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Arduino Workshop

* Background on
microcontrollers

 Writing a program

e Connecting hardware

Actions:

» Making a LED blink
 Read a button

 Read a sensor

» Send text to computer
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“Microcontrollers are not scary”
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Products with microcontrollers
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Why microcontrollers for ID?

 They enable you to turn your concepts into
working interactive prototypes

e Can be used for many purposes in your
career at low cost

e Arduino Is supported by a huge community;
you can build upon existing code and
hardware designs (your own or by others)

Technische Universiteit Designed )
I U Eindhoven B Intelligence Arduino Workshop Dec, 2014
University of Technology Group



| MADE ( _ ! 2 RR1
IN ITALY N W NROUMET M-S
t o T A~ ¥

DIGITAL (PWM~) E &

(5P nb‘D

[ E ﬂ G i) b o @
5=8

T T .
TATAB

(
WW.ARDUINO.CC l

-
D =
@

< n
<<
Pt

HADE
- om h_lﬂ"nﬂ:.

-
L

Technische Universiteit Designed .
I U Eindhoven Intelligence Ardu|no Workshop Dec, 2014
University of Technology Group



Digital input and output pins

- Power indicator
MADE

IN ITALY ® .- ' . i i
' . 888 L e BEREIAL (S D & Reset button

.....................

! !'t'ml‘l : : | g £
e - RxEms ARDUINO
_ {( SPK16. 'JOG_Y) UL
i E & ﬂ G o dm) @ b eumd 6D [EI]E'

USB connector | 1

-

w
= wu
w
o

Atmel AVR
Microcontroller

. — ———— -

&= [ & = & =

Power in
Analog input pins

Clock
“ heartbeat”

Technische Universiteit Designed .
T U Eindhoven B Intelligence Arduino Workshop Dec, 2014

Power out

University of Technology Group



The development system

USB port
Arduino board

Input Output
Microcontroller P

Stabilized j )

power supply [ Clock[

L.
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A microcontroller . .

|s a processor with

 Low power

 Low cost

« Dedicated for a single task

e On-board program memory

e On-board data memory

« 1/O pins (digital and/or analog)

* (Timer/counter circuits)

* (Bus protocols: RS232, USB, I°C, SPI, ...))
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Electronics: Digital Inputs

Digital input:
« O Volt: Low
« 5 Volt: High

« 2.5 Volt or floating?:

Undefined !!
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Electronics : Digital sensors
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Electronics: Digital Inputs

External pull up

pinMode(12, INPUT);
digitalWrite(12, LOW);
int a = digitalRead(12);

Internal pull up

pinMode(12, INPUT);
digitalWrite(12, HIGH);
int a = digitalRead(12);

Arduino

SV

I100K

switch

GND

Internal pull up (new)
pinMode(12,INPUT_PULLUP);

int a = digitalRead(12);

Arduino

20K

sV

switch

GND

TU/
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Electronics: Analog Inputs

Analog input:
e Default: woe @) -
0..5 Volt to 0..1023 o delle
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Electronics : Analog sensors
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Electronics: Analog Inputs

pinMode(AOQ, INPUT);
Int a = analogRead(A0);

Arduino

A0

TU/e
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Electronics: Digital Outputs

Digital output:
* 0 Volt: Low
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Electronics : Actuators
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Electronics: Digital Outputs

pinMode(13, OUTPUT); pinMode(11, OUTPUT);
digitalWrite(13, LOW); analogWrite(11, 186);
digitalWrite(13, HIGH);

Arduino

33092

N

A
LED

GND

Technische Universiteit Designed .
T U @ Cindhoven B Intelligence Arduino Workshop Dec, 2014
University of Technology Group



Electronics: Digital Outputs

Digital output:
« O Volt: Low
5 Volt: High
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Electronics: Digital Outputs

Digital output:
« O Volt: Low
5 Volt: High

External Power
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Some Hardware Limitations
(Arduino Uno)

« The Uno can be powered via USB or external power supply; power source is
selected automatically. Usually a PC USB port is power limited to 100 mA max.

« External (non-USB) power can come from an AC-to-DC adapter or battery. The
adapter can be connected into the board's power jack. Leads from a battery can be
inserted in the Gnd and Vin pin headers of the POWER connector.

» Operating Voltage 5 V

* Input Voltage (recommended) 7-12 V, (limits) 6-20 V. If the Uno is supplied with less
than 7 V, the 5 V pin may supply less than five volts and the board may be unstable.
If using more than 12 V, the voltage regulator may overheat and damage the board

« DC Current per I/O pin max. 40 mA
« DC Current for 3.3 V pin max. 50 mA

« Depending on supply voltage and current usage (including the current for the
processor) the voltage regulator may overheat and stop working until it has cooled
down. Generally driving one servo or a few normal LEDs is the maximum.
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The IDE program

e® BareMinimum | Arduino 1.5.2

File Edit Sketch Tools Help

=1
Baretinirmum

0id setup (] {

A4 put your setup code here, Lo run once:

}
vold loop () !

A4 put your main code here, to run repeatedly:

USB port

Arduino board
>
Acts as serial

\
\
1
\
1
\
1
\

A

\

A compiled “hex”-file is
o sent to the program
memory of the Arduino
board
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The program

o@ BareMinimum | Arduino 1.5.2

File Edit Sketch Tools Help

_ First, tell Arduino what it is:
e setwi) o S ° Declare pins as input or output

A4 put your setup code here, Lo run once:

 Set global variables
it 1o This is done only once
A4 put your mwain code here, to run repeatedly: Immedlately after reset

'

'

Then tell it what to do:
* Read inputs
: \ « Do calculations
. » Set outputs

This is done continuously,
In a loop after setup is finished

a 32,256 byte maximum) - 1% used

Arduing Uno on CORA

Technische Universiteit Designed .
T U Findhoven B Intelligence Arduino Workshop Dec, 2014

University of Technology Group



The program

[* Configuration:
First, tell Arduino what it is */

void setup(Q {

// initialize the digital pin as an output.
/l Pin 13 has a LED connected on most Arduino boards:

pinMode(13, OUTPUT);
}

[* Then loop:
Tell Arduino what to do */

void loop() {
digitalWrite(13, HIGH); I/ switch LED on

delay(1000); /[ wait for a second
digitalWrite(13, LOW); Il switch LED off
delay(1000); /[ wait for a second

}
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Compiling and uploading code

1. Type code in text window —iix

File Edit Sketch Tools Help

2. Push ‘upload’ button

3. Check if TX and RX Leds are blinking
rapidly

#*  Configuration: -
First, tell Arduino what it iz */

4. If the ‘Done uploading’ message displays, void setwl] {
. . Ff initialize the digital pin as an output.
the Ardumo 1S ready. /¢ Pin 13 has an LED commected on most Arduino boards:

pinMode (13, OUTPUT): }

/% Then loop: \ 1

Tell Arduino what to do */

wolid loop () {
digitalWrite (13, HIGH); A4 set the LED on

delay(l000) ; A4 wait for a second dig
MADE ™ ] ] digitalWrice (13, LOW); /4 set the LED on
ENTEALY i R TR delay(1000) /7 wait for a second

DIGITAL (PWM~) }

IOTXRKS
o rRx¥ie ARDUINO

Arduino Duemilan:
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Structure 4 ATMegaiss [ATMe n'rmggmzeo\
void setup() ARDUINO CHEAT SHEET V.02C TR e e | e
Mostly taken from the extended reference: s — —
Control Structures http://arduino.cc/en/Reference/Extended S J
if(x<3){ else | } Gavin Smith — Robots and Dinosaurs, The Sydney Hackspace ' Duemilanovel N
switeh (myvar) | NI::‘:MF:; Mega
case I . - ~ xtern: ™ 14 +6 analog
break: Constants Qualifiers External Interrupts #0f10 (Nano has 14+8) |54 + 16 analog
case 2: HIGH | LOW static // persists between calls attachInterrupt(inicrrupt, function, o-RXl 1.
hreal.(' INPUT [ OUTPUT volatile  // use RAM (nice for ISR) [LOW,.CHANGE,RISING, FALLING]) - :‘; %3 ::%;
default: true | false const // make read-only f"'“’“hl""'""l"(i""""“m Serial Pins_[1-Tx 15 Rid 14 - TXA
y 143 // Decimal number PROGMEM // use flash interrupts() 2 (Int 0} 22.21.20,18,18
}ur (int i=0; i <= 255; i++){ } 0173 // Octal number nolnterrupts() J| |etnerps :;j[_|n|:"|”;ur . |oroo- IRGs)
while (x<5)! ! 0bl m.l.l 111 /Binary Digital 1/0 ) ( Libraries: ) 9,10 - Timer 1
do { } while (x<5); 0x7B // Hax nunsbes pinMode(pin, [INPUT,OUTPUTY) Y rowm U e S
continue; //Go to next in do/for/while loop 7 ”.FUNC unsigned digital Write(pin, value) . -y 11-MOSI 51. MOSI
5 100 to next In doftor) v 10L // Force long int digltalRead(pin) begin([300, 1200, 2400, 4800, 9600, oo 20 mieo
return x; // Or ‘return;” for voids. - p Ig . _p 14400, 19200, 28800, 38400, 57600 <P 13- SCK 57. SCK.
goto /f considered harmful ) I5UL // Force long unsigned //Write High o inputs to use pull-up res p ST £S5 J » e SR
10,0 // Forces floating point 115200]) \ac Analons - 5 s
= - nalogs - SCK |21 - SCL
2.4e5 // 240000 Analog 1/0 N end() )
Further Syntax analogReference([DEFAULT,INTERNA int available() pe— =
/I (single line comment) Data Types L.EXTERNALYJ) int read() -
/* (multi-line comment) */ void int analogRead(pin) //Call twice if "“_“h“
#define DOZEN 12 //Not baker’s! hoolean (0, 1, false, true) switching pins from high Z source. pr!m(} ISP Header 10-pin
#include <avr/pgmspace.h> char (c.g ‘a'-128t0 127) analogWrite{pin, value) // PWM P"'f‘""“ y mas o @ veo
unsigned char (0 10 255) il R P g
- - ~ byte (0 to255) 4 Advanced 1/0 A EEPROM (#include <EEPROM.h>) o o aor sno
('_""”'-“l Operators int  (-32,768 10 32,767) tone(pin, freqhz) byte read(intAddr) DA Cabie
= fass . . p q :
= (assignment operator) unsigned int (0 10 63535) tone(pin, freghz .duration_ms) write(intAddr.myByie)
+ (addition) - (subtraction) word (0 to 65535) noTone(pin) - g .
* {multiplication) / (division} Jong (-2.147.483,648 10 hiftOut(dataPin. clockPi Servo (#include <Servo.h=) \\
%% (modulo) £ e o § . I.I { .dld. ]_n' clock ‘m' attach(pin , [min_uS, max_uS])
== (equal to) 1= (not equal to) 2,147 483.647) [MSBFIRST,LSBFIRST], valuc) write(angle) / 0-180
== (equs 1= equs . i ] ! gle) // 0-
el | 010 4,294,967,295 sig 2 N LOW N . /
< (less than) > (greater than) ggzltzm 1('1'24{:]‘1::]2'1 SPO ) L unsigned long pulseln(pin, [HIGH.LOW]) writeMicroseconds(uS) //1000-2000,
<= (less than or equal to) '4'(]’;1 -I 8 = 1500 is midpoint
== (greater than or equal to) louble (¢ 3'_ l; *35 '3_ I?I al) 4 lime N read() // 0-180
&& (and)  [[(or) ! (not) caule (currently same as Hoa unsigned long millis() // 50 days overflow. attached() //Returns boolean
e sizeof(myint) // returns 2 bytes iened long mi 1 70 mi srilow
\ unsigned long micros() // 70 min overflow \_ detach() J
delay(ms) B :3 : ; Ffom
4 Pointer Access A ' Strings ™ delayMicroseconds{us) 4 SoftwareSerial(RxPin,TxPin) 1\ (P DOD6 01011 (pees | - Ardliing.CC
& reference operator char S1[1 g] N\ [ Hinclude=SoftwareSerial h= weon
N " dereference operator 4 char S:[RI_.: e n e d Math ) begin(longSpeed) // up to 9600 s
char S3[8]={'a'r' ' 'l fo' N0 min(x,y) max(x,y) abs(x) Chi.JT read() // h]ocks‘tlll data
-~ B ~ Hncluded 0 null termination constrain(x, minval, maxval } \ print(myData) or printin(myData) J
itwise Operators char $4[ ] = "arduine; mapival, fromL, fromH, toL, toH) " g et i
:Q [ht_-itwisc and) | Lbll\hlwc or) char $5[8] = "arduino"; pow(base, exponent) sgri{x) é \\t:::il:;;lcludc W]th::’]imE::ZC ‘\
(bitwise xor) ~ (bitwise not) har $6[15] = "arduino": sin(rad) cosirad) tan(rad) o @ N
(<< (bitshift left) >> (bitshift righ) \_ char S6[15] = "arcuino™s VN begin(addr) / Join as slave @ addr
4 Arravs N (" Random Numbers A rt'q’n'.s‘tl'mm{'uL.i'drc&ﬂ, Ct.)UI;'lII)‘
- . ~ . s randomSeed(sced) // Long or int beginTransmission(addr) // Step 1
Compound Operators nt m)"mb[ﬁ]- Jong random(max) send(mybyte) // Step 2
++ (increment) - (decrement) int myPins[] = {2_. 4,8, 3,6} Jong random(min, max) send(char * mystring)
+= (compound addition) | int mySensVals[6] = {2, 4, -8, 3,2} 4 N - - » send(byte * data, size)
-= (compound subtraction) 4 Bits and Bytes ™y endTransmission() // Step 3
*= (compound multiplication) 4 Conversion ™ lowByte() ' highByte() byte available() // Num of bytes
/= (compound division) char() byte() bitRead(x.bitn) bitWrite(x.bitn.bit) byte receive() //Return next byte
&= (compound bitwise and) int() word() bitSet(x,bitn) bitClear(x,bitn) onReceive(handler) . L .
9 |= (compound bitwise or) \_long() float() )\ bitghitn) /bitn: 0-LSB 7-MSB J L onRequest(handler) y \& Pics from Fritzing.Org under C.C. license J
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http://www.arduino.cc/
http://arduino.cc/en/Guide/HomePage

The Arduino Programming
Environment

io® sketch_mar08b | Arduino 1.5.2 I ]

File Edit Sketch Tools Help

 ———> Save Sketch

Open Sketch
(old: *.pde, new: *.ino)

New Sketch

Compile and Upload

Verify (Compile)
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Settings

e Let the Arduino programming environment
know which board you have

— “Tools” menu = “Board”

e Let the Arduino programming environment
know to which port the board is connected

— “Tools” menu = “Serial port”

Tech nische Universiteit Designed )
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Blink

[* comment */

void setup(Q {
I/l initialize the digital pin as an output.

/I Pin 13 has a LED connected on most Arduino boards:

pinMode(13, OUTPUT);
+

void loop() {
digitalWrite(13, HIGH); /[ switch LED on

delay(1000); /[ wait 1000 ms
digitalWrite(13, LOW); I/l switch LED off
delay(1000); /[ wait 1000 ms

Dec, 2014



Blink with button

 The period of “Blink”Is2x 1000 ms =2s

 Now we want: if we push a button, the period
should become 0.5 s

e To do:
— Connect a button
— Read a button

— Change the “1000” in “delay” depending on the
button state
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Blink and read button

[* comment */

void setup(Q {

[l initialize digital pin 13 as an output.
/[l Pin 13 has a LED connected on most Arduino boards:
pinMode(13, OUTPUT);

pinMode(12, INPUT); /[ initialize digital pin 12 as input.

digitalWrite(12, HIGH); /[ activate pull-up resistor

b

void loop(Q) {
digitalWrite(13, HIGH); /I switch LED on

delay(1000); /[ wait one second
digitalWrite(13, LOW); /I switch LED off
delay(1000); / wait one second

}
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Possible hardware for Blink with
button

Switch

]

77

LED

b i) .
] 1 |_
L ff 00 70A3 i ;ﬁ

L I
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void setup(Q {

// initialize the digital pin 13 as an output.

/[ Pin 13 has a LED connected on most Arduino boards:
pinMode(13, OUTPUT);

pinMode(12, INPUT); // initialize digital pin 12 as input.
digitalWrite(12, HIGH); /[ activate pull-up resistor

+
void loop() {
1T (digrtaflRead(12) == HIGH) {
// Do something
+
else {
// Do something else
>
digrtalWrite(13, HIGH); I/l switch LED on
delay(1000); /[ wait one second
digitalWrite(13, LOW); I/l switch LED off
delay(1000); /[ wait one second

}
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int wait = 1000;

void setup(Q {
, -

void loop(QO {
1T (digitalRead(12) == HIGH) {
// Do something

+
else {

// Do something else
+
digitalWrite(13, HIGH); I/l switch LED on
delay(wart); // wait for walt msec
digitalWrite(13, LON; T switch LED off
delay(wait); I wait for wgit msec

Technische Universiteit Designed .
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int wait = 1000;
void setup(Q {
+

void loop(QO {
1T (digitalRead(12) == HIGH) {

walt = 1000; /7 Wast 1 sec

+
else {

“wait = 250; /7 Wait 0.25 sec
by
digitalWrite(13, HIGH); // switch LED on
delay(wait); /[l wait for wait msec
digitalWrite(13, LOW); /Il switch LED off
delay(wait); /[ wait for wait msec
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Create some interaction: The
“Physical Pixel” example

const int ledPin = 13; //the pinthatthe LED is attached to
int IncomingByte; /[ avariable to read incoming serial data into

void setup() {

Serial .begin(9600) ; Il initialize serial communication
Serial.printIn(C’Good morning’); /I Send text to computer
pinMode(ledPin, OUTPUT); /l initialize LED pin as output

}

void loopQ {
1t (Serial.avarlable(Q) > 0) {
incomingByte = Serial.read();
1T (incomingByte == "H") digitalWrite(ledPin, HIGH);
1T (incomingByte == °“L") digitalWrite(ledPin, LOW);

University of Technology Group
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How to proceed?

* Find new functions in the reference
(http://arduino.cc/en/Reference/HomePage)

e Arduino playground Manuals and Curriculum (also

downloads)
(http://playground.arduino.cc/Main/ManualsAndCurriculu

m)

 Don'’t be scared by “Making things talk”: the book is
about connecting to the internet and less to Interfacing
with electronics %akm =

Dec, 2014
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http://arduino.cc/en/Reference/HomePage
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For descriptions see http://arduino.cc/en/Tutorial/HomePage

Available examples

2@ sketch_mar08d | Arduino 1.5.2
File Edit Sketch Tools Help

Mew

Open...
Sketchbook

Examples

Ctrl+N
Ctrl+0

Cloze Ctrl+w
Save Cirl45
Save As... Ctrl+5hift+5
Upload Ctrl+J
Upload Using Programmer  Ctrl+Shift-+U
Page Setup Ctrl+5hift+7
Print Ctrl+P
Preferences Cirl+Comma
Quit ctrl+Q

inary sketch size: ]

02.Digital
03.Analog

04.Communication k DigitalReadSerial

05.Control
06.5ensors
07.Display
08.5trings
09.Use
10.5tarterkit
ArduinoISP

EEPROM
Esplora
Ethernet
Firmata
LiquidCrystal
5D

Servo
SoftwareSerial
SPI

Stepper

WiFi

Wire

Arduine Duemila

=0l x|

AnalogReadSerial

[
4

BareMinimum

» Fade
ReadAnalogVoltage

[
4
[
4
[

maximum) - 4% used

* T ¥ W ¥ ¥ ¥ ¥ ¥ WY ¥ ¥

diecimila, ATmeg

TU/
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http://arduino.cc/en/Tutorial/HomePage

The mini project

e Session Dec 8 team presents mini project proposal (HG
4.24 Groupl / HG 4.57 Group?2)

e Session Dec 11 and Dec 15 no lecture, but support in
and around e-Atelier/ID-Café for mini project
development

o Session Dec 18 (HG 4.57) team presents mini project
result (demo + mini poster) to assignor

Techn h Un Designed .
T U E dh B Intelligence Arduino WOI’kShOp Dec, 2014
t',r of Technology Group



The mini project

You are free to choose your project, but:

— Use Arduino if possible

— Use at least one sensor and one actuator

— Report on design choices (transistor, configuration, etc.)
— Draw schematics

— Present it as a prototype (user experience, packaging) !

Techn h Un Designed .
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Suggestions

 Make the central heating system with
Arduino

Temp.

Set Heater
“g :l:::l

iteit Designed .
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Suggestions

e DimaLED
 Make application / context

el
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Suggestions

 Egg timer

Soft
Middle

Hard

Techni h Un Designed .
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Spaghetti in code, schematics
and circuits

Code:

 Use comments /* like this */ or // this
» Use functional variable names

o Use functions

Schematics:
» Draw the complete circuit (correctly!!)
(component names, values)

Circuit (soldered or breadboard)

» Should be structured

« Use color coding in wires

» Think about component placement

Otherwise:
* Debugging becomes difficult
 You lack evidence in your report

Technische Universiteit Designed
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Code

DG233 DecentCode | Arduino 0022

Code:
» Clear variable names
const int Boudrate = 19268, A
const int Analog_Input_Pin_A& = B3 /7 Senzor A is connected to thiz pin m d F)r()[)EEF use ()f I()(:Eil Eir](j
cohst int Analog_Input_Pin_B = 1; /7 Sensor & is connected to this pin gIobal Variables
o s=tup() e Functions setup() and
aiizéégigégﬁgzggte}; A4 For sending dato to the computer over USE IOOp () are Self_explalnlng
InitializeSenzors{Analog_Input_Pin_4, Analog_Input_Pin_B); ° F)r()F)EEr fljr](:ti()r] names
InitializeTimers( ); w
} « Comments (Header)
oid Loopf ) {
Read_Sensors_and_Write_Data( s
it (SerialCommand(y { d Examp|eS
Do_Something_With_Command( s ngi(j EE)(EirT][)lEE
1 °
i « Good example
* Implementation of subroutines: *
_Did WriteStortCommand{woid) { v

Binary sketch size: 1372 bytes (of a 38720 byte moimum)
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[S]0Rx 5[]
1 4.
2 analogin3 | o
3 2.
1
ol
Y o]
GND | o
SRFO1 [ = guo
G
33| e
— reset| o
H L ,
I A R L W o,
LY
Arduing
Voo LCDO3
(5]
W,
. TSOP1738
;['_Tﬁ.-- Fur PeeynmtrSback
LN i } L Rz $ra
T 10KC200E
I w| o o
cs
;
b —]—_
A JE3E
[ Vo ;
. ————=z
\_5,1 13 — ]
& 7 receves’ HEADER 3
ATuf a b8
Liiiiil1l _
7t
= MEGA 48 s -
LMJSS;]

vCC
M

n D10
T IR Transmitter

R ) i

2008

Technische Universiteit Designed
Eindhoven Intelligence Dec, 2014
University of Technology Group



Circuits

Technische Universiteit Designed
Eindhoven Intelligence Dec. 2014
University of Technology Group !



Poster

« Explanation

« Schematic
e Code
e Pictures

D028 Creative Elsotronios.

Introduction

FrankTron is & small elecironic module fhat selecls
randomly cane gut of four sounds and bothers you with et
af Inmeguiar mes. betwesn 10 minuies and 1.5 howrs. Bs
small enough tofit In any obscune locabion, for Exampis In
e moard room of & study assoclation. PrankTron B
Inspired by the commerncially avalable Annoy-a-Trons!.

Specifications

= Bmall size (smaler fhan Arduina)

» Low power (should stay active for 90 days)
= Bevernl sounds

Electronics

The only #hing mesded for a FrankTron Is o b=, A S5
bgrrer can be conmeched bo an Anduino Doand dinscly.
Howeuer, o make 8 low-pOSEr varsion, fe Atmal
microconirolier was iaken off the Arduino boand, and
placed on o plece of experimentalion bosrd. Mow | coukd
wse o 3V baflery and o 108Hz clock (instend of 18k Hz),
wihich ghe=s & hauge redisction of power®:

[ M S A S —————

= Battery CR203I2H: 240mAh
= L Hetime FrankTron: 50 hours > 3 days)

{ Inductrial Decign

HLI BEME LINYEISNEIL
I U Eindhioven
University of Techmalogy

Lode

The code has bwo iricky pards. Firsf of all, a famscbon for
lonsg delays had to be made, and next, a mefhod io deal
wiih the 108z clock. Debugging was done on a mormal
1EMHZ Arduing board wih Secisl.peistin||; COmmands.

Results

Tests were perfiormed by placing & 4x4 cm® PrankTron on &
plece of experimentation boand under e sales counder In
the Luck boardroom in Hosember 2011, The resell wees
hiarioess, and PFrankTron was only discosensd afier a whole
day of iotal confusion.

References

The ThinkGeek Annoy-a-tron

Iritpifwwes ih inkgeek. comiproduct 8oy

Andrmel ATMEGAZZIEF datshest

hitp s st me Loomidymresourc st _documents!
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Resources

 Look at wiki page:
e http://wiki.id.tue.nl/ce/AssignmentDescription

(and checkout the “Resources” section)

e |nstallation
e http://arduino.cc/en/Guide/Windows
e http://arduino.cc/en/Guide/MacOSX

Techn h Un Designed .
TU i dh B intelligence Arduino Workshop
t',r of Technology Group

Dec, 2014
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