T AR
2F4i%, 2007, 27(30): 55-59. (Xianxing Liu, Yanzhu Bu,
Yuwen Hu, et al. Space Vector Modulation System of
Permanent Magnet Synchronous Motor Based on Precise
Linearization Decoupling [J]. Proceeding of the CSEE,

2007, 27(30): 55-59.)

ARG HAR

Journal of System Simulation

Vol. 29 No. 8
Aug., 2017

(8] B, A T VRO DN AR I i i m) 2 AL o At
MOEREH (3] ML LR, 2012, 29(11): 1303-1305.
(Lei Huang, Ying Cui. Sensorless Vector Control of
Permanent Magnet Synchronous Motor Based on Sliding
Mode Observer [J]. Electrical Engineering, 2012, 29(11):
1303-1305.)

(9] KIS, #hJy, Mo, T A7 R H IR OU I 1) K
A0 s AL B ) (0], b I R AL TR A AR, 2012,
32(3): 111-116. (Xiaoguang Zhang, Li Sun, Ke Zhao.
Planning-mode  control of permanent magnet
synchronous motor based on load torque sliding mode
observation [J]. Proceeding of the CSEE, 2012, 32(3):
111-116.)

[10] Murat Karabacak, Halil Ibrahim Eskikurt. Design,
modelling and simulation of a new nonlinear and full
adaptive backstepping speed tracking controller for
uncertain PMSM [J]. Applied Mathematical Modelling
(S0307-904X), 2012, 36(11): 5199-5213.

[11] Gunpyo Maeng, Hanho Choi. Adaptive sliding mode
control of a chaotic nonsmooth-air-gap permanent mag-
net synchronous motor with uncertainties [J]. Nonline-ar
Dynamics (S0924-090X), 2013, 74(3): 571-580.

[12] SRfi, SVEEMS, & &8, S5 KR L B T
7% [J]. ML, 2014, 47(12): 52-55. (Ru Zhu, Kunpeng
Liu, Zhifeng Zhao, et al. Study on sliding mode control
of  permanent synchronous motor [J].
Micro-motor, 2014, 47(12): 52-55.)

[13] 2, W)oK, AESKH, 45, kML AE AL @ R G0
A TR AR G A2 (7] oP B L T RE 24, 2014,
34(3): 431-437. (Zheng Li, Guangda Hu, Jiarui Cui, et al.

Integral sliding mode variable structure control of

magnet

permanent magnet synchronous motor speed control
system [J]. Chinese Journal of Electrical Engineering,
2014, 34(3): 431-437.)

(14] XKUHR R, MU, HERNAN. o A% I s A 7] 20 v
MURER S [7]. B THEARZEMR, 2011, 26(9): 67-72.
(Dongliang Liu, Xiehui Zheng, Lili Cui. Backstepping
control of non-speed sensor permanent magnet
synchronous motor [J]. Journal of Electrical Engineering,
2011, 26(9): 67-72.)

(15] H R, BEIEED, 2. KM AL R ahHL A Ik R 48 &
BRI (7], R LbL, 2014, 42(11): 754-762.
(Suwen Cui, Zhenglin Sheng, Yan Li. Study on
Backstepping Control of Permanent Magnet Synchronous
Motor Servo System [J]. Microcomputer, 2014, 42(11):
754-762.)

[16] Haibin Sun, Lei Guo. Composite adaptive disturbance

http: // www.china-simulation.com

- 1760 +

https://dc-china-simulation.researchcommons.org/journal/vol29/iss8/15
DOI: 10.16182/j.issn1004731x.joss.201708015



Lan et al.: Observer-based Integral Backstepping Control for Permanent Magnet

529 B 8 1
2017 48 H

KA, A SRS K KRG TR D LR 23 B A

Vol. 29 No. 8
Aug., 2017

observer based control and back-stepping method for
nonlinear system with multiple mismatched disturbances
[J]. Journal of the Franklin Institute (S0016-0032), 2014,
351(2): 1027-1041.

(17] BEA Ty, BRAIE. 5T R 7K 20k K 1 [ 20
PLTEAR AT R a3l (7], WAL S 6 Y A, 2011,
38(8): 15-18. (Shugong Xue, Lisheng Wei. There is no
sensor vector control of permanent magnet synchronous
motor based on extended Kalman filter [J]. Journal of
Electrical and Electronic Engineering, 2011, 38(8):
15-18.)

(18] 5K %M. JK W IF) 20 v ML AR B 2225 | 3 I Je A 2 )
[J]. FE5H5 vetk, 2008, 23(3): 341-345. (Xinghua Zhang.
Model reference adaptive backstepping control of
permanent magnet synchronous motor [J]. Control and
Decision, 2008, 23(3): 341-345.)

[19] Caixue Chen, Yunxiang Xie, Yonghong Lan. Back-step-
ping control of speed sensorless permanent magnet
synchronous motor based on slide model observer
International [J]. Journal of Automation and Computing
(S1476-8186), 2015, 12(2): 149-155.

[20] Lihua Xie. Output feedback H, of systems with
parameter uncertainty [J]. Int. J. Control (S1598-6446),
1996, 63(4): 741-750.

[21] ATSL. EHEFEH-LMIL J5vE M) dbst: R R
11, 2002: 59-64. (Li Yu. Robust control-LMI method [M].
Beijing, China: Tsinghua University Press, 2002: 59-64.)

[22] M Khanchoul, M Hilairet, D Normand-Cyrot. A
passivity- based controller under low sampling for speed
control of PMSM [J]. Control Engineering Practice
(S0967-0661), 2014, 26 (1): 20-27.

— e — —— e — - —— i — — - — —

(E8255 1746 )

[12] BE™ . oy Al s R 38 4 2he % R 007 ST BRI
5% [D]. dext: P EAR MU R BT ST BE, 2010.
(Yuan Yan Wei. Study on Virtual Simulation Technology
of Special Intelligent Agricultural Equipment in Digital
Agriculture [D]. Beijing, China: Chinese Academy of
Agricultural Mechanization Sciences, 2010.)

[13] Divya K A, Roshna K I, Mathai S. Shadow detection and
removal by object-wise segmentation [C]/ 2015 IEEE
International Conference on Computational Intelligence
and Computing Research (ICCIC). USA: IEEE, 2015:
1-4.

[14] Achanta R, Hemami S, Estrada F, et al. frequency-tuned
salient region detection [C]/ IEEE International
Conference on Computer Vision and Pattern Recognition,
Miami, USA. USA: IEEE, 2009: 1597-1604.

(15] BRBITY, A8MA%E, RRARVE, 5. JETHLHE 2 25 E il
AR BB 3R I JISETE (0], AR TR AR,
2013, 29(6): 157-165. (Chen Keyin, Zou Xiangjun,

Xiong Juntao, et al. Improved fruit fuzzy clustering

image segmentation algorithm based on visual saliency
[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2013, 29(6):
157-165.)

[16] Tippetts B, Lee D J, Lillywhite K, et al. Review of
stereo vision algorithms and their suitability for
resource-limited systems [J]. Journal of Real-Time
Image Processing (S1861-8200), 2016, 11(1): 5-25.

[17] TRis, WSO, s 0geds, 4. B 00 H S AR5 I 7
ML [ AL TRESER, 2012, 28(5): 161-167.
(Xiang Rong, Ying Yibin, Jiang Huanyu, et al.
Localization of tomatoes based on binocular stereo
vision [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2012, 28(5): 161-167.)

(18] 8OF %, #—, WM 5, 5. HLasLHE A 0 TR AL
SN IO ST (3] WL Cak K7 2% 4k, 2010,
38(1): 114-118. (Bao Guanjun, Xun Yi, Qi Liyong, et al.
Research on the application of machine vision in
cucumber picking robots [J]. Journal of Zhejiang
University of Technology, 2010, 38(1): 114-118.)

http: // www.china-simulation.com

* 1761 »

Published by Journal of System Simulation, 2017



	Observer-based Integral Backstepping Control for Permanent Magnet Synchronous Motor
	Observer-based Integral Backstepping Control for Permanent Magnet Synchronous Motor
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/hP7XSzmr2A/tmp.1688108042.pdf.Pra1r

