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“The goal of my research is to 
develop simple yet rigorous 
methods to solve problems of 
engineering significance” 
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Paper (2023) is open access and is also available on my home page (search for “skogestad”) 
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QUIZ
What are the three most important inventions of process control?

• Hint 1: According to Sigurd Skogestad
• Hint 2: All were in use around 1940

SOLUTION
1. PID controller, in particular, I-action
2. Cascade control
3. Ratio control
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Flour
(solid)

Want to control: Composition y 
(or any intensive quality variable, like viscicity, ρ or T*)

y
∞
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Water
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R=(F2/F1)s
u= F2,sd=F1,m

F2,m

CC
ym

ys

RATIO CONTROLwith outer feedback  (to adjust ratio setpoint)

EXAMPLE: MIXING PROCESS

Feedback correction («trim»)

* S. Skogestad. Ratio control: Theoretical basis and practical implementation, Journal of process control, 2026.
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Constraints

• Active constraint: Optimally at limiting value (max or min) in current situation. 
– current value of disturbances, parameters, and prices. 

• Want to use Control to switch between changing active constraints

• «OK, you may handle many things with PIDs -  but for constraints you need MPC.»

• No, this is an academic myth
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QUIZ, part 2
Three more important inventions of process control?

• Hint: All related to constraints

SOLUTION
1. Anti-windup on I-action (MV constraint)

2. A. Split-range/  B. Split-parallel control (MV constraint switching)

3. MAX/MIN-Selectors (“Override”) (CV constraint switching)

Fact: Most constraints can be handled nicely using PIDs plus these three inventions
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Constraint switching cases

• CV-CV switching («override»)
– Control one CV at a time

• MV-MV switching («split range»)
– Use one MV at a time

• MV-CV switching
– MV saturates so must give up CV
1. Simple («do nothing»)  
2. Complex (need another MV); 

Combine MV-MV and CV-CV

Process

Process

Process

Process

MV = manipulated variable
CV = controlled variable

CVs

MVs

MV CV
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MV-MV switching

• Need several MVs to cover whole steady-state range

Three solutions:
Alt.1 Split-range control (one controller)  
Alt.2 Several controllers with different setpoints = Split parallel control
Alt.3 Split VPC 

Which is best? It depends on the case! 

Optimal Operation with Changing Active Constraint Regions using Classical Advanced Control,  Adriana Reyes-Lua Cristina Zotica, Sigurd 
Skogestad, Adchem Conference, Shenyang, China. July 2018 , 

Process
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Example MV-MV switching 

• Break and gas pedal in a car
• Use only one at a time,
•  «manual split range control»

MV-MV switching

Car
y=speed

MV1=gas

MV2=break
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MVs (two for summer and two for winter):
1. AC (expensive cooling)
2. CW (cooling water, cheap)
3. HW (hot water, quite cheap)
4. Electric heat, EH (expensive)

Example split range control (SRC): Room temperature with 4 MVs

MV-MV switching

SR-block:

y=T

1

3 2

4

CPI – same controller for all inputs (one integral time)
         But get different gains by adjusting slopes α in SR-block

11
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MV-MV switching

Advantage SPC (relative to SRC):
• One controller for each MV
• Simple: Switching by feedback

Disadvantage SPC:
• Different setpoints

•  may fix with outer cascade
• May get fighting («limbo») with small 

setpoint separation 

But Advantage: 
• Different setpoints (energy savings)
• «Limbo» may improve control of y 

C1

C2

C3

C4

23oC

22oC

21oC

20oC
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Alternative: Multipliple Controllers with different setpoints
= Split parallel control (SPC)

y=T

1

3 2

4

«Split parallel control – A little known control structure», K. Forsman, M. Adlouni, S. Skogestad, IFAC Dycops conference, 2025 (and JPC 2026)
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CV-CV switching (“override”)

• Only one input (MV) controls many outputs (CVs)
– Typically caused by change in active constraint
– Example, Adaptive cruise control:

• Control car speed (y1) - but give up if too small distance (y2) to car in front.

• Use max- or min-selectors (note: switching on controller outputs = inputs u!)

Process
MV (u)

CVs (y)
CV-CV switching 

y1

CV-CV switching 

y2

> MAX= HS=

< MIN= LS=
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Design of selector structure

Rule 1 (max or min selector)
• Use max-selector for constraints that are satisfied with a large input
• Use min-selector for constraints that are satisfied with a small input

Rule 2 (order of max and min selectors): 
• If need both max and min selector: Potential infeasibility
• Order does not matter if problem is feasible
• If infeasible: Put highest priority constraint at the end

“Systematic design of active constraint switching using selectors.”
Dinesh Krishnamoorthy , Sigurd Skogestad. Computers & Chemical Engineering, Volume 143, (2020)

CV-CV switching 

https://www.sciencedirect.com/science/journal/00981354
https://www.sciencedirect.com/science/journal/00981354/143/supp/C
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IFAC in Korea , 26 Aug. 2026



Separator case study I

MV-CV switching 

Δ = 1 bar (small setpoint separation)

zs=47% -> 75%

«Split parallel control – A little known control structure», K. Forsman, M. Adlouni, S. Skogestad, IFAC Dycops conference, 2025 (and JPC 2026)
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Cow case study II (Norway, outdoor 15C to -40C)

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) Disturbances:

1. Outdoor temperature (between 15C and -20C)
2. Number of cows (they generate CO2 and heat)

• Because of heat from cows it’s always colder outside
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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)

NOMINAL CASE

y2=Ty1=C

u2=0%
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CI TI

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)

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

u1 y2=Ty1=C
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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
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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)
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CI TI

u1

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
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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
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CI TI

u1

u1=50%

MAXCC

TC
SP=5C

SP=1000ppm

TC

u2

TC
SP=0C

MIN

MIN

CC

SP=3000ppm
MAX

SP=4C
TC

SP=20C

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

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)
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CI TI

u1

u1=50%

MAXCC

TC
SP=5C

SP=1000ppm

TC

u2

TC
SP=0C

MIN

MIN

CC

SP=3000ppm
MAX

SP=4C
TC

SP=20C

FINAL OPTIMAL CONTROL STRUCTURE: 
4 TCs, 2 CCs, 4 selectors If extreme cold: Use blankets for cows

If very hot: Spray water on cows

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)
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SIMULINK Simulation
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In yellow:
Active constraint/setpoint
(always 2 active)
y1(T): 20C, 5C, 4C, 0C
y2(CO2): 1000 ppm, 3000 ppm
u1(Fan): 50%
u2(Heater): 0%, 100%

y1

y2

d
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Conclusion Advanced process control (APC)

• Classical APC, aka «Advanced regulatory control» (ARC) or «Advanced PID»:
– Works very well in many cases
– Optimization by feedback (active constraint switching)
– Need to pair input and output.

• Advantage: The engineer can specify directly the solution
• Problem: Unique pairing may not be possible for complex cases

– Need model only for parts of the process (for tuning)
– Challenge: Need better teaching and design methods

• MPC may be better (and simpler) for more complex multivariable cases
– Main challenge: Need dynamic model for whole process
– Other challenge: Tuning may be difficult 



Optimal centralized
Solution (EMPC)

Sigurd (me)

Academic process control community fish pond

Simple solutions that 
work (ARC =  PID++)

Please join us, we feel a little alone

Tore

Jose Luis
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Anti-windup
• All controllers with I-action need anti-windup to «stop integration» during periods 

when the controller output (vi) is not affecting the process:
– Controller is disconnected (e.g., because of selector)
– Physical MV ui is saturated

• Many approaches. I recommend this*:

Anti-windup using tracking/back-calculation*. Typical choice for tracking constant, KT=1

KT,i

Selector or
saturation

*Åström, K. J., & Hägglund, T. (1988). Automatic tuning of PID controllers. ISA.



Deleted slides



Important insight

• Many problems: Optimal steady-state solution always at constraints
• In this case optimization layer may not be needed 

– if we can identify the active constraints and control them using selectors
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In summary, ‘‘PID control’’ 
researchers are recommended
to switch their attention to 
‘‘advanced PID control’’, that is, the
interconnection of the PID controller 
with the other advanced control
elements.

Sigurd Skogestad, ''Advanced control using decomposition and simple elements''.
Annual Reviews in Control, vol. 56 (2023), Article 100903 

https://www.sciencedirect.com/science/article/pii/S1367578823000676
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