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• Traditional controllers are based on 

mathematical approaches� simple 

systems

• Systems are nonlinear and variant

Problem statement (1/2)Problem statement (1/2)

• Traditional control techniques depend on 

an identification process, but systems 

are only partially known

• Any change may cause poor performance 

or even instability
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Control

Problem statement (2/2)Problem statement (2/2)

Dynamical 
systems

Cognitive 
Sciences
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Significance of this researchSignificance of this research

Motion planning Fault tolerance

High order systemsComplex systems

Research problem

Design of an emotion-based controller for dynamical systems

5 / 40



Research questionsResearch questions

• Being human emotions essential in decision 

making, could they be introduced in a controller?

• How to emulate human emotions given a 

dynamical system?

• Can emulated emotions improve the performance• Can emulated emotions improve the performance

of a controller for dynamical systems in contrast

to traditional controllers?

• Would every human emotion be useful to control 

dynamical systems, or just a set of them?

• What other brain capabilities may be important to 

introduce in a control algorithm?

Research problem
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State of the art (1/5)State of the art (1/5)
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• Discrete theory of emotions 
Robert Plutchik, Paul Ekman, and Nico 

Frijda.

State of the art (2/5)State of the art (2/5)

• Appraisal theory of emotions 
Richard Lazarus and Craig Smith. 

Suddenness, importance of the goal, 

control, available energy, among other 

aspects
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EEG, PET, MEG, MRI, fMRI

Neuroscience models

Fear circuit of Joseph Ledoux

State of the art (3/5)State of the art (3/5)

Figure taken from “The Economist”, 

Special report, the brain, 2006
Emotions, from brain to robot, 2004

Trends in Cognitive Sciences
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X � Valence (-,+)

Y � Arousal (H,L)

Applications of the CMA:

Circumplex model of affect (CMA), Rusell, 1980

Delighted

Excited

Astonished
ArousedAlarmed

TenseAfraid

AngryAnnoyed

Distressed

Frustrated

State of the art (4/5)State of the art (4/5)

Applications of the CMA:
Music, Psychology, Affective 

computing, Human Computer  

Interaction, Linguistics, 
Medicine, Robotics

Calm

Relaxed
Satisfied
Content
Serene

Glad
Pleased

Happy

Gloomy

Miserable
Sad

Bored
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Sleepy
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• Emotions result from the comparisons 

between an alternative situation and a 

reference.
Aaron Ben-Zeev, “The Subtlety of Emotions” 

MIT, 2000

State of the art (5/5)State of the art (5/5)

• Emotions are caused by the 

discrepancy between perceived reality 

and one’s desires.
Franklin E. Payne, “A Definition of Emotions” 

JBEM, 2003
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Proposed approachProposed approach

Intuition

Made by: Mihai Alden, Max Popescu & Fredrik Salomonsson

Computer Models of Cognitive Processes, MT, LiU, 2010
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Control architecture
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Emotion-based control systems

Proposed controller (3/4)Proposed controller (3/4)

HSet point EC yp

yr
RM

d
u

The emotion-based controller EC looks to match the plant’s 

dynamic to the reference dynamic RM, regardless of changes in d

or in the system H.

s
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Reference Model (RM)

RMr y
r

Current control techniques using RM:
Model Reference Control: NN

Model Reference Robust Control

Model Reference adaptive control

Model Predictive Control

Proposed controller (4/4)Proposed controller (4/4)

Two examples:

ITAE, Bessel

Buttherworth, Chebyshev
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Results (1/9)Results (1/9)

Controlling an unstable plant

• Plant:

• Reference model:
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• Reference model:
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Results (2/9)Results (2/9)

Controlling a nonlinear plant

• kp = 5, ki = 5, kd = 1
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Rational + Emotional
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This is the result for the 

nonlinear plant in the 

previous slide

Results (3/9)Results (3/9)
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• Plant:

• Reference model:
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Results (4/9)Results (4/9)
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• Plant:

100S10S
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2
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Asymptotic stability

Results (5/9)Results (5/9)
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Results (6/9)Results (6/9)

Speed control of a DC motor
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Results (8/9)Results (8/9)

Traditional controller Emotion-based controller

Solution
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Results (9/9)Results (9/9)

Traditional controller Emotion-based controller
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• Single input-single output 

systems

• Differentiable plant and 

reference model

ConstraintsConstraints

reference model

• Invariant plant and reference 

model

• Low order dynamical systems

Conclusions and future work
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Conclusions (1/2)Conclusions (1/2)

• The introduced emotion-based control algorithm 

illustrates that the human brain can certainly serve as 

an inspiration for new control algorithms

• The Circumplex Model of Affect is adequate to propose 

the emotion-based control algorithm, (valence and 

arousal)arousal)

• Experiments in this work have demonstrated that 

anticipation truly serves as a bridge between cognitive 

concepts that embody emotions’ influence on decision 

making in humans and the mathematical principles 

employed in the control of dynamical systems

Conclusions and future work
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Conclusions (2/2)Conclusions (2/2)

• Seeking to match the dynamic of two systems 

(reference model and plant) in an emotion-based 

controller results in substantial improvements in the 

plant’s dynamic

• The emotion-based controller properly handled cycle 

limits by reducing their magnitudelimits by reducing their magnitude

• A reduced set of emotions can be used to control low 

order (linear and nonlinear) dynamical systems

Conclusions and future work
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• Decision-making: auto tuning, adaptation

• Anticipation: other than first order systems

• Reference model: learning, adaptation,4

Future workFuture work

• Plant: complex systems, more emotions

• Components: Rational + Emotional + 4

• Applications

Conclusions and future work
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