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A New Process Identification Method Using a Biased Relay
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Introduction

Nowadays, new modern control theories and strategies have been proposed to control the process more efficiently. However, the PID controller is familiar to process operators and is very popular in the process industry because of its simple structure, easiness in operation, robustness to the modeling error and availability of on-line tuning rules. Åström and Hägglund (1984) proposed a relay feedback method to obtain the ultimate gain and frequency of the process through the describing function analysis. Sung et al. (1995) suggested a modified relay feedback method, which used a six-step signal instead of a two-step signal in order to reduce the effect of the high harmonic terms. Hang et al. (1993) proposed a new relay feedback method to overcome the effect of the static load disturbance, and Park et al. (1997) and Shen et al. (1996a) improved Hang et al. (1993)’s method. Shen et al. (1996b) proposed a biased-relay feedback to get the static gain of the process and the ultimate information simultaneously, and using these data they obtained the process model. Although they much contributed the PID autotuning procedure, they used only the steady-state oscillatory relay and process outputs, then the obtained process model is a little bit far away from the real process.

Even though many identification methods have been suggested to obtain the transfer function of the process with a relay feedback method, they have a couple of disadvantages. First, they estimated the dead time from the initial response of the system. Since the process output is corrupted by measurement noise it is hard to read off the time delay from the transient process output. Moreover, the equivalent time delay is needed to tune the PID controller. Second, the obtained ultimate frequency and gain from the relay feedback experiment are not exact, so they can lead to an erroneous transfer function of the process.
Therefore, we propose a new identification method that can estimate several points on the Nyquist curve. Since it uses a least-squares method in view of amplitude ratio and phase angle between the process and the SOPTD model without approximation of the relay and process outputs as sinusoidal signals, the obtained SOPTD model can represent the process model dynamics more accurately.
Identification of Second-Order Plus Time Delay Model

Let’s consider the relay output (u(t)) and the process output (y(t)) shown in Figure 1. Since the relay output and the process output become periodic after two or three periods, then the following theorem can be derived for the transfer function of the process.

Theorem 1
The transfer function of the process for linear time invariant stable system can be obtained as follows.
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where, tf  denotes the time when the relay output and the process output are periodic functions and p is the period after tf .
Proof)

From the definition of Laplace transformation and the transfer function of the process, Gp(s) can be written as
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Since the process output (y(t)) is a periodic function after tf , the numerator of (2) can be expressed as
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(3)

where, s > 0.

Applying the same procedure to the relay output (u(t)), the following equation is obtained.
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(4)

where, s > 0.

From (3) and (4), the process transfer function is as follows.
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(5)

However, the process transfer function does not exist at s = 0 and then, the term (1 – e-st) is multiplied to the numerator and denominator of (5) to guarantee the frequency response of the process at s = 0.
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From this operation, the equation (1) which confirms convergence at zero frequency can be obtained.

Q.E.D

The SOPTD model is chosen to represent the process dynamics and then Gp(s) is modeled as
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where, km, m, m, and m are the static gain, time delay, time constant, and damping factor of the process model, respectively.

Using model reduction techniques (Sung and Lee, 1996), the SOPTD model parameters are easily calculated using a least-squares method. Sung et al. (1996) proposed the ITAE (Integral of the Time-weighted Absolute value of the Error) tuning rule based on the SOPTD model and then, three parameters of the PID controller are calculated from the ITAE tuning rule using the obtained SOPTD model.

Simulation Study

Example 1: Overdamped high-order process
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In this example, we obtained km = 0.999, m = 1.987, m = 0.881 and m = 1.632, respectively using the model reduction technique. However, it is impossible to apply Shen et al.’s method since there is no time delay in the process. In order to compare the model accuracy of the proposed method, we depict the Bode diagram between the real process and the obtained model. From Figure 4, it is noted that the obtained SOPTD model can represent the process dynamics accurately.
Conclusions

A new model identification method with biased-relay feedback is proposed. Since it uses a least-squares method, it is very simple and does not require complex numerical technique such as root finding and optimization technique. The identified model parameters are more accurate than previous works because the suggested method which is based on the definition of Laplace transform does not approximate the relay and process outputs as sinusoidal signals. Moreover, the suggested identification method shows the robustness to the measurement noise.
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Figure 1. Biased-relay output and process output





Fig. 2 Comparison of Bode diagram between � EMBED Equation.2  ��� and identified model of the proposed method





Figure 2. Comparison of Bode diagram between � EMBED Equation.2  ��� and identified model of the proposed method
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