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Higher-order nonsingular terminal-sliding-mode observer for
permanent-magnet synchronous motor

ZHENG Xue-mei, LI Qiuming, SHI hong-yu, FENG Yong
(Electrical Engineering Department, Harbin Institute of Technology, Harbin Heilongjiang 150001, China)

Abstract: We proposed a higher-order nonsingular terminal-sliding-mode(NTSM) observer for estimating the rotor
position and speed of a permanent-magnet synchronous motor(PMSM) for its control system. This observer produces
a smooth estimate of the back electromotive-force(EMF), without the need of an additional low-pass filter. Solving the
equation of the back EMF, we obtain the position and the speed of the rotor. Compared with the conventional sliding
mode observer, the high-order NTSM observer avoids the phase lag in the back EMF signals, thus improving the estimation
precision of the rotor position and speed. Simulation results show that high-order NTSM observer provides fast convergence
and high precision in position tacking with less oscillation.
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.
.

2 (Conventional sliding
mode observer)

1 .

1
Fig. 1 PMSM vector control system based on

sliding mode observer

,
,

/ .

α–β

{
i̇α = (−Rsiα − eα + uα)/L,

i̇β = (−Rsiβ − eβ + uβ)/L.
(1)

: uα, uβ , iα, iβ , eα, eβ

, L α, β , Rs

. {
eα = −ψfωe sin θe,

eβ = ψfωecos θe.
(2)

: ψf , ωe

, θe .

(2) ,
,

, .
(1), :{ ˙̂iα = (−R̂sîα + uα + vα)/L̂,

˙̂iβ = (−R̂sîβ + uβ + vβ)/L̂.
(3)

: îα, îβ , R̂s L̂ Rs L

; uα, uβ .

{
˙̄iα = (−R̂sīα + eα + vα)/L̂,
˙̄iβ = (−R̂sīβ + eβ + vβ)/L̂.

(4)

: īα = îα − iα, īβ = îβ − iβ .

[8]:

v = [vα vβ]T = [−ksgn īα − ksgn īβ]T, (5)

k > max(|eα|, |eβ|).

īα = 0,
īβ = 0 , ,

, ,{
eα = −vαeq = [ksgn īα]eq,
eβ = vβeq

= [ksgn īβ]eq.
(6)

. , ,
,

:{
˙̂eα = (−êα +

√
1 + (ω̂eτ0)2 · ksgn īα)/τ0,

˙̂eβ = (−êβ +
√

1 + (ω̂eτ0)2 · ksgn īβ)/τ0,
(7)

τ0 .

(8)
(9)[8]:

ω̂e =

√
ê2

α + ê2
β

ψ̂f

sgn(êβ cos θ̂e − êα sin θ̂e), (8)

θ̂e = arctan(
−êα

êβ

) + arctan(
ω̂e

ωcutoff

). (9)

: ψ̂f , ωcutoff = 1/τ0

.

3 (Higher-order
NTSM observor)

,
, .

,
.

, (4)
:

˙̄is = (−R̂sīs + es + v)/L̂, (10)

: īs = [̄iα īβ]T , es =
[eα eβ]T , v = [vα vβ]T

.

s :

s = īs + γ ˙̄ip/q
s , (11)

: s = [sa sβ]T, γ = diag{γα, γβ}, α > 0, β >

0; p, q , 1 < p/q < 2; ˙̄ip/q
s

˙̄ip/q
s = [˙̄ip/q

α
˙̄ip/q
β ]T, (12)

s ,
. s , īs

˙̄is ,
, īs = ˙̄is = 0 .
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1 (10) ,
(11), , īs

˙̄is

:

v = veq + vn, (13)

veq = R̂sīs, (14)

vn = −
� t

0
[(L̂q/p)γ−1 ˙̄i2−p/q

s +

(k′ + η)sgn s + μs]dτ, (15)

: sgn s sgn s = [sgn sα sgn sβ]T; k′ >

‖ės‖, η > 0, μ > 0 .

V = 0.5sTs,

V

V̇ = sTṡ = sT[ ˙̄is + (p/q)γdiag{ ˙̄ip/q−1
s }¨̄is] =

(p/q)sTγdiag{ ˙̄ip/q−1
s }[̈̄is + (q/p)γ−1 ˙̄i2−p/q

s ].

(13)(16)∼(18),
˙̄is = (−R̂sīs + es + v)/L̂ = (es + vn)/L̂,

,

V̇ = p/(L̂q)sTγdiag{ ˙̄ip/q−1
s }[ės +

v̇n + (L̂q/p)γ−1 ˙̄i2−p/q
s ] =

p/(L̂q)sTγdiag{ ˙̄ip/q−1
s }[ės −

(k′ + η)sgn s − μs].

k′ k′>‖ės‖,

V̇ � −p/(L̂q)sTγdiag{ ˙̄ip/q−1
s }(ηsgn s + μs) �

−p/(L̂q) min
x=α,β

(γx
˙̄ip/q−1
x )(η||s|| + μ||s||2) � 0.

(16)

p q , 1 < p/q < 2, , ˙̄ix �= 0,
˙̄ip/q−1
x > 0; ˙̄ix = 0 , ˙̄ip/q−1

x = 0, x = α, β.
||s|| �= 0 :

1) ˙̄ix �= 0, x = α, β. ||s|| �= 0,

V̇ � −p/(L̂q) min
x=α,β

(γx
˙̄ip/q−1
x )(η||s||+ μ||s||2) < 0.

2) ˙̄ix = 0, īx �= 0, x = α, β. [12]
( ˙̄ix = 0,

īx �= 0), 0 − īx
˙̄ix

˙̄ix = 0 . ,

s = 0[12]. tr , s 0, s(0) �= 0,
s(t) = 0, ∀t � tr, īs

˙̄is

,

ts = tr +
p

(p − q)
max
j=α,β

(γq/p
j |̄ij(tr)| p−q

p ). (17)

.

1 (20), γ, p q īs

.

2 (18), k′> ‖ės‖, .
(2), (

ėα = −ψf(ω̇e sin θe + ω2
e cos θe),

ėβ = ψf(ω̇e cos θe − ω2
e sin θe).

(18)

, ‖ės‖ , .

,

, ‖ės‖ .

2 .

2

Fig. 2 Higher-order NTSM observer

(18) , vn

. ,
v ,

. (10)(11)
.

4 (Study on robustness of
NTSM observer)

,
. ,

Rs ; L

. , Rs, L

ψf

.

ΔRs = R̂s − Rs, ΔL = L̂ − L, Δψf = ψ̂f − ψf .

,

M =
1
L

, M̂ =
1
L̂

, ΔM = M̂ − M.

(1) (3)

i̇x = (−Rsix − ex + ux)M, x = α, β, (19)
˙̂
ix = (−R̂sîx + ux + vx)M̂, x = α, β. (20)

(23) (22)
˙̄ix = (−R̂sîx + ux + vx)M̂ −

(−Rsix − ex + ux)M =

(−R̂sīx+vx+ex−fx)/L̂, x=α, β, (21)
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fx = ΔRsix − ΔM

M̂
(−Rsix − ex + ux) =

ΔRsix − ΔM

M̂M
i̇x, x = α, β. (22)

ΔL = L̂ − L =
1
M̂

− 1
M

= − ΔM

M̂M
, (23)

fx = ΔRsix + ΔLi̇x, x = α, β. (24)

(16)∼(18),

k′ > ‖ės‖ + ‖ḟ‖, f = [fα fβ]T,

˙̄is = (−R̂sīs + es − f + v)/L̂ =

(es − f + vn)/L̂, (25)

V̇ = sTṡ =

(p/q)sTγdiag{ ˙̄ip/q−1
s }[̈̄is + (q/p)γ−1 ˙̄i2−p/q

s ] =

p/(L̂q)sTγdiag{ ˙̄ip/q−1
s }[ės − ḟ −

(k′ + η)sgn s − μs] �
−p/(L̂q)sTγdiag{ ˙̄ip/q−1

s }(ηsgn s + μs) �
−p/(L̂q) min

x=α,β
(γx

˙̄ip/q−1
x )(η||s|| + μ||s||2) � 0,

(19) . 1
, ,
īα īβ .

5 (Simulation results)

, .
:

PN = 1.5 kW, UN = 380 V, nN = 1000 r/min,

IN = 3.5A, Rs = 2.875Ω, L = 33 mH,

ψf = 0.8Wb, J = 0.011 kg · m2,

TL = 5 Nm, k =
140. (8) , τ0 =
0.005 s. 1 .

:

β = 0.1, p = 5, q = 3, γα = γβ = 0.001,

k1 + η = 20400, μ = 1200.

:

1) R̂s = Rs, L̂ = L, ψ̂f = ψf ,
5 N ·m, 0 s 500 r/min,

0.5 s –500 r/min.
3∼ 8.

, 50 r/min;

, 5 r/min. ,
, ,

,
,

,
.

, 0.4 s, 300 r/min
500 r/min, 0.7 s 300 r/min ,

9, 10
. 0.02 rad,

0.05 rad. ,

, .

3 īα īβ

Fig. 3 īα and īβ in conventional sliding mode observer

4 īα īβ

Fig. 4 īα and īβ in higher-order TSM observer
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5 n̂

Fig. 5 n̂ in conventional sliding mode observer

6 n̂

Fig. 6 n̂’s error in conventional sliding mode observer

7 NTSM n̂

Fig. 7 n̂ in high-order NTSM observer

8 NTSM
Fig. 8 n̂’s error in high-order NTSM observer

9 θ̂e

Fig. 9 θ̂e and its error in conventional sliding mode observer

10 NTSM θ̂e

Fig. 10 θ̂e and its error in high-order NTSM observer

2) , ΔRs = 0.5Rs,
ΔL Δψf ; ΔL = 0.5L, ΔRs Δψf

; Δψf = −0.1ψf , ΔRs ΔL

11∼13 . :
500 r/min, 0∼0.3 s 0 N ·m, 0.4 s

3 N·m, 0.7 s 5 N·m. 11∼13
,

.

11 Rs NTSM

Fig. 11 Estimation error in high-order NTSM observer



1472 28

12 L NTSM

Fig. 12 Estimation error in high-order NTSM observer

13 ψf NTSM

Fig. 13 Estimation error in high-order NTSM observer
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