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Abstract − An atmospheric distillation unit is an energy intensive process, which requires an advanced controller to maintain

the optimal operating conditions. To investigate the feasibility for the replacement of conventional controllers, PIDs, with advanced con-

trollers and to estimate the dynamic responses of the process, the simulation of the model predictive control (MPC) structures

for the 65,000 BPSD atmospheric distillation unit was attempted. The performances of the MPC were compared with those of
proportional-integral-derivative control. The controlled variables were the flow rates of products such as heavy naphtha, ker-

osene, light gas oil and heavy gas oil. The transfer functions were calculated from the dynamic simulation based the steady-

state simulation of the process. In comparison with the conventional controller, we obtained more stable response from the

MPC algorithm for the control of the atmospheric distillation unit. It was also shown that the MPC had very small offsets for

the both of servo and the regulator problems.
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�� ��� !Pu
 9	� ����, 1940�aF� ��� @� U

= �=(PID) !Pu� �	U�
 �> ��/, EuUV PID !Pu

� 1950�aF ����.[1]. �� �	F� E� !P U
� 50�a

�|F& 60�a �|F M�
 %�P�.. MN E� u�� ���

��!P� ��� !P� MU !P� ���� ��.. FGH  u,

� b ¡! T¢ '>/ ZT _! �� £
D �� !P� E¤L

)¥�� ��/, MPC� %�b )¥F ab ?c]¦�
 §¨��

��.. MPC© ª«� f��� !Pl¬� ]��
 V�� ­��

�®, {|U�
 ¯#°1� !P°1 �%� ��IsL %
�� .

±b !P²UL ³´"µ� MU� !P§oL f��� !P ¶/>

·L ¸b..

MPC� FGH  u ¹º, ¡! T¢o »�, ¨¼b ½¾¿ u� �

E �� �d% ��o% �P 80�a �e¿ À� Q U
% Á���

%�P�.. %� 50-60�aF MU ��!PF ab 3� %g% xÂ

�x ½¾¿ �ÃÄP� �Å�
 ¨�F U
�H Æ���x, 60�a

¸ Kalman[2]% f�ÇL M5�b 1�U ?lL !"�/ 70-80�a

� Cutler� Ramaker[3]� ' %gL È
�� ³É DMC(dynamic matrix

control)� Ê! ��F *�U�
 U
�� MPC u�L ¥¨��..

PID !Pu� ' ¦�UV !P J*�
 ����F 2P 1Ë � �¦

HÌUV !PEÍ�
 r>� ÎÏÂ�� Ð�
h IÉ !P�Ñ� 9

Òe=L AH0 ��
 �%x �� IsL u|�
 �H ÓÔ �Õb

!P� PÖ.� ×$L �H/ 2.. %F |�� MPC ¶/>·� a

9��� �� 8>/��UV l¬Y Ê DE r�F u�b 1�U I

sL u|�
 Ø�
Ù, ÚHÛP� a9��F ab %?� Ü�� 8

g PID ¶/>·�. �Õ�/ ¦�� !P ÈÝL ÞL 1 2.. Ji

.(°1 !PfF&� ��� F�� uß�
 �� !PEÍL 1à�

� PID áN ]��
 � °1â� 9ã#
L �Õi %?�u� Pv

,� BC& ³´0 ³b *�L Þ� ®F bf� �%/ 2.. äb "

âH�% -åx }ÈÝL �%� ×{°1 !PfF&h IsL u|�


 b áN]�% PID !PF @? æ�b *�L xçè/ 2..

PID !P]�F ab MPCf� Ma �$ (� �x� MU DE¯

éL êu b !ë¯é� e�� ²UØ1� hì ]�%.. %� T

!U�
 MUV DE¯é� !ë¯é� NjF& %�P�.� $[4]L

S¦b.X % �$% íî �Ò� ï 1 2.. %� ^% T!UV X

L /v0 1 2.� %�
 MPC ¶/>·� �	fF& ð¼ %
%

Á��� %�P���, �� /ñ!P ¶/>· (F& ò @(L A

H�� ��.. DMC� ¨< ����F& �
�� �� �> ¶v�

MPC ¶/>·�
 �	f� óß%.[5]. DMC� �� ò +o� �ô

UV �b f× ÈÝ Is, �b !P ¥âF ab 2A *� Ø1, M5

!õ `!F ab ?F �b MU ¯R ìo°1� %�F uVb.. 

p �¥F&� ¨< PID !Pu� �
�� 9	 �� (V 65,000

BPSD _I� 9� ����L a9�
 .( ì§o MPC !P "�

öL ¥*�� I�� ��.. FGH 5I� ò p ��F 2P T!

UV DEL  �� PID !Pu� aj0 ³b £
D !P EÍ% ÷

)��.. ����� �J*� "âH�F ��� ø
 HÌ�ù
 {

|UV PID !Pu
� ³´��D !P*�L ÞH Æ��, Pú ¤

:
É "âH� �9u� ûf�Pü 0 �%.. BC& MN .±b

��F U
[6-8]�� ý� cY� Þ/ 2� MPC ¶/>·L p ��

F U
�� !P ÈÝL I���/ u; !PuV PID !Pu� !

P*�Y @þ��.. MPC !Pu� hìF 2P& �� PÖ/ "â

% 3% ÿ>� ̀ !� ��L _ª�� ��
&, %�  ��� � ø

F ÿ� Ê! ��F °�� øP %F ab ÈÝL W��� �.[9].

äb ����� T, `�O[7, 10]� MPC� hì?& 'F ab !

P *�L ���� ®F �(�P 2.. BC& p �¥F&� Ê!�

9� ����F u;� PID !Pu� ak0 £
D MPC !P "�

öL hì�� ®F 2P& çÒ* ��� MPC� ¥¨��L T,F

t9�� �� �J*L ���� ®F ($L ��.. MPC� hì�

u EF ��� �J* Q !P J*L I�Ø�
Ù u;F "w 	[

U�
 ��
 �� �J* _ª "âL �{ 1 2�/ äb �. �

9� !Pf� !"� ����.. 

2. MPC ����

MPC© .( °1O(̄ #°1, !P°1, 
©°1) �%� ôf� 1

�U Is
 ¥*�� !ë¯é� ��� ���/, ¦�U%�, T!

U�
 MUV DE¯éL �H0 1 2h� !P�� ¶/>·%..

MPC� ø) JKL -� � �H
 =�0 1 2.. ��, IsL u

|�
 �/ 2P& �. �Õb �� 9:F ab tW% ���.. �

�, Ê ��DE " ÷1U�
 üu�� �� Q DE� !b¯éL 1

�U ¤:� !b¯é�
 Z�"µ/ !PEÍF �áU�
 |�"

� 1 2u �`F Ê!U�
 DE���� ¦�� ��¯éF& !

P� 1w0 1 2.. ��, Ê"â 1�U Ñ
'�� ulL �
�u

�`F ��¯é °�F ��i aÈ0 1 2��, �H~�
, ���

��L ��� |ºU�
  � �Ñ� MU  UL ÞL 1 2.. ä

b MPC� ��!P� �u PvD ��, !, "â H� Q }ÈÝ% 2

� ��, 9ã#
% 2� ��, ¦E �� %�
 !ë¯é% 2� �

�, |ºUV MU�� )¥�� �� �F " U
% �ù
 MNF O

P 3� ��F MPC� U
�/ 2� Ê�%.. MPC ¶/>·� f

� ×f� )ë�X .�Y ^..

Step 1: Initialization

¨< "â k=1F& u#5r $¿ � �u� �/ !P°1 ²ó

� $¿ R(1|0)L �u�b..

Step 2: Memory update

�� §o %� tWL  �� {�Ç� Yå ìo%% ¼���, �

(1)F xç& ]lF �? + "â |º�� ���..

(1)

Step 3: Reference vector update

uß %L ���/ £
D uß %L '�..

Step 4: Measurement intake

y(k)� ∆d(k)� W�b..

Step 5: Solve QP(quadratic problem)

%� f�� %OL �H/ QP subroutineL %
�� �U MU�

`!� ?� ¥b.. .�� M5� `!� ³´�h� ¯#°1� (

)b..

(2)

b� ìo% u(k+l|k), ìo%� °�Ç ∆u(k+l|k), §o% y(k+i|k) �

F a�� !ë¯éL e�0 1 2.. %O !ë¯éL ³´b 9:F

& ²UØ1� MU�� %�PH� �%.. %�b !ë¯éL e�0

Ŷ

Ŷ k 1–( ) MŶ k 1–( ) Su u∆ k 1–( ) Sd d∆ k 1–( ) Ŷ k( )→+ +→

min
u j|k( )∆

V k( ) r k i k+( ) y k i k+( )–( )T

i 1=

p

∑ Q r k i k+( ) y k i k+( )–( )=

+ uT∆ k l k+( )R u∆ k l k+( )
l 0=

m 1–

∑
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Step 6: Implementation of input

f�� ¯#°1 $¿� �*�% ∆u(k|k)L ��F U
b..

(3)

Step 7: Go back to step 2

"â% �wØF BC k=k+1%C/ û�b � 2×f
 +Ôâ..

MPC !Pu� ̄ ,� !P¥âY tW¥âL ()�� `!%.. -

. �Ñ ÈÝL ý� �/ `!�. // ¯, 0Y� Þu  ��, +

, -åx 1baF �2D tW¥âL �
b.. !P¥â mL ½¾

¿� bf èF& ��b Ma%L ()b � .� �F ��� tW¥

â p� �b..

p=m+n (4)

�u& n� f×ìoF ab §o%% {��� ��L �� "â ×

f� 1%.. %� .�Y ^� !ë¯éL eYb..

y(k+p|k)=0 (5)

-. �Ñf� ¦�*� tW¥â� ()F BC 3,�.. !P ¥â

� ()� ¦�*F -� ��L 4�H� Æb.. !P¥â% 5X �

. x� *�L ÞL 1 2H³ f� e�� 6H� �..

3. 	
 ��

3-1. ����

p �¥F& �
b ��� 65,000 BPSD� 9� �����
 ¡è

ÚHÛP7 8�� ûf�� ¨< �9ÔF& DE�/ 2� ��%..

9� ��:� � À� pumparound� � À� W� ;å��
 ¥*�

�, ��� 9� �F& ��U�
 ��Ø�
Ù T< xÑç(LN), (

< xÑç(HN), ��(kerosene), T< ���(LGO), (< ���(HGO),

=�8 �L ��b.. p ��F� :¼� >h� ë 316-360oC{ T

,  =?� {Pxu �`F <@u� û��H Ó/, ���   þZ

u?Y � u �L ��� @=b >h2H � b � :è
 hìb

.. %� ���  �� ÷)b A  Ç� hìE� � u� ��� Þ

� ��, 9aU�
 U� ±%u� �x, ;å�  b 1�u �L ��

� �ñ�uh b.[11, 12]. äb ����F 2P& B�C �}  �

=>×F&� èeU Z��  �� YD B�C� ÷)�� ��® {

|U�
 % ±� hì ��� ë 3-5 eE =,L xçè� �.[13].

�� ����F&� �� ��8O� Fig. 1F& �%� F� ^%

W� ;å��� ��� M� �*8
 =>��, %� ÷)F BC <

@ux ;å 1�u� ��� ÷)b  Ç% �ñ�.. W� ;å��


 OP�� ±� {e� 0,UV  81�  �� ���  þZL b

�, ." ��:�
 �èH�® %� pumparoundC b.. %� pump-

around� %�PH� 2-3À� ×� => ô$F&� G>�H³ ��:�

-u Q èe HI, '>/  81� ô$F&� �>�.[14-16].

Fig. 1� p �¥� a9 ��F ab ��h� xçè�.. ÈJu�

7b A ×1� 35×V ��:F (< xÑç ;å�� 4×, �� ;å

�� 2×, T< ��� ;å�� 2×, (< ��� ;å�� 2× � 4

À� W� ;å��� 4À� pumparound� �c�P 2.. ×1� *

ã�  F&e¿ Ô�� ]��
 ����, %� ��×� 33×, �K

øì×� 35×%.. (< xÑç ;å��F³ <@u� û��P 2�

� xLH W�� T, �KL �
�� ;åb.. p �¥F 2P /

vb ��� ÔC@Ô T<�
& API @(� 33.1%� 9Mb ���

DE ¯é� Table 1F xçè�..

��:� ��� =>�  �� �� NàU�
 #
�� {O� ×

% 1��
 �c�P 2./ /v0 1 2.. ��: è� DE ¯é

L ¦�U�
 �H�u  ? ÷1U�
 /v��ü 0 upUV V

r
� � �*8� �¸$(end point)Y ¯*� =>� O 1 2.. �

¸$� �*8� HIL !PØ�
Ù ¯R�/, ̄ *� =>� Z��

!PØ�
Ù ¯R�.. =>� �h� �*8 eEF ab P�$�

Q(V R P�$(true boiling point) Q(�
 :è >h� S � !

u k( ) u k 1–( ) u k k( )∆+=

Fig. 1. Process flow diagram of atmospheric distillation unit.

Table 1. Operating conditions

Feed
Temperature 
Pressure 

Condenser

[oC]
[kgf/cm2]

348
2.5

Temperature
Pressure

Reboiler

[oC]
[kgf /cm2]

38
 0.6

Temperature
Pressure
Flow rate

Product 

[oC]
[kgf /cm2]
[kmol/h]

156
1.2

238.7

HN
Kerosene
LGO
HGO

[kmol/h]
[kmol/h]
[kmol/h]
[kmol/h]

399.8
204.1
247.9
86.0
���� �40� �2� 2002� 4�
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bØ�
Ù �0 1 2.. ���� "�ö DE� T¹UV ²U� �

�L ��b b ¦�U%� T!U�
 MU� 9:F Ná"µ� �

V® %�  �� �� °1F ab !P� ÷)�.. 

��:� !PF 2P �� ð¼ /v�Pü 0 �� ��:% 8<

1H� �H�h� !P�Pü �� BC& p �¥F&� 8<1H�

�Õb !PF ' �$L UV�.. !, ��:% 8<1H� �H�h

� �*8 �Ç� 7� �WY �� �Ç� �W% �Õi {��h�

�#��ü �� %
 Vb �� HI� !P cY� ��:%x %


e¿ �ñ�� �  ��% �)�H Óh� eÃX/ $�U%Pü b

.. %F í�� ��ÇY 9e Q �e� ¼�Ç% Ma� M5 bf

�%� �H�h� �� �% ()�.. %�  b !P°1
 (< x

Ñç, ��, T< ��� Q (< ��� � 4À� �*8 �Ç�
 �

��/ ¯#°1� !P°1F -/ ��b ��L ø� � W� ;å

��� ��V (< xÑç, ��, T< ��� Q (< ���� W�

Ì§(HN_draw, Kerosene_draw, LGO_draw, HGO_draw)� �Ç�
 �

�� 4×4� .( �Ñ(MIMO) !Pf� ¥*��..

3-2. ����

p �¥� f� Y�� -� � ×f
 %�P�.. ,( ��F a

b �99: Q �U I� ×f� åY �, %
e¿ Þ� ��� Is

L %
�� !P "�öL ¥*�/ %F ab I�� w��.. ��

F ab I�� 9
 E� I�uV HYSYS[17]� %
�� {A
 �

99: I�� 1wb � %� FZ�
 �U I�� 1w��.. �U

I� Y�F& Þ� 
© Q û�% °�F B/ ��� �U ÈÝL

MPC ¶/>·F ÷)b �� Is
 %
��.. MPCF ab I��

MATLAB[18]L %
��.. MPC!P¥¯F 2P, !P°1� ¯#°

1� Ð RF &�� F� ^�� %F ab .( ì§o !Pf� ¥

¯� Fig. 1F xçè�.. 
©� �� °1 (F& !P°1F ��

��L 3% 4�� ��� �ÇY ��, T< ��� Q (< ���

� pumparound  Ç � 4À� û���.

�U I��  �� 
u� ��Ç, [\ -u, !Pu  � �� V

rOL /v�� �� IsL ¥*����, �= ]���
 ó¨��

%O IsL �° ×f -u Euler ]lL �
�� ]�.. .( ì§

o !Pf� T, °1 9ã#
F ab ?�� +, ()��, BC&

���H T,F a�� ��� ÈÝY � °1O �%� 9ã#
L

W���.. *=OF ab  }�U J*L f��u  �� Grayson-

Streed Is[19]L %
��.. ��:� �U å� f�� + "â ×

f�. 678� u^$ f�F u|L �/ 2.[17]. %� � �H �

�L �� ��®, ,( � ×F&� u9 ��Ç� 1"��, u9Y

_9�  U �¤F 2./ ��b.. äb _9� `Ei 67�� @

�J*%C/ ����, � ×� �o� ÈJu� �oY �?� �o

=^F ��� �?�./ ��b.. � ×� �oY _9� 8<
e

¿ u^$ f�F ��� � ×� >h� �¤9:� u9 ¯*L f�

�/ _9� >h� Ú;E� f�b.. äb Francis Weir ��
e¿

×L ax� _9� HIL f��/ %� ^� Y�L ' .� ×�


f��� |ºb.. u9� HI� b �×e¿ "#�� Ú;E 1H

F ��� f�b.. p �¥� ²U (� �x� MPC !PulL %


b !P "�öY u; PID !PfF ab *� @þ%ù
, ���

�U I�×fF& PID !P "�öL ¥*�/ %F ab ÈÝh f

��� MPC� ÈÝ J*Y @þ��.. PID !Pu� ¯,L  ��

ATV(auto tune variation) l[17]L �
��..

4. 
� � ��

��� J*L _ª�u  �� ¯#°1� 
©°1F f×°��

øP � !P°1� ÈÝL ¥��.. %�, � °1O �%� ôf�

"âH�% 2� {A Ø1
 N����.. Table 2F ¯#°1� !

P°1 �%� ôf� xçè�/, 
©°1� !P°1â� ôf�

Table 3F ��..

Fig. 2F&� 4À� 
© °1F ��� f× °�� ø�L T, MPC

¶/>·L U
b ÈÝ(̄ R `!: regulator problem)L xçè�..

%� !P ¥âY tW ¥â� �� 20Y 30%�, p �¥F& %� u

p%�
 û���/ cF ./ %OY @þb cY� xçè�.. 


©� ��� �ÇY ��, T< ��� Q (< ���� pumparound

�Ç%�.. �� �Ç Q : (â� Ì§ HI% �����ù
 ��,

T< ��� Q (< ���� �Ç� ���� TdL ��.. (< x

Ñç �Ç� T, j�F ëâ S5�.� d ���� ÈÝL ��..

%� (< xÑç� T, <@u� 2P %� FGH 1H
 V�� %

� ^� }ÈÝL �V ��
 ���.. � !P°1� ë 120= �F

�99:F h���.. 4À� !P°1 I� û�%Y� =��A

(offset)� �%H Óe..

Fig. 3� � !Pu� û�%% �"F f×°�� b � ." �u û

�%�
 +Ôf T,� ÈÝ(û�% VU ̀ !: servo problem)L xç

g �%.. (< xÑç, ��, T< ��� Q (< ���� �Ç �

!P°1F ab û�%� °�ÇL × °�
 Z��� ó"��..

!P°1� û�%% °�� �u� ¸u e=F& ëâ� A%� �

�H³ !PÈÝ% h> ¦��� =��A� ���H Óe.. äb

Ð� ¯R `!� T,F� �99: h�"â% [� ÿi.. %� 9

: tWu� DMC� �
��u �`V®, ./ !¦� tWu� %


b.X ¯R `!� �99: h�"âL �{ 1 2.[18].

� MPC !Pu� ¯, +À°1 !, !P¥âY tW¥â� ��L

/j�u  �� M À� &
 ./ T,F a�� ÈÝL @þ��..

�� tW¥âL !P¥â�. -� û���®[18], tW¥âL 3, 10,

30 �� M �H T,
 û���/, � T,F a�� !P¥â� 2,

5, 20�
 û���.. Ð� cYO� !P¥âY tW¥âL �� 20

Y 30�
 û�b T,%���, !P¥âY tW¥âL �� 5� 10

'>/ 2� 3�
 �� T, �L &
 @þ��.. äb u;� PID

!PuF ab ÈÝYh @þ��..

Table 2. Transfer functions between manipulated and controlled variables

FHN draw Fkero draw FLGO draw FHGO draw

FHN

Fkero

FLGO

FHGO

12.825–
0.8s 1+
------------------- 13.123–

0.8s 1+
------------------- 13.052–

0.8s 1+
------------------- 13.038–

0.8s 1+
-------------------

0.1046–
0.4s 1+
------------------- 0.034e2.5s–

0.8s 1+
------------------------- 0.0051– e 80s–

0.8s 1+
------------------------------ 0.0528e2.8s–

0.8s 1+
----------------------------

0.017–
0.1s 1+
------------------ 0.1291–

0.9s 1+
------------------- 0.4081

0.5s 1+
------------------ 0.022–

0.1s 1+
------------------

0.024–
0.2s 1+
------------------ 0.1014–

s 1+
------------------- 0.2246–

1.2s 1+
------------------- 0.0104e82s––

119s 1+
------------------------------

Table 3. Transfer functions between disturbances and controlled variables

FFeed FHGO PA FLGO PA Fkero PA

FHN

Fkero

FLGO

FHGO

9.423–
0.7s 1+
------------------ 1.057–

0.1s 1+
------------------ 16.415–

0.5s 1+
------------------- 15.063–

0.9s 1+
-------------------

0.0551e6.5s–
0.4s 1+

----------------------------- 0.8547e5.5s–

24s 1+
---------------------------- 6.5505– e 5.5s–

0.8s 1+
------------------------------- 2.109

1.7s 1+
------------------

0.0323–
0.5s 1+
------------------- 0.3762e4.5s–

6.3s 1+
---------------------------- 10.0648

3.2s 1+
------------------- 0.516e2.5s–

3.5s 1+
-------------------------

0.0514–
0.8s 1+
------------------- 0.8214

5.2s 1+
------------------ 6.5394

4.6s 1+
------------------ 0.3485e2.5s–

5.2s 1+
----------------------------
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PID !Pu� ¯, +À°1� ATVl�
 f����®, �= !P

u� ̄ , +À°1� 9aU�
 +, #�(0.001%�) f��P ' �

�L 1"0 1 2�.. BC& p �¥� !P¥¯� T, PI !Pu

� û�
h ' !P²UL @=i �*0 1 2�L ¶ 1 2�.. @

� Q U= !Pu� ¯, +À°1OL Table 4F xçè�..

� !P°1� ÈÝL Fig. 4F& Fig. 7F ��.. Fig.4� (< xÑ

ç� �Ç °�� �V �%.. MPC� ¯, +À°1F B/ A%�

�5�H³, Õab e=L �X !P¥â 2, tW¥â 3{ T,� È

Ý J*Y f� "âL /v0 � �� x� *�L xçè�.. Fig. 5

Fig. 3. Responses of MPC in servo problems.

Fig. 4. Responses of HN flow for various tuning parameters of MPC in
comparison with PID controller.

Table 4. Parameters of PID controllers

 Controller KC τI

Flow rate of HN 0.109 44.0
Flow rate of kerosene 0.125 44.0
Flow rate of LGO 0.109 44.0
Flow rate of HGO 0.131 41.8

Fig. 2. Responses of MPC in regulator problems.

Fig. 5. Responses of kerosene flow for various tuning parameters of
MPC in comparison with PID controller.
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���F ab �Ç °�� Fig. 6F xçè�.. }" MPC� ¯, +

À°1F B/ °�� å� l�.. Fig. 7� (< ��� �Ç� ÈÝ

%.. PID !Pu� T, =��A� ;<���x MPC� T, å�

l�.. 9� ����F ab MPC !P ¶/>·� u;� PID !P

uF @�� �. �9�/ ¦�� !P ÈÝL !���.. MPC� ¯

, +À°1 !, !P¥âY tW¥â� °�F ab �À !P°1�

ÈÝ� ò °�� �%H Ó�L ¶ 1 2�.. %� MPC� ¯,%

PID� ̄ ,�. 9aU�
 â×ØL ��b.. PID� ¯,�, Ji p

�¥F&� ^% .( ì§ofF ab T,, 9Òi ºm�� ' %h

e�Õ�.. BC& p �¥� a9 ��F a��� MPC !P "�

ö� hì% !P *�XF& �>0 n ÔÛC ¯, `!h â×��

?c0 1 2�L ¶ 1 2�.. f� "â� ¥â% 6<1� 9Òi

����.. BC& 3�H T,� ¯, +À°1 o (F& !P¥âL

2, tW¥âL 3�
 )�� T,� f� "âY !P*�L /v0 �

�� 0,U%�..

5. 
 �

9� ����L a9�
 MPC !P "�öL ¥*�� ' ÈÝ J

*L I��/ PID !Pu� %
b !P ÈÝY @þ��.. ���

Is� Ê! ��r�� FZ�
 b �UI�� ��� ¥��.. 


©�
& �ñ8� �ÇY pumparound�  ÇL �"F °�"p 9

:F& ��:� <Ç!P�  b .( MPC !P�Ñ� +, ý� *

�L xçè�.. 
©L �b 9:F& � !P°1F ab MPC !

P�Ñ� ÈÝ� =��A� ;<�� PID !P�Ñ� ÈÝF @��

=��A� å� l�L ¶ 1 2�.. û�% VU `!� T, !P

°1� û�%% °�� �u� ¸u e=F& ëâ� A%� ��H

³ !PÈÝ% h> ¦��� =��A� ���H Óe.. MPC !P

"�ö� ¯, +À°1� %% 6<1� f�"â� ���x !P*

�F� å� A%� l� J*L ��.. BC& 9aU�
 PID !P

u�. ¯,�u� Cq.. p �¥� u; ��F MPC !P "�ö

L hì0 T, ��� �J*Y !P ÈÝL  b up r�
 %


���� Ð�
 MPC� U
 S � rPsF BC %� ��b �¥

� 3% %�Ptü 0 ��
 ���..

� 


p �¥� 1wL  �� �¥@� H��� ø� STEPI� LG Eng-

ineering�F S�ÃàÛ..


���

A : magnitude of step function

d : disturbance

i, j, k, l : index of time step

M : shift operator

m : control horizon

n : number of time steps

p : prediction horizon

Q : weighting matrix

R : weighting matrix

r : reference trajectory

Sd : dynamic matrix about disturbance

Su : dynamic matrix about manipulated variable

u : manipulated variable

V : objective function in quadratic program

Y : predicted variable

y : output variable
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