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Abstract

This application note leads the user through the steps necessary to evaluate and prototype a sensor
fusion-based system using the ZED-FO9R. The document cuts across many types of product
documentation especially for beginners.
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1 Introduction

This document acts as a getting started guide for evaluating and using the u-blox ZED-F9R module
and high-precision sensor fusion technology. The guide is written with a focus on robotic applications,
which is the platform that requires the most comprehensive receiver setup. As such, the guide is also
suitable for other platforms where the setup is more simple.

The complete setup process is divided into self-contained chapters focusing on specific parts of the
setup. The setup process includes

e preparing the host system

e configuring the receiver

e installing the receiver in a vehicle, and
e running testdrives

It is strongly recommended to go through the chapters in order to make the setup process easier.

The document may contain specific information based on the product documentation such as
Integration manual [1] or Interface description [2] which are updated regularly. Please refer to the
product documentation whenever there are inconsistencies between this document and the official
product documentation. This document is intended as a beginner’s guide and does not supersede
product documentation.

1.1 Required items

The following items are required for completing the setup in this guide:

e An operational ZED-F9R module

e A suitable multiband GNSS antenna

e A host PC running u-center for F9 products

e Serial communication between the receiver and the host

e Means to provide odometer data to the receiver

e Means to provide correction data to the receiver, including access to a correction service or a base
station

e Means to properly attach the receiver to the vehicle

1.1.1 Operational ZED-F9R module

At the center of the setup is the ZED-F9R module installed on a printed circuit board (PCB). We
recommend the C102-F9R evaluation kit for first-time users, as it provides a tested, ready-to-use
device for most purposes. A custom design is also allowed, provided it follows the module’s hardware
design requirements (see [1]). The design should also provide at least a UART connection to the
receiver but having USB support is strongly recommended.

1.1.2 GNSS antenna requirements

During the evaluation phase, it is best to start with known working components and the design can
be optimized for cost, space, weight, or other considerations at a later stage. As a high-level summary,
the antenna must:

e Be capable of multi-band L1 and L2 reception

e Be an active antenna with atleast 17 dB of gain

e Be designed for real-time kinematic (RTK) applications with suitable phase center variation and
group delay characteristics

¢ Include ground plane, if the antenna requires one
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1.1.3 Host system

Certain functionality in the setup needs to be implemented by a host system. This includes:

e Configuring the receiver

e Monitoring and debugging the receiver
e Providing odometer data to the receiver
e Providing correction data to the receiver

All of the above can be done in u-center, except for providing odometer data to the receiver. It is
recommended to start evaluating and developing the system with a PC running u-center as the main
host, and gradually move the functionality to an embedded host for the final product.

It is also strongly recommended to make monitoring and debugging the receiver possible in the final
product. To do this, design your system so that is it possible to connect to u-center directly to the
receiver. Alternatively, data logging may be implemented by the host to allow data analysis and
debugging.

1.1.4 Odometer data

Odometer data refers to information about the distance travelled by a vehicle. This information is
usually available from a vehicle either as wheel ticks or speed measurements. The data is typically
generated by sensors that can measure the rotation of the vehicle’s wheels, such as Hall effect
sensors. These sensors are often used in low-cost brushless DC motors utilized in typical robotic
applications.

Providing odometer data to the receiver is mandatory for high-precision sensor fusion. If odometer
data is not available from the vehicle, an external sensor must be attached to the vehicle for an
accurate assessment of achievable accuracy.

Odometer data can be supplied to the receiver either through dedicated hardware pins for wheel ticks
and direction, if the application type permits it, or through a serial interface as UBX-ESF-MEAS
messages.

1.1.5 Correction data

Correction data is another mandatory part for high-precision sensor fusion. Corrections allow the
receiver to measure its position more precisely by providing more information about the available
satellites. Correction data is available through dedicated services, such as u-blox PointPerfect, that
utilize dedicated software for obtaining the data. This data then is provided to the receiver through a
serial port.
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2 Communicating with the receiver in u-center

All communication with the receiver is handled through the u-blox proprietary UBX message protocol
(see [2]). Through different messages, the user can apply configurations and monitor the status of
the receiver. u-center provides a human-machine interface for these operations. This section acts as
an introduction into communicating with the receiver in u-center. u-center is available from the u-blox
website.

2.1 Connecting the receiver with u-center

Follow these steps to connect u-center to the receiver and verify that the connection works:

Power on the receiver.

Connect the receiver to the host with a serial or USB cable.

Open u-center on your PC.

In u-center, select the correct serial port from Receiver > Connection > COMXxx.

If connecting through UART, set the correct baudrate from Receiver > Baudrate. The default
baudrate of the ZED-F9R is 38400.

Open the Messages View from View > Messages View.

Select the UBX-MON-VER message from the left-side of the list.

8. Click Poll. The view should look like the following when the receiver is operating properly:

D uex-MON-VER 185 =0(EEh ===

.. HW {Hardware 5tatus) # | Saoftware Wersion

gk w0~
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Figure 1: u-center UBX-MON-VER message

2.2 Updating the receiver firmware

Please update to the latest receiver firmware if the shipped ZED-F9R module has an older version. u-
blox receiver firmware binaries are available on the ZED-F9R product website.
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The receiver firmware can be updated via the firmware update utility in u-center:

Open u-center and connect it to the receiver.

Open the firmware update utility from Tools > Firmware Update.

Select the target firmware image file in the Firmware image field.

If connected through UART, check the Use this baudrate for update box and select a higher

baudrate to make the update faster. The receiver does not need to be configured separately for
this step.

Press the green Go button in the bottom left corner to start the update process.

6. The receiver is ready to be used once the console output states that the update completed
successfully.

7. The new firmware version can be confirmed with the UBX-MON-VER message.

Pownp=

o

(D Firmware Update Utility = o ==
Firmware image Receiver generation: ublox Generation 5
|C:'4J5e - = — ,.3}(_F9R_1.00_i—l—‘5130__v_] J = Fimware file: Present : 15/09/2022 18:11:26 (12
Flash Information Structure (FIS) file / Flash Definiton File (FOF) D He; Bt neeoed
| J _I Fimware utility: Present (C:\Program Files (x86)...

Connection: Connected
[¥ Use this baudrate for update ¥ Enter safeboot before update

115200 x [V Send training sequence
B . [ Use chip erase
[ Transfer image to RAM

Additional options

Command line
C:\Program Files (x86) \u-blox'u-center_v22.07\ubxfwupdate.exe -p STOIO -b 115200:9600: 115200 -no-fis 1 -5
1-t1-v1°C:\Users »Desktop\firmware and keys

\JEX_F9R _100_HPS130. 3437fe3d 1f7b8307403bed548d6 142d0.bin™

| |

Write ACK for packet 2624 A
Write ACK for packet 2625
Write ACK for packet 2626
Write ACK for packet 2627
77.4 CRC check SUCCESS

77.4 Rebooting receiver

77 4 Fimware Update SUCCESS

Fimware Update Liility completed successfully
Exit code (0)

<

L

Figure 2: u-center firmware update

2.3 Storing configuration settings

ZED-F9R is fully configurable with UBX configuration interface messages. The configuration
database in the receiver's RAM holds the current configuration that is used by the receiver at run-
time. It is constructed on start-up of the receiver from several sources of configuration. The
configuration interface and the available keys are described in the F9 HPS 1.30 Interface description

[2].

Memory layer Description

RAM The configuration settings stored in RAM remain effective until power-down or reset
BBR (battery-backed RAM) The configuration settings are stored as long as the backup battery supply remains
Flash memory Permanent storage of configuration settings

Table 1 Memory layers for storing configuration settings
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2.4 Modifying the receiver configuration in UBX-CFG-VALSET
view
Figure 3 shows the UBX-CFG-VALSET message view.

1. Select the configuration items from the Group and Key Name dropdown menus and add these to
the list of configuration items to set by clicking the Add to list button.

2. To set the value to apply, select an item from the list and set the value in the Value field.
To poll the current value of the item, click the Get current value button.

3. Select the correct memory layer(s) in the Set value in layers field.

4. Click the Send button in the bottom left corner of the window.

D Messages - UBX - CFG (Config) - VALSET (Set Configuration ftem Values) [ ][O ] 5]

GBAS

Settings) -~

UBX - CFG (Config) - VALSET (Set Configuration Item Values)

Configuration |tem

Group Key Name Key D Type
CFG-UARTI _v||CFGE-UART1-BAUDRATE _v|[a0520001 [U4 Addiolst

The baud rate that should be configured on the UART1

Configuration item values to set

Key Name Key ID Type | Value
CFG-UART1-BAUDRATE 0x40520001 U4 115200 0x1c200

Remove from list ! Clear list !

Value

— m

g 75200 Value (hexk|1c200
D (Firmware Update Messages)

Set value in layers Transaction
[~ Flash [~ BER W RAM | |Notansaction =

v

< >

& X Sl el &3 A

Figure 3: UBX-CFG-VALSET message

During the evaluation phase, it is most simple to write the configuration directly to flash. During
development and series production, it is recommended to write the configuration to the RAM or BBR
layer at startup. The host should not write to flash at every startup because of the maximum limit on
the number flash write cycles.

2.5 Modifying the receiver configuration in the Generation 9
Advanced Configuration view

Figure 4 shows the Generation 9 Advanced Configuration View. This view presents all the available
configuration items as a grouped list.

1. Add items to the list to be applied by selecting an item from the grouped list.

2. Write the correct value in the Value field.

3. Click the Setin RAM/BBR/Flash button.

4. To send the configuration to the receiver, click the Send config changes button.
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GNSS Configuration Sk —Cech | ~Selected Configuration Item 11

Abvanced Configration | [ x| Key Name (ID): | CFG-UART 1-BAUDRATE (0x40520001)
The baud rate that should be configured on the UART1

;. CFG-NAVZ ,,
- CFG-NAVHPG

. CFG-NAVMASK

- CFG-NAVSPG Value: [ 115200
i CFG-NMEA 9}

. CFG-0DO Value (hex): | 1c200

;. CFG-PM

i CFG-PMP
i CFG-QZSS Load differences from default

CFG-RATE

%--CFG-RINV + List of configuration changes (Red duplicates ignored)

- CFG-RTCM

[ CFG-5BAS Items to delete

; |
)

)

)

3

¢l

3l

al

3}

)

)

)

=

SetinBBR | Setin Flash Delete

. CFG-SEC Key Name (Key ID) J Layer
CFG-SFCORE

CFG-SFIMU

CFG-SFODO

CFG-SIGNAL

- CFG-SPARTN

. CFG-SPI

- CFG-SPIINPROT

. CFG-SPIOUTPROT

CEG-TMODE

CFG-TP

CFG-TXREADY

CFG-UARTL

CFG-UART1-BAUDRATE Pou4
[]- CFG-UART1-STOPBITS r E1
CFG-UARTL-DATABITS : E1
CFG-UART1-PARITY t E1
CFG-UART1-ENABLED L
CFG-UARTLINPROT

CFG-UART10UTPROT

CFG-UART2

CFG-UART2INPROT

CFG-UART20UTPROT

CFG-UNITTEST

b .:ThLI.":'TU 1 fist .Clearlisls I Load from file... | Save to file... I .

Items to set

- - - F- - - - - B - - - - - -

Key Name (Key ID) | Layer | Value |
CFG-UART1-BAUDRATE (0x40520001) RAM (0) 115200 Ox1...

CFG-USBINPROT
CFG-USBOUTPROT v

- - -
-6 - -

UBX-CFG-VALSET message hex codes W

< I >

Figure 4: Generation 9 configuration view

During the evaluation phase, it is most simple to write the configuration directly to flash. During
development and series production, it is recommended to write the configuration to the RAM or BBR
layer at startup. The host should not write to flash at every startup because of the maximum limit on
the number flash write cycles.
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3 Installation

The first step of setting up the ZED-F9R is installing it into the vehicle. Proper installation is vital for
the navigation performance of the receiver, as its internal sensors must be able to measure the
dynamics of the vehicle accurately in a consistent way. This means the antenna and receiver must be
mounted rigidly in a fixed position and orientation relative to the vehicle’s body.

Antenna

u-center

| Odometry data

T—

Figure 5: Conceptual system view with good alignment

3.1 Mounting the receiver

Start by finding a suitable location in the vehicle to mount the receiver. The placement of the receiver
does not matter in most applications. For best performance, the receiver should be placed as close to
the center of the vehicle’s rear axle as possible. If the application’s accuracy requirements are very
demanding, an advanced configuration may be needed.

Next, plan the orientation of the receiver. Figure 6 shows the inertial measurement unit (IMU) frame
and the installation frame. The default assumption is that the x, y and z axes of the IMU frame are
parallel to the x, y, and z axes of the installation frame. The IMU frame orientation is printed on the
label of the C102-F9R evaluation kit; for custom designs refer to Figure 7. For the simplest possible
installation, mount the receiver in the orientation described above. If the receiver is mounted in any
other orientation, a custom configuration must be set for correct performance.

¥ Note that the configured misalignment must be within 3 degrees of the truth to prevent
significant degradation in navigation performance. A misalignment of tens of degrees will result
in failure. Consult section 3.2.3 of the ZED-F9R Integration manual [1] for more information about
the IMU alignment. Configuring the misalignment is described in section 6.2.2.
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POSITIVE POSITIVE
ROTATION ROTATION
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IMU-MOUNT ROLL

s . ; A IMU-MOUNT PITCH
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[ — . - ~ p,
L 117 T -, .
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Figure 6: IMU frame and installation frame

leoxﬁJ ®

ZED-F9R-00B-00 12
H9800000228 19/49
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All Rights Resamad

| 15 mm +

Figure 7: Orientation information. Z-axis points upwards.
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Finally, attach the receiver rigidly to the vehicle’s frame. meaning that it must not be able to move
relative to the vehicle. This also means that the receiver must not be attached to any part of the
vehicle that is able to move. Any movement and excessive vibration will be detrimental to the
navigation performance.

3.2 Mounting the antenna

Find a suitable location for the antenna. The antenna must be placed so that is has a clear view of the
sky. For best performance, place the antenna as close to the receiver as possible.

If the antenna is an active patch antenna such as the u-blox ANN-MB, it needs a sufficient ground
plane, e.g., a metallic disc with a ~15 cm diameter.

3.3 Connecting cables

Connect all the necessary cables, i.e., power, antenna, serial communication etc. to the receiver. Verify
that the receiver is operational by repeating the procedure in 2.1

Once the serial connection to the receiver is established and verified, the installation part is complete.

3.4 Setting up UART configuration

If you are using UART as the main interface for communication, increase the receiver’s baudrate. The
default baudrate of 38400 may not be fast enough if the receiver is outputting a high number of
messages. This can lead to data loss and even a complete failure in communication.

The recommended baudrate is 115200. This can be configured with CFG-UART 1-BAUDRATE. Some
applications may require even higher rates, especially if a higher navigation output rate is enabled.
The utilization of the receiver’s communication ports can be monitored with the UBX-MON-COMMS,
UBX-MON-TXBUF and UBX-MON-RXBUF messages.
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4 GNSS setup

Setting up the FIR for good GNSS performance is simple: just make sure the receiver has good quality
signals. The default configuration of the receiver firmware is suitable for most use cases and does not
need to be modified for most applications. Nevertheless, this chapter shows how to change the GNSS
constellation configuration settings in case it is needed.

4.1 Verifying GNSS signals

Go to a location with an open sky view.

Connect the receiver to u-center.

Wait for the receiver to reach a 3D fix.

Check the available satellite signals in the Satellite Level view by clicking View > Docking Windows

> Satellite Level:
! ﬂ@

.......... E I! I aTI II EEH
[
1 d

Pwn=

17 G19 G

Figure 8: u-center Satellite Level view

Under open sky conditions, you should have the following result:

e Atleast 20 signals are available

e Average CNO value of used signals is at least 40

e Expected constellations are used

¢ Signals from multiple bands are available, e.g., L1 and L2 for GPS

If the signal quality is bad, improve it before continuing. Bad GNSS signals will result in bad
navigation performance in all conditions. Likely reasons for poor signal quality are bad antenna,
missing ground plane and obstructed sky view.

In u-center, verify that the position is reported in the Data view by clicking View > Docking Windows
> Data.
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A0/DGMHSS

Figure 9: u-center Data view

4.2 Changing enabled constellations

The enabled satellite constellations and signals are controlled by configuration items in the CFG-
SIGNAL group. A constellation is enabled when the constellation’s enable key and both the L1 and L2
band keys are set to 1. Disabling a constellation can be done by setting the constellation’s enable key
to 0.

For example:

e Todisable the BeiDou constellation, set the configuration item CFG-SIGNAL-BDS_ENA to O.
e To enable the BeiDou constellation, set the configuration items CFG-SIGNAL-BDS_ENA, CFG-
SIGNAL-BDS_B1_ENA and CFG-SIGNAL-BDS_B2_ENA to 1.
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5 RTKsetup

For proper RTK performance, the receiver requires a continuous feed of correction data. It is available
from correction data providers through either NTRIP or MQTT protocols, each requiring application
software for fetching the data from the provider’s server and feeding it to the receiver through serial
ports. This chapter shows how to use both the NTRIP and MQTT client on u-center, and how to
monitor the RTK status of the receiver.

5.1 Setting up NTRIP client in u-center

There are both commercial and free NTRIP services available. For hobbyists and early prototyping, a
good option is RTK2go, a free community-driven NTRIP service where correction data streams from
other users are available for use. For production-grade applications, more robust commercial services
are recommended.

Start using the u-center NTRIP client with the following steps:

Open u-center and connect to the receiver via Receiver > Connection.

Open the NTRIP client settings from Receiver > NTRIP Client.

Fill in the NTRIP caster settings fields.

To fetch the available mount points from the service, click the Update source table button.
Select the correct mount point from the dropdown menu.

Press OK to start the NTRIP client.

o0, wD =

NTRIP client settings X

NTRIP caster settings
Address:

Username:

l
Port: |
l
1

Password:

NTRIP stream

Update source tahlel Request Interval (sec) |
NTRIP mount point: | ~| Mount point details

[~ Use manual position

Longitude (deg): I 0

Latitude (deg):

Altitude (m): ] 0
Geoid sep. (m): ]

OK I Cancel |

Figure 10: u-center NTRIP client

The status bar at the bottom of the u-center window provides information on the status of the service
for monitoring and debugging purposes. When the authentication is successful and the service is
connected, the connection symbol turns green.

4& NTRIP client: Not connected 48 MQTT client: Not connected u-blox Generation 9 ¢ Disconnected Mo file open UBX 00:11:02 |15:37:55 | @

Figure 11: u-center status bar

To view more details of the NTRIP client’s operation, click the connection symbol. The NTRIP Log
window is displayed.
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B NTRIP Log

16:43:24 Ending NTRIP session.

16:43:24 Closing connection to server,

16:43:24 Server connection dosed.

16:43:56 Start NTRIP session.

16:43:56 Connected to NTRIP server,

16:43:56 Send mountpoint request {MSM_VRS)
16:43:56 Sending NMEA request,

16:43:56 Sending request to NTRIP server.
16:43:56 Request sent.

16:43:56 Reguest thread going to sleep.
16:43:56 Data received from server (87bytes).
16:43:57 Data received from server (55%bytes).
16:43:57 Data received from server (26bytes).
16:43:57 Data received from server (586bytes).
16:43:59 Data received from server (555bytes).
16:43:59 Data received from server (642bytes),
16:44:01 Data received from server (555bytes).
16:44:02 Data received from server (574bytes).
16:44:02 Data received from server (26bytes).
16:44:03 Data received from server (586bytes).

Clear Log Copy log to dipboard

Figure 12: NTRIP client log

5.2 Setting up MQTT client in u-center

loT devices and applications require a reliable, robust, and secure messaging protocol. That is where
MQTT comes in. MQTT is an OASIS standard messaging protocol for the Internet of Things (loT). Itis
designed as an extremely lightweight publish/subscribe messaging transport that is ideal for
connecting remote devices with a small code footprint and minimal network bandwidth. (Source:

https://mqtt.org/)

PointPerfect is a high performance GNSS augmentation service that enables high accuracy with high
precision GNSS receivers. PointPerfect adopts the industry-driven SPARTN messaging format.
SPARTN is an industry-led format that enables the highly efficient transfer of GNSS correction data.

The service uses MQTT as the basic transport mechanism for the different elements of the service.
This includes authentication, ancillary services like AssistNow, service key delivery and the actual
service. u-center implements a MQTT client.

Start using the u-center MQTT client with the following steps:

1. Open u-center and connect to the receiver via Receiver > Connection.

2. Openthe MQTT client settings from Receiver > MQTT Client.

Download a u-center config file from the Thingstream portal associated with your device and
region of operation and add it as the “JSON config file”.

Check the box to “Subscribe to key topic”.

Check the box to “Subscribe to AssistNow topic”.

Check the box to “Subscribe to data topic”.

Select the data topic using the drop-down menu suitable for the region of operation.

Press OK to start the MQTT client.

w

N oA

For more information on the PointPerfect service, please refer to: PointPerfect getting started guide

The status bar at the bottom of the u-center window provides information on the status of the service
for monitoring and debugging purposes. When the authentication is successful and the service is
connected, the connection symbol turns green.

4& NTRIP client: Not connected 48 MQTT client: Not connected u-blox Generation 9 ¢ Disconnected Mo file open UBX 00:11:02 |15:37:55 | @

Figure 13: Bottom Status bar of u-center
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blox

To view more details of the MQTT client’s operation, click the connection symbol. The MQTT Log
window is displayed.

i MQTT Log

17:11:08 Ending MQTT session.

17:11:16 Using credentials from C:% = s \firmware and keys\
17:11:16 Connected to MQTT server: ssl://pp.services.u-blox.com:8883
17:11:16 Subscribed to Key topic: jpp/ubx,/0236/ip

17:11:18 Subscribed to Data topic: /pp/ip/eu/gad

17:11:18 Subscribed to Data topic: /pp/fipfeu/hpac

17:11:18 Subscribed to Data topic: Jpp/ipfeujoch

17:11:18 MQTT message received of size 60 on topic /fppfubx/0236/ip
17:11:18 MQTT message received of size 8588 on topic /pp/ubx/moa
17:11:18 MQTT data message received of size 267 on topic fpp/fip/eu/gad
17:11:18 SUCCESS: Sent data to serial port.

17:11:18 MQTT data message received of size 5894 on topic /pp/ipfeu/hpac
17:11:18 SUCCESS: Sent data to serial port.

17:11:18 MQTT data message received of size 680 on topic fppfipfeujoch
17:11:18 SUCCESS: Sent data to serial port.

17:11:18 Subscribed to topic: fpp/fip/eu/dk

17:11:18 MQTT data message received of size 150 on topic fpp/fip/eu/dk
17:11:18 SUCCESS: Sent data to serial port.

17:11:20 MQTT data message received of size 153 on topic fpp/fipfeu/dk
17:11:20 SUCCESS: Sent data to serial port.

Clear Log Copy log to dipboard

Figure 14: MQTT client log

5.3 Monitoring RTK status

Make sure the receiver is getting correction data by monitoring the RTK status in u-center (see Figure
15):

¢ Inthe general information view (View > Docking Windows > Data), the RTK status is shown in the
Fix status field as “Float” or “Fixed” if RTK is used.

e Alternatively, in the UBX-NAV-PVT message view, the RTK status is shown in the Carrier Range
Status field as “Float” or “Fixed” if RTK is used.

° COM14 @ 9600 - u-center 22.07

File Edit View Player Receiver Tools Window Help

BN == | apooDEO-E-E-m-EEE0EGEaE@ B
oo K AN Ml nR ese 2 - 1
E Messages - UBX - NAV (Navigation) - PVT (Navigation PVT Solution)
EQE (End Of Epoch) A
St i o LB - NAY [Navigalion] - FYT (Navigation PVT Solution]
GEOFENCE (Geofencing status)
HNR (High Navigation Rate)
HPPOSECEF (High Precision Pasition EC Eioti e L
H [k Pracieion Geodetic P GPS Time Tag 118007 000 [s]
e s UTC Date and Time 12712/ 2022 D8:46:23 +000210562
MI (Navigation message crass-check i UTC Date and Time Confimation Status Date: CONFIRMED, Time: CONFIRM..
0DO (Odometer) UTC Time Accuracy 21 [ns]
. Position Fix Type 0 Fix
ORB (Orbit Inf
BRI, Fis Flags FisDK, DGNSS
PL (Protection Level) FSM state s
CEF (Position ECEF Pasition Latitude, Longitude, Height, MSL 47 2851965, B 5652953, 6481, 6008  [deq.ded.m.m]
Inwalid Position Latitude, Longitude, Height, MSL~ No
Position Accuracy Estimate Horizontal, Vertical oo.oo [m.m]
Welocity Morth, East, Down 0,00, 0.000, 0.000 [ms.mds,me's]
Welocity, Heading Accuracy Estimate 0.048, 120.0 [mys.deq]
Speed over Ground 0.001 [m/s]
Heading of Motion, Heading of Vehicls 0.0, nia [deq.deq)
Magretic Declination, Declination Accuracy Estim... n/a, nfa [den.deq]
op 110
T "
I Carier Aange Status Fixed I
s [zec]

Figure 15: RTK status in u-center

Under open sky scenarios, if the receiver gets to a fixed state in less than two minutes, the receiver,
antenna and correction service are compatible and working well.
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6 Sensor fusion setup

The final and most important part of the setup is setting up the receiver for sensor fusion. The
receiver depends heavily on the internal IMU data, odometer data from the vehicle, and proper
configuration.

6.1 Providing odometer data to the receiver

As mentioned in 1.1.4, the receiver requires either wheel ticks or speed data to be supplied to it. Wheel
ticks may be sent through either the dedicated pins for wheel ticks and direction, or through a serial
interface as UBX-ESF-MEAS messages. Speed data may be sent through a serial interface only. The
rest of the chapter covers cases where the serial interface is used. Consult chapter 3.2.5 of the ZED-
FIR Integration manual [1] for a detailed description of wheel ticks and speed.

6.1.1 Wheel ticks

Wheel ticks represent the rotation of a wheel: every rotation generates a constant number of ticks.
Through the wheel tick sensor resolution (ticks per revolution) and wheel diameter, the information
can be converted into the distance travelled by the wheel.

The wheel ticks should be absolute, meaning the value starts from zero and increments regardless of
the direction of travel. The direction is indicated with its own bit in the input message.

Wheel ticks can be input from either a single source (single tick) or from both the rear-left and rear-
right wheel of a vehicle. When providing a single tick, the value should represent the vehicle’s
movement at the center of the rear axle. This can be achieved by averaging the wheel tick
measurement of both rear-wheels. Providing rear-wheel ticks is preferred whenever available. The
UBX-ESF-MEAS data types for wheel ticks are:

e singletick=10
e rear-left wheel tick =8
e rear-right wheel tick =9

For optimal performance, the wheel tick resolution should be less than 5 cm, i.e., one tick should
correspond to a displacement of 5 cm.

6.1.2 Speed

Speed is input as a signed value in millimeters per second. The UBX-ESF-MEAS data type for speed is
11.

6.1.3 Data stream quality

When sending odometer data with UBX-ESF-MEAS messages, ensure that the data stream is of good
quality. For optimal performance:

e Supply odometer data at a rate of 10 Hz.

e Senddata at evenintervals, e.g., every 100 ms for 10 Hz input.

¢ Data must be sent with delay less than 10 % of the sampling interval.

e Dataloss must be less than 1 %.

e Give odometer data priority over other communication with the receiver. If the odometer data
stream is being hampered by other data, a separate serial port may be used.

e Use the highest baudrate available to minimize the latency caused by transmission.

UBX-22035176 - RO1 Contents Page 19 of 30
C1-Public



@blOX ZED-F9R - Application note

6.1.4 UBX-ESF-MEAS sample code

u-blox has collaborated with the OpenMower project to provide an example of integrating the ZED-
FOR in a robotic application. The u-blox driver source code can be found here.

In the OpenMower project, wheel ticks from two individual wheels are provided to the receiver. The
data is sent to the receiver with the GpsInterface: :send wheel ticks function. The function takesin
the sensor timestamp, and the direction and wheel tick value from the two wheels. These are put into
an array, together with the UBX-ESF-MEAS message class and identifier bytes. Next, the
GpsInterface::send packet function completes the message with the two-byte UBX protocol header
in the beginning and the two-byte checksum in the end. The complete message is sent to the receiver
with the GpsInterface: :send raw function.

When wheel tick messages are being delivered to the receiver, use the UBX-ESF-MEAS graph view in
u-center to monitor the wheel tick data. The graphs below show two systems. In the top picture the
wheel ticks are combined into a single tick with CFG-SFODO-COMBINE_TICKS = 1. In the bottom
picture both left and right wheel ticks are being used. Both pictures show the vehicle moving at a
constant velocity.

D uex-105s E=R(E=RT
- NMEA * | Select dataid: [0 -

B-R BT (Diff) 13.00 _FL (Di FR (Diff) 0.00__RL (Diff) 0.00__RR (Diff) 0.00 _Speed 0.00

[_]..

(Acknowledge)

- AlD (GPS Aiding)

£
@- CFG (Config)
[ SF(

G (IMU-mount Misalignment Angles)

(Calibrated Measurements)
5 (Vehicle Dynamics)
Aeasurement Data)
iguration oracle

Measurements) Gvro X 7.85 Guro Y -0.07 Gwro Z8.28
P Messages - UBX - ESF (External Sensor Fusion) - MEAS (Measurement Data) - graph E@
B CFG (Config) " | LB - ESF (Estemal Sensar Fusion] - MEAS (Measurement Dita) - graph Bls

External Sensor Fusion)

LG (IMU-mount Misalignment Angles)
librated Measurements)

hicle Dynamics)

‘ Max 9 (F)
Single Tick {Diffy
Wheel Tick FL (Diff)
Wheel Tick FR (Diffy
Wheel Tick RL (D¥f)

Measurement Data)
onfiguration oracle

Measurements)

et IMU-mount Alignment) Speed
S US (ESF Status) 0
[ HNR (High Navigation Rate) :
- IMF (Information,
[ LOG (Data Logger)
&M

vlultiple GNSS Assistance)

Figure 16: u-center UBX-ESF-MEAS graph view of single tick (top) and left/right (bottom) wheel tick systems

6.2 Sensor fusion configuration

The sensor fusion configuration of the receiver depends on several different aspects of the entire
setup, including the used vehicle, how the receiver is mounted on the vehicle, and what type of
odometer data is used. Thus, the configuration needs to be modified if the setup is changed.
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6.2.1 Dynamic platform model

ZED-F9R supports different dynamic platform models to adjust the high-precision sensor fusion
navigation engine to the expected application, that is, a vehicle and its expected operation
environment. It is important to select the correct model to ensure that the sensor fusion works as
expected. Refer to chapter 3.2.2 of the ZED-F9R Integration manual [1] for more information about
the dynamic models.

The following dynamic models are available:

e Automotive
o For applications with equivalent dynamics to those of a passenger car
o Configured with CFG-NAVSPG-DYNMODEL =4

¢ Robotic lawn mower (RLM)
o For applications with equivalent dynamics to those of a robotic lawn mower
o Configured with CFG-NAVSPG-DYNMODEL = 11

e E-scooter
o For applications with equivalent dynamics to those of an e-scooter or a bicycle
o Configured with CFG-NAVSPG-DYNMODEL = 12

Select the correct model for the application and apply the configuration in u-center.

6.2.2 IMU-mount alignment

The receiver needs to know its orientation relative to the vehicle to perform sensor fusion. There are
two ways for the receiver to have this information:

e Automatic IMU-mount alignment
e User-defined IMU-mount alignment

Automatic IMU-mount alignment allows the receiver to estimate the roll, pitch and yaw angles based
on the vehicle’s movements. This mode is only available when using the automotive dynamic model.
To enable automatic alignment, set the configuration item CFG-SFIMU-AUTO_MNTALG_ENA to 1.

Using user-defined IMU-mount alignment is mandatory when using the robotic lawn mower and e-
scooter dynamic models. It may also be used when using the automotive dynamic model. To configure
the receiver to use the user-defined IMU-mount alignment, set the following configuration items:

e Disable automatic alignment by setting CFG-SFIMU-AUTO_MNTALG_ENAto O
e Set the yaw angle with CFG-SFIMU-IMU_MNTALG_YAW

e Set the pitch angle with CFG-SFIMU-IMU_MNTALG_PITCH

e Set the roll angle with CFG-SFIMU-IMU_MNTALG_ROLL

Consult chapter 3.2.3 of the ZED-F9R Integration manual [1] on how to determine the individual
angles. It can also be beneficial to use tools like [3] to help determine and visualize the Euler angles in
the setup. Determining the angles can be complicated, but it needs to be done carefully to ensure
proper navigation performance.

If the installation is changed, the user-defined IMU-mount alignment angles must be reconfigured to
match the new installation.

6.2.3 Setting up odometer configuration
The odometer configuration depends on both

e The type of odometer data used in the setup, and
e The dynamic platform model.

Follow these steps to properly configure the receiver:
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»

Ensure the receiver only reads odometer data from the input UBX-ESF-MEAS messages by
disabling the hardware wheel tick pin. Set CFG-SFODO-USE_WT_PIN = 0.

If using either the RLM or e-scooter dynamic platform model, disable automatic wheel tick polarity
detection by setting CFG-SFODO-DIS_AUTODIRPINPOL = 1. Do this regardless of whether wheel
ticks or speed data is used in the setup.

If using speed data, set CFG-SFODO-USE_SPEED = 1 and CFG-SFODO-COMBINE_TICKS =0. This
ensures that the receiver uses speed data.

If using rear-wheel ticks, set CFG-SFODO-COMBINE_TICKS = 1.

If using single tick, set CFG-SFODO-COMBINE_TICKS = 0.

If using wheel ticks and the RLM model, set the wheel tick scaling factor with CFG-SFODO-
FACTOR. The factor is the distance per one tick in micrometers.

The wheel tick scaling factor can be determined by dividing the distance travelled by the increase
in wheel ticks. Alternatively, the value can be calculated directly from the wheel circumference and
the number of ticks per revolution. As a numerical example, for a wheel with a diameter of 20 cm

and 600 ticks per revolution, the factor is 3.14159*%* 10° um =~ 1047 um, i.e., CFG-SFODO-
FACTOR = 1047.

6.2.4 Navigation output rate

By default, the receiver outputs its navigation solution at 1 Hz. For applications that require a higher
output rate, the priority navigation mode feature can be used. With priority navigation mode, the
receiver can output at 1-30 Hz. Priority navigation mode rate can be configured with the CFG-RATE-
NAV_PRIO configuration item. Consult the ZED-F9R Integration manual [1] for more information.
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7 Calibration and testing

Before being able to perform sensor fusion, the receiver must calibrate itself with vehicle dynamics
and odometer data. This is done automatically over time by the receiver while the vehicle is being
driven. Consult chapter 3.2.7 of the ZED-F9R Integration manual for more details about the
calibration process.

This section expects that all the previous sections have been completed successfully. The following
must be true:

e Thereceiver has been properly installed in the vehicle
e Thereceiver has been properly configured

e Thereceiver has achieved a good 3D GNSS fix

e The receiver has achieved an RTK fix

e Odometer data is supplied to the receiver

7.1 Initialization and calibration

The receiver starts in an initialization phase, during which it estimates all unknown parameters
required for sensor fusion. The phase is triggered after a receiver cold start or a filter reset. The
receiver is in initialization phase if the UBX-ESF-STATUS.fusionMode field is set to O: INITIALIZING.
In this phase, the receiver produces a GNSS-only output.

During the initialization phase the receiver does the following steps:

¢ IMU initialization: Unknown crucial IMU parameters such as sensor sampling frequency are
estimated.

¢ IMU-mount alignment initialization: Done only when automatic alignment is enabled.

e [INS initialization: Initial vehicle position, velocity and attitude need to be known with sufficient
accuracy.

o Wheel tick & speed sensor initialization: WT/speed sensor parameters are estimated.

The initialization phase requires good GNSS signal conditions and periods when the vehicle is
stationary and moving. Depending on the used dynamic platform model, additional criteria must also
be met (see chapter 3.2.2 of the ZED-F9R Integration manual [1]).

Once theinitialization is complete, the receiver enters fusion mode and continuous calibration begins.
The receiver is in fusion mode if the UBX-ESF-STATUS.fusionMode field is set to 1: FUSION. The
fusion filter starts to calibrate the sensors required for computing the fused navigation solution. As
soon as the calibration reaches a state where optimal fusion performance can be expected, UBX-ESF-
STATUS.calibStatus is set to 2 or 3: CALIBRATED. Figure 17 shows the UBX-ESF-STATUS message
output on a fully calibrated receiver.
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P Messages - UBX - ESF (External Sensor Fusion) - STATUS (ESF Status) [r=| - | [E3a]
- UEX A
= R UEX - ESF [External Senzor Fugion] - STATUS [ESF Statug) 15¢
B~ ACK (Acknowledge)
Bl- AID (GPS Aiding)
B- CFG (Config) GPS Time [s]: 218094500 Version: |2
= E_SF (External Sensor Fusion) Fusion Fiter Mods @ FUSION
ALG (IMU-mount Misalignment An IMU Statuz @ INITIALIZED
L (Calibrated Measurements) wheel-tick Sensor Status @ INITIALIZED
INS (Vehicle Dvnamics) INS Status @ INITIALIZED
ST - IMU-mount Alignment Status @ OFF
MEAS (Measurement Data)
RAW (Raw Measurements) Sengar Statug Time Freq| Faultz
RESETALG (Reset IMU-mount Aligni @ Gyroscope £ @ CALIERATED FB 49
@ Single Tick @ CALIBRATED FB 10
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Figure 17: u-center UBX-ESF-STATUS showing calibrated and initialized system

¥ While the receiver will get calibrated eventually during normal operation of the vehicle, an
accelerated initialization and calibration procedure can be performed during evaluation. See
section 3.2.7.2 of the ZED-F9R Integration manual [1].

7.2 Preserving calibration

Without preventive measures, the receiver calibration only persists while the receiver is powered on,
i.e., the calibration is lost and the receiver needs to be re-calibrated after every power cycle. To
preserve calibration, the following options are available:

e Backup supply voltage: Calibration is stored in the battery-backed RAM
e Save-on-shutdown feature
e Advanced calibration handling feature

Consult sections 3.9.3 (save-on-shutdown), 3.9.4 (advanced calibration handling) and 4.2.2 (backup
supply voltage) of the ZED-F9R Integration manual [1] for more information.

7.3 Performing a basic test drive

The best way to confirm that the system is properly configured is to perform a recorded drive after
configuration in open sky conditions. To see every stage of the receiver’s operations, the test drive
should start with a cold start. This way it is possible to analyze the time to first fix (TTFF), time to
calibration and time to RTK solution.

In a proper setup, the receiver will consistently operate in a 3D+DR+RTK mode. Dropping out of sensor
fusion and dropping out of RTK are evidence of something failing in the setup. It is recommended to
validate correct functionality in open sky conditions before moving on to more difficult scenarios, such
as urban canyon and DR-only scenarios. The appendix section contains some troubleshooting hints.

7.4 Scenario testing

Once the system is working reliably with sensor fusion and RTK, the entire system can be tested under
different scenarios. The scenarios may include driving in open sky areas, areas with no sky visibility,
wooded areas, areas near small and large buildings, and with different type of antennas or correction
services.

A rigorous analysis will involve comparing the receiver’s output to that of a truth system. If a truth
system is not available, it is also possible to perform repeatability tests over different periods of time.
If the system performance has high repeatability in different logs collected in different locations, it is
very likely that the system is also quite accurate.
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A Appendix

A.1 Recording logs

Follow these steps to record a logfile in u-center:

1.
2.
3.

Open u-center and connect to the receiver

Enable the messages that need to be monitored

(Optional) Enable debug messages with the debug button (Figure 18, 1). This enables messages
that are required for u-blox support to assist in debugging any receiver issues.

1. 2

| -

Figure 18 Logdfile recording controls in u-center

4. Press the record button (Figure 18, 2).
5. When prompted to poll the receiver configuration, make sure u-blox Generation 9 is selected and
click Yes.
A;:id Receiver Configuration o X

9 The logfile must contain the configuration of the GNSS receiver, if

you want to submit it to the u-blox support team for debugging
purposes.

Do you want to poll and store the current configuration in the
logfile?

Select Generation  |FRi S RC =1 g1 k] o

]

Figure 19 Polling the receiver configuration in u-center

A.2 Replaying logs

Once a log has been recorded, u-center allows the log to be loaded and various aspects of the drive
scenario to be inspected in an offline mode.

Basics of replay include:

1.
2.

3.

4.

To open a log file, select File > Open

Set up the Views relevant to the issue at hand. For example, the Map view can help identify the
relevant portion of the recording during a particular movement.

Set up the Message view with the message to monitor during the replay. For example, UBX-RXM-
COR shows messages associated with correction messages being received while UBX-ESF-
STATUS shows the status of the external sensor fusion which shows various aspects of the
calibration process.

Press the Player > Play > <message play rate>

A.3 Interference of GNSS signals

The receiver’s GNSS performance can be negatively affected by different sources of interference in
the GNSS signals. This interference can be caused by:

Cellular, Wi-Fi, Bluetooth and other wireless products
Electric motors
Power supplies
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Figure 20: u-center UBX-MON-SPAN showing the spectrum at the L1 and L2 bands

A.4 Communications and protocols

One reason that a fixed ambiguity is not achieved may be the corrections not being received or used.
Figure 21 shows the UBX-MON-COMMS message used for monitoring the traffic at the
communication ports. When the receiver is outputting and getting corrections on UART1, the byte
counter should be increasing for both the transmit and receive direction. If the protocol byte counters
are notincrementing on the interface as expected, this could mean that either the protocol is disabled
on the interface or the baudrate is incorrect.
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Figure 21: u-center UBX-MON-COMMS showing traffic count by interface and protocol
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If the data is arriving, the messages that are being used are shown in UBX-RXM-COR. Below is an
example of SPARTN corrections being received. The “can handle”, “Used” and “Decrypted” shows that
a software handler exists, whether the message can be used and whether the message was
successfully decrypted.
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P Messages - UBX - RXM (Receiver Manager) - COR (Differential correction input status) [
XBUF (RX Buffer)
R\'E‘F F;Ei‘ﬂﬂ " LB - RXM (Receiver Manager] - COR [Differential correction input status)
c Manager
nectrurn Analyzer) Protocol Type - Subtype | Can handle Used Enor Status Correction [0 Type - Subtype: Encrypted Deciypted Eb/NO (273 dB)

.5PT (Sensor Production Test) SPARTM [2) a-2 Yes (1) Usged [2) Enor-free (1] Unknown [O<FFFF) Valid (1) - Valid (1) Yes (2] Tes [2) a
- - o - SPARTM [2] a-1 Yes (1) Uszed [2) Enrar-free (1] Unknawn [0FFFF) Valid (1] - Valid [1) Yes (2] Yes (2] a
- $Y5 (System Performance St SPARTH (2] -0 Yes[1] Used (2] Enarfres (1] Urknown [FPFF) alid (1) - Valid (1] Yes (2] Yes 2] i
TEMP (Temperature) SPARTH [2] 0-2 Yes (1] Used [2) Enarfree (1) Unknown [0<FFFF)  Valid (1] - Valid (1) Yes (2] Yes (2] ]
.. TXBUF (TX Buffer) SPARTM [2) a-1 Yes (1) Usged [2) Enor-free (1] Unknown [O<FFFF) Valid (1) - Valid (1) Yes (2] Tes [2) a
- SPARTM [2] a-o Yes (1) Uszed [2) Enrar-free (1] Unknawn [0FFFF) Valid (1] - Valid [1) Yes (2] Yes (2] a
VER (Version) SPARTH [2] 1-2 Yes (1] MNotused(1)  Enorfree (1) Unknown [0FFFF) Valid 1] - Valid (1] Yes (2] Yes (2] 0
- NAV {Navigation, SPARTH [2] 1-2 Yes (1] Used [2) Enarfree (1) Unknown [0<FFFF)  Valid (1] - Valid (1) Yes (2] Yes (2] i]
- NAVZ (Navigation SPARTM [2) 1-2 Yes (1) Mot uged (1] Enor-free (1] Unknown [O<FFFF) Valid (1) - Valid (1) Yes (2] Tes [2) a
2 RXM (Receiver Manager) SPARTHM [2) 1-2 Yes (1) Mot used (1] Enar-free (1] Unknawn [0FFFF) Valid (1) - Valid (1) Yes (2) Yes (2) a
= 9 SPARTM [2] 1-1 Yes (1) Mot uzed (1] Enrar-free (1] Unknawn [0FFFF) Valid (1] - Valid [1) Yes (2] Yes (2] a
~-ALM (Almanac) SPARTH [2] 1-1 Yes (1] Used [2) Enarfree (1) Unknown [0<FFFF)  Valid (1] - Valid (1) Yes (2] Yes (2] ]
-+COR (Differential correction i SPARTN [2] 1-1 Yes (1) Notused (1] Enorfree (11 Unknown [0sFFFF]  Valid (1] -Valid [1) Yes (2] Yes (2] 0
] N SPARTH [2] 1-1 Yes (1] Notused (1] Enorfree (1] Unknown [0sFFFF]  Valid (1) -Valid (1) Yes (2] Yes (2] 0
. e SPARTM [2] 1-0 Yes (1) Mot uzed (1] Enrar-free (1] Unknawn [0FFFF) Valid (1] - Valid [1) Yes (2] Yes (2] a
- IMES (IMES Sta SPARTH (2] 1-0 Yes (1] Used (2) Enorfree (1) Unknown [0FFFF)  Valid (1) -Valid (1) Yes (2] Yes (2] 0
--MEAS (Measurement Data) SPARTH [2] 1-0 Yes (1] Notused (1] Enorfree (11 Unknown [0sFFFF]  Valid (1] -Valid [1) Yes (2] Yes (2] 0
MEASK Messurement Dsto) || | | SPERTH 2 10 Yl Noluwsed(l)  Eoces(l)  UnkoomOEFFF) Vel el Yl vesd 0

Figure 22: u-center UBX-RXM-COR showing SPARTN messages being used and decrypted

A.

5 Basic alignment & position offset checks

There are few drive tests to see whether lateral and longitudinal offsets are an issue.

On a flat surface, drive in a straight line, turn around and return to the same spot. If there is an
unacceptable offset between the out and back track, advanced configuration is needed.
On a flat surface, stand still for one minute, drive in a straight line and turn around and return to
the same spot where the rear wheels are in the same location, standstill for one minute. If there is
an unacceptable offset between the large group of readings resulting from the standstill at the
beginning and the large group of readings at the end, advanced configuration is needed.

There are few drive tests to see whether there are misalignment issues.

A.

On a flat surface, drive in a straight line for one minute and then turn left and drive in a straight
line. If the mounting of up versus down, this will trigger a sensor fusion reset.

On aflat surface, at constant speed, drive in a 2 m straight line, perform a smooth turn of arc length
of 1 m to theright and continue straight. The recordings during the turn should be smooth without
sawtooth like patterns. Repeat for a left turn. If the sawtooth patterns are always on the side of
the arc for both turn or are always on the outside for both turns, there is a misalignment along the
horizontal axis.

6 Odometry data issues

The following are some more rare issues with odometer data:

A.

Does the rollover value of the odometer data not fall at the powers of two (2"-1)? E.g., 1023, 2047,
4095, etc. The rollover point needs to be configured with CFG-SFODO-COUNT_MAX.

Does the vehicle travel at such a high speed that the values rollover more than once between two
samples? The values need to be scaled to a smaller value while meeting the minimum resolution of
the odometer data.

7 RTK never reaching fix

What are some of the common causes for not getting an RTK fix in open sky even though
corrections are being received by the receiver?

e For a VRS service, are the RTCM messages compatible with the receiver? This can be checked by
inspect the documentation of supported messages or by reviewing the message UBX-MON-COR

e For a Nearest station RTCM service, is the reference station close enough?

¢ Is the quality of the service good?

e For an SSR service, are the messages being decrypted?

¢ Isthe service having some kind of outage?

e Does the service work with an ANN-MB antenna?
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D Messages - UBX - RXM (Recerver Manager) - COR (Differential correction input status) E@
-MON (Monitor)
M . o C.I " B - FixM [Fieceiver Manager] - COR [Differential correction input status) Os
Bl MAV (Navigation
Bl- MAVZ (Mavigation)
£ RXM (Receiver Manager) Pratacaol Type - Subtype | Can handle Usged Emar Statug Carrection 10 Type - Subtype Encrypted Decrypted ”
LM (Almana RTCME (1] 1094 -0 Ve [1] Us=d (2] Enorfres [1] 76 Walid [1]- Ireealid () MAA (0] NAA 0]
- ALM (A - RTCM3E(1) 1084-0 Yes (1] Used [2) Emarfree (1] 76 Walid [1] - Invalid (0] Ma (0] M8 0]
RTCM3(1] 1074-0 Yes (1] Used [2) Enorhee (1] 76 Walid (1] - Invalid (0] NA& (0] N/ ()
p RTCM 1) 1006 -0 Yes (1) Used (2) Enorhee (1] 76 Walid [1]- Iealid () WA [0 NAA 0]
- IMES (IMES Status) RTCM3 (1) 10320 Mo (0) Motused (1) Emorfree (1] 76 Valid (1] - Invaiid (0] N/A [0) MiA ()
o RTCM3(1] 1094 -0 Yes (1] Used (2) Enorhee (1] 76 Walid [1] - Invalid (0] NA& (0] N/A ()
~ MEAS (Measurement Data RTCM3 (1) 1084-0 Yes (1) Used (2) Enorfiee (1] 76 Vald (1) - Invalid (0] M/A () N2 (0)
- MEASX (Measurement Data) RTCM3 (1) 1074-0 Yes (1] Used (2 Emorfree (1) 76 alid [1] - Ireealid (0 A2 (0] MAA (0]
PMP (Point to Multipeint] RTCM3([1] 1013-0 No (0] Motused (1] Emorfree[1] 76 Walid [1] - Irvalid (0] MA2 (0] M2 (0]
PMREQ (Power Mode Request RTCM3([1] 1094-0 Yes (1] Used(2) Enorfree (1) 76 Walid [1] - Ireealid (0] M2 (0] M2 (0]
- PIIREL (Fower Mode heques RTCME (1] 1084 -0 Ve 1] Used [2] Enorires (1] 76 Walid [1]- Invalid (0] A8 (0] NAA D) v
- PT (Production Test)
et e s e © S 24
< >
& X ol | K | T [

Figure 23: u-center UBX-RXM-COR showing RTCM message types being received

A.8 Dropping out of dead reckoning periodically

e Have the physical dimensions and orientation of the system changed? Has the equipment been
installed in the same position as before when it was working?

¢ Is theright dynamic model for the vehicle been selected?

¢ Is the kind of motion of your vehicle performs differ in some way from the dynamic model? Is the
speed too high? Is it banking on turns when it is not allowed?

e Are there INFORMATION messages in the log with warnings?

A.9 Troubleshooting checklist

Installation related:

e Isreceiver mounted in a fixed position relative to the vehicle frame?
¢ Isthe antenna mounted directly above the receiver’s IMU?

¢ Is thereceiver’s IMU directly above the center of the rear axle?

e Is u-center able to read the version of firmware?

GNSS related:

e Are there more than 20 satellites visible under open sky?

e Are there many signals with a CNO level between 40 and 50 dB?
e Are all four constellations reporting signals?

e Are there two signals on many of the signals?

¢ Did the receiver get a position with 3D/DGNSS position fix?

RTK related:

e When the NTRIP/MQTT client is enabled, is there a constant stream of data being received?
e Does the receiver report a 3D/DGNSS/Fixed solution under open sky with a correction service in
less than 2 minutes?

Odometry data integration related:

¢ Isthe odometry data meeting the specification for delay, loss and jitter?

¢ Is the highest possible baudrate being used to send odometry data?

e Does the u-center graph for UBX-ESF-MEAS graph show a relatively flat line when the vehicle is
travelling at a constant speed in a straight line other than when the counter overflows?

Sensor Fusion related:

¢ Is the dynamic model appropriate for the vehicle type?

e Arethe geometries of the vehicle up such that the antenna, the receiver and the middle of rear axle
are relatively inline and within a few centimeters from each other?

¢ Have the various odometer configurations been double checked?
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Calibration related:

¢ Isthe calibration drive suitable for the vehicle type?
¢ Did the calibration drive result in a calibrated and initialized system?

Final test:

e During the test drive after calibration, does the carrier range status stay consistently in
3D/DR/Fixed mode?
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Related documentation

[11 ZED-F9R Integration Manual, UBX-20039643

[2] F9HPS 1.30 Interface Description, UBX-22010984

[3] Euler angles visualization tool, available in https://compsci290-
s2016.github.io/CoursePage/Materials/EulerAnglesViz/

website, www.u-blox.com.
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