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* An integrated development environment
(IDE) is software designed to increase
productivity by integrating useful tools into
one application

* These tools vary between different IDEs, but
commonly include a source code editor,
compiler, and debugger
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Source Code Versus Machine Code

* Source code is designed for human readability
and uses textual syntax that is translated into

machine code

* Machine code is low-level binary data written
for a computer that does not need additional
translation
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* A text editor designed specifically
for editing code

* Features:
— Syntax highlighting and brace
matching
— Automatic indentation

— Auto-complete word prediction
that fills in common words or
phrases as the programmer is

typing

LSU rev20211031 LO7.02

// run repeatedly

} €

* Brace matching: Clicking
beside a brace puts a box
around its counterpart
(orange arrows)

* Syntax highlighting groups
elements by color; void is a
data type and loop is a
function (red box)
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* Used to convert one language into another
language

e Converts the source code into machine code
for the computer to read
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* Software designed for testing the source code

e Oftentimes, the debugger will offer
suggestions based on expectations to help the
programmer identify and resolve issues
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* Arduino

* Visual Studio
* Eclipse

« Komodo

* Android Studio
* NetBeans

* Atom

e Bluel

LSU rev20211031 LO7.02
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* Arduino software is open source and can be
downloaded for free at

https://www.arduino.cc/en/Main/Software

 Compatible with Windows, Mac OS X and

Linux systems
.—J
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Choosing the Correct Package

* Select download link for the appropriate
operating system, recommend installer vs app

Download the Arduino IDE

ARDUINO 1.8.8

The open-source Arduino Software (IDE) makes it easy to
write code and upload it to the board. It runs on
Windows, Mac OS X, and Linux. The environment is
written in Java and based on Processing and other open-
source software.

This software can be used with any Arduino board.

Refer to the Getting Started page for Installation
instructions

© O
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Windows Installer, for Windows XP and up
Windows ZIP file for non admin install

Windows app Requires Win 8.10r 10

Mac OS X 10.8 Mountain Lion or newer

Linux 32 bits
Linux 64 bits
Linux ARM

Release Notes
Source Code
Checksums (sha512)




LaACES
Student
Ballooning
Course

ZLaSPACL.

Installation

 Follow on-screen instructions to run the
installation software (example is for Windows)

1.

@ Arduino Setup: License Agreement

Please review the license agreement before installing Arduino. If you
o0 accept all terms of the agreement, dick I Agree.

2. = p—
x . €2 Arduino Setup: Installation Options —

>

ents you want to install and uncheck the components

Check the compon
o0 you don't want to install. Click Next to continue.

Install Arduino software
Install USB driver

Create Start Menu shortcut
Create Desktop shortcut
Assodate .ino files

MNext >

LSU rev20211031

\SNU LESSER GENERAL PUBLIC LICENSE ~
\Version 3, 29 June 2007 Select components to install:
ICopyright (C) 2007 Free Software Foundation, Inc. <http://fsf.ora/>
[Everyone is permitted to copy and distribute verbatim copies of this license j
idocument, but changing it is not allowed.
This version of the GNU Lesser General Public License incorporates the terms
land conditions of version 3 of the GNU General Public License, supplemented .
by the additional permissions listed below. v Space required: 482.3MB
corce : Concel
= d ra A
3 . stallation Folde — x

Setup will install Arduino in the following folder. To install in a different
folder, dick Browse and select another folder. Click Install to start the
installation.

Destination Folder
| C:\Program Files (x86)\Arduino\,

Browse... I

Space required: 482.3MB
Space available: 71.1GB

Cancel ! I 5 ] < Back Install

LO/.UZ
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* Locate the Arduino icon on your desktop and
double click to open the program

1f\7<)id setup () {

2 // put your setup code here, to run once
3

4}

6 void loop () {
7 // put your main code here, to run repeatedly:

9}

Arduing

Should give you this

LSU rev20211031 LO7.02 11
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Navigation
* The toolbar at the top of the IDE contains

functions for file, edit, sketch, tools, and help

 The next line gives shortcuts for verify, upload,
new, open, and save

e The tab at the bottom shows the name of the
current sketch

&2 sketch_decl4a | Arduino 1.8.8
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* The icon of the magnifying glass in the top
right-hand corner opens the serial monitor

* This is a pop-up window that allows the

programmer to see interactions as the code
runs

&2 sketch_decl4a | Arduino 1.8.8

File Edit Sketch Tools Help

LSU rev20211031 LO7.02
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 The file folder contains features
such as new, open, save, and
print

 The sketchbook subfolder
contains a collection of code
written by the programmer

 The examples subfolder
contains fully functional code
written for the programmer to
assist with common tasks

LSU rev20211031 LO7.02

File Edit Sketch Tools Help

MNew
Open...

Open Recent
Sketchbook

Examples
Close
Save
Save As...

Page Setup
Print

Preferences

Quit

Ctrl+N
Ctri+ O

Ctrl+W
Ctrl+S
Ctri+5Shift+5

Ctrl+Shift+P
Ctrl+P

Ctrl+Comma

Ctri+Q

14
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 The examples subfolder covers a wide range of
processes

s
File Edit Sketch Tools HElp Built-in Exarﬂrﬂe:

New — CuleN 01.Basics . I
Open... Ctrl+0 02.Digital : BlinkWithoutDelay
Open Recent : 03.Analeg : Button
Sketchbook : 4.Communication ; Debounce
Examples : 05.Control ; DigitallnputPullup
Close Ctrl+W 06.5ensors ; StateChangeDetection
Save Ctrl+5 07.Display ; toneKeyboard
Save As.., Ctrl+Shift+5 08.5trings ; toneMelody

09.UsSB : toneMultipl
Page Setup  Ctrl+Shift+P onelHERE

, 10.5tarterkit_BasicKit ; tonePitchFollower

Print Ctrl+P

1. Arduinol5P *
Preferences  Ctrl+Comma

Examples for any board
Quit Ctrl+Q Adafruit Circuit Playground *

LSU rev20211031 LO7.02
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File: Preferences

* The preferences
subfolder allows you

to customize the IDE  [Gomimenmer ]—>

[ ]Enable Code Folding

sketch_decl7Va

Verify code after upload

o Display Iine numbers [ |Use external editor

Aggressively cache compiled core

iS a popu Iar featu re Checkfnrupdates on startup

Update sketch files to new extension on
t h at a d d S O r re m Ove S Save when verifying or uploading
line numbers from

the source code

LSU rev20211031 LO7.02 16
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File Edit Sketch Tocls Help

* Edit provides shortcuts for " o
useful features such as undo, y i
redo, cut, copy, and paste ] Copy Ctri+C

f Copy for Forum Ctrl+Shift+C |

* You can increase or decrease SopestiE T

indentions as well as font size S selectal Ctrl+A
e Go to line... Ctrl+L
e A Simple ShOrtcut Iets yOu Comment/Uncomment  Cirl+5lash f

Increase Indent Tab

comment or uncomment an
entire SeCtion Of highlighted Increaze Font Size Ctrl+Plus
Code Decrease Font Size Ctrl+Minus

Find... Ctrl+F
Find Mext Ctrl+G

. Find Previous Ctrl+5hift+G I

LSU rev20211031 LO7.02 17

Decrease Indent Shift+Tab
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» Sketch provides shortcuts for verifying, compiling, and uploading
code

* It allows you to include libraries or incorporate files into the code as
needed

File Edit Sketch Toocls Help

Verify/Compile Ctrl+R.
Upload Ctrl+U

sketeh, Uplead Using Programmer  Ctrl+5Shift+ U

1 wvo Export compiled Binary Ctrl+Alt+5

- Show Sketch Folder Ctrl+K

3 Include Library *
4} Add File..

LSU rev20211031 LO7.02 18
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Verifying and Uploading Code
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* Verifying checks for problems

* Uploading verifies and sends the code to a
microcontroller

* [tis recommended to verify often as it is
easier to locate mistakes from a short line of
code as opposed to an entire script
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* Libraries are a collection of precompiled modules that use
keywords to activate functions

* The example below uses a library named pitches.h for its
preset melody, duration, and notes without the need for

additional code

#include "pitches.h"

int melody[] = {NOTE C4, NOTE G3, NOTE G3, NOTE A3, NOTE G3, 0, NOTE B3, NOTE C4};

int noteDurations[] = {4, 8, 8, 4, 4, 4, 4, 4};

tone (8, melody[thisNote], noteDuration);

LSU rev20211031 LO7.02 20
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* There are actually a few places
libraries are stored

— The default libraries(like
SPI.h, wire.h, etc.) are in the
Arduino IDE install directory

— User installed libraries go to a
folder named libraries inside
the sketchbook folder

— The sketchbook folder is set
in the preferences menu
option

LSU rev20211031 LO7.02
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“. Downloads

e Creative Cloud Files

» ThisPC » Documents » Arduino

MName

commandsim
GP5_counter
libraries
sketch_aprl3a
sketch_apr2da

COoDD
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* Select Manage Libraries subfolder

File Edit Sketch Tools Help

Wernfy/Compile Ctrl+R

Upload Cirlel Manage Libraries... Ctrl+Shift+|
sketch) U : : :

pload Using Programmer  Ctrl+ Shift+ LU Add ZIP Library...
1 wo Export compiled Binary Ctrl+Alt+5
] Arduino libraries
= Show Sketch Folder Ctrl+K Bridge
3 Include Library : EEPROM
} Add File...

Esplora

* Type keyword to locate a library and select install to download

[=c) Library Manager

Type All ~ | Topic | All ~ | |robot] e

Accessory Shield by BiagioMkr Adafruit

Allows an Arduino board to use the DFRobot Accessory Shield This library allows the user to control the sensors and actuators of the Accesso
Shield

More info

Wersion 1.5.2 Install

* Locate and select new library in include library subfolder

Contributed libraries
é Accessory Shield
AltSoftSerial
DS1307RTC .,
LSU rev20211031 167
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» Libraries can also be installed by just copying the folder
into the libraries folder (we will do this in a later activity)

e The name of the folder must match the .h file

— ie. Folder named SD-master containing SD.h will not work, must
rename the folder to just SD

e User libraries (those inside the sketchbook folder) will
override default libraries with the same name
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File Edit Sketch Tools Help

¢ TOOIS iS Where the Auto Format Cirl+T
board and processor sketch_juldsa Archive Sketch

Fix Encoding & Reload

are SGIECted 1 wvoid s Manage Libraries... Ctrl+Shift+|
2 /op Serial Monitor Ctrl+Shift+M
— Code will not run ] Serial Plotter Ctrl+Shift+L
properly |f th|5 does i_l } WiFi101 / WiFiNINA Firmware Updater
nOt matCh you r : void 1 Board: "Arduino/Genuine Mega or Mega 2360"
1 i el Processor "ATmega2360 (Mega 2560)"
equipment oad
5 Get Board Info
i Use (Get Boa rd Info’ Prograrnmer: "AVRISP mkll" ¥
if you are unsure Burn Bootloader
abOUt the Board Info X
microco ntrOI Ier being ﬁ BH: Arduino/Genuino Mega or Mega 25&0
used e10: a0a

SH: L5573T7313231351015071

OK
LSU rev20211031 LO7.02 24
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* The serial port number is determined by the
operating system when the USB cable is plugged in

* The following link contains instructions for

determining the correct port for Windows, Mac,
and Linux:

http://www.me.umn.edu/courses/me2011/arduino/techn
otes/debug/arduinodebug.html

Board: "Arduino/Genuino Mega or Mega 2360" )

Processer. "ATmegaZ360 (Mega 2360)" } /

Port: "COMI10 (Arduino/Genuine Mega or Mega 2360)" : Serial ports

Get Board Info ¥ COM10 (Arduine/Genuine Mega or Mega 2360)

LSU rev20211031 LO7.02 25
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e |If ever stuck,

Getting Started

help offers links cheich_Jul0Ra g
fo r getti ng _ '-.-"D';Cj setup Reference
=/ PUL Y Galileo Help
started, 3 Getting Strted
4} Troubleshooting
frequently asked i
. o|Vo1la L1o0p etting Starte
q uestion S, dn d 7 // put y imuhlg:huutiig
trou bleShOOting |} Find in Reference Ctrl+Shift+F

Frequently Asked Questions
Visit Arduino.cc

About Arduino

LSU rev20211031 LO7.02 26
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 The baud rate is the rate by which information is
transferred

* The serial monitor will display unintended caricature
if the baud rate on the monitor is not set to match
what is dictated in the code

Serial.beqgin (9600) ; € ——

428 CO#OO#SOSO#00T #SO0SO# 00T SO

fj;g LSO#0" T#SOO# 00T S OO0 O OC

429
428
42 Carriage return | 1200 baud ~

[~] Autoscroll [_] Show timestamp Mo line ending | 9600 baud ~

LSU rev20211031 LO7.02 27




> LaACES
Student

A\ :sf@? Ballooning .
w2 e Debugging Code

 The debug window provides information based on normal
expectations

* The example shows two conflicting data types assigned to one
variable, int and word

 The debugger highlights the potential error in the text
window (top) and alerts the programmer in the debug
window (bottom)

void loop () {

// read the sensor:

ﬁ| int word sensorReading = analogRead (AQ) ;

// print the sensor reading so you know its range

LSU rev2021 - 28
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| @ sketch_dec17b | Arduino 188 - a0 X

* Arduino breaks the  |ieww.
sketch into two parts, [

. . 1void setup() {

VOId Setup () and VOId 2 // put your setup code here, to run once:
3

loop () 1)

5

6 void loop() {

7 // put your main code here, to run repeatedly:

* Setup runs once
whereas loop runs
repeatedly

Arduino/Genuino Mega or Mega 2560 ATmega2560 (Mega 2560) an COM15

LSU rev20211031 LO7.02 29
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* Libraries and global variables
go outside of the two main
functions (setup and loop)
and are visible to every line
in the code

5const 1nt chipSelect = 10;

* The following example
defines the libraries needed
to initiate an SD card reader
on lines 2 and 3

61nt error =

7 long timeStamp;

(]

9void setup() {

e It defines global variables on !© Serial.begin(9600);
lines 5, 6, and 7

LSU rev20211031 LO7.02 30
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* Functions that only need to run once go under void setup

* (Can declare baud rate and initialize system checks

* Inthe example, the SD card writes via chipSelect (pin 10
defined on slide 28). If it fails to write, it prints an error
message in the serial monitor (at a rate of 9600) and stops
running the code

9 vold setup () {
11 Serial . .print("Initializing SD card..."™):;
12
13 pinMc:adE (chipSelect, OUTPUT) ;
14
15 if (!SD.begin(chipSelect) ) {
16 Serial.println("Card failed, or not present"):;
177 error = 1;

12 return:;

LSU rev20211031 LO7.02 31
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* Location of the main code that will loop repeatedly

* In the example, the variable dataString will store the
reading from a sensor (sensorVal) with 4
measurements taken and it will create a timeStamp
that repeats once every millisecond (millis); this will
repeat indefinitely

| 22 void loop () {
1 23 String datasString = "'
24 timeStamp = millis ()
> 5
2 for (int analogPin = 0; analogPin < 4; analogPin ++)
27 {
2 ¢ int sensorvVal = analogRead (analogPin) ;
2 datasString += String(sensorval) ;

LSU rev20211031 LO7.02 32



& LYST%@ LaACES

é q /™: Student

“%. h%f—?j\;? Ball . °
w2 e Troubleshooting

* Check syntax

— Missing semicolons, brackets, etc.

e Libraries

— Proper syntax and keywords; some libraries may
conflict with one another

e Correct baud rate
e Case sensitive context

* Correct data types
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