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Welcome to Paparazzi UAV
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Blog Mailinglist Chat Download GitHub YouTube

Paparazzi UAVE (Unmanned Aerial Vehicle) is an open-source drone hardware and software project encompassing autopilot systems and ground station software for
multicopters/multirotors, fixed-wing, helicopters and hybrid aircraft that was founded in 2003. Paparazzi UAVE was designed with autonomous flight as the primary focus and
manual flying as the secondary. From the beginning it was designed with portability in mind and the ability to control multiple aircraft within the same system. Paparazzi
features a dynamic flight plan system that is defined by mission states and using way points as “variables”. This makes it easy to create very complex fully automated missions
without the operators intervention. For more project information, see here.

Legal Disclaimer

The Paparazzi software source and hardware design is distributed without any guarantee. Before flying, please refer to your country's national aviation regulation for
Unmanned Aerial Systems, or the one of the country you intend to overfly.

R+ General

« System Overview

Latest Stable Release: v6.4.0_stable

Semaphore Cl Build Status

General overview of the Paparazzi system
» Getting Started

An overview of getting started with Paparazzi
« FAQ

Frequently Asked Questions

Download as tarball& or checkout the v6.4 branch from git.
Releases can be found at https://github.com/paparazzi/paparazzi/releases®

« Downloads

Software source code, hardware schematics, etc.

a Paparazzi UAV Blog®

ENAC Team wins at IMAV2022
P 1< international Conference and Competition on MAV was organized by TUDelft mid-

« User List and Gallery

List of users. Photos, Videos, etc.

« Media, Papers and Links

Console (2) Queries (353) Debug log (1329) Request PHP includes (1127} MediaWiki: 1.37.1 PHP: 7.3.27-1~deb10u1 Time: 0.92181 Memory: 11.11 MB (Peak: 11.44 MB)
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Open-source UAV projects history (ZI:
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Main functions of an autopilot

COMP4DRONES

Geo-fence, Geo-fence violation

Flight plan

Data management

_ Flight planning
atus and surroundings

Pay Io{data /sition

Payload management

Perception Flight guidance
UAY status and surroundings

Mission plan| Geo-fenc
Desired position {y,z), Maps, UAV power
Speed, Commands,

Thrust, Yaw, Pitch, Roll

External services

surroyydings

Trajectroy status,
YAV status and
i commands

ssion plan

Actuation ] ( Flight control Health management Mission management
Thrust Yaw_Pitch, Roll

Commands, Thrust,
Yaw, Pitch, Roll

Commands, Thrust. ¥aw, Pitch, Rall
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Main problem tackled in C4D-wp3 m
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Helping drone manufacturers to design safe drones

« Most drone manufacturers use off-the-shelf open source autopilots
« An open source autopilot is an autopilot generation framework

« Several customization means

« Companion board and network ad-hoc standard (MAVLink)
« EZ2E Delays 10's to 100’s ms

« Local process or thread sharing cores with the AP using a middleware
« EZ2E Delays several to 10’'s ms

* Local function inserted within the AP control thread
« EZ2E Delays <1 ms

How to help designers to design it safely without too much time and effort?
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Open source autopilot generation frameworks @I:

A very complex code

# C files 2’015 526

# loc 513’517 182’009

# C++ files 137 1025

# loc 40’261 287°'175

# Makefiles 366 534

# loc 56815 26663

# config files 1260 (XML) 260 (Kconfig)
# loc 160656 1’819

« <10% of which is used for a single autopilot instance
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Objective
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Retro-engineer AP to allow its customization and analysis

% Paparazzi Center - o X

== . ADL+CA4D point of view for Capella
e clolT B AR e g P P

airframes/examples/bebop2_indixml [ prnceonia ot buil time

Flightplan - 1U) Gp=_UDIOX (9] U/NOME/groileau/ pAparazsy/ canr/ moa U &5/ gp=_UDIok.xmi|

Eaf
i

- (U) gps_ubx_ucenter (gps) [/homesgrolleau/paparazzi/conf/med ules/igps_ubx_ucenter.xml]
flight_plans/rotorc raft_basic.xm| - (U) send_imu_mag_c i_imu_mag_current.xml] §F)executon node
_ e s
[settings ()i a2 (ine) [/».nmwm\\ﬁ../paparm/mwmau\gqm; s menl] 7] Proxes

settings/rotorcraft_basic.xm| - (D) guidance_rotorcraft (guidance) !

_(U) stabilization_indi_simple indi_simple.xml]

= - (D) spi_master (mcu_periph} [’home/grolleau/paparazzi/conf/modules/spi_masterxml]
3 £l eyl Ubomeilenpap sty e CC
- mrecbetop e !

modules/air_data sl U] imu_bebop limu) Uhomelgrollesslpaparacsfconflmodulesfimu, babopsmi] 1 e

- (U) actuators_bebop (actuators) :_bebop.xml] o
modules/gps.xml - (U) motor_mixing (actuators) [/home/grolleau/paparazzi/conf/modules/motor_mixing.xml]
modules/gps_ubx_ucenterxml U) telematry_transparent_udp (datalink) tranzparent_udp.xmi]
modules/guidance_rotorcraft.xml mping flight plan XML and header...(unchanged) done

2Dumping airframe header...{unchanged!
modules/imu_common.xmi Dumping autopilot header...(skip) done . [ - B
modules/ing. okF2 xml Dumping radis headsr. (unchanged] done 7 T )

ol . N " ‘ Dumping (e\:dm‘eﬁryhhe:der.((unchhing!:\‘:ildnne

‘meodules/nav_basic_rotercraft.xm! Dumping modules header..(unchangs lone. & pury
modulas/stabilizati implexm| make TARGET= ap -F Makefile.ac all_ac_h

make[1]: Entering directory ' /homﬁgm“eau/wﬁviraz\

makel1]: Nothing to be done for 'all_as

radios/dummy.xm| make[1]: Leaving directory /hnquml\eiulvibirinl
[ makel1]: Entering directory 'Thome/grolleau/paparazzi/sw/airborne’
R S
lRelease — — Gccversion & Low vater sensr ‘
makelLl: Leaving directory "/home/gralleau/psparazsilsw/sirborns' S =
make: Leaving directory ‘Yhome/grolleau/paparazzi’ e - ™
(KT [ > 61 1 0
[Fove Version=ve.0_unctable 46 gbrestdBi dity Buld=ve O_unsiable 46 gbfeetade dity 4
<bb 2>: D properties I3 & n ¥ Semantic B er T Lo pad

# DEBUG BEGIN_STMT

main_init ();

paparazzi

loop 1

<bb 3>:

# DEBUG BEGIN_STMT
# DEBUG BEGIN_STMT
handle periodic_tasks ();
# DEBUG BEGIN_STMT
main_event ();

# DEBUG BEGIN_STMT | -
goto <bb 3>; [INV] -

Analysis &

Design tools
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One must model to live and not live to model élj

il ILFAUT , : : _ ,
B R CER FOUR VIVRE - One must eat to live, and not live to eat.’,

ET NON PAS L'Avare (The Miser), Moliére
VIVRE POUR MANGER v

Main objectives of our model:

—=performance analysis (schedulability,
E2E delays)

—=help the designer to understand where
and when data is used and changed

—allow bridges to and from tools
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Example of drone sensors&actuators @l:
Bebop 2

Dual core Cortex A9 + GPU + 8GO flash memory

e OS Linux SMP PREEMPT
Sensors

IMU .
« Magnetos 3-axes (AKM 8963) 12C-1
» Gyros et Acceleros 3-axes (MPU6050) 12C-2
Ground speed and position
» Vertical camera optical flow sensor (V16 ms compare images) 12C-0
Position
* GNSS Ublox Neo M8N (GPS and Galileo and (GLONASS or BeiDou)) UART
« Frame frequency configurable between 1 and 30Hz

Altitude
« Baro MS5607 12C-1
Low altitude
« Sonar SPI to trigger readings Analog values

NE!
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Actuators, clocks, payload @4@
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Bebop 2
WIiFi Module

GPIO

 Misc alimentations

e On/Off button
PWM

» Heating resistances for the IMU
« Clocks for gyro&acceleros

* Clocks for cameras
Motors

* BrushLess Driver Controller (BLDC) 12C-1
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Heart of an autopilot

Exception handler and
mode change

Pull sensors (analogue,
digital, FWM....) |

Push sensors (serial, Read sensors
USB, CAN, Ethernet....)

"' itate

tate

Trajectory controller
{autonomous mode)

~ 10 Hz

l Pozition SetPoint

TERZOT l'eﬂ-ds State eﬁﬁmaﬁun Itate

Master-minions }<:
)

sensors (I12C, SPL, ...
Eegueszt-Responze

(pesition&attitude)

Pozition controller
{autonomouns or
guided mode)

=10 Hz

l Artitude SetPoint

COMP4DRONES

Rotary wings: 400-3000 Hz

Fixed wings: 50-400 Hz

Geometry adapter

c:nmmands
~F—>{ Surfaces and motors

______________________________________________________________________ L SLCTTEEREED

uzer SetPointz & required mode

torgues
Artitude controller
¢ telemezures
Telemetry 0.1-50 Hz
User payload M Hr
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Analog sensors @4@
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The system « Pulls » the value from the sensor
Conversion delay Y2 to 40 us

Analog Input

Digital repr. CPU/MCU AnalogRead(Al1)
AD/C (bits)

Pitot tube

COMP4DRONES



Sporadic sensors (UART/USB/CAN/..) @4@

Sensor « pushes » values to the system Interrupt flag

« No control of when a Bus i
. controller ags
frame arrives

- Sensor and CPU have different clocks I viain processor
* Minimum delay can be assumed clock
* E.g. 5% admissible clock drift

emory

/

Config registers
Byte read
Byte to write
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Master/Minion sensors (I12C/SPI/...) @4@

Request - response

« More and more present in UAV
 ~50% of sensors on a Bebop 2

« Can be surprisingly slow Main processor
e « Fast » 400kHz 12C

« 300 to 500 us depending on the frame size

« But at 1kHz the whole loop should execute every ms

Bus
controller

l = Requeot.

+—2—Responrse

|2C sensor 12C sensor

COMPA4DRON E:< {5



Internal architecture of Paparazzi (Zl:

A fine tuned monolithic central thread, executing functions as a cyclic
executive

check events

MAIN_AP loop .
Init Telemetry Paparazzf( 2!.3;\2\;'
mcu RC freq freq _
core . : new other radio
sensors new sensor system control
estimation : Mmessage data event event
radio control 4 | 4 AN o
control = ;_3' """" N ¢ o ., (g
actuators w8 _Elo Q <7 5| 53 -~ o g o S E <&
datalink % o \ g 8 8 Q ! ‘;:f’ E o o % p= 8 (4] Yol % o C P
h o0 | = E SEl2cE >E|w3 258
other ®» 62 0l wm=| SS9 ©o S
e o »| ©82° o [ S5 E
o | ® = © c O © O O
o ! L] E &

2 = 7 check
._ l events
= 1 T
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The importance of the middleware (ZI:

Example: PX4 uORB topics in this ad-hoc middleware

s | /=g
- =3

Can | change the attitude information
bewteen its measurement and Its use
In the INDI controller?

iﬁ
- -
gné
f
ollooAn

1 / j
B

What is the maximum age of this state
Information when my custom function
runs?

1
Ranfall
4 1 ¥

i
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Multithreaded architecture
/O thread and 1 or 2 central control thread

handler &
1
1

Exception
1
mode change

adapter &

Attitude
outputs

Geometry
Ctrler

I Pos Ctrler I

Pos & Att
fligth

estimator

IAutonomous

I

1
,' Read sensors Read
(analog, Sensors
DIO,...) FIFO

1

Custom
1
1

Handle
1 1 1 1
INTR > ASLR /INTR > TC&TM ; ,
1 1 U
1 ] 1 1 1
1 I 1 1 1
1 ] ] ] U
1 1 1 1 1
1 1 1 1 1 1
] ] ] I 1 1
1 1 1 1 1 1
Lo e e e e e e e e e e e e e e e ———— 1 L e e e e e e e e e, —————— 1 L e e e e e e e e e e e e ————— 1




What did we miss in AADL? m
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Self-preparing to face AADL experts critics
* Model both a cyclic executive executed in a thread and threads and processes

Ablility to express, for an internal « function » (or is it a cyclic executive thread?), a
« period », and dependencies

« «fis executed once every 10 periods, with an initial offset of 2 periods »
+ «fis sporadic with a minimal inter-activation of 5 periods »

« « fprecedes g, but both f and g have different periods »
* Represent hiérarchies of functions

 Have a « light » and abstract representation of data accesses through middlewares

« Connect functions to an ontology

COMPA4DRON E:< {5



Our partial attempt as a Capella viewpoint éﬁl:

el

datafink_lost=LOC =3

[ - :\ sutopilot_static_set_mode—LOC =188120
Th read ) I higher_than_ma_shitude—LOC =3

® Excerpt of functions in

A
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What we did with our model?

A9
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lllustrated the use of GCD+, a tool to pick offsets in an offset free system

1200 -

1000 -

min, max, average {[usec)

200

COMP4DRONES

periodic duty

:

400

max, average {usec)

I T T -
- 8§ 8§ § 8

10

20

30 40 50

time (sec)

Changed initial offsets of custom periodic

deadline functions to avoid overloads of the main
control loop

periodic duty




A9

Discussion

« Several systems, including UAV o-t-c autopilots use a mix

 Processes and Threads

* One or several threads run a cyclic executive
* Including periodic, sporadic, precedence constrained tasks with offsets
 In the context of retro-engineering it Is interesting to present the user

* Hierarchical functions calls
« That can be more or less detailed depending on the needs
* The vast use of middlewares requires a simple representation of the
accesses, with an easy way to distinguish the scope (intra-thread, multi-
threadn multi-process, distributed)

e T
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