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Abstract: Based on active disturbance rejection control (ADRC) technique, a decoupling controller is presented to
strengthen precision and stability of multi-color register system in gravure printing machine. First, according to the register
system working principle, a nonlinear and coupling model is established, and then, under the ADRC decoupling rules,
a decoupling model is constructed to determine the register system order and static decoupling model. Then, following
the order and static decoupling model, an ADRC decoupling controller is designed to enhance the speed and accuracy of
register control. Finally, the simulation shows that the proposed register decoupling controller is able to realize a high
precision control for the multi-color register system and endowed with better control performance than PID controller in
register control.
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�¯K,JÑ
ü ²�g·APID@OØ�Ìl�
�üÑ.�+��[10]±]<Å@OXÚ�õ>ÅÓÚ

¯K�ïÄé�,JÑ
ÄuÖ��n��
PID�
ÓÚ���{. ,
,�X]<Å<M�Ý�Jp,
PID9±Ù�Ø%�c"��®ØU÷v@OXÚ�
°Ý�¦,
�U���{�¢�5Ú¢^5�k�
?�Ú�y.
g|6��(active disturbance rejection control,

ADRC)Ø��±�B�¢yõÑ\!õÑÑ!rÍÜ
XÚ�)Í,
��±ÌÄ�OXÚS	Z6¿3�
�{K¥¢�éÙ?1Ö�[11–13],Ó��®¤õ�A
^3õ«ó�¢�¥[14–16]. Ïd,�©±Ã¶DÄ
4Ú]<Åp�@OXÚ�ïÄé�,3ïáõÚ@
OXÚ��5ÍÜ�.�Ä:þ,�O
õÚ@OX
Ú�ADRC)Í��ì. �ý(JL²,¤�O��
�ìäkûÐ�|Z6Uå,¢y
é@OXÚ�p
°Ý��.

2 XXXÚÚÚïïï���999···���)))ÍÍÍ���...(System model-
ing and static decoupling model)
Ã¶DÄÅ|ª4Ú]<Å@OXÚ(�Xã1¤

«,Ì�d<Mü�!óZÅ�9�'DaÜ�|¤,
Ù¥ó�¬é<ML§¥����5�þ��Z6.
�<Mü�þdÕá�pÑ>Å��°Ä,�>Åó
�3�Ý�ªe. 11Ú<MD�Ý©ª�±ð½,�
YÚ<D�âuÿ��@OØ��A�N��g�

Ý.<ML§¥,õÚ@OXÚ¥yÑrÍÜ!rZ
6!Ø(½�A:,ùéõÚ@OXÚ��ì�­½
5!|Z65�OJÑ
�p��¦.

ã 1 4Ú@OXÚ«¿ã

Fig. 1 Schematic diagram of the four-color register system

ã¥: L�Ú|m��¶Â�Ý; ω1–ω4�<D�

��Ý; T1–T3�<Dm���Üå; e12–e34��Ú

|�éuc�Ú|�@OØ�.
�â©z[7],�±��VÚ|��5@OXÚ�

.Xe:



de12 (t)
dt

= V2 (t)− V1 (t− tT)− ε1 (t) V1 (t)+

ε0 (t− tT) V1 (t− tT) ,

L
dε1 (t)

dt
= V2 (t)− V1 (t) + ε0 (t) V1 (t)−

ε1 (t) V2 (t) ,
(1)

ª¥: ε0, ε1©O�éAuÜåT0ÚT1�AC; V1,
V2©O�<D1Ú2���Ý; tT�ò��m.

d�ÝÚ��Ý9ÜåÚAC�'X��



Vi(t) = Rωi(t),

εi(t) =
Ti(t)
AE

,
(2)

ª¥: R�<D��»; A����î�¡È; E��

���5�þ.
òª(2)�\ª(1)z{���




AE
de12(t)

dt
=AER (ω2(t)− ω1(t− tT))−

RT1(t)ω1(t)+RT0(t−tT)ω1(t−tT),

L
dT1(t)

dt
=AER (ω2(t)−ω1(t))+RT0(t)ω1(t)−

RT1(t)ω2(t).
(3)

dª(3)�±wÑ,VÚ|@OXÚ�.d@OØ��
§ÚÜå9Ï�§üÜ©|¤. �âã1,òª(3)?1
í2�ïá4Ú@OXÚ�@OØ��§ÚÜå9Ï
�§©OXe:



de12(t)
dt

=Rω2(t)−φT1(t)ω1(t)−Rω1(t−tT)+

φT0(t− tT)ω1(t− tT),
de23(t)

dt
=Rω3(t)−φT2(t)ω2(t)−Rω2(t−tT)+

φT1(t− tT)ω2(t− tT),
de34(t)

dt
=Rω4(t)−φT3(t)ω3(t)−Rω3(t−tT)+

φT2(t− tT)ω3(t− tT),

(4)



dT1(t)
dt

=AEϕ (ω2(t)−ω1(t))+ϕT0(t)ω1(t)−
ϕT1(t)ω2(t),

dT2(t)
dt

=AEϕ (ω3(t)−ω2(t))+ϕT1(t)ω2(t)−
ϕT2(t)ω3(t),

dT3(t)
dt

=AEϕ (ω4(t)−ω3(t))+ϕT2(t)ω3(t)−
ϕT3(t)ω4(t),

(5)

Ù¥: ω1–ω4´XÚÑ\; e12–e34´XÚÑÑ; φ =
R/(AE); ϕ = R/L. ª(4)�±��G��§�/ª
Xe:

de(t)
dt

= f(t) + B(t)ω(t), (6)

ª¥: f(t)¡�Ä�ÍÜÜ©, B(t)¡�·�ÍÜÜ

©,�'L�ªXe:

f(t)=[f1(t) f2(t) f3(t)]T =

φ(T0(t−tT)ω1(t−tT)−T1(t)ω1(t))−Rω1(t−tT)

φT1(t− tT)ω2(t− tT)−Rω2(t− tT)
φT2(t− tT)ω3(t− tT)−Rω3(t− tT)


,

(7)
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e(t) = [e12(t) e23(t) e34(t)]T, (8)

B(t) =




R 0 0
−φT2(t) R 0

0 −φT3(t) R


 , (9)

ω(t) = [ω2(t) ω3(t) ω4(t)]T. (10)

Ú\J[��þu(t)=[u1(t) u2(t) u3(t)]T,¿�½
ÂXe:

u(t) = B(t)ω(t), (11)

òª(11)�\ª(6)��
de(t)
dt

= f(t) + u(t). (12)

��,3Ú\J[��þu(t)��@OXÚ3z�Ï
´þÑ´��üÑ\üÑÑ���XÚ,=XÚ¢y

)Í.Ï�

|B(t)|= |




R 0 0
−φT2(t) R 0

0 −φT3(t) R


|=R3 6=0, (13)

¤±Ý
B(t)´�_�,k

ω(t) = B−1(t)u(t), (14)

Ù¥B−1(t)¡�·�)Í�.,ÙL�ªXe:

B−1(t) =




1
R

0 0

T2(t)
RAE

1
R

0

T2(t)T3(t)
RA2E2

T3(t)
RAE

1
R




. (15)

��,�±�éJ[��þu(t)5�OADRC�

�ì,,�ÏLúª(14)O�Ñ¢S���þ,l
¢

yéõÚ@OXÚ�)Í��.

3 ADRC)))ÍÍÍ������ììì���OOO(Design ADRC de-

coupling controller)

�âõÚ@OXÚ��êÚ·�)Í�.,�O


ADRC)Í��ì,Ù(�Xã2¤«.

ã 2 ADRC)Í��ì(�ã

Fig. 2 Structure of the ADRC decoupling control methodology

dã2�±wÑ��)Í��ìÌ�k3Ü©|
¤: 1) ADRC��ì,Ì�d3�Õá�ADRC��
ì|¤,�¤éJ[��þu(t)�¦),Ù¥
ADRC1, ADRC2, ADRC3©O�é e12, e23, e34£

´�O; 2)·�)Í�.,KIòJ[��þu(t)=
z�¢S��þω(t); 3)Üå9Ï�§,ÏLæ8
����Ý&Òωc1, ωc2Úωc3¦Ñ·�)Í�.¤

I��Üå&ÒT2ÚT3.
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Ï�õÚ@OXÚ���XÚ,¤±z�ADRC
��ìþd�����l�©ì(tracking different-
iator, TD)!����*ÜG�*ÿì(extended state
observer, ESO)Ú����5G�Ø��"��Æ
(nonlinear state error feedback, NLSEF)�¤. TD^
5SüLÞL§: vi1^5�lë�Ñ\eri(i+1);
ESO´ADRC�Ø%,^5¢yéÑÑCþ��l
ÚéÄ�ÍÜf(t)!���.9	ÜZ6��O:
zi1^5�lXÚÑÑCþei(i+1), zi2^5ÌÄ�O

XÚ�Ä�ÍÜfi(t)!���.9	ÜZ6;
NLSEF´��{K,^5¢yéØ�9�©Ø�Ü
n|Ü,¿Ú�"�åÌÄÖ�XÚ�Ä�Í
Ü!���.9	ÜZ6.

©z[11–12]¥éTD, ESOÚNLSEF�L�ª�

�[�0�,ùp�Ñ���ADRCi(i = 1, 2, 3)
�{úªXe:



fhi(k)=fhan(vi1(k)−eri(i+1)(k), vi2(k), ri, h),
vi1(k + 1) = vi1(k) + hvi2(k),
vi2(k + 1) = vi2(k) + hfhi(k),
qi(k) = zi1(k)− ei(i+1)(k),
zi1(k+1)=zi1(k)+h(zi2(k)−βi1qi(k)+biui(k)),
zi2(k + 1) = zi2(k) + h(−βi2fal(qi(k), 0.5, h)),
ei(k + 1) = vi1(k + 1)− zi1(k + 1),

ui(k+1)=kpifal(ei1(k+1), 0.5, δ)− zi2(k+1)
bi

,

(16)
ª¥: k�lÑê (k = 0, 1, 2, · · · ); h�È©Ú�;
ri��ÝÏf; βi1Úβi2�ESOOÃXê; kpi�

NLSEFOÃXê; bi�Ö�Ïf; fhan(x1, x2, r, h)
�����nÜ¼ê,Ù�{Xe:




d = rh; d0 = hd,

y = x1 + hx2; a0 =
(
d2 + 8r |y|)

1
2 ,

a =





x2 +
a0 − d

2
sgn y, |y| > d0,

x2 +
y

h
, |y| 6 d0,

fhan(x1, x2, r, h) = −




rsgn a, |a| > d,

r
a

d
, |a| 6 d,

(17)

fal(e, α, δ)�{úª�

fal(e, α, δ) =





e

δ1−α
, |e| 6 δ,

|e|α sgn e, |e| > δ.
(18)

4 ���ýýý(((JJJ���©©©ÛÛÛ(Simulation and analysis)
�
�yADRC)Í��ì�5U,�©é

ADRC)Í��ìÚPID��ì?1
é'�ýï

Ä.�ý3Simulink¥?1,æ^�½Ú��Ú��
10 ms,¤æ^�.ëêXL1¤«. 3�Ó�êÆ
�.Ú�.ëê�Ä:þ, ADRC)Í��ì
ÚPID��ì�ëêþ´3ω1 = 100 r/min�^�
eN����,��ëêØ��ý^��Cz
C
z. ²N�, PID��ìëê�: KPi =63; KIi =30;
KDi = 1.5 (i = 1, 2, 3). ADRC)Í��ì¥�
ADRC��ìëêXL2¤«.

L 1 @OXÚ�.ëê
Table 1 Model parameters of the register system

ëê¶¡ ëêÎÒ ê�

���5�þ/Pa E 2.1×109

��î�¡È/m2 A 2.0×10−5

Ú|m��¶Â�Ý/m L∗ 9.1
<D�»/m R∗ 0.2

Ú|m��¶ÂÜå/N T ∗ 100

L 2 ADRC)Í��ìëê
Table 2 ADRC decoupling controller parameters

��ì ��ìëê

ADRC1 r1 =900, β11 =100, β12 =875, kp1 =0.125, b1 =1

ADRC2 r2 =900, β21 =100, β22 =880, kp2 =0.161, b2 =1

ADRC3 r3 =900, β31 =100, β32 =882, kp3 =0.105, b3 =1

4.1 ADRC)))ÍÍÍ������ììì|||ÜÜÜåååZZZ666555UUU(ADRC
decoupling controller performance against ten-
sion interference)
3XÚ­½$15 s�,VÚãÜåT0l100 N

��þ,�120 N,d�,�@OØ�3PID��Ú
ADRC)Í��e�<M�ÝCz��ý­�X
ã3−4¤«.

ã 3 3ω1 = 100 r/min�,@OØ��ý­�

Fig. 3 Register errors in simulation when ω1 = 100 r/min
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dã3−4��,ÃØ3PID��e�´3ADRC
)Í��e,�@OØ�ÑÐyÑ��Ý�O\

O��ª³,���¸���mÚXÚ�ò��m
k';�´,3Ó���ý^�e, ADRC)Í��
e�@OØ�¸���uPID��eéA��@O
Ø�¸�,�ADRC)Í��e�@OØ�­�
Cz�\²�,±Y�m�á. �ý(JL²,3
ADRC)Í��ì¥,éÜåZ6E¤��@OØ
�?1
k���OÚÖ�þ,¼�
�ÐuPID
��ì�|ÜåZ65U.

ã 4 3ω1 = 200 r/min�,@OØ��ý­�

Fig. 4 Register errors in simulation when ω1 = 200 r/min

4.2 ADRC)))ÍÍÍ������ììì|||���ÝÝÝZZZ666555UUU(ADRC
decouplingcontroller performanceagainst speed
interference)
XÚ­½$15 s�,3ω1þU\��Ì��

0.1 r/min,ªÇ�0.5 rad/s��u6Ä.�@OØ�
3PID��ÚADRC)Í��e�<M�ÝCz�
�ý­�Xã5−6¤«.

ã 5 3ω1 = 100 r/min�,@OØ��ý­�

Fig. 5 Register errors in simulation when ω1 = 100 r/min

ã 6 3ω1 = 200 r/min�,@OØ��ý­�
Fig. 6 Register errors in simulation when ω1 = 200 r/min

é'ã5Úã6��,Äk,3ADRC)Í��e,
�@OØ�ÐyÑÚPID��eaq�Czª³,
=�X<M�Ý�O�
C�,ùÌ�´Ï��Ý
��,�ÝZ6�éÒ��,¤±Úå��@OØ
����;Ùg,ÃØ3PID��e�´3ADRC)
Í��e,�@O£´Ñ�)
�Z6�Ý�Óª
Ç�±ÏØ�,�3Ó���ý^�e, PID��e
@OØ�¸���uADRC)Í��e�Ó�@O
Ø�¸�.�ý(JL², ADRC)Í��ìé�Ý
Z6�)�@OØ�?1
k���OÚÖ�,ä
k�ruPID��ì�|�ÝZ6Uå.

4.3 ADRC)))ÍÍÍ������ììì|||������AAA555CCCzzz���555UUU
( ADRC decoupling controller performance
against web characteristic change)
²Ló����A5�Cz´��­����

Z6,Ïd,3ω1 = 200 r/min�3c©¤ãÜåÚ
�ÝZ6e,-���5�þü$20%,d�,�@
OØ�3PID��ÚADRC)Í��e��ý­�
Xã7−8¤«.

ã 7 3ÜåZ6e,@OØ��ý­�
Fig. 7 Register errors in simulation when tension interference



1 11Ï 4õ¦�: ]<ÅõÚ@OXÚg|6)Í�� 1579

ã 8 3�ÝZ6e,@OØ��ý­�
Fig. 8 Register errors in simulation when speed interference

é'ã7Úã4��,3ADRC)Í��ÚPID�
�e,�@OØ�þ�XE�~�
O�,�´,3
Ó���ý^�e, ADRC)Í��e�@OØ�
¸���uPID��eéA��@OØ�¸�,�
�@OØ�­�Czª³'PID��e�A­��
\²�,±Y�m��á. '�ã8Úã6��,3
PID��e,�@OØ��XE�~��´3Z6

å©�ãk¤O\,Ù¦Ü©Ä��±ØC,�´,
ADRC)Í��e,�@OØ�þØ�XE�~�


Cz. �ý(JL², ADRC)Í��ì�±k�
/�O¿Ö�Ï��5UCzÚå�@OØ�,ä
k�ÐuPID��ì���5U.

5 (((ØØØ(Conclusion)
�éÃ¶DÄÅ|ª]<ÅõÚ@OXÚrÍ

Ü!rZ6!°(�.ï�(J�A:,|^ADRC
Eâ�O
�6�.&E�!(�{ü�´u¢y

�õÚ@OXÚADRC)Í��ì. �ýïÄL²,
¤�O�)Í��ìéÐ�³�
Üå!�ÝÚ�

�A5Czé@OØ��)�K�,��Jp
@
OXÚ���°Ý,'PID��ì�U·A]<Å
ó�����¸.
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