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Who are we?

Shengqian Han 

(韩圣千) 

Dasen Wei (魏大森)

Richard PatesAnders Robertsson

Gautham Nayak Seetanadi

http://welcom.buaa.edu.cn/info/1022/6993.htm


Who (and where) are we?

Mika Nishimura



Contact information

• Shengqian Han (韩圣千), 
•email: sqhan@buaa.edu.cn, office phone: 82317213-104, office: New main building F417

• Dasen Wei (魏大森)
•email: weidasen@buaa.edu.cn, office: New main building F417

• Anders Robertsson (L1-5, Exc 1-3, Lab 1) 
•anders.robertsson@control.lth.se office: New main building F413

• Richard Pates (L6-14)
•richard.pates@control.lth.se office: New main building F413

• Gautham Nayak Seetanadi (E4-14, lab 2,3)
•gautham-nayak_seetanadi@control.lth.se

•Mika Nishimura (Ladok) 
•mika@control.lth.se
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Course program

• Collected in syllabus on course home page





Lab sign-up  
two alternatives each for Lab-exercises

Do this already today!



Sign-up with your StiL
(Chinese students will get StiL by mail)



Dujiangyan

Guardian Ox at Summer Palace, Beijing

What is the connection?



Labs 1 & 2



Example: Control of Server Systems

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

Feedback at various 
levels

Queue Control

IBM, HP, Microsoft, 
Amazon, ….

Challenges:

• Modeling formalisms 
(DES, ODEs, queuing 
theory, …)

• Design of software 
and computing 
systems for 
controllability









Feedback in the course

• CEQ

– Reporting afterward (batch)

– Improvements for next year

• Student representatives

– Part of continuous feedback system



What is Automatic Control?
Before we start…

Anders Robertsson

Based on mtrl from  Bernhardsson, K-E Årzen et al



Overview

• Introductory example: Automatic Speed Control

• Where do we find control algorithms?

• How to do it?

• How does it differ from signal processing and what 
other courses are there then?

• Examples

– Web-server control

– Resource allocation in communication and computer 
systems 



Speed control: “Open loop”



Speed control: Feedback



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 instability



Feedforward (open loop)

Analyze and determine on beforehand what to 
do.

+ Reduces effect of measurable disturbances 

+ Allows for fast reference changes without 
introducing a control error 

- Demands good model of process

- Demands stable system



Feedforward+ Fedback





Where do we find control?



Where do we find control?

Everywhere !



Keep graphics 

below the te and 

to the right

Power Generation and 

Distribution



Process Control

Keep graphics 

below the te and 

to the right



Buildings

Design &

Energy Analysis

Windows & 

Lighting 

HVAC 

Safety

Elevators

Indoor 

Environment 

Natural 

Ventilation

Vibration

damping 

Sensors, Networks,Communications, Controls

Slide from UTRC



Manufacturing robotics

Keep graphics 

below the te and 

to the right



Small and large in very

different domains…

http://video.google.se/videoplay?docid=1210345008392050115&ei=tznoSrXwKqDQ2wLP1I2PD

w&q=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


http://www.smerobot.org/15_final_workshop/download/half%20resolution/D1_Parallel_Kinematic_512x288_500kBit.wmv

http://www.smerobot.org

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

buttonBox_hd_new.wmv
buttonBox_hd_new.wmv


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



Consumer Electronics 



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. 

Mahlon B Hoagland and B Dodson The Way Life Works Times Books 1995

Biology



Control in medical applications

http://www.diadvisor.eu/

http://www.youtube.com/watch?v=0XdC1HUp-rU&list=UUp7U47g4ZH1XQK_zqTPVvoQ

http://www.intuitivesurgical.com/

http://www.diadvisor.eu/


Error control of software systems [L.Sha]

• 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.

• 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]

• 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.

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



Automatic Control- The Hidden Technology

• Used everywhere

• Very successful

• A prerequisite for several products and 
systems

• Not so visible
– Except for when things 

go wrong!

• Why?
– Easier to see and market applications than 

principles, methods and ideas.
http://www.youtube.com/watch?v=K4h9qJ6NG9E



JAS – the sequel

Stockholm water festival 1993

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

http://www.youtube.com/watch?v=OVr6QJzW094



How to do it?



How do we design a controller?

• We choose the controller structure and 
parameters so that the closed-loop system get 

a desired dynamic behaviour.

• “The technology to get things to behave as 
you want them”



Example: differential equations

Which is the ”good solution” and which solution is ”bad”

i.e.,      stable vs           unstable ? 



Differential equations

stable       unstable 



Differential equations

stable       unstable 



Differential equations



Differentialekvationer







Basic Control course in a minute 

Is the solution to      

stable or unstable?  

Remark: u(t) is a control signal which we can choose…  

You decide the 
control!



Control course in one minute

Choose e.g., )(1)( tKxtu 

which gives the closed-loop system

1)()(4  tKxtx
dt

dx

If K > 4 we get an exponentially stable closed-loop system!

With help of K we determine how fast the closed-loop system 
should behave  (i.e., we modify the dynamics) 



Where do the models come from?

• Either physical modelling

– First principles in physics, chemistry, mechanics…

• … or via system identification

Process
Input signal Output signal

Model
fitting

Model



Frequency analysis

• Gives a description how the system/process 
reacts at different frequencies

”Low frequency – slow time-scale”

”High frequency  – fast time-scale”

Resonance frequencies?



Universal Theory

• Same math and methods in a lot of domains.
Regardless if it is a mechanical, electrical, chemical … 
system we want to control we use the same methods and 
mathematical models
• The theory is very general!

– Principles
– Methods
– Tools

• Courses for F, E, D, C, M, I, Pi, K, B, W, N
• Very broad job market
• Axis, Google, Ericsson, ABB, Tetra Pak, Haldex, Volvo, 

consultants ….. 



Example: Ball and beam

Control of a ball on a beam, adjusted Td-parameter

Force balance equations  nonlinear differential eqs.  approximate with  linear diff. eqs. 



http://www.youtube.com/watch?v=yeBpYGmIJH0


Example: Inverted Pendulum



Example: Inverted Pendulum

Unstable linear system

If one linearizes around the downward equilibrium 
and add some viscous damping 
proportional to the angular velocity you get 
asymptotically stable solutions. 



Example: Inverted Pendulum

Unstable linear system

However stabilizing control 
is sensitive to delays…



• Good control demands feedback from both
angle and angular velocity.

• Angular velocity?

– Sensor which measures angular velocity

– Sensor which only measures angle and calculates  
angular velocity through difference approximation 

– Filter which uses physical model of pendulum

Example: Inverted Pendulum

sT

kvkv

dt

dv )1()( 




Example: Segway      

www.segway.com



Other inverted pendula



nonlinear dynamic

• Can cause a lot of unexpected behavior!

“Limit cycles”



Listen to Yoda!


