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Switching-dynamic-matrix control in industrial production processes

LI Hong-guang, LIAO Yi-bo
(College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: In industrial production processes, the characteristics of the controlled object may change considerably when

the assigned operation range is altered. How to deal with this problem effectively remains a challenge to the process control

community. We develop a set of linear switched-system-state-equations to describe the production process, and define

the variable of the discrete-switching-law and the variable of the switched-mode, respectively. On the basis of the model-

predictive-control philosophy, we derive an efficient switching-dynamic-matrix control algorithm, in which the impacts of

the deviated characteristics on the predicted control output are taken into consideration to improve the control performance

and raise the robustness. To demonstrate the advantages of the proposed algorithm, we perform simulations on the level-

control system of the liquid-vapor separator in a TE process. Experimental results show more satisfactory performances

over the cascade PID control.

Key words: industrial production process; change of characteristics; switching-dynamic-matrix- control; TE process

1 ÚÚÚóóó(Introduction)
8c, 36§ó�¥$^��2�����{

�áPID��,ù«���{3?n�5½�é�

�,Ä�þU÷v½����¦. ,,3ó�)

�L§¥,k�
é��Ä�A5´¬u)UC�.

Xø9XÚ¥�\9Ô��§Ý��í6þ�¤�

§Ý–6þ��XÚ,§Ý�6þ�A5�3��

�m¶þ´��5�, �§ÝCz�, §Ý–6þ�

�XÚ�A5Ò¬Cz. �ØL�§Ý3Ù�½:

NC����Cz�,��XÚ�±r§��3ù

��½�e��5é�5?n, d�§Ý���C

zéé�A5�K�Ø�.�´,XJe§Ýu)é

��Cz(Ì�´dUC§Ý�½�Úå)�, K�

ÒØU�Ñ.¢Sþ,L§A5u)UC�,§Ý–6

þ���±Cq�ó�3,��½�e��5X

Ú.�Ò´`,�§Ýu)�ÌÝCz�,§Ý–6þ

��XÚ�é�A5d�5��5A5C¤,�«

�5A5,½ö@�§Ý��:�[£Czéu�

�é�A5E¤�K�´?uØÓ�½:��5X

Ú��.

éuùa¯K�?n,  �±òùaXÚ��
½��Cz��y©�eZ�«�, �½�3Ó�
«�Su)Cz�,�,¬¦é�A5u)Cz,�
´ù
Cz´���±�Ñ�. ��½�l��
«�C�,�«��,é�A5CzÒ�~wÍ.Ï
d,�±@����5��é�3ØÓ«�u)�
½�[£�,Ò¬�)�5��XÚ���.

æ^~5PID��ì��ùaL§é��, �X

ÂvFÏ: 2009−02−26;Â?UvFÏ: 2009−12−13.
Ä7�8: �®½:Æ�Ä7]Ï�8(XK100100435).
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Ú�u)���c,�±¼��Ð����J,�
�XÚu)
��,���^K�UC�é�$�
´��.3¢SL§ö�¥,��´ÏLÃÄN!?
1�X��?n,±¦�PID��ì¦þ÷vXÚ�
������¦. ù«ÃÄ?n�{´��Äuö
�²��,¤�¤å,¿��éJ��Ï"��J.

Cc5, éu��XÚ��¯K�ïÄÚå


Æâ.�'5, X�¾È!�S�[1]ïÄ
�al

Ñ�5��XÚ3��gê�½9������

½��¹e��g�`¯K,ÏLæ^lÑÄ�5
y��{,òõ?ûüL§©)¤�X�´u¦)

�ü?ûüL§, �ª¦Ñ�`��S�Ú�`
��S�. NaelH.El-Farra1[2]0�
é�kÑ\�

å�����5XÚ�·,��5���{, ÏL
õLyapunov¼ê,/$?0�k.��5�"��ì

�/p�0���{K�å?üf�ªÚ�A��

ì�m�=�,�O��{K8�lG��üz,¿

�?ü3f�ª�½��m���gS, l3

,«§Ýþ�y����4�XÚìC½.

�©Äu�.ýÿ��g�,JÑ
�a��Ä

�Ý
���{,3�k�Ä�Ý
�{þ,nÜ�

ÄXÚu)���éýÿÑÑ�K�, ¦�XÚÑ
Ñ3����6Ä'��. ÏL�G?PID���

'�,�±wÑ���é�äk��A5�U
¼
��Ð����J.

2 ¯̄̄KKK���£££ããã(Problem description)

éuXþ¤ã�§Ý–6þ��XÚ,��é�

�A5¬�§Ý�½�¤?«��UCu)��

�Cz,Ï~`,ùa)�L§é�Ñ´½�,Ï
d��ÑXeb�: 1)da��é��w¤�a�

�üÑ®�����5XÚ; 2)��XÚ3���
m�þ©ª´½�; 3)��XÚ���fXÚ3

�g�73�mþ�´ìC½�.

ù�b��Ð?´{z
��ì��Oó�,Ï
�XJ��XÚ´½�, ��ì��OKÃIé

Ù½5?1©Û,du��fXÚ�´ìC½
�,��±Ø^�Äé���é��XÚ½5�

K�.�´duù��b�,¬¦�A^é��·^
��C�.

²Lb�?n����é��±æ^�a�5

��XÚ?1£ã:
{

x(k + 1)=Aρ(k)x(k)+Bρ(k)u(k),

y(k) = Cρ(k)x(k),
k=1, 2, · · · .

(1)

Ù¥ρ(k) ∈ [1, 2, · · · , P ]�XÚ�lÑ��Æ,L«

�½�3ØÓ«�eXÚ�G��ª. x(k) ∈ R
n,

y(k) ∈ RÚu(k) ∈ R©OL«XÚ3k���

G�!ÑÑÚÑ\, Aρ(k), Bρ(k)ÚCρ(k)´n × n,

n × 1Ún × n¢~Ý
, �fXÚþ�ìC½

���XÚ½. �©b�z�fXÚ���Ú�
�T i, i = 1, 2, · · · , P ,b�XÚÐ©��?ufX

Ú1,���üÑ�lfXÚ1���fXÚ2, 2�
��fXÚ3�g�fXÚP , K���m��©�

¤P�«m[1, T 1], [T 1 +1, T 2], · · · , [T P−1 +1, T P ],
-T 0 = 1, T P = ∞, K�m«��Ú�L

«�[T i−1 + 1, T i]. ¢S¥��XÚ��ü
Ñ�UlfXÚ1���fXÚ32���fX

Ú2�, ¤±ùp�©3�½��CþS, §L«
fXÚi�þ����ª, ¤±�m��Ú��

¤[T s + 1, T i](s = 1, 2, · · · , P ), ½ÂfXÚi�

73�m�Ý�T̄ i = T i
− T s, KfXÚi�73

�m�[1, T̄ i], ��Bå�Ú\Xe½Â: xi(k) =

x(k + T s), ui(k) = u(k + T s), yi(k) = y(k + T s).

�d, �±òª(1)¤£ã��XÚ�G��§

U��:
{

xi(k + 1) = Aix
i(k) + Biu

i(k),

yi(k + 1) = Cix
i(k).

(2)

dª(2)��,ª(1)¤£ã����5XÚ�±w�

d��fXÚ3Ù73�mþüÕ�^�8Ü. �
�8I�ÏéÑ�|��Ñ\U(k)¦���XÚ

½3Ï"�,÷v�½�5U�I,���XÚ3
��fXÚm5£���,XÚÑÑ�6Ä��.

3 ������ÄÄÄ���ÝÝÝ


������ììì���OOO(Switching dy-
namic matrix controller design)
b���XÚ3Ð©��?ufXÚi, 3�m

�[k, k + p]S,��XÚ�Uu)��léýÿ
ÑÑ�)K�.�d�©©�Xeü«�¹?Ø:

3.1 ������XXXÚÚÚ333[k, k + p][k, k + p][k, k + p]SSSØØØuuu)))������(No
switch in[k, k + p])

e��XÚ3[k, k + p]SØu)��, =kk +

p 6 T̄ i, k = 1, 2, · · · , T̄ i
− p, �âÄ�Ý
�

{, K�±¦Ñ��XÚ3[1, T̄ i
− p]S���O

þ∆ui(k).

b�fXÚi����AXê�si
1, s

i
2, · · · , si

Ni
,

��Ú��m, m 6 p 6 Ni. XÚ3[1, T̄ i
− p]S?

ufXÚi, �â�5U\�n, XÚ��.ýÿÑ

Ñ�:

ŷi
mod(k + 1) =

si
1∆ui(k) + si

2∆ui(k − 1) + · · · +

si
Ni−1∆ui(k − Ni + 2) + si

Ni
ui(k − Ni + 1),

ŷi
mod(k + 2) =
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si
1∆ui(k + 1) + si

2∆ui(k) +

si
3∆ui(k − 1) + · · · + si

Ni−1u
i(k − Ni + 3) +

si
Ni

ui(k − Ni + 2),

...

ŷi
mod(k + p) =

p
∑

j=p−m+1

si
j∆ui(k − j + p) +

Ni−1
∑

j=p+1

si
j∆ui(k − j + p) + si

Ni
ui(k − Ni + p).

(3)

\\�"�!, �¤�þ/ª, K��XÚ�ý

ÿÑÑ�:

Ŷ i(k + 1) = Si
f∆U i(k) + Si

p∆U i(k − 1) +

si
Ni

Uold + H(y(k) − Ŷ i(k)), (4)

Ù¥:

Ŷ i(k + 1) =













ŷi(k + 1)

ŷi(k + 2)
...

ŷi(k + p)













, H =













h0

h0

...

h0













,

∆U i(k − 1) =













∆ui(k − 1)

∆ui(k − 2)
...

∆ui(k − Ni + 2)













,

∆U i(k) =













∆ui(k)

∆ui(k + 1)
...

∆ui(k + m − 1)













,

Uold =













ui(k − Ni + 1)

ui(k − Ni + 2)
...

ui(k − Ni + p)













,

U i(k) =













ui(k)

ui(k + 1)
...

ui(k + m − 1)













,

Si
p =













si
2 si

3 · · · si
Ni−3 si

Ni−2 si
Ni−1

si
3 si

2 · · · si
Ni−2 si

Ni−1 0
...

... · · ·
...

... 0

si
p+1 · · · si

Ni−1 0 · · · 0













,

Si
f =





























si
1 0 · · · 0

si
2 si

1 · · ·
...

...
...

... 0

si
m si

m−1 · · · si
1

si
m+1 si

m · · · si
2

...
...

...
...

si
p si

p−1 · · · si
p−m+1





























.

ùpŶ i(k + 1), ∆U i(k), y(k)©OL«ýÿÑÑ

�þ!��Oþ�þ!k��XÚÑÑ, ∆U i(k−1)

�L��m���þ�þ, H�Ø����þ. �5

U�I�:

∐= (Yr(k + 1) − Ŷ i(k + 1)
T
Q(Yr(k + 1) −

Ŷ i(k + 1)) + ∆U i(k)
T
R∆U i(k), (5)

Ù¥Q,R�é¡��½Ý
, Yr(k + 1)�ÑÑÏ"

��þ. 3Ø�ÄÑ\!ÑÑ�å^�e,��3�

|��Oþ�þ∆U i(k)÷vþã5U�I, �±æ

�¦��4�{O�Ñ��Oþ∆U i(k):

∆U i(k) =

(Si
f

T
QSi

f + R)
−1

Si
f

T
Q[Yr(k + 1) −

Si
p∆U i(k − 1) − si

Ni
Uold − H(y(k) − Ŷ i(k))].

(6)

e�3Ø�ª�å,=

ui
−

(k + j) 6 ui(k + j) 6 ui
+(k + j),

∆ui
−

(k + j) 6 ∆ui(k + j) 6 ∆ui
+(k + j),

Ù¥: ui
−

(k + j), ui
+(k + j)�ui(k + j)�e�Úþ

�, ∆ui
−

(k + j), ∆ui
+(k + j)�∆ui(k + j)�e�Ú

þ�,aq�ýÿÑÑ�å�

yi
−

(k + j) 6 ŷi(k + j) 6 yi
+(k + j).

éuþãäkØ�ª�å��¹, ��Oþ

∆U i(k)¦)�±/Ï�5½�g�55y�Ñ.

-U i(0) = 0,kU i(k) = U i(k − 1) + ∆U i(k).

�

ui(k) = [1 0 · · · 0]U i(k),

=����XÚ?ufXÚi�3[1, T̄ i
− p]S��

�Æ.

3.2 ������XXXÚÚÚ333[k, k + p][k, k + p][k, k + p]SSSuuu)))������(switch in

[k, k + p])

e3[k, k+p]S,��XÚlfXÚi���j,K

k + p > T̄ i, k = T̄ i
− p + 1, · · · , T̄ i.
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ù�,�©�±ò�m�[k, k+p]©�[k, T̄ i]Ú[T̄ i+

1, k + p]üÜ©. w,,3ùüÜ©�mã¥��X

Ú?uØÓ�fXÚ¥,-

η1 = T̄ i
− k, η2 = p − η1.

ùpη1, η2©OL«3[k, k + p]S,��XÚ?uf

XÚiÚj��m�Ý. du��Ú�m < p,��O

þ�^k�U��3u[k, T̄ i ]S, �k�UÓ��

3u[k, T̄ i]Ú[T̄ i + 1, k + p]S.éù«�¹,�©E

,©ü«�¹?Ø:

e��Ú�m 6 η1, w,��Oþ�^�3

[k, T̄ i]S; �[k, T̄ i]�, K��XÚ?ufXÚi, ý

ÿÑÑ�:













ŷi
mod

(k + 1)

ŷi
mod

(k + 2)
...

ŷi
mod

(k + η1)













= Si
f













∆ui(k)

∆ui(k + 1)
...

∆ui(k + m − 1)













+ Si
p













∆ui(k − 1)

∆ui(k − 2)
...

∆ui(k − Ni + 2)













+ si
Ni













ui(k − Ni + 1)

ui(k − Ni + 2)
...

ui(k − Ni + η1)













, (7)

ùp:

Si
f =





























si
1 0 · · · 0

si
2 si

1 · · ·
...

...
...

... 0

si
m si

m−1 · · · si
1

si
m+1 si

m · · · si
2

...
...

...
...

si
η1

si
η1−1 · · · si

η1−m+1





























; Si
p =













si
2 si

3 · · · si
Ni−3

si
Ni−2

si
Ni−1

si
3 si

2 · · · si
Ni−2

si
Ni−1

0
...

... · · ·
...

... 0

si
η1+1 · · · si

Ni−1
0 · · · 0













.

�[T̄ i + 1, k + p]�,��XÚ?ufXÚj,ýÿÑÑ�:













ŷ
j
mod

(1)

ŷ
j
mod

(2)
...

ŷ
j
mod

(η2)













=





























s
j
1 0 · · · 0

s
j
2

s
j
1

· · ·
...

...
...

... 0

s
j
m s

j
m−1 · · · s

j
1

s
j
m+1 s

j
m · · · s

j
2

...
...

...
...

s
j
η2

s
j
η2−1 · · · s

j
η2−m+1









































∆uj(0)

∆uj(1)
...

∆uj(m − 1)













+













ŷ
j
mod

(0)

ŷ
j
mod

(0)
...

ŷ
j
mod

(0)













, (8)

dum 6 η1�,k














































































∆uj(0) = ∆uj(1) = · · · =

∆uj(m − 1) = 0,

ŷ
j
mod

(0) = ŷ
j
mod

(1) = · · · =

ŷ
j
mod

(η2) = Jiŷ
i
mod(T̄

i) =

Ji[s
i
Ni

ui(k − Ni + η1)+

η1
∑

j=η1−m+1

si
j∆ui(k − j + η1)+

Ni−1
∑

j=η1

si
j∆ui(k − j + η1)].

(9)

Ù¥JiL«XÚdfXÚi���j��ÑÑ=£

Xê.ò(7)(9)(10)Ü¿,¿\\�"���!,�:

Ŷ i(k + 1) = S
ij
f

∆U i(k) + Sij
p ∆U i(k − 1) +

si
Ni

Uold + H(y(k) − Ŷ i(k)), (10)

Ù¥:

Sij
p =





























si
2 si

3 · · · si
Ni−3

si
Ni−2

si
Ni−1

si
3 si

2 · · · si
Ni−2

si
Ni−1

0
...

... · · ·
...

... 0

si
p+1 · · · si

Ni−1
0 · · · 0

si
p+1 · · · si

Ni−1
0 · · · 0

...
...

...
...

...
...

si
p+1 · · · si

Ni−1
0 · · · 0





























;
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S
ij
f

=













































si
1 0 · · · 0

si
2 si

1

...
...

...
... 0

si
m si

m−1 · · · si
1

si
m+1 si

m · · · si
2

...
...

...
...

si
η1

si
η1−1 · · · si

η1−m+1

si
η1

si
η1−1 · · · si

η1−m+1

...
...

...
...

si
η1

si
η1−1 · · · si

η1−m+1













































.

3Ø�ÄØ�ª�å^�e,�±O�Ñ��

Oþ∆U i(k).

∆U i(k) = (Sij
f

T
QS

ij
f

+ R)
−1

S
ij
f

T
Q[Yr(k +

1) − Sij
p ∆U i(k − 1) − si

Ni
Uold −

H(y(k) − Ŷ i(k))]. (11)

éuþãäkØ�ª�å��¹, ��Oþ

∆U i(k)�¦)Óþ,�±/Ï�5½�g�55

yEâ��ê�).

-U i(0) = 0,k

U i(k) = U i(k − 1) + ∆U i(k).

�ui(k) = [1 0 · · · 0]U i(k),K��
��XÚ

?ufXÚi���Ú�m 6 η1�, 3[T̄ i
− p +

1, T̄ i]����Æ.

e��Ú�m > η1, @o��Oþ�^3

[k, T̄ i]Ú[T̄ i + 1, k + p]SÑ�3. -η3 = m − η1,

η3L«��Oþ�^3[T̄ i + 1, k + p]S�Ú�ê.

Ón,Uþãm 6 η1��í�,�©�ª��:

∆U i(k) = (Sij
f

T
QS

ij
f

+ R)
−1

S
ij
f

T
Q[Yr(k + 1) −

Sij
p ∆U i(k − 1) − si

Ni
Uold −

H(y(k) − Ŷ i(k))], (12)

ùp:

Sij
p =





























si
2 si

3 · · · si
Ni−3

si
Ni−2

si
Ni−1

si
3 si

2 · · · si
Ni−2

si
Ni−1

0
...

... · · ·
...

... 0

si
η1+1 · · · si

Ni−1 0 · · · 0

Jis
i
η1+1 · · · si

Ni−1
0 · · · 0

...
...

...
...

...
...

Jis
i
η1+1 · · · si

Ni−1
0 · · · 0





























;

S
ij
f

=



















































si
1 0 · · · 0 0 0 · · · 0

si
2 si

1 0
...

...
...

... 0
...

...
... 0

...
...

... 0

si
η1

si
η1−1 · · · si

1 0 · · · · · · 0

Jis
i
η1

Jis
i
η1−1 · · · Jis

i
1 s

j
1 0 · · · 0

Jis
i
η1

Jis
i
η1−1 · · · Jis

i
1 s

j
2 s

j
1 0

...
...

...
...

...
...

...
...

...

Jis
i
η1

Jis
i
η1−1 · · · Jis

i
1 s

j
η3

s
j
η3−1 · · · s

j
1

Jis
i
η1

Jis
i
η1−1 · · · Jis

i
1 s

j
η3+1 s

j
η3

· · · s
j
2

...
...

...
...

...
...

...
...

Jis
i
η1

Jis
i
η1−1 · · · Jis

i
1 s

j
η2

s
j
η2−1 · · · s

j
p−m+1



















































,

-U i(0) = 0, kU i(k) = U i(k − 1) + ∆U i(k).

�ui(k) = [1 0 · · · 0]U i(k), K��
��XÚ

fXÚi���Ú�m > η1�, 3[T̄ i
− p + 1, T̄ i]

����Æ.

òþã�«�¹��m�Ú��Æ�Üå5,

Ò����XÚ?ufXÚi�3Ù��73�

m�[1, T̄ i]þ���Ä�Ý
��Æ.dc¡�Ñ

�(Ø:���5XÚ�±w�d��fXÚ3

Ù73�mþüÕ�^�8Ü.Ïd,ò��fX

Ú3Ù73�mþ��ÆÜ¿å5Ò�Ñ
��

�5XÚ3���m�þ���Ä�Ý
��Æ.

4 ¢¢¢~~~ïïïÄÄÄ(Case studies)

±TEL§�.¥í�©lìe´6þ�í�

©lì� �¤�� ��XÚ���é�.�

í�©lì� ���é�,í�©lìe´6

þ�ö�Cþ,�¦�OÑ�«� 6þ��ì,

¦�� U
½3�½Ï"�.

ÏL*	uy, �©lì� ?u�$Y²

10%∼ 20%!�~ó�Y²20%∼ 80%!pY²

80%∼ 90%�, ©lì� �©lìe´6þm

�A53��«mS�Ø�Ó.²LE£,�Ñ©

lì� �©lì.6þ�m÷vXe'X:

�� ?u10%∼ 20%�,
L(s)

Q(s)
=

0.78675

28.073s + 1
. (13)

�� ?u20%∼ 80%�,
L(s)

Q(s)
=

2.1841

225.3s + 1
e−2.4313s. (14)

�� ?u80%∼ 90%�,
L(s)

Q(s)
=

3.5738

26.749s + 1
. (15)
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� �½��50%¿\\D(Z6, 3t = 5 s

Út = 10 s�,\\���^, Ù� ���X

ã1¤«.

ã 1 G?PID� ���

Fig. 1 Level profiles of cascade PID control

dþã��, G?PID��3XÚvu)�
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^,�ýÿÚ��p = 10,��Ú��m = 5,Kí

�©l©� ����Ú��ìÑÑ�©O

Xã2!ã3¤«.

ÏLã2Úã3é',��æ^SDMC��ì�

3XÚÑy��c�ÑU'�Ð��lþ�½�,

�äk�A�Ý¯,|Z65r�A:.

ã 2 SDMC� ���

Fig. 2 Level profiles of SDMC loop

ã 3 SDMC��ì�ÑÑ�

Fig. 3 Controller output profiles of SDMC

5 (((ååå���(Conclusions)
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½
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NNN¹¹¹ A(Appendix A)
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