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Abstract: We investigate the parameter selection of active disturbance rejection controllers (ADRC) of different orders.
For a linear time-invariant system, the linear ADRC can be converted to a composite control system, whose feedback
compensator is a phase-lead element in series with an integer and pre-filter is a phase-lag element cascading a differentiator.
The ratio of the observer bandwidth to the controller bandwidth determines the maximum phase-lead angle of the feedback
compensator, while the frequency band determines the location of the maximum phase-lead angle. In addition, the higher
the order of ADRC, the larger the maximum amount of phase-lead angle will be under the same ratio. The practical way of
using this method in industrial process is given, which can significantly shorten the trial and error process and facilitate the
application for engineers.
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1 ÚÚÚóóó(Introduction)
g|6��(active disturbance rejection control,

ADRC)gþV90c�JÑ5 [1–3]�,duÙ{ü�
¢y�ªÚ`û���5U,®¤õA^u>Å�
�!�1���Nõ+� [3–6],Ù��g���2�
'5 [7–9],Ù��µãXã1¤«.

,,éu��XÚ,g|6��ì(active distur-
bance rejection controller, ADRC)��gATXÛÀ
J,ØÓ�©ÙkØÓ�`{: ©z[10]JÑ,Aæ^
XÚ��é�?1��;©z[11]�Ñ,éu����

 XÚ,æ^XÚ�é���ì?1��´�~(J

�. ©z[12]ém�½XÚAXÛÀ�ADRC��
g?1
&?. ©z[13]Kl7�5��ÝéADRC
��gÀJ?1
©Û.d	,3g|6��ì�O
¥,�3éÑ\Xê��O.�æ^ØÓ���ì�
O�,d�éÑ\��OÃ�´ØÓ�. ±Xe2�X
Ú�~?1`²:

ÿ + a1ẏ + a2y = b1u̇ + b2u, (1)

Ù¥: y´ÑÑ, u´XÚ�Ñ\, a1, a2, b1, b2��0~
ê. ª(1)�±�¤Xe3«ØÓ�g|6��ì/ª:

ÿ = −a1ẏ− a2y+ b1u̇+ (b2− be1)u︸ ︷︷ ︸
f1

+be1u, (2a)
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ẏ =
−ÿ− a2y+ b1u̇

a1

+ (
b2

a1

− be2)u
︸ ︷︷ ︸

f2

+be2u, (2b)

ẏ=−a1y−a2

w
y+(b1−be3)u+b2

w
u

︸ ︷︷ ︸
f3

+be3u, (2c)

Ù¥: ª(2a)´ÏL��£2�����,ù�´8c
�~��/ª,d�Ñ\�Obe1�ëêb2��O;
ª(2b)´ÏL��£1�����,d�p��½�@
�´6Ä,d�Ñ\�Obe2�ëêb2/a1��O;
ª(2c)´ÏL�§ü>È©,2£����,ù´~�
��é��.,d�Ñ\�Obe3�ëêb1��O.

ã 1 ADRC��µã

Fig. 1 ADRC block

��,=Béu{ü�2��.,Òk3«ØÓ��
.L��ª,�z«�.,ÑéA
ØÓ�be�O�.
Ó�,=Bª2(b)Úª2(c)Ñ´1�L�,�ÄuØÓ
�)ÖüÑ,ÙÑ\�Oëê��´ØÓ�. �±ý
ÿ,éu���n�XÚ,Ùg|6��ì�L�/ª
k�õ«. Ïd,k7�éz�«L��¹e,Ù½
5±9ëê�À�OK,?1©Û�?Ø,¿��Ø
ÓL�/ªe,g|6��ì�m��Ó�ØÓ�?.
©z[14]�é2��5�ØCXÚ�ª�A5,ég|
6��ì�ëê��?1
ïÄ.�©ÏLé4�X
Ú�Ö�ìïÄ,����XÚ�g|6��ì�g
ÀJÚëê��OK.

�©312!¥,�Ñ
���¹e, ADRC��
ì�L�/ª9Ù4�D4¼ê;313!¥,éØÓ
*ÿì�°Ú��ì�°éÖ�ì�K�?1
©

Û,��
ØÓ�ge,��ì�°Ú*ÿì�°�
�^;314!¥,�Ñ
�Og|6��ì�A^¢
~;��?1
o(.

2 ggg|||666������ììì���OOO(ADRC design)
��/,éun��5�ØCXÚ,ÙL�ª�

G(s) =
b0s

m + b1s
m−1 + · · ·+ bm

sn + a1sn−1 + · · ·+ an

, n > m. (3)

òÙ�¤��L�ª,k

y(n) + a1y
(n−1) + · · ·+ any =

b0u
(m) + b1u

(m−1) + · · ·+ bmu.

ü>ÏLÈ©½ö£�,o´�±��XeL�ª:

y(k) = f + beu, k 6 n, (4)

Ù¥: k���é��[ÀJ�g, be��O�Ñ\X

ê, f�SÄ�6Äþ. dÚó�,éuØÓ�)Ö/
ª, fkØÓ�L�/ª,Ïdd?¿Ø�ÑÙäN�
L�/ª,´òÙ����<Ú�L�ª?1©Û.

d�òª(4)�¤G��mL�ª,k{
ẋ = Ax + Bu + Eḟ,

y = Cx,
(5)

Ù¥XÚG�Cþx½ÂXe:

x = (x1, · · · , xk, xk+1)T = (y(0), · · · , y(k−1), f)T,

A,B, C, E��êÜ·�Ý
,��©O�

aij =

{
1, i = j − 1,

0, Ù¦,
bi =

{
be, i = k,

0, Ù¦,

ci =

{
1, i = 1,

0, Ù¦,
ei =

{
0, Ù¦,

1, i = k + 1.

éª(5)�O*ÜG�*ÿì,k{
ż = Az + Bu + L(y − z1),
z1 = Cz,

(6)

Ù¥L = (β1, β2, · · · , βk)T�*ÿìOÃ.¿�©z
[15–16]é*ÜG�*ÿì�½59*ÿUå?1

ïÄ©Û.

Ó�,ÏL*ÿÑ�G�Cþ,�O��ì:



u =
−zk+1 + u0

be

,

u0 = pk(r − z1)− pk−1z2 − · · · − p1zk,
(7)

Ù¥r�ë��-. �*ÿì�G�Cþz���Ó

ux�,òª(7)�\ª(4),k

y(k) = pkr − pky − pk−1y
(1) − · · · − p1y

(k−1), (8)

l�-�ÑÑ�D4¼êL�ª�

Y (s)
R(s)

=
pk

sk + p1sk−1 + · · ·+ pk

. (9)

d��±�âÏ"�4�/ª,ÀJÜ·�p1, p2,

· · · , pk�.

�¯¢þ,*ÿì�½���ì�ÑÑ  ¿
ØÓÚ,Ù�mk�ãLÞL§. Ïd,ÙÑÑ(J�
  ¿Ø�¤F"�ÑÑ(J@�. ©z[12–14, 17]
©O�Ñ
�k = n��4�D4¼ê/ª,�âÓ
��O��{,´�d��D4¼ê�L�/ª�

Gc =
Y (s)
R(s)

=
GD2pk

D5G + beD4s
, (10)

Ù¥:

D2 = sk+1 + β1s
k + · · ·+ βks + βk+1,

D3 = sk + p1s
k−1 + · · ·+ pk−1s + pk,
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D2D3 = D4s
k+1 + D5.

��,éuæ^k��.���ADRC���J,
��uª(10)���4�D4¼ê. éª(10)�n�

Gc = C1

C2G

1 + C2G
, (11)

Ù¥: C1 = pkD2/D5���c�ÈÅì, C2 = D5/
(beD4s)����"Ö�ì. ��,�5ADRC��ì
�^3�5�ØCXÚþ,������EÜ��X
Ú,Xã2¤«.

ã 2 ADRC��EÜ��XÚµã

Fig. 2 Equivalent composite control block of ADRC

3 AAA555©©©ÛÛÛ(Property analysis)
3.1 ���lll···���(Static tracking error)
�âª(11),XÚ��lØ��

E = R− Y = (1− GD2pk

D5G + D4bes
)R. (12)

�âª�½n�,éuü ��!�·Ñ\ó,Ù

�Ø��

ess =





0, ü ��,

be

k∑
i=0

βk−ipi

βk+1pkG(0)
, �·Ñ\,

(13)

Ù¥G(0)���é���OÃ�.��,��é�
�OÃ��,Ù�Ý�lØ���Ø���. e
��é�¹kÈ©ì,KG(0) →∞,lÙé�·
�A��lØ���0. lk(Ø,éu¹È©ì�
é�,æ^ADRC��üÑ,�¦4�XÚ��ÝØ
�XêªuÃ¡�.

3.2 ���"""ÖÖÖ���ìììAAA555(Feedback compensator char-
acteristics)
d12!�,g|6��ì�©)�c�ÈÅìÚ

�"Ö�ì,ÙL�ª©O�

C1 =
pkD2

D5

, C2 =
D5

beD4s
. (14)

Ø���5,��:

βi = Ci
k+1ω

i
o, pi = Ci

kω
i
c, α =

ωo

ωc

,

Ù¥: ωo�*ÿì��°, ωc���ì��°, α��

°'. e¡©O±1�Ú2�ADRC��(éA�, k©

O�1Ú2)�~,é��ì�A5?1©Û.

3.2.1 1���ADRC(1-order ADRC)
d�, k = 1,�kD2 = (s + ωo)2, D3 = s+ωc.

�\O��nk



C1 = (
1

αωc

s + 1)
s/(αωc) + 1

(α + 1)s/(αωc) + 1
,

C2 =
(αωc)

2

be(2α + 1)s
(α + 1)s/(αωc) + 1
s/[(2α + 1)ωc] + 1

.

(15)

du

0 <
1

(2α + 1)ωc

<
1

αωc

<
α + 1
αωc

,

�d�C1�¢���ü�Gé��©ü�,C2�

�c��ü�Gé�È©ü�. 3ØÓ��°'eÚ
��ì�°^�e,Ø���5,-be = 1,ÙË�ã
Xã3¤«.
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ã 3 1�ADRC�����ìË�ã
Fig. 3 Bode diagrams of the equivalent controllers of

first-order ADRC

dã3(a)�, C13$ªã���~ê1,�XªÇ
�O�,ÙLy�1��©�!. d	, α��,Ù¢�
�A�²w. �âã3(b)�,duÈ©ì��3,XÚ
Ð©=k−90◦�� ¢�,¦+3¥ªã�3� �
cü�,�Ù�c�E��. Ï�NELyÑ� 
¢�. d	,w,�α = 1�,XÚ������c�
 ��. Ó�,�α�½,=UCωc����,Ö�ì
�Ìª/�ª��A�?1²£.

3.2.2 2���ADRC(2-order ADRC)
é2�ADRCó,d� k=2,kD2 =(s + ωo)3,

D3 = (s + ωc)2,lk





C1 = (
1

αωc

s + 1)
2

(
1

αωc

s + 1)M−1,

C2 =
α3ωc

3

be(3α2 + 6α + 1)s
MN−1,

Ù¥:

M =
(α2 + 3 + 6α)

α2ωc
2

s2 + (
3 + 2α

αωc

)s + 1,

N =
s2

(3α2+6α+1)ωc
2

+
(3α + 2)s

(3α2+6α+1)ωc

+ 1.

´y,d�C1�2�¢�ü�Gé1��©ü�,
C2�2��cü�Gé�È©ü�. �½be =1, ωc =
1,��d�XÚÖ�ì�Ë�ã(�ã4).

ã 4 2�ADRC�����ìË�ã
Fig. 4 Bode diagrams of the equivalent controllers of

second-order ADRC
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dã 4�,�XÚÀ^ 2�ADRC?1���,
C1ÚC2�Ë�ã�1�ADRCaq. �dud�C2

�Gé2��c��ü�,ÏdXÚ���� ��
��,�NLyÑXÚ®²U
Jø�c�. �T�
��c�Ó��3α = 1���.

aq/,éuÀJp�ADRC���,Ù���
C1ÚC2äkaq�5�,=C1����p�¢�ü

�Gé��©ü�,C2K����p��cü�G

é�È©ü�. ��α = 1�,XÚ¼����� �
c���.

4 ¢¢¢~~~AAA^̂̂(Practical application)
�L²éu¢SXÚ,XÛA^T(Ø?1��

ìNë,�Ñ;.�>Å�Äì�.[3]:

G(s) =
16.454

s(1 + 0.709s)(1 + 0.01s)
. (16)

�¦�O��ì,¦: 1)XÚ��ÝØ�XêKv >
100s−1; 2)��½üÝφ > 30◦; 3)���ªÇωcut

> 10s−1[18].

e¡æ^þã©ÛéÙ?1ADRC�O:

ÚÚÚ½½½ 1 �âXÚ��Ý·�Xê�,éu
ADRC��ìó,T^�©ª�±��(Ï�d�
ª(16)�È©XÚ).

ÚÚÚ½½½ 2 �â��XÚ�Ë�ã�,�XÚªÇ
ω = ωcut = 10s−1�,��XÚ�����−178◦,
Uìφ > 30◦��¦,d�����AJc32◦. Ïd
A��ÀJ2�ADRC?1��.

ÚÚÚ½½½ 3 �âC2�ª�A5,d�αkü«ÀJ

üÑ.e¡±ÀJα > 1�~?1`². ÀJα = 5,
¿�d���� �c�u)�ªÇ:��ÄOωc

�3�. Ïd�âK8�¦,ÀJωc =4s−1 > ωcut/3,
l����ì�°Ú*ÿì�°��.

ÚÚÚ½½½ 4 �âOÃCz,N!XÚ�be�,¦�Ù
��ªÇÄ�éAd����� �c�. ¿�À
Jbe = 25. O��,d�m�XÚ���ªÇωcut =
10.1s−1,� üÝφ = 43.4◦,÷v�O�¦.

ÚÚÚ½½½ 5 ?14��Ø.÷v�O�¦.

I�`²�´,e3Ú½3¥ÀJα < 1,�d�
α=0.2,Kd���� �c�u)�ªÇ��ÄO
ωc�1/3. Ïdd�AÀJωc =35s−1 > ωcut/(1/3).
�âOÃ,N!XÚ�be�,¦�Ù��ªÇÄ�é
Ad����� �c�,kbe = 25. O��,d�
m�XÚ���ªÇωcut = 11.8s−1,� üÝφ =
41◦½÷v�O�¦. ©Oæ^ùü«�O�{?1
�ý�y,��XÚ����A(JXã5¤«(Ù¥
312 s�,�3��Z6).

��,�ÀJα < 1�,XÚ����A�J�Ð.
ùÌ�´�α���, C1�� ¢��A¿Ø²w,

Ïäk�Ð����A.

ã 5 ü«ÀJ�ªeXÚ��A
Fig. 5 System responses under these two kind of

parameters selection

5 ooo((((Conclusion)
�©Ò�5�.e,æ^�5ADRC���,AÀ

^���ì��g,±9��ì�°!*ÿì���
ì�°',Ñ\OÃ�O�ëêéXÚ½5Ú°�
5�K�?1
©Û.(JL²�°'α = ωo/ωc±

9¤æ^�ADRC��g,L�XXÚ�±Jø��
��c�Ý,ωc½öωoKL�XXÚ¤äk���

�c�¤u)� �.�â©Û,�����5
ADRC�O�äNÚ½Xe:

1) �âXÚ� �(½�Ý)·�Xê,��éë
ê�Ä��¦.

2) �â��XÚ�Ë�ã,(½¤IÖ��� 
�.

3) �âC2�ª�A5,ÀJÜ·��°'±9�
�ì�°(½ö*ÿì�°).

4) �âd��OÃCz,N!XÚ�be�,¦�
Ù��ªÇÄ�éAd����� �c�.

5) ?14��Ø.

T�{3ADRC��ì�ëêN!Ú²;��n
Ø(Üå5,�Ñ
äN�ó§��öp�L§,�
�~�
ADRC�O¥�Á��ã,l�B
ó§
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��¢SA^. I�`²�´,d?�Ö�ìA5Ú
�;,{�U�y4�XÚ�½5,XÚ�Ä�
�AØ=�4:k',��":k'. Ïd,�UìT
�{À½��ìëê�,���A?1":��Ø.
d	,�â���ý(J5w,�α < 1�,4�XÚ
äk�`����J,ÏdïÆ±�ÀJ��ì�°
'*ÿì�°�.
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