axdiawik ©

DS-012
Pixhawk Autopilot
v6X Standard

Abstract

This document is the formal version e Pix industry standard that includes all
aspects of the hardware standard bu mpatible autopilots.

¢

Revision: 0.3.0
Revision date: Apr 14, 2020




pxd1iriwik

Table of contents

Table of contents

Document Revisions

Contact and Public Developer Call
Trademark Guideline

License and Disclaimer

Flight Management Unit Standards
Interface Standards

FMUv6X Summary
Overview
Detailed Block Diagram
Full FMUv6X Pinout

oo ua u o~ D DA wWw N

Pixhawk Autopilot Standard



pxd1iriwik

Document Revisions
Revision Editor Reviewer Comments
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Contact and Public Developer Call

This standard is being developed on a public developer call.
For further questions, please contact the maintainer of the standard, lorenz@px4.io.

Trademark Guideline

Pixhawk is a registered trademark and is used to mark and protect the consistent use of this
standard. The requirements for this are covered in this document: Trademark Guideline

License and Disclaimer

Copyright (c) 2020, Pixhawk Special Interests Group (SIG). All rights reserved.

Redistribution and use in products, without modification, are permitted provided that the
following conditions are met:

e The trademark shall only be used for compliant products and in combination with a
signed adopter agreement.
Implementations of the standard must be compliant with the full specification.
A royalty-free, non-exclusive license is provided to adopters with a valid adopter
agreement for schematics and drawings based on the standard documentation.

THIS SPECIFICATION IS PROVIDED BY THE COPYRIGHT HOLDERS AND
CONTRIBUTORS “AS IS” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,
BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS
OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND
ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
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Flight Management Unit Standards

e FMUVI No product name (2012, 168 MHz M4)

e FMUv2: Pixhawk 1 (2013, 168 MHz M4)

e FMUV3: Pixhawk 2 (2015, 168 MHz M4, redundant sensors)

e FMUv4: Pixracer (2015, 168 MHz M4)

e FMUv4X: Pixhawk 3 Pro (2017, 168 MHz M4, redundant sensors)

e FMUVS: Pixhawk 4 (2018, 200 MHz M7)

e FMUvVSX: Pixhawk 5X (2019, 200 MHz M7, temp-calibrated, redund. sensors)
e FMUvVE: Pixhawk 6 (2019, 400-600 MHz H7)

e FMUV6GX: Pixhawk 6X (2020, 400-600 MHz H7, calibrated, redund. sensors)

Interface Standards

e OBSOLETE: Pixhawk connector standards v1 (2011-2015)
o Connector: Hirose DF13
o Pinout: Obsolete
e Pixhawk connector standards v2 (2015-)
o Connector: JST GH
o Pinout: Pixhawk connector pinout
e Pixhawk Autopilot Bus (PAB)
o Connector: 100-pos Hirose DF40
o Connector: 50-pos Hirose DF40

Pixhawk Autopilot Form Factor

This processor pinout has to be used in conjunction with the Pixhawk Autopilot Bus
Standard.

Pixhawk Autopilot Standard 5
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FMUv6X Summary

Overview
@« oY
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NOTE: FMUv6X has the same architecture as v5X, but is based on STM32H7.

Detailed Block Diagram

UNDER DRAFT

The FMUv6X generation brings the proven features from FMUvV6 to a hardened form factor.

e Secure element for secure authentication of the drone (SEO50, 12C4)

e Ethernetinterface for high-speed mission computer integration

e Three redundancy domains: Completely isolated sensor domains with separate buses
and separate power control.
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Redundant sensors on separate buses, allowing continuous operation while losing a
complete redundancy domain.

IMUT (XXXXXXXX, TBD) (SPI14, redundancy domain #1, vibration isolated)
Invensense ICM-XXXXX (TBD) (SPI1, redundancy domain #2)

IMU3 (XXXXXXXX, TBD) (SPI5, redundancy domain #3, vibration isolated)
Bosch BMM150 compass (12C4, redundancy domain #1, vibration isolated)
Bosch BMP388 pressure sensor (12C4, redundancy domain #1)

GPS external mag + baro #1 (12C1, redundancy domain #2)

GPS external mag + baro #2 (12C2, redundancy domain #3)

High accuracy barbed baro (12C1, redundancy domain #2)

Calibration EEPROM for baseboard sensors (12C1)

o On-IMU calibration EEPROM memory for high-accuracy sensors (12C4)
Automated sensor calibration eliminating varying signals and temperature
Operating temperature -40 to +85°C
FRAM memory for configuration data (SPI2)

Extensive power monitoring

o Two smart batteries on SMBus or more on UAVCAN

o 5V rail monitoring

o 3.3V rail monitoring for CPU

o 3.3V rail monitoring for each sensor domain
External sensor bus (SPI5)

Temperature calibration: Every board is calibrated for temperature from -25 to +85
degrees

Redundant power supply: The autopilot can be powered from up to three power
sources and every sensor set is powered by an independent LDO with independent
power control

Battery-backed real time clock for running security applications without GPS
coverage

For NFC one external I2C port needs to have an additional GPIO line and 5V to
supply the external NFC reader.

0 O O o O O o o o
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Full FMUv6X Pinout
The official pinout is covered in this pinout sheet.
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ETH_REF_CLK
ETH_MDIO

ETH_REF_CLK
ETH_MDIO

ETH_CRS_DV ETH_CRS_DV
I2C3_SCL I2C3_SCL_BASE_MS5611_BARBED_EXTERNAL1
USB_OTG_FS_VBUS VBUS
TIM1_CH3 SPI2_DRDY2_ISM330_INT2
USB_OTG_FS_DM USB_D_N
USB_OTG_FS_DP USB_D_P
SWDIO FMU_SWDIO
SWCLK FMU_SWCLK
PA15 SPI6_nCS2_EXTERNALT

I2C1_SCL I2C1_SCL_BASE_GPS1_MAG_LED_PM1
I2C1_SDA I2C1_SDA_BASE_GPS1_MAG_LED_PM1
TIM2_CH3 HEATER

ETH_TX_EN ETH_TX_EN

PCo
ETH_MDC

NFC_GPIO
ETH_MDC

I
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=

ETH_RXDO ETH_RXD®O
ETH_RXD1 ETH_RXD1
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PC 8 UART5_RTS UART5_RTS_TELEM2
PC 9 UART5_CTS UART5_CTS_TELEM2

PC 16 SPI3LSCK S SPI3.SCK.SENSOR3.BMIGSS
PC 11 SPI3LNISO S SPI3_NISOSENSOR3.BMTeSS
PC 12 UART5_TX UART5_TX_TELEM2

PC 13 PC13 VDD_3V3_SD_CARD_EN

PC 14 0SC32_IN 32KHZ_IN

PC 15 0SC32_0UT 32KHZ_OUT

-
o
[e>)

v
v
s
s
v
G
X
X
.
1 c
PO 2 UART5_RX v UARTS_RX_TELEM2
PO 3 USARTZCTS U USART2.CTSTELEMS
PO 4 USARTZLRTS U USART2.RTSTELEW
PO S USARTZTX U USARTZTXTELEMS
PO 6 SDMMC2CK s soWMe2CK
mo7 Moo o owaop
PO B USARTSTX U USART3.TXDEBUG
PO 9 USARTSRX U USART3RXDEBUS
PD 10 PD10 G FMU_nSAFETY_SWITCH_LED_OUT
PD 11 PD11 G SPI6_DRDY1_EXTERNALT
PD 12 PD12 G SPI6_DRDY2_EXTERNALT
PD 13 TIM4_CH2 T FMU_CHS5
PD 14 TIMA_CH3 T FMU_CH6
PD 15 PD15 G PD15(PH11)
PE @  UARTS_RX v UART8_RX_GPS2
PE 1 UARTBTX v UART8_TX_GPS2
PE 2 PE2 D TRACECLK
PE 3 PE3 G NLED_RED
PE 4 PE4 G nLED_GREEN
PE 5 PE5 G nLED_BLUE
PE 6 PE6 G NARMED
PE 7 PE7 G VDD_3V3_SENSORS3_EN
PE 8  UART7_TX v UART7_TX_TELEM
PE 9  TIMI_CHI v SPIX_SYNC
PE 18 UART7_CTS v UART7_CTS_TELEM
PE 11 TIMI_CH2 T FMU_CAP1
PE 12 s
PE 13 s
= s
PE 15 PE15 G VDD_5V_PERIPH_nOC
PF© 12C2_SDA 1 12C2_SDA_BASE_GPS2_MAG_LED_PM2
PF 1 12C2_SCL I I12C2_SCL_BASE_GPS2_MAG_LED_PM2
PF 2 PF2 G SPI1_DRDY1_ICM20602
PF 3 PF3 G SPI4_DRDY1_BMM150_DRDY
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PF4
PF5
UART7_RX
SPI5_SCK
UART7_RTS
TIM14_CH1
PF10
SPI5_MOSI
ADC1_INP6
PF13
12C4_SCL
I2C4_SDA
PGO
PG1
PG2
PG3
PG4
PG5
PG6
PG7
PG8
SPI1_MISO
PG10
SDMMC2_D2
ETH_TXD1
ETH_TXD@
SPI6_MOSI
PG15
0SC_IN
0SC_OUT
PH2
ADC3_INP14
ADC3_INP15
PH5
TIM12_CH1
SPI5_MISO
I2C3_SDA
TIM12_CH2
TIM5_CHT
TIM5_CH2
TIM5_CH3
UART4_TX
UART4_RX
PH15
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VDD_3V3_SENSORS2_EN
FMU_SAFETY_SWITCH_IN
UART7 _RX_TELEM1
SPI5_SCK_FRAM
UART7 _RTS_TELEM1
BUZZER_1
SPI6_nRESET_EXTERNAL1
SPI5_MOSI_FRAM
SCALED_VDD_3V3_SENSORS4
VDD_5V_HIPOWER_nOC
I2C4_SCL_FMU
I2C4_SDA_FMU
HW_VER_REV_DRIVE
NPOWER_IN_A
nPOWER_IN_B
nPOWER_IN_C
VDD_5V_PERIPH_nEN
I2C4_DRDY1_BMP388
PG6
SPI5_nCS1_FRAM
VDD_3V3_SENSORS4_EN
SPI1_MISO_SENSOR1_ICM20602
VDD_5V_HIPOWER_nEN
SDMMC2_D2
ETH_TXD1
ETH_TXD®O
SPI6_MOSI_EXTERNALT
ETH_POWER_EN
16_MHZ_IN
16_MHZ_OUT
VDD_3V3_SPEKTRUM_POWER_EN
HW_VER_SENSE
HW_REV_SENSE
SPI2_nCS1_ISM330
FMU_CH7
SPI5_MISO_FRAM
I2C3_SDA_BASE_MS5611_BARBED_EXTERNAL1
FMU_CH8
FMU_CH4
FMU_CH3
FMU_CH2
UART4_TX
UART4_RX
SPI4_nCS1_BMM150
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FMU_CH1

B8 TiMs_cha

SPI3_nCS1_BMI@88_ACCEL
FMU_PPM_INPUT
SPI3_DRDY1_BMI@88_INT1_ACCEL
SPI3_DRDY2_BMIG88_INT3_GYRO
SPI3_nCS2_BMIB88_GYRO
SPI1_nCS1_ICM26602
SPI6_nCS1_EXTERNALT
VDD_3V3_SENSORS1_EN

frzfa] P14

[PL5  TIMB_CHI_IN
PI 6 PI6
EEa P17
P8 P18
L9 | PI9
PT 1e PIT0

T
s
s
s
G
T
G
G
G
G
G
[ T
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