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User manual

Getting started with X-LINUX-GNSS1 package for developing GNSS applications
on Linux OS

Introduction

X-LINUX-GNSS1 is an STM32 MPU OpenSTLinux software expansion package that runs on the Arm Cortex®-A7-based core of
the STM32MP1 and STM32MP2 microprocessor on the STM32MP157F-DK2 and STM32MP257F-EV1 discovery kit to
demonstrate GNSS-based applications.

X-LINUX-GNSS1 includes user space application (app) and Yocto recipe (meta) for the Teseo-LIV3FL/Teseo-LIV4F based X-
STM32MP-GNSSx boards.

The software contains various application modules to retrieve the NMEA GNSS data and upload it to DSH-ASSETRACKING.
It also contains the user space application for NMEA protocol support and POSIX thread for task scheduling.

It also has a separate application for RTK (Real Time Kinematics Library and corresponding QT Application) using GNSS and
RTCM3 Messages.

Package also contains EKF (Extended Kalman Filter) application which fuses IMU data + GPS data using EKF to improve
accuracy.

The source code can be ported to any Linux platform using X-STM32MP-GNSSx boards.
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For further information contact your local STMicroelectronics sales office.
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https://www.st.com/en/product/stm32-mpu-openstlinux-expansion-packages?ecmp=tt9470_gl_link_feb2019&rt=um&id=UM2909
https://www.st.com/en/microcontrollers-microprocessors/stm32mp1-series.html
https://www.st.com/en/microcontrollers-microprocessors/stm32mp2-series.html
https://www.st.com/en/product/stm32mp157f-dk2?ecmp=tt9470_gl_link_feb2019&rt=um&id=UM2909
https://www.st.com/en/product/stm32mp257f-ev1?ecmp=tt9470_gl_link_feb2019&rt=um&id=UM2909
https://www.st.com/en/product/x-linux-gnss1?ecmp=tt9470_gl_link_feb2019&rt=um&id=UM2909
https://dsh-assetracking.st.com/
https://github.com/tomojitakasu/RTKLIB
https://github.com/Francklin2/RTKLIB_Touchscreen_GUI/
https://www.rtcm.org/about-rtcm
https://github.com/balamuruganky/EKF_IMU_GPS
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1 Glossary

NMEA: National Marine Electronics Association
GNSS: Global navigation satellite system
RTCM: The Radio Technical Commission for Maritime Services
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2 X-LINUX-GNSS1 overview

The X-LINUX-GNSS1 software provides a user space application running on STM32MP257F-EV1 and
STM32MP157F-DK2 for the X-STM32MP-GNSS1 expansion board based on the Teseo-LIV3FL tiny global
navigation satellite system (GNSS) module and for the X-STM32MP-GNSS2 expansion board based on Teseo-
LIVAF tiny GNSS module.

The software package contains the following modules:
. User space applications : x-linux-gnss1-app
. Meta Yocto recipe : meta-st-x-linux-gnss1 (for gnss app and RTK Lib app)

User Applications are meant for Starter Package (see Section 6: References) but can be built with Developer
Package (see Section 6: References) as well.

Meta Yocto Recipes are meant for Distribution Package (see Section 6: References).

Each software module can run independently to acquire the GNSS NMEA data from the X-STM32MP-GNSS1/X-
STM32MP-GNSS2 over UART or I2C.

Figure 1. X-LINUX-GNSS1 user space application architecture
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Figure 2. RTKLib QT application architecture
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The device tree of both X-STM32MP-GNSS1 and X-STM32MP-GNSS2 has been modified to configure UART1
and 12C1 on 40 Pin GPIO Header of the STM32MP257F-EV1 and STM32MP157F-DK2 connector. For UART, the
underlying /dev/ttySTM1 is enabled, whereas /dev/i2c-1 is enabled for I2C to retrieve the Data from the GNSS
module.

Data from MEMS (ISM330DHCX, 11S2MDC) and Environmental (ILPS22QS) Sensors are fetched from the
corresponding Linux Kernel Drivers

The X-LINUX-GNSS1 software interacts with the lower layer peripheral drivers (I1°C and UART) through the user
space application. It uses termios for UART and file descriptor and Linux Kernel Drivers for reading Sensors data
through 12C.

The software also uses POSIX thread to run two parallel tasks (Consumer Task and Console Task). The
Consumer Task acquires the NMEA data, parse them and populates the NMEA data structure. The Console Task
reads the input from the user application and provides the information from the populated NMEA data structure,
such as position, speed, elevation, etc., based on the provided inputs.
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Figure 3. X-STM32MP-GNSS1 40 pin hardware connections with STM32MP157F-DK2 board
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Figure 5. X-STM32MP-GNSS2 40 pin hardware connections with STM32MP257F-EV1 board
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2.1 Features

. Standalone applications to read the NMEA data over UART and I2C
. Example RTK Lib and QT Application based on RTCM3 (X-STM32MP-GNSS1) Messages

. Complete software to build applications on Linux using X-STM32MP-GNSS1/X-STM32MP-GNSS2 board
connected to 40 pin header of STM32MP257F-EV1 and STM32MP157F-DK2 board

. Middleware for the NMEA protocol

. POSIX thread task scheduling to ensure better asynchronous message parsing

. Easy portability across different Linux platforms

. Application example to retrieve and parse GNSS data and send them to DSH-ASSETRACKING for live
tracking

. Python example to read the NMEA data over UART
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2.2 Architecture

The software package runs on the ARM Cortex-A7 core of the STM32MP157F-DK2 and Arm Cortex-A35 of the

STM32MP257F-EV1. The X-LINUX-GNSS1 interacts with the lower layers interfaces - [2C and USART exposed
by the Linux software framework.

Figure 6. X-LINUX-GNSS1 application architecture in Linux environment
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2.3 Software package structure

The X-LINUX-GNSS1 release package contains Linux user space application C examples, Python example, the
device tree and a Yocto layer recipe.

Any application can be run independently in the Application folder to retrieve the GNSS NMEA data.

Figure 7. X-LINUX-GNSS1 package Structure
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Figure 8. X-LINUX-GNSS Yocto Recipe Structure

Yocto Recipe for GNSS application
(contains patches and Application sources)

meta-st-x-linux-gnss1

L

meta-st-x-linux-gnss1 Yocto Recipe for RTK Lib and QT application

Layers
meta-st-x-linux-gnss1-rtklib — (contains patches)

Figure 9. X-LINUX-GNSS User Space Application Structure
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2.31 gnss_i2c, gnss_uart, gnss_x_linux

This application accesses the GPS data over UART (/dev/ttySTM2) and I2C (/dev/i2c-1) interface. The settings to
enable UART and I2C are provided separately in the device tree file folder.

Through the gnss_x_linux you can upload the data to the cloud (DSH-ASSETRACKING).

2.3.2 RTK Library Application

This application is used to get the RTK Application data using GNSS and RTCM3 messages from X-STM32MP-
GNSS1 board. It has been provided in the form of patch.

To use this RTCM3 messages must be enabled as explained in the Section 5.2.2.1.

2.3.3 Python code application
This application is a sample Python code to read data from UART interface.

Important: You need to install pyserial and pynmea?2 library before using this application.
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3 Hardware setup

Step 1. Set the X-STM32MP-GNSS1 and X-STM32MP-GNSS2 jumpers as shown in the figures below.

Figure 10. X-STM32MP-GNSS1 expansion board on top of 40 Pin GPIO Header
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Figure 11. X-STM32MP-GNSS2 expansion board on top of 40 Pin GPIO Header

Tip: Keep jumpers as shown in the image.
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Step 2.  Connect the antenna provided with X-STM32MP-GNSSx board. For X-STM32MP-GNSS1 use INPAQ
B3G02G-S3-XX-A while with X-STM32MP-GNSS2 use Taoglas EAHP.50.01.0100D GNSS Antenna.

Tip: Keep the antenna outdoor for better reception.

The STM32MP157F-DK2 and STM32MP257F-EV1 is powered by the USB Type-C cable.
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4 Software setup

This section describes the software setup required to build, flash, transfer, and run the GNSS application.

4.1 PCllaptop requirements

For the software setup, you need:

. a Linux® PC/laptop running Ubuntu® 18.04 or 20.04 or 22.04
. detailed instructions at https://wiki.st.com/stm32mpu/wiki/PC_prerequisites

4.2 Installing the SDK
The software package contains the binaries inside x-linux-gnss1-app\Application\Binaries folder which can be
transfered to the STM32MPU Board.
Install the SDK to build the software package.

4.3 Downloading the kernel sources (developer package)

Downloading the kernel sources (see Section 6: References) is required to build the user space application along
with the device tree. The software package already contains the binaries (dtb) which can be transferred using scp
command.

KERNEL SOURCE PATH = <path to Linux kernel>/linux-stm32mp-5.15.67-r0/ linux-5.15.67$

4.4 Downloading the distribution package

This is required to build the recipes and create STM32MP1/ STM32MP2 image which has GNSS application and
device tree settings embedded (see Section 6: References).

4.5 Connecting to the discovery kit

To transfer the built binaries (application, device trees) to the STM32MP157F-DK2 and STM32MP257F-EV1
discovery kit from your PC/laptop, you can transfer the binaries either by hotspot (https://wiki.st.com/stm32mpu/
wiki/How_to_configure_a_wlan_interface_on_hotspot_mode) or via Wi-Fi connectivity (https://wiki.st.com/
stm32mpu/wiki/How_to_setup_wifi_connection).

You can also transfer it using minicom or hyper terminal Utility like teraterm (using zmodem).
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5 Building and running the example

The code can be built using simple make command for the starter package or using bitbake for the distribution
package. For Python, no building/compiling is required but it is dependent on pyserial and pynmea2 package
which needs to be installed.

5.1 Using Makefile (for starter package)
Step 1.  Download the X-LINUX-GNSS1 package.

Step 2.  Create a directory named “gnss”.

Smkdir gnss
Scd gnss

Step 3. Download or clone the package (X-LINUX-GNSS1) from www.st.com and extract it.
$tar xvf X-LINUX-GNSS1 VX.Y.Z

You will get the X-LINUX-GNSS1_VX.Y.Z folder.

5.1.1 How to build the gnss_app
Step 1. Modify the device tree or copy it from the folder provided.

Step 2.  Download the kernel sources as described in Section 4.3.

Step 3.  Copy the dts file from the directory: x-linux-gnss1-app\linux-kernel\patch\5.15\kernel to the kernel
source directory at <KERNEL SOURCE PATH>/ arch/arm/boot/dts/.

Step 4.  Source the path of the SDK (previously downloaded and installed).
$source <SDK PATH>/SDK/environment-setup-cortexa7t2hf-neon-vfpv4-ostl-linux-gnueabi
Step 5. Build the device tree.

Step 6.  Once the dtbs are built, copy them to the STM32MPU Board via hotspot or Wi-Fi.

Follow deploy steps from wiki page of modify, rebuild and reload linux kernel for relevant MPU Board
(see Section 6: References).

Step 7. cdto the gnss_x_linux location and run make
Scd path to/X-LINUX-GNSS VX.Y.Z/x-linux-gnssl-app\Application\Source
The executable (gnss_app) will be built in the same location of Makefile.

Step 8.  Transfer the application to STM32MP157F-DK2.

scp gnss_app root@192.168.72.1:/

Step 9.  On the STM32MPU Board, sync and reboot.

Ssync
Sreboot
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Run the application.

Scd /
$./gnss_app

STM32MP157F-DK2 - running the application

From the menu above, select 11 to get the GPS coordinates or select 20 to upload the GNSS location
to asset tracking dashboard.

Selecting option 11 from the gnss_app

- Warning (r

RL-A Z for help | 115200 8N1 | NOR | Minicom 2.7.1 | VT182 | Offline | ttyACMO
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5.1.2 How to build C utility gnss_uart and gnss_i2c
Step 1. Enter the <Path to > /X-LINUX-GNSS1_VX.Y.Z\Application\Source\gnss_uart and run make
gnss_uart or gnss_i2c will be created in the same directory of Makefile.
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Step 2. Transfer it to STM32MPU Board using scp and make it executable using chmod +x command

$cd /
#for GNSS1 expansion Board, baud rate 9600

./gnss_uart_read 9600
#for GNSS2 expansion Board, baud rate 115200

./gnss_uart read 115200

Figure 14. Running gnss_uart
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$ ./gnss_i2c read
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Figure 15. Running gnss_i2c
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$GPGGA, 074247 .000, 2832 . 48525, N,07720 . 68458, E,@,01,99.0,260.83,M,0.0,M, ,*61
$GPVTG,0.0,T,,M,8.0,N,8.0,K, N2
SENGSA, A, 1, , 5 000s0000s,99.0,99.8,99.0*1F
SGNGSA, A, 1,76, 55555053 5,99.8,09.8,99, @*1F
$6PGSV, 3,1,09,82,74,280, ,06,60,026,,12,39,323,,19, 36,051, *7F

$PSTMCPU, 31.81,-1,49*44
SGPRMC, 674248 .000,V, 2832. 48525 ,N,07720. 68458, ,0.0,0.0, 258521, , ,N*7A
$GPGGA, 674248 000, 2832 . 48525, N,07720 . 68458, E,@,01,99.0,260.83,M,0.0,M, , *6E
$GPVTG,0.0,T,,M,0.0,N,0.0,K,N*02
SGNGSA, Ay Ly s s ssssss00s,99.0,99.0,99.0%1F
By ssssss0sss,99.0,90.8,00 0%1F
$GPGSV, 3,1,089,82,74,288, ,86,60,826,,12,39,323,,19, 36,051, *7F
$6PGSV, 3,2,089,24,33,252, ,28,32,127,,17, 20,069, ,14,13,133,*78
SGPGSV,B 3,89,85,18,187, 55, 552552522 T3
$GLGSY, 2,1,08,76,73,264,31, 86,46,000, ,77,28,327, ,71,12,187, *6A

51.3 How to run the Python code
Step 1. Install the pyserial.

Figure 16. Installing Python dependencies - pyserial

Python Serial Port Extension

Navigation Download files
= Project description

Download the file for your platform. If you're not sure which to choose, learn more about installing packages (4.

D Release history

Filename, size Filetype  Python version Upload date Hashes
& Download files
(90.6 kB) Wheel PY2.py3 Nov 23,2020
__(159.1kB) Source None Nov 23,2020 View

Project links

A Homepage

Swget https://files.pythonhosted.org/packages/le/7d/ae3f0a63f41ledd2f6cb66a5b57197850
£919£59e558159a4dd3a818£5082/pyserial-3.5.tar.gz

Star xvf pyserial-3.5.tar.gz

Scd pyserial-3.5

Spython setup.py install or python3 setup.py install
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Step 2. Install pynmeaZ2.

Figure 17. Installing Python dependencies - pynmea2

Search projects Help Sponsors Login Register

pynmea2 1.18.0 Gl

pip install pynmea2 & Released: Apr 13, 2021

Python library for the NMEA 0183 protcol

Navigation Download files

= t i
= Projectdesariphon Download the file for your platfarm. IF you're not sure which to choose, learn more about installing packages (4.

"D Release history
Filename, size Filetype  Python version Upload date Hashes

& Download files
(29.7kB) Wheel py3 Apr 13,2021 m

Swget https://files.pythonhosted.org/packages/88/b9/a0fed4563f5c73eb8f4d7bbl15a45586
3c5327ae824acl772e2a4blb95ee/pynmea2-1.18.0.tar.gz

Star xvf pynmea2-1.18.0.tar.gz

$Scd pynmea2-1.18.0

Spython setup.py install or python3 setup.py install

Step 3.  Enter the Python folder and copy the gnss_pynmea2.py file to STM32MPU Board.

$scp gnss_pynmea2.py root@192.168.72.1:/

Step 4. Run the Python example.

$cd /
Spython3 gnss pynmea2.py

Figure 18. Running the Python example

51.4 Maps and asset tracking

X-LINUX-GNSS1 provides an example to send GNSS data to the cloud over http. DSH-ASSETRACKING
displays GNSS data in real-time.

To upload the GNSS data to dashboard you need device Id, API Key and the End point which you have to put in
the creds.conf file.
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Figure 19. DSH-ASSETRACKING asset tracking dashboard homepage

ASSET-TRACKING PLATFORM

Dashboard and Device Management

1. Register and configure your
devices

Follow this egister a new device based on is

connectvty

3. Analyze the events detected by
your devices
T ———
i, and then visuaiize ovents received by

2. Look at your devices telemetry
nore device and the window tme
en v iemety data

4. Monitor your device on their geo
localization
2 and the window tme:
uaize geo positon data

vice and draw an area on map
e tracking of geofence events raised

Step 1. Login to or create an account at https://dsh-assetracking.st.com/#/login.

Figure 20. DSH-ASSETRACKING login page

‘ 'I life.augmented

Already registered?
Enter your e-mail address and password fo login your myST user.

E-mail address

sessssssssnnnes st com

Password

B Remember me on this computer.
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Step 2.  Create a device (device name and device ID) from the [Devices] tab. The device id created here to be
put in the creds.conf file

Figure 21. DSH-ASSETRACKING - Devices tab
< C (Y @ dsh-assetracking.st.com/#/devices

= & Devices

AHOME  {&DEVICES 4], TELEMETRY

Devices (2)

Each item in the list is a rapresentation of a physical device in the cloud Press "+" button in order to provision a new device

4+ NEW Q' REFRESH

gnssdev devicename

o
]
1
Tl

Figure 22. DSH-ASSETRACKING - device name and ID - Select HTTP Client

= @ Devices

o

+New device -
Provision and register a new device within your user workspace.

@ Technoiogy 2] (-]
5 ™ -2
loT Discovery Kit FP-ATR-LTE1 ST LoRa-Tracker
Provision an 6T Discovery kit vith FP-CLO-AWS1 on-board Provision CELLO2 discovery kit based device vith FP.ATRLTE1 on-board Provision 3 device powered by ST LoRa Tracker
* Via mobile app * Via mobile app

FP-ATR-SIGFOX1

Provision Nucieo based device with FP-ATR.SIGFOX1 on-board

* Via mobile app '/

STEVAL-ASTRA1B

Provision a device powered by STEVAL-ASTRATB and FP-ATR-ASTRATB

Select HTTP Client

HTTP client
Provison a generc HTTP chent
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Figure 23. DSH-ASSETRACKING - device name and ID

= @& Devices

AHom

+New device =

Provision and register a new device within your user workspace.

@ Technology © ceneral ©-

Inited Kingdom

@ Device ID
Unique device 1D (tipically it is provided by the device via serial terminal)

device1 Espana

B Label Algérie
Human-friendly device name

gnssdevice

Figure 24. DSH-ASSETRACKING - Submit

+ New device X
Provision and register a new device within your user workspace.

o Technology o General o Provisioning

| SUBMIT ‘
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Figure 25. DSH-ASSETRACKING - Device On Dashboard

Devices (2)

Each item in the list is a rapresentation of a physical device in the cloud. Press "+" button in order to provision a new device

| ¥ rew I

) REFRESH

gnssdev

Step 3.

devnameO1

1]
T

\ Tl
5

Create the API key which will be used to send data to DSH-ASSETRACKING. Click [SETTINGS] Tab

Figure 26. DSH-ASSETRACKING - new API key generation

= 13 Settings

QSETINGS  @HOWT

Settings
Configure dashboard in orde 10 be integrated with extemal
senvices

Personal access api-keys

Aphizy rame

gnss_key

& Device profies

Data converters

Api-Keys are secret 1okens need 1o authenticats HT TP fequésts for dala upiink.

Fr May 14 2021 18.41.01 GMT+0530 (ncia Standard Time) ’

Figure 27. DSH-ASSETRACKING - Copy API Key

= & Settings

A HOME & I MAF

LRSETTINGS

Settings
Configure dashboard in order to be integrated with external
services

_ —

[ ] Device profiles

o Data converters

£ Create timestamp:
B Last update
© Status:

Value:

gnss_key

Personal access api-keys
Api-keys are secret tokens need to authenticate HTTP requests for data uplink.

Fri May 14 2021 19:41:01 GMT+0530 (India Stanc

Details of gnss.key api-key

Fri May 14 2021 19:41:01 GMT+0530 (India Standard Time)
Fri May 14 2021 19:41:01 GMT+0530 (India Standard Time)
@ Enabled
SRR s 2
: X x

A
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Step 4. Modify the data in the creds.conf file as per the end-point, device ID and the API key.

Scd /path-to/X-LINUX-GNSS1 VX.Y.Z/Application/Source/gnss x_ linux/Sources/cloud
$vi creds.conf

Figure 28. Modifying creds.conf

Step 5.  Modify the data in the ‘cloud_comm_https.c’ file as per the device ID created for the device as:

pgps->device id = 123456 (device ID)
$cd /path-to/x-linux-gnssl-app/Application/Source/gnss x linux/Sources/cloud

Figure 29. Modifying cloud_comm_https.c

Figure 30. cloud_comm_https.c file modified

m linux@linux-sr: ~/sanjay1/STM32MPU_WS/STM32MP1-EcoSy-v4.0.0/Dist-Pkg/build-openstlinuxweston-stm32mp1/X-LINUX-GNSS...

char payload[1660] = {0};
PGPS = &gps;

pgps->device_1id H
pgps->timest. epoch;
strcpy(pgps- ):

ongitude = 1lng;
atitude = lat;
levation = alt;

Step 6.  Build the application (if the creds file only has been modified, this step is not required).

Step 7.  Repeat the steps done to build and deploy the gnss_app.
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Step 8.  Enter option 20 to upload the data to the cloud and make sure the STM32MPU Board is connected to
the Internet.

Figure 31. Running gnss_app and enabling cloud upload (option 20)

save configuration (y/n)?
> 11
getgprac =11

uUTC: [ ©8:19:17 )

Status: V] -- Warning (reported in NO FIX conditions)
Latitude: [ 28' 32'" N ]

Longitude: [ 77" ' E ]

Speed over ground (knots): [ 8.9 ]

Trackgood: 9.9 ]

Date (ddmmyy): [ 11e621 )

Magnetic Variation: [ 8.2 ]

Magnetic Var. Direction: [ ]

lect a command:
- getpos

wakestatus
help
debug
track
lasttrack
getfwveer
getgnsmsg
getgpgst

- getgprax

- getgsamsg
getgsvesg
ext-help

- Upload to Cloud
Stop Upload to Cloud

>Se

1

2 - lastpos
3

a4

5

You will get the below logs and the live tracking on the DSH-ASSETRACKING.
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gnss_app sending data to DSH-ASSETRACKING over http

File Edit p Control Window Help

LOU=Sepver CA LB.CN=Anazon
a pte htepsi .
alematry HTTPA1.1
ute-api.eu-central-1.ana om

agent :
horization:
lentent-Type? applicatio
“ontent Length: 121

upload completely sent off: 121
Mark bund
B8 0K

e
anzn—-Requestid: 584b571b-B584—4aal-Yech :52dFded
—id: AWEISFPEFIAFT vy
1d: Root=1- h& 6 F 0 BI7EF9ad ;Eamplod =8

eu-central-1.anazonaws .con left intact

te-ap
~9bh2 -B44E -hf db-b654c119efd? "}iploading to Cloud Every 9888 nilisecond

Connected to jindrgifdl i z 3 < 28.83.33> port 441 <HG>
found 128 certificates

LPN. offering https1.1

5L connection using TLS1.2 ~ E 5_128_GCH_SHAZ56

Fi
us verificat SKIPFED
i.eu-central-1.amazonavs.con (natched)
cert zate 3 date OK
certificate ac ation date OK
certificate public
certificate versie

ute-api.eu-central-1.ane

4adb-addc-efalleShfenl .cBeT7783-3dd8-4Ba6~bdeB-2f eadiBehBld

of 121 hytes
se

alive

JdfRdFbe-1cfS-4F3 79453514472
wE_eHoglifFenf=
Root=1-68c31b96-39Fedb 7fB5c71f Ic5dc 29896 ;5ampled=0

onnection 88 to host jindrgibdl.e te-api.eu-central-1.anazonaws.com left intact

gnss_app data in real time

o Map saurabh.rawat@stcom [ES70

AHOME  {BDEVICES |, TELEMETRY B EVENTS [IMAP QP GEOFENCE  $RSETTINGS (@HOWTO SJLOGOUT

Using BitBake (for distribution package)

Building and deploying Yocto layer for gnss Application
Download the Distribution Package (see Section 6: References) and do a bitbake.

SDISTRO=openstlinux-weston MACHINE=<machine> source layers/meta-st/scripts/envsetup.
sh



Building and running the example

Accept the EULA by typing "y" and pressing enter.

End user license agreement

7 '@vmi613801: ~/dp/opens 5, p1-21-03-31 = X

After accepting, you will access the build directory.

Download and copy meta-gnss1 yocto recipe into meta-st folder cp -rf ~/X-LINUX-GNSS1-
VX.Y.Z/meta-st-x-linux-gnssl/Layers/meta-st-x-linux-gnssl/meta-gnssl/ ../
layers/meta-st/

Add a layer (recipes-gnss1).

bitbake-layers add-layer ../layers/meta-st/meta-gnssl

Add "gnss1" in IMAGE_INSTALL: append line at the end of the layer.conf.

vi ../layers/meta-st/meta-st-openstlinux/conf/layer.conf
IMAGE INSTALL:append = "gnssl"

You can see the added layer by typing (optional):

Sbitbake-layers show-layers

Showing all meta layers

Add the Sources path (location containing CMakelLists.txt) inside gnss1_0.1.bbappend as shown
below.

Path to X-LINUX-GNSSI1\x-linux-gnssl-app\Application\Source\gnss x linux\Sources

which is inside layers/meta-st/meta-gnss1/recipes-gnss1/gnss1/gnss1_0.1.bbappend:

$vi ../layers/meta-st/meta-gnssl/recipes-gnssl/gnssl/gnssl 0.1.bbappend
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Step 7. Build the ST image.

S bitbake st-image-weston

New images (including FlashLayout_sdcard_stm32mp157f-dk2-optee.tsv and
FlashLayout_sdcard_stm32mp157f-dk2-optee) will be created in the tmp-glibc/deploy/images/
stm32mp1/ directory.

$cd tmp-glibc/deploy/images/stm32mpl/
Step 8.  Flash the binary following the instructions at https://wiki.st.com/stm32mpu/wiki/Getting_started.
Step 9.  Check if the file below is present on the discovery kit.

$ 1s -1 /dev/ttySTM1

Step 10. Run the application.

$ /usr/bin/gnss_app

or
gnss_app
5.2.2 Building and deploying Yocto layer for RTK Lib application

Make sure to add the gnss1 layer before.

5221 Configure RTCM3 messages on X-STM32MP-GNSS1

This section describes how to enable RTCM3 messages on Teseo-LIV3FL module on X-STM32MP-GNSS1
board. RTKLIB currently supports only RTCM3 messages.
Step 1. Connect to Board using FTDI (shown in red color below).

Enable the RTCM3 message by sending RTCM enable message directly to Teseo-LIV3FL module.
Connect FTDI cable or connector to the board as shown below ( use the image from the slide 1). The
cable/connector is connected to Laptop running Teseo-Suite.

Connect hardware as shown below:

Figure 36. Rtklib: hardware setup

i,

USB mini-Cable [

{'wvaw%
Jesale: i
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Step 2. Launch Teseo Suite:

X-STM32MP-GNSS1 board will be automatically detected (if not check connections again and make
sure FTDI VCP drivers are installed on Windows PC. After installing drivers reconnect FTDI cable to
PC and relaunch Teseo-suite).

Below Ul will be seen if connection is successful.

Figure 37. rtklib Teseo suite

. Tesoo-Saita Pro = =] x

File View Map Tools DR Windows Help
OO KL ! JOh DMGRB (@il |G H R Ot G A

1
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Step 3.
Step 3a.

Send RTCM3 Enable Message to X-STM32MP-GNSS1 board
Click on Eye icon as shown below, NMEA decoding window will appear showing messages

received by GNSS1 module.

Teseo-Suite Pro

File  View Map DR Windows

mwzﬂu Jo s pmes| el 1&9m|ﬂ|7§- olm‘*- a3 A

Figure 38. rtklib: eye icon

ianal level

NMEA Message

4] “4c
GLG! 9,231 !9 88,19,029,, 000140 89

GFGLI. 2329 28087 N, 0?729 11458 E 091836.000,A,0%59

Psmcvu.im 1,98

GPRMC , 091517 000,4, lnzg 28083 ,N,07729.41468,E,0.1,0.0,060323, , ,D°6E
L2829, 210&3 AN 07?29 41468,E.2,06,1.7,205, 60,1, 36.1,4,

222 2| (€6 52 (2] 17 (8800 | T o WWEAcommrs, o ook yur s "5 RANE v s e SENO it

] $B0GGA GPRNC, 091836. 00,4, 2820, 28087 ,1,07729, 41468,,0.1,0.0,060323, , 068

] S606GAS GpaoA 051836, 00012629, 20871 07729, 4i468,E S 0Bio 7205 600, 36 1., , 42
SBDGLL GPVTG,0.0,T, ,M,

2 oo GuGSA LA, 3! ,2.71 7,2.1420

& soocsa GNGSA LA, 3,82 12,24
o GPasv.3,1,00,19.63, 326,19,08,62,175, 26,17, 50,024, ,30,25,162,36°75

et GpGsy!31210811 124 1201 133.24 125 313132 03 1161 233 $2,41.56,168,42°7a

a7

g
&
E

,1,09 +50,024,,30,25,162,36%76
GP(.SV 3,2,09,11,24,201,33, l.i 16,233,32,41,56,168,42*78
GP(.SV 3,3,09,40, 48 220 40
.1,1,02,82,4!

;'HEEH[EIIEIE
ER 41

=l ,37.24,
Ric. 031835, 000, 2, 2829, 26080 ,N,07729., 41468,£,0. 1,0, 0,060323, ,, 062
Ghcos . 091836, 000, 3435, 28080, 07 726 41468 £13,08.1 7, 305 61 M. 3601 M, , "4
iew GPVTG,0.0,T n:un..na
[ Messages rcsived orly GNGSA,A,3,30.11,06,24,13, +2.7,1.7,2.1°20 )

Step 3b. Click on Edit button of NMEA decoding Window

Figure 39. rtklib: Edit button

f C’} j’) SEND |i§;;;E

C,091836.000,A,2829. 2¢
,091836.000,2829. 280¢
0.0.T. N.0.1.0.0.2.3

New GUI as shown in Figure 40 will appear.

Step 3c. write any name into NMEA scripts and Edited script box, Press enter, execute NMEA script
option will come. Then write below script contents into script box.

SPSTMSETPAR, 1200, 0x1000000, 2
SPSTMSETPAR, 1227, 0x8, 2
SPSTMSETPAR, 1200, 0x10000800, 1
SPSTMSETPAR, 1227, 020000, 1
SPSTMSETPAR, 1201, 0x0
SPSTMSETPAR, 1228, 0x0
SPSTMSETPAR, 1201, 0x2
SPSTMSETPAR, 1228, 0x0
SPSTMSAVEPAR

SPSTMSRR
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Figure 40. rtklib: rtcm3 script

fesaage Fer NMEA Scripts ~ [rtem3

|4 $BDDTM B

[ $80GES tem3

& s8bcca Edled Soit |

E ﬁmu SPSTMSETPAR. 1200.0:1000000.2

et SPSTMSETPAR,1227.0x8.2

= $PSTMSETPAR, 1200,0x10000800.1

[ sBDGSA SPSTMSETPAR. 1227.0:20000.1

[] $BDGST $PSTMSETPAR, 1201040

[ $BDGSV SPSTMSETPAR,1228.0x0

[ SBDRMC SPSTMSETPAR, 120102
SPSTMSFTPAR 1228 Mk}

[ $BDTXT

[ $BOVTG =

£ SBDZDA (7] Execute NMA sonpt

SGADTM

E SGAGES NMEA Message

. €12 D] [ 7] [seno | E=E

| SGAGLL GNGSA, A, 3,30,11,06,24, 13..,.....251.713-25

] SGAGNS GNGSAL A, 3 az.a;, St 2 5,1

] SGAGSA GPGSV, 0,06,6 3 332 zo 1? 48,026,,11,26,201,33*70

] saAasT «| |3cPesv, 0.24,25, 311 37 30 23163,29,13,14,231,51,03,10,067,*75
$GPGSV, 0,41,56,168,43,40,48,220,39, -74
$GLGSV 004, ,81,67,359,20,8 ,37,78,46,125, %66

07.79.68,
Soioov.2 13107 50,18, 331,14 86 17,050, 183110, 210. 10, 11 5
SGPGLL, 2829, 27519,N,07729. 41505 ,E,092357. 000, A, 0* 51
‘PSTHCPU,}?.?T.-I,QB"?

Execute script, wait for some time and then close Teseo-Suite Tool and disconnect FTDI cable.

Figure 41. rtklib: execute script

il g =
Message Fiter
NMEA Scrpts  [rtem3 v =
~ - s
Edted St | fan3 ]E Xl E
SPSTMSETPAR 1227.0:20000.1 % -
$PSTMSETPAR 1201040 !
SPSTMSETPAR 1228.00

Execute NMA script

TMSWCONFIG,1,9,12, 00000024401d8F19a88¢8F4440598b470130be2b4000 =
!Psmsmou:m 1,10,12,95826e2F698c2b4000000000000024400f0c0c120f0c0C120f0c0C120F0¢
$PSTMSWCONFIG, 1,11 ,12,00000000000000000000000000000000000000000000000000000000000(
$6PGGA, 092440, 210,282, 27728 ,N,07729. 40309,E,0,01,99. 0,181, 98,M,0.0,M, , *61
$PSTMCFG,LMS,1,0,0,50.0,50.0.05,03,60.0,0.000000,0.000000, -2. 671600%12
SGPGGA,092442. 000, 2829. 28161 ,N,07729.41586,E,1,06,1.9,206.41,M,-36.1,M,,"48
SGPGGA,092443. 000, 2829, 28173 ,N,07729. 41576, 6,1.0,207.02,M,-36.1,M, , %40
View $GPGGA, 092444, 000, 2829, 28167 N, 07729. 41531, 1.9,207.52.M,-36.1,M, %44
[ Messages received only $GPGGA, 092445, 000, 2829, 28153 N, 07729, 41476 ,E, 1.7.207.92,M,-36.1,M,,%43

RENERNRRNRRNRRRRRRRRIE

Djnn ARY &\ g
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Adding RTKLIB into distribution build
Download and copy meta-gnss1-rtklib yocto recipe into meta-st folder.

Add a layer (recipes-gnss1-rtklib).

Sbitbake-layers add-layer ../layers/meta-st/meta-gnssl-rtklib

Add "gnss1-rtklib" in IMAGE_INSTALL: append line at the end of the layer.conf.

$vi ../layers/meta-st/meta-st-openstlinux/conf/layer.conf

gnss1-rtklib

INHERIT +=

ST OSTL COMPATIBILITY VERSION st-openstlinux =
IMAGE INSTALL:append =

Add "gnss1-rtklib" inside the st-image-userfs.bb
vi ../layers/meta-st/meta-st-stm32mp/recipes-st/images/st-image-userfs.bb
PACKAGE INSTALL += " \

packagegroup-st-demo \
gnssl-rtklib \

Build QT image.

$ bitbake st-example-image-gtwayland

New images (including FlashLayout_sdcard_stm32mp157f-dk2-optee.tsv and
FlashLayout_sdcard_stm32mp157f-dk2-optee) will be created in the tmp-glibc/deploy/images/
stm32mp1/ directory

$cd tmp-glibc/deploy/images/stm32mpl/

Flash the binary following the instructions at https://wiki.st.com/stm32mpu/wiki/Getting_started.


https://wiki.st.com/stm32mpu/wiki/Getting_started
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5.2.23 Launching and Using RTKLIB Application
Step 1. Move over to RTKLib launch icon and click on it.

Figure 43. rtklib: launch rtklib

STM32 MP1

netdata Camera Video
perf monitor preview playback

STM32MP Board
DI T

Artificial 3D Pict NEXT Python GTK launcher
Intelligence GPU menu

¥

N
H Thu tloy 15,

STM32 MP1
BACK Bluetooth RTKLIB

menu speaker preview

STM32MP Board
= S

RTKPost Python GTK launcher
preview

(- ' 4155
mam Thu floy 15, 11153 AM

RTKLIB Application will be launched and below GUI will appear
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Figure 44. rtklib: main menu

I | |
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Step 2. Click on Rover Option, Configurations Choice menu will come. Click on CUSTOMIZED
CONFIGURATIONS Tab.

Figure 45. rtklib: configurations

[CONFIGURATION CHOICE)

DEFAULT CONFIGURATIONS CUSTOMIZED CONFIGURATIONS

SINGLE SBAS DGPS PPP STATIC RTK STATIC RTK KINEMATIC
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Step 3. Select Custom2 configuration.

Figure 46. rtklib: custom2

(CONFIGURATION CHOICE)

DEFAULT CONFIGURATIONS | CUSTOMIZED CONFIGURARONS |

(" Y N Y Y A N
Test Custom2 Custom3 Customd Custom5 Customé

. . &L . AN N vy

s Ve Ve Ve N N R

Copie RTK Static Copie Single 2 Copie SBAS Copie PPP Static Copie RTK KINE Copie Single
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Stream Ul will come as shown below.
In-Byte and In-Bps should be incremental.

Figure 47. rtklib: stream Ul

( STREAM )
Stream Type Fmt S In-byte In-bps Out-byte Out-bps Message
input rover serial rtcm3 C 1915 2781 0] @
input base - oemd - [} &} B 2]
input corr = rtcm3 - e 5] ¢l 2]
output soli -k 11h - ] B B ]
output sol2 - nmea - @ e} 0] 2]
log rover - - - 2] c] B 2]
log base - - - [} 5] B @
log corr = = = e 5] ¢l 2]
monitor = 11h = @ e} c] 2]
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Step 4.  Click at random place on Stream Ul, Figure 49. rtklib: satellites Ul will appear.

Figure 48. rtklib: Stream menu

C STREAM )

Stream Type Fmt 5 In-byte In-bps Out-byte Out-bps Message

input rover serial rtcm3 C 5572 2778 c] 2]

input base - oemd - (2] ¢} ] [¢] ©
input corr - rtcm3 - 2] 2] 8 2]

output soli - 1Llh - 2] c] @ 2]

output sol2 - nmea - ] ¢] a 2]

1nn rouar _ _ _ o o} a o}

STATUS POSITION SATELLITES STREAM EVOLUTION STOP

Step 5. Click on satellites to see satellite info.

Figure 49. rtklib: satellites
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Step 6.  Click on azimuth to see azimuth data.

Figure 50. rtklib: azimuth

25% ( SATELLITES ) [ ][ ][ ]
GENERAL ELEVATION AZIMUTH

Satellites azimuths Nord

Step 7.  Click on elevation to see elevation data.

Figure 51. rtklib: elevation
LY

- 25%
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Step 8.  To stop, click anywhere in Ul and click on STOP button. main menu will come again.

Figure 52. rtklib: stop
&

. s ( SATELLITES ) cewron | [ xamomm
Satellites elevations

632 oK ROB_OK
39.3
618 0K 926 0K3s.2 S
Lol 9.8 32.5
625 0K
15.8
RET -

STATUS POSITION SATELLITES STREAM EVOLUTION STOP

Step 9.  To close, click on Close GUI option.

Figure 53. rtklib: close
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5.2.3 Building and deploying Yocto layer for EKF application
Make sure to add the gnss1 layer before.

5.2.3.1 Enabling GPS Velocity Data in X-STM32MP-GNSS1 and X-STM32MP-GNSS2 Board

Note: Make sure GNSS1 yocto package is flashed onto board, only then ttySTM1 will be visible, if building gnss1 and
gnss1-ekf together, this step can be done after flashing image and before running EKF.

Also make sure X-STM32MP-GNSS1/GNSS2 is connected to MPU.
Step 1. For X-STM32MP-GNSS1 expansion , give following one commands on STM32MPU Terminal.

Note: Use single quotes only not double quotes in commands.

echo '$PSTMSETPAR,1228,1,1' > /dev/ttySTM1
echo 'SPSTMSAVEPAR' > /dev/ttySTM1
echo 'SPSTMSRR' > /dev/ttySTM1

For X-STM32MP-GNSS2 expansion board , give following one commands on STM32MPU Terminal

Note: Use single quotes only not double quotes in commands.

echo '$PSTMSETPAR,1228,4000,1' > /dev/ttySTM1
echo '$PSTMSAVEPAR' > /dev/ttySTM1
echo '$PSTMSRR' > /dev/ttySTM1

Step 2. Validate velocity data is enabled.
Step 2a. Take setup to outdoor, antenna connected to GNSS expansion board.
Step 2b. Issue below command on MPU.

cat /dev/ttySTM1 | grep PSTMPV
Note: 1. For X-STM32MP-GNSS1, PSTMPV messages will be seen for X-STM32MP-GNSS2,

PSTMPVRAW messages will be seen if PSTMPV/PSTMPVRAW messages are seen, it confirms
velocity data has been successfully enabled.

2. For X-STM32MP-GNSS2, velocity data feature is available for firmware version > = 4.6.6.5.5. in
case older FW version is present, to get latest FW version can get in touch with support team.

5.2.3.2 Adding EKF into distribution build
Step 1.  Download and copy meta-gnss1-ekf yocto recipe into meta-st folder.

Step 2.  Add a layer (recipes-gnss1-ekf).

Sbitbake-layers add-layer ../layers/meta-st/meta-gnssl-ekf
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Step 3.  Add "gnss1-ekf" in IMAGE_INSTALL: append line at the end of the layer.conf.

Svi ../layers/meta-st/meta-st-openstlinux/conf/layer.conf

Figure 54. Add gnss1-ekf in recipe

BBPATH

# e 2 ar direct
BBFILES {LAYERDIR}/recipes-
{LAYERDIR}/recipes

# Th b s at next upda n oe
BBFIL S{LAYERDIR} foe- K i -* /% {* bb \
S{LAYERDIR} /oe-backport/recipes-*/*/* bbappend \

BBFILE_COLLECTIONS +=
BBFILE_PATTERN_st-openstlinux
BBFILE_PRIORITY_st-openstlinu:

LAYERDEPENDS_st-openstlinux =

LAYERVERSION_st apenEtlinux
LAYERSERIES_COMPAT_st-openstlinux

INHERIT +=
# TL1
éﬁiDSTLicDMPRTIBILITYﬁVER;IDNist-Dp nstlinux =

[ ]
IMAGE_INSTALL:append =

Step 4. Add "gnss1-ekf" inside the st-image-userfs.bb

vi ../layers/meta-st/meta-st-stm32mp/recipes-st/images/st-image-userfs.bb
PACKAGE INSTALL += " \

packagegroup-st-demo \

gnssl-ekf \

Step 5. Build QT image.

New images (including FlashLayout_sdcard_stm32mp157f-dk2-optee.tsv and
FlashLayout_sdcard_stm32mp157f-dk2-optee) will be created in the tmp-glibc/deploy/images/
stm32mp1/ directory

Scd tmp-glibc/deploy/images/stm32mpl/

Step 6.  Flash the binary following the instructions at https://wiki.st.com/stm32mpu/wiki/Getting_started.
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5.2.3.3 Launching and using EKF application

Step 1. Launch Terminal and execute script to run EKF application (run_ekf_gnss1.sh for X-STM32MP-GNSS1
and run_ekf_gnss2.sh for X-STM32MP-GNSS2).

@ Q

netdala Camera Video
perf monitor previev playback

Figure 55. EKF: launch ekf script

3D Pict MNEXT
GPU menu

PN
Wiayland Terminal

netdata
perf moniwr

Artificia T Pyihan GTK
Intelligence
* i Fid
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On console user can see log Start logging data signifying logging has started.

EKF: logging started

Btream : Closed

dev/ttySTM1 is connected successfully???

Btream :
est QUTDOOR macro case
readGPS_thread started

dev/pts/? is connected successfully*?*?
psThread

erial config done

o serial Data

on zero value found:7729.491211. 2829.294922
Z[11+ Stopped run_ekf .sh
pootBstm32mpl : “# run_ekf .sh

dev/pts/18 is connected successfully?t?

dev/pts/11 is connected successfully???

dev/pts/12 is connected successfully???
tyName: /dev/ttySTMimagn device node:/sys/bus/iio/devices/iio:devicef/

magnet id:@
mnable to open:/sys/bhus/iio/devices/iio:deviceB/in_magn_z_raw
ccel device node:/sys/bus/iio/devices/iio:device2/

ccel ID: 2gyro device node:/sys/bus/iio/devices/iio:devicel/
gyro ID:1imu options passed correctly

dev/ttySTM1 is connected successfullyt??
Btream : Closed

dev/tty8TM1 is connected successfully???

Btream : Closed
est QUTDOOR macro case
readGPS_thread started

dev/pts/13 is connected successfully??t?

gpsThread

kerial config done

on zero value found:7729.509277,. 2829.291992

ew latlong found:7729.509277, 2829.292236

Btart logging Data.as new latlong value recieved???

One can move around and both GPS + EKF corrected data and raw is collected and stored in a
gnss.csv file at location from where command was launched.

Once user is done collecting data, can press CTRL+Z to stop the data recording. and then can run
stop_ekf.sh to kill the recording process.

EKF: logging started

OpenSTLinux“

perf monitor

STM32MP15x Board

Dual A ®-AT

Copro Arm

Python GTK launcher

Intelligence

Fri Mar 03, 12:38 PM
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Step 5.  Copy data from MP board to external machine to visualize data using matplotlib.

Figure 58. EKF: copy data

rootBstm32mpl : ~home /westonil
rootB@stm32mpl : ~home /westonlt 1ls /devs/sd*

dev/sda Adev/sdal

prootB@stm32mpl : “home /veston#t mount /dev/sdal /media
[ 1568.5893881 FAT-fs <(sdal):

Uolume was not properly unmounted. Some data may
corrupt. Please r»un fsck.

ro00tBstm32mpl : ~home /weston#t cp ./gnss.csv /media/
ro00tBstm32mpl : 7home /weston#f umount /media/
rootBstm32mpl : home /westonit i
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Step 6.  Visualize data using analyze_lonlat.py and arg_plot_coords.py python scripts present in gnss1
package.

Note: 1. Check py scripts and make sure correct paths are provided
2. Make sure python plugins matplotlib, numpy and pandas are installed

Figure 59. EKF: analyze lat-long distance(meters)

$ python an.

Figure 1

A€ PQ=EV X=713.y=1.470

distance(in meters)

time index

g

Figure 1

A€>PQEr B

GNSS Raw (Vs) EKF Filtered GNSS
©  GNSS Raw + Heading v
©  EKF Filtered GNSS + Heading
28.2934000

28.2932000

w""M

28.2930000
28.2928000
28.2926000
28.2924000
28.2922000

28.2920000

77.2940000 77.2942000 77.2944000 77.2946000 77.2948000

Data shown in sample figure was collected while walking, can see spikes in raw GPS data where as GPS+EKF
data is more stable and accurate.
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STM32MP257x-EV1 | https://wiki.st.com/stm32mpu/wiki/STM32MPU_Developer_Package
Distribution Package
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