Comments on paper: Sigurd Skogestad, "Advanced control using
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Comment 1 : Correction of reference for hierarchical decomposition

Comment 2. (Des. 2023) Perry (1973) has an early description of predictive
control.

Comment 3. (Des. 2023) Perry (1999) gives an example of the use of
transformed inputs for linearization and feedforward (E14)

Comment 4. Older reference for separate controllers with different
setpoints”; E6, (March 2024).

Comment 5. One more split range control (SRC) scheme for MV-MV
switching (The 4" alternative)

Comment 1 Correction of reference for hierarchical decomposition
(Des. 2023). Re Figure 4 (decomposition into layers).
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In the paper it is referred to Richalet et al. (Automatica, 1978) but in that paper there is actually no
such figure, so this must be a misprint. However, Perry’s handbook (1973) has the following similar

figure:




Comment 2. (Des. 2023) Perry (1973) also has an early description of
predictive control:




Comment 3. (Des. 2023) Perry (1999) gives an example of the use of
transformed inputs for linearization and feedforward (E14) for a heat
exchanger (the heat exchanger example is discussed in more detail in the
paper by Skogestad, Zotica and Alsop (JPC, 2023).

Q=WH=FC/(1T,-T) (8-74)

Q = WH: FCL(T') - Tl (5'74)

‘Fl"lll&' 8- 3()( shows a tempemtme controller (TC) setting a heat-
flow controller (QC) in cascade. A measurement of the nmmpulated
flow is multiplied by its temperature difference across the heat
exc lmnrf&-l to calculate the current heat-transfer rate, using the right
side of . (8-74) /| Variations in suppl\ temperature, then appear as

var mtnms in calculated heat transfer, which the QC can rlmcl\l\ cor-
rect by adjusting the manipulated flow. An equal- pelcentaoe valve is
still 1eqmled to linearize the secondary loop, but the primary loop of
temperature-setting heat flow is linear. Feedforward can be added by
multiplying the dy namlcall\ compensated flow measurement of the
other fluid by the output of the temperature controller.

—»>

FIG. 8-50 Manipulating heat flow linearizes the loop and protects against vari-
ations in supply temperature.



Comment 4. Older reference for separate controllers with different
setpoints”; E6, (March 2024).

In my paper, the oldest reference | give for using “separate controllers with
different setpoints”; E6, Fig. 22) for MV-MV switching is the book by Smith
(2010) (page 86) (see below). The name “separate controllers” is used by Smith
(2010). However, this scheme has obviously used in industry long before this.
For example, an older reference is the book by Forsman (2005) (in Swedish)
(page 152-153).

In the section title (and also in the flowsheet, see his Figure 6.28) Forsman calls it “Many
controllers with the same CV” (similar to what | call it based on Smith (2000), but in the
corresponding block diagram (Figure 6.29) he calls it “Parallel control”. However, | have
used the term “parallel control” for the case where both controllers have the same setpoint
and are used all the same time. On the other hand, in Figure 22 (“separate controllers”) they
are used sequentially (one at a time), that is, only when ul is saturated do we start using u2.

Ill

So maybe it is better to call “separate controllers with different setpoints” (E6, Fig. 22) for
“Sequential parallel control”? This would also make it possible to distinguish between the
two similar schemes for VPC. We could call “VPC on extra dynamic input” (E3, Fig. 12) for
simply “VPC” and “VPC on main steady-state input” (for MV-MV switching) (E7, Fig. 24) for
“Sequential VPC” (for MV-MV switching). Comments?

Some more details on Comment 4:

This is from my paper (just a reminder):
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Fig. 13. Parallel control to improve dynamic response — as an alternative to the VPC
solution in Fig. 12.

The “extra” MV (u,) is used to improve the dynamic response, but at steady-state it is
reset to uy,. The loop with C, has more integral action and wins a steady state.

3.7. Separate controllers (with different sewpoints) for MV-MV switching
(E6)

Consider again MV-MV switching where we want to use one MV at
a time in a specific order (first «, then u,, etc.). An alternative to split
range control is to use separate controllers for each MV with different Process
setpoints (Fig. 22) (Smith, 2010) (Reyes-Liia & Skogestad, 2019).

The setpoints (y,;, ¥, ...) should in the same order as we want
to use the MVs. The setpoint differences (e.g., 4y, = y, — y, in
Fig. 22) should be large enough so that, in spite of disturbances and
measurement noise for y, only one controller (and its associated MV) is
active at a given time (with the other MVs at their relevant limits).

Fig. 22. Separate controllers with different setpoints for MV-MV switching.



Process

This shows
the two VPC schemes. Left is “standard VPC” (E3, Fig.12) and right is “sequential VPC” (E7, Fig.24)

This is what Smith (2010) writes on page 86:

Separate controllers for each operating mode. This normally requires that
the set points for the individual controllers be separated sufficiently so that
only one controller is active at a given time, the other having driven its
final control element to a limit.

Split range. A single controller is provided, but its output range is “split”
such that one mode of operation is active from 0 to 50% and the other is
active from 50 to 100%.

Smith, C. L. (2010). Advanced process control - beyond single-loop control. New York:
Wiley.

Here is from the book by Forsman (in Swedish), pages 152-153.

Krister Forsman, «Reglerteknik for processindustriny»,
Studentlitetratur, 2005

End Comment 4



Comment 5 One more split range control (SRC) scheme
(Alternative 4) is shown in Figure 3 below:

This is not a really a new scheme, as it is really just another implementation of conventional
SRC (see Fig. 3) and Shinskey has used it before (see below), and Evren Turan has
rediscovered it (see Figure 2) and Sigurd added a little (to get Figure 3)

It requires a selector (to subtract the actual value of u2 from u2’ to get ul=u2’-u2)and thus
it is very nice to combine with cases where we anyway need a min-selector (see Shibnskey



and see Fig. 1/2 below)
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Here is from Reyes-Luas and Skogestad (2020) where we refer to Shinskey.
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Figure 9. Alternative scheme for MV to CV switching when the input saturation rule is not followed.
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An alternative solution from Shinskey’” is shown in Figure 9.
Here, controllers C, and C,, for y, and y,, are both designed for
using u, as the input. We then have a selector for u,, followed by
a subtraction block that effectively does the split range control.
Controller C, is used for controlling y, using u, as the input. C,
needs antiwindup because u, is reassigned to controlling y, when
u, saturates. Controller C,, which controls y,, is always active. It
uses u, to control y, when u, is not saturated and switches to
using u, when u, saturates. The “extra” control element for input
u, (C] in Figure 9) can be just a gain, but it can also contain
lead—lag dynamics. Note that the subtraction block in Figure 9
provides some built-in decoupling, which may be advantageous
dynamically in the unconstrained case when both y, and y, are
controlled.

End Comment 5.
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