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Motivation

According to a survey (Yamamoto and Hashimoto, 1991) of the state of process control systems in 1989 conducted by the Japan Electric Measuring Instrument Manufacturer’s Association, more than 90% of the control loops were of the PID-type or advanced-PID-type. Modern control theory (optimum regulator, MPC, H∞ optimum, optimization and control, etc.) and AI type controls (neural network, fuzzy control) are not used very much. Among the loops controlled by PID, more than 80% are running satisfactorily. The survey also reports that less than 20% of the loops remaining have some difficulties, such as dead time, mutual interaction (multivariable processes), disturbance, and changes in process characteristics (uncertainty).
Ho et al (1997) also claims that a typical paper mill in Canada has more than 2000 control loops and that 97% use PI control. Moreover, only 20% of the control loops were found to work well. Of those that do not perform well, 30% were due to poor tuning.

Despite the fact that the use of PID control is well established in process industries, many control loops are still found to perform poorly.
Objective
This project aims to contribute to the development of efficient and yet simple PID tuning settings for processes possessing oscillatory terms (complex poles and zeros) and unstable behavior (RHP-poles), based on the Skogestad’s SIMC tuning rules (Skogestad, 2004).
Introduction

PID control is a control strategy that has been successfully used over many years. Simplicity, robustness, a wide range of applicability and near-optimal performance are some of the reasons that have made PID control so popular in the academic and industry sectors. Recently, it has been noticed that PID controllers are often poorly tuned and some efforts have been made to systematically resolve this matter.
Despite the plethora of PID tuning rules that has flooded the academic and industrial environment, few of them can be regarded as “efficient” from the viewpoint of working well for both reference tracking and load disturbances for a wide range of processes.
One very successful set of rules have been developed by Skogestad (2004) mainly as a result of teaching the subject along the years. Those analytically derived settings have the nice advantage of being simple and easy to memorize and work well on a broad range of processes.

Basically, the tuning is done in two steps:

Step 1. Reduce the model at hand to a first or second-order plus delay model.
Step 2. Derive model-based controller settings.

There have been previous works along these lines, namely the classical tuning rules by Ziegler & Nichols, the IMC PID-tuning by Rivera, and the related direct synthesis by Smith & Corripio. A survey on tuning methods can be found in Cominos & Munro (2002).
Although very practical and effective, Skogestad’s SIMC tuning rules do not directly tackle the problem of processes with complex poles and/or zeros and RHP-poles. Those processes are not so common in the chemical industry but good settings for those processes are important due to the fact they can appear in intermediate calculations in, for example, sequential design of decentralized controllers (Skogestad and Araújo, 2005).
Overall research goals
As mentioned so far, the overall goals of this project are:
1. Extend the half rules (Skogestad, 2004) for processes with complex poles and/or zeros and unstable processes.

2. Derive SIMC settings for these process models.

3. Test for robustness and performance.

4. Compare the proposed tuning rules with other tuning methods.

Work plan
	Activity
	Term

	Literature review
	1 month

	Extension of the half rules
	1 month

	Derivation of the supplementary rules
	1 month

	Test for robustness and performance and comparison with other methods
	1 month

	Final report
	1 month


References
· Yamamoto, S.; Hashimoto, I. Present Status And Future Needs: The View From Japanese Industry. In Chemical Process Controls CPC IV: Proceedings of the Fourth International Conference on Chemical Process Control; Arkun, Y., Ray, W. H., Eds.; AIChE: New York, 1991.
· Ho, W. K., Lee, T. H., Gan, O. P. Tuning of Multiloop Proportional-Integral-Derivative Controllers Based on Gain and Phase Margin Specifications. Ind. Eng. Chem. Res. 1997, 36, 2231-2238.

· Skogestad, S. Simple Analytic Rules for Model Reduction and PID Controller Tuning. Modelling, Identification and Control, 2004, 25(2), 85-120.

· Cominos, P., Munro, N. PID controllers: recent tuning methods and design to specification. IEE Proceedings in Control Theory Application, 2002, 149(1), 46-53.
· Skogestad, S., Araújo, A. Sequential Design of Decentralized Controllers Using SIMC Tuning Rules, 2004 (in press).
