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Why Project-Based Learning?

“When they went to school, the first thing they
[children] had to learn was to stop learning and to
begin being taught.”
— Dr. Seymour Papert
Massachusetts Institute of Technology

Keynote: National School Boards Association Technology and Learning
Conference 1994
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IEEE Survey: Industry Expectations for Entry-level Control
Engineers and New Graduates

Industry View: Faculty View:

Key part of the curriculum

Essential, Important,

or Useful
Linear Models 96.4% 95.6%
Control-Oriented Models for System Design 98.2% 67.0%
[ Simulation Models for System Verification or 94.50 48.50 ]
Product Development
Nonlinear Models 90.9% 42.3%
Finite State Machine Models 82.9% 33.0%
Real-Time Mo.d.els for Hardw.ar.e-ln-the-Loop 94.4% 25 804
L Verification or Training y

Nov. 2009 Controls Curriculum Survey:
An IEEE Control Systems Society Outreach Task Force Report
http://ieeecss.org/sites/ieeecss.org/files/documents/CSSSurvey07AugustData_v3.pdf



Challenge: Trade-offs in Engineering Curricula
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Project-Based Learning

Project-based learning is a comprehensive approach to classroom
teaching and learning that is designed to engage students in
L Investigation of authentic problems. -

Motivating Project-Based Learning: Sustaining the Doing, Supporting the Learning, Educational Psychologist Volume 26, Issue 3-4, 1991



http://www.tandfonline.com/loi/hedp20?open=26
http://www.tandfonline.com/loi/hedp20?open=26
http://www.tandfonline.com/toc/hedp20/26/3-4
http://www.tandfonline.com/toc/hedp20/26/3-4
http://www.tandfonline.com/toc/hedp20/26/3-4
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Two Avenues for Project-Based Learning

Physical
Interaction
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Simulation Demo 1: LEGO MINDSTORMS NXT
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Simulation Demo 2: Sim.l.am Robot Simulator (Georgia Tech)

GRITsLab, Georgia Institute of Technology: http://jdelacroix.github.io/simiam/



http://jdelacroix.github.io/simiam/
http://jdelacroix.github.io/simiam/

Simulation Demo 3: IRobot Create Simulator (Cornell)
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Cameron Salzberger, K-Y Daisy Fan and Hadas Kress-Gazit, Cornell University:

http://verifiablerobotics.com/Create MATLABsimulator/createsimulator.html
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http://verifiablerobotics.com/CreateMATLABsimulator/createsimulator.html

Simulation Demo 3: IRobot Create Simulator (Cornell)

33% Students:
Better Understanding

42% Students:
Increased Motivation

Fan, K.D.; Dimiduk, K.C.; , "Using the Matlab-based iRobot create simulator to
engage introductory computer programming students in program development and
observing computational errors," Frontiers in Education Conference (FIE), 2011 ,

vol., no., pp.S2G-1-S2G-6, 12-15 Oct. 2011
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Simulation Benefits
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Physical Interaction: a) Tethered

Command>

Algorithm
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Tethered Demo 1:

Data Acquisition with Digilent Analog Discovery

%% Create session with Digilent Analog Discovery, add analog input channel
s = dag.createSession('digilent'):;

ch = s.addAnalogInputChannel ('adl', 1, 'Volcage'):;

%% Set sampling rate and range

s.Rate = 300e3; % 300 KHz sampling rate for Analog Discovery hardware
s.Channels.Range = [-2.5 2.5]; % set Range

%% Collect 0.1 seconds of data

s.DurationInSeconds=0.1;

[data, timestamps] = s.startForeground;

%% Plot data

~

$ 10 kHz external test signal with +-500 mV amplitude is connected to the
$ channel 1+ and 1- oscilloscope input pins of Analog Discovery hardware
plot (timestamps, data);

axis([0.03 0.035 -0.6 0.6]): $ zoom in to show signal
Xlabel ('Time (seconds)'):; ylabel('Voltage (Volts)'):

14
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Tethered Demo 2: Arduino Support from MATLAB

>> a=arduino('COMS');

>> a.servollrite(l,45);

>> a.motorSpeed(3,100) ;

>> a.motorRun(3, 'backward');

>> a.digitalRead(4)
>> a.digitalWrite(5,0)
>> a.analogRead(6)
>> a.analoglirite(9,50)

15
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Physical Interaction: b) Embedded
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MATLAB/Simulink Target Hardware Support

\

/ 4\ Hardware Support x|\

<« C' | [ www.mathworks.com/hardware-support/index.html?q=%20tag:"Project-Based +Learning”

4\ Inside 4\ Home - US Educatic... o\ MATLAB Central 4\ MathWorks - MATL... ("] Imported FromIE 4\ Perform arithmetic ...

Hardware Support

Hardware Support Main Page

arch Hardware Support

Reguest Hardware Support

Refine by Vendor

Microsoft

Arduino

Digilent

Lego 2
National Instruments. 2
Altera 1
Apple 1
BeagleBoard 1

Refine by Application

tag:"Project-Based Learning”

Results 1 -23 of 23

Altera DE2 Support from Simulink

Digtal circuit development platform for hardware design and verification

Arduino Support from MATLAB
Student-priced microcontroller board for introducing electrical engingering, motor control, and mechatronics

Arduino Support from Simulink &
Student-priced microcontroller board for introducing electrical engineering, motor control, and mechatronics

BeagleBoard Support from Simulink B
Lowi-cost, single-board computer designed for audio, video, and digital signal processing

Digilent Analog Discovery Support from MATLAB
Low-cost hardware development platform for analog circuit design using Data Acquisition Toolbox

Digilent Atlys and Xilink University Program Support from Simulink

Low-cost platform for real-world audio and video applications based on the Xilinx Spartan-8 FPGA

Control Systems 12
Digtal Signal Processing 1 Gumstix Overo Hardware Support from Simulink &
Embedded Systems ] Tiny computer on module (COM) designed for digital signal processing and product prototyping
Mechatronics 9
Humusoft Lab Experiment Support from Simulink
Image and Video Processing 7 Family of lab experiments for helping students apply control engineering principles with reaktime dynamic
Test and Measurement & systems
Communications Systems ! LEGO MINDSTORMS NXT Support from MATLAB
FPGA Design 1 Widely used robotics platform for teaching introductory programming, robotics, and control design
N § LEGO MINDSTORMS NXT Support from Simulink &
Refine by Product Family Creste Simulink models that run directly on your robot
Simulink Product Family 16
o . Microchip dsPIC Microconirollers Support from Embedded Coder
CANLEE far i ey ° Generate code optimized for dsPIC DSC.
Refine by Product Microsoft Kinect Support from Simulink
Acquire data from Microsoft Kinect For Windows into Simulink. Kinect is a natural interaction device with an
www.addthis.com/bookmark.php?v=250&pubid=mathwarks 3. depth sensar, and 4_channel microphone

Altera

Arduing

Arduing

BeagleBoard

Digilent

Multiple

Gumstix

Humusoft

Lego

Lego

Micrachip

Microsoft

m

Arduino

Lego NXT
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BeagleBoard

Raspberry Pi

PandaBoard

AN

Gumstix
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LEGO MINDSTORMS NXT Support from Simulink
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LEGO NXT Robot with State Machine Representation

Stateflow state machine

logic to the robot

{Easily design and deploy}

[ Simulink external mode

J

Visualize and understand
system behavior
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Raspberry Pi (Model B) Support from Simulink
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Simulink Hardware Support for Project-Based Learning

With just a click,
run your model on hardware

(s D)

Selected Simulink Supported Target Hardware:
-Arduino® Uno ($30), Mega 2560 ($65)

-LEGO® MINDSTORMS® NXT ($280)

-Raspberry Pi Model B ($35)

-BeagleBoard-xM ($150)

-PandaBoard ($180)

&\ MathWorks

\—Gumstix® Overo hardware ($180) /

Also Available in Student Version

21



Get Simulink Hardware Support Packages

Get from the MATLAB Toolstrip: Add-Ons = Get Hardware Support Packages

[ESRERT=)

@ B A ﬁ @ @ @ @ @ Search Documentation ,o

S (1 New Variable Analyze Code os 1 Preferences (o)
Lg] Find Files & Ll.é Ué LS) (=) E C? Q/
{1 Open Variable ¥ {57 Run and Time h (-} Set Path
|\ L) Compare Import Save e Simulink  Layout
Data Workspace (7 Clear Workspace v | Clear Commands ~  Library v =CJParalel v v
VARIABLE CODE SIMULINK ENVIRONMENT

» C: » MATLAB »

Command Window -

Jx >>

@ Community
_‘? Request Support

= Get More Apps
Get Apps from File Exchange

i Get Hardware Support Packages
Find and install hardware support packages

‘ Get MathWorks Products
_¥_) View and download MathWorks product trials

Check for Product Updates

[ Get from the MATLAB Command Line: >> targetinstaller

4\ MathWorks'
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Physical Interaction Benefits

Accessible

High Fidelity

Unexpected Scenarios

Hands-On Learning

Engaging
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MATLAB/Simulink Solutions for Project-Based Learning

Project-Based Learning — Learning by Doing

Simulation

MATLAB and Simulink:

-Both simulation and hardware solutions

-Target affordable hardware platforms
-Industry-standard workflow for engineering education

I 2N

® ,, h Physical
e N Interaction

Device
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Additional Resources

==
f,-” 4\ MathWorks - Academia % \_\
€ - C [ wwwmathworks.com/academia/index.html ol =

4\ Inside 4\ Home - US Educatic.. -#\ MATLAB Central -\ MathWorks - MATL.. (] Imported FromIE -\ Perform arithmetic ...

@ Uniteo Statesp | ContectUs | Stoe [ ]3] il
MathworkS' | Accelersting the psce of engineering and science

Products & Services Solutions Academia Support User Community Events Company

[ Contactsales [ Share

$99

www.mathworks.com/academia | =00l s vensen

m

Hot Project? Show It Off!

Show us what you're building in the MATLAB and Simulink

http://www.mathworks.com/hardware-support Stnteson Cratee J G

Resources

Learn more and watch video

Inspired learning.

Hardware for Project-Based .-.
Thats what you get when you add MATLAB and Simulink to the classroom, as 5000 universities have already Learning ' ' L
%
S

discovered. You also prepare students for prominent careers in industry, where the tools are the de facto

» Learn More [}
standard for R&D. Get started and get inspirad

Learn with MATLAE and Simulink Teach with MATLAB and Simulink
» Interactive Tutorials » Creating MATLAB Examples

» MATLAB Examples » Books (1500+)

» MATLAB Support » Webinars of Teaching Examples

© 2013 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See
www.mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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