Ptiloha 1 — Nastaveni fidici jednotky v programu QGroundControl

1. Vybér firmware PX4 Pro

°
% Back < go Vehicle Setup

Firmware Setu p Firmware Setup Cancel “

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

Flight Stack

QO PX4 Pro Stable Release v1.11.3

@ ArduPilot

=== . Advanced settings




2. Instalace firmware PX4 Pro
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summary Firmware Setup

Firmware
- QGroundControl can upgrade the firmware on Pixhawk devices,SiK Radios and PX4 Flow Smart Cameras.

All QGroundControl connections to vehicles must be prior to firmware upgrade.

via USB to firmware upgrade.
: Hex/ProfiCNC
Connected to bootloader:
Version: 5
Board ID: 255
Flash size: 2080768
Downloading firmware...
From: http://px4-travis.s3.amazonaws.com/Firmware/stable/px4_fmu-v3_default.px4
Download complete
MAV_AUTOPILOT = 12
Successfully decompressed parameter _xml
Successfully decompressed airframe_xml
Successfully decompressed image
Erasing previous program...
Erase complete
Programming new version...
Program complete
Verifying program...
Verify complete
Rebooting board
Upgrade complete




3. Vybér modelu letounu — Generic Quad Delta VTOL

Koncept letounu je Quad-plane (4 vertikélni motory + 1 tlaény motor). Vybér konkrétniho modelu je Generic Quad Delta VTOL, ktery spadéa do
kategorie Standard VTOL. Konfigurace zapojeni motorti do nasledujicich vystupi fidici jednotky:

MAIN 1: motor 1 MAIN 2: motor 2 MAIN 3: motor 3 MAIN 4: motor 4

AUX 1: pravy elevon AUX 2: levy elevon  AUX 3: tlaény motor
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Summary Quadrotor + Quadrotor H Quadrotor Wide Quadrotor asymmetric Quadrotor x

i o L]
Firmware [}
.
e o
Sensors ° °

Radio Generic 10" Quad + geometry ~ Reaper 500 Quad v Team Blacksheep Discovery v Spedix S250AQ v Generic Quadcopter v

Flight Modes Rover Simulation (Copter) Simulation (Plane) Standard Plane Standard VTOL

C I
Power 0
.y ) [
Motors
I
Safety

PID Tuning Generic Ground Vehicle v HIL Quadcopter X O HILStar (XPlane) v Standard Plane v Generic quad delta VTOL v

Tilt-Quad Tricopter Y+ Tricopter Y- Underwater Robot VTOL Duo Tailsitter

Camera

Parameters i \ / i T o
I l I

Tilt-Quadrotor - Generic Tricopter Y+ Geometry Generic Tricopter Y- Geometry Generic Underwater Robot - Caipiroshka Duo Tailsitter




4. Kalibrace kompasu

Kalibrace kompasu se provadi z diivodu zajisténi spravné orientace letounu ve vzduchu v pribéhu 1étani. Kalibraci se doporucuje provadét pired
kazdym letem v rtiznych lokalitach. Jedna se o provedeni riiznych otacek s fidici jednotkou v horizontalni a vertikalni ose a potvrzeni kalibrace.
Pted kalibraci je diilezité nastavit orientaci fidici jednotky v letounu.
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Sensors Setup

Sensors Setup is used to calibrate the sensors within your vehicle.

Summary

Firmware Compass

Airframe Gyroscope Rotate the vehicle continuously as shown in the diagram until marked as Completed
Accelerometer

((o)) Sensors

Level Horizon
Radio
Cancel

Flight Modes

Orientations
Power
Motors
Safety Completed Completed
Tuning

Camera

Parameters

Incomplete Incomplete Incomplete




5. Kalibrace gyroskopu

Gyroskopové snimace méti zmeény thlu polohy fidici jednotky. Béhem kalibrace gyroskopu nemusi byt fidici jednotka na vodorovném podkladu,
nesmi se vSak pfi kalibraci pohnout.
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Sensors Setup

Sensors Setup is used to calibrate the sensors within your vehicle.

Summary

Firmware Compass

Airframe Gyroscope Calibration complete

Accelerometer
((o)) Sensors

Level Horizon
Radio
Airspeed

Flight Modes
Cancel

Power Orientations

Motors

. Completed
Tuning

Camera

Parameters




6. Kalibrace akcelerometru

Akcelerometr méfi pohybovou akceleraci — zrychleni (m/s2) ve tfech osach. Kalibrace akcelerometru se provadi pied prvnim pouzitim nebo pii
zméné letové orientace fidici jednotky v letounu. Béhem kalibrace akcelerometru musi fidici jednotka stat na vodorovném podkladu.
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Sensors Setup

Sensors Setup is used to calibrate the sensors within your vehicle.

Summary

Firmware Compass

Airframe Gyroscope Calibration complete

Accelerometer
((o)) Sensors

Level Horizon
Radio
Airspeed

Flight Modes
Cancel

Power Orientations
Motors

Safety Completed Completed
Tuning

Camera

Parameters

Completed Completed Completed




7. Kalibrace Level Horizont

Pomoci funkce Level Horizon Calibration lze kompenzovat malé chybné zarovnani v orientaci fidici jednotky a vyrovnat horizont v letovém
pohledu QGroundControl (modra nahote a zelena dole).
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Sensors Setup

Sensors Setup is used to calibrate the sensors within your vehicle.

Summary

Firmware Compass

Start the individual calibration steps by clicking one of the buttons to the left.
[cal] calibration started: 2 level
[cal] calibration done: level

Airframe Gyroscope
Accelerometer
((o)) Sensors

Level Horizon
Radio
Cancel

Flight Modes . .
Orientations

Power

Motors

Safety

Tuning

Camera

Parameters




8. Mapovani ovladani rddiovych funkci (Roll, Pitch, Yaw, Plyn, Pfepinace)

Radio Setup se pouziva ke konfiguraci mapovani hlavnich ovladacich prvki poloh dalkového ovladace (otaceni, stoupani, vyboceni, Skrtici klapka)
na kanaly a ke kalibraci nastaveni minima, maxima, trimu a zpétného chodu pro vSechny ostatni ovladaci prvky RC vysilace.
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summary  Radio Setup

Radio Setup is used to calibrate your transmitter. It also assign channels for Roll, Pitch, Yaw and Throttle vehicle control as well as determining whether they are reversed.

Firmware Attitude Controls OMode 1 @ Mode 2
Roll

Airframe Pitch

Sensors Yaw

Throttle

m Radio

Skip Cancel m
Flight Modes

All settings have been captured. Click Next to write the new parameters to your board.

P Channel Monitor
ower Additional Radio setup: 1 °

Motors Flaps channel AUX1 Passthrough RC channel [ ]

3
5
7

AUX2 Passthrough RC channel PARAM1 tuning channel
Safety

PARAM?2 tuning channel PARAM3 tuning channel

Tuning
Spektrum Bind Copy Trims

Camera

Parameters




9. Letové mody

V nastaveni letovych modi se mapuji ptipravené piepinace ¢i spinace RC vysilace na specifické funkce. Konkrétné byl zvolen kanal 5 ptifazeny
k dvou pozi¢nimu piepinaci pro ovladani zptisobu letu (multicopter/fixed wing), kanal 6 k prepinaci letovych modua (Stabilized/Acro) a kanal 7
k pfepinaci pro armovani motort.
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summary  Flight Modes Setup
Flight Modes Setup is used to configure the transmitter switches associated with Flight Modes.

Firmware Flight Mode Settings Switch Settings

Mode Channel | C Acro switch channel Arm switch channel
Airframe
Flight Mode 1 Landing gear switch channel Emergency Kill switch channel

Sensors X
Flight Mode 2 Loiter switch channel Offboard switch channel

Radio Flight Mode 3 i Position Control switch channel Unassigned v | Rattitude switch channel Unassigned

Flight Mode 4 i ili i i
rUU Flight Modes Return switch channel Stabilize switch channel mapping

Flight Mode 5 VTOL transition switch channel mapping

Power ligh d
Flight Mode 6 Channel Monitor

Motors 1 [

3
5
7

Safety
Tuning Use Multi Channel Mode Selection

Camera

Parameters




10. Nastaveni napajeni

Power Setup slouzi pro ulozeni hodnot akumulatorové baterie, kterd zajist'uje napajeni letounu. Nastavuje se zdroj napajeni (v dané konfiguraci
skrz Power Module), pocet ¢lankl baterie, hodnota podbiti a nabiti ¢lankt. Cilem nastaveni nap4jeni je poskytnout odhad zbyvajiciho procenta
kapacity baterie. Power setup nasledné¢ umoziiuje kalibraci regulatori otacek motori skrz pozemni stanici. Kalibraci reguldtorti 1ze provést i za
pomoci RC vysilace.
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S ETY Power Setup
Power Setup is used to setup battery parameters as well as advanced settings for propellers.

Firmware Battery

. Source Power Module «
Airframe

Number of Cells (in Series)

Battery Max: 16.8 V

Sensors Empty Voltage (per cell) 3.50 % Battery Min: 14.0 V
4.20 \

Radio ull Voltage (per cell)
Voltage divider 12.06373024 Calculate

Flight Modes If the battery voltage reported by the vehicle is largely different than the voltage read externally using a
voltmeter you can adjust the voltage multiplier value to correct this. Click the Calculate button for help with
calculating a new value.

Power Amps per volt 15.39103031 Calculate

If the current draw reported by the vehicle is largely different than the current read externally using a current
Motors meter you can adjust the amps per volt value to correct this. Click the Calculate button for help with
calculating a new value.

[l Show Advanced Settings
Safety

ESC PWM Minimum and Maximum Calibration
Tuning

You must use USB connection for this operation.
Camera
Calibrate
Parameters
2 show UAVCAN Settings

UAVCAN Bus Configuration

Sensors Automatic ConfigChange required restart

UAVCAN Motor Index and Direction Assianment




11. Testovani motora

Po nastaveni a konfiguraci draku je dulezité ovéteni pfifazeni motorti, smér otdceni motort a reakci servomotorii. Pfed testovanim motort je
dilezit¢ zmacknout bezpecnostni tlacitko ptipojené k fidici jednotce ¢i na GPS, jinak nelze testovani provést. Pfi testovani by mély byt
odmontovany vrtule z divodu bezpec¢nosti.

[
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STy Motors Setup
Motors Setup is used to manually test motor control and direction.

Firmware
Airframe
Sensors
Radio

Flight Modes

Moving the sliders will causes the motors to spin. Make sure
Power you remove all props.

|

Safety

Tuning

Camera

Parameters




12. Bezpecnostni nastaveni

PX4 obsahuje fadu bezpecnostnich prvkil pro ochranu a zotaveni letounu. Failsafe umoznuje specifikovat oblasti a podminky, za kterych lze
s letounem bezpecné 1état, a akci, kterd ma byt provedena, pokud dojde k aktivaci Failsafe (naptiklad pfistani, pozice drzeni nebo navrat do
uréené¢ho bodu). Zabezpeceni pti selhani baterie se aktivuje, pokud kapacita baterie klesne pod jednu (nebo vice varovnych) hodnot trovng.
Hodnoty baterie jsou nastaveny pro varovani pii 15 %, navrat na pozici pii 7 % a k okamzitému pfistani pii 5 % kapacity baterie. Nasleduje
nastaveni bezpecnostniho prvku pii ztraté signalu vysilace ¢i datového spojeni.

°
% Back < %o Vehicle Setup

Safety Setup

Summary
Low Battery Failsafe Trigger

Airframe
D Battery Warn Level:
Sensors Battery Failsafe Level:

Battery Emergency Level:

Firmware

Radio

Object Detection
Flight Modes

Power Collision Prevention: Disabled

Obstacle Avoidance:
Motors

ﬁ Safety

Tuning

Minimum Distance: (m)
RC Loss Failsafe Trigger

Failsafe Action: Return mode

Camera rJA

RC Loss Timeout: .5
Parameters

Data Link Loss Failsafe Trigger

Failsafe Action: Disabled

)

Data Link Loss Timeout:




13. Tuning

Tuning Setup slouzi k ladéni citlivosti letovych charakteristik letounu. Jedna se pfedevsim o nastaveni hodnoty plynu pfi vznaSeni, citlivost
hodnot Pitch a Roll.
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Tuning Setup

Tuning Setup is used to tune the flight characteristics of the Vehicle.

Summary

Firmware o
Plane Roll sensitivity

Airframe .
0.2 0.4
Slide to the left to make roll control faster and more accurate. Slide to the right if roll oscillates or is too twitchy.

Sensors

Radio Plane Pitch sensitivity

Jp0 ° 00000 00000000000 0.
Slide to the left to make pitch control faster and more accurate. Slide to the right if pitch oscillates or is too twitchy.

Flight Modes

Power

Motors Plane Cruise throttle

Safety Zb
This is the throttle setting required to achieve the desired cruise speed. Most planes need 50-60%.
?$+ Tuning

Camera

Hover Throttle
20 "50
Adjust throttle so hover is at mid-throttle. Slide to the left if hover is lower than throttle center. Slide to the right if hover is higher than throttle center.

Parameters

Hover manual minimum throttle

Slide to the left to start the motors with less idle power. Slide to the right if descending in manual flight becomes unstable.




14. Nastaven¢ parametry

Naésledné jsou vypsany vSechny modifikované parametry systému. Nékteré parametry jsou nastaveny manudlné, jiné se modifikuji automaticky
napiiklad pfi kalibraci senzoru. Automaticky nastavené parametry se dale modifikuji dle potfeby chovani systému. V prvni ¢asti se jednd o
parametry baterie (pocet ¢lankt, plné nabiti, hodnota proudu na volt) a nastavené hodnoty os akcelerometru.
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Search: _ Clear | ¥ Show modified only

BAT1_A_PER_V

Summary

Battery 1 current per volt (A/V)
Firmware

Airframe

BAT1_N_CELLS
BAT1_V_CHARGED

BAT1_V_DIV

Number of cells for battery 1
Full cell voltage (5C load)

Battery 1 voltage divider (V divider)

Sensors

BAT_A_PER_V This parameter is deprecated. Please use BAT1_A_PER_V

Radio BAT_N_CELLS This parameter is deprecated. Please use BAT1_N_CELLS instead

BAT_V_CHARGED This parameter is deprecated. Please use BAT1_V_CHARGED instead

Flight Modes

BAT_V_DIV This parameter is deprecated. Please use BAT1_V_DIV

Power CAL_ACCO_ID ID of the Accelerometer that the calibration is for

CAL_ACCO_XOFF Accelerometer X-axis offset

Motors

CAL_ACCO_XSCALE Accelerometer X-axis scaling factor

Safety CAL_ACCO_YOFF Accelerometer Y-axis offset

CAL_ACCO_YSCALE Accelerometer Y-axis scaling factor

Tuning

CAL_ACCO_ZOFF Accelerometer Z-axis offset

Camera CAL_ACCO_ZSCALE

CAL_ACC1_ID
% Parameters
CAL_ACC1_XOFF

CAL_ACC1_XSCALE

Accelerometer Z-axis scaling factor

ID of the Accelerometer that the calibration is for
Accelerometer X-axis offset

Accelerometer X-axis scaling factor
CAL_ACC1_YOFF Accelerometer Y-axis offset
CAL_ACC1_YSCALE

Accelerometer Y-axis scaling factor

CAL_ACC1_ZOFF Accelerometer Z-axis offset




Nastavené hodnoty os akcelerometru a gyroskopu.
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Summary Search: _ Clear Show modified only

CAL_ACC1_ZSCALE Accelerometer Z-axis scaling factor

Firmware
CAL_ACC2_ID ID of the Accelerometer that the calibration is for

Airframe CAL_ACC2_XOFF Accelerometer X-axis offset

CAL_ACC2_XSCALE Accelerometer X-axis scaling factor

Sensors
CAL_ACC2_YOFF Accelerometer Y-axis offset

Radio CAL_ACC2_YSCALE Accelerometer Y-axis scaling factor

X CAL_ACC2_ZOFF Accelerometer Z-axis offset
Flight Modes

CAL_ACC2_ZSCALE Accelerometer Z-axis scaling factor

Power CAL_GYROO_ID ID of the Gyro that the calibration is for

Motors
Safety
Tuning

Camera

CAL_GYROO_XOFF
CAL_GYROO_YOFF
CAL_GYROO_ZOFF
CAL_GYRO1_ID

CAL_GYRO1_XOFF
CAL_GYRO1_YOFF
CAL_GYRO1_ZOFF
CAL_GYRO2_ID

CAL_GYRO2_XOFF
CAL_GYRO2_YOFF
CAL_GYRO2_ZOFF

CAL MAGO ID

Gyro X-axis offset
Gyro Y-axis offset

Gyro Z-axis offset

ID of the Gyro that the calibration is for

Gyro X-axis offset
Gyro Y-axis offset

Gyro Z-axis offset

ID of the Gyro that the calibration is for

Gyro X-axis offset
Gyro Y-axis offset

Gyro Z-axis offset

ID of Maanetometer the calibration is for
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Summary
Firmware
Airframe
Sensors
Radio

Flight Modes
Power
Motors
Safety
Tuning

Camera

CAL_MAGO_XOFF
CAL_MAGO_XSCALE
CAL_MAGO_YOFF
CAL_MAGO_YSCALE
CAL_MAGO_ZOFF
CAL_MAGO_ZSCALE
CAL_MAG1_ID
CAL_MAG1_ROT
COM_ARM_MAG_ANG
COM_FLIGHT_UUID
COM_FLTMODE1
COM_FLTMODE6
COM_RC_STICK_OV
EKF2_MAG_DECL
EKF2_OF_DELAY
FW_ARSP_MODE
HTE_HT_NOISE
IMU_DGYRO_CUTOFF
IMU_GYRO_RATEMAX
LNDFW_AIRSPD_MAX

LND_FLIGHT_T_LO

Nastavené hodnoty os magnetometru, zvoleni letovych médu, zakazani métice rychlosti (neni soucasti).

Magnetometer X-axis offset

Magnetometer X-axis scaling factor
Magnetometer Y-axis offset

Magnetometer Y-axis scaling factor
Magnetometer Z-axis offset

Magnetometer Z-axis scaling factor

ID of Magnetometer the calibration is for
Rotation of magnetometer 1 relative to airframe
Maximum magnetic field inconsistency between units that will allow arming Set -1 to disable the check
Next flight UUID

First flightmode slot (1000-1160)

Sixth flightmode slot (1800-2000)

RC stick override threshold

Magnetic declination

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

Airspeed mode

Hover thrust process noise

Cutoff frequency for angular acceleration (D-Term filter)
Gyro control data maximum publication rate

Airspeed max

Total flight time in microseconds




Nastaveni namapovanych hodnot RC vysilace (pocet kanalli, hodnoty signalu jednotlivych kanali), kanal 7 je pro odjisténi motort, kanal 6

pro letové mody, kanaly 14 pro ovladani, kandl 5 pro zpisob letu.
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Summary
Firmware
Airframe
Sensors
Radio

Flight Modes
Power
Motors
Safety
Tuning

Camera

Search: _ Clear Show modified only

NAV_ACC_RAD
PWM_AUX_DIS3
RCI_MIN

RC1_TRIM
RC2_TRIM
RC4_MAX
RC4_TRIM
RC5_MAX

RC6_MAX

RC7_MAX
RC_CHAN_CNT
RC_MAP_ARM_SW
RC_MAP_FLTMODE
RC_MAP_PITCH
RC_MAP_ROLL
RC_MAP_THROTTLE
RC_MAP_TRANS_SW
RC_MAP_YAW
RTL_CONE_ANG
RTL_LAND_DELAY

RTL_MIN_DIST

Acceptance Radius

Set the disarmed PWM for the auxiliary 3 output
RC channel 1 minimum

RC channel 1 trim

RC channel 2 trim

RC channel 4 maximum

RC channel 4 trim

RC channel 5 maximum

RC channel 6 maximum

RC channel 7 maximum

RC channel count

Arm switch channel

Single channel flight mode selection

Pitch control channel mapping

Roll control channel mapping

Throttle control channel mapping

VTOL transition switch channel mapping
Yaw control channel mapping

Half-angle of the return mode altitude cone
Return mode delay

Horizontal radius from return point within which special rules for return mode apply




Nastaveni chovani v médu return, nastaveni indexu daného skriptu pro VTOL, automaticka konfigurace UAVCAN. Nasleduje pocet motora,
které se maji vypnout pfi fixed wing mddu, hodnota plynu pro pfechod do fixed wing médu. Pocet motorti, které maji byt pouzity pii vzletu a
nastaveni typu VTOL konstrukce.
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Summary Search: _ Clear Show modified only

RC_MAP_PITCH Pitch control channel mapping

Fi
Irmware RC_MAP_ROLL Roll control channel mapping

Airframe RC_MAP_THROTTLE Throttle control channel mapping

RC_MAP_TRANS_SW VTOL transition switch channel mapping

Sensors
RC_MAP_YAW Yaw control channel mapping

Radio RTL_CONE_ANG Half-angle of the return mode altitude cone

RTL_LAND_DELAY Return mode delay

Flight Modes
‘9 RTL_MIN_DIST Horizontal radius from return point within which special rules for return mode apply

Power RTL_TYPE Return type

SENS_BOARD_X_OFF Board rotation X (Roll) offset

Motors
SENS_BOARD_Y_OFF Board rotation Y (Pitch) offset

Safety SENS_EN_THERMAL Thermal control of sensor temperature

SYS_AUTOSTART Auto-start script index

Tunin
9 SYS_RESTART_TYPE Set restart type
Camera UAVCAN_ENABLE UAVCAN mode

VT_FW_MOT_OFFID The channel number of motors that must be turned off in fixed wing mode

% Parameters . . . . T . .
VT_F_TRANS_THR Target throttle value for the transition to fixed wing flight. standard vtol: pusher tailsitter, tiltrotor: main throttle
VT_IDLE_PWM_MC Idle speed of VTOL when in multicopter mode
VT_MOT_ID The channel number of motors which provide lift during hover
VT_TYPE VTOL Type (Tailsitter=0, Tiltrotor=1, Standard=2)

WV_EN Enable weathervane




Po nastaveni fidici jednotky je nezbytné zkontrolovat stav vSech senzord, pfijimace a baterie. Pokud jsou vSechny hodnoty ve stavu Normal,
fidici jednotka po stisknuti bezpecnostniho tlacitka umisténého na letounu umozni ptechod do stavu Pre-Arm. Jednd se o mezistupen, kdy je
povoleno ovladani bezpecnych ¢asti letounu, jako naptiklad servomotory ovladajici velka kiidélka.

Arm

Sensor Status
Pre-Arm Check Error
Gyro Normal
Accelerometer Normal
Magnetometer Normal
Absolute pressure Normal
GPS Normal
RC receiver Normal
AHRS Normal
Battery Normal
Gyro 2 Disabled
Accelerometer 2 Disabled
Magnetometer 2 Disabled




Pted spusténim motort je provadén Pre-Flight Checklist, ktery je z ¢asti realizovan automaticky fidici jednotkou (funkce senzorti, GPS). Nékteré
kontroly musi provést sdm uzivatel a nasledné je potvrdit.

-
Pre-Flight Checklist

In Progress
VTOL Initial Checks

Hardware: Props mounted? Wings
secured? Tail secured?

Battery: Battery connector firmly
plugged?

Sensors: Failure. GPS issues. Check
console.

GPS: Passed

Radio Control: Receiving signal. Perform
range test & confirm.

Please arm the vehicle here

Last preparations before launch
L




V posledni fazi predletové kontroly se fidici jednotka pta na dopliujici informace o pocasi ¢i misté letu.

=
Pre-Flight Checklist

In Progress

VTOL Initial Checks

Please arm the vehicle here (passed)

Last preparations before launch
Payload: Configured and started?
Payload lid closed?

Wind & weather: OK for your platform?
Lauching into the wind?

Flight area: Launch area and path free of
obstacles/people?




Pokud nejsou vSechny hodnoty zkontrolovany a nejsou ve stavu ,,Passed®, fidici jednotka nedovoli spusténi motord. Nasledné je mozné
odpojit fidici jednotku od pozemni stanice a odjisténim spustit motory. Po odjisténi motoru lze piejit k samotnému letu.

rPre—FIight Checklist

In Progress

VTOL Initial Checks (passed)
Hardware: Passed
Battery: Passed
Sensors: Passed

GPS: Passed

Radio Control: Passed

Please arm the vehicle here (passed)

Actuators: Passed
Motors: Passed
Mission: Passed

Sound output: Passed

Last preparations before launch (passed)




