AtmeL TRAINING MANUAL

From Maker to Manufacture: Bridging the Gap from
Arduino to AVR

AN-12077

Prerequisites

e Hardware Prerequisites
— ATmega328P Xplained Mini Board
— 101 Xplained Pro extension board
— Arduino Xplained Pro board
— Micro-USB cable

o Software Prerequisites
— Atmel® Studio version 6.2 or later
— Arduino IDE 1.6.0
— Arduino Extension for Atmel Studio
— Terminal Window Extension

e Estimated Completion Time
— Two hours

Introduction

This hands-on will demonstrate how to develop Arduino using Atmel Studio
along with the rich user interface and other great development tools that it
provides.

Arduino is an open-source electronics prototyping platform based on flexible,
easy- to-use hardware and software. It's intended for artists, designers,
hobbyists, and anyone interested in creating interactive objects or
environments. Key fact about Arduino is that these boards are based on the
Atmel microcontroller family and underlying software is based on Atmel
development tools.

Answer for ‘Why should | switch from Arduino?’ is:
The Arduino IDE:
e quite limiting for experienced programmers capabilities

o lack of compiler warnings and debugging capabilities

e (Serial.printin() after every statement doesn’t count), make life hard when
working on advanced projects

o Atmel Studio is a great choice for users that have outgrown the integrated
Arduino IDE

e some of those Arduino libraries are just so darn convenient
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So why not have the best of both worlds? Arduino: a wrapper on top of C/C++
with debugging capabilities. It is possible to combine any Arduino sketch or
library with your own custom code on advanced projects.

Atmel has a unique, privileged position in Arduino and responsibility to the
“going pro” community to provide a bridge, help transition from hobbyist to
developer.

The Atmel Xplained Mini family is a perfect “bridge” for easy transition to C and
C++. It has very similar architecture to Arduino and offers most of the features
of an Arduino board. It is possible to run Arduino sketches when the IDE is set
up properly. On-board hardware debugger/programmer is also available. It uses
the incredibly popular AVR® microcontroller family and it is relatively
inexpensive.

Figure 1.  ATmega328P Xplained Mini Board

The training material is composed of four assignments.

In the first assignment we will see how to connect ATmega328P Xplained Mini
to Arduino IDE.

In the second assignment we will create Arduino sketches in Atmel Studio
using Studio’s Arduino Extension.

In the third assignment we will configure Atmel Studio to directly take in
sketches. We will discuss how to transit to Atmel Studio with existing Arduino
sketches. Also, we will check how to insert break points and how to debug in the
Atmel studio.

In the fourth assignment we will edit the file and create a simple application
with peripherals: ADC, 12C, and SPI. The application is to read a light sensor
through ADC, read a temperature sensor through an I2C interface, and store
data in the SD card through a SPI interface.
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Icon Key Identifiers

8 o
TIP

Delivers contextual information about a specific topic.

Highlights useful tips and techniques.

G}‘ TO DO Highlights objectives to be completed.
RESULT Highlights the expected result of an assignment step.
0 WARNING Indicates important information.
a EXECUTE  Highlights actions to be executed of the target when
necessary.
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1 Training Module Architecture
This training material can be retrieved through different Atmel deliveries:

e As an Atmel Studio Extension (.vsix file) usually found on the Atmel Gallery web site
(http://gallery.atmel.com/) or using the Atmel Studio Extension manager

e As an Atmel Training Executable (.exe file) usually provided during Atmel Training sessions

Depending on the delivery type, the different resources needed by this training material (hands-on
documentation, datasheets, application notes, software, and tools) can be found on different locations.

1.1  Atmel Studio Extension (.vsix)

Once the extension is installed, you can open and create the different projects using “New Example
Project from ASF..."in Atmel Studio.

n The projects installed from an extension are normally found under “Atmel
Training > Atmel Corp. Extension Name”.

There are different projects which can be available depending on the extension:
e Hands-on Documentation: contains the documentation as required resources
e Hands-on Assignment: contains the initial project that may be required to start
e Hands-on Solution: contains the final application which is a solution for this hands-on

n Each time a reference is made to some resources in the following pages, the
user must refer to the Hands-on Documentation project folder.

1.2 Atmel Training Executable (.exe)

Depending on where the executable has been installed, you will find the following architecture which is
composed by two main folders:

e AN-12077_ Hands-on: contains the initial project that may be required to start and a solution
e Resources: contains required resources (datasheets, software, tools...)

RAEERC:\ATMEL TRAINING

Organize v Include in library ¥ Share with v » B== > [ @

-~

g . Name
» Favorites 7

P Desktop | AN-XXXX_Hands-on
& Downloads .. Resources
%# Dropbox
| Recent Places
v | E ik »
ﬂ Unless a specific location is specified, each time a reference is made to some

resources in the following pages, the user must refer to this Resources folder.
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2 Assignment 1: How to connect the ATmega328P Xplained Mini to the Arduino
IDE

2.1  Arduino IDE

Download the Arduino IDE from www.arduino.cc.

2.2 mEDBG Firmware upgrade on the ATmega328P Xplained Mini

1. Go to Atmel spaces http://spaces.atmel.com/gf/project/avr_xp_mini/frs/ .From the package
“medbgdebugger” select medbg_fw.zip and download.

2. Overwrite the zip package medbg_fw.zip in the Atmel Studio installation folder (e.g.: C:\Program Files
(x86)\Atmel\Atmel Studio 6.2\tools\mEDBG).

3. Start Atmel Studio.
4. Connect the ATmega328P Xplained Mini to the computer.
5. In Atmel Studio, select Tools — Device programming (alt.: Ctrl+Shift+P).
6. Inthe Device Programming window, set Tool to mEDBG and click “Apply”.
mEDBG (ATML2323040200011546) - Device Programming 2 [t
Tool Device Interface Device signature Target Voltage
MEDBG v | ATmega328P v Apply  OXLE9SOF Read| 50V [Read @
Interface settings mEDBG
Tool information Debug host 127.0.01
Device information Debug port >1086
: N Serial number ATML2323040200011546
Oscillator Calibration
i Connection com.atmel.avrdbg.connection.cmsis-dap
Memories
Firmware Version 16
Fuses
i Hardware Version 0
Lock bits

Copy to clipboard
Production file External Link:

& Tool Information

E] Getting tool info...0K

Close
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n INFO Atmel Studio will now ask you if you want to upgrade the firmware.
Firmware Upgrade =2 |
EDBG firmware is updated
On Tool On Disk
Firmware Version 1.0 16

EDBG firmware successfully upgraded

L )

Upgrce YamCuse)

7. Select Upgrade.

ﬂ INFO There is a bug in the serial number on some of the ATmega328P Xplained Mini
boards making them not recognizable by Atmel Studio programming/debugging. If
your board has an unknown character in the serial number there is afix in the
“Releases” folder. To see your board serial number, start Atmel Studio and go to
Tools — Device programming — select tool, this will list the mEDBG with serial
number, if some of the characters have a “?” on black background, download the
package from serial number fix and follow the instruction from
How_to_change_serial_Number.pdf.

2.3 Set the Bootloader Fuses in ATmega328P
1. Now In the ‘Device Programming’ window, select ‘Fuses’.
2. Change value on EXTENDED, HIGH, and LOW as below and click Program.
EXTENDED = OxFF
HIGH = 0xD8
LOW= 0xEO
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Figure 2-1. Device Programming: Fuses

mEDBG (ATML232302020000010) - Device Programming N
Tool Device Interface Device signature Target Voltage
o =) ey - (50 oom) | oa 5o [ress] (88 |
Interface settings Fuse Name Value 4
Tool information @ sPieN 7
@wotoNn [
Device information e ;
@eesave [0
Oscillator Calibration e E
) BoOTSZ 2048W_3800 v
Memories o -
: ) BOOTRST | L
uses . ==
@covs [
Lock bits > ; .
M ckout ]
Production file Fuse Register  Value
EXTENDED  OxFF
HIGH 0xD8
Low 0xEO
- Copy to clipboard
|¥| Auto read
[¥] Verify after programming Program J [ Verify l l Read J

e IE9I>IE|>---U'\

Starting operation verify registers
Verify register EXTENDED...OK
Verify register HIGH...OK

Verify register LOW...OK

Verify registers ...0K

-

(] Verify registers ..OK

2.4  Program the Bootloader

n INFO The bootloader hex file is located in the Arduino IDE folder: C:\Program Files
(x86)\Arduino\hardware\arduino\avr\bootloaders\atmega\*.hex. Bootloader can
be selected according to board configurations as listed in Table 2-1.

Table 2-1. Bootloader

Xplained Mini Bootloader

ATmega328P/5V/16MHz ATmegaBOOT_168 atmega328.hex
ATmegal68PB/5V/16MHz ATmegaBOOT_168 ng.hex
ATmegal68PB/3.3V/8MHz ATmegaBOOT_168 pro_8MHz.hex

1. Inthe ‘Tools — Device Programming’ window, select tab "Memaories”.

2. Browse for C:\Program Files (x86)\Arduino\hardware\arduino\avr\bootloaders\atmegal\
ATmegaBOOT_168_ atmega328.hex.

3. Click program.
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2.5

Figure 2-2. Device Programming: Memories

mEDBG (ATML2323040200011546) - Device Programming w5
Tool Device Interface Device signature Target Voltage
mMEDBG v | ATmega32sP  ~ Apply | = Read|  — [Read| [£¥]
Interface settings Device
Tool information [Erase Chip " [ Erase "OWJ
Device information Flash (32 KB)
Oscillator Calibration C:\Program Files (x86)\Arduino\hardware\arduino\avr\bootloaders\atmega\ATmegaBOOT_168_atmega328.hex ~ Q
: [V] Erase device before programming = ]
Memories =
|| Verify Flash after programming Brogtam ] [ Nerify J [ fiead J
Fuses

Lock bits EEPROM (1 KB)

[¥] Verify EEPROM after programming @

Production file

[~ ] ok

Configure Arduino IDE

1. Start the Arduino IDE from the Windows® start menu, or the folder the Arduino IDE was installed in.

2. From menu Tools — Port select the correct COM port for the mEDBG. (See tip below on how to verify
the COM port used for the mEDBG.)

Figure 2-3. Arduino IDE: Serial Port

sketch_feb25c | Arduino 1.6.0

File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch
sketch_feb25¢c
Fix Encoding & Reload
void setup() {
put your s Serial Monitor Ctrl+Shift+M
} Board »
Processor »
void loop() E] {
/ put your md Port ! Ccom3
v COM27
} Programmer L

Burn Bootloader
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R4

below:

mMEDBG com port can be viewed from Start — Control panel — Device Manager — Ports as

= Device Manager
File Action View Help
a% [ EHE| " E %S

4.2 NORLT0361

> % Batteries

> 9 Bluetooth Radios

[> - Computer

b ‘a Disk drives

IS-._';.' Display adapters

b % Human Interface Devices

b ‘g IDE ATA/ATAPI controllers

Dlﬁ Imaging devices

»-&¥ Jungo Connectivity

|:> — Keyboards

1>~ Mice and other pointing devices

- Monitors

4 & Network adapters
L* Bluetooth Device (Personal Area Network)
L* Bluetooth Device (RFCOMM Protocol TDI)

L* Intel(R) Dual Band Wireless-AC 7260
L¥ Intel(R) Ethernet Connection [218-LM
4|5, Other devices

ﬂb Universal Serial Bus (USB) Controller
47T Ports (COM & LPT)

Y3 ECP Printer Port (LPT1)

"= mEDBG Virtual COM Port (COM27) |
~ IS¥ Draraccnre

3. Board can be selected according to Table 2-2.

Table 2-2. Arduino IDE: Board

, Cisco Systems VPN Adapter for 64-bit Windows

T3 Intel(R) Active Management Technology - SOL (COM3)

Xplained Mini Board to select in Arduino IDE |

ATmega328P Xplained Mini

Arduino Nano: ATmega328

ATmegal68PB Xplained Mini

Arduino Nano: ATmegal68

Here, select: Tools — Boards — Arduino Nano.

Select: Tools — Processor — ATmega328.
Figure 2-4. Arduino IDE: Board and Processor
T sketch_feb25c | Arduino 160 P —
File Edit Sketch [Tools] Help File Edit Sketch [Tools] Help
Auto Format Ctrl+T Auto Format Ctrl+T
sketch_feb25¢ A_Kh've S‘_m(h SRekh o8t Archive Sketch
vedd sebat) ( Fix Encoding & Reload s 1— Fix Encoding & Reload
S your o Serial Monitor Ctrl+Shift+M i T“q,“ ! sd Serial Monitor Ctrl+Shift«M
) Board ' Arduino AVR Boards ) Board »
Processor 1 Arduino Yin Processor 1 © ATmega328
"A:loapu[ﬂ 2 ﬂ.|oop()@
puUE Youz ad Port ! Arduino Uno St vont Al Port 1 ATmegal68
FE——— 4 Arduino Duemilanove or Diecimila
' Buo'i Bootioader © Arduino Nano ) programiney, i
Arduino Mega or Mega 2560 BimBootioadey
Arduino Mega ADK
Arduino Leonardo
Arduino Micro
Arduino Esplora
Arduino Mini
Arduino Ethemnet
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2.6 Upload the Program

RESULT ATmega328P Xplained Mini board will be connected to Arduino IDE and will start
blinking LED.

1. In Arduino IDE, select File — Examples — 01.Basics — Blink.

Figure 2-5. Arduino IDE: Examples-Blink

D sketch feb25¢ | Arduino 160
File] Edit Sketch Tools Help

New Ctrl+N
Open... Ctrl+0
Sketchbook |
Examples L 01.Basics ' AnalogReadSerial
Close Ctrl+W 02.Digital ' BareMinimum
Save Ctrl+S 03.Analog ' Blink
Save As... Ctrl+Shift+S 04.Communication ! DigitalReadSerial
Upload Ctrl+U 05.Control ' Fade
Upload Using Programmer Ctrl+Shift+U 06.Sensors ' ReadAnalogVoltage
Page Setup Ctrl+Shift+P g;:;';ﬂ;? :
Print Ctrl+P
09.USB ’
Preferences Ctrl+Comma 10.StarterKit ’
. ArduinolSP
Quit Ctrl+Q
Audio 4
Bridge 4
EEPROM >
Esplora 4
Ethernet 4

Firmata »

2. Upload the sketch by clicking “Upload” button in Arduino IDE.

Figure 2-6. Arduino IDE: Upload

File Edit Sketch Tools Help

RESULT Messages will be appeared at the bottom of window ‘Compiling Sketch’,
‘Uploading’, 'Done uploading’.

3. Select File — Save As... and save the sketch ‘Blink’. You can select any path to save sketch.
4. Observe the blinking LED in ATmega328P Xplained Mini board.

We have successfully connected ATmega328P Xplained Mini board to the Arduino IDE.
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3 Assignment 2: Creating Arduino Sketches in Atmel Studio

n INFO

3.1 Download Extension
1. Open Atmel Studio.

2. Select Tools — Extension Manager. The Extension Manager Window opens and by default it shows the

installed extensions.
3. Click the “Available Downloads” option.

Figure 3-1.

Extension Manager
Installed Extensions

Available Downloads

All
Updates (4)

Atmel Studio: Extension Manager

Sort by: | Highest Ranked v |

Arduino IDE for Atmel Studio
Compatible with all Arduino versions including 1.6.
Arduino for Atmel Studio is a simple and fully comp...

LUFA Library
LUFA, the Lightweight USB Framework for AVRs.

XFeatures - Beta
Nice to have features in atmel studio.
Project Enhancements:

sy Terminal for Atmel Studio
An extension for a terminal window inside Atmel
Studio providing serial port communication.

V CodeVisionAVR C Compiler Eval
VR Code size limited Evaluation version of the
CodeVisionAVR C Compiler and CodeWizard for the...

FreeRTOS+Trace
Gain an unprecedented insight into the runtime world
of your FreeRTOS system using this powerful toolbox...

~~ Naggy
Compiler diagnostics and preprocessor lowlighting in
Atmel Studio for C and C++ projects.

Atmel Data Visualizer
Atmel Data Visualizer is a program used for

'1 2 34)-

m

o
]
H
]
»
[-%
LS

Atmel Studio’s Arduino Extension allows any Arduino sketch to be written,
compiled and uploaded to any Arduino while inside Atmel Studio with rich user
interface and professional features that it provides.

== |

Visual
/\ Micro
Created by: Arduino Team @ Visual Micr
Version: 1502.14
Downloads: 113857
Rating: Yodririok

ormation

Reviews

Yolodoiok

HAOCHEN WANG
2/16/2015 Version: 1412.10
Yolokoiok

guardia guardia

2/12/2015 Version: 1412.10
Yododoiok

umar abdul

2/6/2015 Version: 1412.10
Yoiokoiok

Robert Kloiber

2/5/2015 Version: 1412.10
soiioiok

Juan Pablo Cordovae
2/5/2015 Version: 1412.10

just excellent !!
A A s

4. Select “Arduino IDE for Atmel Studio” and click the “Download” icon.

5. The “Sign in to Extension Manager Dashboard” window opens and asks you to sign-in/register. Then

Sign-in using the email-id and password provided while registering.

ﬂ INFO

If you have not registered already, kindly register. Then close the “Sign in to
Extension Manager Dashboard” window. Atmel will send you a confirmation
email to the email-id provided. Click the link to confirm your email-id. Repeat
steps 2to 4 and in the “Sign in to Extension Manager Dashboard” and Sign-in
using the email-id and password provided while registering.

6. The “Arduino IDE for Atmel Studio” extension will be downloaded, then install it.

Atmel
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3.2 Create Sketch
1. Open Atmel Studio.

hi}‘
L—' TO DO Verify Arduino 1.6 is listed in Atmel Studio and select it.

File Edit View VAssistX ASF
FEn R REHRSTE ™ I° BT
Do #%E A 0%
| Arduino16 '~ |Arduino Mini -

Arduino 1.0.x
Arduino 1.6
<Configuration Manager> | «

3/

n INFO

If it is not listed, click <Configuration Manager>. Select Arduino 1.6. Add the
Arduino installation directory path as shown in below figure. Select ‘OK’.

Figure 3-2. Configure Visual Micro

'Configure Visual Micro 5]

¥ Please specify a micro-controller Ide location

Visual Micro needs to know where, on your computer, application(s) such as the Arduino.exe are located.

If an application is not already installed then please download it using the ‘Download/Install’ button.
Support for some platforms is still under development and we value feed back in our forum
Arduinol6 ~

Enter the ide folder location (example: c:\arduino)
c\Program Files (x86)\Arduino

Optionally enter a sketchbook location (also affects location of custom libraries/hardware!)

Download/instaliide | [ ok || cancel |

¥ Help and information
How to test a new installation
Getting started
How to debug arduino

2. Select File — New — Sketch Project.
3. Enter name for sketch project as shown in below figure and select ‘OK’.

Create a new arduino sketch project?

Enter a name for the new sketch

‘t

g
g

led_toggle|
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n INFO

4. Edit the code to toggle the LED.

led_toggle.ino sketch will be created at location c:\Arduino as it is a default
location as shown in Figure 3-2.

int

}

{

led = 13;

void setup()

/* add setup code here */
pinMode(led, OUTPUT);

void loop()

/* add main program code here */
digitalWrite(led,HIGH);
delay(500);

digitalWrite(led, LOW);
delay(500);

5. Select the board as Arduino Nano w/ATmega328.

# led_toggle - AtmelStudio
File Edit View VAssistX ASF Project Build Debug Tools

Windc

A R RN R ™ = RS S

&0 A A

i DCE®MP A O S a|v 0 b |s5E(F

i [Arduino 16 | Arduino Nanc~ ® i [com3

led_toggle.ino X
int led =
Flvoid setup

{
/* ad
pinMo

B
Slvoid loop

{
/* ad
digit
delay
digit
delay

Arduino Yan
Arduino Uno
Arduino Duemilanove or Diecimila w/ ATmega328
Arduino Duemilanove or Diecimila w/ ATmegal68
Arduino Nano w/ ATmega328

Arduino Nano w/ ATmegal68

Arduino Mega w/ ATmega2560 (Mega 2560)
Arduino Mega w/ ATmegal280

Arduino Mega ADK

Arduino Leonardo

Arduino Micro

Arduino Esplora

Arduino Mini w/ ATmega328

Arduino Mini w/ ATmegal68

Arduino Ethernet

Arduino Fio

Arduino BT w/ ATmega328

Arduino BT w/ ATmegal68

'|QJ|J:

6. Select mMEDBG COM port number.
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# led_toggle - AtmelStudio

File Edit View VAssistX ASF Project Build Debug Tools Window Help

uﬂ'@_"ﬁﬂa‘*‘%ﬂﬁ‘q'f";—]'l—;|E‘L|?||>NII Debug .
PR PO Sl a0 b | SEEF 2 7 Hx @<

i |Arduino 16 ~||ArduinoNanc ~| ® —/i com3 - B a|a-
| - COM3 - Intel(R) Active Management Technology - SOL
led_toggle.no X COM27 - mEDBG Virtual COM Port

7. Download program by clicking icon

RESULT LED on ATmega328P Xplained Mini board will start toggling.
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4 Transit to the Atmel Studio IDE with Existing Arduino Sketches

4.1  Project Creation

1.

4,

Atmel

Open Atmel Studio and create a new “GCC C++ Executable Project give the Project’, give the project a
reasonable name and select the ATmega328P as the device.

Make sure to make a note of the folder where the project is created.

# Start Page - AtmelStudio
File Edit View VAssistX ASF Project Debug Tools Window Help

- A S @ s a9 e - S-EEAF e | (% [main RN S i 2|00 F B S
HE -3 N e B s R R N I T S P I NS T Hex |- < 0= 2@ 8o | & o[} @ NoDevice § NoTool
| Arduino 10x ~| | - B 2 coms EE-Ye
Start Page % [0
New Project (2w
Recent Templates Sort by: E Search Installed Templates 2|
Installed Templates . T e
: C/Ce+
F | GCCCASF Board Project . == YRe:
4 C/C++ Device Selection
Visual Micro T‘ GCC C Executable Project
Assembler Device Family: | megaAVR, 8-bit -
Atmel Studio Solution — )
i =" GCC C IEEE 802,154 MAC Wirele:
(1) New Project... = Name App./Boot Memory (Kbytes) Data Memory (bytes) EEPROM (by
- L i ATmega3250PA 32 2048 1024
New Example Project.. ‘ GCC C Static Library Project e = T R
@”‘ Open Project.. ATmega325P 2 2048 1024
’“ ATmega32sPA 32 2048 1024
ATmega322 4 024
Recent Projects mega328P e 2 1(:
‘mega329
[® ATmega_328°_1 VN‘\ Arduine Sketch ATmega3290 32 2048 1024
— ATmega32%0A 32 2048 1024
3
A Atmega328P_Blink ) ) ATmega3200P 32 2048 1024 | |
[® ATmega328P sensars Arduino Sketch (3201t Due or Ze1| yroena35000 32 2048 1024 I
[® AT studio_proj ATmega329A 32 2048 1024 I
— ATmega329p 2 2048 1024
& test sketch ATmega32oPA 32 2048 1024
# ATmega328P_sensors ATmega32A 32 2048 1024
® junkl ATmega32C1 2 2048 1024
— ATmega32HVB 32 2048 1024
#& ATmega328PArduinoProject ATmega32HVBrevB 32 2048 1024
'A ATmega328PArduinol :“ sones o= ] S | D
® self cap_1_button R ATmega328P_1
Location: Cihworkspace\
Solution name: ATmega328P_1 4

In the resulting solution, right click and remove the project cpp file (here ATmega328P_1.cpp) as shown
in below figure.

B ATmega328P1 - AtmelStudio G 5]
File Edit View VAssistX ASF Project Build Debug Tools Window Help
PG Sl KB - -5 [P b b Debug ~||i®  main S RE GO T 200038 3 e ]
PR ME T O Scioalv ou b |3 T Hex - T T @S| o @ ATmega32er T NoTool f
£ | Arduino 1.0x ~|| - £ com3 -l a ]
Bl so'tion Explorer v B X
ud |
3 @ Solution "ATmega328P_1' (1 project)
A ) s ATmega328P_1
: L"\l.::L‘J ZJVQj:Iﬁli 12:15:48 34 Dependencies
uthor: rupali.honrao  Output Files
oy
71 ATmega328P_1.cop
#include <avr/io.h> J Open
Open With..
=int main(void)
& Open File Location
while(1) 4a Copy Full Path
{ .
//T000:: Please write your application code £ v o Suitansd
} = Compile Ciri+E7
) & Cut CtrisX
<3 Copy Ctri+C
Remove Del >
B3 Asrwizard
w4 Properties

In Windows Explorer:

a. Copy your sketch (earlier saved Arduino sketch Blink/Blink.ino) and place it to your new Atmel
Studio project subdirectory, where ATmega328P_1.cpp is (still there in Explorer, even though it
was removed from the Atmel Studio project).
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b. Rename your sketch extension to .cpp: Blink.ino — Blink.cpp. See below figure.

%v|l » Computer » Local Disk (C:) » workspace » ATmega328P_1 » ATmega328P_1 »

Organize ~ Include in library ~ Share with ~ New folder
¢ Favorites Name ’ Date modified
Ml Desktop @ Debug 25.02.2015 1215
14 Downloads @] ATmega328P_L.cpp 25.02.2015 1215
< Recent Places @ ATmega328P_l.cppproj 25.02.2015 12115
| @ Blinkcpp 25.02.2015 10:48
M Desktop
] Libraries
@ Documents
@ Git

5. In the Atmel Studio select Project — Show All Files.
B ATmega_328P_1 - AtmelStudio
File Edit View VAssistX ASF Project Build Debug Tools Window Help

F

'_D'dﬂ _J'L}'d@ljs { Add New Sketch Item »
i e TE R g Add/Import Sketch Library »
ASF Wizard

IArduino 16 -! lArduino Nanc ~

| B

Show All Files
Set as StartUp Project

ATmega_328P_1 Properties... Alt+F7

Show Sketch Core and Library Sources

6. Inthe Solution Explorer window ,right click Blink.cpp file and select “Include In Project” as shown in
figure below:

solution Explorer

=R
(&l Solution 'ATmega_328P_1' (1 project)
a ATmega_328P_1
» = Dependencies
» =4 Output Files
» [ Libraries
> 71 Debug
&1 abi.cpp
.} ATmega_328P_l.cpp

&' cD( ¥ Open File Location
&1 File 33 Copy Full Path
&1 Ha
& Ha Include In Project
@lHar £ cut Crl+X
gjj :a 3 Copy Ctrl+C
(] Ha
& HID X Remove Del
& hog Rename )
ﬁlm B8 AsF wizard
/1 ma
& new -'.’J Compare...
&1 Pri ¥} Revert to original ASF file..
1 SD e
) = Properties
SD
2 i
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4.2  Configuring Compiler Symbols

1. Inthe Solution Explorer right click the project and select Properties or go to Project — [project name]
Properties... in the file menu (Alt+F7).

2. Under Toolchain — AVR/GNU C Compiler — Symbols , add:

F_CPU=16000000L

USB_VID=null
USB_PID=null
ARDUINO=160

n INFO

3. Repeat for Toolchain — AVR/GNU C++ Compiler — Symbols.

# ATmega328P_1 - AtmelStudio
File Edit View VAssistX ASF Project Build Debug Tools Window Help

- Sl g a9 e - 8-E A Al F] b [Debu

PR MY W et iii a2 0 b0 E(ES s T e |- S = ) & | 2 o} e ATmega328P § NoTool

These are Arduino Specific Symbols.

I RFRBE O EEZ 2| 0PE8dHEE B,

i | Arduino 1.0x ~| | - B i comz -8 a
FHE
9 et Platior: I8 Solsson:ATasega328? 1 (L project
Build Events.

Device
Tool

Advanced

Configuration Manager...

4 |1 AVR/GNU Common
A General
Z‘OulputF\les

4 [ AVR/GNU C Compiler
A General
A Preprocessor

7 Directories
Z‘Optlm\zahun
}{Debuggmg
ijarnings
A Miscellaneous

4[] AVR/GNU C++ Compiler
A General
(A Preprocessor

?
A Directories
A Optimization
_?'Dehuggmg
ijamings
A Miscellaneous

4 | AVR/GNU Linker
A General
[ Libraries

& Optimization
W Maman Sattineas

[AVR/GNU € Compiler = symbols

ﬁ'ﬁd symbc\sm\

DEBUG
F_CPU=16000000L
USB_VID=null
USB_PID=null
ARDUINO=160

Undefined symbols (-U)

4.3 Configuring Compiler Directories

1. Under Toolchain — AVR/GNU C Compiler — Directories add.

C:\Program Files (x86)\Arduino\hardware\arduino\avr\cores\arduino.

C:\Program Files (x86)\Arduino\hardware\arduino\avr\variants\standard.
C:\Program Files (x86)\Arduino\hardware\arduino\avr\variants\eightanaloginputs.
Repeat for Toolchain — AVR/GNU C++ Compiler — Directories.

Eal e

5.

Atmel

WARNING
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Bepend &

~=rDepene
= Output Files
> =i Libraries
£ Blinkcpp

Make sure you deselect “Relative Path” while adding these paths.
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Build

Build Events
Toolchain*
Device

Tool

Advanced

Configuration: |Active (Debug) A Platform: |Active (AVR) -

Configuration Manager...

4 [ AVR/GNU Common
7 General
j'OulputFiles

4 [# AVR/GNU C Compiler
A General
g Preprocessor
_?Symbcls
A Directories
_'!'Optimizalion
j’Debugging
j'Wamings
= Miscellaneous

4 | AVR/GNU C++ Compiler
= General
= Preprocessor
E'Symbols
= Directories
& Optimization
_'!'Debugging
E'Wamings
 Miscellaneous

4 | AVR/GNU Linker
T General
A Libraries
ﬂOptimlzalmn
EMemory Settings
= Miscellaneous

4 | AVR/GNU Assembler
W Ganaral

AVR/GNU C Compiler = Directories

Include Paths (-I)

C:\Program Files (x86)\Arduino\hardware\arduino\avr\cores\arduino
C\Program Files (x86)\Arduino\hardware\arduino\avr\variants\standard
C\Program Files (x86)\Arduino\hardware\arduino\avr\variants\eightanaloginputs

4.4  Add Arduino Dependency Files
1. Right click the project; go to “Add — Existing Item...”

2. Inthe dialog box that opens, aim the browser at C:\Program Files
(x86)\Arduino\hardware\arduino\avr\cores\arduino

In the “File Name” box, type *.c* <enter>
b. Multi-select all files and select “Add as Link”

a.

# ATmega328P_1 - AtmelStudio

# Add Existing Ttem - ATmega328P_1

@@vl\ « Local Disk (C)) » Program Files (x86) » Arduino » hardware » arduino » avr » cores » arduino

Organize ~ New folder
& Atmel Studio 62 Name
) 62 @ abicpp
@ CDC.cpp
i Favorites ﬁj HardwareSerial.cpp
B Desktop @ HardwareSerial0.cpp

l Downloads

=i Recent Places

B Desktop

- Libraries

@ Documents.

@ Git
@ Music
@ Pictures

@ Subversion

i Videos

1 Honrao, Rupali

& Computer
G, Network

[#3 Control Panel

& Recycle Bin

ﬁj HardwareSeriall.cpp
ﬁj HardwareSerial2.cpp
ﬂj HardwareSerial3.cpp
ﬁj HID.cpp

@J hooks.c

ﬂj IPAddress.cpp

@ main.cop

@ new.cpp

ﬂj Print.cpp

ﬁj Stream.cpp

ﬁj Tone.cpp

ﬂj USBCore.cpp

0] Winterrupts.c

@ wi
ﬂ] wiring_analog.c
0] wiring_digital.c
@J wiri
ﬂ] wiring_shift.c
ﬁj WMath.cpp
ﬁj WString.cpp

_pulse.c

Date modified Type Size

08.02.2015 23:39 C++ Source File 2KB
08.02.2015 23:39 C++ Source File 6 KB
08.02.2015 23:39 C++ Source File 8 KB
08.02.2015 23:39 C++ Source File 3KB
08.02.2015 23:39 C++ Source File 3KB
08.02.2015 23:39 C++ Source File 2KB
08.02.2015 23:39 C++ Source File 2KB
08.02.2015 23:39 C++ Source File 14 kB
08.02.2015 23:39 C Source File 2KB
08.02.2015 23:39 C++ Source File 2KB
08.02.2015 23:39 C++ Source File 2KB
08.02.2015 23:39 C++ Source File 2KB
08.02.2015 23:39 C++ Source File 6 KB
08.02.2015 23:39 C++ Source File 8KB
08.02.2015 23:39 C++ Source File 15KB
08.02.2015 23:39 C++ Source File 14 KB
08.02.2015 23:39 C Source File 9KB
08.02.2015 23:39 C Source File 10KB
08.02.2015 23:39 C Source File 8KB
08.02.2015 23:39 C Source File 5KB
08.02.2015 23:39 C Source File 4KB
08.02.2015 23:39 C Source File 2KB
08.02.2015 23:39 C++ Source File 2KB
08.02.2015 23:39 C++ Source File 17 kB

File name: "abi.cpp” "CDC.cpp" "HardwareSerial.cpp” "HardwareSerialO.cpp” "HardwareSerialL.cpp” "HardwareSerial: ~

From Maker to Manufacture: Bridging the Gap from Arduino to AVR [TRAINING MANUAL]
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» [= Libraries
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4.5 Build Solution
1. Add # include "arduino.h" at the top of Blink.cpp

| » Blink.cpp v‘ :I » Chworkspace\XMINI
o /%
Blink
Turns on an LED on for one second, then

This example code is in the public domai
*/

#include "arduino.h"

n INFO Now all the Arduino dependencies have been added and project can be
compiled and loaded into the target.

2. Inthe file menu, select Build — Build Solution. The build should finish successfully with no errors.
Output
Show output from: | Build '| | .}] |~¢"J Lb | =K | =
Target "Build" in file "C:\Program Files (x86)‘\Atmel\Atmel Studio 6.2\Vs\Avr.common.targets" from

Done building target "Build" in project "ATmega328P_1.cppproj”.
Done building project "ATmega328P_1.cppproj”.

Build succeeded.
========== Build: 1 succeeded or up-to-date, @ failed, @ skipped ==========

4.6 Plug in ATmega328P Xplained Mini Board
1. Inthe Solution Explorer right click the project and select Properties or go to Project— [project name]
Properties... in the file menu (AIt=F7).
2. Under Tools, select mEDBG and debugWIRE as interfaces.

M ATmega328P 1 - AtmelStudio
file Edit View VAssistX ASF Project Build Debug Tools Window Help

- Aul-Sdd |4 aa9 - -S-5 A F| > w|pebg -| |2 [ main R0 S o RO 220808383
DR M A Ok i a0 b SEEEE T Hex |R@-ci 0 0 ) B o @ | 4 <] o#ATmega328P § debugWIRE on mEDBG (ATML2323040200011546) ¢
i Arduino 10x ~| | -] ® i [com3 BT
VT ATmeqa328P 1% X ~ Solution Explorer
; =i

Buld Configuration: |N/A <1 piatiorm: (/A - &l Solution 'ATmega328P_1' (1 project)

Build Events - 4 |1 ATmega328P_1

Toolch » = Dependencies

oo Selected debugger/programmer » B Output Files

Device + [ Libraries

TEDBG - ATML2323040200011546 + nterface: ( &) abicpp

@ - &) Blinkcpp

Advanced

&) CDC.cpp
&1 HardwareSerial.cpp

Programming settings &) HardwareSerial0.cpp

&) HardwareSeriall.cpp
Erase enly program area v ] HardwareSerial2.cpp
D Preserve EEPROM @& HardwareSerial3.cpp
& HID.cpp
Debug settings :J] :::dﬁ <
i ress.q
Keep timers running in stop mode &) maincpp PP
Cache all flash memary except & new.cpp
] Print.cpp
] Stream.cpp
] Tonecpp

& USBCore.cpp
&) Winterrupts.c
@l wiring.c

) wiring_analog.c
w1 wirina diaital.c

n INFO At some point the system may want to update the debugger. Let it update.
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3. Under Toolchain — AVR/GNU C Compiler — Optimization. Select Optimization level ‘Optimize for

M b
size(-Os)’.
4. Under Toolchain — AVR/GNU C++ Compiler — Optimization. Select Optimization level ‘Optimize for
H ’
size(-Os)'.
Build
Configuration: lActive (Debug) 'l Platform: IActive (AVR) v
Build Events
Toolchain Configuration Manager...
Device =
4 AA‘VR/GNU Common AVR/GNU C++ Compiler = Optimization
Tool i General
I OutputFiles Optimization Level: Optimize for size (-Os) -
Al 4 |Z] AVR/GNU C Compiler Nore 00
_:(General Other optimization flags: | Optimize (-01)
jPreprucessor L
A Symbols Prepare functions for garl] Optimize mere (-02)
7 Di 3 P 9 Optimize most (-03)
Directories — =
F Optimization Prepare data for garbage |[[&JUTUIAAGIEFEAE0S)
I Debugging Pack Structure members together (-fpack-struct)
= Warnings
i = Miscellaneous Allocate only as many bytes needed by enum types (-fshort-enums)
4 [Z] AVR/GNU C++ Compiler ["] Use rjmp/rcall {limited range) on >8K devices (-mshort-calls)
i General
_T{Prepmcessor
= Symbols
T Directories
o Optimization
=g Debugging
=g Warnings
@ Micrallananic

4.7 Debugging
1. Select debug and click ‘Start Debugging and Break’.

# ATmega328P_1 - AtmelStudio
File Edit WView WAssistX ASF Project Build 'Debug | Tools Window Help

Kﬁ'@_l'ljua|*l-ﬁ._§|qv(‘ Windows 3
E x #y EI-, ‘E Oy ‘: '-15 ;[ b | Wi Start Debugging and Break Alt+F5
¢ | Arduino 1.0x || -1® Ji[coms| @ Stop Debugging Ctrl+Shift+F5
- P Start Without Debugging Ctrl+Alt+F5
Blink.cpp X
Disable debugWIRE and Close
» Blink.cpp v| :I » C\workspa

pin the on-board LED is connecteq ¥ Continue F5
the documentation at http://ardui *5 Execute Stimulifile

< Set Stimulifile
This example code is in the publi 3

Restart
modified 8 May 2014 44 QuickWatch... Shift+F9
by Scott Fitzgerald = StepInto F11
*
L */ = Step Over F10
# include "arduino.h" "E  Step Out Shift+F11
// the setup function runs once whe ¥= RunTo Cursor Ctrl+E10
Fvoid setup() { o
e e o .. . Reset Shift+F
// initialize digital pin 13 as & e I ’
pinMode(13, OUTPUT); Percepio Trace »
b Toggle Breakpoint F9
// the loop function runs over and New Breakpoint 4
Elvoid loop() { «? Delete All Breakpoints Ctrl+Shift+F9
digitalWrite(13, HIGH); // turrg )
delay(1000); // wait Clear All DataTips
digitalWrite(13, LOW); // turrg Export DataTips ...
, delay(1000); /] wait Import DataTips ..
Options and Settings...
22 From Maker to Manufacture: Bridging the Gap from Arduino to AVR [TRAINING MANUAL] Atmel_
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n WARNING If the DWEN fuse is not enabled and error message is displayed. Click ‘Yes’ and
Studio will use the ISP to set the fuse as shown below.

,
Launch Failed [

e
i 3

Failed to launch debug session with debugWIRE. This could be caused by reset line
WY circuitry or disabled debugWIRE interface. Make sure that the reset line is free before
continuing. Do you want to use 5PI to enable the DWEN fuse?

i es i [ Mo

RESULT The Debugger is started and breaks in main. You are now ready to start
debugging.

e ES View VAsssX ASE Project Buld Debug Tools. Window Help , - . —
Iih’:_-‘).l'.]dd"l«'l-ﬁi"’""“"JLB* AT |18 | SPLQUARTER SPEED DIRE &I
IPCIMP IO L Gimadl b eI T |- i DI DI WIS 5

£ Arguino 1.0x ~ 1| Arduino Nanc ~

2 main ] 7 int maintvoicy >
#include <Arduino.h> + Name Value
* )} # B ADCONVERTER
= int main(void) # W ANALOG_COMPARATOR
{ = @iy
| init(); # B eeprom
# [LJ EXTERNAL INTERRUPT
- #if defined(USBCON) LLIPORTE
US8Device.attach(); ¥ PORTC
#endif #PORTD
3 Bt
setup(); 4 € TIMER COUNTER 0
# @ TIMER COUNTER 1
for (;;5) { & ©TIMER COUNTER 2
loop(); =] *Bw
if (serialEventRun) serialEventRun(); [ usarTo
} & [B WATCHDOG
return 0;
}
Name Address Value Bits
w023 o 80000800
MopRs 024 020 OO@OO000
Mrorts 025 000 0DOOOCDOO0

ﬂ INFO Different debug options are available in the debug menu.
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File Edit View VAssisX ASF Project Buld Debug | Tools Window Help
- - Fdd kB9 -0
Do LBP A OL G

? main -

:l > int main{vo

#include <Arduino.h>

—int main(void) -4
{

- init(); -
~ #if defined(USBCON) &J
‘ USBDevice.attach(); o3

#endif
& |
setup(); b |
b |
for (55) { —
loop(); -
if (serialEventRun) serialt
}
return 9;

Windows

Start Debugqing and Break
Stop Debugging

Start Without Debuaging
Disable debugWIRE and Close
Continue

Execute Stimulifile
Set Stimulifile

Restart

Break All
QuickWatch..

Step Into

Step Over

Step Out

Run To Cursor

Reset

Percepio Trace
Toggle Breakpoint
New Breakpoint
Delete All Breakpoints
Clear All DataTips
Export DataTips
Import DataTips ..
Options and Settings...

Alt+F5
Ctrl+Shift+F5

Curi+Alt+F5

F5

Ctri+F5
Shift+F9
F11

F10
Shift+F11
Cirl+F10
Shift+F5

F9

Ctri+Shift+F9

| SPLQUARTER SPEED

15

= i i - I P ey

2. (In the ‘Solution Explorer’ file Blink.cpp) Go to the line in the source code where you want to insert a
breakpoint, right click and select Breakpoint — Insert Breakpoint.
File Edit View VAssistX ASF Project Build Debug Tools Window Help

i¥a~vad Goto Implementation

i % | Refactor (VA)
: i’m duin Surround With (VA)

5). Insert Snippet...
4‘. Surround With...
> loop
Breakpoint

& Add Watch
& QuickWatch..

Pin To Source

% Show Next Statement
*E  Run To Cursor

/| #®  SetNext Statement

/| %] Go To Disassembly
& Cut

/| 42 Copy

=V Paste

%

Outlining

} % Add Data Piot

/ v Remove Data Plot

~Vi & View Help
delay(500);

digitalWrite(led, LOW);
delay(500);

RESULT
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Alt+G .J,’l’B -iJ:l 7'|ﬁ Debug
» P | SI[I 0 T Hex @i d AT

Ctrl+K, Ctrl+X

) CIET

Ctrl+K, Ctrl+S I
2 Add Databreakpoint Cui+ShiftsR |
& Insert Breakpoint
Shift+F9 Insert Tracepoint
n.
Alt+Num *
Ctrl+F10

Ctrl+Shift+F10 uino boards.

Ctrl+X
Ctri+C ess reset:
Ctri+V
ut.
>
in forever:

// wait for a second

// turn the LED off by making the voltage LOW

// wait for a second

ED on (HIGH is the voltage level)

Breakpoint is inserted.
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// the loop routine runs over and over again forever:
Swvoid loop() {
digitallWirite(led, HIGH); // turn the LED on (HIGH is the voltage level)
delay(1000) ; /f wait for a second

» digitalWirite(led, LOW); // turn the LED off by making the voltage L
delay(1000); /f wait for a second

}

3. Run to Breakpoint by clicking “continue”. You can pause and continue the execution as per
requirement.

‘ile Edit View VAssistX ASF Project Build Debug Tools Window Help

Vo-dl -S| %2R -0 -S-FFXF| b pebug
~9

PR AOLGima[9u » | I T|He

oif IArduino 1.0x 'l |Arduino Nanc .’ 2 - | Continue (F5) §
4. Exit debug mode: Select Debug — Disable debugWIRE and Close.
File Edit View VAssistX ASF Project Build Debug | Tools Window Help

¥
.

iVa-a) - Tl % B9 -0 windows >
' g 3 x *5 9 ‘a (e “ .._j =§ vii 4 | »ii  Start Debugging and Break Alt+F5
i 2§ | Arduino 1.0x ~| | Arduino Nanc ~| ® _f @ Stop Debugging Ctrl +Shift+F5

Start Without Debugging Ctri+Alt+F5
Disassembly main.cpp =
Disable debugWIRE and Close
> Blinkcpp v :I » C\workspa
=y » Continue FS
Blink *n Execute Stimulifile

Turns on an LED on for one secon¢ £=  Set Stimulifile

2 — R
This example code is in the publi Sesact
*/ il Break All Ctri+F5
#include "arduino.h" &4 QuickWatch... Shift+F9
P i <. il *2 Stepinto F11

0 WARNING It is important to disable debugWIRE.

n INFO Disabling debugWIRE resets the target and the DWEN fuse is reset, you will be
able to use the ISP interface again. Having the DWEN fuse programmed enables
some parts of the clock system to be running in all sleep modes. This will
increase the power consumption of the AVR while in sleep modes. The DWEN
Fuse should therefore always be disabled when debugWIRE is not used.

5. Reset the board and observe that the LED blinking.
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5 ATmega328P Application

We are going to create a simple application to read a light sensor using the ADC, read a temperature sensor
using the I2C interface and store data in the SD card using the SPI interface. Also the light sensor value and
temperature value is transmitted through the EDBG COM port.

For the I2C the “Wire” library from Arduino is required and for SD card the “SD library” is required to be
included.

5.1 Compiler Setup
1. Right Click Project (here ATmega328P_1) and select Properties.

2. Under Toolchain — AVR/GNU C Compiler — Directories add (note that the previously added
directories should still be in the list)

C:\Program Files (x86)\Arduino\hardware\arduino\avr\libraries\Wire
C:\Program Files (x86)\Arduino\hardware\arduino\avr\libraries\Wire\utility
C:\Program Files (x86)\Arduino\hardware\arduino\avr\libraries\SPI
C:\Program Files (x86)\Arduino\libraries\SD\src
C:\Program Files (x86)\Arduino\libraries\SD\src\utility

3. Repeat for Toolchain — AVR/GNU C++ Compiler — Directories.

WARNING  Make sure you uncheck “Relative Path” while adding these paths.

Add Include Paths (-T e
Include Paths (-I)

=

[] Relative Path

26 From Maker to Manufacture: Bridging the Gap from Arduino to AVR [TRAINING MANUAL] Atmel_

Atmel-42439A-From-Maker-to-Manufacture-Bridging-the Gap-from-Arduino-to-AVR_TrainingManual_082015



Atmel

Figure 5-1.

Build

Build Events
Toolchain
Device

Tool

Advanced

[ ﬂAVWGNU Common

A General
& OutputFiles

4 |Z] AVR/GNU C Compiler

& General

% Preprocessor
& Symbols

I Directories
% Optimization
% Debugging
= Warnings

4 Miscellaneous

4 ._‘] AVR/GNU C++ Compiler

% General

% Preprocessor
% Symbols

# Directories
% Optimization
% Debugging

2P st

Add Dependency Files

%% ToDpO

For Wire Library

Atmel Studio: Compiler Setup

Configuration: |Active (Debug) v Platform: |Active (AVR) v

Configuration Manager...

| AVR/GNU C++ Compiler = Directories

Include Paths (-I)

C:\Program Files (x86)\Arduino\hardware\arduino\avr\cores\arduino

C:\Program Files (x86)\Arduino\hardware\arduino\avr\variants\standard
C:\Program Files (x86)\Arduino\hardware\arduino\avr\variants\eightanaloginputs
C:\Program Files (x86)\Arduino\libraries\SD\src\utility

C:\Program Files (x86)\Arduino\hardware\arduino\avr\libraries\Wire

C:\Program Files (x86)\Arduino\hardware\arduino\avr\libraries\Wire\utility
C:\Program Files (x86)\Arduino\libraries\SD\src

C:\Program Files (xB6)\Arduino\hardware\arduino\avi\libraries\SPI

Add the .cpp source files from libraries to your actual Atmel Studio project.

1. Right click the project; go to “Add — Existing Item...”

2. Inthe dialog box that opens, aim the browser at
a. C:\Program Files (x86)\Arduino\hardware\arduino\avr\libraries\Wire
b. Select Wire.cpp file and add ‘As a link’

C.

Repeat the same for “wire\utility” subdirectory, select twi.c file and add ‘As a link’
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’ Add Existing Item - ATmega328P_1

%'“ « Program Files (x86) » Arduino » hardware » arduinc » avr » libraries » Wire »

Organize ~

New folder

- | +y ‘ | Search Wire

=== -

ok
1 e |

A i Name Date modified Type Size
# Atmel Studio 6.2
I 62 @ examples 25022015 10:34 File folder
=| @ utility 25.02.2015 10:34 File folder
1 Favorites @ keywords.txt 08.02.2015 23:39 TXT File 1KB
M Deskiop @ library.properties 08.02.2015 23:39 PROPERTIES File 1KB
14 Downloads @ Wire.cpp 08.02.2015 23:39 C++ Source File 8 KB
< Recent Places @ Wireh 08.02.2015 23:39 H File 3KB
B Desktop
] Libraries
@ Documents
av (hit T
File name: Wire.cpp hd IAII Files (*.*) VI
[ Add H l Cancel l
Add
|'_1 AV OWNULTT !._.UIII'JIICI
I = General Add As Link

5.2.2 For SD Library

1. Right click the project; go to “Add — Existing Item...”

2. Inthe dialog box that opens, aim the browser at
a. C:\Program Files (x86)\Arduino\hardware\arduino\avr\libraries\SPI

3. Select SPIl.cpp file and add ‘As a link’

4. Repeat the same for C:\Program Files (x86)\Arduino\libraries\SD\src
a. Multiple Select SD.cpp, File.cpp file.
b. Repeat the same for same for “SD\utility” subdirectory, multiple select SdVolume.cpp,

Sd2Card.cpp, SdFile.cpp, and add ‘As a link’.
28 From Maker to Manufacture: Bridging the Gap from Arduino to AVR [TRAINING MANUAL]

Atmel-42439A-From-Maker-to-Manufacture-Bridging-the Gap-from-Arduino-to-AVR_TrainingManual_082015

Atmel



# Add Existing ltem - ATmega328P_1
®v| | » Computer ¥ Local Disk (C:) » Program Files (x86) » Arduino » libraries » SD » src P utility - | 5 | | Search utility R |
Organize ~ New folder =~ O @

i MName Date modified Type Size
B Desktop
— @ FatStructs.h 08.02.2015 23:39 H File 17 KB
. Libraries - .
Qj Sd2Card.cpp 08.02.2015 23:39 C++ Source File 21 KB
@ Documents ~ .
- @ Sd2Cardh 08.02.2015 23:39 H File 10 KB
i
= . @ Sd2PinMap.h 08.02.2015 23:39 H File 13 KB
@ Music - - N
! @ SdFath 08.02.2015 23:39 H File 22 KB
@ Pictures . B -
} @ SdFatmainpage.h 08.02.2015 23:39 H File 9 KB
@ Subversion i ~ B
a{ o @ SdFatUtilh 08.02.2015 23:39 H File 3 KB
ideos
i @j SdFile.cpp 08.02.2015 23:39 C++ Source File 42 KB
2 Honrao, Rupali
= @ Sdinfo.h 08.02.2015 23:39 H File 8 KB
‘& Computer
= ﬂj SdVolume.cpp 08.02.2015 23:39 C++ Source File 10 KB
‘g Network
[ Control Panel
.=: Recycle Bin
File name: "SdVolume.cpp” "Sd2Card.cpp” "SdFile.cpp” hd ’AII Files (*.%) ']
[ Add H I Cancel l
— Add -
I ‘ = Debugging Add As Link

5.3 Developing Application

D EXECUTE  Rename current Blink.cpp file to sensors.cpp file and delete LED blinking code.
(l.e. delete setup() and loop().)

a EXECUTE Include header files for SD and Wire library at the top in sensors.cpp file.

#include <Wire.h>
#include <SD.h>

a EXECUTE  Add definitions regarding temperature sensors.

#define AT30TSE_TEMPERATURE_TWI_ADDR OXAF
#define AT30TSE_TEMPERATURE_REG 0x00
#define AT30TSE_TEMPERATURE_REG_SIZE 2
#define AT30TSE_NON_VOLATILE_REG 0x00
#define AT30TSE_CONFIG_RES 9 bit 0
#define AT30TSE_CONFIG_RES_10 bit 1
#define AT3OTSE_CONFIG_RES_11 bit 2
#define AT30TSE_CONFIG_RES_12 bit 3

uintl6_t resolution = AT3OTSE_CONFIG_RES_12 bit;
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a EXECUTE  Define constants for used pins.

const int analogInPin = A@; // Analog input pin
const int chipSelect = 10; //SPI slave select pin

a EXECUTE Define variable to use the SD library.

File myFile;

a EXECUTE  Define variables to store ADC result and temperature.

double temp_result;
int sensorValue = 0; // value read from ADC A®©

a EXECUTE  Add functions to read temperature sensor.

uintl6e_t at30tse_read_register(uint8_t reg, uint8_t reg type, uint8_t reg_size)
{

uint8_ t buffer[2],i=0;

buffer[@] = reg | reg_type;

buffer[1] 0;

/* Internal register pointer in AT3OTSE */
Wire.beginTransmission(AT30TSE_TEMPERATURE_TWI_ADDR);
Wire.write(buffer[0]);

Wire.endTransmission();

Wire.requestFrom(AT30TSE_TEMPERATURE_TWI_ADDR, reg_size);
while(Wire.available())
buffer[i] = Wire.read(); // receive a byte as character

i++;

}

return (buffer[0] << 8) | buffer[1];
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{

double at30tse_read_temperature()

/* Read the 16-bit temperature register. */

uintl6_t data = at30tse_read_register(AT30TSE_TEMPERATURE_REG,
AT30TSE_NON_VOLATILE_REG,

AT30TSE_TEMPERATURE_REG_SIZE);

double temperature = 0;
int8_t sign = 1;

/*Check if negative and clear sign bit. */
if (data & (1 << 15)){

sign *= -1;

data &= ~(1 << 15);
}

/* Convert to temperature */

switch (resolution){
case AT30TSE_CONFIG_RES 9 bit:
data = (data >> 7);
temperature = data * sign * 0.5;
break;
case AT30TSE_CONFIG_RES_10 bit:
data = (data >> 6);
temperature = data * sign * 0.25;
break;
case AT30TSE_CONFIG_RES_11 bit:
data = (data >> 5);
temperature = data * sign * 0.125;
break;
case AT30TSE_CONFIG_RES 12 bit:
data = (data >> 4);
temperature = data * sign * 0.0625;
break;
default:
break;

}

return temperature;

Atmel

a EXECUTE  Add initializing function setup().

n INFO As soon as we start writing a function name in Atmel Studio possible function
names are listed as shown below.
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Elwvoid setup()
{ =void setup()
se {

¥ sensorValue Serial.

¥ Serial extern HardwareSerial Serial w available il

v setup Accept with: <TAB> or <ENTER > v availableForWrite E
v begin

w clearWriteError

void begin({unsigned long, uint8_t)

v end

W find

w findUntil

i flush

w getWriteError

w HardwareSerial ~

void setup()
{
Serial.begin(9600); // Open serial communications
if (!SD.begin(chipSelect)) {
Serial.println("SD Card initialization failed!");
return;
}
Serial.println("SD Card initialization done.");
SD.remove("data.txt");
Wire.begin();
}
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a EXECUTE  Add avariable and function loop().

bool sensor_flg=0;
void loop() {
sensorValue = analogRead(analogInPin); // read the ADC:
temp_result = at30tse_read_temperature(); // read temperature
if (sensorValue>=500)
{
sensor_flg=1;
}
if (sensor_flg==1) // write data in file on particular sensor vale
{
sensor_f1lg=0;
myFile = SD.open("data.txt", FILE_WRITE);
if (myFile) // if the file opened okay, write to it:
{
myFile.print("sensor = " );
myFile.print(sensorValue);
myFile.print(" temp = ");
myFile.print(temp_result);
myFile.print("\n");
myFile.close(); // close the file:
}
else
{
// if the file didn't open, print an error:
Serial.println("error opening data.txt");
}
// re-open the file for reading:
myFile = SD.open("data.txt");
if (myFile)
{
// read from the file until there's nothing else in it:
while (myFile.available()) {
Serial.write(myFile.read());
}
// close the file:
myFile.close();
} else {
// if the file didn't open, print an error:
Serial.println("error opening data.txt");
}
delay(500);
}
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# ATmega_328P_1 - AtmelStudio
File Edit View WVAssist{ ASF Project | Build | Debug Tools Window Help

fedr ] - S | # =3 | &5 Build Solution F7

Pl

= ﬂ; @ 0, e ._‘j ; il Rebuild Solution Ctrl+Alt+F7
| Arduino 1.6 ~| | Arduino Mini ~| B i Clean Solution

Build ATmega_328P_1
Rebuild ATmega_328P_1
Clean ATmega_328P_1

sensors.cpp X

» sensors.cpp v‘ :I » O

Configuration Manager...

Compile Ctrl+F7

RESULT The build should finish successfully with zero errors.

5.4  Hardware Connection
Light sensor and temperature senor are present on 101 Xplained Pro board.

101 Xplained Pro is an extension board to the Atmel Xplained Pro evaluation platform. It is designed to give a
wide variety of functionality to Xplained Pro MCU boards, including a microSD card, a temperature sensor, a
light sensor and more. The 101 extension board is shown in Figure 5-2.

Figure 5-2. 101 Xplained Pro

XPLAINED PRO
ID CHIP LIGHT LOWPASS
ATSHA204 SENSOR FILTER

LED UART GPIO POWER microSD CARD

HEADER HEADER HEADER CONNECTOR

Actual connections of I0O1 Xplained Pro board to ATmega328P Xplained Mini are as shown in Table 5-1.
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http://www.atmel.com/tools/ATIO1-XPRO.aspx

Table 5-1. Connection: 101 Xplained Pro- ATmega328P Xplained Mini

101 Xplained Pro ATmega328P Xplained Mini

Pin number | Name | Pin | wcupin |
3 ADC PCO AO
11 TWI_SDA PC4 SDA
12 TWI_SCL PC5 SCL
2 GND GND
20 VCC 3V3
15 SPI_SS A PB2 SPI_SS(D10)
16 SPI_MOSI PB3 SPI_MOSI
17 SPI_MISO PB4 SPI_MISO
18 SPI_SCK PB5 SPI_SCK

5.4.1 Connection: 101 Xplained Pro — Arduino Xplained Pro

Connect the 101 Xplained Pro board to Arduino Xplained Pro board as shown in below figure.

N

00 , 3'
80 ° . :

00 3  — LOWPASS FILTER microSD card
p it

Ivar Holand .
Revision 1.0 A9
03.12.2013 O S T\ 1 GND

TEMPERATURE SENSOR =

5.4.2 Connection: ATmega328P Xplained Mini - Arduino Xplained Pro

Now we need to connect ATmega328P Xplained Mini to the Arduino Xplained Pro board. Connect so that
PC5 from column 1 on the Xplained Mini board goes in A5 of the Arduino Xplained Pro (red colored
connection) and PC5 from column 11 on the Xplained Mini goes in SCL of to the Arduino Xplained Pro (green
colored connection).
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Connection: USB cable
Connect the USB cable to the ATmega328P Xplained Mini board and place the board as shown below.

WARNING  Make sure SD card is properly inserted in the socket.
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Figure 5-3. Visual Representation of Hardware Connection for Assignment 4

10 8 7

20 6

./O 0-0-0 OO =
"/ 0-0-0 O-0¢°
', 0-0-0 O-O=
€ O-0 O-0O°

'Ooo ) 00z
,0 (.,

n INFO Board is placed in this way that the light sensor wouldn’t be in dark.

n INFO Alternative way of connection: User can also connect 101 Xplained Pro board
using nine male to female connectors without using Arduino Xplained Pro

board as shown in figure below.
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5.5 Debugging the Application

Now we will debug the application. Code has been written such that at particular condition (when sensor
value > 500) the light sensor value and temperature value will be stored in the SD card. We will place a
breakpoint at this condition and check that the breakpoint is hit.

l—'L‘
% TO DO Select Debug and click ‘Start Debugging and Break’.
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Debug = Tools Window Help

vl

Windows

Start Debugging and Break
Stop Debugging

Start Without Debugging
Disable debugWIRE and Close
Continue

Execute Stimulifile

Set Stimulifile

Restart

QuickWatch

Step Into

Step Over

Step Out

Run To Cursor

Reset

Percepio Trace

Toggle Breakpoint

New Breakpoint

Delete All Breakpoints
Clear All DataTips

Export DataTips ...

Import DataTips ...

Options and Settings...

Alt+F5
Ctrl+Shift+F5

Ctrl+Alt+F5

FS

Shift+F9
F11

F10
Shift+F11
Ctrl+F10

Shift+F5

F9

Ctri+Shift+F9

0 WARNING

If the DWEN fuse is not enabled and error message is displayed. Click ‘Yes’ and
Studio will use the ISP to set the fuse as shown below.

-
Launch Failed

2]

e ——
i e

Failed to launch debug session with debugWIRE. This could be caused by reset line
WY circuitry or disabled debugWIRE interface. Make sure that the reset line is free before
continuing. Do you want to use 5P to enable the DWEN fuse?

Mo

RESULT
debugging.

%% ToDpO

Atmel

The Debugger is started and breaks in main. You are now ready to start

In Atmel Studio select View — Terminal Window. Select the mEDBG COM Port,
Baud: 9600 and select “Connect”.
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Terminal Window

= Connect| COM27 |~ || Baud: 9600 ~ | AsCi~ 5 % [ ]Savetofile | Options

Receive
n INFO Sensor data will be received through the mEDBG COM port.
'-"L‘
Ll—' TO DO Open sensors.cpp file from the Solution Explorer and place the breakpoint as

shown in the figure below:
Ewvoid loop() {

sensorValue = analogRead(analogInPin);
temp_result = at3@tse_read temperature();

if (sensorValue>=580)

{
@
}
if (sensor_flg==1) // write data
{
Ly . : 3 :
TO DO Now start debugging by selecting symbol or by pressing F5 key on
keyboard.
RESULT In the Terminal window a message will appear: *SD Card initialization done’.
n INFO A light sensor is present on the 101 Xplained Pro and sensor value increases when

it is dark and decreases when it is bright.

-
‘LQ
L—' TO DO Cover the sensor with your finger to increase the sensor value.
As the sensor value is increased the condition if (sensorValue 2500) will be true
and program execution will hit the breakpoint as shown below.
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Atmel

Hvoid loop() {

sensorValue = analogRead(analogInPin}; J/ read tF
temp_result = at3@tse read temperature(); J// read te

if (sensorValue>=508)

{
< | sensor_flg=1;

}

if (sensor_flg==1) J/ write data in file on parti
{

sensor_flg=0;

'-"L‘
L—' TO DO To view the sensor value while debugging, select Debug — QuickWatch... Enter

the expression ‘sensorValue’ and select button ‘Add Watch’.

RESULT In Watch1 window value of variable ’sensorValue’ will be displayed.

" ATmega_328P_1 (Debugging) - AtmelStudio
File Edit View VAssistX ASF Project Build Debug Tools Window Help

V- -SSP %2R0 - -85 AT b b [Debug -
DA MO VO G a 9 U b|oSB(E 2 T re @--
i [Arduino 16 ~| | Arduino Mini -| B </i [coms - gala

Disassembly CDCecpp wiring.c main.cpp sensors.cpp X Al TA)] ATmega_328P_1

| # |spi_init - "‘J"E f [
el =0 W=

Wi ATmega3?

» loop.f -2 » it sensorvalue>=500) QuickWatch ===
sensorValue = analogRead(analogInPin); // rea sensorValue M Add Watch
temp_result = at30tse_read_temperature(); // rea - atc

alue:
if (sensorValue»>=500) Name Value ‘Type o
{
@ | sensor_flg=1;]
}
if (sensor_flg==1) // write data in file on p
{
sensor_f1lg=0;
myFile = SD.open("data.txt", FILE_WRITE);
if (myFile) // if the file opened gkay, wr =
myFile.print("sensor = " J; l Sy H sl ]
myFile.print(sensorValue); ]

Watch 1

J Name Value
516

¢ sensorValue

'-.‘L‘
E—' TO DO Close the ‘Watch1’ window and ‘QuickWatch’ window.
TO DO Continue the execution by pressing F5 on keyboard.
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RESULT Sensor value and temperature value will be stored in SD card also transmitted
through EDBG COM port. Terminal window will show sensor values and
temperature values.

Figure 5-4.

Atmel Studio: Terminal Window

Terminal Window

=) Disconnect COM27

Baud: 9500 - | ASCII > ¢ 75 [ |Save tofile | Options
Receive

SD Card initialization done.
sensor = 516 temp = 24.08

Send History

Send

mEDBG Virtual COM Port (COM27)

st ) ) @)

¢ ToDpO

Exit the debug mode by selecting Debug — Disable debugWIRE.
n WARNING  Itis important to disable debugWIRE.

We have successfully added Arduino project on an ATmega328P Xplained Mini with the Atmel Studio.
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Appendix A. Complete Solution to Assignment 4

Sensors.cpp file.

#include "arduino.h"
#tinclude <Wire.h>
#include <SD.h>

#define AT30TSE_TEMPERATURE_TWI_ADDR OxAF
#define AT30TSE_TEMPERATURE_REG 0x00
#define AT30TSE_TEMPERATURE_REG_SIZE 2

#define AT30TSE_NON_VOLATILE_REG 0x00

#define AT3@TSE_CONFIG_RES 9 bit
#define AT30TSE_CONFIG_RES_10 bit
#define AT30TSE_CONFIG_RES_ 11 bit
#define AT30TSE_CONFIG_RES_ 12 bit

W NREREO

uintl6_t resolution = AT30TSE_CONFIG_RES_10 bit;
double temp_result;
int sensorValue = 0; // value read from ADC A@

const int analogInPin = A@; // Analog input pin
const int chipSelect = 10;

// set up variable to use SD utility library functions:
File myFile;

void setup()
Serial.begin(9600); // Open serial communications
if (!SD.begin(chipSelect)) {

Serial.println("SD Card initialization failed!");
return;

}

Serial.println("SD Card initialization done.");

SD.remove("data.txt");

Wire.begin();

Atmel
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{

double

}

uint8_t buffer[2],i=0;
buffer[@] = reg | reg_type;
buffer[1] = 0;

/* Internal register pointer in AT3OTSE */
Wire.beginTransmission(AT30TSE_TEMPERATURE_TWI_ADDR);
Wire.write(buffer[0]);

Wire.endTransmission();

Wire.requestFrom(AT30TSE_TEMPERATURE_TWI_ADDR, reg_size);
while(Wire.available())

buffer[i] = Wire.read();
i++;

}

return (buffer[@] << 8) | buffer[1];

at30tse_read_temperature()

/* Read the 16-bit temperature register. */

uintl6_t data = at30tse_read_register(AT30TSE_TEMPERATURE_REG,
AT3OTSE_NON_VOLATILE_REG,

AT30TSE_TEMPERATURE_REG_SIZE);

double temperature = 0;
int8_t sign = 1;

/*Check if negative and clear sign bit. */
if (data & (1 << 15)){

sign *= -1;

data &= ~(1 << 15);
}

/* Convert to temperature */

switch (resolution){
case AT3OTSE_CONFIG_RES_ 9 bit:
data = (data >> 7);
temperature = data * sign * 0.5;
break;
case AT30TSE_CONFIG_RES_10 bit:
data = (data >> 6);
temperature = data * sign * 0.25;
break;
case AT3OTSE_CONFIG_RES_11 bit:
data = (data >> 5);
temperature = data * sign * 0.125;
break;
case AT30TSE_CONFIG_RES_12 bit:
data = (data >> 4);
temperature = data * sign * 0.0625;
break;
default:
break;

}

return temperature;

uintle_t at30tse_read_register(uint8_t reg, uint8_t reg_type, uint8_t reg size)
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Atmel

bool sensor_f1lg=0;
void loop() {

analogRead(analogInPin); // read the ADC:
at30tse_read_temperature(); // read temperature

sensorValue
temp_result

if (sensorValue>=500)

{
sensor_flg=1;
}
if (sensor_flg==1) // write data in file on particular sensor vale
{
sensor_f1lg=0;
myFile = SD.open("data.txt", FILE_WRITE);
if (myFile) // if the file opened okay, write to it:
myFile.print("sensor = " );
myFile.print(sensorValue);
myFile.print(" temp = ");
myFile.print(temp_result);
myFile.print("\n");
myFile.close(); // close the file:
}
else
{
// if the file didn't open, print an error:
Serial.println("error opening data.txt");
}
// re-open the file for reading:
myFile = SD.open("data.txt");
if (myFile)
// read from the file until there's nothing else in it:
while (myFile.available()) {
Serial.write(myFile.read());
}
// close the file:
myFile.close();
} else {
// if the file didn't open, print an error:
Serial.println("error opening data.txt");
}
}
delay(500);
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6 Conclusion
In this hands-on training we have accomplished the following tasks:
e added support form Arduino style coding to Atmel studio
e added debugging capability to Arduino project
e based an Arduino project on Atmel Xplained Mini and Atmel Studio without changing any code
e added the ability to write more complex and complicated programs
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