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INCa

Aptitune

A Whole New Approach to Multivariable PID Tuning

Introduction

One of the most important challenges facing the process industry is optimizing the operation of complex
oil refining and chemical processes, without compromising the safety and integrity of the process
equipment. Process complexity has increased significantly over the past two decades due to ever
increasing levels of heat integration aimed at reducing operating costs. In addition, more control loops
are in place than ever before. The result is that control engineers have to contend with optimizing a large
number of strongly interacting PID control loops — a difficult and often time consuming task.

About IPCOS

IPCOS specializes in providing software implementation products and services for the fast deployment of
Advanced Process Control (APC) and real-time optimization applications in the oil, gas and chemicals industries.
These include APC, process operations analysis, benefit studies, application maintenance and APC training
services. The IPCOS team has significant experience managing large, complex projects and satisfying multiple
stakeholders. IPCOS also develop and license the INCA AptiTune™ multivariable PID tuning software.

IPCOS has contributed to the success of many leading plants and refineries worldwide. IPCOS is headquartered
at Leuven, Belgium and operates from offices worldwide.

For further details visit www.ipcos.com or contact us at info@ipcos.com

The Solution

The new AptiTune™ multivariable PID tuning software package has been designed to provide a
comprehensive PID tuning solution for complex process units where interactions between the various
PID loops are significant. The software was specifically designed to provide the following capabilities:

e Ensure a mild learning curve: The software was designed to be very easy to learn, and even
easier to use. The high quality Graphical User Interface makes it very obvious what user
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decisions are required, yet it provides sophisticated analysis tools to help the user understand the
impact of the controller design decisions.

e An easy and reliable way t o t BHonteefirftinig, cdntmlo p s
engineers can simultaneously optimize the tuning of two or more PID loops that interact in an
undesirable way, and make the loops coexist in a peaceful way. Not only do the cycles go away
for good, it is often possible to tune the loops faster than before, without the cycling reappearing.
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e Productivity Improvements: The software executes rapidly and new tuning can be derived in
just a few minutes, once the required model has been provided. In addition, the tuning can be
entered on the DCS as calculated, usually with no need for further iterative improvement.

e Determine tuning that is robust with respect to model mismatch: Models of moderate
accuracy can be used, which helps to reduce the time spent step testing the process, increasing
the productivity of the control engineers. In addition, the tuning can
withstand significant changes in the dynamics of the process as the unit
moves to different operating points, without going unstable. Fle Toos Help

e The software is well integrated in the standard APC workflow: The |=E2Ed

=- Imported Model

software starts with a DMC model file in mdl format. The model file Model Specification
represents the OP to PV responses for the entire nxn model matrix, for the | Mojetfgnfsgf;i:‘;e
process scope under investigation. The model is typically derived from a Specification
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seconds. In practice, the availability of test data, and the processing speed and memory of the
host computer will determine how many PID loops can be optimized simultaneously.

e The workflow is quite simple: The control engineer supplies the OP and PV ranges, and pick
the desired PID equations (P, PI, PID, or I-only). The possibly noisy FIR model is then smoothed
by fitting a high order state space model with explicit (clean) dead time, in order to the
approximate the FIR model. The state space model is usually very smooth and will display a
high degree of process realism. This approach ensures that we get reliable tuning, even if the test
data set was noisy or relatively short.

e Make it easy to calculate process specific tuning: It is straight forward to achieve closed loop
behavior that is precisely tailored to the specific requirements of the process. The software does
not rely on over-simplistic tuning rules, but rather use an accurate state space model of the
process, DCS specific PID equations, and a non-linear optimizer to achieve the best possible
trade-off between competing design objectives like setpoint tracking and disturbance rejection,
and dealing with dynamic interactions between the loops. The user has full control over how to
balance these trade-offs.

e Defaults specifications that work well: The control engineer would normally use the default
specifications to start with, as almost always this would provide tuning that works well straight
out of the box. If you have specific process objectives in mind, like safety requirements or
specific performance objectives, you can inspect the simulated OP and PV responses for both SP
steps and load disturbances, and modify the trade-off weights in order to make certain loops
faster or slower. For example, for a furnace coil outlet temperature controller, we would
normally want the controller output (which usually cascades to the fuel gas pressure setpoint) not
to overshoot the steady state value by more than 10%. Explicit specifications can be provided in
the time domain, in the same units as the process variables.
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Scft Tradeoffs | Hard Constraints | Parameter Limits

Desired Rise Disturbance

Loop Name PV Tag OP Tag SP Step Time: {min) PV Weight OP Weight Weight
PCO7.PV PCO7.0P 0.02 55 2 5 1
Loop2 PDC2.PV Z0020P 0.02 85 1 1 1

Decoupling Weight 0.1

o Explicitly specify the closed loop rise time per loop: You can limit PV overshoot if you like,
and put limits on the peak OP kick for a specified step change in the SP. You can make one loop
faster at the expense of another loop, or you can improve the load disturbance rejection at the
expense of the setpoint tracking response, etc. You can also determine how much noise in the
process variable (PV) will be amplified by the controller, by explicitly specifying the noise level
in the OP for a specific amount of noise in the instrument reading.

e Productivity improvements: What is most impressive about the software is that in the majority
of application it delivers “one-shot tuning”: You iterate in the safe environment of your PC,
where the optimizer can try our several thousand different values for the PID tuning in a matter
of seconds. As long as we have used a reasonably accurate OP to PV model, you will almost
always be able to type in the new calculated tuning on all of the interactive control loops on the
DCS at the same time, and it will usually work as advertised. If the model was good, you can
then make an SP step on the DCS system, and you will observe almost identical performance on
the DCS screens compared to what you saw on the simulation graphs on the PC. There is
normally no need to try out multiple tuning sets on the DCS, often saving you days or weeks of
engineering effort, with less risk to the process, while significantly improving process
performance.

e Insurance against changes in process dynamics: The optimizer uses a sophisticated robust
control approach and explicitly takes expected worst case changes in process gain and dead time
into account in order to ensure that all of the interacting loops will be stable and well damped
even if the process dynamics change quite dramatically in future. This feature also provides
protection against model errors, and ensures that a moderately accurate OP to PV model is
entirely adequate for tuning purposes.

Loop Mz PV Max Damping = PV Input ) (Gain Deadtime
Name Max OP Cwershoot Ratio Moige Max OP Noise Robustness Robustness
Loop2 14.034 2 2

Hard Constraints apply to Diagonal Responses only
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Model Identification

The most time intensive step is to either step test the process, or to collect suitable historical data where
steps were made in the past, in order to fit the OP to PV model. We have found that a one well executed
step test is far more methodical and indeed quicker than iteratively trying out several new tuning sets on
the process, and having to retune the same loop again and again. Even when you have finalized the
tuning, you are never really sure that the tuning is as good as it can be, or that it will still be stable and
well behaved at different operating points.

Amount of test data required: It is safe to assume that you will need around 4-6 steps per
controller output (OP) with the loop in MANUAL mode, for a total duration of 2*Time to Steady
State of the slowest PID loop * Nr of Loops. For most process applications (where say 4-5 loops
are tuned simultaneously), the step test takes no more than 30 minutes for fast flow and pressure
loops (using 15 second sampling), and typically around 4-6 hours for slow temperature and level
loops (at 1 minute sampling). It is also possible to use SP steps with the loops in AUTO mode.
You can sometimes use historical operating data with the loops in AUTO as long as 6-8 nice
clean repeatable SP steps have been made in each loop without any output saturation.

Step testing the OP with the PID loop in AUTO mode: The TDC3000 system has native
capability to do the required open loop step test for you, while still monitoring the process and
keeping it safe (PID modes are all AUTO). This makes it very easy to automate the step test.
For other DCS systems, either SP or OP steps can be made manually, or via alternative step test
automation software.
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Recommended Workflow

The first step is to import a square nxn model describing the effect that a step change in every OP has on
every PV. This is normally identified using a standard model identification package (e.g. UPID or
similar software) which creates and exports mdl files.

In the example below, the imported FIR model is smoothed with a progressive central average filter, and
then converted into a high order state space model with explicit dead time.

3 AptiTune V 1.0 (4x4 TEST.mdl)
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Legend: Imported FIR model (red); High order State Space model: Order=66 (blue)

AptiTune™ does not make use of any over simplistic PID “tuning rules”. The closed loop response of
the system of n loops is simulated for both setpoint (SP) changes and load disturbances (additive OP
steps). A cost function is then calculated to reflect how quickly the control error signal (SP-PV) reach
zero, and how “expensive” this level of performance is in terms of the delta OP changes. In effect, the
user can determine how expensive OP movement is within this combined cost function, which provides
for an easy way to slow down the OP response at the expense of a slower PV response. In a similar way,
the SP tracking of the loop can be traded off against the load disturbance response (which is very
important for level loops). In addition, one loop can be given more priority than another less important
loop.

Now let’s consider a 2x2 example. The graph below shows how the PV (in bold red) tracks a step
change in the SP (the green trace), for the two interacting PID loops. It also shows the off-diagonal
decoupling response.
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Process Variable: PC07.PV(BarG) per PC07.SP(BarG)

Process Variable: PDC2.PV({bar) per PC07.SP(BarG)
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Legend: SP step (green); Optimized Closed Loop PV Response (Red);
SP to PV responses are on the diagonal (in bold red)

The user can inspect the closed loop OP response for every loop to determine if any specific PID loop
has a large undesirable OP kick, and then put explicit maximum limits on the peak OP values. If cycling
in any OP is observed, the user can put a larger weight on OP movement.
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Controller Qutput: PC07.0P(%) per PCO7.5P( BarG) Controller Output: Z002.0P(%) per PCO7.SP( BarG)
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In this case, by using default weights only the tuning is really quite good, with very small overshoot in
the PV signals, and with no undesirable large kicks or cycling in the OP signals.
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The next step is to inspect the load disturbance response, and to determine if the PV returns to setpoint
quickly enough to deal with worst case disturbances. The PV response for a stepwise load disturbance
in the OP is shown below:

Process Variable: PCO7.PV(BarG)
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Typical SP move scaling is used to plot this graph. The observed PV response has exceptionally good
damping, and the off-diagonal decoupling response is completely adequate in this case. If we did not
like the quality of the decoupling response, we could simply increase the relative importance of this
aspect in the cost function weights via a single parameter. If we double clicks on a specific plot in the
matrix view, a detailed plot is shown. If the cursor is moved over the graph, it shows the nearest value:
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This view makes it very easy to determine the peak OP values by moving the cursor over the blue trace
to determine the size of the initial kick. In this case, we limited the peak OP value to 0.32, and the
optimizer has converged to a solution that provided a peak value of 0.319998.

The most important feature of the software is the ability to design PID tuning that will still be stable and
well damped even if the process dynamics change substantially over time (e.g. due to changes in plant
operating point). The user has the ability to specify worst case gain and dead time errors in the model
matrix, and the optimizer will ensure that the closed loop system is still stable under these conditions.

Loop Mac PV
Mame Max OP Crwershoot
Loop2 14.034
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Closed Loop PV

Stability Robustness Plot: TC1 Loop 1 25
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The blue robustness curve (upper stability limit) shown above indicates how much the process gain can
increase (at various values of process dead time) before the loop goes unstable. In effect, the blue
stability line indicates what combinations of additional gain and dead time will be required for the loop
to go unstable. The red block indicates the minimum stability region, and the user should ensure that the
blue line does not cross the red block. The user can click on any point on the robustness plot (the small
black cross), and the modified process model with additional gain and additional dead time will be
displayed in the top right hand corner of the robustness plot. The closed loop OP and PV responses for
the modified model are then displayed on the right.
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It is also possible to store multiple controller designs and compare these designs on the same plot:

Process Variable: PV2 per SP
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In this case, it is clear that the current design (in pink) is substantially faster than “Design 2” (brown).
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As can be seen from the subsequent OP plot, this improvement in the PV response has been achieved at
the expense of a very large kick in the OP response. This may not be suitable tuning, and the user may
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choose to increase the weight on the OP response, or a hard limit can be placed on the peak OP value,
and the optimizer can be run again.

The graph below shows a comparison of the robustness results for the four alternative designs. It is clear
that the current design (shown in pink) is far less robust than Design 2 (shown in brown).
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Conclusion

It should be clear from this discussion that there is a natural tradeoff between closed loop setpoint
tracking performance (how quickly the PV can get to SP and damp out without excessive overshoot or
ringing), the amount of OP movement required to accomplish this (especially the peak OP value), and
the inherent robustness of the loop (how much gain and dead time change can be accommodated before
the loop goes unstable).

The AptiTune™ software is ideally suited to optimize the trade-off between these competing design

objectives and with very little effort, can provide optimal tuning that achieves specific process
objectives.
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