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Direct torque control system with uncertainties
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Abstract: The uncertainty of stator resistance variance and load disturbance for asynchronous motor in direct torque

control(DTC) system makes stator flux linkage, rotor speed and electromagnetic torque’s estimation inaccurate, which

leads to poor performance for the system. Based on extended Kalman filter(EKF), virtual noise compensation technology

is introduced and the Sage-Husa noise statistical estimation method is adopted, which forms robust EKF. Then, stator

current and flux linkage, rotor speed, stator resistance andload are regarded as the state variables and DTC experiment is

carried out on the basis of robust EKF. Experiment shows thatthe state variables can be estimated accurately, and torque

ripple is superior to ordinary DTC scheme, which achieves sensorless DTC system with good performance.
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1 ÚÚÚóóó(Introduction)
3��=Ý��XÚ¥, du>ÄÅëêC

z9K16ÄäkØ(½5, ½f^ó!=�!=

Ý�O(�Ow�c�� [1∼3]. ©z[4]æ^*

ÐKalmanÈÅìé>ÄÅ�^óÚ=�?1�O,

ÙØv3u: 1)^Taylor?êé>ÄÅ�.�5z

��Ñ
p��Úå��.Ø�, ò��ÈÅ

Ø�; 2)*ÐKalmanÈÅì�¦D(ÚO®�, 

¢SXÚdu�ï�Ä�¦�D(ÚO��, e

^�Ø�D(ÚO�OKalmanÈÅì, ò¦ÈÅì

Ø�O�,$�¦ÈÅuÑ.�
)ûþã¯K,�

ö?1
XeU?: �é¯K1),Ú?J[D(Ö

�Eâ[5],òTaylorÐm�p��w¤J[D(, Ö

�
du�5zÚå��.Ø�; �é¯K2)�D

(ÚO��¯K, �öæ^U?�SageÚHusaD(

ÚO��ì, �?n���CD(ÚO¯K, �°

Ý'�©SageÚHusa�D(ÚO��ì°Ýp[6,7] .

��, ÄuU?�SageÚHusaD(ÚO���*

ÐKalmanÈÅ, Ó�Ú\J[D(Ö�Eâ, Ø�

�?n���D(ÚO�G��O¯K, ��J

pÈÅ°Ý.¢��y
�Y�k�5.

2 XXXÚÚÚ���°°°���***ÐÐÐKalmanÈÈÈÅÅÅ���{{{(Robust
and EKF algorithm of the system)
3ü�·��IX¥, ò½f>6©þisα , isβ ,

^ó©þψsα, ψsβ , =�ωr,½f>{Rs9K1=

ÝTlÀ�G�Cþ, isα, isβÀ�*ÿþ, Ó�-x =

[isα, isβ , ψsα, ψsβ , ωr, Rs, Tl]
T, y = [isα, isβ ]T,KÉÚ

>ÄÅ�lÑ�m�ÅG��§�:

x(k + 1) = f(x(k), u(k)) +W (k), (1)

y(k) = h(x(k)) + V (k). (2)

ª¥:

h(x(k)) =

[

1 0 0 0 0 0 0

0 1 0 0 0 0 0

]

x(k),

ÂvFÏ: 2005−04−26;Â?UvFÏ: 2006−07−04.
Ä7�8: �®½g,�ÆÄ7]Ï�8(KZ2000410005005).
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[−(TRrLs/a)]x1 − Tx2x5 +m1

[−(TLrx6/a) − (TLsRr/a)]x2 −m2

−Tx6x1 + usα

−TRrx2 + usβ

T [n2
pm3 − x7np]/J + x5

x6

x7

























.

xi(i = 1 ∼ 7)L«G��þx�©þ,

m1 = 1 − (TLrx6/a) +m4,

m2 = −1 − Tx1x5 +m5,

m3 = x2x3 − x1x4,

m4 = T [(Rrx3 + Lrx4x5 + Lrusα/a)],

m5 = T [(Lrx3x5 −Rrx4 − Lrusβ/a)].

Ls, Lr©O�½!=f>a, Lm�pa, usαÚusβ´

½f>Ø©þ, J�=Ä.þ, np�4éê, a =

LsLr − L2
m, T�lÑzÚ�, W (k) ∈ R

7, V (k) ∈

R
2´�pÕá�xD(,þ�Ú���
©O�

{

E(W (k)) = q(k),

cov[W (k),W (j)] = Q(k)δkj ,
(3)

{

E(V (k)) = r(k),

cov[V (k), V (j)] = R(k)δkj .
(4)

�k��G�x(k)�ÈÅ���x̂(k) = x̂(k|k). ò

ª(1)¥�f�7x̂(k)Ð¤Taylor?ê:

f(x(k), u(k)) = f(x̂(k), u(k)) +
∂f

∂x(k)
·

[x(k) − x̂(k)] + ∆δ. (5)

Kª(1)�¤�5�.:

x(k + 1) =
∂f

∂x̂(k)
x(k) +m(k) + ξ(k). (6)

ª¥:

m(k) = f(x̂(k), u(k)) −
∂f

∂x̂(k)
x̂(k), (7)

ξ(k) = W (k) + ∆δ. (8)

ª(8)L²: òTaylorÐª¥p��∆δÜ¿�J

[D(ξ(k)¥,Ö�
�5z�.Ø�. -d���

CD(ÚO:
{

E(ξ(k)) = q(k),

cov[ξ(k), ξ(j)] = Q(k)δkj .
(9)

^ª(9)��ª(3), ª(4)ØC. u´��5X

Ú(1)Ú(2)�ÈÅ¯K=z��5XÚ(6)Ú(2)�

ÈÅ¯K.-

G(k) =
∂f

∂x(k)
|x = x̂(k), (10)

h(k) =
∂h

∂x(k)
|x = x̂(k|k − 1), (11)

KXÚ�*ÐKalmanÈÅì�:

1) ý��§:

x̂(k + 1|k) = f(x̂(k), u(k)) + q̂(k). (12)

2) ÈÅ�§:

x̂(k + 1) = f(x(k), u(k)) +M(k + 1) ·

e(k + 1) + q̂(k). (13)

3) Ø�O�ª:

e(k+1)=y(k+1)−h(x̂(k+1|k))−r̂(k). (14)

4) �`OÃÝ
O�ª:

M(k+1) = P (k+1|k)HT(k+1)N(k+1). (15)

Ù¥:

N(k + 1) = [S(k + 1) + R̂(k)]−1, (16)

S(k + 1) = H(k + 1)P (k + 1|k)HT(k + 1). (17)

5) �OØ���
:

P (k+1|k)=G(k)P (k|k)GT(k)+Q̂(k), (18)

P (k+1)=[In−M(k+1)H(k+1)]P (k+1|k).

(19)

ª(8)¥,dup��8�J[D(,KD(ÚO

��. ©¥æ^U?�SageÚHusaD(ÚO��ì,

�?n���CD(ÚO¯K[5] ,du�Ì¤�,Ø

2�Ñ.

3 ÄÄÄuuu°°°���EKF���{{{���������===ÝÝÝ������XXX
ÚÚÚ(Robust and EKF algorithm of DTC sys-
tem)
ã1�Äu°�EKF�{���=Ý��XÚ(

�µã. °�EKF�Ñ\�ü�½f>Øusαβ!>

6isαβ!ÑÑ½f>6îsαβ! ½f^óψ̂sαβ9��

Ýω̂r�ÈÅ�.
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Fig. 1 DTC system based on robust EKF algorithm
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4 ¢¢¢���(((JJJ999©©©ÛÛÛ(Experimental result and
analysis)
aA>Å�ëê�:

PN = 2.2 kW, f = 50 Hz,

nN = 1400 r/min, UN = 220 V,

np = 2, Rs = 2.5 Ω,

Rr = 2.7 Ω, Ls = 500 mH,

Lr = 500 mH, Lm = 479 mH,

Ð©�x̂0, q̂0, r̂0þ��", Q̂0, R̂0, P (0|0)���½

é¡Ý
,æ��m120 µs. ã2!ã3©O�æ^~

5���=Ý���{9��{3�1åÄ2 s�

â\K1�>^=Ý�A�. ã2¥,=ÝÄ��

A�¯,=ÝóÄ��,����N��,L²XÚ

�°�5��. ã3¥,=Ý�Ä��A�¯, =Ýó

Ä��,����N��,L²XÚéØ(½5K1

6Ääk�r�°�5.

ã 2 ~5DTC���=Ý�A�

Fig. 2 Torque waveform with ordinary DTC control
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Fig. 3 Torque waveform with robust EKF control
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Fig. 4 Actual and filtering waveform of stator resistance

5 (((ØØØ(Conclusions)
éuÉÚ>ÄÅG�Cþ��O,æ^
°�*

ÐKalmanÈÅ�{. T�{^���CD(ÚO�

J[D(Ö�
�.�5zØ�, ���5�D(

ÚO��¯Kæ^U?�SageÚHusaÚO��ì\

±)û. 3�Ä
½f>{Cz9K16Ä��¹

e,Äu°�*ÐKalmanÈÅì?1
�þ¢�ï

Ä,¢��y
�Y�k�5.

ëëë���©©©zzz(References):

[1] MA X M. Extended Kalman filter for speed sensor-less DTC based
on DSP[C] //Proc of the 4th World Congress on Intelligent Control
and Automation. Piscataway: IEEE Press, 2002: 119 – 122.

[2] GHOUILI J. Induction motor dynamic neural stator flux estimation
using active and reactive power for direct torque[C] //IEEE Annual
Power Electronics Specialists Conference. Piscataway: IEEE Press,
1999: 501 – 505.

[3] MYOUNGHO S. Improved stator flux estimation for speed sensor-
less stator flux orientation control of induction motor[J].IEEE Trans
on Power Electronics, 1998, 2(2): 1581 – 1586.

[4] Barut. Speed sensorless direct torque control of IMs with rotor re-
sistance estimation[J].Energy Conversion and Management, 2005,
46(3): 335 – 349.

[5] "gá.g��ÈÅnØ9ÙA^[M]. M�T:M�Tó��Æ
Ñ��, 2003: 185 – 188.
(DENG Zili. Self-correcting Filter Theory and Application[M].
Harbin: Harbin Technical University Publishing House, 2003: 185
– 188.)

[6] DEND Z L, WANG J G. Adaptive extended Kalman filtering for
nonlinear systems[J].Preprints of the 17th JAACE Symposium on
Stochastic Theory and its Applications, 1987, 13(5): 375 – 379.

[7] PAI A D, UMANAND L, RAO N J. Direct torque control of induction
motor with extended Kalman filter[C] //Proc of the Third Int Power
Electronics and Motion Control Conf. Beijing, China: Int Acad Pub-
lishers, 2000: 132 – 137.

�ö{0:
...������ (1978—),I,Æ¬ïÄ),8cïÄ���CªN�

Eâ, E-mail: ranzhengyun@126.com;

ooouuu��� (1941—),I,�Ç,Æ¬)��,8cïÄ���>å

>f9>åDÄ!9óL§��XÚ!WgL§gÄz!pÑ��

XÚ, E-mail: tt99tt@263.net;

ááá[[[ (1975—),I,Æ¬ïÄ),8cïÄ���CªN�

Eâ.


