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Arduino Framework

“Arduino Is a tool for making computers that can sense and
control more of the physical world than your desktop
computer.”

J Very popular

= 2013: 700,000+ official boards were in users' hands
(without counting clones..)

J Very simplel
= Simple programming interface;
= Easy firmware loading.

J Low cost
~20% official




Arduino Framework

void setup() { One-shot execution
. . at startup
<instructions here>
void loop() {

<instructions here> Cyclically executed
} delay(1000): “until power off’!




Arduino Framework

A lot of libraries...

o [ ) ([ ] [ ) ([ ]
Standard Libraries Contributed Libraries
« Ethernet NewSoftSerial tegg_ontlml
e GSM OneWire edDisplay
quid | PS2Keyboard Matrix
* LiquidCrysta Simple Message System ~ PCD8544
« SD SSerial2Mobile %%35
o Webduino SANEESI)
oene X10 FET
. . XBee Tone
» SoftwareSerial SerialControl TLC5940
e Stepper Capacitive Sensing DateTime
e TET Debounce Metro
R GLCD MsTimer2
e  WIFI o PString

e Wire Streaming



http://arduino.cc/en/Reference/EEPROM
http://arduino.cc/en/Reference/Ethernet
http://arduino.cc/en/Reference/GSM
http://arduino.cc/en/Reference/LiquidCrystal
http://arduino.cc/en/Reference/SD
http://arduino.cc/en/Reference/Servo
http://arduino.cc/en/Reference/SPI
http://arduino.cc/en/Reference/SoftwareSerial
http://arduino.cc/en/Reference/Stepper
http://arduino.cc/en/Reference/TFTLibrary
http://arduino.cc/en/Reference/WiFi
http://arduino.cc/en/Reference/Wire
http://www.arduino.cc/playground/Code/Messenger
http://sundial.org/arduino/index.php/newsoftserial/
http://www.arduino.cc/playground/Learning/OneWire
http://www.arduino.cc/playground/Main/PS2Keyboard
http://www.arduino.cc/playground/Code/SimpleMessageSystem
http://code.google.com/p/sserial2mobile/
http://code.google.com/p/webduino/
http://arduino.cc/en/Tutorial/X10
http://code.google.com/p/xbee-arduino/
http://www.arduino.cc/playground/Code/SerialControl
http://www.arduino.cc/playground/Main/CapSense
http://www.arduino.cc/playground/Code/Debounce
http://www.arduino.cc/playground/Code/GLCDks0108
http://web.alfredstate.edu/weimandn/arduino/LiquidCrystal_library/LiquidCrystal_index.html
http://www.wayoda.org/arduino/ledcontrol/index.html
http://www.arduino.cc/playground/Main/LedDisplay
http://wiring.org.co/reference/libraries/Matrix/index.html
https://github.com/adafruit/Adafruit-PCD8544-Nokia-5110-LCD-library
http://wiring.org.co/reference/libraries/Sprite/index.html
https://github.com/adafruit/Adafruit-ST7735-Library
http://wiki.openmusiclabs.com/wiki/ArduinoFFT
http://code.google.com/p/arduino-tone/
http://www.arduino.cc/playground/Learning/TLC5940
http://www.arduino.cc/playground/Code/DateTime
http://www.arduino.cc/playground/Code/Metro
http://www.arduino.cc/playground/Main/MsTimer2
http://sundial.org/arduino/index.php/pstring/
http://arduiniana.org/libraries/streaming/

Limitation of the Arduino Framework

. No support for concurrency;
J No execution period can be expressed;
J No precise timing can be enforced;

) Execution limited to a single loop.

void loop() {

<instructions here>
delay(1000);




ARTE: Arduino Real-Time Extension

GOAL

Q

Support for multitasking;

Specification and enforcement of real-time
constrains (periodic activities);

Maintain a very simple programming interface
compliant with the Arduino philosophy;

Integration with standard Arduino Libraries;

Minimal impact on resources usage.




ARTE: Arduino Real-Time Extension

User
Application

Framework Arduino Libraries

4
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ERIKIN Jeee

It Is a real-time kernel for embedded platforms:

u

U O O O 0O

open-source license;

efficient (minimal footprint < 1 KB flash);
predictable (fixed priority and EDF scheduling);
runs on lot of platforms, including multicore;

certified (compliant with OSEK/VDX standard);

used by several automotive companies.




Example of use

Make blinking three different leds, each one at a
different frequency.

= Ledl: 3s
» Led2: /s

» Led3: 11s

o gl a 7 b 5
} 1 DIGITAL

=

=2 3

L a o

m TX \
= Arduino

Robotmill.com




Example of use

intled1 = 13, led2 = 14, led3 = 15; int led1l = 13;
int count = 0; int led2 = 14;
void loop() { int led3 = 15;
If (count%3 == 0) _
digital Toggle(led); void loop1(3000) {
digitalToggle(ledl);
If (count%7 == 0) )
digitalToggle(led?2);
if (count%11 == 0) void loop2(7000) {
digital Toggle(led3); digitalToggle(led?2);
If (count == 3*7*11) }
count = 0; :
count+: void Ioo_pf_%(llOOO) {
delay(1000): digitalToggle(led3);
} }

With classical Arduino
programming model




Example of use

5% sketch_apr05a | Arduine 0156 o[ B | ]
File Edit Sketch Help
Auto Format Ctrl+T
Archive Sketch
sketch_apri5z Fix Encoding & Reload
1 void s Serial Monitor Ctrl+Shift+M i
2 S op to run once
. Board »
Port
4}
ARTE
5
6 wvold 1 Programmer
7 op Burn Bootloader o run repeatedly
9 1
4 b
Arduino Due (Frogramming Por) on COMA0

ketis
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Arduino Real-Time Extension

ARTE is a real extension to the Arduino IDE,

not an external library!
ERIKI

= |t provides a pre/post-processor that avoids
tinrng and error-prone user configurations;

= Automatic generation of the application
configuration and skeleton code;

= The user Is focused on the application logic.




int ledl =13;
int led2 = 14:
int led3 = 15;

void loop1(3000) {
digitalToggle(ledl);

}

void loop2(7000) {
digitalToggle(led2);

}

void loop3(11000) {
digitalToggle(led3);

}




ERIKI S ™=

ERIKA Enterprise Is a static RTOS:

J

All the RTOS configuration (tasks, resources,

counters, hardware configuration) is decided at
compile time;

Minimal impact on the RAM and code memory;

OIL language is used to configure the RTOS.




Example

J Mapping to an OSEK application

Int led1l = 13;
Int led2 = 14;
Int led3 = 15;

void loop1(3000) {
digitalToggle(ledl);

void loop2(7000) {
digitalToggle(led2);

void loop3(11000) {
digitalToggle(led3);

P

TASK loopl {
PRIORITY = 0x01;
SCHEDULE = FULL;
STACK = SHARED;
I
ALARM Alarmloopl {
COUNTER = TaskCounter;
ACTION = ACTIVATETASK {
TASK = loopl;
Yoty

TASK loop2 {
PRIORITY = 0x02;
SCHEDULE = FULL;
STACK = SHARED;
I
ALARM AlarmloopZ2 {
COUNTER = TaskCounter;
ACTION = ACTIVATETASK {
TASK = loopZ2;
biti

TASK loop3 {
PRIORITY = 0x03;
SCHEDULE = FULL;
STACK = SHARED;
i
ALARM Alarmloop3 {
COUNTER = TaskCounter;
ACTION = ACTIVATETASK {
TASK = loop3;
I




Example

J Mapping to an OSEK application
Int led1l = 13;
Int led2 = 14,
int led3 = 15; TASK loopZ ({
| PRIORITY = 0x02;
void loop1(3000) { SCHEDUT:E = FULP;
digitalToggle(ledl); }.STACK = SHARED;
} ALARM Alarmloop2 {
void loop2(7000) { / COUNTER = TaskCounter;
digitalToggle(led2): ACTION = ACTIVATETASK {
} | TASK = loopZ2;
biti
void loop3(11000) {
digitalToggle(led3);

}




Build Flow

User application

I
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Build Flow

Sketch

Arduino
processing

ARTE pre-
processing

ARTE post-
processing

RT-DRUID

ERIKA Arduino
/ config files Build process
i Generates the RTOS
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Build Flow

Sketch

I

I

ARTE pre- Arduino ARTE post- :
processing processing processing "
I

———————————————————————— J

.cpp
source
files

ERIKA Arduino
config files Build process

RT-DRUID

ERIKA
Build Process

v

ERIKA
binary file

ERIKA
o5 | Build Process




Build Flow

Arduino
rocessin processing

Generates an
1 ERIKA-compatible
Build process Opp“COTlOn COde




Build Flow

Sketch

I
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ARTE pre- Arduino ARTE post- :
processing processing processing "
I
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Build Flow

Sketch

r 1
I |
| ARTE pre- Arduino ARTE post- |
: processing processing :
S 1 _____ ;
( °
/sﬁze/ Flashing of the binary

on the Arduino board

RT-DRUID

ERIKA Arduino
config files Build process

ERIKA
Build Process

v

ERIKA
binary file




Footprint evaluation

Arduino Arduino + #RTE
Code memory (bytes) Code memory (bytes)
UNO DUE # Loops UNO DUE
466 10,500 1 802 | 11,716
2 822 | 11,764
3 840 | 11,804
5 878 | 11,884
10 974 | 12,084
R 12,100 /3
= 12,000 -
% 11,900 //j,f""f
&4 11,800
11,700 /

1 2 3 4 5 6 7 8 9 10

Number of loops




Conclusions

#BTE is an extension for the Arduino framework

1 Multiprogramming (periodic threads)
J Real-time execution through a RTOS

J Simple programming Interface with minimal
Impact on the Arduino programming model

Project Webpage:
hitp://retis.sssup.it/ARTe
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Project Webpage:
hitp://retis.sssup.it/ARTe

Thank you!

Pasquale Buonocunto
O.buonoCcUNTO@sssUP.It
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