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Unmanned Air Vehicle System

Processor
Sensors
Actuators
Propulsion
Payload

n MAV

Preparation
Simulation
Tuning
Monitoring
Analysis

Radio-modem i
Standard laptop RC transmitter
Ground station
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Unmanned Air Vehicle System

?Em\;c_E Experiments with MAVs %ﬁ

@ From 1.4m down to 0.3m
@ From 1.4kg down to 250g
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Unmanned Air Vehicle System
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Features

?ENE AC Paparazzi: The Free Autopilot %.m

paparazzi.enac.fr
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Goals

Features

Paparazzi: The Free Autopilot %’“’

paparazzi.enac.fr

98933989, 98988005
@ Autonomous flight *‘ ﬂ,_

o Safety

@ Low cost
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Features

?ENAEC Paparazzi: The Free Autopilot %%

paparazzi.enac.fr

Goals
@ Autonomous flight
o Safety

@ Low cost

@ Size

e Open source N
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Features

ENAC Autopilot y

@ Processor

@ Power supply e
e 20g 1
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Features

Stabilisation

Attitude Estimation with Infrared

ox :-40°F (-40°C)

Intrared

/\

SKY = Cold
ex :-40°F (-40°C)

Warm
©x: 57°F (+14°C)

EARTH = Warm

ox: 57°F (+14°C)
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Features

ENAC Distributed System

Aircraft
Sends telemetry messages
Receives datalink messages

datalink

Aircraft
Sends telemetry messages
Receives datalink messages

datalink

C

Wireless link

)

telemetry Airborne network

link
Connects a hardware
wireless device to the network

telemetry ground

messages (debug)
Display network messages
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gcs
Displays graphic data
Controls the datalink
ground ground
Ground network
telemetry ground
server

Logs raw messages
Dispatches synthetic messages
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Features

¥ Flight Plan %

waypoint 1 .

waypoint 2
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ENAC Flight Plan
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Features

ENAC Flight Plan

o
pum
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< = detected plume

Searching area
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ENAC

Nav Maps Help

FL L

Features

A Versatile Interface

13.46:59 1,
13:46:59 T]1,

15:47:01 M2, AUT
13:47:01 TjL. AUTO2
47:01 MI2, mayday, kill mode

13:48:11 M2,

Console

l43.462499 1.27136:

UNK
mayday, kill mode
02

€0 init

Standby
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Free Software and Hardware
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Free Software and Hardware

% To be free (or not to be) %@

Software
e GNU/Linux Debian and Ubuntu
o GCC for x86, AVR, ARM...

e OCaml compiler, runtime and libraries (XML, network...)

e GTK Toolkit (OCaml bindings), glade generator
@ lvy software bus

@ Subversion

o Mediawiki
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% To be free (or not to be) %@

Software
e GNU/Linux Debian and Ubuntu
o GCC for x86, AVR, ARM...

e OCaml compiler, runtime and libraries (XML, network...)

e GTK Toolkit (OCaml bindings), glade generator
@ lvy software bus

@ Subversion

o Mediawiki

Hardware Design

o Eagle (freeware and academic licence)

o Protel
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Free Software and Hardware

?E&SNA&C Paparazzi Contents %@

What Paparazzi makes available, under GPL:
@ Source code (C, OCaml, XML...)
@ Board schematics and layout (Eagle, Protel and Gerber formats)
e Documentation (GNU FDL)

Pascal Brisset (ENAC) The Paparazzi UAV System Solutions Linux, March 2010 18 /1


svn.savannah.gnu.org
paparazzi.enac.fr

Free Software and Hardware

?E&SNA&C Paparazzi Contents %%

What Paparazzi makes available, under GPL:
@ Source code (C, OCaml, XML...)
@ Board schematics and layout (Eagle, Protel and Gerber formats)
e Documentation (GNU FDL)
How:
@ Subversion server (svn.savannah.gnu.org)
@ HTTP server: archives, Debian and Ubuntu packages, live CD image

e Wiki (paparazzi.enac.fr)
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Success Stories

?E&;NA&C MAV Competitions %@

JMDO03, Toulouse, France: 1st place with the Twinstar

EMAV04, Braunschweig, Germany: 1st place with the Microjet
JMDO04, Toulouse, France: 1st place with the Microjet

MAV05, Garmisch, Germany: 4 Paparazzi teams at the first 4 places

EMAV06, Braunschweig, Germany : all the teams were equipped with
Paparazzi

MAV06, Sandestin, Florida: 2nd and 3rd places

MAVO07, Toulouse, France: 1st place (tie), 3rd, 4th and 5th places
MAV08, Agra, India: Tie

Concours DGA 08-09: 1st with a quadrotor

IMAV09, Pensacola, Florida: 1st place (ISAE)

AUVSI (Students), Maryland: 1st place (Utah State University)
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Success Stories

% Martin Miiller Engineering, Germany %%

Martin Miiller is one of the main contributors of the project.

Active since 2004
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Martin Miiller is one of the main contributors of the project.

Active since 2004
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@ Iceland, 2007
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Success Stories
ENAC

Martin Miiller Engineering, Germany

Martin Miiller is one of the main contributors of the project.

Active since 2004
e MAV05
@ Iceland, 2007
@ Spitzberg, 2008
@ Spitzberg, 2009
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Success Stories
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Success Stories

ENAC

A company which

@ is using the Paparazzi
autopilot;

@ got training from ENAC;

@ is selling a micro UAV
system;

@ sells service and
consulting.

Pascal Brisset (ENAC)

Fly’n’Sense, Bordeaux, France

http://www.fly-n-sense.com/

@ Fy-n

Home

Products

-Sense

Micro DAV susteme

Company

The Paparazzi UAV System

Contact

| Home - Products « Prociuct Range

& Product Range

Fly-n-Sense flagship product : FNS900-Seeker

give a complete and performance airborne
solution for missions of Intelligence,
Surveillance and Reconnaissance.

With an autopilot incorporated inside, it
can accomplish missions in autonomous or
sssisted mods, speated o not, sren y an
unskilled operator

Provided with a powerful software, 2
ground station controls the Seeker and
bles reaktime transfer of the data
collested from differsnt on-board systems
fitted according to the mission

sker: dimensions 90em375cm

A promising project in partnership with the initiative Scancopter

SCANCOPTER project aims to
develop VTO
applications for environmental

safety, or industry

Quick and easv to overate (veriical

Solutions L|nux, March 2010
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Success Stories

?EENAEC Thales Robotics, France %

@ Got a contract with ENAC in 2005
@ Demonstate a Paparazzi Aircraft in 2008
@ Advertize it at the Paris Air Show in 2009

Thales Spy’arrow pUav system @

(from http://newton.ee.auth.gr/aerial_space/docs/CS_4.pdf)
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Implementation

ENAC Airborne Components %@

utopilot
attery
atalink
PS
nfrared

o U w >

otor

ayload y-

eceiver

nw x v

ervo
GY ro
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ENAC

GPS
Receiver

SR
Infrared

Sensors
- )

—

Gyroscope
(optional)

Safety
Link

Pascal Brisset (ENAC)

Implementation

Airborne Hardware

serial

analog

analog
N

Auto Pilot
(AP)
Mcu

serial

Flight By Wire
(FBW) Pl
Mcu

The Paparazzi UAV System

Datalink

Right
Aileron
servo

Left
Aileron
senvo

Motor
controller

-
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Implementation

ENAC, Size does matter? %@

Line, Word and Char Counts
pascal@debian:airborne) wc *.[ch] arm7/*.[ch]
24491 84360 688041 total )

Dependencies
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Implementation

ENAC  Configure, Compile, Upload and Run

& Paparazzi Center E]@E]

AJC  Session Tools View Help
A/C

Goenfigur

. Stop/Remove All Processes
airframes/twinjetl. xml

id GUI color Target Session
F ) P Ton e e ol —
n
n JBHilding - — Execution——

Flight plan
flight_plans/versatile.xml D H
Runni ahipaparazir] ] | @)ston
Settings
settings/tuning.xml D Simulator lfhomefpas(alfpprzfsavannah!paparazzist]D ogtop
Radio CC /home/pascal/pprz/savannah/paparazzi3fvar/T]1/sim/sim_gps.o
_ ) CC /home/pascal/pprz/savannah/paparazzi3/var/T)1/sim/sim_ir.o
radios/cockpitSi xml D CC /home/pascal/pprz/savannah/paparazzi3/fvar(T)L/sim/sim_ap.o
CC /home/pascal/pprz/savannah/paparazzid/ivar/T)L/sim/ivy_transport.o
Telemetry CC /home/pascal/pprz/savannah/paparazzi3jvariT|1/sim/nav_survey_rectangle.o
CC /home/pascal/pprz/sgvannah/paparazzidjvar/T)Ll/sim/nav_line.o
telemetry/default.xm| D CCjhﬁ{gﬂsﬂlﬁxah;‘paparazzii!varmljsim;‘bomb.o
LD /ho £ ah/paparazi3ivar/T)1/sim/simsitl

make[1]: Leaving directory ™ /home/pascal/pprz/savannah/paparazzi3/sw/airborne’
make: Leaving directery " /home/pascal/pprzfsavannah/paparazzi3'

Run 'Yhome/pascal/pprzfsavannah/paparazzid/sw/ground_segment/cockpit/ges '

Run Yhome/pascal/pprzfsavannah/paparazzi3/swiground_segmentitmtc/server -n'

Run 'fhome/pascal/pprz/savannah/paparazzi3/sw/simulator/launchsitl -a T)1 -boot -norc'
/home/pascal/pprz/savannahfpaparazi3fvar/T|1/sim/simsit]

[+]

[«

@ - |

D]

HOME=/home/pascalfpprzfsavannah/paparazis SRC=/home/pascal/pprz/savannah/paparazi3

Pascal Brisset (ENAC) The Paparazzi UAV System Solutions Linux, March 2010
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Implementation

% Flight Plan %@m

Three Elements
@ Header: Localization
@ Waypoints

@ Blocks: sequences of instructions

<flight_plan name="Muret" 1lat0="43.46223" lon0="1.27289"
max_dist_from_home="300"
ground_alt="185" security_height="50" alt="250">
<waypoints>
<waypoint name="HOME" x="0" y="0"/>
<waypoint name="AIRWAY" x="80" y="20" alt="185"/>

</waypoints>

<blocks>
<block name="cercle"><circle radius="100" wp="HOME"/></block>
<block name="glidel2">

e MAM_ . MAN A M. W . _a__ m_a:a_n /s
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Implementation

% Software In The Loop Simulation %@

@ Autopilot compiled for the
x86 host
@ Simulator

o Flight Model
e Sensors
o Actuators
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Implementation

sitl
Simulates A/C and RC

gaia
The world environment

gcs
Displays graphic data
Controls the datalink

ground telemetry datalink ground ground
telemetry ground
server
messages Logs raw messages
Display network messages Dispatches synthetic messages

Pascal Brisset (ENAC) The Paparazzi UAV System
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Implementation

?EENAE(_ Hardare In The Loop Simulation %,,.,

@ Autopilot running on
airborne hardware

@ Sensors replaced by serial
input

@ Actuatos replaced by
serial output

@ Simulator
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Implementation

Patched AP
Sensors and actuators as I/0
gcs
Flight model W Displays graphic data
Actuators and sensors as I/0 o Controls the datalink
Serial Link
sensors actuators datalink ground ground
telemetry ground

server
Logs raw messages
Dispatches synthetic messages
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Quadrotors

?ENA;(_E Flight control principles %ﬁ,

@ No mechanical parts except motor propellers

@ Control is achieved only by changing the motors’ speeds
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Quadrotors

ENAC, State Estimation %@m

Attitude estimation
@ Infrared sensors are not fast enough and can't be used indoor

e Inertial Measurement Unit (IMU) is needed but requires filters to
estimate the attitude
@ Gyroscopes and accelerometers are fused with a complementary filter

e Gyro integration is fast but has a drift
o Accelerometers measure the gravity and correct the drift
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Quadrotors

ENAC State estimation %w

Position and heading estimation
@ Horizontal position and velocity : GPS receiver
o Altitude : barometer and accelerometers integrated with a Kalman
filter
@ Heading : complementary filter between gyroscopes and
magnetometers
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Quadrotors

% Navigation %ﬁ,

Use existing interfaces
@ Same flight plan mechanism
@ Same GCS for all aircraft

@ Most of the procedures are available for quads (waypoint, circle,
segment, +hovering)
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Quadrotors

?EESNAK% Performances %%

Endurance : 10 to 20 min

Weight : 450 g, payload : 200 to 300 g

Horizontal speed : 5 m/s controlled, 10 m/s max

Vertical acceleration : 3g up, 1g down

Horizontal accuracy : 5 to 8 m

Vertical accuracy : 10 cm with important drift | (several meters)

Wind : flies with 10 m/s of wind but autonomous navigation abilities
greatly reduced
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To Continue

?EgNA% Flying Autonomously in a Few Steps %@

© Get and build a model aircraft (airframe, servos, motor, controller,
radio receiver, radio transmitter)
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?EgNA% Flying Autonomously in a Few Steps w%%

© Get and build a model aircraft (airframe, servos, motor, controller,
radio receiver, radio transmitter)

@ Get a Paparazzi kit (autopilot, sensors, wireless modems) and install it
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?EgNA% Flying Autonomously in a Few Steps w%%

© Get and build a model aircraft (airframe, servos, motor, controller,
radio receiver, radio transmitter)

@ Get a Paparazzi kit (autopilot, sensors, wireless modems) and install it
© Install a Ubuntu Gnu/Linux and the tools for Paparazzi
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To Continue

?EgNA% Flying Autonomously in a Few Steps %

© Get and build a model aircraft (airframe, servos, motor, controller,
radio receiver, radio transmitter)

@ Get a Paparazzi kit (autopilot, sensors, wireless modems) and install it
© Install a Ubuntu Gnu/Linux and the tools for Paparazzi
@ Get the Paparazzi code and compile it

© Write a configuration for your aircraft
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To Continue

?EgNA% Flying Autonomously in a Few Steps %

© Get and build a model aircraft (airframe, servos, motor, controller,
radio receiver, radio transmitter)

@ Get a Paparazzi kit (autopilot, sensors, wireless modems) and install it
© Install a Ubuntu Gnu/Linux and the tools for Paparazzi

@ Get the Paparazzi code and compile it

© Write a configuration for your aircraft

@ Upload the airborne code, start and throw
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To Continue

?EgNASC Flying Autonomously in a Few Steps %ﬁ

© Get and build a model aircraft (airframe, servos, motor, controller,
radio receiver, radio transmitter)

@ Get a Paparazzi kit (autopilot, sensors, wireless modems) and install it
@ Install a Ubuntu Gnu/Linux and the tools for Paparazzi

@ Get the Paparazzi code and compile it

© Write a configuration for your aircraft

@ Upload the airborne code, start and throw

@ Have a drink while looking at the GCS

-
e
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To Continue

?ENAC Thanks %@

.

Paprarazzl
The Free Autopilot

http://paparazzi.enac.fr
pascal.brisset@enac.fr
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