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Speed estimation for permanent magnet synchronous motor
based on robust extended Kalman filter

YIN Zhong-gang, ZHANG Rui-feng, ZHONG Yan-ru, CAO Yu
(Automation College, Xi’an University of Technology, Xi’an Shaanxi 710048, China)

Abstract: By analyzing the impact of gross error on the estimation accuracy of extended Kalman filter (EKF), we
propose a novel speed estimation method for the permanent magnet synchronous motor (PMSM) in sensorless vector
control based on Robust extended Kalman filter (REKF). The model of permanent magnet synchronous motor based on
REKF is developed. We investigate whether REKF can give better estimation performance than EKF when PMSM is
disturbed by gross errors. The speed estimation error of REKF caused by external gross error and internal estimation gross
error is compared with that of EKF. Simulation and experimental results show that REKF provides better performance and
exhibit faster convergence than EKF under disturbances.
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dx̂

dt
= A(x̂)x̂ + Bu + K(y − ŷ),

ŷ = Cx̂.
(1)

,
, y = is, u = us.

, V

W . ,
1 .

1
Table 1 EKF algorithm

x̃k+1 = A′x̂k + B′uk,

P̃k = FkPk−1FT
k + Qk

x̂k = x̃k + Kk(yk − Hkx̃k),

P̂k+1 = P̃k − KkHkP̃k

Kk = P̃kHT
k (HkP̃kHT

k + Rk)−1

1 : A′, B′,H A,B, C ,
Q R V W , ·̃ ,
·̂ .

,
.
, .

3 EKF
(Speed estimation of permanent magnet

synchronous motor based on robust extended
Kalman filter)

3.1
(Affect on the extended Kalman filter by gross
error)

, ,
,

ŷk = C ′x̂k + GkΔk + Wk, (2)

: Δk , Gk .

V̂k = ŷ(k) − C ′x̂k ≈ Wk + GkΔk. (3)

,

x̂k+1 = A′xk + B′u + Kk+1(Wk + GkΔk). (4)

, , (4) ,
Kk+1

.

3.2 (The model of
robust extended Kalman filter)

EKF{
xk = f(xk−1) + vk,

yk = Hkxk + wk.
(5)

: f(·) , yk, xk

k , Hk , vk

wk 0 . ,
REKF 2 :

a) .

xk x̃k

x̃k = f(x̂k−1), (6)

P̃k = FkPk−1F
T
k + Qk, (7)

P̂k = (P̃−1
k − γ−2LT

t Lt)−1, (8)

: Fk = (
∂f(x)

∂x
)|x=x̂k−1 , Lt , γ

0 P̂k > 0 , Qk vk .

b) .

x̂k Pk

Kk = P̂kH
T
k (HkP̂kH

T
k + Rk)−1, (9)

x̂k = x̃k + Kk(yk − Hkx̃k), (10)

Pk+1 = P̂k − KkHkP̂k. (11)

EKF REKF , γ = ∞, REKF
EKF.

γ.

, P̂k γ

, Lt = I , γ , P̂k

. ,
Lt , (12) :

Lt = γ(P̃t − ε−2
maxI)1/2. (12)

, ε−2
maxI P̃t , P̃t < ε−2

maxI .
.

, γ ,
εmax .

, ε2
maxI

, ,
.

, P̂k

, (13):

P̂k =

{
P̃k,

(P̃−1
k − γ−2LT

t Lt)−1.

Dk < β,

,
(13)

: Dk = ‖yk −C ′x̃k‖, β > 0. (13) ,
REKF EKF , REKF
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EKF ,
, P̂k (P̃−1

k − γ−2LT
t Lt)−1,

; , ,
P̂k P̃k, .

3.3 EKF
(Speed estimation of permanent magnet

synchronous motor based on robust extended
Kalman filter)

αβ (
) REKF , ψα, ψβ ,

ωr θr ,
.

⎧⎨
⎩

dx

dt
= f(x) + Bu + v,

y = Cx + w,
(14)

:

x =

⎛
⎜⎜⎜⎝

ψα

ψβ

ωr

θr

⎞
⎟⎟⎟⎠ , u =

(
uα

uβ

)
, B =

⎛
⎜⎜⎜⎝

1 0
0 1
0 0
0 0

⎞
⎟⎟⎟⎠ ,

Cx =

⎛
⎜⎝

1
Ls

(ψα − ψf cos θr)
1
Ls

(ψβ − ψf sin θr)

⎞
⎟⎠ ,

f (x) =

⎛
⎜⎜⎜⎜⎜⎜⎝

−Rs

Ls

ψα +
Rs

Ls

ψf cos θr

−Rs

Ls

ψβ +
Rs

Ls

ψf sin θr

0
ωr

⎞
⎟⎟⎟⎟⎟⎟⎠

,

: x , u , f(x) Ax

, v , w , uα, uβ

α-β , Ls , Rs

, ψf .

1 REKF
Fig. 1 Structure of PMSM vector control based on REKF

1 REKF PMSM .
REKF

, ω∗
r ωr

PI i∗q. i∗q iq
PI u∗

sq. i∗d
id PI u∗

sd.
u∗

sq u∗
sd PWM , ,

.

4 (Simulation analysis)

,
MATLAB/Simulink .

: PN = 1.5 kW, UN

=380 V, fN =50 Hz, Rs =4.96Ω,
d Ld =8.5mH, q Lq =8.5mH,
P = 2, nN = 1500 r/min.

a) .

2 REKF
, : n , n̂

.

2 REKF

Fig. 2 Speed estimation based on REKF

1500 r/min, 2 s
500 r/min, 4 s 1000 r/min. 2

,

. 2 ,
0.05 r/min, .

b) .

,
1500 r/min. 2 s 5 N ·m ,

n̂ ia, ib, ic 3(a)
3(b) . ,

45 r/min, 100 ms
1500 r/min, .
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(a)

(b)

3

Fig. 3 Response waveforms with sudden load

c) .

REKF EKF , 2 s

iα 1 A ,

n̂ 4 .

(a) EKF

(b) REKF

4
Fig. 4 Speed waves with external disturbance gross

2 s REKF EKF ,
EKF ,
18 r/min;

, 4.5 r/min. 5 EKF
REKF , 5

REKF EKF .

(a) EKF

(b) REKF

5

Fig. 5 Comparison of estimated flux linkage
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d) .

2 s

Δx = [0 0 0 1]T

,
, 6 . 6

, 2 s REKF EKF
, EKF ,

160 r/min,
, 30 r/min, EKF

. 6 n̂ .

(a) EKF

(b) REKF

6

Fig. 6 Speed waves with estimated gross error

7 EFK REKF
. 7 , EFK
, , REKF

, ,

REKF
.

(a) EKF

(b) REKF

7

Fig. 7 Comparison of estimated flux linkage

5 (Experimental results)
EKF
. 8

PMSM . ,

.
, A/D PC ,

.

a) .

,
8 s iα 1 A .

9 ,
8 s EKF 40 r/min, REKF

20 r/min. 9 REKF
EKF .

9 n̂ .
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8

Fig. 8 Structure of experiment system

(a) EKF

(b) REKF

9

Fig. 9 Speed waves with external disturbance gross error

b) .

,
8 s Δx=[0 0 0 1]T

, 10 . EKF
50 r/min, REKF

20 r/min. ,
, REKF

, REKF EKF . 10 n̂

.

(a) EKF

(b) REKF

10

Fig. 10 Speed waves with estimated gross error

6 (Conclusion)
EKF

, EKF REKF

, .
, EKF REKF ,
REKF

. REKF ,
REKF
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