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An Intelligent Multi-multivariable Dynamic Matrix Control Scheme 
for a 160 MW Drum-type Boiler-Turbine System   
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Abstract – A 160 MW drum-type boiler-turbine system is developed in the present research through 
a multi-multivariable dynamic matrix control (DMC) scheme and a multi-multivariable model 
approach. A novel intelligence-based decision mechanism (IBDM) is realized to support both model 
approach and control scheme. In such case, the responsibility of the proposed IBDM is to identify the 
best multivariable model of the system and the corresponding multivariable DMC scheme to cope with 
the system at each instant of time in an appropriate manner.    
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1. Introduction 
 

To date, the control of a nonlinear drum-type boiler-
turbine system has been investigated by several researchers, 
such as Chen et al., Moon et al., Peng et al., Dieck-Assad 
et al., and others, suggesting a number of appropriate 
solutions in the area of the present system control [1-4]. 
The dynamic matrix control (DMC) scheme, as an efficient 
algorithm in the field of process control, is realized based 
on the multiple model approach. In such case, the present 
system should first be represented at some chosen 
operating points, as a number of multivariable DMC 
schemes are correspondingly realized to handle all the 
chosen operating points. Hereinafter, a new intelligence-
based decision mechanism (IBDM) is investigated to 
identify the best multivariable linear model of the system at 
each instant of time and subsequently to handle the 
corresponding multivariable DMC scheme appropriately.  

The remainder of the present paper is organized as 
follows. The proposed control strategy is given in Section 2. 
The simulation results and concluding remarks are 
presented in Sections 3 and 4, respectively.  

  
 

2. The Proposed Control Strategy  
 
The proposed control strategy, as shown in Fig. 1, is 

organized in accordance with a multi-multivariable DMC 
scheme, a multi-multivariable model approach, and a novel 
IBDM to deal with a three-input, three-output drum-type 
boiler-turbine system, the mathematical relations of which 
are completely given in [5].  

Regarding the proposed IBDM, the best multivariable 

linear model of the system and the corresponding 
multivariable DMC scheme are identified through this 
intelligence-based decision maker at each instant of time, 
as outlined by the following [6-16]. 

 
•  Define the following performance indices:  
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where 1, 2, ...,k = ∞  is the discrete time index, 

1, 2, ...,r λ=  is the operating point number, s i
ky  is the 

thi  system output at thk  instant of time, and r i
ky  is the 

thi  multivariable linear model output at thr  operating 
point of the system. Here, 0,α ≥ 0,β >  and 0ν >  are the 
weighting factors, long-term accuracy, and forgetting factor, 
respectively.  

 
•  Define the following Gaussian probability density  

function:  
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where ( )r i r i

m mJ E J= and ( )r i r i
n nJ E J=  are the 

expectation values of the present performance indices, and 
,r m n

k kα ×  is taken as ( )r iinv C  once r i
k kC ×  denotes the 

steady-state covariance matrices of r i
kJ .  

 
•  Calculate the Gaussian probability distribution  

function as 
*

0

( )
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r i r i r i
k k kP p d J= ∫ , where *r iJ  denotes 

the minimum of the performance indices values. 
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•  Define the fuzzy sets for r i
kP , as shown in Fig. 2(a), 

corresponding to the acceptable, conditionally  
 
Acceptable, and unacceptable fuzzy sets, i.e., ,r iAFS  

r iCAFS  and r iUAFS , respectively, where the average of 
r i

kP  is r i
kP , and *r iP is the marginal value.  

 
•  Define the decision-maker parameters 

*
' ,r i r i r i

k kP Pζ = −  where 'k  is related to the specified 
span of time. 

 
•  Define the fuzzy sets for '

r i
kζ  corresponding to the 

acceptable and unacceptable decision fuzzy sets 
r iADFS  and r iUDFS , respectively, as shown in 
Fig. 2(b). 

 
To identify the best multivariable DMC scheme 

(TBMD), the proposed IBDM is presented by  
the following: 
 
IF  r i

kP  is r iAFS   
THEN TBMD

Δ

= DMC # ,r  i.e., s i r i
k ku uΔ ≡ Δ  

IF  r i
kP  is r iCAFS  AND '

r i
kζ  is r iADFS   

THEN TBMD
Δ

= DMC # r    

IF  r i
kP  is r iCAFS  AND '

r i
kζ  is r iUDFS   

THEN TBMD
Δ

= DFDMC # ;r  (Deviation from the 
DMC) 

IF  r i
kP  is r iUAFS   

THEN TBMD
Δ

= DFDMC # r  
 
 

3. Simulation Results 
 
To deal with the present drum-type boiler–turbine 

system through the proposed control strategy, a number of 
typical operating points of the system should be chosen 
first, as tabulated in Table 1.   

In the control strategy presented, all three multivariable 
DMC schemes ( 3λ =  in Fig. 1) are designed using 
MATLAB/SIMULINK. The control coefficients, including 
the control horizon, prediction horizon, and sampling time, 
are given as 3, 3, and 10 ms, respectively. With these 
coefficient assumptions, the proposed multi-multivariable 
DMC scheme (MMDMC) is carried out using a personal 
computer. A single multivariable DMC scheme (SMDMC) 
is also used as a benchmark approach. In the case of the 
MMDMC realization, Figs. 3-5 present the first, second, 
and third outputs of the system, respectively. In these 

Fig. 1. The proposed control strategy 
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figures, the desired set point information is tabulated in 
Table 2. Regarding the IBDM outcomes, as presented in 
Table 3, s i

kuΔ  should be updated through ; 1, 2,3r i
ku rΔ = , 

as given in the last column of the table, while the 
maximum of r i

kP  in its span of time is acquired. In fact, 
s i

kuΔ  should be updated to realize the appropriate amounts 
once r i

kP  is truly optimized. In this table, to present the 
results appropriately, only the maximum of r i

kP  is 
presented as the IBDM outcome.   

In this case, using (1), the performance index 
coefficients are given as 1, 0.15, 2α β ν= = = . The 
marginal values are taken as * 0.1r i r i

kP P= . Figs. 6-8 
present the system outputs using the SMDMC scheme. In 
this case, the SMDMC scheme, as a benchmark control 
approach, is solely realized at the second operating point of 

the system, whereas the coefficients of the multivariable 
DMC scheme in the strategy of the MMDMC scheme are 
directly used. In accordance with these outcomes, all the 
chosen operating points of the system are handled well 
through the proposed MMDMC scheme, in which the 
SMDMC scheme does not perform appropriately in 
comparison with the previous one. 

 
(a) 

 

 
(b) 

Fig. 2. Fuzzy sets used in the IBDM 
 
 

Table 1. Typical operating points of the system 
rop  r = 1 r = 2 r = 3 

10
rx  86.40 108.0 129.6 

20
rx  36.65 66.65 105.8 

30
rx  342.4 428.0 513.6 

10
ru  0.209 0.340 0.505 

20
ru  0.552 0.690 0.828 

30
ru  0.256 0.433 0.663 

30
ry  -0.650 0 0.640 

 

 
Fig. 3. First output of the system using the MMDMC 

scheme 

 

 
Fig. 4. Second output of the system using the MMDMC 

scheme 

 

 
Fig. 5. Third output of the system using the MMDMC 

scheme 
 

Table 2. Desired set point information 

Time (sec.) 1st desired  
set poing 

2nd desired  
set poing 

3th desired  
set poing 

0-350 
351-650 
651-1000 

133 
67 
100 

107 
26 
67 

0 
0 
0 
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5. Conclusion 
 
A multivariable drum-type boiler–turbine system is 

developed in the current research using a new control 
solution. In the control scheme presented, the system is 
first represented at a number of chosen operating points 
through a multi-multivariable model approach, while a 
multi-multivariable DMC scheme is correspondingly 
realized to handle the system appropriately. A new IBDM 
is investigated to support the best representation of the 
system and its corresponding multivariable DMC scheme 
at each instant of time.  
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