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Live Tuning for Arduino with OcfEmbedded — Application note

1 Introduction

Live tuning on embedded targets allows live interaction with embedded applications while they are
running. Live debugging allows developers to watch variables states, to trace or set them. Better yet,
Live Tuning allows to invoke functions. These functionalities dramatically improve the development
and setup phase of any embedded application.

Live Tuning on embedded target is composed of two parts: the embedded code and the oStudio tool.
The embedded part of Live Tuning is very simple code to port on the embedded target, mainly by
porting the physical layer of the protocol. This application notes provide all the required elements to
test OcfEmbedded on Arduino.

Please read the OcfEmbedded programmer guide for more detailed information.

Arduino board

oStudio Live Tuning as live debugger

2 Step by step procedure

2.1 Download and setup

1. Download and install oStudiolive  Tuning  from Objectis  web  site
www.objectis-software.com

2. Download and open the ArduinoOcfe_Application_Note.zip

2.2 Copy Ocfe files to Arduino IDE libraries

From the ArduinoOcfe_Application_Note.zip file, folder “libraries” :

Fichier Edition Affichage Favoris Outils  Aide

op - ~ ") -

Ajouter Extraire Tester Copier Déplacer Supprimer  Informations

| DivArduine Ocfe_Application_Mote 1_0.zip\Libraries',

MNom Taille Compressé  Modifié le Cree le Accedé le Attributs
] Ocfe 24 501 5566 2014-01-0312:05 2014-01-0312:05 2014-01-03 12:05 D
Jlocte

< I
1 objet(s) sélectionné(s) 2450 2014-01-0312:05
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extract the folder “Ocfe” to the “Arduino IDE” libraries folder (which is typically C:\Program Files
(x86)\Arduino\libraries) :

E=TrE)

" . | .« Program Files (x86) » Arduino » libraries » - Rechercher dans : libraries pel

Organiser = 7 Ouvrir Inclure dans la biblicthéque - Partager avec = Graver = == ] @

A Favoris Nom : + Modifié le Type Ta
. EEPROM 02.01.2014 11:13 Dossier de fichiers

4 Bibliothéques . Esplora 02.01.2014 11:13 Dossier de fichiers
@ Documents . Ethernet 02.01.2014 11:13 Dossier de fichiers
[ Images . Firmata 02.01.2014 11:13 Dossier de fichiers
J’ Musique , G5M 02.01.2014 11:13 Dossier de fichiers
=|| Subversion J LiquidCrystal 02.01.2014 11:13 Dossier de fichiers
B vidéos . Ocfe 02.01.2014 11:17 Dossier de fichiers

. Robot_Control 02.01.2014 11:13 Dossier de fichiers

M Ordinateur . Robot_Motor 02.01.2014 11:13 Dossier de fichiers
& Disque local (C:) , 5D 02.01.2014 11:13 Dossier de fichiers
—a Donneées ([%) . Servo 02.01.2014 11:13 Dossier de fichiers
0 LaCie (G:) . SoftwareSerial 02.01.2014 11:13 Dossier de fichiers

J SPI 02.01.2014 11:13 Dossier de fichiers

e‘j Réseau | Stepper 02.01.2014 11:13 Dossier de fichiers
y TFT 02.01.2014 11:13 Dossier de fichiers

J WiFi 02.01.2014 11:13 Dossier de fichiers

) Wire 02.01.2014 11:13 Dossier de fichiers

< |

Ocfe Modifié le: 02.01.2014 11:17
P ' Dossier de fichiers

2.3 Extract the example

From the ArduinoOcfe_Application_Note.zip file, folder “Example”:

B2 D\ArduinoOcfe_App E=rET
Fichier Edition Affichage Favoris Outils  Aide

b = v W = R i

Ajouter Extraire Tester Copier Déplacer Supprimer  Infermations

_? . D\ArduinoOcfe_Application_Mote_1_0.zip\ArduinoOcfe_Application_MNote_1_0\Example',

Nom Taille Compressé  Modifié le Crég le Accédé le Attributs

] ArduinoOcfe 3203 1012 2014-01-0312:15 2014-01-0312:08 2014-01-0312:15 D

4|

1 objet(s) sélectionné(s) 3 203 2014-01-03 1215

Extract the ArduinoOcfe folder to the folder where you usually store your Arduino projects.
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2.4 Compile and upload the example to

your Arduino target

Open the ArduinoOcfe.ino file with “Arduino Ide”

@ . | | <« Données (D:) » Example » ArduinoOcfe

Organiser « Inclure dans la bibliothéque « Partager avec » :

s

M| Qrdinateur

E_‘I Disque local (C:) %

—w Données (D)

&7 LaCie (G3)
ArduinoQcfeine

> o
éﬂ Réseau

1 élément

Select the Board model matching your Arduino

Diaporama Graver

.
ArduinoQcfe | Arduino 1.0.5

File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch
ArduinoOcte Fix Encoding & Reload
* Serial Monitor Ctrl+ Shift+M
Arduinolcte
Board »
Demonstrate; Serial Port 5
This exauplf Programmer 3

Burn Bootloader
Pre-requisites :
- the OCFE folder contailning protocol £iles my
libraries folder [(typically "C:ZProgram Filg

More information at : wiw.objectis-software. cd
w4

#include "OcfEmbedded.h™

int AnalogIn[&]:

int DigitalIn[l4]:
int DigitalOut[14];
int BlinkPeriod[14]:

OCFE_BEGIN{ocfEntries)
OCFE_VARIAELE FEADONLY (dnalogIn[0], OCFE_TYPE
OCFE_WARTAELE FEADONLY (AnalogIn[l], OCFE_TYPE
OCFE_WARTARLE READONLY (inalogIn[Z], OCFE_TYPE
OCFE_VARIAELE FEADONLY (dnalogIn[3], OCFE_TYPE
OCFE_WARTAELE_FEADONLY (AnalogIn[4], OCFE_TYPE
OCFE_WARTARLE READONLY (dnalogIn[5], OCFE_TYPE
OCFE_WARTARLE READONLY (inalogIn[6], OCFE_TYPE

Arduino Uno

Arduino Duemilanove w/ ATmega328

Arduino Diecimila er Duemilanove w/ ATmegal 68
Arduino Nano w/ ATmega328

Arduino Nano w/ ATmegal68

Arduino Mega 2560 or Mega ADK

Arduino Mega (ATmegal 280)

Arduino Leenardo

Arduino Esplora

Arduino Micro

Arduino Mini w/ ATmega328

Arduino Mini w/ ATmegal68

Arduino Ethernet

Arduino Fio

Arduino BT w/ ATmega328

Arduino BT w/ ATmegal 68

LilyPad Arduino USB

LilyPad Arduino w/ ATmega328

LilyPad Arduinc w/ ATmegal6d

Arduino Pro or Pro Mini (5, 16 MHz) w/ ATmega328
Arduing Pro or Pro Mini (5V, 16 MHz) w/ ATmegal&8
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal6s
Arduino NG or older w/ ATmegalbd

Arduino NG or older w/ ATrmegad

Arduino Robot Control

Arduino Robot Motor

Arduino

»>

m
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Connect your Arduino to USB port and select the corresponding communication port:

ArduinoOcfe | Arduine 1.0.5

File Edit Sketch [Tools| Help

Auto Format Ctrl+T
Archive Sketch

Fix Encoding 8 Reload

Serial Menitor

ArduinoQcte

J,m-
Arduinolcte

Ctrl+Shift+M

Board 3
P ¥ COMIS

Demonstrate; protocol on Arduino.

Serial Pert

This exaupll
Programrmer

Burn Bootloader

Compile and upload to the Arduino

ArduinoOcfe | Arduino 1.0.5

File Edit Sketch Toels Help

ArduinoOcfe

J,n’ﬁ
Arduinolcfe

Demonstrates the capabilities and ease of use of the Ocfe protocol on Arduino.

This example code iz in the public domain.

Pre-requisites :

- the OCFE folder containing protocol f£iles must be copied into the Arduino IDE
libraries folder (typically "C:%Program Files (x56)%Arduinoylibraries™)

More information at :

. objectizs-software, com

w4
#include "OcfEnbedded.h™

int AnalogIn[&];

int Digitalln[l4]:
int DigitalOut[14]:
int BlinkPeriod[14]:

OCFE_BEGIN(ocfEntries)
OCFE_VARTABLE READONLY (inalogIn[0],
OCFE_VARTABLE READONLY (AnalogIn[l],
OCFE_VARIABELE READONLY (dnalogIn[Z2],
OCFE_VARIABLE_FEADONLY (AnalogIn[3],
OCFE_VARIABLE_FEADONLY (AnalogIn[4],
OCFE_VARTIABLE READONLY (&nalogIn[5],
OCFE_VARTIABLE READONLY (inalogIn[6],

OCFE_TYFE_INT)
OCFE_TYPE_INT)
OCFE_TYPE_INT)
OCFE_TYPE_INT)
OCFE_TYPE_INT)
OCFE_TYPE_INT)
OCFE_TYFE_INT)

Arduine

»

m
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2.5 Test and enjoy with oStudio LiveTuning
1. Once the example is uploaded, the Output 13 Led should blink with a 1 second period.
2. From the Windows start menu, open “oStudio”

3. Select menu File/New/Project

oStudio
File | Tools Help

oo G

P Open Project/Solution Ctrl+0 2%t Solution Ctrl+Shift+N

Save Ctrl+S
Save all Ctrl+Shift+5
Save file as.. Ctrl+Alt+S

Save solution as.. i What's New

_— ; .y Increase productivity with Live Tuning

Recent solutions Sl Interconnecting application with OcfApi

Recent projects Mastering embedded platform with OcfEmbedded

@  Exit
Recent solutions

4. In the “Add new project” dialog, select the “Live Tuning” project type, fill in the project
name and select the desired folder, then click ok.

oStudio

File Tools Help
- =3 )
P R R Q

.

2 ome x | # Add new project
NOMme A

Type of project

@ @& @

Live Tuning Concept Editer  Dictionary

oStudio 2013

Start

Recent solutions
-
Ca:

Recent proj ects HiiEHad el D\ Temp'DemoConcept 4
™

oK Cancel

Manage your license
Send vour feedback
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5. From the menu “Live Tuning”, select “New connection” :

oStudio

File |Live Tuning | Tools Help

New Connection

Add wWatch

Add Trace
Add Log
| Add Console

Add DropBox
Add Cs Script

6. In the “Add New connection” dialog, select “Embedded Com”, this is the communication
protocol for Ocf Embedded through a serial “Com” port.

oStudio

File Live Tuning Tools Help

»p

€ Connections & Add new connection

EER

deon  Yuoe

Embedded Embedded
Com Udp

www.objectis-software.com 8
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7. Inthe “Properties” dialog, fill in the appropriate communication parameters :
- Select the “Com” port corresponding to your Arduino.
- Select the baud rate “230400” to match the settings in the example program.
- Click ok.

oStudio

File Live Tuning Tools Help

o] AlH | H
Ziiomepg| @ ve Tuning X |

@‘ Connections

| Advanced

8. Browse the published variables
All the variables published by the example program through the OCFE protocol are exported
in the following section of the source code:

' B
ArduincOcfe | Arduino 1.0.5 L= [ B e

File Edit Sketch Tools Help

ArduinoOcfe

OCFE_EBEGIN|ocfEntriesz) -
OCFE_WARIABLE READONLY (AnalogIn[0], OCFE_TYPE_INT)
OCFE_WARIABLE FEADONLY (AnalogIn[l], OCFE_TYPE_INT)
OCFE_WARIABLE FEADONLY (AnalogIn[z], OCFE_TYFPE_INT)
OCFE_WARIABLE READONLY (AnalogIn[3], OCFE_TYPE_INT)
OCFE_WARIABLE READONLY (AnalogIn[4], OCFE_TYPE_INT) |
OCFE_WARIABLE FEADONLY (AnalogIn[5], OCFE_TYPE_INT)
OCFE_WARIABLE FEADONLY (AnalogIn[s], OCFE_TYFPE_INT)
OCFE_WARIABLE READONLY (AnalogIn[7], OCFE_TYFPE_INT)
OCFE_WARIABLE READONLY (Digitalln[Z2], OCFE_TYFE_EOOL)
OCFE_WARIABLE FEADONLY (DigitalIn[3], OCFE_TYFPE_EOOL) |
OCFE_VARIABLE READONLY (DigitalIn[4], OCFE TYPE EOOL)
OCFE_WARIABLE FEADONLY (DigitalIn[5], OCFE_TYFE_EOOL)
OCFE_WARIABLE READONLY (DigitalIn[6], OCFE_TYFE_EOOL)
OCFE_WARIABLE FEADONLY (DigitalIn[7], OCFE_TYFPE_EOOL)
OCFE_VWARIABLE READONLY (DigitalIn[&], OCFE TYPE EOOL)
OCFE_WARIABLE FEADONLY (Digitalln[S], OCFE_TYFE_EOOL)
OCFE_WARIABLE (DigitalOus[l0], OCFE_TYFE_BOOL)
OCFE_WARIABLE (DigitalOut[1l1], OCFE_TYPE_EOOL)
OCFE_WARIABLE (DigitalOut[l2], OCFE TYPE E0OL)
OCFE_WARIABLE (DigitalOus[13], OCFE_TYPE_BOOL)
OCFE_WARIABLE (ElinkPeriod[10], OCFE_TYTPE_INT)
OCFE_WARTARLE (ElinkPerind[11], OCFE_TYPE_TNT)
OCFE_WARIABLE (ElinkPeriod[1Z], OCFE TYPE INT)
OCFE_WARIABLE (ElinkFeriod[13], OCFE_TYFPE_INT)
OCFE_END iR
o 3

m

The list of published variables can easily be changed to match your own application. See the
Ocfe programmer guide for more information.
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All those metadata are read by oStudio when connecting to the Arduino target (or when F5
key is pressed to refresh the tree). So, once connected to the Arduino, oStudio let you
immediately browse all those variables with the left tree view.

(=]
O alo
g 00 p
Live Tuning™ X
4 & Connections i
4 @8 OcfeCom B 9
“* DigitalOut[10] Type Path Value

4% DigitalOut[11]
4 DigitalOut[12]
4 DigitalOut[13]
4% BlinkPeriod[10]
43‘ BIinkPerioj True‘
“4 BlinkPerio ;
44 BlinkPeriod[13]
& AnalogIn0]

& AnaloglIn[1]

& AnalogIn[2]

& AnalogIn[3]

& AnalogIn[4]

& AnalogIn[3]

& AnalogIn(6]

& AnalogIn[7]

&” Digitalln[2]

& Digitaln[3]

While the mouse cursor is moving around a variable name, a tooltip appears displaying the
current value of the variable, retrieved through OCFE protocol.

9. Monitor the variables
Simply drag drop a variable from the tree on the left to the watch pane on the right.

The variable is monitored, and the value is continuously updated.

oStudio

File Live Tuning Tools Help

L alH L H
e

4 ¥ Connections

4 @ OcfeCom ‘J x @
44 DigitalOut[10]
-
e~ g:g::::g::ﬁ;} 4 OcfeCom\DigitalOut[13] False
4% DigitalOut[13]
44 BlinkPeriod[10]
44 BlinkPeriod[11]
44 BlinkPeriod[12]
44 BlinkPeriod[13]
& AnalogIn|0]
& AnalogIn[i]
& AnalogIn[2]
& AnalogIn[3]
& AnalogIn[4]
& AnalogIn(3]
& AnalogIn|8]
& AnalogIn[7]

AR o

Type Path Value

Doing so with the DigitalOutput[13] that is blinking, you will see the toggling of the variable
in the watch pane.
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10. Remotely change the value of a variable

A double click on any variable will open the “Field invocation” dialog. This dialog will let you
type a new value for the variable that will be applied with the “Apply” button.

oStudio

File Live Tuning Tools Help

o] 2]k oSl | | =

#+ Field Invocation
4 ¥ Connections
4 @8 OcfeCom
4 DigitalOut[10] Target :
44 DigitalOut[11
= DigitEIOul{H: OcfeComM\BlinkPeriod[13]
44 DigitalOut[13]
44 BlinkPeriod[10]
#4 BlinkPeriod[11]
44 BlinkPeriod[12]
44 BlinkPeriod[13]
& AnalogIn[0]
& AnalogIn[1]
& Analogln(2]
& AnalogIn[3]
& AnalogIn[4]
& AnalogIn[3]
& AnalogIn[] Evaluate ™ Apply ™
& AnalogIn[7]
4" Digitalln[2)
& Digitalln[3] Close
&" Digitalln[4]
& Digitalln[5)
& Digitalln[6]
4" Digitalln[7)
4" Digitalln[8]
& Digitalln[3]

Value

500

To test this functionality, you can change the blink period of the digital output 13 by setting
a new value to BlinkPeriod[13] (for example, set the value 500 to set the blink period to 500
ms). In this Arduino ocfe example application, setting the blink period to 0 will stop blinking.

In the same way, you can write the value of a DigitalOutput, by writing the corresponding
variable.

11. Tracing a variable

A right click in the tabs will let you create new panes.

& AnalogIn[1]
& AnalogIn(2]
& AnalogIn(3]
& AnalogIn(4]
&% AnalogIn[5] Add *  Add Watch
&7 Analogln(E] S Add Trace

& AnalogIn(7] .

& Digitalln[2] & AddLog

& Digitalln[3] O .

& Digitalln[4] BN Rename (ol et
& Digitalln[5] B clone Add DropBox
& Digitalln[5] ’ Add Cs Script
& Digitalin[7] S SCMp
& Digitalln[8] Remove
& Digitalln[9]

Create a new trace pane, and simply drag-drop the variables to trace into this new pane.

www.objectis-software.com 11
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oStudio

File LiveTuning Tools Help

[ B 4

4 % Connections
4 @8 OcfeCom

44 DigitalOut[10]
44 DigitalOut[11]
4 DigitalOut[12]
44 DigitalOut[13]
4 BlinkPeriod[10]
“ BlinkPeriod[11]
“* BlinkPeriod[12]
#* BlinkPeriod[13]
& Analogln[0]
& Analogln[1]
& Analogln[2]
g Analogln[3]
&7 AnalogIn[4]
f Analogln[5] B ‘=Com\DigitalOut[13]
& Analogln[6] ;
g AnalogIn[7] _ el
& Digitalln[2] i E
 Digitalni3] O Range¥: 200
& Digitalln[4] L]
& Digitalln[3]
& Digitalln[6] O Offsety: -3

& Digitalln[7] . .
& Digitalln[8] Display Configuration

& Digitalln[3] - =/ Trace |

In the picture above, the variables DigitalOut[13] and AnalogIn[0] are plot.

oStudio let you organize your panes in multiple views :

oStudio

File Live Tuning Tools Help

W

4 ¥ Connections .
4 28 OcfeCom E | X @

4 DigitalOut[10] Tiype Path
4% DigitalOut[11]
4% DigitalOut[12]
4 DigitalOut[13]
4% BlinkPeriod[10]
4 BlinkPeriod[11]
“ BlinkPeriod[12]
4% BlinkPeriod[13]
& AnalogIn[0]
& Analogln[1]
& Analogln[2]
& Analogln[3]
& Analogln[4]
& Analogln[3]
& Analogln[6] et 4
& AnalogIn[7] e —————
& Digitalln[2] Maove Move to view "Top Right"
& Digitalln[3] e Maove to view "Bottom Left”

& Digitalln[4]
=] | . .
& Digitalln[5] [23METS £=  Move to view "Bottom Right”

& Digitalln[6] B Cclone :
& Digitalln[8] Display Configuration

Remove

& Digralrt) s

% QcfeCom\DigitalOut[13]

12. Scripting

oStudio offers many additional functionalities, that are extremely useful to tune an
application. We will finish by writing a small C# script demonstrating how to write a
variable.

Simply create a new pane “CsScript”, which let you write some C# code that will be
compiled on the fly.
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To read or write a variable into the Arduino using Ocfe, simply use the path of the variable
and read it or write it as usual with the “=" operator. To make this more easy, you can also
simply drag drop a variable from the tree to the script pane.

As an example, we will write a script that slowly changes the blinking period from 0 to 500
ms for output 13.

oStudio

File Live Tuning Tools Help

™ e T
+ - = =

4 Q‘ Connections
4 @8 OcfeCom

## DigitalOut[10] void Main()
“# DigitalOut[11] 1
4 DigitalOut[12] for (int i = @; i < 1008; i++)
## DigitalOut[13] <
4 BlinkPeriod[10] Connections.OcfeCom.BlinkPeriod[13] = i;
“# BlinkPeriod[11] T
## BlinkPeriod[12]
“ BlinkPeriod[13]
& AnaloglIn[0]
& Analogln[1]
& Analogln[2]
& Analogln[3]
& AnalogIn[4]
& Analogln[5]
& Analogln[s] Output
& Analogln[7]
; g:g::ﬂ:g} Execution started at 17:32.00.772.
F Digitalini4] Execution completed in 13.462 s at 17:32:14,245,
& Digitalln[5]
& Digitalln[6]
& Digitalln[7]

Click on the run button. The blink period will slowly increase from very fast to normal
blinking. The result is cleary visible on the Trace below :

oStudio

File Live Tuning Tools Help

i H

4 " Connections
4 @8 OcfeCom

#* DigitalOut[10]

#* DigitalOut[11]

4 DigitalOut[12]

4 DigitalOut[13]

## BlinkPeriod[10]

## BlinkPeriod[11]

“# BlinkPeriod[12]

F Ardogi \nAAAnn

& Analogln[1]
& AnalogIn[2]
& AnalogIn[3] i 1 i
& Analogln[4] e e AN b L

& Analogint] f (oo
& Analogln[6] : :

? Analogin(7] Display Configuration

& Digitalln[2] Data update frequency [Hz] Display update frequency [Hz]
& Digitalln[3] '

& Digitalln[4] o o o o o o o o o |

& Digitalln[5] -

& Digitalln[6] -
& Digitalln[7] : | £ Trace |lw

Keep in mind that Ocfe is dynamic typed, so it is sometimes better or even required with C#
scripts to use type cast to ensure proper execution.

The code written as scripts in oStudio can also be integrated into your own plain .Net
applications.
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To do so, you simply need to download the OcfApi, an extremely easy to use library.

3 More to do with oStudio and LiveTuning

Our experience is that oStudio, the live debugging tool, dramatically improves the
development efficiency and the tuning of embedded systems.

We wish that you will also get a lot of benefits from oStudio in your own projects.
You can go further with Ocf solutions :

- OcfNative is a communication protocol that let you monitor in the same easy way any of
your plain .Net applications. Simply publish your objects with a few lines of code and
oStudio let you grab into your application.

- “OcfNative AES encrypted” let you achieve the same results with a high level of security
on open networks.

- OcfApi let you very easily integrate Ocf protocols into your own .Net applications in a
snap. That way, Ocf is not only a debugging facility, but a first class communication
solution.

Ocf is a simple and efficient object oriented communication solution that simplifies to the
extreme the interoperability of applications.

OBIJECTIS is continuously working on improving oStudio and Ocf to deliver excellent
solutions to the community. We will appreciate your feedbacks.

oStudio
File Live Tuning Tools |Help

. " [ | || # Feedback
Az . [ ] 7 -

*- Register
T

About

o Live Tuni

4 % Connections
4 |38 OcfeCom
44 DigitalOut[10]
4 DigitalOut[11]
4 DigitalOut[12]
4 DigitalOut[13]
4 BlinkPeriod[10]
44 BlinkPeriod[11]
44 BlinkPeriod[12]
44 BlinkPeriod[13]
& Analogln[0]
& Analogln[1]
& Analogln[2]
& Analogln[3]
& Analogln[4]
& Analogln[3]
& Analogln]
& Analogln[7]
& Digitalln[2]
& Digitalln[3]
& Digitalln[4]
& Digitalln[5]
& Digitalln[6]
&” Digitalln[7]
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