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Motivation: Commercial laboratory devices

• Teaching control engineering and mechatronics requires laboratory tools –
“trainers” – for hands-on experience.

• Commercial tools are expensive, large, complicated and cannot be taken 
home by students.

• Many require closed-source software (e.g. MATLAB, LabView), and 
accessories (amplifiers, control PC, etc.)

• Implementation on microcontroller units (MCU) is under-represented



Motivation: Improvised laboratory devices

One of a kind improvised designs that are local to 
a laboratory or a small research team.

Pro: 
• Cheap!

Contra:
• Fragile, sensitive setups
• Not very well documented
• Cannot create teaching materials across 

several universities as an open course



Arduino
Shield (Motor control)
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Motivation: Arduino, a universal platform to build on

• Cheap
• Open source
• Easy to buy
• Standardized
• Free integrated development environment (IDE)
• Great community and abundance of learning materials
• Easy hardware expansion through so- called Shields



Motivation: New tools for control engineering and mechatronics education

Create novel tools for control engineering and mechatronics education, 
implementing a lab experiment on a single Arduino expansion Shield, essentially 
a tiny control / mechatronics laboratory in the palm of your hand that is
• Cheap
• Open source
• Possible to build at home even by beginners (DIY)
• Standardized
• Free software library compatible with the Arduino IDE 

(and MATLAB/Simulink)

www.automationshield.com



Motivation: Improvised air flotation devices

Chołodowicz and Orłowski (2017) Ovalle and Combita (2019) Jernigan et al. (2009)



Motivation: Commercial air flotation devices



FloatShield: Hardware



FloatShield: Schematic drawing



FloatShield: Open-source hardware



FloatShield: Component list and price



FloatShield: Arduino API

Simplified application programming interface (API) in C/C++
included within the AutomationShield library for the free Arduino IDE:

• Initialize hardware
FloatShield.begin();

• Calibrate height reading
FloatShield.calibrate();

• Read object height to y
y = FloatShield.sensorRead();

• Send a certain power u to fan
FloatShield.actuatorWrite(u);

• Read external reference r
r = FloatShield.referenceRead();



FloatShield: MATLAB API

API available for MATLAB as well, keeps consistent 
nomenclature and usage with the Arduino API:

• Initialize hardware
FloatShield.begin();

• Calibrate height reading
FloatShield.calibrate();

• Read object height to y
y = FloatShield.sensorRead();

• Send a certain power u to fan
FloatShield.actuatorWrite(u);

• Read external reference r
r = FloatShield.referenceRead();



FloatShield: Simulink API
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Typical classroom examples: System Identification

• Modeling
• Data acquisition
• Pre-processing
• Parameter estimation



Typical classroom examples: PID control (Arduino IDE)



Typical classroom examples: PID control (MATLAB)



Typical classroom examples: PID control (Simulink)



Typical classroom examples: MPC

• Linear MPC running on a 8-bit processor solved by muAO-MPC 
(Zometa and Findeisen 2016)

• Linear MPC in pseudo real-time solved by “quadprog” (no toolboxes, own 
implementation in m-files)



Other shields within our initiative – visit www.automationshield.com

BOBShield (Ball On Beam)

MotoShield HeatShield

LinkShieldMagnetoShield

OptoShield



The current pandemic situation…

“Take-home” laboratories would be highly desirable 
for many institutions at this unusual times…

(Several of my students have the “AutomationShield” devices currently 
at home and thus are a lot less worried about their thesis projects.)



Thank you for your attention!

Visit www.automationshield.com for more details

and please feel free to contact me any time via:

www: gergelytakacs.com

e-mail: gergelytakacs@gergelytakacs.com

researchgate.net/profile/Gergely_Takacs

linkedin.com/in/gergelytakacs


