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Abstract: In active disturbance rejection controller (ADRC) design, extended state observers (ESO) always require a
higher bandwidth to observe state variables faster. This paper replaces original ESO by deadbeat observer and makes the
fastest observation speed. Take second order plant as an example, the discrete ADRC based on deadbeat observer equivalent
complex control model is given, and the open-loop compensator works like lead corrector. Simulation results verified the
fastest observation speed and the controller bandwidth should be less than the reciprocal of sampling time. The ADRC
control based on deadbeat observer process is easier as the ESO bandwidth design is no longer needed.
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1 ÚÚÚóóó(Introduction)
g|6��ì�Ä��nXã1¤«,Ù|^*Ü

G�*ÿì,*ÿÑXÚ��ï�Ø�Ú��6Ä,
¿ÏL��ìÖ�,òXÚ=z�GéÈ©ì.. d
ug|6��ìØI�°(�Ôn�.,�é	.Z
6äkéÐ�³��^,Ï
äkéÐ�ó§A^c
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+�[4–6].

�5g|6��ìdu{ü�¢y�ªÚ`û�

��5U,¼�
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�XÚ
�Ñ\�O�ý¢��'�3�½��S�,��*
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Fig. 1 Active disturbance rejection controller block
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�±ÏØÜ·�,4�XÚ  ¬uÑ,¦�ª�(½
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2 ggg|||666������lllÑÑÑzzz(Active disturbance rejec-
tion controller (ADRC) discretization)

2.1 XXXÚÚÚ������LLL���(Plant time-domain expressions)
��éun��5�ØCXÚ,ÙÑ\ÑÑmD4

¼êL�ª�

G(s) =
b0s

m + b1s
m−1 + · · ·+ bm

sn + a1sn−1 + · · ·+ an

, n > m.

(1)

Pf = −a1y
(n−1)−· · ·−any+b0u

(m) + · · ·+bm−1u̇+
(bm−be)u�XÚ�*ÜG�Cþ,Ù¥be�Ñ\X

êbm�Cq.

d��òª(1)�¤G��mL�ª,k{
ẋ = Ax + Bu + Eḟ,

y = Cx,
(2)

Ù¥XÚG�Cþx½ÂXe:

x = (x1, · · · , xn, xn+1)T = (y(0), · · · , y(n−1), f)T,

A, B,C, E��êÜ·�Ý
,��©O�

aij =

{
1, i = j − 1,

0, Ù¦,

bi =

{
be, i = n,

0, Ù¦,

ci =

{
1, i = 1,

0, Ù¦,

ei =

{
0, Ù¦,

1, i = n + 1.

2.2 lllÑÑÑADRC���OOO(Discrete ADRC design)
�âª(2),�Oy�G�*ÿì{
x̂(k + 1)=Φx̂(k)+Γu(k)+Lp(y(k)−ŷ(k)),

ŷ(k)=Hx̂(k),
(3)

Ù¥Lp�*ÿìOÃ,�(n + 1)× 1��þ,�XÚ
�æ�±Ï�T (�T�þI�,L«Ý
�=�),k

Φ = eAT , Γ =
(w T

0
eAtdt

)
B, H = C. (4)

´�*ÜG�*ÿì�A�õ�ª�

λ(z) = |zI − (Φ− LpH)| , (5)

�λ(z) = zn+1�,���û*ÿì,d�*ÿìäk
�¯�*ÿ�Ý.

�â©z[11],½ÂLp = ΦLc,¿æ^Xe?�
���x(k)�G��O�:

x̄(k) ∆= x̂(k) + Lc(y(k)− ŷ(k)). (6)

d�,�O��ì�



u =
−x̄n+1 + u0

be

,

u0 =pn(r−x̄1)+pn−1(−x̄2)+· · ·+p1(−x̄n),
(7)

Ù¥: p1, · · · , pn���ìOÃ, r��-&Ò.½ÂP

= (pn, pn−1, · · · , p1, 1),Kª(7)�±�¤

u(k) =
pnr(k)− Px̄(k)

be

. (8)

�d,lÑXÚ�ADRC�O�¤.

3 444���AAA555©©©ÛÛÛ(Closed-loop properties analy-
sis)

3.1 ���������EEEÜÜÜ������(Equivalent complex control)
�ª(1)�lÑ/ª�

y(k) = G(z)u(k). (9)

(Üª(3)(6)(8)–(9),d�XÚ�4�D4¼ê�
y(k)
r(k)

=

pnG(z)/(P [(I − LcH)(zI − Φ + LpH)−1 ·
(Γ + LpG(z)) + LcG(z)] + be), (10)

é2�XÚ
ó,�âª(2)Úª(4),k

Φ=




1 T
T 2

2
0 1 T

0 0 1


, Γ=be




T 2

2
T

0


, H=[1 0 0] .

(11)

�XÚ�*ÿìOÃ�Lp = (β1, β2, β3)T. �\

ª(5),�d�*ÿì�A��§�
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λ(z)= z3 + (β1 − 3)z2 +

(
T 2

2
β3 + β2T − 2β1 + 3)z +

(2−1β3T
2 − β2T + β1 − 1), (12)

òA��§��Ñ����:,k

β1 = 3, β2 =
5

2T
, β3 =

1
T 2

. (13)

�â½Â,�d�

Lc = Φ−1Lp = (1,
3

2T
,

1
T 2

)T. (14)

òª(11)(14)�\ª(10),��2�XÚ�Äu�
�û*ÿì�ADRC��ì���/ª�

y(k)
r(k)

= C1(z)
C2(z)G(z)

1 + C2(z)G(z)
, (15)

Ù¥:

C1 =
2p2T

2z2

(2p2T 2+3p1T + 2)z2−(4p1T + 4)z + (p1T + 2)
,

C2 =

(2p2T
2+3p1T + 2)z2−(4p1T + 4)z + (p1T + 2)

beT 2(z − 1)(2z + 2−1p1T + 1)
.

��,d�XÚ�±���ã2¤«�EÜ��XÚ,
Ù¥: C1�c�ÈÅ��ì, C2�m�Ö�ì. XÚ
�­½5�ûu��m�XÚ�A5,Ïd�C2�A

5���';
C1KÌ�û½XXÚ��lA5. e
¡æ^²;���{�±éÙ?1ïÄ.

ã 2 2���û–g|6������µã

Fig. 2 Second order deadbeat–ADRC equivalent control block

3.2 ������ìììªªª���©©©ÛÛÛ(Controller frequency-domain
analysis)
�?�ÚïÄ��û–g|6��ì�Ä�A5,

ò���c�ÈÅìC1Úm�Ö�ìC2©O?1

wC�,=�w²¡S,k

C1(w) = C1(z)|z= 2/T+w
2/T−w

=

α2(wT + 2)2

(α2 + 8α + 4)(wT )2 + (4α2 + 8α)(wT ) + 4α2
,

C2(w) =

(α2 + 8α + 4)(wT )2 + (4α2 + 8α)(wT ) + 4α2

beT 2(wT ) [(1− α)(wT ) + 2(α + 3)]
,

Ù¥:

α=ωcT, p2 =ωc
2, p1 =2ωc,

ωc���ì��°.

��,c�ÈÅì�­�OÃ�1,Ö�ì�3�
�È©�!,�±k���Ø·�Ø�. d	, αÌ�

û½XÖ�ì�4:Ú":©Ù,l
K�XÚ�ª
�A5. 
beKLy�Ö�ì�OÃ,éXÚ�m�
OÃkX­���^. Ø���5,�be =1,¿�æ
�±ÏT = 0.001 s,3ØÓ���ì�°e,c�È
ÅìÚÖ�ì�Ë�ãXã3¤«.

(a) C1(w)

(b) C2(w)

ã 3 2���ì�Ë�ã

Fig. 3 Second order controller bode diagram

lã3�,c�ÈÅìC1��^aqu��¢�

Ö�ì,
m�Ö�ìC2��^aqu���cÖ�

ì. ��Xωc�O�, C1�pªOÃ~�, C2�$ª

OÃ~�,�éA�� ¢�ã/�cãC°.

I�`²�´,�ωcL�,±�uα=ωcT >1�,
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C2Ø­½,äk���� A5. d�Ù�ªA5ò
¬k���Cz,þã(ØòØ2·^. Ïd,���
¦ωc 6 1/T .

3.3 ���lllØØØ���©©©ÛÛÛ(Tracking error analysis)
dª(15),d�XÚ��lØ�D4¼ê�

e(k)
r(k)

=
r(k)− y(k)

r(k)
=

1 + (C2 − C1C2)G
1 + C2G

.

(16)

éu~�½ö��Ñ\,�âª�½n�,XÚ

�­�Ø��

lim
k→∞

e(k)= lim
z→1

(z − 1)
e(k)
r(k)

z

z − 1
=0. (17a)

Ó��,A^ª�½n,��éu�·Ñ\
ó,Ù­

�Ø��

lim
k→∞

e(k) =

lim
z→1

(z − 1)
e(k)
r(k)

Tz

(z−1)2
=

lim
z→1

beT (3+2−1p1T )+2p1G(z)
2p2G(z)

≈

lim
z→1

2p1G(z)
2p2G(z)

=
2
ωc

. (17b)

���¹e,duXÚ�­�OÃØ¬�$,��X

Ú�3È©ì��´ª�Ã¡�;
æ�±Ï�À�
K����,ÏdþãCq´¤á�.

dª(17)�,æ^Äu��û*ÿì�ADRC��
ì,é~�½��&Ò��lØ��0,é�·&Ò,
�lØ��~ê,��Xωc�O�
wÍ~�. Ï

XÚäkûÐ��lA5.

4 ���ýýý©©©ÛÛÛ(Simulation analysis)
±;.>Å�.�~?1�ý©Û:

G(s) =
b

s(s + a)
=

23.2
s(s + 1.41)

, (18)

Ù¥3t = 2 s��,Ñ\kÌ��−1.16���6Ä.

4.1 ØØØÓÓÓ***ÿÿÿììì���°°°ééé'''(Comparison of observer
bandwidth)
éuª(18)L��>Å�.,ÀJ��ëê

be = 23, ωc = 10 rad/s, T = 0.01 s,

3ØÓ�*ÿì�°Ú�©¤JÑ�Äu��û*

ÿì�ADRC��ìe,?1�ý,���(J�ã4.

dã4�,*ÿì�°��,XÚ��lØ��Ð,
��¯*ÿ��G���.�d�éuÑ\
ó,Ù
«O�Ø�.

(a)  �*ÿØ�

(b) �Ý*ÿØ�

(c) *ÜG�*ÿØ�

(d) Ñ\

ã 4 ØÓ*ÿì�°���û–g|6��(Jé'

Fig. 4 Results comparison of ADRC control among different

observer bandwidths and the deadbeat–ADRC
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I�`²�´,*ÿì�°��,XÚ�ÑÑÚÑ
\éDÑ�¯a. Ïd���¹e,æ^Äu��û
*ÿì�ADRCéXÚ?1���,I3XÚ�ÑÑ
àO\ÈÅì. �éu~5ADRC
ó,du�°k
�,Ó��å�
�½�ÈÅ�^,Ïd=¦ØO\
�	�ÈÅì,��±��éÐ����J.

4.2 ØØØÓÓÓ������ììì���°°°ééé'''(Comparison of controller
bandwidth)
éª(18)¤L��XÚ,þæ^��û*ÿì,�

½æ�±ÏT = 0.01 s, be = 23,d�©O�½��
ì�°ωc = 5, 10, 15 rad/s,��(JXã5¤«.

(a) �lØ�

(b) Ñ\

ã 5 ��û–g|6��3ØÓ��ì�°(Jé'
Fig. 5 Comparison of deadbeat–ADRC control results with

different controller bandwidth

dã5��,���ìOÃωc���,XÚ��l
Ø���,Ó�Ñ\6ÄéÑÑ�K����,$�
�±�Ñ.Ó�,du6ÄÚå�Ñ\Cz���,­
½�m���. ���ìOÃωcL��,XÚ¬Ø­
½.

4.3 ØØØÓÓÓæææ���±±±ÏÏÏééé'''(Comparison of sampling
time)
Óþ,æ^��û*ÿì,�½��ì�°�ωc

= 5 rad/s,©O�½æ�±ÏT =0.005, 0.01, 0.02 s,
��(JXã6¤«.

(a) �lØ�

(b) Ñ\

ã 6 ��û–g|6��3ØÓæ�±Ïe�(Jé'
Fig. 6 Comparison of deadbeat–ADRC control results with

different sampling time

dã6��,æ�±Ï�ØÓ,éXÚ��lØ�
A�vk?ÛK�,ØL�æ�±Ï���,XÚ�
|Z6Uå�f,�æ�±ÏL��,XÚò¬uÑ.

5 ooo((((Conclusions)
�©�Ñ
g|6��ì���û��/ª,�

�
Ù��D4¼ê���L�/ª,¿é2�XÚ
e�Äu��û*ÿì�g|6��ìL�?1


�\©Û.(JL²,Äu��û*ÿì��|6�
�ì������EÜ��XÚ,Ù����"Ö�
ì��c��ì,Ù�ªÚÌªA5É��ì�°Ú
æ�±Ï�ÀJ.

Ó�,±~5>Å�.�~?1�ý. (JL²:
Äu��û*ÿì�g|6��ìäk�¯�*ÿ

XÚG��Uå(�)*ÜG�),�éDÑ�N=U
å���,I�éÿþ��XÚÑÑ�V\ÈÅì(3
~5g|6��ì¥,�*ÿìOÃ���,TÈÅ
ì�±�Ñ,¿ØK�XÚ�ÑÑ).d�*ÿì�O
Ã��dæ�±Ï(½,ØI�­#?1N!(é2�
XÚ,L�ª�ª(13)Úª(14)).

d	,ÏLé��ì�°Úæ�±Ï�ÀJé(
J?1©Û,L²ωcÚTÑAT?1Ü·�ÀJ.�
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T���,XÚ�|6Uåeü,�Ó�*ÿì�OÃ
���;�ωc���,XÚ��lØ����é6Ä
�|Z6Uå�¬~f. ���¹e,nÜ�ÄO�
Å�O�Uå,�ÑXe�Äu��û*ÿì�g|
6��ì�OOK:

1) ÀJÜ·�æ�±Ï,¦�XÚ�|6Uå�
r,�d�*ÿì�OÃ�Ø�uAO�;

2) �âª(5),ò*ÿìA������:,��
éA�*ÿìOÃ;

3) �âωcT 6 1,ÀJÜ·�ωc.

w,,duØ2I�N!*ÿì�°�ëê,��
u~5ADRCëêN!�{,Äu��û*ÿì�
ADRC��O�\{ü�B.

ëëë���©©©zzz(References):

[1] ��,Ü©�.g|6��ì�uÐ [J].��nØ�A^, 2002,
19(4): 485 – 492.
(HUANG Yi, ZHANG Wenge. Development of active disturbance
rejection controller [J]. Control Theory & Applications, 2002, 19(4):
485 – 492.)

[2] ��,Å©�,ëSó.g|6��pî! [J].XÚ�Æ�êÆ,
2011, 31(9): 1111 – 1129.
(HUANG Yi, XUE Wenchao, ZHAO Chunzhe. Active disturbance
rejection control: methodology and theoretical analysis [J]. System
Science and Math Sciences, 2011, 31(9): 1111 – 1129.)

[3] p�r.g|6��g�&Ä [J].��nØ�A^, 2013, 30(12):
1497 – 1509.
(GAO Zhiqiang. On the foundation of active disturbance rejection
control [J]. Control Theory & Applications, 2013, 30(12): 1497 –
1509.)

[4] GAO Z Q. Scaling and bandwidth-parameterization based controller
tuning [C] //American Control Conference. Denver: IEEE, 2003:

4898 – 4996.

[5] HUANG Y, XU K K, HAN J, et al. Flight control design using ex-
tended state observer and non-smooth feedback [C] //40th IEEE Con-
ference on Decision and Control. New York: IEEE, 2001: 223 – 228.

[6] ZHENG Q, GAO Z Q. On practical applications of active distur-
bance rejection control [C] //29th Chinese Control Conference. Bei-
jing: IEEE, 2010: 6095 – 6100.

[7] �Or,�²U,
a1.�5g|6��ì�­½5ïÄ [J].gÄ
zÆ�, 2013, 39(5): 574-580.
(CHEN Zengqiang, SUN Mingwei, YANG Ruiguang. On the stabil-
ity of linear active disturbance rejection control [J]. Acta Automatica
Sinica, 2013, 39(5): 574 – 580.)

[8] ZHAO C Z, HUANG Y. ADRC based input disturbance rejection for
minimum-phase plants with unknown orders and/or uncertain relative
degrees [J]. Journal of Systems Science and Complexity, 2012, 25(4):
625 – 640.

[9] XUE W C, HUANG Y. On frequency-domain analysis of ADRC for
uncertain system [C] //American Control Conference. Washington,
DC, USA: IEEE, 2013: 6652 – 6657.

[10] WANG W W, GAO Z Q. A comparison study of advanced state ob-
server design techniques [C] //2003 American Control Conference.
Denver: IEEE, 2003: 4754 – 4759.

[11] MIKLOSOVIC R, RADKE A, GAO Z Q . Discrete implementation
and generalization of the extended state observer [C] //2006 American
Control Conference. Minneapolis, USA: IEEE, 2006: 2209 – 2214.

�ö{0:
ÜÜÜ ��� (1987–),I,Æ¬ïÄ),8cïÄ���ADRC!��

5��!�1��, E-mail: zhangchao.thucs@gmail.com;

ÁÁÁVVVööö (1968–),I,�Ç,Æ¬)��,8cïÄ����1�

�!��5��!Ê�>f, E-mail: jhzhu@tsinghua.edu.cn;

pppæææ¿¿¿ (1959–),I,�Ç,Æ¬)��,8cïÄ����1�

�!XÚ�ýEâ, E-mail: gaoyakui@126.com.


