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Anti-windup schemes for linear active disturbance rejection control

ZHOU Hong, TAN Wen†
(School of Control & Computer Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: Control input constraints are very common in industrial process, however, conventional controller design
methods usually assume that the actuator dynamics is linear. Therefore, when there are constraints in the actuator, the
output signal of the actuator is not consistent with the output signal of the controller, which leads to reduced control
performance, even system instability. Two anti-windup schemes are proposed in this paper for linear active disturbance
rejection controller (LADRC) when there are constraints in the actuator. The schemes utilize the extended state observer
(ESO) to estimate the states of the controller or the error between the controller output and actuator output, so LADRC can
eliminate the error quickly. Simulation study is carried out for a first order plus dead time process with actuator constraints.
The results show that both schemes can achieve good anti-windup performance. Then the idea is extended to the load
frequency control (LFC) system using LADRC. Simulation shows that the error-compensation-based anti-windup scheme
is more effective in LFC.

Key words: linear active disturbance rejection control; control input constraints; anti-windup; load frequency control;
extended state observer

1 ÚÚÚóóó(Introduction)
3¢S��XÚ¥,��é�Ï~Ød��ì�

���,´ÏL�1Å�?1°Ä.�1Å�du
g�Ôn�E���¦�ÙÑÑ�ØU
?¿O\.
~X,>ÅduÔnþ����U��k�=�;z
��mÝÉ��½�����;$���ì�ÑÑ�
�Ø�LÙ>>Ø;ÄåXÚduy¢^�Ã{J
øv
��Äå�. 3é��XÚ?1�O�,b¦
Ø�Ä��Ñ\É���¹,�U¬��XÚÄ�5
UC�,XN!�mO�!�NþO�!ÚåXÚ¢�
Ú��\ì�,î��¬��XÚØ½[1].

�u�1Å��åé��XÚ¤�5�Ø|K�,
ïÄ<
JÑ
�«����O�{. ù
�{Ä�
�±8�ü�a: ���O{Ú|�ÚÖ�{[2].

���O{g�´ò�1Å��å&E���Ä

3XÚ���ì�O�¥,¦XÚ��Ï"����
J,T�{�;.�L´�.ýÿ��[3]. �.ýÿ
��æ^EÄ`z��{,3z�æ�±ÏÑ�±ò
��Ñ\�å\3`z¯K¥,Ï¤��k��?
n�1Å��å��{. ���O{�,?nÑ\�
å�~k�,�´��¯K´�{E,,éO�Å?
n�Ý��¦�p,��6u�å�äN&E.�
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�åCz�,���{k�I�#O�,Ø
(¹.

|�ÚÖ�{´3��ì�O��Ñ�1ì�å,
=ò�1Å�À��5XÚ,�OU
÷vXÚ�¦
���ì,��2�Ä�1Å��å¯K.ù«�O
�{�A:´,��1Å�ó�3�5ó�«��,
Ö��!�Ñ\&ÒØå�^,��XÚ¢y�~�
5U.��1Å�?\�å«�,Ö��!m©�^,
��ìÏLéÖ�&Ò�?n,¦XÚ��|�Ú�
���J.|�Ú{3¢S¥A^��2�.ó��
�¥�PID��ìÑk|�Ú��[1]. Tg���±
í2����p���ì[4–5],�´XÛ�OÖ��
!�I�?�ÚïÄ[6].

g|6��d¥��¸®��ÇJÑ[7],Ùg�
´æ^��*ÜG�*ÿì5�OXÚ�6Ä,,�
¦^{ü��?1³�.Tg�aqu�"�5z,
�´3(�þ�{ü�·Au�«��5XÚ.��
5g|6��I�N!õ�ëê,Ïd3¢SA^¥
É���.�
�Ñù�(J,©z[8]�Ä
g|6
���/�50��. �5g|6��(linear active
disturbance rejection control, LADRC)�ª�IN!
ü�ëê,l��{z
g|6����½L§,
¦�Ù3ó�¥A^���U[9–12].

w,, LADRC���«��5��(�,�Ñ\
�3�å�,�±æ^DÚ�p���ì|�Úü
Ñ[4–5],�´ù�IòLADRC=z¤���p���
ì,»�Ù�k���(�,k�UÔ�ÙÌÄ|6
�A5. �d,�©òïÄXÛ|^LADRCAÏ��
�(�,JÑ�±LADRCg�(��|�ÚÖ��
�.

2 ���555ggg|||666������(Linear active disturbance
rejection controller)
g|6��ØI�����é�Ú6Ä����

.,Ï~b���XÚäkXe�.:

y(p)(t) = bu(t) + f(y(t), u(t), d(t)), (1)

Ù¥: p9b���XÚ2�®�ëê, f(y, u, d)´X
Ú��Ä�±9	Ü6Ä�|Ü,3LADRC�O¥
b�����,¡�2Â6Ä.

g|6���{Ä�g�´|^��*ÜG�*

ÿì(extended state observer, ESO)5�O���2Â
6Ä.-

z1 = y, z2 = ẏ, · · · , zp = y(p−1),

zp+1 = f(y, u, d),
(2)

�f(y, u, d)��©�ḟ(y, u, d) = h(t). KXÚ�.
(1)��¤ {

ż = Aoz + Bou + Eoh,

y = Coz,
(3)

Ù¥z = [z1 z2 · · · zp zp+1]T.




Ao =




0 1 0 · · · 0
0 0 1 · · · 0
...

...
...

. . .
...

0 0 0 · · · 1
0 0 0 · · · 0




(p+1)×(p+1)

,

Bo =




0
0
...
b

0




(p+1)×1

,

Eo =




0
0
...
0
1




(p+1)×1

,

Co =
[
1 0 0 · · · 0

]
1×(p+1)

.

(4)

éTXÚ�O��Luenberger*ÿì
{

˙̂z = Aoẑ + Bou + Lo(y − ŷ),

ŷ = Coẑ,
(5)

Ù¥Lo�*ÿìOÃ,

Lo = [β1 β2 · · · βp βp+1]T. (6)

�Ao − LoCoìC½�,32Â6Äf(y, u, d)k.
b�e, ẑ1(t), · · · , ẑp(t)ªCuÑÑy(t)9Ù���
ê(��p− 1�),¿�ẑp+1(t)ªCuf(y, u, d). ù¿
�X�±|^ù�6Ä�O?1��,l¦Ù��
�¯/³�.

�Xe��Ç

u(t) =
−ẑp+1(t) + uo(t)

b
, (7)

Ù¥uo(t)�½. d���XÚ(1)C�

y(p)(t) = f(y, u, d)− ẑp+1(t) + uo(t), (8)

�ESO�O·��,=kẑp+1 ≈ f(y, u, d),lXÚ
C¤��pÈ©XÚ

y(p)(t) ≈ uo(t). (9)

TXÚ�±æ^XeG��"��Ç��

uo(t)=k1(r(t)− y(t))+k2(ṙ(t)− ẏ(t))+· · ·+
kp(r(p−1)(t)− y(p−1)(t)), (10)

Ù¥r(t)���l�ë�&Ò.Ï�ẑ1(t), · · · , ẑp(t)
ªCy(t), · · · , y(p−1)(t),Ïd�ª��Ç�±%C�

u(t)=
k1(r(t)− ẑ1(t))+· · ·+kp(r(p−1)(t)−ẑp(t))

b
−
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ẑp+1(t)
b

=: Ko(r̂(t)− ẑ(t)), (11)

Ù¥r̂(t)�2Âë�&Ò(dë�&Ò9Ù���ê
|¤��þ):

r̂(t) = [r(t) ṙ(t) · · · r(p−1)(t) 0]T, (12)

G��"OÃKo½Â�

Ko = [k1 k2 · · · kp 1]
1
b
. (13)

nÜþã,�5g|6��ì(�Xã1¤«.

ã 1 �5g|6��(�

Fig. 1 Structure of LADRC

�±w�:

1) �5g|6��ìäkXeG��m¢y:



˙̂z = Aoẑ + Bou + Lo(y − Coẑ) =
(Ao − LoCo)ẑ + Bou + Loy,

u = Ko(r̂ − ẑ).
(14)

2) ���5g|6��I��Oü|ëê:
ESO*ÿìOÃLo±9pÈ©XÚ�G��"��

OÃKo. ©z[8]JÑòùü|OÃ��½=z�ü
�ëê��½: =��ì�°ωc9*ÿì�°ωo,l
��~�
g|6���ëê�½,�Ù¢Só�
A^C½
Ä:.

3 ���555ggg|||666������ììì|||���ÚÚÚ������(Anti-wind-
up scheme for LADRC)
�éõ���{aq,�5g|6����¿v

kò���å�Ä3�O¥,Ïd��1ì�3�å
�,��XÚ�5U�¬�z. ù�y��±le¡
~f¥���y.

~~~ 1 �Ä��{ü���\´òé�[13]

Gp(s) =
1

s + 1
e−0.2s, (15)

�1ìÄ��

Ga(s) =
1

0.2s + 1
e−0.1s, (16)

^��g|6��(�?1��,ëê��

b = 20, ωc = 3.5, ωo = 30. (17)

��yLADRC�5U,3t = 1 s�\\��ë�
&Ò,4�XÚ�AXã2¢�¤«. �±w�,4�
XÚ���A�N�u20%,þ,ÚN!�mé¯,

äk�Ð���5U.

��1ì�3�Ì�,4�XÚ�AC���,Ø
Ó�Ìe4�XÚ�ÑÑXã2¤«. �±w�,du
ÑÑ�Ú,XÚ3é��mSØU£��½�,N!
�mO�,��¬��z.

ã 2 �5g|6��3�1ìØÓ�Ìe�
���A:Ã|�Ú��

Fig. 2 Step responses of the closed-loop system under LADRC

with actuator saturation: without anti-windup

�
�Ñ�1Å���å,�©JÑü«�Y.

3.1 ÄÄÄuuu***ÿÿÿììì���|||���ÚÚÚ���YYY(Observer-based anti-
windup scheme)
5¿�LADRC(14)äkÄu*ÿì�G��"(

�. ��ì�Úy�´du�1ì�Ú�����
ìG�ØUO(�O,ÏdXJUO(�O��ìG
�,ÒU
;���ì�Ú[14]. 5¿��3�1ì�
Ú�ESO�Ñ\u(=��ìÑÑ)®²Ø´ý���
�é��Ñ\,ù´ESO�)G��OØO(��Ï.
Ïd,�±ò*ÿìESOÑ\u^�1ìÑÑû�O,
l)ûÏ�1ì��5�5�ESOG��O
ØO(�¯K,?)û��ì�Úy�.d�,
LADRCäkXeG��m¢y:




˙̂z = (Ao − LoCo)ẑ + Boû + Loy,

u = Ko(r̂ − ẑ),
û = N(u),

(18)

Ù¥N(·)´�1ì��5Ä�. T�YXã3¤«.
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ã 3 �5g|6��ìÄu*ÿì�|�Ú�Y

Fig. 3 Observer-based anti-windup scheme for LADRC

~~~ 2 �é~1¥�é�!�1ì±9�5g|
6��ì,��1ìÑÑ�3�Ìsat = 1.1�,|^
Äu*ÿì�|�Ú�Y,4�XÚ�AXã4¤
«(3t = 1 s\\��ë�&Ò).�Ã|�Ú���
A�',��Ñ\3t = 4 s�m®²øl�ÚG�,
l¦4�XÚ�N~�,N!�m�� á,`²
Äu*ÿì|�Ú�Y(¢k�.

ã 4 �5g|6��3�1ì�Ì1.1e����A
Fig. 4 Step responses of the closed-loop system under

LADRC with sat = 1.1

é'ã4¥Äu*ÿì|�Ú�Y�XÚÑ\Ñ
Ñ�ÚÃ|�Ú���XÚÑ\ÑÑ�,�±u
yÙ3Ð©�ã�A�ú,Ù�Ï3u�1ì�3�
5Ä�,TÄ��.5¦�LADRC*ÿì�ACú.
�
\¯XÚ��A,�±r�1ì�5Ä�©lÑ
5,�r��5Ü©�"�ESO¥,æ^Xã5¤«�
U?�Äu*ÿì|�Ú�Y.ã¥N̂=�¹�1ì

·���5.

ã 5 �5g|6��ìU?�Äu*ÿì|�Ú�Y
Fig. 5 Modified observer-based anti-windup scheme for

LADRC

éu~1¥�é�!�1ì±9�5g|6��
ì,��1ìÑÑ�3�Ìsat = 1.1�,|^ù�U
?�|�Ú�Y,XÚ�AXã4¤«. �±w�,ù
«�YeXÚ�Ñ\ÑÑ�3�?\�Ú�ã�

Ã�Ú���XÚÑ\ÑÑ�A�©�C,l�1
ì.5Ú´òéXÚ�K���~f.

3.2 ÄÄÄuuuØØØ���ÖÖÖ������|||���ÚÚÚ���YYY(Error-compensa-
tion-based anti-windup scheme)
Äu*ÿì�|�Ú�Y¢y{ü,�IòESO

�Ñ\^�1ìÑÑ�OLADRC��ìÑÑ=�.
�´,T�Y"��
gdÝ,|�Ú5UØU�â
I�N!. �d,�©éLADRCJÑ,	�«|�Ú
�Y,Xã6¤«. T�Yò��ìÑÑ��1ìÑÑ
�Ø��"£ESO,ù��±|^ESO?1�O,l
��|�Ú�J.ÄuØ�Ö��LADRC|�Ú
(�äkXeG��m¢y:




˙̂z =(Ao−LoCo)ẑ+Bou+Loy−Bokc(u−û),
u = Ko(r̂ − ẑ),
û = N(u),

(19)
�Y¥ëêkc´��N!·�Ö�Xê,O\kc�±

¦�Ø����¯�Ö�,�´k�UÚåESO�Ø
½. ÏdTëêI�ÃÄN!¤Ü·��.

ã 6 �5g|6��ìÄuØ�Ö��|�Ú�Y
Fig. 6 Error-compensation-based anti-windup scheme for

LADRC

~~~ 3 �é~1¥�é�!�1ì±9�5g|
6��ì,��1ìÑÑ�3�Ìsat = 1.1�,|^
ÄuØ�Ö��|�Ú�Y,XÚ�AXã7¤«(3
t = 1 s\\��ë�&Ò).�±w�ÄuØ�Ö��
|�Ú�Y(¢k�. �XØ�Ö��"kc�O�,
��Ñ\�¯/øl�ÚG�. �kcO���½�,
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Ö��JCzØ�.éu�~5`, kcl0.3O��0.4,
|�Ú�J®²��Øõ.

ã 7 �5g|6��3�1ì�Ì1.1e����A:Äu
Ø�Ö��|�Ú�Y

Fig. 7 Step responses of the closed-loop system under
LADRC with sat = 1.1: Error-compensation-

based anti-windup scheme

þã�«�Y|�Ú�Jé'Xã8¤«. �±w
�:

1) Äu*ÿì�|�Ú�Y¢�å5�©{B,
�IòESO�Ñ\O�¤�1ì¢SÑÑ=�.

2) ��1ì�¹�5.5Úò´�,�±æ^U
?�Äu*ÿì|�Ú�Y,JpXÚ�A�Ý,�
´d�I����1ì·���5äN/ªÚëê.

3) Äu*ÿì�|�Ú�Y��"�´vk�
N!ëê,ØU�¿N!|�Ú�J.d�XJI�,
�±æ^ÄuØ�Ö��|�Ú�Y.T�Yò�1
ì¢SÑÑ���ìnØÑÑ�Ø�Ú\ESO,/
ÏESO��OUå,�ØTØ�,��|�Ú��J.

4) ÄuØ�Ö��|�Ú�YI�N!��·
�Ö�Xê,O\�±¦�Ø����¯�Ö�,�
´k�UÚåESO�Ø½. ÏdTëêI�ÃÄN
!¤Ü·��.

4 333KKKÖÖÖªªªÇÇÇ������XXXÚÚÚ¥¥¥���AAA^̂̂(Application
in load frequency control systems)
ªÇ½´>åXÚ>U�þ�����I.

KÖ�?¿â,CzÑk�U��XÚméä��

�õÇ� �9XÚªÇ�ÅÄ.Ïd,��y>U
�þ,I���KÖªÇ��(load frequency control,
LFC)XÚ,TXÚ�8�´òXÚªÇ�±3I¡�
¿�¦�U¦��«��m��Oy�éä���

õÇ��[15].

ã 8 �5g|6��|�Ú�Jé'

Fig. 8 Comparison of anti-windup schemes for LADRC

8c®kéõ���{�A^�KÖªÇ��X

Ú¥. �C,�5g|6��3KÖªÇ��¯K¥
��À[16]. �´,T©vk�Äu>Å|¢Su>
�å¯K.©z[17]JÑ�«U
?nu>�Ç�å
(generation rate constraint, GRC)�üÑ,|^
Äu
Ø�Ö�|�Úg�.�!?�ÚïÄg|6��|
�Ú�Y3KÖªÇ��XÚ�A^.

ü«�KÖªÇ��XÚ3,�ö�:NC�5

z�.Xã9¤«[18].

ã 9 ü«�>åXÚ

Fig. 9 Single-area power system

ã¥
1
R
�Å|eüA5,

• Gg(s)�N!zÄ�: Gg(s) =
1

TGs + 1
¶
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• Gt(s)�ðÓÅÄ�: Gt(s) =
1

TTs + 1
¶

• Gp(s)�KÖ9>ÅÄ�: Gp(s) =
KP

TPs + 1
.

¢SXÚ¥,ðÓÅN!z�3�Ì!��!±9
k«!́ ¢���5A5,ðÓÅKÉ�u>�Ç
�å,ù
��5�U�zXÚ�5U.æ^�©J
Ñ��éLADRC�|�Ú�Y,�±��~�ù

��5A5éXÚ��5U�K�.

LADRCÄu*ÿì�|�Ú�Y�±éN´í
2�LFCXÚ¥,d�Ñ\�ESO�&Ò^ðÓÅ¢
SÑÑ∆PG�O��ìÑÑ∆PcÒ1,éN´¢y.

�´dul∆Pc�∆PG²L
N!zÄ�ÚðÓÅ

Ä�,ÏdESO�UØU9��O�N!zÚðÓÅ
�¢SG�,~f
Ù|�Ú�J.U?�Äu*
ÿì|�Ú�YI���N!zÚðÓÅO(�·

���5,¢S¥éJ¼�.

Ïd,éuLFC,��¢S�k��|�Ú�YA
T´ÄuØ�Ö��Y,Xã10¤«. T�YòðÓ
Å¢SÑÑ∆PGÚnØÑÑ(Å|�-ÏLN!z�
5Ä�ÚðÓÅ�5Ä���&Ò)Ø���	Ü6
Ä,\\ESO¥?1�O.�±ýÏ,��Ö�ë
êkcN!·�,T�Y�±���Ð�|�ÚÖ��
J.

ã 10 �5g|6��ì3KÖªÇ��XÚ¥�|�Ú�Y

Fig. 10 Anti-windup scheme for LADRC in LFC systems

~~~ 4 �ÄäkXe�.ëê�>åXÚ[19]:

KP =120, TP =20, TT = 0.3, TG =0.08, R=2.4.

(20)
�â©z[17],�±^3�LADRC?1��,ëêÀ
��

b = 250, ωc = 4, ωo = 30, (21)

�GRC�0.0017 p.u./s�,XÚÑy�Ú,C�Ø
½. 3ü«|�ÚÖ��YeLADRC��XÚ�
�AXã11¤«,Ù¥ÄuØ�Ö��Y¥�kc

= 0.5.

ã 11 äku>�Ç�å�KÖªÇ��XÚ�A

Fig. 11 Response of power system with GRC

�±w�,ü«�YÑk�,�´ÄuØ�Ö�
��Y�±���Ð�|�Ú5U.

�N!z��3�å�,Äu*ÿì�|�Ú
�Y�U��. ~X,�N!z�Ç��30.01,Ì
���30−1.2�,Äu*ÿì�|�Ú�YeX
ÚØ½,ÄuØ�Ö���YE,k�,¿�
�±O�kc��Jp|�Ú5U(Xã12). �´,
�kcO���½�(�~¥�1.2),XÚC�Ø½.
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ã 12 äku>�Ç�åÚN!z�Ì���å�KÖªÇ

��XÚ�A

Fig. 12 Response of power system with GRC and

rate/amplitude constraints in governor

5 (((ØØØ(Conclusions)
�©�é�5g|6��XÚ¥�1Å��å

�¯K,JÑ
ü«|�ÚÖ��Y.ü«�YÑ
|^
LADRC*ÜG�*ÿì,�«�Y^5�
O��ìG�,�«^5�O��ìÑÑ��1ì
ÑÑ�Ø�. é¹�1Å��å���.5\´ò
��é�?1�ýïÄ,(JL²ü«Ö���e
�5g|6��ìU���Ð�|�Ú5U.ò
LADRC|�Úg�í2�KÖªÇ��XÚ¥,�
ýL²ÄuØ�Ö��|�Ú�YéuLFCXÚ�
�k�. 5¿�Ø�Ö�OÃXêkcé|�Ú5U

kX�½K�,XÛ(½·���I�?�ÚïÄ.
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