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Erle Robotics:

"Linux Drones & the App Store for Drones”



We make artificial
robotic brains that power
robots and drones.
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~rle-Brain is an artificial Linux brain
for making robots. It puts together
more than 25 sensors, a 1 GHz

= Cortex-A8 processor and 4 GB of

L2E ! = !m |
POWER * flash memory running state of the

4—I — art algorithmes.
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PWM signals: Motors control,
L cecse s ‘>PPI\/| (radio) reception, servo
Lo’ motor control, ...

UART serial: GPS, serial
console, additional sensors, ...

ERLE BRAIN 5 .
P D puszer: iesoelectic den
i I oo ® Buzzer: piezoelectric device
“ m C for sound emitting
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SERIAL™ SAFE 2 1 GHz processor running Linux

2
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}axis accelerometers, 3 axis
CAN 10

magnetometers, 3 axis
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gyroscopes), pressure sensors,
temperature Sensaors, ...
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S connecting a humidity sensor
or maybe a H20 one;)?
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Power module support:
‘ Power Erle-Brain and all the
sensors through traditional
Power Modules



Robots

Robots overview

Erle-HexaCopter . Erle-Rover
12.2.2015 , ‘ 20.03.2015



Robots overview Robots

Erle-
HexaCopter
Ubuntu drone

5.5.2015

Erle-Copter
Ubuntu Core

5.5.2015




WiFi (2.4 / 5 GHz)
We support 802.11 ac both

GPS in ad hoc (hotspot) and
UBlox 7M and magnetomer that 2 4

| o ® infrastructure modes.
includes a patch antenna

30+ sensors
accelerometers, magnetometers,
gyroscopes, temperature sensors,

Flight computer barometers, ...
A1 GHz Cortex-A8 processor that
runs all the flight logic in Linux \
= . i Radio Control Link (2.4 GHz)
A traditional RC way of securing
your flights.
Buzzer: piezoelectric device
for sound emitting
‘A

RGB LED: Light your
environment with an Erle-
shaped light

Power Module

A standard way of powering your
drones with batteries from
different sizes.

Li-Po battery <

Telemetry link (433 / 915 MHz)
Dedicated link for vehicle
information and mission data

Anatomyofa Linucrorns



Anatomy of a
Liriue elrefp)e




Erle-:irzir)s

the smartest brain for drones




Robotics has long been a
field that overpromised
and underdelivered. We
think drones are the most
likely way to rectify that.

C. Dixon



ars'technica

Robots embrace Ubunt
of things

Jan. 20, 2015 - 6:00 AM POT

MAIN MENU MY STORIES: FORUMS JOBS

Erle-Copter, Ubuntu Core Edition: the first
drone with apps

ECONOMIA

m SOLSAY MERCADOS | EMPRESAS | TRABAJD | VIVIENDA | MSCALDAD | COMTADONES | BANCA | DOONMOENOAL

yerating System plays a key role in extensibility.

015 5:20pm CEST

La start up alavesa Erle robotics capta 200.000
euros en su primera ronda de financiacion

La firma vitoriana es pioneraen la
fabricacién de drones inteligentes para uso
terrestre, aéreo ¢ incluso acuitico

Ubuntu. insights Cloudandserver  Desktop  Phoneandtablet  Press centre

First drone with apps —

ARS CONSORTIUM
Ars Technica has arrived in Europe. Check It out!

a- GEAR & GADGETS ' PRODUCT NEWS & REVIEWS

Hopes&Fears
ntemations IFR Robots ¥ & seguir

leﬁont _
Corertu - TECHNOLOGY

Industrial robots sales go through the roof.
Latest figures were presented at CEO
#Roundts

press Laura Denham O /ELauraD - 18 de may
Qualcomm: The Internet Of Things Is Already A Billion Dollar Business

Erle-Copter is the first open-
source drone with apps

buff.ly/1GjmJgO via @forbes #l0T #robotics #automation

Ver resumen
Alejandro nandez y 1 mas retwittearon

OSRFoundation - 13 de may

OSRF
(’ Erle-Copter, Ubuntu Core Edition: the first drone with apps ow.ly/MUZzDR via

@arstechnica @ErieRobotics #GoROS @ubuntu

15 5 Ver resumen

K3 Seguido por TechFounders y 2 mas
Forbes Tech News (ForbesTech - 12 de may Ver traduccion @

“We don't see this as a drone. This is robotics technology applied to cameras."
onforb.es/1G3iUw1

Forbes

Q7 66 Ver foto

The Speaker News () TheSpeakerMedia - 22 de may

#Japan to Invest in #Robots, Not #iImmigrants, to Provide #Healthcare for
Aging Population ... #robotics #futurology ow.ly/N7eJK

PeknamMmHaa camob6paHka  PushAdvTweets - 12 de may Ver fraduccion @
?»‘:-‘ =+, Ere-Copter is the first open-source drone with apps: Erle Robotics has

Ubuntu Core Drone

o orrcn S THE ROBOT REPORT

launched the f... bit.ly/1JarlRZ #0u3Hec #uaen

This is 3 guest post from Victor Mayoral from Erle Robotics.

Erle-Copter: the First drone with apps powered by Ubuntu Core

] L
Over the last months and with the support of Canonical, Erle Robotics engineers have b 1 g bu s 1 ne s s

been working hard to bring the first drone with apps to the market. Last week Erle

TRACKING THE BUSINESS OF ROBOTICS

Home Archive Industry Directories Global Map Events About

Consumer and B2B drone making is

m Leah April Jones

Contact Blog
TECHNOLOGY

Erle-Copter is the first

l
open-source drone with apps




v Dronecode




” Dronecoae

| Last 30 days at Dronecode:
- data on 12-15,000 flights per day 0000 e of the Cont :
- 0 — : OWI10a0s O the Loptel COae
200,000+ systems worldwide - 30,000 downloads of the Plane code

-Growth of 10,000 systems per month ~ 300,000 downloads of the GCS
- 400,000 downloads of terrain data







Linux drones
and robots



Worldwide community
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Demo
drone webstore

Erle-Brain+
try erlerobotics.com


http://erlerobotics.com
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Demo
real time visual targeting



Software autopilot

a.k.a. ardupilot

- 700,000 loc
- 17,000 commuits
- 136 commiters

- 800+ contributors
- HALs

APMrover2
AntennaTracker
ArduCopter
ArduPlane
Tools
docs
libraries
AC _ AttitudeControl
AC Fence
AC PID
AC _Sprayer
AP HAL
AP HAL Linux

mk

- modules



Real time

Maximum latency

100 ns

1 us

1ms

20 ms

200 ms

Task

SPI bus transitions

PWM transitions, PPM-SUM and SBUS

IMU sensor inputs (gyroscopes and accelerometers)

Barometer, compass, airspeed, sonar (12C, SPl and analog).

GPS and other sensors



Real time

Kernel latencies

» vanilla kernel
PREEMPT

RT_P

» Xeno

RE

T1d

-MPT

I

Thread priorities

APM application threads are configured
ne scheduling policy SCHED _

with with t
FIFO with

Orior

ties that assure meeting

the required maximum latencies. Set up

nas proved to be sufficient for among
nundreds of flights.



Demo
flying while compiling



SDK:
Robot Operating System (ROS)




Robot Operating System

An SDK for robots and drones

The Robot Operative System (ROS) is an open-source,
framework for robot application development
maintained by the Open Source Robotics Foundation
(OSRF). A ROS system is comprised of a number of
independent nodes, each of which communicates with
the other nodes using a publish/subscribe messaging
model that can be deployed over different computers.




Robot Operating System

LAMP

Linux

Apache
MySQL

PHP (Python)

Web 2.0

& MHSQRL.

_ 4 pgthOﬂ

A <+

b
=

Robotics




Robot Operating System

Robotics
ER02 Soneeo
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/accel
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/mag
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/euler

/quater

SS3dd Oayv

EEEEEEEEEEEEEER /pwm1
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Demo
ROS music

ros_erle buzzer ros erle buzzer writer <melody>



Demo: ROS music

‘ l bL ‘
ERLE BRAIN 4,

SV 11

[ (15 [ ¢

SERIAL—{— 5 SAFETY N

>rosrun ros_erle buzzer ros_erle buzzer main
>rosrun ros_erle buzzer ros_erle buzzer writer <melody>

SS3dd Oayv




>

Demo
ROS light

ros erle ubled ros erle ubled writer <color>



Demo: ROS light
E E E R O S ubled_main » seiAL L) 0

A

‘ L L ‘ :.
ERLE BRAIN » 3

SV 11 n

— 4
| [ () ] C S

SERIAL7—3 SAFETY N o

>rosrun ros _erle ubled ros erle ubled main
>rosrun ros_erle ubled ros erle ubled writer <color>

SS3dd Oayv




Demo
Autonomous flight
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http://answers.ros.org/question/198576/ar_pose-doesnt-recognize-tag-in-tum_simulator-please-help/

: 2

ext thing
ROS 2.0
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- lossy networks
- embedded and deep
embedded (bare-metal)

. - teams of multiple robots
The ﬂ@Xt thlﬂg - real time

ROS 2.0 - production environments




App store
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he first app store for robots and drones in the cloud supported by
Canonical and the Open Source Robotics Foundation.
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Open Source
Robotics Foundation

Sneak peek ¢ | ¢

@ Erle Robotics - Erle-Brain Store

( hello-world

Version: 1.0.5 - Size: 31.842 KB

Details Reviews Settings

Detalls Frameworks

Hello world example This is a simple hello world example.



Demo

packing a ROS app

> ./ros2snap ros erle takeoff land



Open Source App Store
Robotics Foundation

peEk f) CAN@NICAL

U b U n tU@ U b un tU Snappy Phone Desktop Victor Mayoral Terminar sesién

Sus aplicaciones

New application

Package name Version Progress
> . .
¢ APM:Copter 1.4.1 @D Publicado Review Feedback Stats
( Erle Robotics - hello drone 1.0 @D Publicado Review Feedback Stats
3’ APM:Plane 1.1 @D Publicado Review Feedback Stats
( Erle Robotics - capes 1.0 @D Publicado Review Feedback Stats
eee
eee ROSIndigo 1.0 @ AutomaticallyRejected Review Feedback
eee
‘s  APM:Rover 1.2 @D Publicado Review Feedback Stats

( ros2snap 1.0 (D Revisién pendiente Review Feedback



Open Source App Store
Robotics Foundation

Sneak pEEk f) CAN@NICAL

Ubuntua Ubuntu Snappy  Phone  Desktop Victor Mayoral  Terminar sesién

Ciic anlirarinnes

New application

Package name Version Progress
X APM:Copter 1.4.1 @D Publicado Review Feedback Stats
( Erle Robotics - hello drone 1.0 @D Publicado Review Feedback Stats
V APM:Plane 1.1 @D Publicado Review Feedback Stats
( Erle Robotics - capes 1.0 @D Publicado Review Feedback Stats
eee
: : : ROS Indigo 1.0 @ AutomaticallyRejected Review Feedback
s  APM:Rover 1.2 @D Publicado Review Feedback Stats
( ros2snap 1.0 D Revisién pendiente Review Feedback



Sneak pEEk f) CAN@NICAL

Open Source
Robotics Foundation

Submit your application

Your application

Supported releases

Department

La direccién web del sitio
de soporte

Drop anywhere on page or click here to select.

Avalid click package File for phone or Snappy, upload will begin as soon as valid file selected.

1 rolling-core

1 15.04-core

List of releases supported by your package.

B

Una direccién web que los usuarios pueden visitar para obtener soporte para esta aplicacién. Se permiten
esquemas http(s) y mailto.

Required

Required

App Store




eEk f) CAN@NICAL

License

Hacerlo gratis

$(USD)

€ (EUR)

£ (GBP)

Changelog

Proprietary

La licencia usada para la publicacién de tu aplicacion.

Open Source
Robotics Foundation

<>

Minimum required price $2.99

Minimum required price €2.49

Minimum required price £1.99

What changed in this version.

Required

Required

Required

App Store




Open §
S n ea k pee k f) CANGRICAL Rgggticosuégindation

Do not distribute in the
Following countries

Only distribute in the
Following countries

Icon 256

Afghanistan
Aland Islands
Albania

Algeria
American Samoa
Andorra

Annnla

Your application will not be available for purchase in any countries selected in this list.

Afghanistan
Aland Islands
Albania

Algeria
American Samoa
Andorra

Annnla

Your application will only be available For purchase in the countries selected in this list.

Seleccionar archivo  Ningun archivo seleccionado

Un icono de 256x256 que serd usado cuando se liste tu aplicacion. Si no es provisto, se usara el valor del
campo icono del manifiesto del paquete click.

App Store




“"The best way to predict the

future is to invent it
Alan Kay




Erle Robotics S.L.

g erlerobot

\) contact@erlerobot.com

0 twitter.com/erlerobotics

\) facebook.com/erlerobot

http://erlerobotics.com

Contact



mailto:dronestation@gmail.com
http://www.erlerobot.com

