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  WSU	
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  221	
  classes	
  in	
  Spring	
  2011	
  and	
  2013,	
  	
  
and	
  Paul	
  Lulai	
  

AdapNng	
  Modeling	
  InstrucNon	
  to	
  DIY	
  Arduino	
  
(Microcontroller)	
  Lab	
  Equipment	
  Development	
  	
  

A	
  longer	
  version	
  of	
  this	
  talk	
  is	
  online	
  at	
  hWp://youtu.be/7uYC-­‐EuIFJA	
  
	
  
Also,	
  a	
  short	
  paper	
  lives	
  at	
  hWp://arxiv.org/abs/1407.7613	
  
	
  



College	
  Physics	
  1,	
  
What’s	
  the	
  rotaNonal	
  	
  
speed	
  of	
  the	
  Big	
  Dipper?	
  

hWp://cse.ssl.berkeley.edu/AtHomeAstronomy/acNvity_07.html	
  



What	
  would	
  it	
  be	
  like	
  if	
  every	
  student	
  
had	
  their	
  own	
  moNon	
  detector	
  in	
  their	
  
dorm	
  room?	
  	
  What	
  would	
  they	
  do?	
  

“Makerspace	
  in	
  the	
  Clasroom”	
  
hWp://makezine.com/2014/01/10/makerspace-­‐in-­‐the-­‐classroom/	
  

See	
  the	
  editor	
  of	
  Make	
  on	
  Colbert,	
  	
  
hWp://www.colbertnaNon.com/the-­‐colbert-­‐report-­‐videos/311944/june-­‐08-­‐2010/mark-­‐frauenfelder	
  	
  	
  



Hey,	
  isn’t	
  this	
  talk	
  about	
  Arduinos?	
  

We	
  can	
  all	
  be	
  
Eratosthenes.	
  

ATMega328	
  microcontroller,	
  8bit,	
  16MHz,	
  2k	
  RAM	
  
14	
  Digital	
  I/O	
  pins	
  
6	
  Analog	
  inputs	
  (10+	
  bit	
  ADC)	
  
Pre-­‐built	
  sensor	
  arrays,	
  “shields”	
  
“open	
  hardware”	
  
Open-­‐source	
  programmer	
  (IDE)	
  
Program	
  in	
  “C-­‐tran”	
  

3-­‐Axis	
  Accelerometer	
  	
  
$20	
  

GPS	
  Shield	
  +	
  Antenna	
  ($50)	
  

Ultrasonic	
  	
  
Distance	
  $30	
  

IR	
  Distance	
  

Gas	
  (ethanol,	
  CO,	
  etc)	
  



Digital	
  
00011010100	
  

Analog,	
  0-­‐5v	
  

GPS	
  

Digital	
  	
  

Analog	
  (PWM)	
  out	
  

Data/Control	
  Flow	
  



ImplementaNon	
  at	
  WSU	
  

Physics	
  221,	
  Calculus-­‐based	
  Intro	
  mechanics	
  
•  Engineering,	
  Chemistry,	
  Math,	
  Physics	
  majors	
  
•  Students	
  buy	
  a	
  “labkit”	
  consisNng	
  of	
  Arduino+sensors	
  
•  Standard	
  lecture	
  
•  Lab	
  consists	
  of	
  making	
  DAQ	
  equipment	
  and	
  then	
  using	
  it	
  (2	
  week	
  cycle)	
  
•  Trial	
  1,	
  Programming	
  via	
  Arduino	
  code	
  editor	
  (2011)	
  
•  Trial	
  2,	
  Programming	
  via	
  Labview	
  (2013)	
  
	
  
Outcomes	
  
•  One	
  student	
  gets	
  an	
  internshop	
  at	
  SpaceX	
  
•  Some	
  senior	
  engineering	
  design	
  projects	
  include	
  Arduino	
  programming	
  	
  
•  Some	
  students	
  take	
  the	
  Labview	
  cerNficaNon	
  exam	
  (beginner)	
  
•  One	
  student	
  solves	
  numerical	
  integraNon	
  (MS	
  Excel)	
  program	
  w/	
  Arduino	
  
•  MPEX	
  results	
  are	
  unremarkable	
  
•  Student	
  antudes	
  are	
  mixed	
  
•  Students	
  love	
  soldering	
  

hWp://www.physics.umd.edu/perg/expects/	
  



How	
  do	
  you	
  program	
  a	
  
dishwasher?	
  

(That’s	
  what	
  the	
  micro	
  inside	
  
an	
  arduino	
  is	
  used	
  for…)	
  

Assembly	
  
“Arduino”	
  language	
  
	
  (subset	
  of	
  C/C++)	
  
	
  
Avoid	
  fancy	
  funcNon	
  calls,	
  	
  
FloaNng	
  point	
  math,	
  	
  
Pointers,	
  C++	
  etc	
  
	
  
2000	
  bytes	
  of	
  memory	
  means:	
  

	
  500	
  long	
  ints	
  
or	
  

	
  1000	
  ints	
  (0-­‐64k)	
  
or	
  

	
  500	
  floats	
  
or	
  

	
  2000	
  characters	
  
	
  
	
  

Setup()	
  {	
  
	
  Done	
  1x	
  

Loop()	
  {	
  
	
  Forever…	
  



Or,	
  how	
  do	
  you	
  program	
  a	
  Steelmill?	
  

NaNonal	
  Instruments	
  
“Labview”	
  	
  
(Programming	
  “by	
  
cartoon”)	
  
	
  
Widely	
  used	
  in	
  
Engineering	
  Test	
  Industry,	
  
DSP	
  
	
  
Arduino+Student	
  EdiNon	
  
for	
  ~$50	
  
	
  
Similar	
  to	
  Lego	
  NXT	
  
programming	
  
	
  

hWps://www.sparkfun.com/products/11225	
  



How	
  do	
  you	
  teach	
  a	
  (physics)	
  student	
  
to	
  program	
  (in	
  physics)?	
  

What	
  is	
  an	
  algorithm?	
  
	
  

	
   	
  See	
  “Math	
  from	
  3	
  to	
  7,”	
  	
  
	
   	
  A.	
  Zvonkin,	
  	
  MRSI/AMS,	
  or	
  

	
  
Or,	
  “Hour	
  of	
  Code”	
  
	
  



How	
  do	
  you	
  teach	
  a	
  (physics)	
  student	
  to	
  
interface	
  a	
  microcontroller	
  (in	
  physics)?	
  

Analog	
  to	
  Digital	
  Conversion	
  (ADC)	
  

Pulse	
  Width	
  ModulaNon	
  (PWM)	
  

Signal	
  
voltage	
  



How	
  does	
  Modeling	
  
come	
  into	
  play?	
  

For	
  more,	
  see:	
  
	
  hWp://modelinginstrucNon.org/	
  
	
  hWp://youtu.be/3GkY-­‐ZXnx4w	
  
	
  hWp://modeling.asu.edu/modeling/mod_cycle.html	
  
	
  hWp://modeling.asu.edu/R&E/ModelingMeth-­‐jul98.pdf	
  

•  3wk	
  workshops,	
  ASU	
  
•  Physics	
  (Physical	
  Science,	
  Mechanics,	
  

E&M),	
  Chemistry,	
  Biology	
  
•  Incredibly	
  high	
  FCI	
  gains,	
  PISA	
  scores,	
  

student	
  maturity	
  
•  Students	
  are	
  “prepared	
  for	
  college”	
  
•  True	
  Vygotskian	
  social	
  construcNon	
  

Model	
  Development	
  

Model	
  Deployment	
  



1.  Context-­‐rich	
  Concrete	
  preparaNon	
  
2.  Sensor	
  Data	
  CollecNon	
  
3.  MathemaNcal	
  Model-­‐Building	
  
4.  Algorithmic	
  Model-­‐Building	
  

5.  (Engineering)	
  ApplicaNons	
  

	
  

Model	
  Development	
  

Model	
  Deployment	
  

Modeling	
  “Model“	
  
for	
  DIY	
  Sensors	
  



1.  Context-­‐rich	
  Concrete	
  preparaNon	
  
2.  Sensor	
  Data	
  CollecNon	
  
3.  MathemaNcal	
  Model-­‐Building	
  
4.  Algorithmic	
  Model-­‐Building	
  

5.  (Engineering)	
  ApplicaNons	
  

	
  

Model	
  Development	
  

Model	
  Deployment	
  
Context-­‐Rich	
  Concrete	
  PreparaNon	
  



1.  Context-­‐rich	
  Concrete	
  preparaNon	
  
2.  Sensor	
  Data	
  CollecNon	
  
3.  MathemaNcal	
  Model-­‐Building	
  
4.  Algorithmic	
  Model-­‐Building	
  

5.  (Engineering)	
  ApplicaNons	
  

	
  

Model	
  Development	
  

Model	
  Deployment	
  

Sensor	
  Data	
  CollecNon/CalibraNon	
  



1.  Context-­‐rich	
  Concrete	
  preparaNon	
  
2.  Sensor	
  Data	
  CollecNon	
  
3.  MathemaNcal	
  Model-­‐Building	
  
4.  Algorithmic	
  Model-­‐Building	
  

5.  (Engineering)	
  ApplicaNons	
  

	
  

Model	
  Development	
  

Model	
  Deployment	
  

MathemaNcal	
  Model-­‐Building	
  

Voltage	
  =	
  a	
  (Temperature)	
  +	
  b	
  



1.  Context-­‐rich	
  Concrete	
  preparaNon	
  
2.  Sensor	
  Data	
  CollecNon	
  
3.  MathemaNcal	
  Model-­‐Building	
  
4.  Algorithmic	
  Model-­‐Building	
  

5.  (Engineering)	
  ApplicaNons	
  

	
  

Model	
  Development	
  

Model	
  Deployment	
  

Algorithmic	
  Model-­‐Building	
  

Voltage	
  =	
  a	
  (Temperature)	
  +	
  b	
  
	
  
Temperature	
  =	
  …	
  



1.  Context-­‐rich	
  Concrete	
  preparaNon	
  
2.  Sensor	
  Data	
  CollecNon	
  
3.  MathemaNcal	
  Model-­‐Building	
  
4.  Algorithmic	
  Model-­‐Building	
  

5.  (Engineering)	
  ApplicaNons	
  

	
  

Model	
  Development	
  

Model	
  Deployment	
  

Model	
  Deployment,	
  ApplicaNons	
  


