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Outline 

1. Autonomous Transport Systems 
 

2. Convex Relaxation for Sparseness 
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4. Optimal Experiment Design for System Identification 
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Part 1 Autonomous Transport Systems  
 

• Efficiency 
 

• Safety 
 

 
 

© Scania. 



iQMatic - Project Summary 

 Autonomous driving in closed-off areas 
 Missions from a Command Centre 
 Demonstrations (video) 
 Tests at Customer site 

 



Mining – Business Case from Scania 
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Astator and its Sensors 
and Cruise Control 
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iQMatic – System Overview 
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To be continued  



 
 
 

Part 2: Convex Relaxation for 
Sparseness 

 
 

 
 

 
 

 
 
 
 
 
 
 
 



 
 
 

The     Norm “Trick” 
 
 

 
 

 
 

 
 
 
 
 
 
 
 



Mean Value Segmentation 
 



Fused Lasso 
 



 Properties of Optimal Solution 



Reflective Brownian Bridge 



Example 1, Up/Down 



Example 2, Staircase 



Example 1:  Monitoring Up/Down 



Example 2:  Monitoring Staircase 



Why False Detections 



Yes - We can! 



Yes - We can! 



Yes - We can! 



 Part 2 Summary 
 



Control Applications 
 



 Part 3. MPC for Autonomous Driving 
 



Smooth Driving - Clothoids 
 



 MPC for Autonomous Driving 
 



Spatial MPC 
 



Spatial MPC for Smooth and 
Accurate Driving 

 



 
 
Fast Driving 
Green: Human like Controller 
Blue: MPC for Smooth and Accurate Driving 
 



 Part 3 Summary  



The M in MPC is often the most difficult part! 
 
System Identification (Data-Driven Modelling) is a most active area of 
research! 
 
• 8th IFAC Symposium on System Identification (Beijing 1988) 
  
• 17th IFAC Symposium on System Identification (Beijing 2015) 
 
• 18th  IFAC Symposium on System Identification (Stockholm 2018) 

 
 

Performing experiments can be both expensive and take extensive time. 
 

 
 
 

Part 4. Optimal Experiment Design for 
System Identification 

 



System Identification for Control 

    

Åström and Bohlin: Numerical identification of linear 
dynamic systems from normal operating records, Proc. IFAC 
Symp on Self Adaptive Systems, UK, 1965 . 

Torsten Bohlin 1931- 2016 
Professor at KTH 1972-1996 



EU-Project Autoprofit 2011-2014  

Courtesy of Sasol, South Africa 

“It is estimated that 75% of the cost related 
to a control project in industry is dedicated 
to the identification of a model.” 



 
 

 
 
 

Optimal Input Design 
 
 



Model Based Control 



 
 
 

System Identification Set 



 
 
 
 
 
 
 
 
 
 
 

Classical Input Design Methods 



 
 
 
 
 
 
 
 
 
 

Merge SI with the Application 

Application 

SI 



 
 
 

 
Application Oriented Input Design 

Least  Costly Identification Experiment 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 

Time Domain Optimal Input Design 



Model Based Optimal Input Signal Design 
 
MOOSE2  is a model based optimal input design toolbox 
developed for MATLAB.  
 
 
Complemented by an upcoming IEEE Control Systems 
Magazine article. 
 
 
How much do you gain using optimal input design? 
 
Application/controller dependent! 

http://www.google.se/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://hakso.se/lg/index.html&ei=X531VJuJB8meywOb64G4Dg&psig=AFQjCNFD4FwFwGE3ZOdK1mELrrp1X9zsOA&ust=1425469151176455


 
 
 
 
 
 
 
 
 
 
 
 

Conclusions 



 
 
 
 
 
 
 
 
 
 
 
 

Future Challenges 
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