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Advance health 
informatics 

Engineer better 

medicines 

Enhance virtual 

reality 
Provide access to 
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learning 

Reverse-engineer 
the brain 

Develop carbon  
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Manage the 

nitrogen cycle 

Engineering Grand Challenges 
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Systems are Everywhere 

Tesla Motors Red Bull 

Stratos 

Space X 

Insulin Pump Elevators Smartphone 
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“The ensemble is the function…” 

Dr. Alberto Sangiovani Vincentelli 

University of California at Berkeley 
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Theorize Visualize CAD 

EDA I/O Programming 

Manufacturing 
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Learn the Theory 
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P Wave 

Power Output 

PID 

Theory is Important 
        

S Wave  

Transformer 
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Using PID… 
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Math… the shape maker 

Y = abs( G*(A*x^4+B*x^3-C*x^2) Y = X^2 
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Cycle 1 

Knowledge 

Rest Cycle 2 Rest 

Net Knowledge Gain 

Training a biological neural network 

Fast 

Avg 

Slow 

     Olin College                   Dr. David Barrett  

7/22/11 
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Cycle 1 

Knowledge 

Rest Cycle 2 Rest 

Net Knowledge Gain 

High emotion reinforces neural 

connections 

     Olin College                   Dr. David Barrett  

7/22/11 
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Visualize the Theory 
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Controls, Mechatronics, and Robotics  
Do Engineering: On One Platform from Concept to Proof 

ni.com/academic/controls Meghan Kerry 

Product Marketing Manager Do Engineering | ni.com/academic 

Mechanical Prototyping 
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Electronic Prototyping 
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H Bridge   TIP120        LED      Cap               Cap       Zener         Diode        Resistor 
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Programming 
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System Design 

 

ADE 

CAD 

Graphical 

EDA 
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Measurement and 

Control I/O 

Elements of Engineering Systems 

Deployable Math  

and Analysis 

User Interface 

 

Deployable Targets 

 

Technology 

Integration 

Models of  

Computation 
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Measurement and 

Control I/O 

Compatible Elements 

Deployable Math  

and Analysis 

 

User Interface 

 

Technology 

Integration 

Models of  
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Easily Combined 
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CERN: MedAustron 
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Application Notes 

 

•  Particle accelerator used for cancer therapy without damaging healthy tissue 

• Wide energy range from 60 MeV to 800 MeV per nucleon with selectable beam 
energy in steps of 0.1 MeV  

• 300,000 settings for the beam based on particle type, ion source, beam line, 
energy level, beam dimension, and spill length  

• Concurrent beam control and reconfiguration in less than 250 msec  

• Reconfigure the software on the FPGA for the next cycle while current beam is 
generated  

• Distributed control system synchronously generates magnetic fields for 300 
magnets by generating waveforms for power converters in real time at 2 kHz  

• Power converter synchronization at the microsecond level to generate/control the 
beam  

• Power converters distributed over 800 m2 in access controlled area  

• 500 beam cycles with different beam energies for a single medical irradiation 
session of about 2 minutes duration  

• More than 20,000 shared variables for control, configuration, and monitoring  

• Solution completed in time because the researchers did not need to learn VHDL  
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Optical Coherence Tomography 
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Heart Assist  
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Freezing an Atom  
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Wave Motion Cancellation 

 



2/25/2014 

23 

98 Do Engineering | ni.com/academic 99 Do Engineering | ni.com/academic 

 

10

0 
Do Engineering | ni.com/academic 

 

10

1 
Do Engineering | ni.com/academic 

UC San Diego  

Multi-modal treaded rover 

Virginia Tech  

Adult sized humanoid robot 

Virginia Tech  

Rotary Inverted 

Pendulum 

Case Western 

Autonomous lawn 

mower 

MIT  

Surface 

inspecting 

pendulum robot 

UC Berkeley  

Canfield Joint 

UC Boulder 

Autonomous Underwater Vehicle 

Mechatronics and Robotics Today 
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Title Controlling a Hydraulic Motion Compensated Gangway to Access Offshore Wind Turbines 

Author Andrew Clegg - Industrial Systems & Control LTD, UK 

Challenge 

Creating a system to safely transfer personnel & equipment to offshore wind turbines in rolling seas & bad weather 

Solution 
Using LabVIEW & cRIO to develop a movable gangway with an algorithm using boat motions to provide required hydraulic cylinder 
lengths to maintain position 

  wind turbines located further offshore, sea conditions become adverse 

  transferring personnel to sea based wind turbines for maintenance 

  

moveable gangway mounted on hydraulically actuated base on boat front 

  up & down pitch cylinder, forward & back surge cylinder, port/starboard roll cylinder 

  compensate for boat motions in roll, pitch, heave 

  Used LVRT, FPGA & MathScript RT modules 

  did dynamic simulations to test control strat & hydraulic specs to meet perf targets 

  sw emulator to test algorithm functionality 

  

switched to real system to explore control loop performance for different loads, size, speed of motions, orientations 

  I/O & control algorithm on cRIO 

  Motion Reference Unit measures vessel motion, transmits positions & angles via serial link to MPU 

  use mathscript nodes in LV for complex algorithms 

  Inverse kinematics transforms motion plan into joint actuator trajectories 

  calculate cylinder lengths & maintain gangway tip fixed in space 

  real time cascade control with feedforward & nonlinear compensation 

  

cylinder length error for simulation & real testing showed simulation was reasonable rep of final system 

  development, implementation & factory testing took a little more than a year 

  sea trials confirm that range of motion compensation meets expectations from final factory testing 
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You have unprecedented access to the… 

• Theory 

• Tools 

• Materials 

• Systems 

• Instrumentation 
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