Let’s build a simple, smart, DIY, boat!

- Gabriella Levine
Science Gallery
’ Saturday Oct. 22, 2011

Gabriella.levine@
~ gmail.com

- Gabriellalevine.com




What is DIY and open_source hardware?
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Protei_006 and the Protei handbook



A couple more OSHW projects:

DIY printers (MakerBot, Fab@Home...) OpenROV.com



Materials




1. Take off the top of both water bottles 2. Poke a hole in each cap

3. Apply hot glue to the inside of thecap, but not on the hole. Slip the motor shaft through the
hole. When dry, the shaft should spin freely.

Do this with both bottle caps.



4. Use two or three strips of tape, tape your water bottles together, sort of like a raft.




5. Solder on long leads to the motors, now attached to the bottle caps




6. Cut a small slit in the top of each water bottle. This is the hole through which the wires
From the motor will poke through.




7. Put the cap on the bottle and feed the wire into the bottle opening, then out the
Slit you just made. If you have trouble screwing on the cap, use some hot glue to secure
It.




8. Glue a plastic box to the top
of your two bottles. You can
Bring the wires from the
Motors around the back,

Or poke a small hole in the
Side of the box to feed them
Into.

Now, put a bit of hot glue on the
Holes you made in the bottles
To make sure the bottles are
Watertight.




9. Build the circuit -
breadboard basics

THE SOLDERLESS BREADBOARD 1
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The breadboard is basically a chunk of plastic with a bunch of holes in it.
But there is something special going on:

There is electrical conductivity. Basically this means that even though you
can't see it, if you poked inside, there are metal strips that connect the
ROWS and the COLUMNS together. LIKE THIS:
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1 TO-220

1.Base 2.Collector

9. Build The Circuit.

3.Emitter

This circuit uses a transistor (an
electronic switch) to power a
high current load (because
Arduino does not output enough
amperage to turn the motors.
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10. Build the same circuit for the second motor, on the
breadboard

Note: You do not need to use a second battery.
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11. Add some sensors (get creative)

Photocells, can act like antennas, if you want

Ping Ultrasonic Rangefinder by Parallax
a boat that steers towards light, for example

Works nicely

"”.

www.parallax.com
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Infrared proximity sensor:
Detects short range obstacle

I’'m a fan of two simple
Switches, mounted on the
Sides of the boat, acting as
obstacle detectors




circuits for various sensors:

A simple button with a 1K resistor A photocell with a 1K resistor
(sample code: http://www.arduino.cc/en/Tutorial/button) (analog input example:
http://www.arduino.cc/en/Tutorial/Analoginput)
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12. Let’s write some code

eNO boatWithManyFUnctions | Arduino 1.0-rcl

boatWithManyFUnctions

* constants

* set pin numbers:
const int pingPin = 7;
const int buttonPinl = 2;
const int buttonPinZ = 4;
const int motor = 3j;
const int motor2=11;

/¢ the number of the pushbutton pin

/¢ the number of the motor pin

/¢ variables
int buttonState = 8;
int buttonStatel =8;

void zetup() {
‘/begin serial

/¢ variable for reading the pushbutton status

Serial.begin{9608);
/4 initialize the motors as output:
pintode{motor, OUTPUT);
pintode{motor2, OUTPUT);
/¢ initialize the pushbutton pins as  input:
pintode{buttonPinl, INPUT);
pintode{buttonPin2, INPUT);

1

void | oop ( }{
/¢ establish variables for duration of the ping,
/7 and the distance result in inches and centimeters:
long duration, inches, cm;
'/ The PING))) is triggered by a HIGH pulse of 2 or more microseconds. X
! (& - < »

https://github.com/gabriella/boat-

At the above github site, you can download
some super simple premade code | wrote to
Give the boat basic functions. There is code
For a light following boat, and a boat with
An ultrasonic range finder, with two buttons
As edge sensors.

The way | have it operating is if the boat
Approaches an obstacle ahead, it turns to
Avoid it. If the boat hits something from the
Side, it turns away from the barrier.

Now, let’s modify that code! OR
Let’s write our own!



13. Put your circuit and Arduino in the

(my circuit)

(my spaghetti monster)



14. Compiling and uploading the sketch

Select the correct board

Select the correct serial port

A Home Format Picture | Serial Monitor
A
& - B Board
= Serial Port
Corrections Recolor  Filters g
Programmer
Slides Outline

Burn Bootloader

Fix Encoding & Reload
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U ememao gy
//digitalWrite({motor, LO

An analog circuit N \

digitalWrite{motorz, LOW

-1 1}
else
dddigitalWrite{motor, HII}H)
| digitallrite{motor2, HIGH);

" button();
I
25 deloy(108);
Analog input code
¥

void button{){

'/ check if the pushbuttol

/¢ if it is, the buttonSti

if {buttonStatel == HIGH)
'/ turn LED on:
digitalWrite(motor, LOW

p—

Ancther sensor, and the map(]

turn LED off:
digitalWrite(motor, HIGI
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int butt
int butt

Arduino BT w/ ATmega328
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LilyPad Arduino w/ ATmegal68

b Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328
pintioc  Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmegal68
[l Arduino Pro or Pro Mini 3.3V, 8 MHz) w/ ATmega328
pintoc  Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal68

¥ Arduino NG or older w/ ATmegal68

void 104 Arduino NG or older w/ ATmega8

tablish variables for duration of the ping,
/7 ond the distance result in inches ond rentimetera:
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/dev/tty.Bluetooth-Modem

. /dev/cu.Bluetooth-Modem
 ButtonPinz = 4;
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14. Compiling and uploading the sketch

Click Verify...

boatWithManyFUnctions

onstants

/¢ set pin numbers:
const int pingPin = 73
const int buttonPinl =
const int buttonPinZ =
const int motor = 3; /¢ the number of the motor pin }
const int motor2=11;

23 /7 the number of the pushbutton pin
4

/¢ wariables
int buttonState = 83
int buttonStatel =0;

variable for reading the pushbutton status

initialize the motors as output:

{motor, OUTPUT);

de{motorz, OUTPUT);

/ initialize the pushbutton pins as input:
pintodedbuttonPinl, INPUT);

pintodedbuttonPin2, INPUT);

and the dis ce result -
duration, inches, cm; 2
/7 The PING))) is triggered by a HIGH pulse of 2 or more micr
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Arduino Uno on /dev/tty.usbmodemfal41

Click Upload...

e NOo boatWithManyFUnctions | Arduino 1.0-rcl

O ° Q g Upload Using Programmer

boatWithManyFUnctions

onstants
/¢ set pin numbers:
const int pingPin = 7;
const int buttonPinl =
const int buttonPinZ =
const int motor = 33 /¢ the number of the motor pin
const int motor2=11;

/ the number of the pushbutton pin

/¢ variables
int buttonState = @
int buttonStatel =
’ tup() {

ir rial

H ariable for reading the pushbutton status
GH

/7 initialize the motors as output:
pintode(motor, OUTPUT);

pintode(motor2, OUTPUT);

/ initialize the pushbutton pins as input:
pintode(buttonPind, INPUT);
pintode(buttonPinZ, INPUT);

void loop(){
establish

les for duration of
ult in inc
g duration, inches, cm;

The PING))) is triggered by a HIGH pulse of 2

the ping,
and centime

or more micr
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Arduino Uno on /dev/tty.usbmodemfal41l



15. Seal up the holes, glue on the
propellers, and let’s test out the boat




Next Steps

* Use an h-bridge (motor driver) so the
motors can spin in both directions

(see circuit left and example code: http://itp.nyu.edu/physcomp/Labs/DCMotorControl)

* Go wireless! And make your boat R/C

* More waterproof!

(Xbee module for wireless Tx/Rx) (below: motor driver)
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