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Introduction

     Sequential loop closing method is one of the well-known methods to tune multiloop control systems for multivariable process. In the method, each controller is designed sequentially with single-input single-output methods using ultimate information for the paired input and output while former loops have been closed. Utilizing the single-input and single-output nature in tuning each controller, autotuning methods can also be applied. However, usually several iterations are required for better performance. Especially, if pairing is undesirable, the multiloop control system designed with the sequential loop closing method does not show the best performance and tuning should be discarded and repeated totally for the correct pairing. Here, to avoid this disadvantage, multivariable process models are identified while loops are being tuned. The identified models can be used to correct pairing and to tune the multiloop control systems. In addition, identified models can be used to improve tuning performance without iteration of the sequential loop closing method.

Sequential Loop Closing Identification

     The sequential loop closing identification method begins with a biased relay signal in the controller output. The schematic diagram of sequential loop closing identification method is described as following Figure 1.
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Figure 1. 2x2 MIMO system: (A) open loop system and (B) partially closed loop system

We find the first order plus time delay model that describe the input-output relations of the process. Consider a 2x2 open-loop stable process. 
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     Step 1. We calculate the parameters of process 
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 using the biased relay feedback method (Shen et al., 1996; Sung et al., 1997) that is similar to its SISO identification method. We identify 
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. Several equations are described as follows. 
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     Step.2 Tune the first controller 
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 and close the first loop. Then perturbation is introduced in the second input 
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. Perturbation is also the biased relay signal. We can obtain the following transfer functions;
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or
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     By applying the above transfer functions and I/O data of second step, we can estimate the following transfer function for 
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or


[image: image20.wmf])

(

/

))

(

)

(

ˆ

1

)(

(

ˆ

)

(

ˆ

1

1

11

12

12

s

g

s

g

s

g

s

q

s

g

c

c

u

+

-

=




(11)

     Using the frequency data of 
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 we can calculate the FOPTD model parameters.

Case Study

     Simulations are carried out to show that the proposed identification method provide models for multivariable processes and can be used to improve the sequential loop closing method. In this simulation, we use the transfer function of wood and berry column as the test process.

     Example; Consider the Wood and Berry column;
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     Using the results of the first step biased relay test, we can obtain
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Typical response of open loop biased relay feedback test is shown in Figure 2.
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Figure 2. The results of open-loop biased relay feedback method for 
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     From 
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, we design the first loop controller as following P-controller
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We can also use the PI-controller as the first loop controller. After determine the first loop controller, close the first control loop. Under the first loop closed, we also perturb the 
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 using biased relay signal. By applying above equations(equation (9), (10) and (11))  and I/O data of second step, we can estimate the following transfer function for 
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Typical response of partially closed loop biased relay feedback test is shown in Figure 3.
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Figure 3. The results of the biased relay feedback method for 
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Conclusion

     In this article, we suggest to identify the multivariable model while multiloop control system is tuned with the sequential loop closing method. The model can be used to correct the pairing and to reduce the number of sequential loop closing tests. Further more, using the obtained transfer function, we can probably apply several model based tuning method to the multivariable processes such as IMC-PI, decoupling, etc.
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