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Distributed predictive control method with zone control for
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Abstract: Because the controllability of insensitive system with bipartite graph network structure is very poor, we
propose a distributed model predictive control (DMPC) method with zone control. Firstly, the optimal controllability
structure of DMPC is designed using a branch and bound algorithm. Then, the DMPC is combined with zone control to
improve the dynamic performance index of control system. Finally, the control mode (precise control or zone control) of
each loop is selected according to the correlation degree between the loops. The simulation results show that the settling
time of distributed model predictive controller with zone control is significantly shorter than that of distributed model
predictive controller without zone control. The number of intelligent agents being precisely controlled becomes greater
than that before selecting the control mode of the loop. It is demonstrated that the distributed predictive control method
with zone control improves the fault tolerance of control system, and the optimal combination between precise control and
zone control can be determined through the analysis of the controllability and relevance. The control performance indices
can be achieved rapidly and precisely.
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1 ÚÚÚóóó(Introduction)
3�äEâuÐ�íÄe,Äu�ä²���5
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Ú�',U
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U
��B��`(Nash optimality)). ©z[5–8]æ
^Äu�Û5U�I���ì,U
�N�fXÚ�
m�`z�I,��XÚ��N5U�`,�XÚ)
Âñ�,U
��ø\÷�`(Perato optimality)).

XÚ���U�5(controllability)´��nØ¥
���Ø%Vg,éu8¥ª��XÚ�U�5ïÄ
®²'�¤Ù,�´,éu�ä�¸eXÚ�U�5
ïÄ�k��õ[9]. l20­V70c�m©,k�
Æ
ölãØ�*:5ïÄk��äþ��5�ØCÄ

åXÚ�(�U�5(structural controllability)[10–11].
2011c,©z[12]JÑ
��Ñ\½n(minimum in-
put theorem)^±ïÄ?¿k��ä�U�5. ±þï
ÄÑ´�é^G��§£ã�XÚ,éu^D4¼ê
£ã��NXÚÑ\–ÑÑA5�XÚ,��XÚ­
½,ÑÑCþÒU�,�´,éuØ¯aXÚ5`,�
`XÚ´U��,�´,��5'��,���ÑÑC
zI����Ñ\�d,��XÚ�Ä�5U�I'
��.

�©Ì�?ØXÛJp�©ã�ä(�e�Ø¯

aXÚ�Ä�5U,©z[13]�Ñ3�±N�5��
¹eXÛJpXÚ��N5U´©Ùª�����

J:¯K.�©Äu©|½.{5�O©Ùª��ì
�(�,ÏL©ÛXÚ���5Ú'é5,|^«�
��¢y¯�O(�©Ùª��.

2 ������XXXÚÚÚ���������555©©©ÛÛÛ (Controllability
analysis of control systems)
e¡0�|^ÛÉ�©)Eâ5©Û�5�ØC

XÚ(linear time invariant, LTI)���5. �G�õÑ

\õÑÑXÚ��.OÃÝ
, ∆⇀
u, ∆⇀

y©O�Ñ\

ÑÑ�­�CzOþ,K

∆⇀
y = G∆⇀

u. (1)

XJÑÑk∂
⇀
y�Cz,KÑ\I�k∂

⇀
u�Cz,

=

∆⇀
y + ∂

⇀
y = G(∆⇀

u + ∂
⇀
u). (2)

Ï�∂
⇀
u = G−1∂

⇀
y ,¤±

‖∂⇀
u‖ 6 ‖G−1‖ · ‖∂⇀

y‖, (3)

Ù¥‖G−1‖�ýéØ���Ïf.

qÏ�‖∆⇀
y‖ = ‖G∆⇀

u‖ 6 ‖G‖ · ‖∆⇀
u‖,¤±

‖∂⇀
u‖

‖∆⇀
u‖ 6 ‖G‖ · ‖G−1‖ · ‖∂

⇀
y‖

‖∆⇀
y‖ , (4)

‖G‖ · ‖G−1‖���Ø���Ïf,¡�G�^�ê,
P�cond(G),d���,XÚ�Ø¯a,��5��.

2–�êe�^�ê�

cond(G) =
√

λmax(GTG)/λmin(GTG). (5)

AO/,eG��K
,K

cond(G) =
max |λ|
min |λ| . (6)

^�ê´�AXÚ��5�Ì�ïþ�I,�^
�ê'���,¿�X���ÑÑCzI�GÑé�
�Ñ\�d,�©rù«^�ê'���XÚ¡�
/Ø¯aXÚ0,XÛâUJpØ¯aXÚ���5
´��'�E,�XÚó§¯K.

3 ©©©ÙÙÙªªª���...ýýýÿÿÿ������(Distributed model
predictive control)
du©Ùª��ìäkér�(¹5ÚN�5,

'�·Ü?n�ä�¸e�©ÙªXÚ,e¡ò{�
0�©Ùª�.ýÿ���{.

r�©ã�ä(�e�z����ì(fXÚ)w
�����UN,z��UNU
�éÕá/?1Û
Ü��,§�ÏL�ä*dpë,��]
,�pÏ&,
�Ó�¤��XÚ�?Ö.b���XÚ�1��±
w�´dN��UN�Ó�^�(J, P�ýÿ��,
M�����,��XÚ�ýÿÑÑ�.�L«
�[14–15]

YPM(k) = YP0(k) + A∆uM(k). (7)

3k��XÚ�5U�I�

min
∆uM (k)

J =‖ω(k)−YPM(k)‖Q+‖∆uM(k)‖R, (8)

Ù¥:

ω(k) = [ω1(k) · · · ωN(k)] ,
YPM(k) = [ỹ1,PM(k) · · · ỹN,PM(k)]T ,

ỹi,PM(k) =




ỹi(k + 1|k)
...

ỹi(k + P |k)


 ,

YP0(k) = [ỹ1,P0(k) · · · ỹN,P0(k)]T ,

ỹi,P0(k) =




ỹi,0(k + 1|k)
...

ỹi,0(k + P |k)


 ,

∆uM(k) = [∆u1,M(k) · · · ∆uN,M(k)]T,

∆ui,M(k) = [∆ui(k) · · · ∆ui(k + M − 1)]T ,

A =




A11 · · · A1N

...
...

AN1 · · · ANN


 ,

Aij =




aij(1) · · · 0
...

...
aij(M) · · · aij(1)

...
...

aij(P ) · · · aij(P −M + 1)




,
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Q =




Q1 0 · · · 0
0 Q2 · · · 0
...

...
...

0 0 · · · QN




,

Qi =




qi(1) 0 · · · 0
0 qi(2) · · · 0
...

...
...

0 0 · · · qi(P )




,

R =




R1 0 · · · 0
0 R2 · · · 0
...

...
...

0 0 · · · RN




,

Rj =




rj(1) 0 · · · 0
0 rj(1) · · · 0
...

...
...

0 0 · · · rj(M)




,

i = 1, · · · , N, j = 1, · · · , N.

yéN��UN?1©),K1i��UN�5U

�I�

min
∆ui,M

Ji = ‖ωi(k)− ỹi,PM(k)‖Qi
+ ‖∆ui,M(k)‖Ri

.

(9)

�âª( 9)�B��`�{

Ji(∆u∗1,M(k), · · · , ∆u∗i,M(k), · · · ,∆u∗N,M(k)) 6
Ji(∆u∗1,M(k), · · · , ∆ui,M(k), · · · ,∆u∗N,M(k)).

(10)

3k��,�UNi31lgS�¥��`)�

∆ul+1
i,M(k) = Dii [ωi(k)− ỹi,P0(k)−

N∑
j=1,j 6=i

Aij∆ul
i,M(k)], (11)

Ù¥Dii = (AT
iiQiAii + Ri)−1AT

iiQi.

ÏLS�¦),�ä¤k��UN�ý�S�Â
ñ^�ª( 12)´Ä÷v

‖∆ul+1
i,M(k)−∆ul+1

i,M(k)‖ 6 δi, i = 1, · · · , N, (12)

Ù¥δi�S�Âñ�°Ý.

þã�{�©Ùªýÿ���S�Âñ�{,ù
«�{I�fXÚ�mª��ÏÕ,`:´äk�p
�(¹5ÚN�5,":´éÏÕ�¢�5ÚS�5
�¦'�p.

XJS��{´Âñ�,Kk����©Ùª��

XÚ��`)���

∆u∗M(k) = (I −DE)−1D1[ωi(k)− ỹi,P0(k)], (13)

Ù¥:

DE = D0 · E,

D0 =




0 −D11A12 · · · −D11A1N

−D22A21 0 · · · −D22A2N

...
...

...
−DNNAN1 · · · · · · 0




,

D1 =




D11 0 · · · 0
0 D22 · · · 0
...

...
...

0 0 · · · DNN




,

E =




0 e12 · · · e1N

e21 0 · · · e2N

...
...

...
eN1 eN2 · · · 0




,

eij = 0½eij = 1L«ÏÕkÃë�.

4 ©©©ÙÙÙªªª������XXXÚÚÚ���������555(((������OOO(The
controllability structural design of distributed
control systems)
éu��®��©Ùª��XÚ,XÛÀJDiiò

û½��XÚ���5,cÙ´éu^�ê'���
Ø¯aXÚ,ò��K���XÚ�Ä�5U�I.
�©ÄuéXÚ��5��Ä,æ^©|½.{5�
O©Ùª��XÚ�(�.

�
U¦�UN�m�'é5lXÚ��Ý©Û

�f,I�éÑ\!ÑÑCþ?1��,
éu­�X
Ú�Cþ�é�{,�Í¶!A^�õ�´1966cBri-
stolJÑ��éOÃÝ
(relative gain array, RGA)[16].

b���XÚ�m�OÃÝ
�

G =




k11 · · · k1N

...
...

kN1 · · · kNN


 . (14)

O�G��éOÃÝ


GRGA =




λ11 · · · λ1N

...
...

λN1 · · · λNN


 , (15)

Ù¥λij =
(
∂yi

∂uj

)u

(
∂yi

∂uj

)y

. (
∂yi

∂uj

)uL«ØÑ\uj±	Ù§

Ñ\uÑ�±ð½,=Ù§£´Ñ�m��, uj → yi

Ï��OÃ; (
∂yi

∂uj

)yL«ØÑÑyi±	Ù§ÑÑyÑ

�±ð½,=Ù§£´Ñ�4��, uj → yiÏ��O

Ã.
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�éOÃ�1�,L«XÚ�1j�Ñ\�1i�Ñ

Ñ|¤���£´�Ù¦��£´�'é�0,��
C1éXÚ�©Ñ���k|,�©�
Uþz��
XÚ�'é5,æ^Λ = |GRGA − IN |,Ù¥:

IN =




1 · · · 1
...

...
1 · · · 1




N×N

, Λ =




⇀

λ11 · · · ⇀

λ1N

...
...

⇀

λN1 · · ·
⇀

λNN


 .

�λp,m�Kê�,
⇀

λp,m = ∞.

®�y1, y2, · · · , yN�u1, u2, · · · , uN�p|Ü¤

/¤£´�'é5Xe¤«:

Λ =

y1

...
yN




⇀

λ11 · · ·
⇀

λ1N

...
...

⇀

λN1 · · ·
⇀

λNN




u1 · · · uN

. (16)

e¡|^©|½.{l�éOÃÝ
¥ÀJ�Z

��,�yz�ÑÑéA��Ñ\,O�Ú½Xe:

ÚÚÚ½½½ 1 �Ñ\u1�ÑÑy1|¤��£´,3
Λ¥�K111Ú11�����Ý
�

y2

...
yN




⇀

λ22 · · ·
⇀

λ2N

...
...

⇀

λN2 · · ·
⇀

λNN




u2 · · · uN

. (17)

üØKÑÑy1�Ñ\u1�,©OÏé�u2, · · · ,

uN�éA�ÑÑ,�¦�éOÃ��,�±L«�(
y1, yi, · · · , yk

)
Rsum(u1→y1)

,

Rsum(u1 → y1)�£´u1 → y1(½±�����é

OÃ�Ú,O�6§Xã1¤«.

ã 1 Ú½1�O�6§

Fig. 1 The calculation process of Step 1

ÚÚÚ½½½ 2 �Ñ\u1�ÑÑy2|¤��£´,3Λ

¥�K121Ú11�����Ý
�

y1

y3

...
yN




⇀

λ12

⇀

λ13 · · ·
⇀

λ1N
⇀

λ32

⇀

λ33 · · ·
⇀

λ3N

...
...

...
...

⇀

λN2

⇀

λN3 · · ·
⇀

λNN




u2 u3 · · · uN

. (18)

üØKÑÑy2�Ñ\u1�©OÏé�u2, · · · , uN

éA�ÑÑ,�¦�éOÃ��,L«�
(
y2, yi, · · · , yk

)
Rsum(u1→y2)

,

Rsum(u1 → y2)�£´u1 → y2(½±�����é

OÃ�Ú,O�6§Xã2¤«.

ã 2 Ú½2�O�6§

Fig. 2 The calculation process of Step 2

ÚÚÚ½½½ 3 �gaí,©O�ÞÑ\u1ÑÑyi(i =
3, · · · , N)|¤��£´^�e��`��Rsum(u1

→ y3), · · · , Rsum(u1 → yN).

ÚÚÚ½½½ 4 ÀJ3þãN��`��¥����

ä{?�ÚÏ`.

min{Rsum(u1 → y1), · · · , Rsum(u1 → yN)}. (19)

ÚÚÚ½½½ 5 3ÀJ���ä{þUYÏ`,L«�

(yi, yj, · · · , yk)
Rsum(u1→y1,u2→y2)

,

Rsum(u1 → y1, u2 → y2)�(½
Ñ\u1Úu2�¹

e����éOÃ�Ú.b�£´u1 → y1�ä{�

�,KUYb�u2 → y2|¤£´,üØK£´u1 →
y1�u2 → y2�©OÏé�u3, · · · , uNéA�ÑÑ,
�¦�éOÃ��,O�6§Xã3¤«. �gaí,
©O�ÞÑ\u2�ÑÑyi, i = 3, · · · , N|¤��£
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´^�e��`��Rsum(u1 → y1, u2 → y2), · · · ,

Rsum(u1 → y1, u2 → yN).

ã 3 Ú½5�O�6§

Fig. 3 The calculation process of Step 5

ÚÚÚ½½½ 6 ÀJÚ½5¥�N − 1��`���Ú
½4¥�Rsum(u1 → y2), · · ·, Rsum(u1 → yN)?1'
�,ÀJ���ä{?�ÚÏ`.

min{Rsum(u1 → y1, u2 → y2), · · · ,

Rsum(u1 → y1, u2 → yN),

Rsum(u1 → y2), · · · , Rsum(u1 → yN)}. (20)

ÚÚÚ½½½ 7 ­EÚ½5–6,��¤kÑ\Ñk��
���ÑÑ,¿�3"à�Ï`L§¥�¦Ñ\�Ñ
Ñ´��éA�,Ï`(å. d��(J�Ñ\!ÑÑ
��Z��.

5 ØØØ ¯̄̄aaaXXXÚÚÚ���«««���������(Zone control of
insensitive system )
«���3,«§Ýþ´O\
XÚ�gdÝ,

k|uJpXÚ�Ä����¬�[17]. éu��5'
���Ø¯aXÚ,Ï~æ^«�����ª3��
Cþ#N�«�����S�ï��,��Jp��
XÚÄ�5U�I�8�. ù���,`�ï
TC
þ�°(��,¿Ø´¿�X���ïé§���,
Ï�����6Ä��TÑÑCþ�Ñ
«���

«m,�´�?17����,r§.£�«���
«m5.

b��UNi�«���«m�[yi,low, yi,up]T,
3k���UNi�«����{

Qi = 0, yi,low 6 yi(k) 6 yi,up,

Qi = Qi, yi(k) > yi,up or yi(k) 6 yi,low,
(21)

�´,¿Ø´<Ú/ò¤k��Cþ���°ÝÑü
$,
´�kÀJ/�ï,
�UN�°(��
¢
y����XÚ��`5.

b�km��UNæ^�´«���, p��UN

æ^�´°(��,K

m + p = N. (22)

3Ø�Äó²�¦��¹e,XÛÀJæ^«�
����UNAUXe5Kö�: 1) `k�Äæ^«
�����UN�ê8��; 2) üØKm�æ^«�

����UN�,æ^°(���p��UN|¤�

fXÚ�^�êAÎÜ��5�¦; 3) 3�y��5
�¦÷v�^�e,æ^«�����UN�Ù¦�
UN�'é§Ý���Ð.

éuAÏ�¹e,¢S)�ó²�¦,
���
Cþ7L��°(��,ù�ATÄk�­ó²�¦,
d«�¹Ø3�©�?Ø��S.

éu«���5`,¢�Ò´3«���«mS
�ï��,3á�mS4XÚ��­�ó�:,�´,
k�«���«m���´ÄÜnòK�­�ó�

:�ïá,?
O\N!�m. �©JÑ
�«gÄ
N�«���«m�Å�,^5ü$d«�¹¤�5
�K�.b��UNi�ó§þ!e��[yi,eng low,

yi,eng up]T,Äk�ä3k��°(��e�ui(k)´Ä
®²­½,�;�Ï��ì�^
���XÚ��,
�Ä{¤Ø��K�,½ÂÑ\i3k����ÝLS

�\OØ��¤�iÿ¼ê�[18]

Ji,e(k) = γe2
i (k) + η

L∑
j=1

ρje2
i (k − j), (23)

Ù¥: ei(k) = ui(k)− ui(k − 1), i = 1, 2, · · · , N�

1i�Ñ\3k���Ñ\Ø�; γÚη©O��c��

ÚL����Ø��­; ρ�L����Ø�¢#Ï

f; L�L���Ø���Ý.

XJþã^�÷v,K|^­�ýÿ�§ýÿ�
5�­�ÑÑ

Ŷs(k) = Y0 + GUs(k), (24)

Ù¥: Ŷs(k) = [ŷ1,s(∞|k) · · · ŷN,s(∞|k)]T�k��

ýÿ�­�ÑÑ�, Y0 = [y1,0(0) · · · yN,0(0)]T�
ÑÑCþ�­�Ð�,

Us(k)=[u1 s(k) · · · uN,s(k)]T

�k���­�Ñ\�,

ui,s(k) =
k∑

j=1

∆ui(j), i = 1, · · · , N.

æ^«����ÑÑCþ�«���«mUXe

5K?1��

If yi,eng low 6 ŷi,s(∞|k) 6 yi,eng up,Then

If ŷi,s(∞|k)6yi,low, Then yi,low = ŷi,s(∞|k)−ε

If ŷi,s(∞|k)>yi,up, Then yi,up = ŷi,s(∞|k)+ε

End

Ù¥ε��K�~ê.
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6 ���ýýý���yyy(Simulations)
b��ä��XÚ�3 6�!:,Ù¥ 3�!:

(u1, u2, u3)�Ñ\Cþ, 3�!:(y1, y2, y3)�ÑÑC
þ,k�ãXã4¤«

ã 4 6!:�k�ã

Fig. 4 The directed graph of 6 nodes

Ñ\!ÑÑCþm÷vXeÄ�A5


∆y1(s)
∆y2(s)
∆y3(s)


 = GU(s) ·




∆u1(s)
∆u2(s)
∆u3(s)


 , (25)

GU(s) =




4e−27s

50s + 1
1.63e−28s

60s + 1
5.74e−27s

50s + 1

5.49e−18s

50s + 1
5.34e−14s

60s + 1
7.25e−15s

40s + 1

3.66e−20s

33s + 1
1.73e−22s

44s + 1
5.49

19s + 1




.

(26)

­�OÃÝ
�

G =




4 1.63 5.74
5.49 5.34 7.25
3.66 1.73 5.49


 . (27)

^�êcond(G) = 121.58���5'���Ø
¯aXÚ.�éOÃÝ
�

GRGA =




18.8896 −1.6544 −16.2352
1.5170 1.4306 −1.9476
−19.4066 1.2238 19.1828


 . (28)

C���

Λ =




17.8896 ∞ ∞
0.5170 0.4306 ∞
∞ 0.2238 18.1828


 . (29)

|^©|½.{?1�Z��,|¢L§Xã5¤
«,�é(J�: u1 → y1, u2 → y2, u3 → y3. �ω(k)
= [1 1 1]T,ÑÑy1, y2, y3�ó§þ!e�Ó�[0.8,

1.2]T�,æ^©Ùªýÿ�{?1°(��,�ý(
JXã6¤«.

lã6��ý(J�±wÑk = 2841 s±�,��
��XÚâ­½e5,Ñ\!ÑÑ�­�ó�:©O
�[−0.2924 − 0.0413 0.3901]TÚ[1 1 1]T,N!�
m�~�. ,	,396 s�,ÑÑØ�®²Âñ30.2%
±S
,��ì��%^
2745 s�N�0.2%�Ø�.
Ñ\32745 sSUC
0.3791, 0.0734, 0.2181,ÑÑ
�UC
0.0009, 0.0012, 0.0001.

ã 5 �Z���|¢ä

Fig. 5 The search tree of optimal match algorithm

ã 6 æ^°(���Ñ\!ÑÑCþ��ý­�

Fig. 6 Curves of inputs and outputs using accurate control

��dXÚ���5é�,e¡æ^©Ùª«�
ýÿ��,ò¤k�ÑÑ��3«m[0.9, 1.1]T

S,Âñ°Ý��0.1,�ý(JXã7¤«.
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ã 7 Âñ°Ý�0.1�æ^«�����ý­�

Fig. 7 Curves of inputs and outputs using the zone control

when convergence precision is equal to 0.1

dã7��,N!�m á�1182 s,�m á

58.39%. �´, 3�ÑÑÑ�3Ø�,©O�[0.005,

0.093, 0.0113]T. ��«���´ã+°Ý�N!�
m��«ò¥�{. �Âñ°Ý��0.2�,��XÚ
��ý(JXã8¤«.

ã 8 Âñ°Ý�0.2�æ^«�����ý­�
Fig. 8 Curves of inputs and outputs using zone control

when convergence precision is equal to 0.2

dã8��,N!�m�414 s, á
85.43%,ü
$Âñ°ÝU
å��½�N��J,�´,XJU
Yü$Âñ°Ý,�U���{ØÂñ. ¤±,I�À
J��'�Ü·�Âñ°Ý.�´,ù«ü$¤kÑ
ÑCþ�°Ý����ª¿Ø´�Ün�,ùÒ´�
©¤�?Ø�,k�ü$1�ÑÑ�°Ý,Ò�U¦X
Ú�Ä�5Uké��Uõ. e¡�â15!¤JÑ
�3^�K?1©Û,k�Äk1��UNæ^«��
���/,�±©3«�¹:

���¹¹¹ 1 �ÑÑy1æ^«���,ÑÑy2, y3æ^

°(��,æ^°(���fXÚ�^�ê�6.6586,
��5'�r. £´u1 → y1��éOÃ�18.8896,
'�N´ÉÙ§�UN�K�.

���¹¹¹ 2 �ÑÑy2æ^«���,ÑÑy1, y3æ^

°(��,æ^°(��fXÚ�^�ê�97.1769,
��5'��. £´u2 → y2��éOÃ�1.4306,Ø
�ÉÙ§�UN�K�.

���¹¹¹ 3 �ÑÑy3æ^«���,ÑÑy1, y2æ^

°(��,æ^°(���fXÚ�^�ê�6.0643,
��5'�r. £´u3 → y3��éOÃ�19.1828,
'�N´ÉÙ§�UN�K�.

ÏL±þ©Û,���¹2Ï^�ê��,=¦æ
^«���,XÚ���5�,é�,¿Ø��;�
¹1Ú�¹3����5Ñ'�r,�¹1���5�
'�¹3��:,�´�°(���fXÚÍÜ5�
��:,Ñ�±æ^. �ý(JXã9–12¤«.

ã 9 �¹1�Ø�gÄN�þe��«�����ý­�
Fig. 9 Simulation results of zone control without the

automatically adjust the limits in Case 1

ã 10 �¹1��gÄN�þe��«�����ý­�
Fig. 10 Simulation results of zone control with the

automatically adjust the limits in Case 1
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ã 11 �¹2�«�����ý­�

Fig. 11 Simulation results of zone control in Case 2

ã 12 �¹3�«�����ý­�

Fig. 12 Simulation results of zone control in Case 3

lã9�±wÑÑÑÉ��å^����?1

2gN�,K�
N!�m,3�{�1L§¥,�
â�©15!0��gÄN�Å�é«���«m?
1N�,ýÿ���­�ÑÑ��[1.1096 0.9991
1.0014]T,b�ε = 0.01,Ky1�«���«mN�

�[0.9 1.1196]T,K��XÚ�Ñ\ÑÑ­�Xã10
¤«.

dã10��N!�m�483,ÑÑ�­�ó�:©
O�[0.2056 − 0.15 0.0926]TÚ[1.11 1 1]T,N!
�m á
83%,�3�ÑÑCþÓ�æ^«���
�',N!�mO\
2.43%,�´,�y
2�ÑÑ
U
��°(��.

lã11�±wÑ,��XÚ�5U�I'�Üæ

^«����5U�I��,y²
15!¤J5K
�Ün5.

Xã12¤«, 468 s�XÚ��­�,Ñ\!ÑÑ
�­�ó�:©O�[0.1486 − 0.1 0.099]TÚ[1 1
0.9133]T,N!�m á
83.53%,�3�ÑÑCþÓ
�æ^«����',N!�mO\
1.9%,�´,�
y
2�ÑÑU
��°(��.

7 (((ØØØ(Conclusions)
^�ê�±^5ïþ��XÚ���5,éu�

�5'���Ø¯aXÚ,�±ÏLü$��°Ý�
«����{¢y�¯�N!�m,ù´�«ã+°
Ý�Ä�5U��ª. �´,XÛ�N«����°
(���m�²ï´��XÚó§¯K,�©Äu©
|½.{�O©Ùª��XÚ�(�,ÏLé��5
Ú'é5�nÜ©Û,±¦þ��«���¢yXÚ
�NÄ�5U��`.
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