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Extended Kalman filters combined with feed-forward compensation for
permanent magnet synchronous moter position estimation

SHE Zhi-ting, ZOU wei†, DONG Wang-hua, QIN Ya-sheng

(College of Electrical and Information Engineering, Hunan University, Changsha Hunan 410082, China)

Abstract: Accurate estimation of speed and rotor position plays an important role in the permanent magnet synchronous

motor (PMSM) speed and current double closed-loop vector control system. This paper mainly discusses the extended

Kalman filter (EKF) algorithm, which is used to estimate rotor speed and position problem. Unlike the traditional EKF

method, the Generic algorithm (GA) is adopted to optimize the selection process of EKF covariances and the P , Q, R

matrix selection progress is given. In addition, the load torque obtained by the load torque observer is used as the input,

together with the speed regulator output, of the current regulator control variables. Simulation and experiment results show

that, the proposed new strategy can shorten the system covariance parameters selection time, increase the tracking speed

precision and embrace better anti disturbance ability.
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2 EKF (EKF

speed and rotor position estimation mathe-

matical model)

[9]:

xn = Fxn−1 +Bun−1 + w,

yn = Hxn + v.
(1)

:

1) :

x̄ = Fx̂n−1 +Bun−1. (2)

2) :

P̄n = FP̂n−1F
T +Q. (3)

3) :

Kn = P̄nH
T(HP̄nH

T +R)−1. (4)

4) :

x̂n = x̄n +Kn(yn − Cx̄n). (5)

5)

P̂n = P̄n −KnHP̄n. (6)

1 .

1 : F , B, H , K

; P̄ , P̂ , Q, R

. u, v, w

. x, x̄, x̂, y

.

(L = Ld =

Lq). α− β ,

dIα
dt

= −Rs

L
Iα +

ψm

L
· ωr · sin θr + Vα

L
, (7)

dIβ
dt

= −Rs

L
Iβ +

ψm

L
· ωr · cos θr + Vβ

L
, (8)

dωr

dt
=

1

J
(Te − TL −D · ωr), (9)

dθr
dt

= ωr, (10)

: Iα α , Iβ β ; Rs ;

wr ; D ; J

; θr ; ψm ; L

.

1

Fig. 1 The Kalman filter calculation process

ẋ =
d

dt

⎡
⎢⎢⎢⎣
Iα
Iβ
ωr

θr

⎤
⎥⎥⎥⎦ , x =

⎡
⎢⎢⎢⎣
Iα
Iβ
ωr

θr

⎤
⎥⎥⎥⎦ , u =

[
Vα

Vβ

]
, y =

[
Iα
Iβ

]
,

ẋ(t) = f [x(t)] +B · [u(t)] + w(t), (11)

y(t) = h[x(t)] + v(t), (12)

: x(t) , u(t) ,

y(t) , w(t)

, v(t) .

(7)−(12)

f [x(t)] =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

−Rs

L
iα + ωr

ψm

L
sin θr

−Rs

L
iβ − ωr

ψm

L
cos θr

−D

J
ωr

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (13)

B =

⎡
⎢⎢⎢⎢⎢⎢⎣

1

L
0

0
1

L
0 0

0 0

⎤
⎥⎥⎥⎥⎥⎥⎦
, (14)
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h[x(t)] =

[
iα
iβ

]
. (15)

(1), f [x(t)] h[x(t)]

F [x(t)] =
∂f

∂t

∣∣
x=x(t) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎣

−Rs

L
0

ψm

L
sin θr

ψm

L
ωr cos θr

0 −Rs

L
−ψm

L
cos θr

ψm

L
ωr sin θr

0 0 0 0

0 0 1 0

⎤
⎥⎥⎥⎥⎥⎥⎥⎦
, (16)

H[x(t)] =
∂h

∂x

∣∣
x=x(t) =

[
1 0 0 0

0 1 0 0

]
. (17)

(11) (17), MALTLAB/SIMU-

LINK EKF

.

,

,

,

. , EKF P,Q,R
[13], P = diag{p1, p1, p2, p3}, Q =

diag{q1, q1, q2, q3}, R = diag{r1, r1}.

,

Q, R , : Q

, ,

. R .

, .

Q R .
[14], P , Q, R

P = diag{0.1, 0.1, 350, 3}, Q= diag{3, 3, 16, 3},

R = diag{0.1, 0.1}.

3 EKF (Extended

Kalman filtering speed and rotor position es-

timation optimization)
3.1 EKF (Genetic algori-

thm optimizing EKF noise matrix)
EKF P , Q, R,

[15].

EKF p1, p2,

p3, q1, q2, q3, r1 ,

,

. GA ,

( 200

), ,

. :

1)

, p1, p2, p3, q1, q2, q3, r1 X1, X2, X3,

X4, X5, X6, X7. ,

.

2) .

3) . .

4) .

, 0.8.

5) . ( 0.2) .

2) 5),

,

, .

P , Q, R

EKF P , Q, R 2 .

2 P,Q,R

Fig. 2 Generation and Optimization of P,Q,R

3.2 (load torque

observer to feedforward compensation)
,

. ,

PID ,

, .

,

.

,

,

, ,

, .

[7,14,16−18], (9),
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dwr

dt
= −D

J
wr − 1

J
TL +

1

J
Te. (18)

L = Ld = Lq, (18)

dwr

dt
= −D

J
wr − 1

J
TL +

1

J
· 3
2
NPψfIq. (19)

, 3

, .

3

Fig. 3 The equivalent graph of the motor system velocity loop

after load feed-forward compensation

4 .

4

Fig. 4 Feed-forward control block diagram

4 : ,

; GD(s) ;

GC(s) ,

; GFF(s) ,

d(t) GFF(s) u0(t)

u(t). ,

, : G(s) = 0,

GD(s) +GC(s) ·GFF(s) = 0, (20)

GFF(s) = −GD(s)

GC(s)
, (21)

d(t) , y(t)

. d(t) 2

TL, u(t) iq, u0(t) i∗q,

y(t) ω.

GD(s) =
w(s)

TL(s)
= − 1

Js+D
, (22)

GC(s) =
w(s)

iq(s)
=

K1

T1s+ 1
· 3
2
NPψf

Js+D
. (23)

(22)–(23) (21)

GFF(s) = −GD(s)

GC(s)
=

T1s+ 1

1.5NPψfK1

. (24)

,

:

λ = |GFF(s)| = | T1s+ 1

1.5NPψfK1

|. (25)

,

, ,

.

4 (The simulation and analysis)
PMSM 1 .

1 PMSM

Table 1 PMSM parameters

0.00497 kg ·m2

2.875 Ω

0.175 V · s
0.0085 H

0.0085 H

1

300 V

6 kW

GA EKF X0 = [0,

0, 0, 0], 0.4 s, 3

:

1) n = 800 r/min−1 , ,

5;

5

Fig. 5 Speed waveforms during start-up process with no load

2) 0.15 s , PMSM 0 N ·m 5 N ·m,

6;
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6 0 N ·m 5 N ·m
Fig. 6 Speed waveforms when load increase from 0 N · m to

5 N ·m

3) 0.3 s , PMSM 800 r/min−1

600 r/min−1, 7.

7 PMSM 800 r/min−1 600 r/min−1

Fig. 7 Speed waveforms of PMSM when speed drops from

800 r/min−1 to 600 r/min−1

5: PMSM ,

,

850 r/min−1, 6.25%,

0.005 s ; EKF

820 r/min−1, 0

0.007 s ; GA EKF

0, GA

,

0.006 s .

6: PMSM 0.15 s 0 N ·m
5 N ·m, 790 r/min−1,

0.16 s ; EKF

797 r/min−1,

797 r/min−1, 800 r/min−1.

, EKF ; GA

EKF 797 r/min−1

800 r/min−1, ,

.

7: PMSM 0.3 s 800 r/min−1

600 r/min−1 , , EKF

, .

GA–EKF

,

4 .

5 (Experimental results)
PMSM PMSM

. GA–EKF TI TMS320

F28335

. ,

.

GA Q, R P

.

, GA

EKF . . =

20 kHz, 7 (Ua, Ub, Uc, Ia, Ib, Ic,

). 8 .

8

Fig. 8 Experiment platform of control system

9 800 r/min−1

GA–EKF . ,

9(b) GA–EKF

9(a) ,

. 1.2 N,

.

(a)
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(b) GA–EKF

9 800 r/min−1

Fig. 9 Waveforms of the rotor position angles of PMSM in

800 r/min−1

10 1.2 N ,

800 r/min−1 (a) GA–EKF

(b) , a

. 10(a) , ( b)

25 ms , 35 ms ,

10(b) ( c) 20 ms ,

25 ms ,

, , .

(a)

(b) GA–EKF

10

Fig. 10 Waveforms of the rotor speeds of PMSM during start-

ing progress

11 1.2 N ,

d, q , Id 0 A,

Iq . 11(a)

d 11(b) f , GA–EKF

q ,

q .

12 3 s 3 N ·m .

12(a) ,

90 r/min−1. 12(b)

,

, 40 r/min−1,

.

(a) d( g) q( d)

(b) GA–EKF d( g) q( f )

11 d, q

Fig. 11 Waveforms of the d, q currents of PMSM during start-

ing progress

(a) EKF

(b) GA–EKF

12 EKF GA–EKF

Fig. 12 Waveforms of rotor speeds when load applied

6 (Conclusions)

EKF . ,

EKF

,
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. ,

,

, GA–EKF

.
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