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p Market-driven Systems

o Mathematical Modelling Course Material
o Multivariable Control The course is based on a set of compendiums:
o Networks Dynamics « Tore Hégglund: Automatic Control, Basic Course — Lecture Notes.

» Nonlinear Control and Servo Department of Automatic Control, Lund University, 2018.

Systems « Automatic Control, Basic Course — Collection of Exercises.
Department of Automatic Conirol, Lund University, 2014.

p FRTFO1 Physiological Models and
Computation « Automatic Control, Basic Course — Laboratory Manuals.

Department of Automatic Control, Lund University, 2012
p Predictive Control . _ _
« Automatic Control, Basic Course — Collection of Formulae.

» Projects in Automatic Control Department of Automatic Contrel, Lund University, 2013.
» Real Time Systems

Printed copies of the above matenal will be handed out to all participants during the first lecture.
. Svstem Identification

Material andslidesfrom colleaguesand coursesat
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Who are we?

Shenggian Han Charlotta Johnsson

( V)

Anders Robertsson Martina Maggio

Johan Ruuskanen Albin Heimerson Marcus Greiff




Who are we?

Mika Nishimura



Contact information

AShenggian Han (M),
Aemail: sghan@buaa.edu.cn, office phone: 82317213-104, office: New main building F417

AYinan Yu ( )

Aemail: yinanyu@buaa.edu.cn, office: New main building F417

AAnders Robertsson (L1-6)

Aanders.robertsson@control.lth.se office: New main building F413
AMartina Maggio (L7-9)
Anartina.maggio@control.lth.se office: New main building F413

KCharlotta (Lotta) Johnsson (L10+review)
Aotta@control.lth.se office: New main building F413

AJohan Ruuskanen (E1-4, lab 1)

Ajohan.ruuskanen@control.lth.se

AAlbin Heimerson (E5-9, lab 2)

Albin.heimerson@control.lth.se

Marcus Greiff (L11, E10-11, lab 3, exam)

Amarcus.greiff@control.lth.se

Avika Nishimura (Ladok)
Anika@control.lth.se
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Upcoming events

2013-11-06 10:15 fo 11:00

Joel Sjobom, Lund University: Corticostriatal circuits encode behavioral transitions in
natural behavior

2018-11-06 11205 to 1150

Anahita Jamshidnejad, Technical University of Delft: Efficient predictive model-based and
fuzzy control

2013-11407 10:15 fo 11:00

Yu Kawano, University of Groningen: Partial Synchronization and Model Reduction of
Nonlinear Biological Networks

More Events

News

Open PhD position in Automatic Control LCCC focus period

Weicome to apply cnlne. The announcamant can be found here in on Leaming and Adaptaticn

English or in Swedieh. Last day to apply ks November 19, for S2nsonmotoe Control,
Oc1ober 8 to November 3

| www.control.lth.se
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Process Control Weridng groups a the depariment

2019

The berkeley innovation index:

Alexander Fred-ojala, Ikhlag Sidhu, Charlotta Johnsson, Mari Suoranta. 2019 Springer Verlag feniunere ey
Mobile and Wireless Technology 2018 - International Conference on Mobile and Wireless

Technology ICMWT 2018. p. 311-320 10 p.

Paper in conference proceeding r

2018

Human thymopoiesis is influenced by a common genetic variant within the tcra-tcrd locus
Emmanuel Clave, Itaua Leston Araujo, Cécile Alanio, Etienne Patin, Jacob Bergstedt, Alejandra
Urrutia, Silvia Lopez-lastra, Yan Li, Bruno Charbit, Cameron Ross Macpherson, Milena Hasan,
Breno Luiz Melo-lima, Corinne Douay, Noémie Saut, Marine Germain, David Alexandre
Trégouét, Pierre Emmanuel Morange, Magnus Fontes, Darragh Duffy, James Di Santo, Lluis
Quintana-murci, Matthew L. Albert, Antoine Toubert. 2018-9-5 in: Science Translational
Medicine. 457, 10,

Article

A time-warping transformation for time-optimal movement in differentially flat systems
Marcus Greiff. 2018-8-9 Institute of Electrical and Electronics Engineers Inc. 2018-
June,Proceedings of the American Control Conference. p. 6723-6730 8 p.

Paper in conference proceeding

Evaluation of the discrete time feedback particle filter for imu-driven systems configured on se(2)
Marcus Greiff, Karl Berntorp. 2018-8-9 Institute of Electrical and Electronics Engineers Inc.
2018-June,Proceedings of the American Control Conference. p. 5683-5689

Paper in conference proceeding

»




Course program

A Collected in syllabus on course home page

AUTOMATIC CONTROL, BASIC COURSE (FRTFO05)
Course Syllabus, Fall 2018

Higher education credits: 7.5 ECTS (one cighth of a year of full-time studies).

Grading scale: Fail, 3, 4, 5.

Level: G2 (Secondary basic level).

Language of instruction: English.

Course coordinator: Anders Robertsson, Dep. of Automatic Control, Lund University, Sweden.
Recommended prerequisites: Calculus in One Variable, Calculus in Several Variables, Linear
Algebra, Linear Systems or Systems and Transforms.

Assessment: Written exam, three laboratory exercises.

Further information: The course is given at Beihang University (BUAA) in Beijing, China.
Home page:

www.control.lth.se/education/engineering-program/automatic-control-basic-course-china/

Aim

The aim of the course is to give knowledge about the basic principles of feedback control. The
course will give insight into what can be achieved with control-—the possibilities and limitations.
The course mainly covers linear continuous-time systems.




Laboratory exercises

The course contains three mandatory laboratory exercises (3h15min each). Each laboratory exercise
will be given at two occasions. It 1s mandatory to sign up for one occasion per exercise through
the course homepage. Labs 1-3 are given in F-532, New Main Building.

Nr Date
Lab 1 Nov 13 (Tue)
Nov 15 (Thu)

Lab 2 Nov 27 (Tue)
Nov 29 (Thu)

Lab 3 Dec 4 (Tue)
Dec 6 (Thu)

Time
19:00-22:15
19:00-22:15

Topics Responsible

Empirical PID control. Johan Ruuskanen

Modeling and calculation  Albin Helmerson
of PID controller.

State feedback Albin Heimerson

and Kalman filtering.

You will work in groups of two or three students. For the labs vou should ideally work in mixed

Swedish/Chinese groups.

The manuals for Labs 2 and 3 contain preparatory exercises that must be solved before the labo-
ratory exercise. At the start of Lab 2. a quiz with two review questions are given. You must give
correct answers to both questions in order to proceed with the laboratory exercise. Sign-up lists
for the laboratory exercises will be available on the course web page.




Lab sigrup

two alternatives each for Laegxercises

Lab Sessions
The labs sessions are roughly 3h15m each (19:00-22:15) and held in F-532, New Main Building.

Choose mixed groups of Lund and Beihang students. The sign-up pages are linked below.

Sign-up link for Labs  (Swedish students use their STiL-id, Chinese students will get mail with sign-up id)

MNote: When the sign-up for an activity closes (befaore each session) the lists will be taken down. Take a note of your chosen
timel

+ Lab 1: sign-up opens 6/11 18:00

+ Lab 2: sign-up opens 7/11

+ Lab 3 sign-up opens 7/11

The guidelines for the labs are given in
* Lab1

* Lab2

« lab3

Additional Material DO th|S already tOdayl

« Mathematical repetition

+ Mathematical repetition - solutions

« NMatlab-file with useful automatic control commands

Lecture Slides

s |ecture 1 [updated 20171113]




Sigrup with your StiL
(Chinese students will get StiL by mail)

Automatic Control, Basic Course (China), ht2 2018

namn(tid/plats) grupper studenter
AK China Lab 1
Water tank lab in F-532 (New Main Building)
Lab 1, Thursday ((Nov 15 (Thu) 19:00-22:15 in F-532 NewMainBuilding_ ) 0/19 0/19
Lab 1, Tuesday ((Nov 13 (Tue) 19:08-22:15 in F-532 NewMainBuilding_) 0/19 0/19

Enroll and Form Groups

Automatic Control, Basic Course (China), ht2 2018

AK China Lab 1, Lab 1, Tuesday (Nov 13 (Tue) 19:00-22:15 in F-532 NewMainBuilding)

Already registered for this session

Number of free workstations: 19

—Enroll students for the session:

st 1]

enroll
=1

—Have you forgotten your user id for SAM?
Enter your personal number and the system will mail you your acount information.

personal number

email
L=







Llab 1l &2
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Example: Control of Server Systems

Server A——

E-mail
Address

T

ServerB——

s

ServerB——

Security

» Many types of
servers and

applications

transaction i )
monitor Tunframe

mainframe

f SYSPLEX
“SYSPLEX|

hierarchica

rain frame

transaction
processing

Front end for online customer service

Multi-tier systems of
Web browsers,
business logic and
databases

Feedback at various
levels

Queue Control

IBM, HP, Microsoft,
LYl T 2yZ Xo
Challenges:

w Modeling formalisms
(DES, ODEs, queuing
IKS2NEZ X0

w Design of software
and computing
systems for
controllability



Literature
The course is based on the following compendiums:

e Tore Higglund: Automatic Control, Basic Course — Lecture Notes. Department of Automatic
Control, Lund University, 2014.

e Automatic Control, Basic Course — Collection of Exercises. Department of Automatic Con-
trol, Lund University, 2014.

e Automatic Control, Basie Course — Laboratory Manuals. Department of Automatic Control,
Lund University, 2012.

e Automatic Control, Basic Course — Collection of Formulae. Department of Automatic Con-
trol, Lund University, 2012.

As reference textbook, we recommend

e Karl Johan Astrém & Richard Murray: Feedback Systems: An Introduction to Scientists and

FEngineers. Princeton University Press. Second edition (2016) is available for free download
at:

http://www.cds.caltech.edu/~murray/amwiki



L1

L2

El
L3

E2

E3

L4

E4
L5

E5
L6

L9
E8
L10

E9
E10

Week Date

45

46

47

48

49

Nov 6 (Tue)
Nov 7 (Wed)

Nov 7 (Wed)
Nov 8 (Thu)

13 Nov (Tue)
Nov 14 (Wed)
Nov 14 (Wed)

Nov 15 (Thu)
Nov 20 (Tue)

Nov 21 (Wed)
Nov 21 (Wed)

Nov 22 (Thu)
Nov 27 (Tue)

Nov 28 (Wed)
Nov 28 (Wed)

Dec 29 (Thu)
Dec 4 (Tue)
Dec 5 (Wed)

Deec 5 (Wed)
Dec 6 (Thu)

Time
14:00-15:35

14:00-15:35

15:50-17:25
14:00-15:35

14:00-15:35

14:00-15:35

15:50-17:25

14:00-15:35
14:00-15:35

14:00-15:35
15:50-17:25

14:00-15:35
14:00-15:35

14:00-15:35
15:50-17:25

14:00-15:35
14:00-15:35
14:00-15:35

15:50-17:25
14:00-15:35

Topics
Introduction. The PID Controller. State-space
Models.

Linearization. Transfer Function. Block dia-
gram representation. Transient Response.

Process models. Linearization.
Step response analysis. Frequency Response.
Relation between Model Descriptions.

System representations. Block diagrams. Step
response. Linearization.

Frequency response. Bode & Nyquist dia-
grams. Step response.

Feedback-An Example. Stability. Stationary
eITOTS.

Lab 2 preparations. Stability. Root locus.
The Nyquist Criterion. Stability Margins. Sen-
sitivity.

The Nyquist criterion. Stability margins.
State Feedback. Controllability. Integral Ac-
tion.

Sensitivity. Stationary errors. Controllability.

Observability. Kalman Filtering. Output
Feedback. Pole/Zero cancellation.

State feedback. Observability.

Lead-lag Compensation. Frequency Analysis
of PID.

More on PID. Controller structures.

Lead-lag filtering.

Sampling and Discretization. A Control Ex-
ample.

PID analysis and tuning.

Controller structures. Synthesis.



Examination
The mandatory parts of the course are

e the three laboratory exercises,

e the written exam.

The final grade is based only on the result from the written exam.

The exam is on Tuesday December 18 (week 51), 13:00-18:00, in room F102 (New
Main Building).

You may bring the collection of formulae' and a pocket caleulator (without any control software)
to the exam.

In case of absence or failure it is possible for LTH students to write any of the FRTF05 re-exams
at LTH. For non-LTH students, there will be no re-take exam. LTH students are primarily referred
to the ordinary exam occasion in Lund: Wednesday January 9, 2019, 08:00-13:00, Vie:1 and Vie:2.
Remember to sign up for the exam according to the standard procedure at LTH.

The corrected exams will be available for inspection at the Department of Automatic Control in
Lund. Inspection date will be announced online.



Postural control
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Overview

A Introductory exampleAutomatic Speed Control
A Where do we find control algorithms?
A How to do it?

A How does it differ from signal processing and w
other courses are there then?

A Exemples

I Web-server control

I Reseourcallocation in communication and compute
systems
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Desired Measured
speed speed
Table Car

e Open loop
e Problems?



Speed control: Feedback

Measured
speed

Desired

e Closed loop
e Simple controller:

— Error > 0: Increase throttle
— Error < 0: decrease throttle



Feedback

A very powerful principle

+ Attenuates disturbances
+ Reduces sensitivity to process variations

+ Does not demand very detailed models
+ (cmp with Feedforward

- Can amplify measurement noise
- Can cause Instabllity



Feedforward (open loop)

+ Reduces effect of measurable disturbances

+ Allows for fast reference changes without
iIntroducing a control error

- Demands good model of process
- Demands stable system



Feedforward Feedback

>‘ Table

Controller

Measured

9 Car 2hged

Desired
speed




Use of models and feedback

Disturbance

Activities:

Input Output

e Modeling

Reference

e Implementation



Where do we find control?



Where do we find control?

Everywhere !




Power Generation and
Distribution




Process Control




Buildings

Design &
Energy Analysis Elevators
Windows & Safety
Lighting
Natural HVAC
Ventilation
Vibration
I_ndoor damping
Environment

Sensors, Networks,Communications, Controls
Slide from UTRC




Manufacturing robotics




Small and large in very
di fferent don

http://video.google.se/videoplay?docid=1210345008392050115&ei=tznoSrXwKgDO2wLP112PD
w&g=humanoid+robot&hl=sv&client=firefox-a#

http://www.youtube.com/watch?v=W1czBcnX1Ww



http://video.google.se/videoplay?docid=1210345008392050115&ei=tznoSrXwKqDQ2wLP1I2PDw&q=humanoid+robot&hl=sv&client=firefox-a
http://www.youtube.com/watch?v=W1czBcnX1Ww

Gy

rolot

http://www.smerobot.org

High Performance Industrial Robot

Demonstration: Foundry

http://mww.smerobot.org/15_final_workshop/download/half%20resolution/D1_Parallel_Kinematic_512x288 500kBit.wmv

The Fanta Challenge

http://www.youtube.com/watch?v=SOESSCXGhFo



Dart- and ball-catching robot

http://www.youtube.com/watch?v=Fxzh3pFr3Gs



http://www.youtube.com/watch?v=7JgdbFW5mEg&list=PL13509A9A50E93865
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Vehicles




Automotive

Strong technology driver
Engine control

Power trains

Cruise control

Adaptive cruise control
Traction control

Lane guidance assistance

Traffic flow control




Automotive

Strong technology driver
Engine control
Power trains

Cruise control

Traction control

Road-Tire Friction Estimation for AFS
Vehicle Control

Master thesis work by

Andreas Andersson
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Life Wo rks B I O I O g y ey

Mahlon Hoagland and
Bert~Bedson

Feedback is a central feature of life. The process of
feedback governs how we grow, respond to stress
and challenge, and regulate factors such as body
temperature, blood pressure, and cholesterol level.
The mechanisms operate at every level, from the
Interaction of proteins in cells to the interaction of

organisms in complex ecologies.




Control in medical applications
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Error control of software systems [L.Sha]

A The idea behind error control of software is to
use ideas similar to the ideas used in feedback
control in order to detect malfunctioning software
components and, in that case fall back on, a
well-tested core software component that is able
to provide the basic application service with
guarantees on performance and safety.

A Provide techniques and tools that support
making the semantic assumptions of each
software component explicit and machine
checkable.



Error control of software systems [L.Sha]

A The idea behind error control of software is to
use ideas similar to the ideas used in feedback
control in order to detect malfunctioning software
components and, in that case fall back on, a
well-tested core software component that IS able
to provide the basl
guarantees on p

User Accounts

A recently installed program has disabled the Welcome screen and Fast User Switching.
o restore these features, you must uninstall the program. The following file name mig
1\ Torestore these feat t uninstall th The Following fil ight
help vou identify the program that made the change: csgina.dll

A Provide techniqu o
making the semantic assumptlons ot each
software component explicit and machine
checkable.




Automatic Contrel The Hidden
Technology

A Used everywhere
A Very successful
A A prerequisite for several products and

systems st 1 J
A Not so visible -rl,—i
I Except for when things {
go wrong! . g
A\Nhy? :1' i ] Vi) [“ etk

| Easier to see and market applications than
principles, methods and ideas.

http://www.youtube.com/watch?v=K4h9qJ6N G



JAZ; the sequel

hitp://Alyito/gripen

http://www.youtube.com/watch?NR=1&v=mkgShfxTzmo

http://www.youtube.com/watch?v=0Vr6QJzWO'




How to do I1t?



How do we design a controller?

A We choose the controller structure and
parameters so that thelosedloop systenget

a desireddynamicbehaviour

AG¢KS (SOKy2ft23é& (G2 3¢
62dz 61 yi UGKSYE



Example: differential equations

2 4xt) =1
— — 4x(1)

1
x(0) =0 x(0) =

Which isthet 3 2 2 R aahd whichis@lufian is 0 | F

l.e., sStable VS unstable ?



Differential equations

dx
x(0) =0 x(0)=0



0.35

0.3

0.2sr

0.z

015

0.1 H

0.05

Differential equations

stable

3.4

2.4

1.5

0.4

x(t) = % (e*—1)

unstable

%10




0.1 H

0.05

Differential equations

3.4
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1.5

0.4
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