Shake, Rattle and Roll

Building Bots with a Sense of Balance
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What's an Arduino?
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WUHAT IS5 AN
ARDUINO?

IT"S AN OPEN-SOURCE
ELECTRONICS PROTOTYPING
PLATFORM.

WHAT DOES THAT MEAN?

Arduino is an open-source electronics prototyping
platform .. It's intended for artists, designers, hobbyists,
and anyone interested in creating interactive objects or

environments.




What's an Arduino?

Arduino can sense its environment, and affect its surroundings

MICROCHIP

AN ARDUINO CONTAINS A MICROCHIP, WHICH 5 A VERY SMALL COMPUTER THAT YOU CAN PROGRAM. YOU CAN
ATTACH SENSORS TO [T THAT CAN MEASURE CONDITIONS (LIKE HOW MUCH LIGHT THERE IS IN THE ROOM). IT|
CAN CONTROL HOW OTHER OBJECTS REACT TO THOSE CONDITIONS (ROOM GETS DARK, LED TURNS ON).
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FORCE "
SENSITIVE DC MOTOR
MOMENTARY sSWITCH RESISITOR -

ANY OBOECT WE WANT TO TURN ON AND OFF AND
A SWITCH OR A SENSOR COULD BE AN INPUT CONTROL COULD BE AN OUTPUT. IT COULD BE A
INTO TUE ARDUINO. MOTOR OR EVEN A COMPUTER.




A very simple circuit primer

» Voltage, current and resistance: a flowing analogy

» Voltage: Volts, Current: Amperes, Resistance: Ohms

OHM'S LAW

CURRENT = VOLTAGE/RESISTANCE
(= Vv/R)
orR
RESISTANCE = VOLTAGE/CURRENT
(R = V/D

oR
VOLTAGE = RESISTANCE * CURRENT
Vv =R*D

/

THERE |5 A RELATIONSHIP BETWEEN VOLTAGE,

CURRENT AND RESISTANCE, DISCOVERED BY GEORG
OUM, A GERMAN PUYSICIST.

FOR EXAMPLE, INCREASE
THE RESISTANCE, LESS
FLOW.

OR INCREASE THE
POTENTIAL, MORE FLOW.

Lamp,
=0t

Switch

B
1|1t

DC power source

+ 1




A very simple Arduino circuit

o Arduino
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wwvearduino.cc
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WHATS TUE DIGITAL INFORMATION ANALOG INFORMATION
DIFFERENCE BETWEEN IS DISCRETE AND 1S CHARACTERIZED
DIGITAL AND ANALOG FINITE. ALL BY TS CONTINUOUS

INPUTS AND INFORMATION |5 NATURE. [T CAN HAVE aN

ouTPUTS? DESCRIBED IN TWO INFINITE NUMBER

STATES, 1 OR 0, OF POSSIBLE
OMN OR OFF. VALUES.




How does it work?

» Wire up your inputs and outputs
» Download the software and plug in Arduino

ADNIITNG
| DOWNLOAD WERE: '

HTTP://ARDUING.CC /EN/MAIN/SOFTWARE

VOL[LL HAVE TO DOWNLOAD AND INSTALL SOFTWARE
PROGRAM THE ARDUINO. [T IS5 AVAILABLE FROM

ATTACHING THE ARDUINO TO A COMPUTER WITH THE URL ABOVE FREE OF CHARGE. THE ARDUINO

A USB CABLE WILL SUPPLY TUE 5 VOLTS OF POWER SOFTWARE RUNS ON THE MAC 05 X, WINDOWS AND

WE NEED AND ALLOW US TO START PROGRAMMING. LINUX PLATFORMS.

» Write Code and Upload

int ledPin = 13;

etup() {
(ledPin, OUTPUTY;

O 1

TO UPLOAD THE SKETCH TO THE ARDUINO BOARD,
CLICK TUE UPLOAD BUTTON ON THE STRIP OF
BUTTONS AT THE TOP OF THE WINDOW. SOME




An example: Blinking Light

void setup() {
// initidlize the digital pin as an output
Arduino boards

in 13 has LED connected on most

pinMode(13, OUTPUT);

void u,‘po {
i te(13, HIGH); // set the LED on
ait for a second

i Write(t3, LOWD; s/ set tm LED of
delay(1000); /7 wait for a second

A SKETCU, LIKE A PROGRAM WRITTEN (N ANY

LANGUAGE, 15 A SET OF INSTRUCTIONS FOR THE
COMPUTER. IF WE LOOK CLOSELY AT THE BLINK
SKETCH, WE SEE THERE ARE 2 MADOR PARTS,
SETUP AND LOOP.

A\
S e UAPPENS ONE TIME WHEN
PROGRAM STARTS TO RUN

LOOP: REPEATS OVER AND
3, OVER AGAIN

THESE ARE BOTH BLOCKS OF CODE CALLED
FUNCTIONS THAT EVERY SKETCH WILL HAVE. THEY
ARE BLOCKED OUT BY CURLY BRACES {}.

HUTTP:/ /ARDUINO.CC/ EN/REFERENCE /HOMEPAGE

|_Language Reference

CHECK OUT THE ARDUINO WEBSITE FOR THE
ARDUINO REFERENCE GUIDE AND MANY OTHER
RESOURCES TO LEARN TUE LANGUAGE.

void setupQ { //DECLARES BLOCK OF CODE
pinMode(13, OUTPUT); //5ETS PIN 13 TO OUTPUT
} //END BLOCK OF CODE

void loop() { //DECLARES BLOCK OF CODE
digitalWrite(13, HIGH); //SETS PIN 13 HiH

delay(1000); //PAUSE 1 SECOND
digitalWrite(13, LOW); //S5ETS PIN 13 LOW
delay(1000); //PAUSE 1 SECOND
} //END BLOCK OF CODE

FOR NOW, LET'S LOOK AT THIS SIMPLE SCRIPT LINE
BY LINE & SEE WHAT EACH LINE DOES.




What is it good for? Absolutely Everything.

TED talk by Massimo Banzi: How Arduino is open-sourcing
imagination



Goals of the course

» Learn to program physical devices
» ..that can sense the world

» ..and respond to their senses (feedback)

Project: Build a two wheeled, stable, dynamically balancing robot.



Goals of the course

» Learn to program physical devices

» ..that can sense the world

» ..and respond to their senses (feedback)
Project: Build a two wheeled, stable, dynamically balancing robot.
Parts List:

» Arduino Uno

> 2 Motors and Wheels

» 3 DOF accelerometer, 2 DOF gyroscope

» Motor Shield
Work in teams of 4 to build stable robots.



Stability

An algorithm for balancing a stick

mass m
length d

foree f mass ¢



Examples of Stabilizing Systems

Bipedal animals:

Standing upright and balancing is a deceptively simple
activity that belies the underlying complexity of
neuromuscular feedback loops that continually stabilize
what is an unstable, nonlinear mechanical system.




Examples of Stabilizing Systems

Bipedal animals:

Standing upright and balancing is a deceptively simple
activity that belies the underlying complexity of
neuromuscular feedback loops that continually stabilize
what is an unstable, nonlinear mechanical system.

The balance, L.
organ Semicircular

Canals

Cochlea
The body's
microphone




Examples of Stabilizing Systems

Some insects have halteres: vibrating gyroscopes

Airplanes, Segways, etc.
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