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Programming environment

B sketch_aug15a | Arduino 0018 =E3
Download from:

http://arduino.cc/en/Main/Software

Auto Format Strg+T
Archive Sketch
Fix Encoding & Reload
Serial Monitar Strg+Umschalt-+ Verify | Compie Strg4R
Board ’ stop
Serial Port 4 Show Sketch Folder  Strg+E
Burn Bootloadsr » Import Library.. 4

Add File...

Hew StrgHh

open, .. Strg4O
cu Strotk Sketchbaok ,
Copy Strg+C Examples »
Copy for Forum Strg+Umschalt+C Close St
Copy as HTML Strg+alk+C save Strgts
Paste Strg bt Ssve fs.. StrgrtUmschalt+5
Select Al Strg+h Upload to 1/0 Board Strg+U
Comment/Uncomment  Strg+5lash Page Setup StrgUmschalt +P
Increase Indent Strg+Close Bracket Frint StrgtP
Decrease Indent Strg+Open Bracket

Preferences Strg+Comma
Find... Strg+F
Find Mext Strg+G Quit SugtQ

Lect8-Page4




Technische Universitat Miinchen @ TI.ITI

Lecture 8: Programming for the Arduino

¥The hardware

¥The programming environment

- Binary world, from Assembler to C

- Programming C for the Arduino: Basics
- Programming C for the Arduino: more ...
- Programming style

Lect8-Page5

Technische Universitat Miinchen @ TI.ITI

Binary world, programming from Assembler to C

Programmable, mechanical calculation machines (19th/early 20th cent. AD)

Falcon
(1728)
Joseph-Marie
Jacquard
(1805)

-> punchcard looms
for work steps

(program)
B 1
. Origins at China and also developed by the @
mathematician Leibniz (17th century AD) I/I 0
. Positional numeral system which represents @
each number just with 2 symbols, 0 and 1 I/ 0
. These values can be represented by voltage ' @
levels in electronic circuits
. For human use very inefficient but with @
electronic circuits it is possible to create
very efficient arithmetic and logic units (ALUs) 1 @1
for the basic operations addition,
subtraction, multiplication and division PPY
+5V-

See: Rembold, Ulrich et. al.: Einfiihrung in die Informatik fiir Naturwissenschaftler und Ingenieure. Hanser Miinchen Wien 1991
3 v ol. i html, Download 01.09.2007

See: http://en.wikipedia.org/wiki/lmage:Boulier1.JPG, 01.09.2007 Lects-P 6

See: Rembold, Ulrich et. al.: Einfiihrung in die Informatik fiir Naturwissenschattler und Ingenieure. Hanser Minchen Wien 1991 ectd-rage!




See: http:/fivs.cs.uni- 1
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Binary world, programming from Assembler to C

The machine instructions

Assembler mnemonic:
(short ,Assembler)

add ax, 1000

conversion

Machine code (80x86): 000001011110100000000011

Operation code for
.add to accumulator”

html, Download 30.08.2007

high byte, low byte
[ 00000011 [ 11101000 |

Binary representation of number
1000
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Binary world, programming from Assembler to C

B Blink | Arduino 0018
File Edit Skstch Tools Help

Programming paradigm of the
problem oriented computer
language C

* Procedural programming with
structured programming as
subset

Code is splitted into several, reusable sections

called procedures or functions with own scopes,

which can be called at given code positions
* Logical procedure units are combined to
modules
« Jumps (like goto) are not allowed
- EgC
« Case sensitive

See: http://en.wikipedia.org/wiki/Programming_paradigm, Download 08.10.2007

int ledPin = 13; /7 LED commected to digital pin 13

/4 The setup() method runs once, when the sketch starts

void setup()

{
// initialize the digital pin as an outpuc:
pinMode (ledPin, OUTPUT)

i

/¢ the loopi) method runs over and over agsin,
// as long as the Arduino has power

void loop()
{

digitalWrite{ledPin, HIGH): // set the LED on

delay(1000) ; // wait for a second
digitalWrite(ledPin, LOW);  // set the LED off
delay(1000) ; // wait for a second
i
v
& | >
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Binary world, programming from Assembler to C

From source code to machine instructions

Source code
in a specific computer language

translation and
optimisation

-
-

Assembler mnemonic o . - =
(short ,Assembler*)

conversion

The process of compilation is

unidirectional. There are several

representations of a solution for a

specific task in problemoriented

Machine code (e.g. 80x86, ...) languages which results in the same
representation in machine code. On the
other hand the optimisation is not ideal,
so that the knowledge about the results
after comiplation can improve the
runtime of a program.

Lect8-Page9

See: http://ivs.c i 1 i html, Download 30.08.2007
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Binary world, programming from Assembler to C

Phase Compiler \
Programming :
Runtime Arduino Duemilanove

Executables  Executable
libraries

Upload
via USB

File Edit Sketch Toaols Help

O [&] (]
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Programming C for the Arduino: Basics
B Blink | Arduino 0018 FEx
Our first program: Blink (LED)

Edit  Sketch  Tools Help

Rlew StrgHN
Open... Strg+0
int ledPin = 13; /¢ 1ED connected to digital pin 13 [ Sketchbaok. »
Exam AnalogReadSerial

/4 The setup() method runs once, when the sketch starts

Close Skrg+Hw 2.Digital » liniraurny
Save Strg+5 3.4nalog »
vold setup() Save As... Strg+Umschalt+5 | 4.Communication | DigitalReadSerial
! /4 initialize the digital pin as an output: Upload to 1f0 Board  Strg+U S.Control | Fade

pinMode (ledPin, OUTPUT) :
i

Direction of current
/4 the loopi] method runs over and over again,

/4 as long as the Arduino has power

void loop() + | A=Anode

! Flattened side ;v
digitalWirite(ledPin, HIGH); // set the LED on st the bod
delay(1000); /4 wait for a second ¥ ——
digitallirite (ledPin, LOW); /4 set the LED off L C=Cathode
delay(1000); /4 wait for a second

i

< Cathode (3

. Anode (+)

http://www.led-shop.com/images/LED_Anschluss.jpg Lect8-Page12
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B Blink | Arduino 0018

int ledPin = 13; /4 LED connected to digital pin 13
/4 The setup() method runs once, when the sketch starts

void setup()

{
// initialize the digital pin as an output:
pinMode (ledPin, OUTPUT) :

i

/¢ the loopi) method runs over and over agein,
// as long as the Arduino has power

void loop()
{
digitalWrite(ledPin, HIGH): // set the LED on

delay(1000) ; 4/ wait for a second
digitalllrite{ledPin, LOW);  // set the LED off
delay(1000) ; 4/ wait for a second

File Edit Sketch Tools Help

Programming C for the Arduino: Basics

Memory short, int, long,

Elements float, double,
char,
structures,
Variables

Arrays (e.g. int Ar[5];)
Indexes start with 0!!!
Pointers

Lect8-Page13
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Programming C for the Arduino: Basics

1 1

P

> 1*27 =

y
0*22=

0*23=
> { * 24 _

LL>0 200" 1

= 1 Byte
bin

0dec
*21 1*2 = 240

0dec
(V 8 = 0dec

0*16 = 164

>1*25=0*32
>0 *26=
0*128

32dec

= 0dec
= 1 28dec

Z = 178dec
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Programming C for the Arduino: Basics

Pointer:  pointer: Memory element: Memo
int *a = &a; inta=5;
Address of ,a“ TLocation of element in
Memory (address)

Lect8-Page15
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Programming C for the Arduino: Basics
B Blink | Arduino 0018 CEX .
Functions

I EE &

int ledPin = 13; /4 LED connected to digital pin 13

4/ The zetup(] method runs once, vhen the sketch starts M

void setup()

! /7 initialize the digital pin as an eucpuc: int Add (il‘lt a, int b)
pinfiode {ledPin, OUTPUT):

) {

/¢ the loopi) method runs over and over agein,

return a+b;

// as long as the Arduino has power }

void loop()

i .
digitalWrite(ledPin, HIGH): // set the LED on Functioncall
delay(1000) ; 4/ wait for a second
digitalllrite{ledPin, LOW);  // set the LED off
delay(1000) ; 4/ wait for a second

» | X=Add (5, 6);

=> X=11

Lect8-Page16
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Programming C for the Arduino: Basics

Operators Standard operator:

Assign =,
Plus +,
Minus -
Multiplication *,
Division /

Modulo-Div. %,

AND && (Bit-AND &)
OR [| (Bit-OR|)
NOT !

Additional operators:
Add one, subtract one:
++,--, (€.9. i++; is i=i+1)
and a lot of others:
=-=.,L]->"..

Lect8-Page17
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Programming C for the Arduino: Basics

B Blink | Arduino 0018 FEX

File Edit Sketch Tools Help

Comments

int ledPin = 13;  // LED comnected to digital pin 13

44 The setup() method muns once, vhen the sketch starts // This is a comment
void setup() * P *
{ /* This is also a comment */

// initialize the digital pin as an output:
pinMode (ledPin, OUTPUT) :
i

/¢ the loopi) method runs over and over agein,
// as long as the Arduino has power

void loop()
{
digitalWrite(ledPin, HIGH): // set the LED on

delay(1000) ; 4/ wait for a second
digitalllrite{ledPin, LOW);  // set the LED off
delay(1000) ; 4/ wait for a second
i
v
< >
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Programming C for the Arduino: Basics

Interaction Serial write
with users
void setup() {

/' initialize serial communication:
Serial.begin(9600);

void loop()
{

Serial.print(“On”); // Write without new line

Serial.printin(“Off"); // Wite with new line
I |
AB
AB
AB

CompassTest | Arduino 0018

File Edit Sketch Tools Help

T [27 [ serial monitor
Serial port 'COM3' not Found. Bid you select the right one ...
Lect8-Page19
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Programming C for the Arduino: Basics

Application Conditions Conditions
workflow . ) , )
i f (ilndex < 10) switch (ilndex)
{ {
Serial.print(“A"); case 1:
} Serial.print(“A");
break;
case 2:
Serial.print(“B“);

Serial.print(“B");
break;

el se

Lect8-Page20




Technische Universitat Miinchen

S T

Programming C for the Arduino: Basics

Realizing a state machine using switch condition

int iState;

/\(:jlibration nove ...

; 0

void setup () W
K N

iState = 0;
}
voi d | oop ()
switch (iState)
{
case 0: o~ Sertence ~
//calibration {ae s N\
i St ate = 1 /_L\ small'| ‘/ frmbuze N -
br eak: ! S Aticle ey Adjective ™ Leat 5 )
case 1 ; \ U o
. o~ — —— /
/1 nove just forward as |ong Predicats
/1 as wall closer than 10 cm P st -
iState = 2; ( Awbs ) l
br eak; s j‘ﬁ“’j(‘ - D
case 2: \ Ly /
\o ] -
}

Lect8-Page21
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Programming C for the Arduino: Basics

Application  Loops Loops
workflow inti=0; inti;
while (i<10) for (i=1;i<10;i++)
Serial.print(i); Serial.print(i);
i=i+1; }
}

Lect8-Page22
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Programming C for the Arduino: Basics

Digital Pins Output

pinMode (iPingPin, OQUTPUT) ;
digitalWrite (iPingPin, LOW):
delayMicroseconds(2);
digitalWrite (iPingPin, HIGH):
delayMicroseconds(10) ;
digitalWrite (iPingPin, LOW):

Input

pinMode (iPingPin, INPUT);
1Duration = pulseIn(iPingPin, HIGH) :

Lect8-Page23
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Programming C for the Arduino: Basics

External modules

(Libraries) & & ardire-cotn

® () drivers
[® (3 examples

Creation

Executables

G

=) LiquidCrystal
| () Makrix

Copy library

Servo

‘;;J ScftwareSerial
|

modules £ softwareSerial

to here & sprte e
& ) Stepper /} Stepper
() ire !

Use module with

/] AMotarC

1

J Ethernet

|

;;J LinuidCrystal
1

Servo

Sprite

#include <...>

_,,j Examples

AFMotar.h

GearBulTimﬂ | Arduino 0018
File Edit Sketch Tools Help

AFMator.cpp
4+ Source File
CPP Rl

= keywords, bxt
= Textdokument
= LKE

#include <AFMoror.h>

Lect8-Page24
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Programming C for the Arduino: more ...

Motordriver for DC-motors: basic functionality

Motor armature

Commutator

Carbon brush

http://de.wikipedia.org/w/index.php?title=Datei:Gleichstrommaschine.svg&filetimestamp=20070820012802
http://www.hpw-modellbahn.de/eisenbahntechnik/motoren.htm Lect8-Page26
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Programming C for the Arduino: more ...

Motordriver for DC-motors: basic functionality

Motor armature

Commutator

Carbon brush

[Arduine Duemilanove

Rotation direction| |

i
-
T
[==0X" Duemila

1 | 2 <] | 4
Einfache H-Brlcke mit Relais c
an
T
[t ———
L
(-1
B
A
Schalwng vom Putor Frank i
hbruecke relais
Wuw.roboternetz.de | zs.es.zee5 193397
Sheet 1/1
1 | 2 I ] | 4

http://www.rn-wissen.de/index.php/Getriebemotoren_Ansteuerung
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Programming C for the Arduino: more ...

Motordriver for DC-motors: basic functionality (with driver IC L293 D)

Motor armature

Beliebte H-Brlcke {lr zuwei Motoren
Commutator

Carbon brush

L bt

Enable Motor 1 Ein/Aus [ S ET m

an L

a1

=
‘] o moz S
HOTOR)

i

—y_en <. B

20 on |2

Motor 2 Elngang B

Motor 2 Eingang A

?E MEtor L Eingang A
8
T
]
d

.
Moo 1 Eirgang B -

el
L | nal

HE
Motorspannung B — 36U

e I in,

2u einca Controllerport
]

Schaltung vom

Luu.roboternetz.de | zs.eszees zianes

roboternetz—wikl
hbruecke 1293d

Sheetz 4/1

1 2 [ 3 I 4

http://www.rn-wissen.de/index.php/Getriebemotoren_Ansteuerung
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Programming C for the Arduino: more ...

Motordriver for DC-motors: basic functionality (with driver IC L293 D)

€
Enable = speed (PWM) Beliebte H-Brlcke flr zuei Matoren

Rotation direction | | I | | | ip
§
2
q

Enable Motor 1 Ein/Aus [ S ET m

bt

and On/Off

+/- rotate forward
-/+ rotate backward
+/+ or -/- stop

[Arduine Duemilanove

an L

Motor L Eingang A 11 Motor 2 Elngang B

g
Ao ez 2
s 2
— 2y ks .
Mot 2 Eingang A
2o on AL

S ueez a—En |2

| nable I in,
)

Motorspannung B — 36U

Motor 1 Eirgang B

2u einca Controllerport
]

A-ATB 360
wian E

ND

Schaltng vom roboternetzwiki
hbruecke 1290d
Uuu.roboternetz.de| zs.ee.zees zinnzs
g Sheet 171
""" 2 ] 3 I )
x http:/www.rn-wissen.de/index.php/Getriebemotoren_Ansteuerung Lect8-Page29
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Programming C for the Arduino: more ...

Motordriver for DC-motors:
Adafruit Motor/Stepper/Servo Shield for Arduino kit - v1.0

http:/www.adafruit.com/index.php?main_page=product_info&cPath=17_21&products_id=81 Lect8-Page30
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Programming C for the Arduino: more ...

Motordriver for DC-motors:

Adafruit Motor/Stepper/Servo Shield for Arduino kit - v1.0
/I Use Adafruit module
#include <AFMotor.h>

Il create motor #2, 64KHz pwm
AF_DCMotor MotorRight( 2, MOTOR12_64KHE

Il set the speed setup()
MotorRight.setSpeed( 50);
/I Move forward )
for (int i=0;i< 500;i++)
{
MotorRight.run(FORWARD);
}
I/l Move forward  loop()
for (int i=0;i< 500;i++)
{
MOtOFRig ht.ru n(BAC KWAR D) ; http://www.ladyada.net/make/mshield/
} Lect8-Page31
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Programming C for the Arduino: more ...

Motordriver for step-motors (steppers): basic functionality

Inductor 1 Inductor 2
a a
o 0
3
+ c
©
Common » Common
1 ‘»
Q2 o
>
[aV]
b b

N4 n3

http://www.shop.robotikhardware.de/

http://www.rn-wissen.de/index.php/Schrittmotoren

http://www.schule-
bw.de/unterricht/faecher/physik/mess/soundkarte/hardware/interfsound/schrittschlitt.htm Lect8-Page32
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Programming C for the Arduino: more ...

Motordriver for step -motors (steppers): RN-Stepp297

RN-Stepp 297

5V GND Rotation direction

http://www.shop.robotikhardware.de/

% §
T
|l
E]
B
wuvrobotiEhardusre.d

Clock
pulse
for

steps

Lect8-Page33
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Programming C for the Arduino: more ...

Motordriver for step-motors (steppers): RN-Stepp297

Arduino Duemilanove

http://www.shop.robotikhardware.de/

ANALDG IN . ’
234

. ; $+ +5V or OV =
J+SF % Rotation : SR
NEXS) *+ . directio . g »olli ) s
o —1 |®@® @) 9 ‘“ﬁ et Srrrisrivieeyl

S RN-Stepp 297 ; ; i

® ;;;;;;;; B W, S ar dUINo.CC

® r1n5U e vin 81

S

Lect8-Page34
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Programming C for the Arduino: more ...

Motordriver for step-motors (steppers): RN-Stepp297 - programming

/I Use stepper module
#include <Stepper.h>

/I Create stepper class variable

Stepper StepperLeft ( steps , pin_direction

e.g. St epper Left (200, 8, 9)
St epper R ght (200, 7, 10)

/I set the speed of the motor to 200 RPMs
StepperLeft.setSpeed( 200);

/l Move one step forward
StepperLeft.step(1);

/l Move one step backward
StepperLeft.step(-1);

http://arduino.cc/en/Reference/Stepper?from=Tutorial.Stepper

pin_clockpulse );

} setup()

loop()

Lect8-Page35
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Programming C for the Arduino: more ...

Motordriver for step-motors (steppers):

Adafruit Motor/Stepper/Servo Shield for Arduino kit - v1.0

Lect8-Page36
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Programming C for the Arduino: more ...

Motordriver for step-motors (steppers):
Adafruit Motor/Stepper/Servo Shield for Arduino kit - v1.0

/I Use Adafruit module
#include <AFMotor.h>

/I create motor stepper #2 with 48 steps
AF_Stepper StepperLeft(

/I set the speed

StepperLeft.setSpeed(60);

StepperLeft.release();

/I Move forward

48, 2);

setup()

StepperLeft.step(1, FORWARD, SINGLE);

/I Move backward

loop()

StepperLeft.step(1, BACKWARD, SINGLE);

http://www.ladyada.net/make/mshield/
Lect8-Page37
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Programming C for the Arduino: more ...

Low Cost Ultra Sonic Range Finder

5V

/8

—— GND

Trigger pulse and signal

Trigger pulse
input to SRFOS
and Echo pulse
output to users
controller

Ultrasonic burst
transmitted
from SRFOS

SRFO05 Timing Diagram, Mode 2

Trigger pulse Echo pulse - 100uS fo 25mE. Times
10uB Mininum out after 30mS if no object detected

JL T

8 cycles off
sonic burst

il

Colour Codes
Blue - Users controller drives the Triager/Echo pin
Red- SRF 5 drivesthe Triggerecho pin

Lect8-Page38

19



Programming C for the Arduino: more ...

Low Cost Ultra Sonic Range Finder

SRFO05 Timing Diagram, Mode 2

Trigger pulse Echo pulse - 100uS to 25mS, Times
10uS Mininum out after 30mS if no ohject detected

Trigger pulse
input to SRFOS
and Echo pulse EEE ——

output to users
controler 8cycles ol
sonic burst

Ultrasonic burst
transmitted
from SRFO5

Colour Codes
Blue - Users controller drives the Trigger/Echo pin
Red - SRF 05 drivesthe Triggefecho pin

—)

Range = uSec/58=cm or uSec/148=inches.

Technische Universitat Miinchen @ TI.ITI
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Programming C for the Arduino: more ...

SRFO05 Timing Diagram, Mode 2

Trigger pulse Echo pulse - 100uS to 25mS, Times
10uS Mininum out after 30mS if no ohject detected

Trigger pulse

input to SRFOS
and Echo pulse
output to users

Low Cost Ultra Sonic Range Finder e.g. int iPingPin = 13;

Technische Universitat Miinchen @ TI.ITI

<\§

controler 8cycles ol

sonic burst

intode (iPingPin, INPUT);

Imration = pulseln(iPingPin, HIGH

Colour Codes
Blue - Users controller drives the Trigger/Echo pin
Red - SRF 05 drivesthe Triggefecho pin

—)

Range = uSec/58=cm or uSec/148=inches.

inMode (iPingPin, OUTPOT):
digitalWrite (iPingPin, LOW);
delayMicrozeconds (2):
digitalWrite (iPingPin, HIGH) :
delayMicrozeconds (10)
digitalWrite (iPingPin,

Lect8-Page40
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Programming C for the Arduino: more ...

Robot Compass Modul

CMPS03 — GND
Kompassmodul R T G

Norden _— Signal (PWM

5V
PWitsignal . ——— (u—— —
0.1 msec == 1 degree
e.g. int i ConpassPin = 11;
Lect8-Page41
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Lecture 8: Programming for the Arduino
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- Programming style
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Programming style

Ya, S
1 ’ 3 S e
d ;
WES
15 -y
3 As Systems
As the Project Leader designed it.
As Management defined it.
requested it.
A
4 L
W, -2 )
As
As Programming Operations §
developed it. installed it.

See: http://casablanca.informatik.hu-berlin.de/database/MDA-UML/VL/V1-MODSOFT-I.1.Ueberblick.pdf, Download 07.11.2006

Lect8-Page43
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Try to write readable and efficient code:

Programming style

- Add comments to explain the code
- Use understandable (variable, function) names
- Structure the code into logical units
- Initialize variables

- Search for existing code first

Lect8-Page44
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Programming style

And for help look at:

2 Arduino - HomePage - Mozilla Firefox BEE

Datel Bearbeten Ansicht  Chiomk  Lesezeichen Extras e

@ - C X (@ bt adunocof

| & arduino - Homepage |52

Main Site Blog Playaround Forum Labs Store. Help | Sian in or R

ARDUINO

Buy | Download | G raned | Leaming

Arduine is an opertsource electronics
prototyping placform based on flexible,
easy-1o-use hardware and software. IU's intended
for artists, designers, hobbyists, and anyone
interested in creating interactive objects or
environments

Arduino can sense the environment by receiving
input from a variety of sensors and can affct its
surreundings by controlling lights, motors, and
other actuators. The microcontroller on the board
is prograrmmed nsing the Arduino programming
language (based on Wiring) and the Arduino

D (baced on P ).

Arduine projects can be stand-alone or they can v
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The goal!

Stop the robot:
while (1==1) {}

Thank you Locts-Pageds
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