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Phrases from yesterday’s plenary

• Embedded systems
• Breaking down the brick wall

• Control & software
• Control & mechanical/electrical/aerospace

• Hands on experience
• Good systems from bad
• Sensors & actuators
• Setpoint & disturbance response
• Simple & inexpensive
• IEEE Control Systems Magazine, October ’04
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Outline

• Bench-top demonstrations
• History
• Using Lego – details and examples

• Laboratories and Projects
• Postgraduate research
• Where next?
• Stand up for Control!
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Lego: Advantages & disadvantages

• Advantages
• Built-in “embedded” microprocessor
• Built-in A/D & D/A
• High-quality motors
• Simple construction, portable – battery driven

• Disadvantages
• Poor software
• Poor sensors
• The PWM motor drive – non-linear
• Poor gearing (under load).
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Software: BrickOS

• An open source embedded operating system
• brickos.sf.net

• Provides a C and C++ execution environment
• System calls for motors & sensors
• Multi-threaded, real-time
• Floating-point library
• Download programs from laptop via USB/IR
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Control Structure
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C1 C3

Cart Pend.s

s
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- +++ --
C1 Cart velocity control

C2 Pendulum control

C3 Cart position control
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Software structure

Cart control

Cart setpoint

Terminate
Pendulum control

Velocity control

Initialise
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Walking Robots

Front view Side View
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Using LEGO in Control Education. 7th IFAC Symposium on Advances in Control Education, Madrid, June 2006 – p. 16/19



Advanced Robots
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What’s NXT?

• 32-bit ARM7 microcontroller
• 256 Kbytes FLASH, 64 Kbytes RAM
• Bluetooth wireless communication
• USB full speed port
• New servomotors (built in sensors)
• New sensors
• Open source firmware
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