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High-Tech Systems and Control

• System dynamics and control is of paramount importance in 
realizing high performing systems

• Actuation and sensing, and high-speed information processing 
become ubiquitous and cheap

• Challenge is to do smart things with the information
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High-Tech Systems and Control

• Control field masters the dynamics through a 
structured way of:
– Applying model-based feedforward and feedback
– Creating system behaviour, robust with respect to 

changes/disturbances in the environment
– Improving system performance way beyond the 

component level
[Richard Murray et al., 2003]
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What are the essentials?



• Control remains to be a very active field of research in 
the Netherlands (theory + technology) 

• Around 150 
PhD students in 
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Important developments

• Control and Model-based X is being transferred to 
and utilized in a large variety of technology 
domains

Mechatronics, robotics, manufacturing, automotive, process technology,
aerospace, food and climate, systems biology, optics, imaging systems,
energy production and distribution, transportation networks, 
medical instruments, production technology, ………

• From single-loop paradigm to 
complex interconnected distributed systems 
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Important developments
• Control is moving from 

following on the system design
(just closing the loops)
towards

becoming an integral part of system design
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• This is obvious in mechatronic/robotic systems

[Daan Hobbelen, 2008][Honda Motor Compacny, 2003]



Important developments
• But also in (chemical) process systems,
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• Process intensification is based on four domains
– Small dimensions
– Alternative actuation
– Integration of functions
– Deliberate dynamic operation    

[T. van Gerven, A. Stankiewicz, 2009]

Smartly use degrees of freedom, available for operation/control 

Oscillatory flow reactor,
with microwave heat input 

Dedicated spatial 
temperature and
concentration profile



• Oil recovery in reservoir engineering using smart wells

model-based optimization in 
oil reservoirs
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oil & gas reservoirs
fluids trapped in porous rock below an 

impermeable ‘cap rock’
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Oil production mechanisms
• Primary recovery – natural flow

(depletion drive, 5-15% recovery)
• Secondary recovery – injection of water or gas to maintain reservoir 

pressure and displace oil actively
(water flooding, gas flooding, 20-70% recovery)

• Tertiary recovery – injection of steam or chemicals (polymers, 
surfactants) to change the in-situ physical properties (e.g. viscosity, 
surface tension)
(steam flooding, polymer flooding, 20-90% recovery)
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Waterflooding
• Involves the injection of water through the use of injection wells
• Goal is to increase reservoir pressure and displace oil by water
• Production is terminated when ratio between produced oil and 

water is no longer economically viable
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12-well example
• 3D reservoir

• 8 injection / 4 production wells

• Period of 10 years 
• High-permeability channels

• 18.553 grid blocks

• No discount factor
• ro = 20 $/stb, rw = 3 $/stb and ri = 1 $/stb

• Dynamic behaviour is governed by flow equations

• Optimization of economic benefit
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Wells have (distributed) control valves that can be
manipulated continuously
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Closed-loop simulation example
Results

• 3 study cases: reactive control, optimal open-loop control 
based on perfect (‘reality’) model, optimal closed-loop control

*+�,-

*+�+-

14



• Closed-loop solution
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Opportunities and challenges

• Model-based optimization requires reliable models

• Models are large-scale, complex (nonlinear) and remain 
highly uncertain (geology, data)

• How to efficiently parametrize structured models?

• Model-based decision making can rationalize the 
operational strategies

• Including decisions on when and where to drill new wells
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• Example of improved actuation leading to
higher performance
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