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Integral backstepping controller in the sensorless vector-control system
for permanent magnet synchronous motor

WANG Li-peng, ZHANG Hua-guang, LIU Xiu-chong
(School of Information Science and Technology, Northeastern University, Shenyang Liaoning 110819, China)

Abstract: A robust control system composing of an integral backstepping controller and a sliding-mode variable-
structure model-reference adaptive system (MRAS) is designed for the vector-controlled permanent magnet synchronous
motor (PMSM). The backstepping control with integral action is employed as the speed and current controllers for the
PMSM. The sliding-mode variable-structure MRAS is taken to estimate the speed/position of the drive system. The stabil-
ity of the speed controller and the estimator is proved by using Lyapunov theorem. MATLAB simulation results validate
the good speed-tracking and disturbance-rejection performances of the designed method.
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2 (Modeling of
PMSM)

, d-q
:{

ud = Lpid + Rsid − Lpnwriq,

uq = Lpiq + Rsiq + Lpnwrid + pnwrφf ,

(1)

: id iq d, q ; ud, uq

d, q ; Rs ;
, Ld = Lq = L ; pn ;

φf ; we ; wr

; p p =
d
dt

.

Jpwr = Te − TL − Brwr, (2)

: Te, TL , Br, J

.

3 PMSM
(Design of sensorless vector-control sys-

tem for PMSM)
3.1 (slidi-

ng-mode MRAS speed estimator design)
,

, .
d-q , (1),

:

i̇′ = Ai′ + Bu′, (3)

:

i′ =

⎡
⎣ id +

φf

L
iq

⎤
⎦ , u′ =

⎡
⎣ ud +

Rsφf

L
uq

⎤
⎦ ,

A =

⎡
⎢⎣ −Rs

L
pnwr

−pnwr − Rs

L

⎤
⎥⎦ , B =

⎡
⎢⎣

1
L

0

0
1
L

⎤
⎥⎦ .

,
:

˙̂i′ = Âi′ + Bu′, (4)

:

î′ =

⎡
⎣ îd +

φf

L
îq

⎤
⎦ , Â =

⎡
⎢⎣ −Rs

L
pnŵr

−pnŵr − Rs

L

⎤
⎥⎦ .

ε = i′ − î′, (3) (4)[
ε̇d

ε̇q

]
= A

[
εd

εq

]
− pn(wr − ŵr)

[
0 − 1
1 0

][
î′d
î′q

]
.

(5)

[15]⎧⎪⎨
⎪⎩

εw = pnîqid − pnîdiq +
pnφf

L
(̂iq − iq),

ŵr = (Kp +
Ki

p
)εw,

(6)

: Kp, Ki ,
Popov .

PI ,
, .

d, q

PI
.

,
.

Lyapunov ,



2 : 201

.

:

S = εw +
�

kεwdt, (7)

S = 0 ,
0,

Ṡ = ε̇w + kεw = 0, (8)

k .

:

ŵr = kssgn S, (9)

: ks , S .

,
εw

ε̇w = −p2
nŵr [̂idid + îqiq +

φf

L
(id + îd +

φf

L
)] +

pn{φf

L
[pnwr(id + îd) +

Rs

L
(iq − îq)] +

uq

L
(id − îd) +

ud

L
(̂iq − iq) +

pnφ
2
f

L2
wr +

2Rs

L
(̂idiq − îqid) + pnwr(̂idid + îqiq)}.

(10)

f1, f2 :⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

f1 = îdid + îqiq +
φf

L
(id + îd +

φf

L
),

f2 =
φf

L
[pnwr(id + îd) +

Rs

L
(iq − îq)]+

uq

L
(id − îd) +

ud

L
(̂iq − iq) +

pnφ
2
f

L2
wr+

2Rs

L
(̂idiq − îqid) + pnwr(̂idid + îqiq),

(11)

(10)

ε̇w = −p2
nf1ŵr + pnf2. (12)

, Lyapunov ,

V =
1
2
S2. (13)

V̇ = SṠ =

S(ε̇w + kεw) =

S[−p2
nf1ŵr + pnf2 + kεw] =

S[−p2
nf1kssgn S + pnf2 + kεw] =

−ksp
2
nf1|S| + S(pnf2 + kεw). (14)

f1 > 0, pn > 0, |S| > 0,

ks −ksp
2
nf1|S|+S(pnf2 +kεw) <

0, ksp
2
nf1|S| > S(pnf2 + kεw) , V̇ < 0,

.

(9) d id,
i∗d = 0.5 i∗d = 0, d

,
.

, , ,
sat(·) (9)

sgn(·), (15) :

sat(S, ε) =

⎧⎨
⎩

S

ε
, |S| � ε,

sgn S, |S| > ε.
(15)

sat(S) > 0, ,
V̇ < 0 .

3.2 (Integral backstep-
ping speed controller)

ew = w∗
r − ŵr = w∗

r − wr + w̃r, (16)

: ŵr , w∗
r , w̃r

= wr − ŵr.

iq ,
Lyapunov :

V1 =
1
2
e2
w +

1
2
K0χ

2
w, (17)

: K0 > 0, χw =
� t0

0
ewdt.

V̇1 = −Kwe2
w � 0, Kw > 0,

q ,

i∗q =
2

3pnφf

(Brŵr + TL + KwJew + K0Jχw).

(18)

ed = id
∗ − id, eq = i∗q − iq

Lyapunov :

V2 = V1 +
1
2
e2
d +

1
2
e2
q. (19)

ed, eq⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

ėd =
Rs

L
id − pnŵriq − ud

L
,

ėq =
2(KwJ − Br)

3pnφf

(
3pnφf

2J
eq−

KwJew +
Rs

L
iq − K0Jχw)+

2JK0

3pnφf

ew + pnŵrid +
pnŵrφf

L
− uq

L
,

(20)
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ėd = −Kdid, ėq = −Kqiq, Kd > 0,
Kq > 0,

V̇2 = V̇1 + edėd + eqėq =

− Kwe2
w − Kde

2
d − Kqe

2
q � 0, (21)

d-q ud, uq :⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

ud = Rsid − pnŵrLiq + KdLed

uq =

L[
2(KwJ − Br)

3pnφf

(
3pnφf

2J
eq−

KwJew − K0Jχw) +
2JK0

3pnφf

ew+

Rs

L
iq + pnŵrid +

pnŵrφf

L
+ Kqeq].

(22)

V̇1 � 0, V̇2 � 0, V1, V2 , Barba-
lat’s [21],

lim
t→∞

ew = 0, lim
t→∞

ed = 0, lim
t→∞

eq = 0. (23)

ew = w∗
r − ŵr = w∗

r − wr +
w̃r , (14) w̃r

, w∗
r − wr ,

.

4 (Simulation and research)

,
. :

2000 r/min, 8 Nm, 0.9585 Ω,
d q 0.00525 H, 4,

0.1827 Wb, 0.0006329 kg · m2,
0.0003035N · m · s,

1 .

1 PMSM

Fig. 1 Block diagram of the integral backstepping controlled

sensorless driver based on sliding mode MRAS

1)

. , 0.05 s,
150 rad/s, , t = 0.08 s

5 Nm, t = 0.1 s 0 Nm. 2 3
,

, ,
0.9 rad/s,

1.1 rad/s; ,
2.2 rad/s , ,

2.8 rad/s .

2
Fig. 2 Speed tracking response between integral

backstepping and Conventional

backstepping

3
Fig. 3 Speed tracking error between integral backstepping

and Conventional backstepping

2) PI
. 4 5

, ,
0.2 rad/s, PI

0.7 rad/s, , PI
0.4 rad/s,

.

3) ,
,
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,
.

0.04 s, 150 rad/s, t = 0.12 s
150 rad/s , t = 0.15 s

−150 rad/s, −150 rad/s 0.2 s.
, t = 0.0695 s 5 Nm, t = 0.09 s
0 Nm. 6 7

, 3 rad/s.

4 MRAS PI--MRAS
Fig. 4 Speed identification between sliding mode MRAS and

MRAS based on PI adaptive law

5 MRAS PI--MRAS
Fig. 5 Speed identification error between sliding mode

MRAS and MRAS based on PI adaptive law

6
Fig. 6 Speed tracking response for the sensorless of integral

backstepping controlled PMSM

7
Fig. 7 Speed tracking error for the sensorless of integral

backstepping controlled PMSM

5 (Conclusion)

,

,

, Lyapunov
.

,
,

.
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