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OUTLINE

@ INTRODUCTIONS (YOU, ME, AND ARDUINO)

© MICROCONTROLLERS, MICROCONTROLLER PROJECTS,
AND HOW THEY CAN HELP YOU RUN YOUR PHYSICS
TEACHING LAB

© How TO MAKE A PROJECT

O AN EXERCISE, IF WE HAVE TIME
(OR HOMEWORK IF WE DON’T)

| . . |




WHAT WE DID, AND WHY WE DID IT

WHAT: WE USED AN ARDUINO MICROCONTROLLER TO
BUILD A FANCY THERMOSTAT.

@ Several experiments use heating ovens with temperature control by
setting VARIAC voltage supply to a resistive heating element.

e Requires trial and error to establish voltage-temperature relation
o Slow to stabilize (10s of minutes) — trial and error is tedious!!

@ Use a thermostat (negative feedback towards set point) instead!

@ This exercise: let's add challenge by using the PID control algorithm
instead of simple (threshold model) thermostat.

WHY: WE WERE LOOKING FOR A SIMPLE PROJECT TO
PRACTICE USING ARDUINO IN A FULL BUILD

@ Everyone's doing it! (Large user community, including local friends.)
@ Inexpensive (open source). Hardware ~ $25-30, software free.

@ They say it's easy. (Much of the user community is nontechnical.)
@ Street cred with the cool kids.
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MICROCONTROLLERS: WHAT ARE THEY?

DEFINITION

Microcontroller: a small computer, often consisting of a single board
running whatever program has been uploaded to it, whose inputs and
outputs are analog and/or digital voltage ports. (Usually includes a
power input and some kind of serial connection for receiving uploaded
programs from some other computer.)

@ Can be used like a data acquisition device (eg LABJACK or
NI-DAQ), for low resolution (10-bit ~ 5 mV resolution) and low
bandwidth (250 samples/sec, or up to 10-50 kHz with tricks).

@ Can be used as part of a feedback/control system between inputs
and outputs.

@ Can be used as a programmable voltage source.

@ ...and more!

Examples include BASIC Stamp, Arduino, Cypress (kind of) and others.
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WHY ARDUINO?

Arduino is a relatively new — but massively popular — player among
microcontrollers.

@ Open Source: an appealing moral asthetic like LINUX, FIREFOX,
etc
= low cost! And, ample resources on the web.

@ Popular among artists and the DIY/“maker” crowd
= s0, you don't need a degree in CS/EE to use Arduino.
= and, there's a huge online menu of project ideas and problem
solutions.
= ...and that includes a lot of my students.

o Extendable hardware: daughter boards (called “shields”) extend the
hardware capability, just like software libraries extend the software.
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WHAT DOES A WORKING PROJECT WITH A
MICROCONTROLLER LOOK LIKE?

WELL, LOOK AT WHAT WE HAVE HERE. ..

This is a feedback-controlled piece of lab equipment. Ingredients:
@ an Arduino Uno ($26) for overall control

@ a TC4 shield ($30, surface mount components already soldered) for
better resolution in reading thermocouple. Developed and sold by
gourmet coffee roasting hobbyists, homeroasters.org
(http://code.google.com/p/tcd-shield/)

@ solid state relay ($22) to switch power ON and OFF
o LCD display ($6) so we can see what we're doing

@ a 12V DC power supply, a type-T thermocouple, bits of wire, a
knob, some power cord, and other minor bits from around the lab

@ an aluminum box and a plastic cover from around the lab

@ the equipment to be controlled



homeroasters.org
http://code.google.com/p/tc4-shield/

How TO START A PROJECT

Assuming you have an idea of something to build . ..

GET ARDUINO SOFTWARE CHECK OUT TUTORIALS!!
(FREE) AND HARDWARE (CHEAP) | o Getting Started with
e Download the Arduino IDE Arduino is what i1t sounds like:

arduino.cc/en/Guide/
HomePage

@ Lady Ada’s tutorial is the best:
www.ladyada.net/learn/
arduino/

development environment:
arduino.cc/en/Main/Software

@ Buy Arduino hardware. Many
suppliers, but we like these guys:
www.adafruit.com/category/17

Don't get confused by the varieties of o Take a glance at the Arduino

Arduino boards. Unless your project is playground:

high-performance, you probably want the arduino.cc/playground/

: projects/ideas
Arduino Uno. )

SOMEONE HAS PROBABLY DONE THIS BEFORE

...or least parts of it. Break problem into constituent parts and then
...TO THE INTERNET! |
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THE JOY OF OPEN SOURCE

THINGS TO SEARCH FOR
@ Whole projects
@ Shields that extend hardware capability
@ Software libraries
@ Code examples

@ Circuit diagrams

@ Better ideas

The Arduino programming language is basically C++, so programming
help is also widely available on the internet and in your neighbor’s office.




USE OTHER PEOPLE’S CODE!

Every Arduino program needs a function named “void setup()
one named “void loop()

and
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ABOUT OUR TEMPERATURE CONTROLLER
PROJECT: TWO GOALS

@ An excuse to learn Arduino

© Build a cheap, useful temperature controller.

The first goal outweighs the second, so we may make some odd choices.

THE PID CONTROL LOOP
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(2.5,1/1.6 min,4 min). Very stable,
little overshoot, but 5°C of “droop”.
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@ Tuning PID constants is difficult.

@ Not every system is a good
candidate for PID control.

@ Our system happens to be one of
them.




LET’S THINK OF A PROJECT ...
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