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HoverGames Drone
Reference Design

- Complete low cost ‘hobby’ drone
platform, but really an open
design robot

- 500mm size big enough for easy
experimentation

- Complete system to test new
components such as motor
controllers with UAVCAN or
secure authentication of battery

- Reuse of components for ground
Rovers
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Hovergames Challenges

- Use a complete autonomous venhicle
development platform an
Infrastructure

- Coding challenges with larger
societal impact theme

- New technologies are introduced to
the system for continual challenges

§ THE ﬂ
- Complete modular NXP development \\Q\I Eg-gA ME//

platform with flight management unit
(FMU) using Kinetis K66 Arm-Cortex
M4 MCU
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The First
HoverGames
Challenge

FIGHT
FIRE:
WITH
FLYERS

At any given time around the world, an active wildfire is causing
tremendous devastation. And it is not just forest fires that cause
immeasurable damage. Structure fires in urban areas also pose a
significant problem. In every case, our first responders were put on
the front lines.

How can you use drone
technology to help firefighters?

Join today at www.hovergames.com

-
| 2 |
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Documentation www.Hovergames.com

- Hovergames Drone Gitbook https://nxp.qitbook.io/hovergames/
- PX4 User Guide https://docs.px4.io/en/

- PX4 Developer Guide https://dev.px4.io/en/

- PX4 Github Firmware https://github.com/PX4/Firmware

- NXP Github Starter Code https://github.com/nxphovergames

W Dronecode

=
(@ i
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HoverGames Drone

Flight Controller

Brushless Motors

Carbon Frame

____________________________________

Propeller

__________________________________

______________________________________________________
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Communication

R )
Telemetry Radio 2.4 GHz RC
915Mhz/433Mhz Combination
Controller
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FMU K66
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FMU K66

2 Wire Ethernet
SBUS RC IN

12C / NFC

GPS + Buzzer + LED

UART

Power 2x Can Bus

SPI

Telemetry

Debug
ADC 6

ADC 3

Ultrasonic
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RDDRONE-FMUKG66 Flight Management Unit

----------------------------------------------------------------------------------------------------

SPI-

W Dronecode

FlexTIMER/UART

UART

1 nxpPart ] Non-NXP Part Interface —— Power —— Signal
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Industrial-Grade UAV — Modular with CAN and Ethernet

Authentication
ADS-B

e - Gimbal:
(Automatic Dependent RADAR Digital - Payload/manipulato
Surveillance — ePs S32R SERV Haning r/'medical devices E.SC/ enco_der/_sensors
Broadcast o) (Single chip with CAN)
(SDR chip) N A

Authentication

2x CAN BUS (1 primary 1 aux)

Authentication I

Battery Authentication SecurelD
Power Management

UART
€ _— )

Cellular
WIFI/BT Radio @—%

RC Radio

¢ 3 Camera
Sensor(s)
MIPI

CSl

Battery
SSD/M.2
HDD
Storage Bolometer
(Video) (NXP Fab)

Audio 12S

Codec €=-=>

Secure

Element
Secure
Element

RMII
Ethernet
{ Qmart Etharnat
2
Smart flow Camera?
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CAN Bus

- Itis a BUS, run two for redundancy

- Automotive grade, rugged, robust,
high ESD protection, short-proof

- Lightweight connectors and cabling
- Uses address priority, supports many devices
- Hardware enhanced communications

- UAVCAN V1 focus on CAN-FD (5MBps)

- UAVCAN in its infancy — industry wants CAN
but lack of hardware at present

« Look for latest CAN PHYs from NXP

- Stinger, with hardware backed security. White/Blacklist
- Enhanced bus matching

CAN CAN CAN

CAN

>

CAN

Lepend: L busiength
1 cable stud length

d node distance

ESC and Servos not
limited by number of
PWM ports.

Data can be shared at
the bus level (i.e
multiple GPS modules)
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100BaseT1 “2 wire ethernet”

MII
MAC  K— 1)a1100

RMII il _m_"_ U e

CMC

LP
ESD
Tem
Con

- Automotive Rugged, robust, high ESD

- Lightweight connectors, wires, no magnetics
- Faster Gbit , 2.5 Gbit coming

- 15 meter distance

- Automotive ethernet Switch available

- Still regular ethernet - media conversion by switch
or back to back PHYs

- Attractive for high speed IP/Socket programming

PHY || _Ivk*¢r+}— F C):X:(JC):X:

Con

Term

IS T eere

ESD
LP

i L

TJA1100

Mil

RMII

« Higher bandwidth
cameras or Sensors

« Standard IP connection
between FMU and
Companion computer

» Tethered operation
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Secure Element A71CH / SEO50

- Embedded Secure Element
- Discrete HW Tamper resistant security component
- State-of-the-art security, certified
- Dedicated environment to host security functions (isolation)
- Companion chip to any type of MCU, MPU and AP

- Secure sub-system on loT Edge:
- Drone Authentication, Subsystem Authentication
- Secure hardware encryption
- Physical security

Main
Processor

| App | | App | App

Secure OS (JCOP 4)

SEO050 HW

- Secure key store Also A1006/1007 for
- UTM Airspace authentication only
l.e battery packs

12c t 2C t N

slave Master  contactless

FMU

BMS

ESC

Payloads

Drone to drone

Drone to ground station

Drone to OTHER e-identification
(BLE long range?)
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PX4 is an Integrated Software Ecosystem

Vehicle

Firmware

Autonomy

Vision based localization
and avoidance

|LXH-

autopiLot

Communication Ground Control Station Hardware

adiwik

wMAVL’NK %Y QGroundControl

MICRO AIR VEHICLE COMMUNICATION PROTOCOL

Middleware ROS2 API ’ NXP._
D g NXPhlite

s

ces 2 <dronecode/sdk> ,&\
o000 C Intel® Aero
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https://dev.px4.io/en/flight_controller/intel_aero.html

Leading Products and Dev Platforms Based on PX4

YUNEEC YUNEEC thgggilggg W

=z”£= amazon QUALCO!WVE INSPIRED FLIGHT

' Prime Air

EFI'I"ICAL_

@wingtra

“1sentera

>y
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https://www.yuneec.com/en_GB/camera-drones/h520/overview.html

A‘ auterion

The Speed of Innovation Is Impossible
to Sustain for a Single Company

wicRD AIR VEHICLE

A, auterion

4
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What is the Relationship Between the Parts?

{¢J QGroundControl ]jbd 11wk

The “Kernel”

<dronecode sdk>

1LXH DMAVLINK

autopiLot

W Dronecode soe R O S

THE
un by TJLINUX

-
| 2 |
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The Business of Open Source
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Auterion Enterprise PX4: the Operating System for Drones

Auterion Enterprise PX4 software that runs on the
drone.

It enables:

. Drones to fly safely and autonomously

. Detect and avoid obstacles, and prevent collisions

. Positioning with RTK GPS accuracy

. Online workflows (data upload) with connection to LTE

-
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Auterion
Enterprise PX4

Auterion
Ground
Station

Auterion
Cloud
Insights
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Auterion vs. Open Source

Auterion enterprise Community/
distribution Open source PX4
Flight controller I2XE v v
Ground station Q v v
Compatible hardware pixliawk v v
Obstacle avoidance v v
Device / Fleet management v
Compliance and regulatory approval v
Enterprise Support and SW updates v
Cybersecurity hardening v
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GE Aviation CUSTOMER

COMMERCIAL MILITARY B&GA DIGITAL MARINE COMPANY CAREERS PRESS BLOG CUSTOMER SUPPO

Press Center Systems

GE Aviation and Auterion team to
provide all-in-one hardware and
software platform for commercial drones

Aviation experts demonstrate seamless integration of ground, cloud and airborne
components ik 3

Today, GE Aviation and Auterion announce the integration of the Auterion Enterprise
Aviation’s Unmanned Aireraft System avionics platform. They show their commitmer |
agreement to provide a comprehensive hardware and software solution for drone man
seeking to enable commercial drone operations at scale.
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QGroundcontrol
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QGroundcontrol

- State of the art software runs on Android, iOS,
Windows, Linux and Mac OS.

- User friendly for flying and mission planning
- Survey, mapping support

."'!'i"‘11"'[!!‘-:](\"!1"“[' 'IU'.“*-

- Digital video streaming support

- Enables firmware customization

- Simple airframe setup, including firmware,
joysticks, sensors and flight modes.
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Vehicle Setup

Su Altframe

System ID 3
Firmware Airframe type Quadrotor x

Vehicle 5500

Firmware Version 1.9.0dev
Airframe

Sensors

Radio

Flight Modes i
Low Barttery Failsafe Warning
RC Loss Failsafe Return mode
Power RC Loss Timeout 05s
Data Link Loss Failsafe Disabled
RTL Climb To 100 m
Safety RTL, Then Land iImmediately

Tuning

Pararneters

Manual

Disarmed

QGroun

Below you will find a summary of the settings for your vehicle, To the left are the setup menus for each component

Compass 0
Compass 1
Cyro
Accelerometer

Sensars

Ready
Ready
Ready
Ready

Roll
Pltch
Yaw
Throttle
Auxl
Auxl

Radio

1
»
2

4
3
Disabled
Disabled

Flight Modes

Mode switch Channel 6

Flight Mode
Flight Mode
Flight Mode
Flight Made
Hight Mode
Flight Mode

Manual
Unassigned
Unassigned

Position
Unassigned
Mission

Wk WN -

o
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QGroundControl ¥3.52

Vehicle Setu
ehicle Setup Firmware Setup Cancel n

Summary
Detected Pixhawk board. You can select from
the following flight stacks

Firmware
- j ! 1 O PXA4 Flight Stack v1.9.0 Stable Release

@ Ardudiiot Flight Stack

. Advanced settings
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QGroundControl v3.5.2

\Jf % 9)\0 &’ A X & B Manual Disarmed

Vehicle Setup Coaxkal Helicopter Dodecarotor cox Flying Wing 1 Hexarotor Coaxtal

Summary P
—

. . .
Firmware LJ g -
m > | : :
- - TR
” C a 0 0 Y -

Sensors
Esky (Big) Larna v4 Generic Dodecarotor Cox geometry Ceneric Flying Wing Blade 130X Ceneric Hexarotor + geometry

Radio

Hexarotor x Octo Coax Wide NOtor < Octorotor Coaxial Octo Plane A-Tail

Flight Modes - . Y .
-
Power * . !# °
- bt . .
. o

Safety

Tuning Ceneric Hexarotor x geometry + Steadidrone MAVRIK i Generic Octocopter « geometry « Ceneric 10" Octo coaxial geometry

Parameters Mane V-Ta Quadrotor + Quadrotor H Quadrotor Wide Quadrotor asymmetric

se b, &%

e
X-UAV Mini Talon - Ceneric 10" Quad + geometry - Reaper 500 Quad Team Blacksheep Discovery - Spedix S250AQ -

Rover Stmulation (Copter Simuiation (Plane Standard Plane Standard VTOL Tht-Quad
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QGroundControl v3.5.2
) Q - ) |
@ % 9 4 B| X5, &4 84 manval Disarmed

Vehicle Setup Sensors SC‘[UD

Summary Sensors Setup Is used to calibrate the sensors within your vehicle

Firmware

Rotate the vehicle continuously as shown in the diagram until marked as Completed

Alrframe
Radio
Flight Modes

b\
Power F’\ K3 1L

Safety

4

Tuning

Camera

Rotate Incomplete Incomplete

Paramerters

Incomplete Incomplete Incomplete
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QGreundControl v3.5.2

@}J % %Q 47 &‘ ol X o , Manual Disarmed

Vv . Sp
Vehicle Setup Rad|0 Setup
Summary Radio Setup is used 1o calibrate your transmitter. It also assign channels for Roli, Pitch, Yaw and Throttle vehicle control as well as determining whether they are reversed
Attitude Controls @ Mode! O Mode 2

Roll
Firmware

Pitch
Alrframe
Yaw

o or
Sansors Throttle

Tight Mod >
Flight Modes Channel Monitor

Additional Radio setup

AUX1 Passthrough RC channel AUX2 Passthrough RC channe! Unassigned »
Safety . PAR :

PARAMI tuning channel Unassig PARAMZ tuning channel assigned -
Tuning PARAM3 tuning channal

Power

Spektrum Bind Copy Trims

Pararmeters
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xndControl ¥v3.5.2

Manual Disarmed

Vehicle Setup Safety Setup

Summary Safety Setup Is used to setup triggers for Return 1o Land as well as the settings for Return to Land ltself

Low Battery Failsafe Trigger
Firmware

Failsafe Action Warning

Alrframe
irframe Bartery Warn Level 15

e Barttery Failsafe Level 7
Battery Emergency Level B
Radio
RC Loss Fallsafe Trigger
Flight Modes

Failsafe Action

Power r"

RC Loss Timeout

Saf

Data Link Loss Failsafe Trigger

Tuning
Failsafe Action Disabled

%

Parareters Data Link Loss Timeout
Ceotence Failsafe Trigger

Action on breach Warning

H Max Radius

. Max Altitude
Return Home Settings

Climb to altitude of

Return home, then

O Land immedistely

-
A
v witer and do not land
P i

@ Loiter and land after specified time

Loiter Time

Lolter Altitude
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2w IR AX

Vehicle Setup

Summary Standard

Rattery Cafibration
Firmware

Camara trigger

Alrframe
Commander

Data Link Loss

X

Events
Flight Modes
Fatlure Detecror
Power Follow target
oS

Safety

GPS Fallure Navigation
Tuning
Ceofence
Pararm lridium SBD
Land Dewecror
MAVLink
Mission
Mount
Multicopter Attitude Control
Multicopter Position Control
PWM Qutputs
Precision Land
Radio Calibration
Radio Switches

Return Mode

Clear

EXF2_CPS_V_NOGE
EXF2_GYR_B_NOISE
EXFZ_CYR_NOISE
EXF2_HDG_GATE
EXF2_HEAD_ NOISE
EXF2_HCT_MODE
EXF2_IMU_POS_X
EXF2_IMU_POS_Y
EXFZ_IMU_POS_Z
EXF2_MAGE_K
EKF2_MAGE_VREF
EXF2_MAG_ACCLIM
EXF2 MAC B _NOISE
EXKF2_MAGC _DELAY
EXF2_MAC _E_NOISE
EXF2_MAG_CATE
EXF2_MAC _NOISE
EXF2_MAG_TYPE
EXF2_MAC_YAWLIM
EXF2_MIN_D8S_DT
EXF2_MIN_RNG
EXF2_MOVE_TEST
EXF2_NOAID_NOISE
EKF2_NOAID_TOUT
EXF2_OF _DELAY
EXF2_OF _CATE

EXKF2_OF N_MAX

Manual Disarmed

0.0150 rad/s

2.6 SD

0.30 rad

Barometric pressure

0.000m

0.000 m

0.20

> mGauss

0.000

0.0 ms

0.050 Gauss
Automatic

0.25 rad/s

20 ms

QGreundControl v3.5.2

Messurement noise for gps horizontal velocity

Process noise for IMU rate gyro bias prediction

Rate gyro noise for covariance predicrion

Gate size for magnetic heading fusion

Measurement noise for magnetic heading fusion

Datermines the primary source of hr.q'n data used by the EXF
X position of IMU in body frame

Y position of IMU in body frame

Z position of IMU in body frame

Maximum fraction of learned mag bias saved at each disarm. Smaller values make the saved mag bias learn

slower from flight to flight, Larger values make 1

State variance assumed for magnetometer bias storage. This is a reference variance used to calculate the fraction of learned magnetomerter bias thatr will be i

Horizontal acceleration threshold used by automatic selection of magnetometer fusion method

Process noise for body magnetic field prediction

Magnetometer measurement delay relative 1o IMU measurements
Process noise for earth magnetic feid prediction

Gate size for magnetomaeter XYZ component fusion
Measurement noise for magnetometer 3-axis fusion

Type of magnetometer fusion

Thi

parameter I5 used when the magnetometer fusion met!

Yaw rate threshold used by automatic selection of magnetometer fusion method, This parameter is used when the magnetometer fusion method is set auton

Minimum time of arrival delta between non-IMU observations before data is downsampled. Baro and Magnetometer data will be averaged before downsampii

Minimum valid range for the range hinder
Vehicle movemant test threshold

Measurement nolse for non-aiding position hold

Maximum lapsed time from last fusion of measurements that constrain velocity drift before the EKF will report the horizontal nav solution as invalid

Oprical flow measurement delay relative to IMU measurements Assumes measurement is timestamped at trailing edge of integration period

Gate size for optical flow fusion

Measurement nolse for the optical 1) SEensor
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QGroundControl v3.5.2
Manual Disarmed

Vv . Setu
eteseersearcn: [N N

Summary Standard EXF2 CPS V NOSE 0.50 m/ Messurement noise for gps horizontal velocity

Rattery Cafibration EXF2_CYR_B_NOISE 0.001000 rad/s**2 Process noise for IMU rate gyro bias prgdiction
Firmware

C { EXFZ CYR NOISE 0.0150 rad/s Rate gyro noise for covariance predicrign
_amera trigger

Alrframe

Sensors Data Link Loss EKF2_GYR_B_NOISE 0.001000 rad/s**2 Process noise for IMU rate gyro bias prediction

Radio . EKF2 EKF2_GYR_NOISE 0.0150 rad/s Rate gyro noise for covariance prediction

Flight Modes 1 ' , y
> Events EKF2_HDG_GATE 2.6 SD Gate size for magnetic heading fusion

itieod EKF2_HEAD_NOISE 0.30 rad Measurement noise for magnetic heading fusion
Failure Detector
Safety

EKF2_HGT_MODE Barometric pressure Determines the primary source of height data used by the EKF
Follow target

Tuning

EKF2_IMU_POS_X 0.000 m X position of IMU in body frame
Parameters GPS
_ EKF2_IMU_POS_Y 0.000 m Y position of IMU in body frame

GPS Failure Navigation

EKF2_IMU_POS_Z 0.000 m Z position of IMU in body frame

Mission EXF2_MAG _TYPE Automatic Type of magnetometer fusion
Mount EXFZ_MAC _YAWLIM 0.25 rad/s Yaw rate threshold used by automatic selection of magnetometer fusion method, This parameter is used when the magnetometer fusion method is set auton
Multicopter Attitude Control EXF2_MIN_O8S_DT 20 ms Minimum time of arrival delta between non-IMU observations before data is downsampled. Baro and Magnetometer data will be averaged before downsampii

EXF2 MIN RNG Or Minimum valid range for the range finder
Multicopter Position Control 2 :

EXF2_MOVE_TEST 0 Vehicle movemant test threshold
PWM Qutputs
EXF2_NOAID_NOISE 00r Measurement nolse for non-aiding position hold

Precision Land

EXF2_NOAID_TOUT 5( Maximum lapsed time from last fusion of measurements that constrain velocity drift before the EKF will report the horizontal nav solution as invalid
Radio Calibration

EXF2 _OF DELAY Oprical flow measurement delay relative to IMU measurements Assumes measurement is timestamped at trailing edge of integration period

Radio Switches EXF?2_OF_GATE 30 SD Gate size for optical flow fusion

Return Mode EKF2 OF N _MAX 0.50 rad/s Measurement nolse for the optical flow sensor
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Software development

COMPANY PUBLIC | 37



PX4 Software Stack
N

Storage

Parameters

Database

/ Drivers \

(0

—

-
\_

Message Bus

/ External \

Connectivity

uORB

v

RC Input IMU Drivers

\3

\2

Flight Control

:

FastRTPS

\_

State Machine

Position
Controller

Autonomous
Flight

~

Position &
Attitude
Estimator

Sensor Hub

Attitude & Rate
Controller

Output Driver
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IDE

MCUXpresso

Visual Studio Code
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o0
@ hg_ledc % W 2> m -
4 GEOFFNETE EDITOREN
X C hg ledc
4 PXA4A-FIRMWARE

b msg
» platforms
b posix-configs

ROMFS

B <

4 SIC

» drivers

=
111

4 pxampies
» Dottie_drop
b devapp

¥ dyn_hello

P> 6

fixedwing_control

b hello R

e EXPORT hg_led_main( arge, «argv(]);
b hg_acce!
» hg_baro t hg_led_main(int argc, kargy

J
b hg_batte :
PX4 INFO("He Hov | -
¥ hg_gps
b ' = . e
led_control_s led_control;

4 memset{&led_control, 9, (led_control));

led _control_pub = orb_advertise(ORB_ID(led control), &led _control);

»

hg_led.c

led_control.num_blinks = 10;
4 hg_matortest led_control.priority = LED_CONTROL_MAX_PRIORITY;
M CMakelLis led_control.mode = LED_CONTROL_MODE_BLINK_NORMAL;
control.led mask = @xff:
ha_motortest.c led_control. led_ C ) $
led_control.color = LED_CONTROL_COLOR_GREEN;

v ng rcinput
» hwtest orb_publish(ORB_ID( led_control), led_control pub, &led_control);
» matiab_csv_senal

» mintpro_app PX4_INFO("Hovert ’ t");

b nxpdemo

b position_estimator_inav
» pxd_mavlink_debug

» pxd_simple_ app
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Overview of tutorials

- hg_accel
- hg_baro
- hg_battery

- hg_gps

- hg_gyro
- hg_hello

- hg_led
- hg_motortest
- hg_rcinput

- Reading accelerometer values from uORB topic
- Reading barometer values from uORB topic

- Reading battery values from uORB topic

- Reading GPS position from uORB topic

- Reading gyroscope values from uORB topic

- Print hello world on console

- RGB LED control

- Application for motor testing

- Reading RC input values from uORB topic

COMPANY PUBLIC | 41
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Tutorials

HoverGames LED Tutorlal - Code

HoverGames LED Tutorial - Description

This example shows how you can let the RGB LED blink in different colors with
different frequency’s and different modes.

. Eindlode cped susfig ks
. incliste <ped puslis
winclusw cUakatdby
winclude pdioo?
eincinge <gakliy
minclwte <Siolo8.iV

HoverGames LED Tutorial - Challenge

Einclode CUSHB/uUoRS. s /7 esynthronous sessaging N1

elncliste Cutnt/topica/leg suntral i /) wOnn tople for LID dontrel
1.

Change the color of RGB LED 1 _EPORT Lnt by

Change the blink mode =other functisn/ trosd

Change the number of blinks 1. dng beleduoasalint acge, char *acavll)

Let the RGB LED blink 5 times in RED, 10 times in ORANGE and 5 times in 1, { ! il
15, PXA_IREQL Hello tonechanes LEDI™) // print Ia console
14

GREEN
1. struct led control s led_costrel; // strecturs with duil control parsswivrs
m, ermnatiiled contrel, 0, sirsof(led costrel)); // FLL1 the structurw with @
19,
M, ord_sdvert_t led_control_pud « ort_adeertine(ORS_I0Y led_control), Mled_control
}i (7 advertise led_cantrol topic

[ g

arge, char *srgv(]); /) mepoet maln foe calling free

2. lod_control.sus blinks « M. /¢ Blinks
23, lod_conteal seloeity » LED CONTROL MAX MIORITY. // priorlty
24 1 = LED_CONTAOL MOOE BLIMC NORMAL; [/ CID sode

o
. led_control . lod sask = euff. {f select LEDG « Bxff for al
%, A conteol.solac = LED_CONTROL_COLOR_GREEN; R

", ors_mubiish{CRB_TD(1ed_contral), led_control sus, Aled_comtrel); // pualish o
€ sessage W WOME toplic

. PXA_INEOL WpnrGasns, LID exit®); // print in coseols
N ) return @; // return to calling fenctisn/threes

MY Semzmmriamne, Mg Tech Campna 80 5224 AL Lacitavwet (he Moo lonn nmc g MY Semmmmrtamare g Teoh Uamza A1 3058 AD Ervitowwn, the Matterisut: e 2

T Ty LT
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