Problem 1: Closed loop controller tuning

In this exercise, you should tune a PI controller for an unknown plant using the Ziegler-
Nichols method and Shams’ method (Model from Closed-Loop Setpoint Response).

You can obtain more information about the Shams’ method here:
http://www.nt.ntnu.no/users/skoge/publications/2012/skogestad-improved-simec-pid/

The process (unknown plant) is given to you as a Simulink file. More information about
how to use the Simulink model is given in the comments in the file 'runModel.m’.

Tasks
e Obtain the PI controller settings using:

1. the Ziegler-Nichols tuning rules
2. Shams’ method + SIMC rules
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Table 11.4  Controller Settings based on the Continuous
Cycling Method
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o Controller gain used in experiment, K . o chj S
o Setpoint change, Ay;. ) e
o Time from setpoint change to reach first (maximum) peak, 7,. 06|
o Corresponding maximum output change, Ay,. o
e Output change at first undershoot, Ay,. ’
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e Simulate a step change in the setpoint using a PI controller with the settings you

obtained using the Ziegler-Nichols tuning rules.

e Simulate a step change in the setpoint using a PI controller with the settings you
obtained using Shams’ method + SIMC rules.
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e Compare the results.
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Problem 2: Discrete filter

A filter is used to reduce the effect of the noise on the measurements. A typical filter is
first-order, as shown in Fig. 1, where the y™ is the noisy measurement, y is the noise-
free measurement, and 7 is the filter time constant. In practice a digital (or discrete)
version of the filter is implemented.
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Figure 1: First-order measurement filter

Derive the discrete (digital) expression for the filter for the case where the filter time
constant is 77 = 5 and the sampling time is AT = 1.
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To understand better why this is called an ezxponentially moving average filter, com-
pute how the predicted output (yx) depends on the previous 10 inputs:

k= koyr' + k1ygq + .. + KoYk g + k10Yk—10- (1)

This is, find kg, k1, ..., k19. Note that kig is the weight on the stored output value at
k — 10.
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TL% values (KA&"V‘? X = lg) :

ko 0,1667
k1 0,1389
k2 0,1157
k3 0,0965
k4 0,0804
k5 0,0670
ké 0,0558
k7 0,0465
k8 0,0388
k9 0,0323
k10 0,1615
Sum 1

Comment: A common moving average filter would simply use the average of the
10 previous inputs, that is,

ye = 0.1y + 0.1y + ... + 0.1y 4. (2)

Note that this moving average filter has two disadvantages compared to the first-order
(“exponentially moving average”) filter:

1. It requires that we store many old measurements (9 in this case), whereas the
first-order filter only needs to store the previous filtered output, yx—1;

2. Its performance is not as good as that of the first-order filter.



