
Advanced PID control as 
agents for the future

Sigurd Skogestad
Kyb

17 Nov. 2025



Robust control

1996 2005Berkeley, 1994-1995Caltech, 1983-1987



Abstract

• The first general purpose PID controller (Taylor 100 Fullscope) came on the marked 
in 1939 so it is approaching 100 years. For some reason, the PID controller was 
always looked upon by academics as an ad-hoc solution that would soon be 
replaced by something better and more general. First it was lead-lag compensators, 
later MPC and now AI. This has also led to little focus on tuning PID controllers, and 
Ziegler-Nichols' method is still being used by many, in spite of being aggressive and 
lacking a tuning parameter.   This has improved lately, for example with my favorite 
PID SIMC-rules.

• However, there is still very little academic focus on "advanced PID control" 
solutions, where the PID controller is combined in a system with other standard 
control elements. This includes cascade, ratio and split range control, and use of 
selectors for constraint switching. Especially, the use of max- and min-selectors is 
still regarded as ad-hoc, but their simplicity and effective will guarantee their use 
also in the future. To put them into the present AI fold, we may view selectors and 
other control elements as specialized agents, and a network of these agents make 
up a complex control system. I will show an example of keeping cows happy.
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Main approach to controller design: Lead-lag loop shaping



Page 294 (!): PID control



Tune PID: Ziegler-Nichols «closed-loop» method 

Disadvantages Ziegler-Nichols:

1.Aggressive settings

2.No tuning parameter

3.Poor for processes with large time delay (𝜃)





Disadvantage IMC-PID (=Lambda tuning):

1.Many rules

2.Poor disturbance response for «slow» processes (with large 𝜏1/𝜃)







SIMC-PID Tuning Rules 

One tuning parameter: Desired closed-loop time constant c  

𝐺 𝑠 = 𝑘
𝑒−𝜃𝑠

(𝜏1𝑠 + 1)(𝜏2𝑠 + 1)



Can the SIMC PID-rules be improved?
• No, hardly. They are almost Pareto-optimal (vary τc)

• Optimal trade-off between robustness (Ms) and performance 
(J=IAE for setpoint and disturbance):

Chriss Grimholt and Sigurd Skogestad, J. Process Control, vol. 70 (2018), 36-46
''Optimal PI and PID control of first-order plus delay processes and evaluation of the original and improved SIMC rules'' ,

Ms = Peak of |S(jω)|

https://skoge.folk.ntnu.no/publications/2018/grimholt-skogestad-jpc-2018-Optimal-PI-and-PID-control-of-first-order-plus-delay-processes/grimholt-jpc-pid-2018.pdf
https://skoge.folk.ntnu.no/publications/2018/grimholt-skogestad-jpc-2018-Optimal-PI-and-PID-control-of-first-order-plus-delay-processes/grimholt-jpc-pid-2018.pdf
https://skoge.folk.ntnu.no/publications/2018/grimholt-skogestad-jpc-2018-Optimal-PI-and-PID-control-of-first-order-plus-delay-processes/grimholt-jpc-pid-2018.pdf


Conclusion: c= 𝜃 gives a good trade-off

«Improved» iSIMC PID: 𝜏𝐷 =
𝐷𝑒𝑙𝑎𝑦
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Optimal PI/PID

SIMC PI / iSIMC PID (vary τc)

SIMC: Recommend τC ≥ Delay θ

for good robustness:

• Ms < 1.6 

• GM > 3  (10 dB)

SIMC-tuning is almost Pareto-optimal! 
Trade-off between robustness (Ms) and performance (J=IAE for setpoint and disturbance)

1 1

Optimal PI=PID

Ms = Peak of |S(jω)|



Cow case study (Norway, outdoor 15C to -20C)

CT

TT

Fan: u1

Heater: u2 Temperature 

transmitter

CO2 transmitter

Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy (cold) cows
• y2=T less than 0C

Even more unhappy (sick) cows
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)

M.Adlouni / Gemini

Disturbances:
1. Number of cows (they generate CO2 and heat)

• Because of heat from cows it’s always colder outside
2. Outdoor temperature (between 15C and -20C)

• The cows are outside in the summer



u1=50%

CI TI

u1

Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy cows
• y2=T less than 0C

Even more unhappy
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)



CI TI

u1

u1=50%

MAXCC

SP=1000ppm
Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy cows
• y2=T less than 0C

Even more unhappy
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)

Lower CO2 (less than 1000ppm) is satisfied by large fan speed ⇒ MAX-selector



CI TI

u1

u1=50%

MIN

MAXCC

TC

SP=5C

SP=1000ppm
Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy cows
• y2=T less than 0C

Even more unhappy
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)

Winter: T (inside) may drop to 5C.
Control: Higher T (above 5C) is satisfied by small fan speed ⇒ MIN-selector



CI TI

u1

u1=50%

MAXCC

TC

SP=5C

SP=1000ppm

TC

SP=4C

u2

MIN

Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy cows
• y2=T less than 0C

Even more unhappy
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)

Winter (colder): Cannot reduce fan more because CO2 > 1000 ppm.
Start heater. Use split parallell control (could use split range control instead)



CI TI
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u1=50%

MAXCC

TC

SP=5C

SP=1000ppm

TC

SP=4C

u2

TC

SP=0C

MIN

MIN

Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy cows
• y2=T less than 0C

Even more unhappy
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)

Winter (even colder outide): Heater at max and T drops to 0C. 
To avoid freezing unhappy cows: reduce fan speed and accept CO2 > 1000 ppm
Recall: Higher T (above 0C) is satisfied by small fan speed ⇒ MIN-selector



CI TI

u1

u1=50%

MAXCC

TC

SP=5C

SP=1000ppm

TC

u2

TC

SP=0C

MIN

MIN

CC

SP=3000ppm
MAX

SP=4C

Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy cows
• y2=T less than 0C

Even more unhappy
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)

Winter (even colder outside): CO2 reaches unacepptable level (3000ppm) 
Recall: Lower CO2 is satisfied by large fan speed ⇒ MAX-selector



CI TI

u1

u1=50%

MAXCC

TC

SP=5C

SP=1000ppm

TC

u2

TC

SP=0C
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MIN
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SP=3000ppm
MAX

SP=4C
TC

SP=20C

Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy cows
• y2=T less than 0C

Even more unhappy
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)

Lower T (below 20C) is satisfied by large fan speed ⇒ MAX-selector
(Consistent with large fan speed (MAX-selector) to keep CO2 < 3000ppm!)



CI TI
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Happy cows
• y1=C (CO2) less than 1000 ppm
• y2=T between 5C and 20C
• Not too much draft or noise from fan

• 50% fan speed is good

Unhappy cows
• y2=T less than 0C

Even more unhappy
• y1=C above 3000 ppm (poor air quality)

MVs
• u1=fan (cheap)
• u2=heater (expensive)

FINAL OPTIMAL CONTROL STRUCTURE: 
4 TCs, 2 CCs, 4 selectors

If extreme cold: Use blankets for cows
If very hot: Spray water on cows



Paper (2023) is open access and is also available on my home page (search for 
“skogestad”) 



Implementing optimal operation by switching
• Most people think 

• You need a detailed nonlinear model and an on-line optimizer (RTO) if you want to optimize the process
• You need a dynamic model and model predictive control (MPC) if you want to handle constraints
• The alternative is Machine Learning

• No! In many cases you just need to measure the constraints and use PID control
• «Conventional advanced regulatory control (ARC)»

• How can this be possible?
• Because optimal operation is usually at constraints
• Feedback with PID-controllers can be used to identify and control the active constraints
• For unconstrained degrees of freedom, one often have «self-optimizing» variables

• This fact is not well known, even to control professors
• Because most industrial ARC-applications seem ad hoc
• Few systematic design methods exists

• Today ARC and MPC are in parallel universes
• Both are needed in the control engineer's toolbox

27
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