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3¢ PX4 B

PX4 is an open source flight control software for drones and
other unmanned vehicles. The project provides a flexible set of
tools for drone developers to share technologies to create
tailored solutions for drone applications. PX4 provides a
standard to deliver drone hardware support and software stack,
allowing an ecosystem to build and maintain hardware and software
in a scalable way.

PX4 is part of Dronecode, a non-profit organization administered
by Linux Foundation to foster the use of open source software on
flying vehicles. Dronecode also hosts QGroundControl, MAVLink &
the SDK.
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Modular Architecture

%ii

:::PKA 1s highly modular and extensible both 1in
terms of hardware and software. It utilizes a
port-based architecture - which means when
developers add components, the extended system
does not lose robustness or performance.



Open Source

Bpx4 is co-developed with a global development
community. The flightstack 1s not just
fulfilling the needs of one lab or one company,
but has been intended as a general toolkit and
is widely used and adopted in the industry.
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Configurability

iﬁ ”‘PH4 offers optimised APIs and SDKs for
— developers working with integrations. ALL the

modules are self-contained and can be easily
exchanged against a different module without
modifying the core. Features are easy to deploy
and reconfiqgure.



Autonomy Stack

——
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i PX4 1s designed to be deeply coupled with

embedded computer vision for autonomous

capabilities . The framework lowers the barrier
of entry for developers working on localization
and obstacle detection algorithms.



Open Source Drone Software
Projects

' Leave a Comment

o

FLIGHT

Whether you're building an FPV quad, a fixed wing drone or an
octocopter, every drone enthusiast will face the choice of
which flight control software to use. Chances are, if you're
building a drone you'll also want to use some sort of open
source drone software to run your drone’s flight control board.

https://dojofordrones.com/open-source-drone/
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Pi - Pixhawk

Pin #
3.3V 1 2
GPIO2 3 4
GPIO3 5 6
GPIO4 7 8
9 10
GPIO17 | 11 12 | GPIO18
GPIO27 | 13 14 GND
GPIOZ2 | 15 | 16 | GPIO23
3.3V 17 18 | GPIO24
GPIO10 | 19 | 20 GND
GPIOg 21 | 22 | GPIO25
GPIO11 | 23 | 24 GPIO8
25 | 26 GPIOT7
DNC 27 | 28 DNC
GPIOS 29 | 30 GND
GPIO6 | a2 | GPIO12
GPIO13 | 33 34 GND
GPIO19 | 35 | 36 | GPIO1B
GPIO26 | 37 a8 | GPIO20
ag | 40 | GPIO21
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Connecting the Flight controller and
RP1 Hardware «
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AW BUZZER
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5M CAN

(any model
can be used)

Fower RPI from +5%
Source via USE or +5V pins

https://ardupilot.org/dev/docs/raspberry-pi-via-mavlink.html



| Install the required packages on the Raspberry Pi

After the internet connection is confirmed to be working install these packages:

sudo apt-get update #Update the list of packages in the software center
sudo apt-get install python3i-dev python3d-opencv pythond-wxgtks.0 libxml2-dev pythoni-pip

sudo pip3 install future python3-matplotlib python3-Lxml
sudo pip3 install pymavlink

= sudo pip3 install mavproxy

O Note

The packages are mostly the same as when setting up SITL. Reply Reply 'y’ when pro
additional disk space.



- Develong with DroneKit

DroneKit-Python is primarily intended for use on Linux-based Companion Computers
that travel on a vehicle and communicate with the autopilot via a serial port. It can also
be used on ground-based computers running Linux, Windows or Mac OSX

(communicating using WiFi or a telemetry radio).

During development you'll generally run it on a development computer,
communicating with a simulated vehicle running on the same machine (via a UDP
“connection).

—
e

. This section contains topics explaining how to develop with DroneKit-Python, covering
— = subjects like installation, setting up the target vehicle or simulator, best practices and

coding standards.

» [nstalling DronekKit

»  Companion Computers

« Simulated \Vehicle

Best Practices

Coding Standards



Companion Computers

A companion computer is a device that travels on-board the vehicle and
controls/communicates with the autopilot over a low-latency link. Apps running on a
companion computer can perform computationally intensive or time-sensitive tasks,
and add much greater intelligence than is provided by the autopilot alone.

DroneKit can be used with onboard computers running variants of Linux that support
both Python and the installation of Python packages from the Internet. The following
computing platforms are known to work with DroneKit, and are supported by the

~ ArduPilot developer community.

RaspberryPl

« Communicating with Raspberry Pi via MAVLink

« Making a Mavlink WiFi bridge using the Raspberry Pi

Intel Edison

+ Edison for drones
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PX4 Autopilot User

Guide (master)

1-LXH-

agutopiLot

PX4 is the Professional Autopilot. Developed by world-class developers from

industry and academia, and supported by an active world wide community, it

powers all kinds of vehicles from racing and cargo drones through to ground

I

-
]

— = vehicles and submersibles.

Iﬁ This guide contains everything you need to assemble, configure, and
safely fly a PX4-based vehicle.

z This guide is still a work in progress! It does not yet cover all of PX4.
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Getting Started with PX4 Autopilot

This section provides an overview of the basic concepts you need to understand in

order to build and fly an unmanned vehicle using PX4.
Basic Concepts — Brief introduction to PX4 and the Dronecode Platform.

Flight Controllers — Flight controller hardware options from different platforms and
vendors.

Vehicles/Frames — Supported vehicle types, including air, ground and marine

. frames.
. Sensors — Sensors needed by the autopilot.
Remote Control Systems — Handheld systems for manually controlling a vehicle.
Flight Modes — Control modes for manual, assisted and autonomous movement.

Flight Reporting — Download detailed flight logs for debugging and analysis.

https://docs.px4.10/master/en/getting started



. .
What is a Drone?

A drone is an unmanned "robotic" vehicle that can be remotely or autonomously

controlled.

Drones are used for many consumer, industrial, government and military
applications. These include (non exhaustively): aerial photography/video, carrying
cargo, racing, search and surveying etc.

ﬁ Different types of drones exist for use in air, ground, sea, and
underwater. These are (more formally) referred to as Unmanned
Aerial Vehicles (UAV), Unmanned Aerial Systems (UAS), Unmanned
Ground Vehicles (UGV), Unmanned Surface Vehicles (USV), Unmanned
Underwater Vehicles (UUV).

The "brain" of the drone is called an autopilot. It consists of flight stack software

running on vehicle controller ("flight controller") hardware.



https:// docs.px4.i8/ master/en/getting started/px4 basic concepts.html

—

PX4 Autopilot

PX4 is powerful open source autopilot flight stack.

Some of PX4's key features are:

« Controls many different vehicle frames/types, including: aircraft (multicopters,
fixed wing aircraft and VTOLs), ground vehicles and underwater vehicles.
f « Great choice of hardware for vehicle controller, sensors and other peripherals.

-'-'_;'_ » Flexible and powerful flight modes and safety features.

d PX4 is a core part of a broader drone platform that includes the QGroundControl
ground station, Pixhawk hardware, and MAVSDK for integration with companion
computers, cameras and other hardware using the MAVLink protocol. PX4 is

supported by the Dronecode Project.



ttps:// docs.px4'.'i'cﬁfﬁster/ en/getting started/px4 basic_concepts.html
QGroundControl

The Dronecode ground control station is called QGroundControl. You can use
QGroundControl to load (flash) PX4 onto the vehicle control hardware, you can
setup the vehicle, change different parameters, get real-time flight information and

create and execute fully autonomous missions.

QGroundControl runs on Windows, Android, MacOS or Linux. Download and install

= it from here.

Altitude {home) (m)
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Vehicle/Flight Controller Board

PX4 was initially designed to run on Pixhawk Series controllers, but can now run

on Linux computers and other hardware. You should select a board that suits the
physical constraints of your vehicle, the activities you wish to perform, and of

course cost.

For more information see: Flight Controller Selection.
Sensors

PX4 uses sensors to determine vehicle state (needed for stabilization and to

— | enable autonomous control). The system minimally requires a gyroscope,

e

Al

—
L

‘_"_ accelerometer, magnetometer (compass) and barometer. A GPS or other
- positioning system is needed to enable all automatic modes, and some assisted
modes. Fixed wing and VTOL-vehicles should additionally include an airspeed

sensor (very highly recommended).
For more information see:

e Sensors

» Peripherals
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https://docs.px4i10/master/en/getting_started/px4_basic_concepts.html

Outputs: Motors, Servos, Actuators ——

PX4 uses outputs to control: motor speed (e.g. via ESC), flight surfaces like
ailerons and flaps, camera triggers, parachutes, grippers, and many other types of

payloads.

For example, the images below show the PWM output ports for Pixhawk 4 and
Pixhawk 4 mini.

,r"’b( / '!ﬂVVl( “+ Al 7v=cZ VNndOaY CH

UART & 12C B

TELEM2 Et..r1 SBUS RC

CAP & ADC IN

= - I-——‘ |
SBUS OUT PPM RC GPS MODULE

E‘ E‘ |


https://www.youtube.com/watch?v=cZVNndOaYCE

ESCs & Motors

Many PX4 drones use brushless motors that are driven by the flight controller via
an Electronic Speed Controller (ESC) (the ESC converts a signal from the flight

controller to an appropriate level of power delivered to the motor).
For information about what ESC/Motors are supported by PX4 see:

« ESC & Motors
« ESC Calibration

» ESC Firmware and Protocols Overview (oscarliang.com)

= ? Batteryl Power

"_'.
i

— : PX4 drones are mostly commonly powered from Lithium-Polymer (LiPo) batteries.

The battery is typically connected to the system using a Power Module or Power
Management Board, which provide separate power for the flight controller and to
the ESCs (for the motors).

Information about batteries and battery configuration can be found in Battery
Configuration and the guides in Basic Assembly (e.g. Pixhawk 4 Wiring Quick Start

> Power).



Radio Control (RC)

A Radio Control (RC) system is used to manually control the vehicle. It consists of
a remote control unit that uses a transmitter to communicate stick/control positions
with a receiver based on the vehicle. Some RC systems can additionally receive

telemetry information back from the autopilot.

z PX4 does not require a remote control system for autonomous flight



.

Flight Modes

Flight modes provide different types/levels of vehicle automation and autopilot

assistance to the user (pilot). Autonomous modes are fully controlled by the
autopilot, and require no pilot/remote control input. These are used, for example, to
automate common tasks like takeoff, returning to the home position, and landing.
Other autonomous modes execute pre-programmed missions, follow a GPS

beacon, or accept commands from an offboard computer or ground station.

Manua! modes are controlled by the user (via the RC control sticks/joystick) with

assistance from the autopilot. Different manual modes enable different flight

characteristics - for example, some modes enable acrobatic tricks, while others are

impossible to flip and will hold position/course against wind.

Not all flight modes are available on all vehicle types, and some

modes can only be used when specific conditions have been met

(e.g. many modes require a global position estimate).



Airframe

A X &= E| Manual =" g

© % e d R

Veice Sthp Airframe Setup

Airframie Salug & s 06 sebact this arframs which inalches pour walicle This vl i Curs s90 ug e vanions linineg seluss e Nght eramslam,

iy

Aprframe is not &t To change: ths: configurabon, seliact the desired 8 rframe below Then ot “Aoply s Resstart

Firmvsare

Coarsial Holicopher Fyirg wWing o bzophoer Hesanin: = Hesaanobnr Coasdal

L L] L

Esky (Eig) Lama i Canenc Femaroior + oumetry Canenc B ool geamsiny

Hemarilin x Ot e Widle Oitorclon + Cediwoior Coanial Ol =
Sty
: - - ] q' -
Tarinug s e
-

- L]

Camera - ™

L - L]
Paiaiais
Gt 1 M i 3 gearralny Stennthibe oo MAVILK Sremat W UCICATI PR o ey Lamrmr: 10" Ovdo ool Ry e Ciheopia X eastsly

Flane A-Tal

Ruower

Duacrolor + Dadnobor 'Wide Crsadrofior x

S

Seneric L0 Quad + ceomekry s wu W L Ammae Witeo F50

Agpicd Acronacbos slsatoce

Srandan Plams oo B

e

Shmiilation




T
https://px4.10/technologv/airframes/




Main modules of a full drone flight system

Flight Controller Electronic Speed Controller (ESC)

Brain of the flying system. Accepts commands Typically four or more brushed DC or
from remote, interfaces with sensor systems brushless DC motors. Speed control
and controls ESCs, camera commands, gimbal, for thrust and direction change.

stability, etc. Assists in image transmission.
Battery Pack Payload Sensor Systems
Single or typically Application-dependent addition to  Multiple sensors (ultrasonic/LiDar/
multi-cell LiPo or Li-lon  the drone flight. Examples: gimbal  IR/accelerometer/gyro) for
batteries, for example with camera for photo/videography, collision detection, landing assist,
35S LiPo. thermal camera for agriculture crop  stability, all interfaced to main

analysis, package holder and controller. GPS for navigation.
package for delivery, etc.
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