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PI/PID controller, ..., very well known !!

The major concern is how to choose appropriate values for the
three parameters.

.... it seems an easy problem, but has attracted control engineers
for more than 70 years.
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In the last O’Dwyer, A. (†) compilation, a total of 1731 tuning rules
are collected:

On the basis of controller structure
PI (33%),
PID ideal (23%),
PID ’real’ (14%),
2DoF PI/PID (21%),
other... (9%)

On the basis of process model
stable first order (37%),
stable second order (17%),
integral (19%),
unstable (11%),
other (6 %).

(†) O’Dwyer, A. (2009) - ”Handbook of PI and PID Controller Tuning Rules”,
3rd Edition, Imperial College Press, London, UK.
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Tuning rules, some important milestones
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Past, Present and Future of PID Control,
Terrassa, Spain, 2000
≈ 100 presentations
State of the art on tuning / applications
Some initial works on

Robustness
Fractional PID control
PID 2-DoF
Data-driven (iterative control)
Optimisation
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Tuning rules, some important milestones
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IFAC Conference on PID Control, Brescia,
Italy, 2012
≈ 130 presentations
State of the art on tuning / applications
Some incipient approaches from PID00
consolidate as full sessions

Robustness
Tuning Rules
Fractonal PID COntrol
Data-driven
Optimisation
Multivariable
...

Not so much interest on approaches such
as fuzzy, adaptive, self-tuning,...
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Even there is the possibility to tackle the PI/PID controller design
problem from practically any of the existing design approaches

Process 

Kp, Ti, Td 

Genetic Algorítms 

H∞ and H2/H∞  Optimisation 

LMI Optimisation 
Neural Netwroks 

What has been a characteristic feature of PI/PID controllers that
has distinguished these controllers from the rest has been the
formulation and generation of Tuning Rules.
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When referring to PI/PID tuning it is unavoidable to mention the
(most?) widely applied tuning choice

Quite aggressive tuning
Poor stability robustness
Load disturbance attenuation was the main concern
No tuning parameter (automatic tuning)
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Following ZN, we could probably agree that the major success in
PI/PID has been the one provided by the IMC formulation

Too many different tuning rules
Poor disturbance rejection (set-point is the main concern)
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The controller finally gets the expression

c(s) =
(τ1s + 1)(τ2s + 1)

k
1

(τc + θ)s

That corresponds to a series PID with parameters

Kc =
1
k

τI
(τc + θ)

τI = τ1 τD = τ2

or a PI if the initial process model is of first order (τ2 = 0)

Kc =
1
k

τI
(τc + θ)

τI = τ1
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Effect of changing the integral time for PI control on slow process.

Should find a compromise value. -> The S-IMC tuning
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It is on 2003 that S. Skogestad proposes the S-IMC method.
Specially good for PI control of FOPDT processes.

S-IMC Tuning rule 

Default choice τc = θ. However
S-IMC ≈ IMC for processes with small time τI (τI = τ1)
S-IMC ≈ Ziegler-Nichols for large τ1 if τc = 0 (aggressive
tuning)
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Pareto-Optimal tradeoff for Robustness and Performance
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It is on 2003 that S. Skogestad proposes the S-IMC method.
Specially good for PI control of FOPDT processes.

S-IMC Tuning rule 

Simple and "good enough"

Varying τc gives (almost) Pareto-optimal tradeoff between
performance (IAE) and robustness (Ms)
τc = θ is a good "default" choice
Not possible to do much better with any other PI controller!!
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With S-IMC a change in the way tuning is though was introduced.
There has been a revival of PID but with an increasing
requirements setup:

Servo/Regulation Performance
Moderate usage of control action
Robustness
Simple and clear formulations
Include derivative term
Measurement noise attenuation
tradeoff
(smoothness/robustness/reactivity)

Global setup
There arises the need to rethink how to conjugate all these
considerations, possible interactions among them and to express
this in a simple way.
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From a standard control loop block diagram

What we should do is to look after the performance regarding the
three external signals (r , d y n) as well as guaranteeing a minimum
level of robustness to process variations.

It is a great advantage if this compromise can be decided by the
user by a tuning parameter. (†)

(†) K.J. Astrom, T.Hagglund, The future of PID control, Control Engineering
Practice, 9 (2001) 1163-1175
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It is easy to find design formulations giving primary importance to
one of such aspects, therefore driving the design (tuning) approach:

Robustness:
Specific indexes: MG, MF, Parametric stability, ...
Aggregated indexes: MS , MT , ‖ · ‖∞, ...

MG ≥ MS

MS − 1
MF ≥ 2 sin−1

(
1

MS

)
Performance:

Optimizing some index of performance (ISE, IAE, ITAE,...)

I =
∫ ∞

0
tn|e(t)|mdt

Parametrisation of the closed-loop (IMC, λ-tuning, etc)

T (s) −→ 1
λs + 1

Do they really reflect the desired closed-loop?

Does it make sense to focus the design in just one of them?
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As an example, we take a tuning proposal that considers exclusively
to minimize performance on the IAE sense :

First order process models: P(s) = Kpe−θs

τ1s+1

Second order process models: P(s) = Kpe−θs

(τ1s+1)(τ2s+1)

(†) C. R. Madhuranthakam, A. Elkamel, and H. Budman. ”Optimal tuning of
PID controllers for FOPDT, SOPDT and SOPDT with lead processes.
Chemical Engineering and Processing, 47:251-264, 2008
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For a comparative basis, the uSORT tuning provides simultaneously
tuning for PI/PID on the basis of FOPTD/SOPTD process models,
also ensuring certain levels of robustness and minimizing IAE
criteria.

Process: P(s) = Ke−Ls

(Ts+1)(aTs+1) a ∈ (0, 1) τL = L/T

Controller: u(s) = Kp

(
β + 1

Ti s

)
r(s)− Kp

(
1+ 1

Ti s
+ Td s

0.1Td s+1

)
y(s)

Performance: Je
.
=
∫∞
0 |e(t)| dt =

∫∞
0 |y(t)− r(t)| dt

Performance degradation: Fp
.
= Jo

e
Je
, Fp ≤ 1

JFp
.
= J(θc ,F t

p) =

∣∣∣∣ Jo
e

Je(θc)
− F t

p

∣∣∣∣ t.q. MS = Mt
S ∈ {2, 1.8, 1.6, 1.4}

Recent advances in PI/PID controller tuning III Jornada CEA Conexión Industria-Universidad, CERN



What is provided is a unique set of equations for the different
combinations of process model and controller.

Set-Point Regulation

Tuning relations for PI/PID are the same
Constants ai , bi , ci are determined by the process model
parameters.
Robustness just imposes changes on the proportional gain(ai
therefore determined by the desired robustness level).
For the regulator case, they are also available equations for β.
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If we compare performance in terms of time responses of uSORT
tuning and the optimal MEB
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If we compare performance in terms of time responses of uSORT
tuning and the optimal MEB
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It is easy to find design formulations giving primary importance to
one of such aspects, therefore driving the design (tuning) approach:

Robustness:
Specific indexes: MG, MF, Parametric stability, ...
Aggregated indexes: MS , MT , ‖ · ‖∞, ...

Performance:
Optimising some index of performance (ISE, IAE, ITAE,...)
Parametrisation of the closed-loop (IMC, λ-tuning, etc)

They are not independent aspects.

Tuning strategy should combine
them on the most appropriate way

Attention should be focused on
methods that do integrate them on
a more qualitative way.

AGRESSIVE CAUTIOUS 

+ Robustness 
- Reactivity 
+ Smooth 

- Robustness 
+ Reactivity 
- Tight 
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AGRESSIVE CAUTIOUS 

MS 
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Just a short consideration regarding the PID implementation in use:

Do we have freedom to choose the particular implementation
for the PID or are we constrained by the vendor/deployed
algorithm?

If we use a PI there is no problem, all PI are identical. But this
is not the same for a PID

A tuning rule may be developed by assuming a particular
formulation for a PID that may be different from the one
implemented.

PID configuration
What are the implications of using a particular PID
implementation?
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PID 2DoF Standard

u(s) = Kp

(
β +

1
Ti s

)
r(s) + Kp

(
1+

1
Ti s

+
Td s

αTd s + 1

)
y(s)

PID 2DoF Paralel

u(s) =
(
βpKp +

Ki

s

)
r(s)−

(
Kp +

Ki

s
+

Kd s
αpKd s + 1

)
y(s)

PID 2DoF Series (or Industrial PID)

u(s) = K ′
p

(
β′ +

1
T ′

i s

)
r(s)− K ′

p

(
1+

1
T ′

i s

)(
T ′

d s + 1
α′T ′

d s + 1

)
y(s)

PID 2Dof Ideal with filter

u(s) = K∗p

(
β∗ +

1
T ∗i s

)
r(s)− K∗p

(
1+

1
T ∗i s

+ T ∗d s
)(

1
Tf s + 1

)
y(s)
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PID 2DoF Ideal with Filter 

PID  2DoF  Paralel 

PID  2DoF  Series or Industrial 

PID  2DoF  Standard 
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This is just a snapshot of a new family of tuning rules that address
the problem in a more qualitative and global way.

New approaches attempt to extend the presented ideas by
considering the use of more elaborated models (therefore opening
the door to better performance)

One of the latest approaches integrates signal filtering (r and y) as
an integral part of te PID tuning. Therefore helping the PID and
getting superior performance (measurement noise !!).

All tuning methods provide an initial tuning that usually has to be
manually adjusted: fine tuning: the fragility issue enters into play

Think of Advanced Control also as Advanced PID Control
Help the PID with appropriate filtering and suitable, analytical,
model based, tuning.
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