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Abstract

This document describes how to enable a successful design with the
NEO-M9L module. NEO-M9L offers ultra-robust meter-level GNSS
positioning performance with concurrent reception of up to four GNSS
(GPS, GLONASS, BeiDou, Galileo) together with vehicle speed information
and integrated 3D sensorsina 12.2 x 16.0 mm package.
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1 Integration manual overview

This document is an important source of information on all aspects of NEO-M9L module. The
purpose of this document is to provide guidelines for a successful integration of the receiver with
the customer's end product.
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2 System description

2.1 Overview

The NEO-M9L GNSS receiver features the u-blox M9 standard precision GNSS platform with 3D
automotive dead reckoning (ADR) . It provides exceptional sensitivity and acquisition times for all
L1 GNSS systems. u-blox M9 receivers are available in different variants to serve automotive and
industrial tracking applications, such as navigation, telematics and UAVs.

The u-blox M9 standard precision GNSS platform with ADR, which delivers meter-level accuracy,
succeeds the well-known u-blox M8 product range.

u-blox M9 receivers support concurrent reception of four GNSS. The high number of visible satellites
allows the receiver to select the best signals. This maximizes the position accuracy, in particular
under challenging conditions such as deep urban canyons.

u-blox M9 receivers detect jamming and spoofing events and report them to the host, which allows
the system to react to such events. Advanced filtering algorithms mitigate the impact of RF
interference and jamming, thus enabling the product to operate as intended.

The receiver also provides higher navigation rate and improved security features compared to
previous u-blox GNSS generations.

The intelligent combination of GNSS and sensor measurements enables accurate, real-time
positioning, speed and heading information at rates up to 50 Hz. Access to native, high-rate sensor
data also enables host applications to make full use of the receiver’s assets.

The NEO-M9L module is available in the NEO form factor, which is a 12.2 x 16.0 mm LCC package.

2.1.1 Automotive dead reckoning (ADR)

Automotive dead reckoning (ADR) provides high-accuracy positioning in locations with poor or no
GNSS coverage. ADR is based on sensor fusion dead reckoning (SFDR) technology, which combines
multi-constellation GNSS measurements with the NEO-M9L's internal 6-axis IMU and wheel tick or
speed.

See the ADR section in this document for more information.

2.1.2 Priority navigation mode

Priority navigation mode provides a low-latency position, velocity, and vehicle attitude solution to
be output at a high rate by utilizing sensor-based propagation in between GNSS measurement
updates, thus prioritizing the time-critical data.

See the Priority navigation mode section in this document for more information.
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2.2 Architecture
The NEO-MB9L receiver provides all the necessary RF and baseband processing to enable multi-
constellation operation. The block diagram below shows the key functionality.

2.2.1 Block diagram

NEO-MBOL - Integration manual
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Figure 1: NEO-MOL block diagram
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3 Receiver functionality

This section describes the NEO-M9OL operational features and their configuration.

3.1 Receiver configuration

The NEO-MSL is fully configurable with UBX configuration interface keys. The configuration
database in the receiver's RAM holds the current configuration, which is used by the receiver
at run-time. It is constructed on startup of the receiver from several sources of configuration.
The configuration interface and the available keys are described fully in the applicable interface
description [2].

A configuration setting stored in RAM remains effective until power-down or reset. If stored in
BBR (battery-backed RAM), the setting will be used as long as the backup battery supply remains.
Configuration settings can be saved permanently in flash memory.

& CAUTION The configuration interface has changed from earlier u-blox positioning receivers.
Legacy messages are deprecated, and will not be supported in future firmware releases.
Users are advised to adopt the configuration interface described in this document. See
legacy UBX-CFG message fields reference section in the applicable interface description [2].

Configuration interface settings are held in a database consisting of separate configuration items.
An item is made up of a pair consisting of a key ID and a value. Related items are grouped together
and identified under a common group name: CFG-GROUP-*; a convention used in u-center and
within this document. Within u-center, a configuration group is identified as "Group name" and the
configuration item is identified as the "item name" under the "Generation 9 Configuration View" -
"Advanced Configuration" view.

The UBX messages available to change or poll the configurations are UBX-CFG-VALSET, UBX-CFG-
VALGET, and UBX-CFG-VALDEL. For more information about these messages and the configuration
keys, see the configuration interface section in the applicable interface description [2].

3.1.1 Changing the receiver configuration

The configuration messages UBX-CFG-VALSET, UBX-CFG-VALGET and UBX-CFG-VALDEL will
result in a UBX-ACK-ACK or a UBX-ACK-NAK response.

3.1.2 Default GNSS configuration

The NEO-MO9L default GNSS configuration is set as follows:
* GPS:L1C/A

* GLONASS:L10OF

* Galileo: E1B/C

* BeiDou: B1l

* QZSS:L1C/A

e SBAS:L1C/A

For more information about the default configuration, see the applicable interface description [2].

3.1.3 Default interface settings

Interface Settings
UART 38400 baud, 8 bits, no parity bit, 1 stop bit.
Output messages: NMEA GGA, GLL, GSA, GSV, RMC, VTG, TXT (no UBX).

UBX-20048485 - RO3 3 Receiver functionality Page 9 of 101
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Interface Settings
Input protocols: UBX and NMEA.

USB Output messages activated as in UART. Input protocols available as in UART.
12C Output messages activated as in UART. Input protocols available as in UART.
SPI Output messages activated as in UART. Input protocols available as in UART.

Table 1: Default interface settings
=5 Refer to the applicable interface description [2] for information about further settings.

By default the NEO-M9L outputs NMEA messages that include satellite data for all GNSS bands
being received. This results in a higher-than-before NMEA load output for each navigation period.
Make sure the UART baud rate being used is sufficient for the selected navigation rate and the
number of GNSS signals being received.

3.1.4 Basic receiver configuration
This section summarizes the basic receiver configuration most commonly used.

3.1.4.1 Communication interface configuration

Several configuration groups allow operation mode configuration of the various communication
interfaces. These include parameters for the data framing, transfer rate and enabled input/output
protocols. See Communication interfaces section for details. The configuration groups available for
each interface are:

Interface Configuration groups

UART1 CFG-UART1-*, CFG-UART1INPROT-*, CFG-UART 10OUTPROT-*
UsB CFG-USB-*, CFG-USBINPROT-*, CFG-USBOUTPROT-*

12C CFG-I2C-*, CFG-I2CINPROT-*, CFG-I2COUTPROT-*

SPI CFG-SPI-*, CFG-SPIINPROT-*, CFG-SPIOUTPROT-*

Table 2: Interface configurations

3.1.4.2 Message output configuration

This product supports two protocols for output messages. One is NMEA and the other one is a u-
blox proprietary "UBX" protocol. NMEA is a well-known industry standard, used mainly for providing
information about position, time and satellites. UBX messages can be used to configure the receiver
and also to periodically provide information about position, time and satellites. With the UBX
protocol it is easy to monitor the receiver status and get much deeper information about the receiver
status. The rate of NMEA and UBX protocol output messages are configurable and it is possible to
enable or disable single NMEA or UBX messages individually.

If the rate configuration value is zero, then the corresponding message will not be output. Values
greater than zero indicate how often the message is output.

For periodic output messages the rate relates to the event the message is related to. For example,
the UBX-NAV-PVT (navigation, position, velocity and time solution) is related to the navigation
epoch. If the rate of this message is set to one (1), it will be output for every navigation epoch. If the
rateis settotwo (2), it will be output every other navigation epoch. The rates of the output messages
are individually configurable per communication interface. See the CFG-MSGOUT-* configuration
group.

Some messages, such as UBX-MON-VER, are non-periodic and will only be output as an answer to
a poll request.

UBX-20048485 - RO3 3 Receiver functionality Page 10 of 101
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The UBX-INF-* information messages are non-periodic output messages that do not have a
message rate configuration. Instead they can be enabled for each communication interface via the
CFG-INFMSG-* configuration group.

=r All message output is additionally subject to the protocol configuration of the
communication interfaces. Messages of a given protocol will not be output until the protocol
is enabled for output on the interface (see Communication interface configuration).

3.1.4.3 GNSS signal configuration

The GNSS constellations are configurable with configuration keys. Each GNSS constellation can be
enabled or disabled independently.

3.1.5 Navigation configuration

This section presents various configuration options related to the navigation engine. These options
can be configured through CFG-NAVSPG-* configuration keys.

3.1.5.1 Platform settings

u-blox receivers support different dynamic platform models (see the table below) to adjust the
navigation engine to the expected application environment. These platform settings can be
changed dynamically without performing a power cycle or reset. The settings improve the receiver's
interpretation of the measurements and thus provide a more accurate position output. Setting the
receiver to an unsuitable platform model for the given application environment is likely to result in
a loss of receiver performance and position accuracy.

The dynamic platform model can be configured through the CFG-NAVSPG-DYNMODEL
configuration item. The supported dynamic platform models and their details can be seen in Table
3 and Table 4 below.

Platform Description

Portable Applications with low acceleration, e.g. portable devices. Suitable for most situations.

Stationary Used in timing applications (antenna must be stationary) or other stationary applications.
Velocity restricted to O m/s. Zero dynamics assumed.

Pedestrian Applications with low acceleration and speed, e.g. how a pedestrian would move. Low
acceleration assumed.

Automotive (default) Used for applications with equivalent dynamics to those of a passenger car. Low vertical
acceleration assumed.

At sea Recommended for applications at sea, with zero vertical velocity. Zero vertical velocity assumed.
Sea level assumed.

Airborne <1g Used for applications with a higher dynamic range and greater vertical acceleration than a
passenger car. No 2D position fixes supported.

Airborne <2g Recommended for typical airborne environments. No 2D position fixes supported.

Airborne <4g Only recommended for extremely dynamic environments. No 2D position fixes supported.

Wrist Only recommended for wrist-worn applications. Receiver will filter out arm motion.

Motorbike Used for applications with dynamics equivalent to those of a motorbike. Low vertical

acceleration assumed.

E-scooter Used for applications with dynamics equivalent to those of an e-scooter. Low vertical
acceleration assumed.

Table 3: Dynamic platform models

Platform Max altitude [m] Max horizontal Max vertical velocity Sanity check type Max
velocity [m/s] [m/s] position
deviation
Portable 12000 310 50 Altitude and velocity = Medium
UBX-20048485 - RO3 3 Receiver functionality Page 11 of 101
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Platform Max altitude [m] Max horizontal Max vertical velocity Sanity check type Max
velocity [m/s] [m/s] position
deviation
Stationary 9000 10 6 Altitude and velocity = Small
Pedestrian 9000 30 20 Altitude and velocity = Small
Automotive 6000 100 15 Altitude and velocity =~ Medium
At sea 500 25 5 Altitude and velocity = Medium
Airborne <1g 80000 100 6400 Altitude Large
Airborne <2g 80000 250 10000 Altitude Large
Airborne <4g 80000 500 20000 Altitude Large
Wrist 9000 30 20 Altitude and velocity Medium
Motorbike 6000 100 15 Altitude and velocity =~ Medium
E-scooter 6000 50 15 Altitude, velocity and Medium

attitude

Table 4: Dynamic platform model details

Applying dynamic platform models designed for high acceleration systems (e.g. airborne <2g) can
result in a higher standard deviation in the reported position.

If a sanity check against a limit of the dynamic platform model fails, then the position solution
is invalidated. Table 4 above shows the types of sanity checks which are applied for a particular
dynamic platform model.

3.1.5.2 Navigation input filters

The navigation input filters in CFG-NAVSPG-* configuration group provide the input data of the
navigation engine.

Configuration item
CFG-NAVSPG-FIXMODE

Description

By default, the receiver calculates a 3D position fix if possible but reverts to 2D
position if necessary (auto 2D/3D). The receiver can be forced to only calculate 2D
(2D only) or 3D (3D only) positions.

CFG-NAVSPG-CONSTR_ALT, CFG-
NAVSPG-CONSTR_ALTVAR

CFG-NAVSPG-INFIL_MINELEV

The fixed altitude is used if fixMode is set to 2D only. A variance greater than zero
must also be supplied.

Minimum elevation of a satellite above the horizon in order to be used in the
navigation solution. Low elevation satellites may provide degraded accuracy, due to
the long signal path through the atmosphere.

CFG-NAVSPG-INFIL_NCNOTHRS,
CFG-NAVSPG-INFIL_CNOTHRS

A navigation solution will only be attempted if there are at least the given number of
SVs with signals at least as strong as the given threshold.

Table 5: Navigation input filter parameters

If the receiver only has three satellites for calculating a position, the navigation algorithm uses a
constant altitude to compensate for the missing fourth satellite. When a satellite is lost after a
successful 3D fix (min four satellites available), the altitude is kept constant at the last known value.
This is called a 2D fix.

=5 u-blox receivers do not calculate any navigation solution with less than three satellites.

3.1.5.3 Navigation output filters

The result of a navigation solution is initially classified by the fix type (as detailed in the £ixType
field of UBX-NAV-PVT message). This distinguishes between failures to obtain a fix at all ("No Fix")
and cases where a fix has been achieved, which are further subdivided into specific types of fixes
(e.g. 2D, 3D, dead reckoning).

UBX-20048485 - RO3
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Where a fix has been achieved, a check is made to determine whether the fix should be classified as
valid or not. A fix is only valid if it passes the navigation output filters as defined in CFG-NAVSPG-
OUTFIL. In particular, both PDOP and accuracy values must be below the respective limits.

T Important: Users are recommended to check the gnssFixOK flag in the UBX-NAV-PVT or
the NMEA valid flag. Fixes not marked valid should not be used.

UBX-NAV-STATUS message also reports whether a fix is valid in the gpsFix0K flag. This message
has only been retained for backwards compatibility and users are recommended to use the UBX-
NAV-PVT message.

3.1.5.4 Weak signal compensation

In normal operating conditions, low signal strength (i.e. signal attenuation) indicates likely
contamination by multi-path. The receiver trusts such signals less in order to preserve the quality of
the position solution in poor signal environments. This feature can result in degraded performance
in situations where the signals are attenuated for another reason, for example due to antenna
placement. In this case, the weak signal compensation feature can be used to restore normal
performance. There are three possible modes:

* Disabled: no weak signal compensation is performed
e Automatic: the receiver automatically estimates and compensates for the weak signal
* Configured: the receiver compensates for the weak signal based on a configured value

These modes can be selected using CFG-NAVSPG-SIGATTCOMP. In the case of the "configured"
mode, the user should input the maximum C/NO observed in a clear-sky environment, excluding
any outliers or unusually high values. The configured value can have a large impact on the receiver
performance, so it should be chosen carefully.

3.2 Automotive dead reckoning (ADR)

3.2.1 Introduction

u-blox solutions for automotive dead reckoning (ADR) allow positioning in places with poor or no
GNSS coverage. ADR is based on sensor fusion dead reckoning (SFDR) technology, which combines
GNSS measurements with those from external sensors. The NEO-M9L computes a solution type
called GAWT (gyroscope, accelerometers, wheel tick) by combining GNSS measurements with the
outputs of a 3-axis accelerometer, a 3-axis gyroscope and wheel tick (sometimes called a speed tick)
or speed measurements. The utilization of these sensors ensures a quick recovery of the navigation
solution after short GNSS signal outage (going under a bridge, signaling panels, and so on).

The firmware automatically detects and continuously calibrates the sensors.

3.2.2 Sensor fusion dynamic platform models

NEO-MSOL supports different dynamic platform models to adjust the sensor fusion navigation
engine to the expected application environment. These platform settings can be changed
dynamically without performing a power cycle or reset. However, it requires a recalibration of the
sensors (IMU + WT/speed measurements). The settings improve the receiver's interpretation of
the measurements and thus provide a more accurate position output. Setting the receiver to an
unsuitable platform model for the given application environment is likely to result in a degradation
of receiver performance and loss of position accuracy.

The dynamic platform model can be configured through the CFG-NAVSPG-DYNMODEL configuration
item.
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NEO-M9L's sensor fusion algorithm is optimized for the following platforms.

Automotive
Motorbike

e E-scooter

3.2.2.1 Automotive dynamic model

The automotive dynamic model is used for applications with dynamics equivalent to those of a
passenger car. The automotive dynamic model shall be selected by the configuration item CFG-
NAVSPG-DYNMODEL = 04.

It combines the GNSS signal with the data from gyroscope, accelerometer and wheel ticks (or
speed measurements). More information can be found in the Solution type section. The automotive
dynamic model supports UDR fallback mode, with missing wheel tick data. More information can be
found in the UDR fallback mode section.

The automotive dynamic model supports both the Automatic IMU-mount alignment and the User-
defined IMU-mount alignment.

=5 For the automotive dynamic model, the position, velocity, heading, pitch and roll are frozen
when the vehicle is static. The static state is determined once the sensors are calibrated
and the wheel ticks are stationary.

3.2.2.2 Motorbike dynamic model

The motorbike dynamic model is used for applications with dynamics equivalent to those of a
motorbike. A motorbike is a low-speed vehicle with one pulling non-steering rear wheel and one
steering front wheel. The motorbike dynamic model shall be selected by the configuration item CFG-
NAVSPG-DYNMODEL = 10.

The motorbike dynamic model combines the GNSS signal with the data from gyroscope,
accelerometer and wheel ticks (or speed measurements). More information can be found in the
Solution type section. The motorbike dynamic model supports UDR fallback mode with missing
wheel tick data. More information can be found in the UDR fallback mode section.

The motorbike dynamic model only supports the User-defined IMU-mount alignment.

The motorbike feature benefits from odometer measurements (wheel ticks or wheel speed) from
either wheel. Ideally, the odometer data should come from the rear wheel if the IMU is in the deck
and from the front wheel when the IMU is in the handlebar.

The receiver starts calibrating the sensors once the following conditions are met.
¢ Speedisover 2.5 m/s.

* Heading accuracy is under 3 deg.

* Rollrateis less than 90 deg./s.

* Pitch rateis less than 90 deg./s.

* Headingrate is less than 90 deg./s.

=r The positioning performance may be degraded when the motorbike is driving on uneven
surfaces like cobblestone roads due to the increased noise of the IMU measurements.

Ly

The positioning performance is not guaranteed in special maneuvers where the motorbike
is lifted and carried, flipped 180 degrees, or left lying on the ground and lifted up again.
=r With motorbike dynamic model, the position, velocity, and attitude are frozen when the
vehicle is static.
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T Disabling the automatic wheel tick polarity detection with CFG-SFODO-
DIS_AUTODIRPINPOL = 1 may speed up the wheel tick initialization, resulting in a quicker
start to the calibration.

& When the IMU is installed at the handlebar, the navigation performance is degraded for two
reasons: Firstly, the sensor fusion navigation filter assumes that the IMU shall be mounted
to a fixed orientation with respect to the vehicle compartment where the wheel speed is
measured. This assumption is broken when the IMU is installed to the handlebar while
getting the wheel speed data from the rear wheel. Secondly, the IMU measurements tend to
be noisier in the handlebar.

3.2.2.3 E-scooter dynamic model

The e-scooter dynamic model is used for applications with dynamics equivalent to those of an
e-scooter. An e-scooter is a low-speed vehicle with one pulling non-steering rear wheel and one
steering front wheel. The e-scooter dynamic model shall be selected by the configuration item CFG-
NAVSPG-DYNMODEL = 12.

It combines the GNSS signal with the data from gyroscope, accelerometer and wheel ticks (or speed
measurements), more information can be found in the Solution type section. The e-scooter dynamic
model supports UDR fallback mode with missing wheel tick data. More information can be found in
the UDR fallback mode section.

The e-scooter dynamic model only supports the User-defined IMU-mount alignment.

The e-scooter feature benefits from odometer measurements (wheel ticks or wheel speed) from
either wheel. Ideally, the odometer data should come from the rear wheel if the IMU is in the deck
and from the front wheel when the IMU is in the handlebar.

The receiver starts calibrating the sensors once the following conditions are met.
Speed is over 2.5 m/s.

Heading accuracy is under 6 deg.

Roll rate is less than 20 deg./s.

Pitch rate is less than 15 deg./s.

Heading rate is less than 15 deg./s.

The positioning performance may be degraded when the e-scooter is driving on uneven
surfaces like cobblestone roads due to the increased noise of the IMU measurements.

The positioning performance is not guaranteed in special maneuvers where the e-scooter is
lifted and carried, flipped 180 degrees, or left lying on the ground and lifted up again.

Unlike automotive dynamic model, position, velocity, and attitude are not frozen when the e-
scooter is static.

The e-scooter dynamic model is not optimized for parking garages or longer GNSS outages.

Automatic wheel tick polarity detection should not be used. This is achieved by the
configuration item CFG-SFODO-DIS_AUTODIRPINPOL = 1

B Ll b b ...,

When the IMU is installed at the handlebar, the navigation performance is degraded for two
reasons: Firstly, the sensor fusion navigation filter assumes that the IMU shall be mounted
to a fixed orientation with respect to the vehicle compartment where the wheel speed is
measured. This assumption is broken when the IMU is installed to the handlebar while
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getting the wheel speed data from the rear wheel. Secondly, the IMU measurements tend to
be noisier in the handlebar.

3.2.3 Solution type

NEO-MOL produces a solution that combines GNSS signals with data from gyroscopes,
accelerometers and wheel tick sensors to compute a fused navigation solution. The solution type is
called GAWT, and it is described in the following sections.

To operate the NEO-M9L in GAWT mode with optimal performance, the following tasks need to be
completed:

* TheIMU misalignment angles are also essential. It is recommended to enable automatic
alignment with the CFG-SFIMU-AUTO_MNTALG_ENA key, if misalignment angles are unknown.
The misalignment angles can also be configured manually with CFG-SFIMU-IMU_MNTALG
keys. Configuring misalignment angles manually speeds up the calibration procedure.

* [tis mandatory to perform an initial calibration drive after flashing software, a cold start,
or changing sensor configuration keys (CFG-SFCORE-*, CFG-SFIMU-* or CFG-SFODO-*).

The calibration drive allows the software to detect and calibrate the sensors. See section
Accelerated Initialization and Calibration Procedure for additional information. Performance is
likely to be sub-optimal if the calibration drive is not performed correctly.

e If the maximum counter value of a wheel tick sensor cannot be represented as a power of 2
value, it must be configured manually. See section Odometer Types for additional information.

3.2.4 Installation configuration

7 If the GNSS antenna is placed at a significant distance from the receiver, position offsets
can be introduced which might affect the accuracy of the navigation solution. In order to
compensate for the position offset advanced configurations can be applied. Contact u-blox
support for more information on advanced configurations.

3.2.4.1 IMU-mount alignment

This section describes how IMU-mount misalignment angles, that is, the angles which rotate the
installation frame to the IMU-frame, can be configured.

The IMU-mount misalignment angles are defined as follows:

* The transformation from the installation frame to the IMU frame is described by three Euler
angles about the installation frame axes denoted as IMU-mount roll, IMU-mount pitch and IMU-
mount yaw angles. All three angles are referred to as the IMU-mount misalignment angles.

The default assumption is that the IMU-frame and the installation frame have the same orientation
(thatis, all axes are parallel). If the IMU-mount misalignment angles are slightly incorrect (typically a
few degrees), the navigation solution can be degraded. If there are large (tens of degrees) IMU-mount
misalignments, the position calculation may fail. Therefore, it is essential to correctly configure the
IMU-mount misalignment settings.

iy It is strongly recommended to use the automatic IMU-mount alignment as described in the
following section.

3.2.4.1.1 Automatic IMU-mount alignment

The automatic IMU-mount alignment engine automatically estimates the IMU-mount roll, pitch and
yaw angles. It requires an initialization phase during which no INS/GNSS fusion can be achieved
(see the Fusion filter modes section for further details). The progress of the automatic alignment
initialization can be monitored with the UBX-ESF-STATUS message, and/or with the UBX-ESF-ALG
message providing more details. When the vehicle is subject to sufficient dynamics (i.e. left and
right turns during a normal drive), the automatic IMU-mount alignment engine will estimate the
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IMU-mount misalignment angles. Once the automatic IMU-mount alignment engine has sufficient
confidence in the estimated angles, the IMU-mount misalignment angles initialization phase is
completed. The raw accelerometer and gyroscope data (that is, the IMU observations) are then
compensated for IMU-mount misalignment and sensor fusion can begin. The resulting IMU-mount
misalignment angles are output in the UBX-ESF-ALG message.

Enabling/disabling automatic IMU-mount alignment

The user can activate/deactivate the automatic IMU-mount alignment with the CFG-SFIMU-
AUTO_MNTALG_ENA configuration key.

=5 If automatic IMU-mount alignment is deactivated while aligning, the estimated
misalignment angles that were available at deactivation time are used (only if they were
initialized, see the next section). If automatic IMU-mount alignment is reactivated,
alignment is pursued by starting from the state where deactivation happened.

3.2.4.1.2 User-defined IMU-mount alignment

Itis possible to configure the IMU-mount misalignment angles using the CFG-SFIMU-IMU_MNTALG
configuration keys. The values that should be set in the configuration message are the Euler angles
required to rotate the installation frame to the IMU-frame. The IMU-mount yaw rotation should be
performed first, then the IMU-mount pitch and finally the IMU-mount roll. At each stage, the rotation
is around the appropriate axis of the transformed installation frame, meaning that the order of the
rotation sequence is important (see the figure below).
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Figure 2: Euler angles
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If there is only a single IMU-mount misalignment angle, it may be measured as shown in the three
examples below.
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Figure 3: Installation frame
=r In order to prevent significant degradation of the positioning solution the IMU-mount

misalignment angles should be configured with an accuracy of less than 5 degrees.

The following list describes in detail how the CFG-SFIMU-IMU_MNTALG keys are to be interpreted
with respect to the example illustrated in the figure above:

* CFG-SFIMU-IMU_MNTALG_YAW: The IMU-mount yaw angle (yaw) corresponds to the rotation
around the installation frame z-axis (vertical) required for aligning the installation frame to
the IMU frame (yaw = 344.0 degrees if the IMU-mount misalignment is composed of a single
rotation around the installation frame z-axis, that is, with no IMU-mount roll and IMU-mount
pitch rotation).

* CFG-SFIMU-IMU_MNTALG_PITCH: The IMU-mount pitch angle (pitch) corresponds to the
rotation around the installation frame y-axis required for aligning the installation frame to
the IMU-frame (pitch = 26.5 degrees if the IMU-mount alignment is composed of a single
rotation around the installation frame y-axis, that is, with no IMU-mount roll and IMU-mount
yaw rotation).

* CFG-SFIMU-IMU_MNTALG_ROLL: The IMU-mount roll angle (ro11) corresponds to the
rotation around the installation frame x-axis required for aligning the installation frame to
the IMU frame (roll =-23.5 degrees if the IMU-mount misalignment is composed of a single
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rotation around installation frame x-axis, that is, with no IMU-mount pitch and IMU-mount yaw
rotation).

3.2.5 Sensor configuration
This section describes the external sensor configuration parameters.

3.2.5.1 Odometer configuration
Odometer is a generic term for wheel tick or speed sensor.

You can configure the odometer with the CFG-SFODO-* configuration keys.

=r The NEO-M9OL was designed to work with odometer input. Although the NEO-M9L
calculates a position without odometer input (UDR mode), the accuracy of that position is
compromised.

3.2.5.1.1 Odometer interfaces
Odometer data can be delivered to NEO-MB9L via the following interfaces:

Hardware interface: NEO-M9OL has a dedicated pin (WT) for analog wheel tick signal input, and
another pin (DIR) dedicated to wheel tick direction signal.

* The WT pinis enabled with the CFG-SFODO-USE_WT_PIN key.

e The DIR pin polarity is automatically detected by the receiver by default. To manually
configure the polarity, you must turn off automatic detection by setting the CFG-SFODO-
DIS_AUTODIRPINPOL key and you must define the polarity in the CFG-SFODO-DIR_PINPOL
key.

* Double-edge counting can be enabled via the CFG-SFODO-CNT_BOTH_EDGES key. It can
increase performance with low-resolution wheel ticks, but is not suitable for all types of wheel
tick signals. It must not be used with signals that are not generated with approximately 50%
duty signal as it would impair performance.

Software interface: Odometer data can be delivered to the receiver over one of the communication
interfaces. The data shall be contained in UBX-ESF-MEAS messages. UBX-ESF-MEAS (data type
10) shall be used for single-tick odometer data and UBX-ESF-MEAS (data type 11) shall be used for
speed odometer data. See the interface description [2] for more information.

* By default, the receiver automatically ignores the WT pin if wheel tick/speed data are detected
on the software interface. Therefore data coming from the software interface will be prioritized
over data coming from the hardware interface. To disable the automatic use of data detected
on the software interface, set the CFG-SFODO-DIS_AUTOSW key.

*  While providing the speed data over software interface, the CFG-SFODO-COMBINE_TICKS
should remain disabled.

3.2.5.1.2 Odometer types
NEO-MSL supports sensors delivering the following types of data:

¢ Relative wheel tick data: If the wheel tick sensor delivers relative wheel tick counts (that is,
wheel tick count since the previous measurement), the CFG-SFODO-COUNT_MAX value must be
setto 0.

* Absolute wheel tick data: If the wheel tick sensor delivers absolute wheel tick counts (that
is, wheel tick count since startup at time tag 0) that always increase, regardless of driving
forward or backward (with driving direction indicated separately). If the counter is configured
to 1, the maximum absolute wheel tick counter value is automatically estimated by the
receiver for a maximum counter value that can be represented as a 2N value. Other maximum
counter values must be manually configured. For example, a CFG-SFODO-COUNT_MAX=1024
roll-over value would be automatically estimated, but a CFG-SFODO-COUNT_MAX=1000
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must be configured. The maximum counter value is configured by setting the CFG-SFODO-

DIS_AUTOCOUNTMAX key and setting the CFG-SFODO-COUNT_MAX value to the upper
threshold of the absolute wheel tick sensor count before starting again from zero (roll-over).

* Speed data: Data coming from this sensor type can only be delivered to the receiver via one
of the communication ports within a UBX-ESF-MEAS (data type 11). The speed data shall be
delivered in meters per second.

If speed data but no absolute or relative wheel tick data are detected, the receiver automatically uses
the speed data without the need for reconfiguring the CFG-SFODO-USE_SPEED key. This behavior
can be deactivated by setting the CFG-SFODO-DIS_AUTOSPEED key and by manually setting or
clearing the CFG-SFODO-USE_SPEED key. If wheel tick data (or both wheel tick and speed data)
are detected on the software interface, the receiver uses the data type (by default wheel tick data)
corresponding to the configured CFG-SFODO-USE_SPEED key.

To make the receiver interpretincoming speed data (data type 11 in ESF-MEAS) instead of the single
wheel tick data (data type 10 in ESF-MEAS) on the software interface, the CFG-SFODO-USE_SPEED
key must be set.

iy It is strongly recommended to use the absolute wheel tick sensors to ensure robust
measurement processing even after sensor failures or outages.

3.2.5.1.3 Odometer settings
You can configure the following odometer settings:

* Sampling frequency: The wheel tick/speed data sampling frequency (CFG-SFODO-FREQUENCY)
should be provided with an accuracy of approximately 10 %. If not provided, it is automatically
determined during the initialization phase: this requires a consistent data rate and can take
several minutes. Once initialized, the sampling frequency will be stored in a non-volatile
storage. For optimal navigation performance, the standard wheel tick/speed input at 10 Hz is
recommended.

* Latency: For best positioning performance, the latency of the wheel tick/speed data (CFG-
SFODO-LATENCY) should be given as accurately as possible (to within at least 10 ms). If not
provided, the wheel tick/speed data latency is assumed zero. More details about latency can be
found in the Sensor Time Tagging section.

¢ Quantization error: If absolute/relative wheel tick data are used (for example, if the tick data is
a distance), the quantization error can be defined in the CFG-SFODO-QUANT_ERROR key. The
quantization error can be calculated as 2*Pi*R / T with R the wheel radius, T the number of
ticks per wheel rotation. If the quantization error is not provided, it is automatically initialized by
the receiver.

¢ Speed data accuracy (software interface only): If speed data are used, the speed data
accuracy can be set in the CFG-SFODO-QUANT_ERROR key. If not provided, the speed data
accuracy is automatically initialized by the receiver.

* Scale factor: If the coarse WT scale factor is not configured in the CFG-SFODO-FACTOR key,
it is estimated automatically during the initialization (see section Initialization mode for more
details).

¢ Combination of multiple rear wheel ticks (software interface only): If wheel ticks are
being received from both rear wheels, the receiver can be configured with the CFG-SFODO-
COMBINE_TICKS key to use the combined rear wheel ticks rather than a single tick. It is
recommended to use combined rear wheel ticks if available, as they are often of higher quality
than the single ticks.
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3.2.5.2 UBX-ESF-MEAS time tagging (software interface only)

To achieve optimal performance with the fusion solution it is essential to determine the epoch in the
receiver time frame when the UBX-ESF-MEAS sensor data were taken. This may be done in either
of the following ways:

* First byte reception: reception time of the first byte of the UBX-ESF-MEAS message
* Time mark on external input: reception time of time mark signal sent to external input

The latency of sensor data is the absolute difference between the time at which the sensor
measurement is taken and the time at which either the first byte of the UBX-ESF-MEAS message
or the pre-processor's time mark are detected at the receiver.

The latency for the wheel tick can be set with the CFG-SFODO-LATENCY key.

r It is essential that the time tags used for all UBX-ESF-MEAS data have the same resolution.

NEO-M9L automatically generates UBX-ESF-MEAS messages containing measurements from the
internal IMU using the default time tag resolution of 1 millisecond. If the customer wants to input
odometer data with UBX-ESF-MEAS messages, it is essential that the odometer time tag has a
resolution of 1 millisecond.

3.2.5.2.1 First byte reception

The easiest way todetermine the sensor measurement generation time is to have the GNSS receiver
assume the time of reception of the first byte of the UBX-ESF-MEAS message (minus the constant
configured latency in CFG-SFODO-LATENCY) to be the time of sensor measurement. This approach
is the simplest to implement, but time mark on external input can yield better latency control and
compensation.
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Figure 4: First byte reception

3.2.5.2.2 Time mark on external input

In this case, the preprocessor unit generating the measurements sends a signal to the EXTINT
input of the GNSS receiver, marking the moment of the measurement generation. The subsequent
UBX-ESF-MEAS message is then flagged accordingly, and the measurements in the message are
assumed to have been generated at the time of external signal reception (minus the constant
configured latency in CFG-SFODO-LATENCY). This approach is the preferred solution, but it can be
difficult to realize an exact analog time signal for the preprocessor unit.

=r The WT pin on NEO-M9L can be used as an EXTINT input. For this feature the WT pin
should be disabled, i.e. CFG-SFODO-USE_WT_PIN = 0. Additionally, the CFG-TP-TP1_ENA
needs to be enabled.
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Figure 5: Time mark on external input

3.2.5.2.3 UBX-ESF-MEAS time tagging configuration
The time tag factor can be used to convert the sensor time tags into the required seconds.

r It is essential that the time tags used for all UBX-ESF-MEAS data have the same resolution.

NEO-M9L automatically generates UBX-ESF-MEAS messages containing measurements from the
internal IMU using the default time tag resolution of 1 millisecond. If the customer wants to input
odometer data with UBX-ESF-MEAS messages, it is essential that the odometer time tag has a
resolution of 1 millisecond.

NEO-M9L automatically generates UBX-ESF-MEAS messages containing measurements from the
internal IMU. If the customer inputs UBX-ESF-MEAS with odometer data with a different sensor
time tag factor than the one used by NEO-M9L for IMU data, it will fail!

r The same sensor time tag (ttag) factor must be used for all UBX-ESF-MEAS data.

The following sensor time tagging settings need to be specified:

e CFG-SFCORE-SEN_TTAG_FACT: This parameter can be used to convert the sensor time tags
from their original time unit into the required seconds. It has a resolution of 1 microsecond. The
default value is 1000 (1 millisecond).

¢ CFG-SFCORE-SEN_TTAG_MAX: External sensor time tags can be encoded in different data
types (signed/unsigned, varying number of bytes) which might vary across sensor types. For
example, if the IMU raw packet's time tag field is encoded into an unsigned long integer (4
bytes), the maximum possible time tag valueis 4294967295 (0xFFFFFFEFFin hexadecimal).

3.2.6 ADR system configuration

3.2.6.1 Enabling/disabling fusion filter

The ADR feature can be enabled and disabled with the CFG-SFCORE-USE_SF key. If ADR is disabled,
the receiver outputs a GNSS-only solution. IMU sensor measurements are still available in UBX-ESF-
MEAS and UBX-ESF-RAW messages.

3.2.6.2 Recommended configuration

In general, itis recommended to use the default configuration values in order to achieve optimal ADR
navigation performance.

By default, the navigation solution update rate is 1 Hz. It can be configured with the CFG-RATE-NAV
key.
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=5 At higher navigation rates, it is strongly recommended to check (and maybe reduce)
the number of enabled output messages. CPU load, memory and interface bandwidth
constraints may be a limiting factor.

3.2.7 Operation

This section describes how the ADR receiver operates.

3.2.7.1 Fusion filter modes
The fusion filter operates in different modes which are output in the UBX-ESF-STATUS message.

The table below summarizes the different fusion filter modes with the receiver's associated tasks.

Mode Performed tasks / Possible causes Published fix type
Initialization Initialization of IMU 3D-fix (GNSS)

Initialization of IMU-mount alignment

Initialization of INS (position, velocity, attitude)
IMU sensor error (e.g. missing data) detected

Fusion Fine-calibration of IMU-mount misalignment angles GNSS/DR fix
Fine-calibration of IMU sensors
Fine-calibration of wheel tick factors
UDR fallback mode when missing WT data detected

Suspended fusion Sensor error (e.g. missing data) detected 3D-fix (GNSS)
Ferry detected
Disabled fusion Fatal fusion filter error occurred 3D-fix (GNSS)

Fusion filter turned off by user

Table 6: Fusion modes

More details about each fusion mode are given in the following sections.

3.2.7.1.1 Initialization mode

The purpose of the initialization phase is to estimate all unknown parameters which are required
for achieving fusion. The initialization phase is triggered after a receiver cold start or a filter reset
in case of fusion failure. The receiver is in initialization mode if the fusionMode field in the UBX-
ESF-STATUS message is 0: INITIALIZING. In this case the required sensor calibration status
(calibsStatus) is flagged as 0: NOT CALIBRATED and the navigation solution output during
initialization is based on GNSS solely.

The initialization phase comprises the following internal steps whose status is published in the
initStatus field of the UBX-ESF-STATUS message:

¢ IMU initialization: Unknown crucial IMU parameters such as sensor sampling frequency are
estimated during initialization. As long as all required IMU parameters are not initialized, the
status of the IMU initialization (imuInitStatus)isflagged as 1: INITIALIZING in the UBX-
ESF-STATUS message. Moreover, the required sensor calibration statuses (calibStatus)
are flagged as 0:NOT CALIBRATED in the UBX-ESF-STATUS message. Note that if the user
configured all required sensor settings, this step is skipped and IMU initialization is flagged as
2:INITIALIZED.

¢ IMU-mount alignment initialization: If automatic IMU-mount alignment is enabled (see the
Automatic IMU-mount alignment section), initial IMU-mount roll, pitch and yaw angles need to
be estimated. For that, good GNSS signal reception as well as sufficient vehicle dynamics (i.e.
a series of left and right turns during a normal drive) need to be at hand. As long as the IMU-
mount alignment is not initialized, the status of the IMU-mount alignment (mntAlgStatus)
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is flagged as 1 : INITIALIZING in the UBX-ESF-STATUS message. Once initialized, the IMU-
mount alignment status is flagged as 2 : INITIALIZED. If no IMU-mount alignment is required,

the IMU-mount alignment is flagged as 0: OFF. A detailed description of the automatic IMU-
mount alignment operation can be found in the Automatic IMU-mount alignment section.

* INS initialization: Before entering fusion mode, the initial vehicle position, velocity and
especially attitude (vehicle roll, pitch and heading angles) need to be known with sufficient
accuracy. This is achieved during INS initialization phase using GNSS which comprises an
INS coarse alignment step. As long as the fusion filter is not initialized, the status of the INS
initialization (insInitStatus)is flaggedas 1: INITIALIZING in the UBX-ESF-STATUS
message. Once initialized, the INS initialization is flagged as 2 : INITIALIZED.

* Wheel tick sensor initialization: Solution enters fusion mode (fusionMode field in the UBX-
ESF-STATUS message is on 1 : FUSION), even when wheel tick is not yet initialized, following a
UDR mode approach described in UDR fallback mode section. WT sensor parameters, such as
initial wheel tick factor, are estimated in parallel and are used once estimated with sufficient
accuracy. As long as the wheel tick parameters are not initialized, the status of the wheel
tick initialization (wt InitStatus)is flagged as 1 : INITIALIZING in the UBX-ESF-STATUS
message. Once initialized, the wheel tick sensor initialization is flagged as 2 : INITIALIZED,
WT data are used by the filter and the parameters are stored in non-volatile storage. If no wheel
tick data are required, the wheel tick initialization is flagged as 0: OFF.

* Sensor error (e.g. missing data) detected: Sensor timeout of more than 500 ms will trigger an
INS re-initialization.

Note that initialization phase requires good GNSS signal conditions as well as periods during which
vehicle is stationary and moving (including left and right turns). Once all required initialization steps
are achieved, fusion mode is triggered and continuous calibration begins.

3.2.7.1.2 Fusion mode

Once initialization phase is achieved, the receiver enters fusion mode. The receiver is in fusion
mode if the UBX-ESF-STATUS. fusionMode field is set to 1:FUSION. The fusion filter then
starts to compute combined GNSS/dead reckoning fixes (fused solutions) and to calibrate the
sensors required for computing the fused navigation solution. This is the case when the sensor
calibration status (UBX-ESF-STATUS.calibStatus) is set to 1:CALIBRATING. As soon as the
calibration reaches a status where optimal fusion performance can be expected, (UBX-ESF-
STATUS.calibStatusissetto2/3:CALIBRATED.

3.2.7.1.3 UDR fallback mode

In case of WT sensor error / timeout (500 ms), or normal WT sensor initialization, or the WT sensor
is not available, the solution falls back to full UDR (untethered dead reckoning) mode. The UBX-
ESF-STATUS. fusionMode field still shows 1 : FUSION when the receiver enters UDR fallback mode.
However, the following flags can be used to determine when the receiver has entered UDR mode:

* The UBX-ESF-STATUS.wtInitStatus shows 1:INITIALIZING.

* The WT fault flag, UBX-ESF-STATUS .missingMeas field, is set to 1, indicating a WT timeout
has been detected.

In the UDR fallback mode, the receiver does not lock the position while the vehicle is stationary, so
the position could drift slightly, based on the GNSS conditions. The receiver needs WT for stationary
phase detection.

3.2.7.1.4 Directionless odometer mode
This feature allows the use of odometer data for which the sign bit or the wheel tick (WT) pin polarity
input is not trusted or not available. The directionless odometer support can be enabled by the

configuration item CFG-SFODO-DIS_DIR_INFO=1.
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After setting this configuration item, the directional information, that is, the polarity bit of the WT
measurement and the sign of the wheel speed measurementin the UBX-ESF-MEAS message as well
as the WT polarity pin input will be ignored. In particular, the following configuration items shall have
no effect when used in combination with CFG-SFODO-DIS_DIR_INFO=1.

®* CFG-SFODO-DIR_PINPOL
* CFG-SFODO-DIS_AUTODIRPINPOL

The performance with directionless odometer feature is expected to be worse than that of ADR with
usual directional odometer data, but better than that of the UDR fallback mode.

=5 The odometer measurements shall be used as a velocity measurement only if the direction
of motion (forwards/backwards) can be reliably determined based on other measurements
(GNSS, IMU). Typically, this requires high enough speed.

3.2.7.1.5 Suspended fusion mode

Sensor fusion is temporarily suspended in cases where no fused solution should/can be computed.
In this case, the receiver produces a GNSS-only solution. The receiver is considered to be
in temporarily disabled fusion mode when the UBX-ESF-STATUS.fusionMode field is set to
2 :SUSPENDED.

Fusion is suspended in the following scenarios:

* If one or several sensors deliver erroneous data or no data at all. Fusion is suspended during the
sensor failure period. The receiver automatically recovers once the affected sensor or sensors
are back to normal operation.

* If the vehicle is detected to be on a ferry or other moving platform, where odometer data does
not indicate any displacement.

3.2.7.1.6 Disabled fusion mode

Sensor fusion can be permanently disabled if recurrent fusion failures occur. The receiver is

considered to be in permanently disabled fusion mode if the UBX-ESF-STATUS. fusionMode field

is set to 3:DISABLED. In this case, the receiver produces a GNSS-only solution if possible.

Fusion is permanently disabled in the following cases:

* If the fusion filter was manually turned off by the user with the CFG-SFCORE-USE_SF key.
* If the filter diverges due to significantly wrong installation or filter parameters.

3.2.7.2 Accelerated initialization and calibration procedure
This section describes how to perform fast initialization and calibration of the ADR receiver for
evaluation purposes.

The duration of the initialization phases depends on the quality of the GNSS signals and the
dynamics encountered by the vehicle.

You can shorten the initialization time required to reach sensor fusion mode by following the
procedure in the order described in the table below.

Phase Procedure Indicator of success
IMU initialization After receiver cold start or first receiver use, turn IMU initialization status UBX-ESF -
on car engine and stay stationary under good GNSS STATUS.imuInitStatus shows
signal reception conditions for at least 3 minutes. 2 INITIALIZED.
INS initialization Once IMU is initialized, stay stationary under good GNSS 3D fix achieved, good 3D position
(position and velocity) GNSS signal reception conditions until a reliable accuracy (at least 5 m), high number of
GNSS fix can be achieved. used satellites (check UBX-NAV-PVT
message).
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Phase

Procedure

Indicator of success

IMU-mount alignment
initialization

Wheel tick sensor
initialization

INS initialization
(attitude)

Startdriving at a minimum speed of 30 km/h and do
a series of approximately 10 left and right turns (at
least 90 degrees).

You can skip this step if automatic IMU-mount
alignment is turned off.

Drive for at least 500 meters at a minimum speed
of 30 km/h. To shorten this calibration step, drive
the car at a higher speed (around 50 km/h) for at
least 10 seconds under good GNSS visibility.

Drive straight for at least 100 meters at a
minimum speed of 40 km/h.

Table 7: Accelerated initialization procedure for automotive vehicles

IMU-mount alignment status (UBX-
ESF-STATUS.mntAlgStatus) shows
2:INITIALIZED, the IMU-mount
alignment status UBX-ESF-ALG.status
shows 3:COARSE ALIGNED.

Wheel tick sensor initialization status
UBX-ESF-STATUS.wtInitStatus shows
2:INITIALIZED.

INS initialization status UBX-ESF-
STATUS.insInitStatus shows
2:INITIALIZED.

Once initialization is completed, the UBX-ESF-STATUS.fusionMode field shows 1:FUSION,
combined GNSS/dead reckoning fixes (fused solutions) are output and the sensors used in the
navigation filter start calibrating. Calibration is a continuous process running in the background,
and it directly impacts the navigation solution quality.

You can shorten the calibration time required for reaching optimal ADR navigation performance by

following the procedure described in the table below.

Phase

Procedure

Indicator of success

IMU-mount alignment
calibration

IMU calibration
(gyroscope and
accelerometer)

Keep driving at a minimum speed of 30 km/h and
do a series of left and right turns (at least 90
degrees). At each turn the estimated IMU-mount
misalignment angles are refined and their accuracy
increased.

You can skip this step if automatic IMU-mount
alignment is turned off.

Drive curves and straight segments for a few
minutes by including a few stops lasting at least
30 seconds each. This drive should also include
some periods with higher speed (at least 50 km/
h) and can typically be carried out on normal
open-sky roads with good GNSS signal reception
conditions.

Table 8: Accelerated calibration procedure for automotive vehicles

Once the IMU-mount alignment engine

has high confidence in its misalignment
angle estimates, the IMU-mount alignment
status UBX-ESF-ALG. status is set to
4:FINE ALIGNED.

The calibration status of the used sensors
UBX-ESF-STATUS.calibStatus shows
2/3:CALIBRATED.

Table 9 describes how to perform fast initialization and calibration of the receiver, while using the e-
scooter dynamic model for evaluation purposes.

Phase

Procedure

Indicator of success

IMU initialization

INS initialization
(position and velocity)

Wheel tick sensor
initialization

INS initialization
(attitude)

UBX-20048485 - RO3
C1-Public

After receiver cold start or first receiver use,
stay stationary under good GNSS signal reception
conditions for at least 3 minutes.

Once IMU is initialized, stay stationary under good
GNSS signal reception conditions until a reliable
GNSS fix can be achieved.

Drive for at least 100 meters at a minimum speed
of 10 km/h.

Drive straight for at least 100 meters at a
minimum speed of 10 km/h.

3 Receiver functionality

IMU initialization status UBX-ESF-
STATUS.imulInitStatus shows
2:INITIALIZED.

GNSS 3D fix achieved, good 3D position
accuracy (at least 5 m), high number of
used SVs (check UBX-NAV-PVT message).

Wheel tick sensor initialization status
UBX-ESF-STATUS.wtInitStatus shows
2:INITIALIZED.

INS initialization status UBX-ESF-
STATUS.insInitStatus shows
2:INITIALIZED.
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Phase Procedure Indicator of success

IMU calibration Drive curves and straight segments for a few The calibration status of the used sensors
(gyroscope and minutes by including a few stops lasting at least UBX-ESF-STATUS.calibStatus shows
accelerometer) 30 seconds each. This drive should be carried out 2/3:CALIBRATED.

on normal open-sky roads with good GNSS signal
reception conditions.

Table 9: Accelerated initialization and calibration procedure for e-scooters

Note that the calibration status (UBX-ESF-STATUS.calibStatus) of some used sensors might
fall back to 1:CALIBRATING if the receiver is operated in challenging conditions. In such a case,
fused navigation solution uncertainty increases until optimal conditions are observed again for re-
calibrating the sensors.

=5 In the presence of significant temperature gradient affecting the gyroscopes, the fused
navigation performance might also depend on how well the temperature compensation
table is populated. The table is gradually filled in while the vehicle is stationary and by
observing gyroscope biases at different temperatures. Therefore the quality of the
gyroscope temperature compensation depends on how many temperature bins could be
observed while the vehicle was stationary and on the duration of the observation for each
bin.

3.2.7.3 Automatic IMU-mount alignment

3.2.7.3.1 Alignment solution output
The IMU-mount misalignment angles are shown in UBX-ESF-ALG messages.

* IMU-mount angle initialization: During IMU-mount angle initialization the (UBX-ESF -
ALG.status field is equal to 2), and the published angles (yaw, pitch and roll)
correspond to the current estimated values but are not yet applied for rotating the IMU
observations.

* IMU-mount angle initialization complete: After initialization the (UBX-ESF-ALG. status field
is equal to or higher than 3), the published angles correspond to the estimated value and are
applied for rotating the IMU observations.

* Automatic IMU-mount alignment disabled: If automatic IMU-mount alignment is disabled, the
published angles correspond to the IMU-mount angles configured by the the user (see User-
defined IMU-mount Alignment section) and are applied for rotating the IMU observations.

& CAUTION If user-defined IMU-mount misalignment angles were configured by the user
using CFG-SFIMU-IMU_MNTALG keys (see User-defined IMU-mount alignment section) and
automatic IMU-mount alignment is active, the angles output in the UBX-ESF-ALG message
still correspond to the definition given above: they represent the full rotation required for
transforming IMU data from installation frame to IMU frame. This means that the output
misalignment angles are computed from the composed rotation of the user-defined rotation
and the internally-estimated rotation.

3.2.7.3.2 Alignment progress
The progress of the automatic IMU-mount alignment can be monitored by checking the UBX-ESF—

ALG.status field.

* IMU-mount roll/pitch angle initialization ongoing: The alignment engine is initializing the IMU-
mount roll and pitch angles (UBX-ESF-ALG.status is 1). Both angles can only be initialized if
vehicle encounters left and right turns (as during a normal drive).

* IMU-mount yaw angle initialization ongoing: The alignment engine is initializing the IMU-
mount yaw angle (UBX-ESF-ALG. status is 2). IMU-mount yaw angle can only be initialized
once IMU-mount roll and pitch angles are initialized and if vehicle encounters left and right
turns (as during a normal drive).

UBX-20048485 - RO3 3 Receiver functionality Page 27 of 101
C1-Public



@blOX NEO-MBOL - Integration manual

* IMU-mount alignment coarse calibration ongoing: Once initialized (UBX-ESF-ALG. status
is 3), the automatic IMU-mount alignment engine has sufficient confidence in all IMU-
mount misalignment angles and validates their use for compensating the accelerometer and
gyroscope data (fused navigation solutions can be computed). The IMU-mount misalignment
angles are filtered each time the observed vehicle dynamics are measurable.

* IMU-mount alignment fine calibration ongoing: Once the IMU-mount misalignment angles are
estimated with a good accuracy, the automatic IMU-mount alignment engine becomes more
conservative in updating the IMU-mount misalignment angles (UBX-ESF-ALG.status is 4).

3.2.7.3.3 Alignment reset

If for some reasons the IMU-mount misalignment angles estimated by the automatic IMU-mount
alignment engine are no longer valid (for example due to a change in the physical mounting of
the device), the IMU-mount misalignment angles can be reset by sending a UBX-ESF-RESETALG
message. In addition, the misalignment angles are also reset in the following cases:

¢ |f acold start command is sent.

* If the user-defined IMU-mount misalignment angles are changed by sending CFG-SFIMU-
IMU_MNTALG keys (see User-defined IMU-mount alignment section for more details.

The IMU-mount alignment engine then falls back into initialization mode.

3.2.7.3.4 Alignment errors
The following errors might be outputin the UBX-ESF-ALG.error bit field:

* IMU-mount roll/pitch angle error: If the automatic IMU-mount alignment engine suspects
wrong IMU-mount roll and/or IMU-mount pitch misalignment angles (either due to a wrong
initialization or a change in the physical mounting of the device), the UBX-ESF-ALG.error bit
Oissetto1.

¢ IMU-mount yaw angle error: If the automatic IMU-mount alignment engine suspects wrong
IMU-mount yaw misalignment angle (either due to a wrong initialization or a change in the
physical mounting of the device), the UBX-ESF-ALG.error bit 1 is setto 1.

* Euler angle singularity (‘gimbal-lock’) error: The Euler angle singularity UBX-ESF-ALG.error
bit 2 is set when the automatic IMU-mount alignment engine detects an installation where the
IMU frame is misaligned in such a way that a degree of freedom is lost when two IMU-mount
misalignment (Euler) angles begin to describe the same rotations (or axes). This happens, for
example, with an IMU-mount misalignment of +/- 90 degrees around the IMU-mount pitch
axis, where IMU-mount roll and IMU-mount yaw cannot be distinguished from each other.

In such a case, these IMU-mount misalignment angles start to heavily fluctuate with time

due to the mathematical singularity occurring at these points, meaning that the IMU-mount
misalignment angles output in the UBX-ESF-ALG are not stable in time. Note however that
each individual set of IMU-mount misalignment angles output in such a case still describes the
correct rotation. Moreover, the internal rotation applied for aligning the IMU readings does not
suffer from this singularity issue and optimal fusion can still be achieved.

3.2.7.4 Navigation output

3.2.7.4.1 Local-level north-east-down (NED) frame
The local-level frame is a geodetic frame with the following features:

* Theorigin (O) is a point on the Earth's surface;

* The x-axis points to north;

* The y-axis points to east;

* The z-axis completes the right-handed reference system by pointing down.

The frame is referred to as North-East-Down (NED) since its axes are aligned with the North, East
and down directions.
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3.2.7.4.2 Vehicle frame

The vehicle frame is a right-handed 3D Cartesian frame rigidly connected with the vehicle and is
used to determine the attitude of the vehicle with respect to the local-level frame. It has the following
features:

* Theorigin (O) is the VRP;

* The x-axis points towards the front of the vehicle;

* The y-axis points towards the right of the vehicle;

e The z-axis completes the right-handed reference system by pointing down.

3.2.7.4.3 Vehicle position and velocity output
The position and velocity information is output in several messages, for example, UBX-NAV-PVT.
Position and velocity computed by the ADR navigation filter are referenced to the IRP.

3.2.7.4.4 Vehicle attitude output

The transformation between the vehicle frame and the local-level frame is described by three
attitude angles about the local-level axes denoted as vehicle roll, vehicle pitch and vehicle heading.
All three angles are referred to as vehicle attitude and are illustrated in the figure below:
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Figure 6: Vehicle attitude output
The order of the sequence of rotations around the navigation axes defining the vehicle attitude

matrix in terms of vehicle attitude angles is illustrated below:
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VEHICLE ATTITUDE DEFINITION

¢ : Vehicle roll angle
@ : Vehicle pitch angle
Y Vehicle heading angle

C; . Rotation between body-frame (b) and local-level NED navigation-frame (n)
R
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Figure 7: Vehicle attitude definition

Note that in this figure the body frame corresponds to the vehicle frame.

The vehicle attitude is outputin the UBX-NAV-ATT message. The message provides all three angles
together with their accuracy estimates.

3.2.7.4.5 Vehicle dynamics output

The UBX-ESF-INS message outputs information about vehicle dynamics provided by the INS,
compensated vehicle angular rates, and compensated vehicle acceleration. The acceleration data
is free of any gravitational acceleration. Its accuracy is directly dependent on the filter attitude
estimation accuracy.

Compensated vehicle dynamics information is output with respect to the vehicle frame.

iy The message outputs only dynamics information that is directly compensated by the fusion
filter. This implies that depending on the solution type and the sensor availability, dynamics
along some axes of the vehicle frame might not be available.

3.2.7.5 Sensor data types

The UBX-ESF-MEAS messages can be used as input and/or output messages. They can provide the
following functionality:

¢ Output the NEO-MOL internal IMU measurements;
* Input external wheel tick or speed measurements from a host to NEO-M9L.

A different number of data fields may be used, and these can contain different types of
measurements. The type of each measurement is specified in the UBX-ESF-MEAS .dataType field.

The supported sensor data types are:

Type Description Unit Format of the 24 data bits

0 none, data field contains no data

1.4 reserved

5 z-axis gyroscope angular rate deg/s *27-12 signed

6..7 reserved
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Type Description Unit Format of the 24 data bits

8 rear-left wheel ticks Bits 0-22: unsigned tick value. Bit 23:
direction indicator (O=forward, 1=backward)

9 rear-right wheel ticks Bits 0-22: unsigned tick value. Bit 23:
direction indicator (O=forward, 1=backward)

10 single tick (speed tick) Bits 0-22: unsigned tick value. Bit 23:
direction indicator (O=forward, 1=backward)

11 speed m/s* 1e-3 signed

12 gyroscope temperature deg Celsius * 1e-2 signed

13 y-axis gyroscope angular rate deg/s *27-12 signed

14 x-axis gyroscope angular rate deg/s *27-12 signed

15 reserved

16 x-axis accelerometer-specific force m/s”2*27-10 signed

17 y-axis accelerometer-specific force m/s”2*27-10 signed

18 z-axis accelerometer-specific force m/sh2*27-10 signed

19...63 reserved

Table 10: Definition of data types

3.2.7.6 Raw sensor data output

The UBX-ESF-RAW message can be used to access raw sensor measurements. A variable number of
data fields may be used in a single message and these can contain different types of measurements.
The type of each measurement is specified in the UBX-ESF-RAW. dataType field.

The possible sensors for the data field are accelerometer, gyroscope and temperature readings.The
data types are the same as described in the Sensor Data Types section.

The measurements are available at a fixed rate. The sampling rate or other sensor configuration
options cannot be changed, they depend on the inertial sensors connected. The raw measurements
are output as one sample of every data type per message.

To enable this feature, the UBX-ESF-RAW message must be enabled using CFG-MSGOUT-

UBX_ESF_RAW-* keys. If any non-zerorate is selected the message will be output at the rate at which
the sensors are sampled.

7 The feature can only be enabled if the active inertial sensors are connected to the GNSS
receiver directly via hardware interface.

7 Turning on this feature does not disable sensor fusion in the receiver.

3.2.7.7 Calibrated sensor data output

The UBX-ESF-CAL message can be used to access calibrated sensor measurements. A variable
number of data fields may be used in a single message in order to contain different types
of measurements. The possible sensors for the data field are accelerometer, gyroscope and
temperature readings. The type of the measurement is specified in the UBX-ESF-CAL.dataType
field and is defined according to the Sensor Data Types section.

This message can be useful whenever there is a need of high rate IMU data (e.g. 100 Hz) that
is calibrated in real-time by the sensor fusion algorithm using the most recent estimates. The
message format is similar to UBX-ESF-RAW but there are some differences. More information can
be found in the interface description [2].

Accelerometer and gyroscope data is output at a fixed rate. Temperature readings, differently from
UBX-ESF-RAW, may be output at a lower rate (e.g. 1 Hz) to save bandwidth. For example if IMU rate
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is 100 Hz, roughly only one out of 100 consecutive messages includes a temperature reading. This is
because raw temperatures are not calibrated but the user can still access them through UBX-ESF-
CAL if needed, without having to enable UBX-ESF-RAW.

Calibrated data is produced at any time, regardless of the position fix type. Meaning that the
data from UBX-ESF-RAW and UBX-ESF-CAL is the same during the initial startup phase when

the sensors are not calibrated. The user can regularly check the calibration status via UBX-ESF -
STATUS.fusionMode flag.

The UBX-ESF-CAL messageis disabled in the default configuration and must be enabled using CFG-

MSGOUT-UBX_ESF_CAL* keys. If a non-zero rate is selected, the message will be output at the rate
at which the sensors are sampled.

UBX-ESF-RAW and UBX-ESF-CAL are independent messages, and both of them can be separately
enabled, depending on the application. If UBX-ESF-RAW is enabled with UBX-ESF-CAL, the two
messages have the same update rate and are aligned with their timestamps.

& Enabling both UBX-ESF-RAW and UBX-ESF-CAL at the same time can easily overload the
communication port if port speed is insufficient or many other messages are enabled.

& The feature can only be enabled if the active inertial sensors are connected to the GNSS
receiver directly via hardware interface.

3.2.7.8 Receiver startup and shutdown

Continuous dead reckoning is possible over receiver restarts if all following conditions are true:

* Non-volatile storage is available, the save-on-shutdown feature (SOS), or the advanced
calibration handling feature is used

* Areal-time clock is available or time assistance is provided on startup

* The sensor data stream is only stopped when the vehicle is stationary

* The vehicle is not moved while the receiver is off

3.2.8 Priority navigation mode

3.2.8.1 Introduction

NEO-MSL provides a low-latency position, velocity, and vehicle attitude solution to be output at
a high rate by utilizing sensor-based propagation in between GNSS-measurement updates, thus
prioritizing the time-critical data.

The receiver issues priority navigation messages first, and non-priority navigation messages when
time allows it. The non-priority messages might, therefore, be output with some delay.

The following tables list priority navigation messages.

UBX protocol message Content Priority Output rate
level

UBX-NAV-PVT Position, velocity, heading and time data High 0-50 Hz (Configurable)
UBX-NAV-PVAT Position, velocity, attitude and time data High 0-50 Hz (Configurable)
UBX-NAV-HPPOSECEF High-precision position solution in ECEF High 0-50 Hz (Configurable)
UBX-NAV-POSECEF Position solution in ECEF High 0-50 Hz (Configurable)
UBX-NAV-HPPOSLLH High-precision geodetic position solution High 0-50 Hz (Configurable)
UBX-NAV-POSLLH Geodetic position solution High 0-50 Hz (Configurable)
UBX-NAV-ATT Attitude data High 0-50 Hz (Configurable)
UBX-ESF-INS INS data High 0-50 Hz (Configurable)
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UBX protocol message Content Priority Output rate

level
UBX-NAV-VELECEF ECEF velocities High 0-50 Hz (Configurable)
UBX-NAV-VELNED NED velocities High 0-50 Hz (Configurable)

Table 11: UBX priority navigation messages

NMEA protocol message Content Priority Output rate
level
NMEA-Standard-DTM Datum info High 0-50 Hz (Configurable)
NMEA-Standard-RMC Recommended minimum data High 0-50 Hz (Configurable)
NMEA-Standard-VTG Course over ground and ground speed High 0-50 Hz (Configurable)
NMEA-Standard-GNS GNSS fix data High 0-50 Hz (Configurable)
NMEA-Standard-GGA Global positioning system fix data High 0-50 Hz (Configurable)
NMEA-Standard-GLL Latitude and longitude, with time of position High 0-50 Hz (Configurable)
fix and status

NMEA-Standard-THS True heading and status High 0-50 Hz (Configurable)
NMEA-PUBX-POSITION Latitude and longitude position data High 0-50 Hz (Configurable)

Table 12: NMEA priority navigation messages

=r The NEO-M9L requires an initialization phase if the sensors have not been calibrated.
During this initialization, the receiver delivers GNSS-only navigation solution data, still
ensuring high-rate and low-latency output. The NEO-M9L works optimally in priority
navigation mode when the IMU and WT sensors have been calibrated, and the alignment
angles are correct.

iy If priority navigation mode is enabled, comparing time information of a non-priority UBX
message with a priority NMEA message may not be sensible (see the iTOW timestamps
section). Thus, it is recommended to compare messages with the same priority level. For
instance, comparing the time information of a non-priority UBX message with a non-priority
NMEA message (such as NMEA-Standard-ZDA).

iy When switching back from priority mode to non-priority mode, the TOW could jump back in
time, similarly, switching from non-priority to priority mode may cause TOW to jump ahead
in time.

3.2.8.2 Configuration
You can configure the priority navigation mode output using the CFG-RATE-NAV_PRIO configuration
key.

=r If a high priority navigation rate has been configured with CFG-RATE-NAV_PRIQ, it is
strongly recommended to check (and maybe reduce) the number of enabled output
messages. Interface bandwidth constraints may be a limiting factor.

As mentioned in the table above, the allowed range for the priority navigation mode is 0-50 Hz.
When not zero, the receiver outputs navigation data as a set of messages with two priority levels:

1. Priority navigation mode: the navigation solution data is computed and output with high rate
and low latency.

2. Non-priority navigation mode: the navigation data is computed and output with low rate and
high latency.
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When zero, the receiver outputs the navigation data as a set of messages with the same priority
level i.e. non-priority navigation mode.

3.2.9 Advanced calibration handling

The advanced calibration handling feature enables a host to poll and later send sensor initialization
and calibration parameters. This information can be used to aid quick recovery of the receiver into
sensor fusion or dead reckoning mode following a device reset or power down, especially when the
battery backup is not provided or the save-on-shutdown feature is not used.

The following points outline the procedure when using the advanced calibration handling feature:

* Host should poll UBX-MGA-SF regularly (optimal time: every 5 min.) after the fusion mode has
been achieved. The UBX-ESF-STATUS. fusionMode field should be set to 1 : FUSION before
polling the UBX-MGA~-SF message.

* Receiver replies with one or more UBX-MGA-SF messages. These messages should be stored at
the host side.

* Inthe event of a reset or a power down, host can send the latest stored UBX-MGA-SF messages
to the receiver. If there is a sudden power off, the user has to provide the last known position
and the attitude solution to the receiver after the power cycle.

* Thereceiver attempts to reach sensor fusion mode using the data available in these messages.

* Depending on the availability of the GNSS signals the receiver can switch to either fusion mode

(3D + DR) or dead reckoning mode (DR only). Host can poll UBX-ESF-STATUS to track the status
of the sensors' calibration.

T UBX-MGA-SF message is not output periodically, therefore it is required that the host polls
the message regularly. This ensures that the host saves the latest parameters required for
quick recovery into sensor fusion mode.

iy Make sure to send the latest UBX-MGA-SF messages to the receiver. Sending outdated
messages could mean the receiver will take longer to reach sensor fusion mode.

Only send the saved UBX-MGA-SF messages to the same receiver they were obtained from.

Ly

After the power cycle, the user needs to provide the last known position and the attitude via
UBX-MGA-INI-POS and UBX-MGA-INI-ATT messages. The information can be taken from
UBX-NAV-PVT and UBX-NAV-ATT or UBX-NAV-PVAT.

Gy Sending only the UBX-MGA-SF message will be rejected by the receiver even if the receiver is
in 3D-only mode.
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Figure 8: Advanced calibration handling operational steps

3.2.10 Wake on motion feature

3.2.10.1 Introduction

NEO-M9L supports the wake on motion feature.
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This feature utilizes the on-board IMU sensor's interrupt pin to wake up the module, the host or
both. The receiver should be in the software backup mode for this feature to work. The software
backup mode acts as a sleep mode for the receiver. IMUs are capable of sending discrete signals on
acceleration events while the sensor itself could be in low power consumption mode.

3.2.10.2 Configuration

Enabling the wake on motion feature requires two configurations:
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* CFG-HW-SENS_WOM_MODE: Is used to enable and set the mode of the wake on motion.

* CFG-HW-SENS_WOM_THLD: Is used to set the required acceleration on a single accelerometer
axis for triggering the wake up.

With CFG-HW-SENS_WOM_MODE, the receiver can be configured with four different wake on motion
modes. By default the feature is disabled so CFG-HW-SENS_WOM_MODE is set to 0. With CFG-HW-
SENS_WOM_MODE set to 1, the IMU interrupt would wake up the receiver and no discrete signal will
be output by the receiver over the WOM pin. For the use cases where only the host needs to wake
up, the CFG-HW-SENS_WOM_MODE should be set to 2. Now the receiver will output a discrete signal
over the WOM pin whenever motion is detected, but the feature will not wake up the receiver. The
last option is where the CFG-HW-SENS_WOM_MODE is set to 3, with this mode the IMU interrupt will
wake up both the receiver and output a discreet signal over the WOM pin for the host. The receiver
will start normal operation afterwards.

For CFG-HW-SENS_WOM_THLD the value ranges between 1-255, where 1 corresponds to 0 g and 255
to 1 g,whereg=9.81 m/s"2.e.g.for 0.25 g threshold the configured value should be 64. The default
value for CFG-HW-SENS_WOM_THLD is 0, which corresponds to the threshold of 0.5 g. The threshold
is configured for all axis, so if the acceleration on any axis exceeds the threshold, the IMU interrupt
would be triggered and would wake up the host or the receiver depending on the configured mode.

3.2.10.3 Procedure to use the wake on motion feature
The following outlines the procedure when using the wake on motion feature:

* Set the required mode for the wake on motion feature via CFG-HW-SENS_WOM_MODE.

* Depending on the use case, set the required threshold for a single accelerometer axis via CFG—
HW-SENS_WOM_THLD.

¢ Set the desired configuration to all layers and send it to the receiver.

* Afterwards, power cycle the receiver. This will initialize the sensors for wake on motion feature.
This only needs to be done once the wake on motion configuration is changed.

* The next step is to set the receiver in software backup mode. The receiver can be set to

software backup mode via UBX-RXM-PMREQ message. Duration of the requested task should be
set to zero.

e Afterwards, based on the threshold and the mode the IMU interrupt would wake up the receiver
for normal operations.

T In UBX-RXM-PMREQ message the wakeupSources.extint0 flag should not be disabled for
the wake on motion feature.

=5 The test setup should be as close to the final integration as possible, as the detection
threshold will vary depending on the place of installation/dampening.

3.2.10.4 Example use cases

The following CFG-HW-SENS_WOM_THLD values correspond to the bare minimum acceleration that
would be produced in each scenario and should be used as a guideline, the specific thresholds will
depend significantly on the final installation:

¢ Opening the door and entering the car: 15 (0.06 g)
¢ Starting the vehicle and driving out slowly: 25 (0.1 g)
* A bump on a parked car: 50 (0.2 g)
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¢ Hard stopping the vehicle: 200 (0.78 g)

3.2.11 Map-matching input

3.2.11.1 Introduction

The map-matching input feature allows a map-matched position to be fed back to the receiver to
aid the next navigation solution and improve positioning performance, as long as the map matching
is accurate. The data can be supplied using the UBX-AID-MAPM input message.

3.2.11.2 Input data

The UBX-AID-MAPM message may be used to input WGS84 latitude, longitude and altitude as well
as heading of motion. Alternatively, altitude can be given as height above mean sea level. The GNSS
reference time defines the epoch of the map-matched navigation solution. The latency of the data
must not exceed three epochs and should be minimized to ensure best positioning performance.
The supplied accuracy of the horizontal position, altitude, and heading should indicate the quality
of the map-matching data. The accuracy of these factors are used to determine the relative weight
of the map-matched data when merging with the receiver solution. The status of the map matching
feature is indicated in the fix status flags of message UBX-NAV-STATUS.

3.2.11.3 Recommendations

Map matching inputimplements a closed feedback loop. The map-matched solution is based on the
receiver's position output and, if fed back, influences the receiver's next fix. Therefore the reliability
of the map matching input data is critical for both the receiver and the map matching provider.
It is recommended to only feed the map-matched solution back to the receiver if there is a high
confidence that it is correct. Incorrect map matching feedback may cause the position solution to
diverge from the true position in an unpredictable manner. If in doubt, it is better not to feed any
information back to the receiver.

3.3 Primary and secondary output

3.3.1 Introduction

u-blox GNSS receivers output various navigation results and data calculated as part of the
navigation solution. These include results such as position, altitude, velocity, status flags, accuracy
estimate figures, satellite/signal information and more.

The NEO-M9L can provide this output in two streams:

* Primary output: Reports the results of a full navigation solution using all capabilities of the
NEO-MB9L, such as, for example, sensor fusion.

¢ Secondary output: Reports the results of a GNSS standalone navigation solution.

Both the primary output and secondary output provide a similar set of information but the two
outputs report different results. The primary outputis reportedin the form of UBX-NAV-* messages,
while the secondary output is reported in the form of UBX-NAV2-* messages. Therefore, the UBX
message class can be used to distinguish between the primary output and the secondary output.
For the specification of the UBX-NAV2-* messages and for a full list of available UBX-NAV2-*
messages, see the applicable interface description [2].

=r The secondary output may also be available as NMEA-NAV2-* messages. To confirm
availability of NMEA-NAV2-* messages, see the applicable interface description [2]. NMEA-
NAV2-* messages can only be output if the configured NMEA version is NMEA 4.0 or later.
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For simplicity this section refers only to UBX-NAV2-* messages but the same information
applies for NMEA-NAV2-* messages.

=5 The secondary output is complementary to the primary output. It does not provide the
full navigation solution of the primary output. It can be used to expand the applications
of the NEO-MOL to enable using a second navigation solution in parallel with the primary
navigation solution.

The rest of this section describes how to configure and use the secondary output, what is the
expected output behavior, and provides examples that illustrate potential uses for the secondary
output, while highlighting the differences between the primary and the secondary output.

3.3.2 Configuration

Configuring the secondary output to the application's needs requires:

e Enabling the secondary output
¢ Configuring the desired secondary output UBX-NAV2-* messages
* Optionally, configuring the properties of the secondary output navigation solution

The configuration items relevant to the secondary output are in the CFG-NAV2-* configuration
group. The configuration items for enabling and configuring the output rate of the UBX-NAV2-*
messages are in the CFG-MSGOUT-* group and are of the form CFG-MSGOUT-UBX_NAV2_*. An
example set of secondary output configuration items is shown in the table below. For all available
configuration items, see the applicable interface description [2].

Configuration item Description

CFG-NAV2-OUT_ENABLED Enables secondary output

CFG-NAV2-SBAS_USE_INTEGRITY Enables using SBAS integrity information in the secondary output
CFG-MSGOUT-UBX_NAV2_PVT_* Enables UBX-NAV2-PVT secondary output message
CFG-MSGOUT-UBX_NAV2_TIMEGPS_* Enables UBX-NAV2-TIMEGPS secondary output message

Table 13: Example secondary output configuration items

Enabling the secondary output: The first necessary step to enable the secondary output is to
configure the CFG-NAV2-OUT_ENABLED configuration item appropriately. This will enable the
secondary output navigation solution to run in parallel with the primary output navigation solution.
By default, the secondary output is disabled. Note that if you do not follow the next step, there will be
no secondary output visible in the NEO-M9L communication interfaces in the form of UBX-NAV2-
* messages.

=r Both primary and secondary output report a navigation solution computed at the same
navigation rate. Enabling the secondary output may affect the maximum achievable
navigation update rate due to the extra computational load.

Configuring the desired secondary output UBX-NAV2-* messages: The second necessary step is
to configure the desired CFG-MSGGOUT-UBX_NAV?2_* configuration items appropriately. These set
the message output rates for the UBX-NAV2-* messages that you wish to output. By default, all
UBX-NAV2-* message output rates are set to O and as such are not being output.

=r Due to the increased message output, the interface load will be higher while the secondary
output messages are enabled. Therefore, the interface baud rate may need to be adapted
accordingly. Alternatively, it is possible to configure the UBX-NAV2-* messages with a
different output rate from that of their primary output UBX-NAV-* counterparts.
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Configuring the properties of the secondary output navigation solution: Optionally, it is possible
to configure the properties of the secondary output navigation solution in order to adapt it to the
application's needs.

A minimal subset of the primary output navigation solution configuration is available for the
secondary output navigation solution configuration. All such available configuration items are in the
CFG-NAV2-* configuration group (see applicable interface description [2]).

Configuring any of the CFG-NAV2-* configuration items changes the behavior of the secondary
output navigation solution only and not the primary output one. All such configuration items have a
primary output configuration counterpart and have the same default value as their primary output
configuration counterpart.

For example, the CFG-NAV2-SBAS_USE_INTEGRITY configuration item allows configuring the
SBAS integrity feature differently for the primary output and the secondary output. Its primary
output counterpart is the CFG-SBAS-USE_INTEGRITY configuration item and the default value of
both configuration items is the same.

3.3.3 Expected output behavior

Once the secondary output is enabled and the desired secondary output UBX-NAV2-* messages are
configured, the NEO-MO9L will output both primary and secondary output data in the form of the
enabled UBX-NAV-* and UBX-NAV2-* messages respectively.

In every navigation epoch, a set of UBX-NAV-* messages will be output followed by another set of
UBX-NAV2-* messages. Both sets will be referring to the navigation solution of the same navigation
epoch.

Each set will be delimited at its end with a UBX-NAV-EOE or a UBX-NAV2-EOE message respectively.
In other words, a UBX-NAV-EOE message will be output at the end of the UBX-NAV-* class enabled
messages and a UBX-NAV2-EOE message will be output at the end of the UBX-NAV2-* class enabled
messages. For example, if only UBX-NAV-PVT, UBX-NAV2-PVT, UBX-NAV-TIMEGPS and UBX-NAV2-
TIMEGPS are enabled on the same port with message output rate 1, then every navigation epoch
output will be as follows: UBX-NAV-PVT, UBX-NAV-TIMEGPS, UBX-NAV-EOE, UBX-NAV2-PVT, UBX-
NAV2-TIMEGPS, UBX-NAV2-EOE.

=5 Secondary output messages appear after the primary output messages. This results in a
higher latency for the secondary output messages than the primary output messages.

r Contrary to UBX-NAV2-* messages, secondary output NMEA-NAV2-* messages are not
delimited by an NMEA-equivalent to UBX-NAV-EOE.

The specification of the UBX-NAV2-* messages resembles that of the UBX-NAV-* messages. The
payload specification of a UBX-NAV2 message is identical to the payload specification of its UBX-
NAV counterpart, allowing to easily adapt any existing message parsers. The primary output will
contain results and data reflecting the full navigation solution of the NEO-M9L. The secondary
output will contain results and data reporting a GNSS standalone navigation solution.

3.3.4 Example use cases

As an example, an application using a NEO-MO9L that is operating in sensor fusion mode can enable
the secondary output and monitor a GNSS standalone solution to understand the improvements
introduced by using sensor fusion.
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3.4 SBAS

The NEO-MO9L is capable of receiving multiple SBAS signals concurrently, even from different SBAS
systems (WAAS, EGNOS, MSAS, etc.). They can be tracked and used for navigation simultaneously.
Every SBAS satellite that broadcasts ephemeris or almanac information can be used for navigation,
just like a normal GNSS satellite.

For receiving correction data, the NEO-M9L automatically chooses the best SBAS satellite as its
primary source. It will select only one since the information received from other SBAS satellites is
redundant and could be inconsistent. The selection strategy is determined by the proximity of the
satellites, the services offered by the satellite, the configuration of the receiver (test mode allowed/
disallowed, integrity enabled/disabled) and the signal link quality to the satellite.

If corrections are available from the chosen SBAS satellite and used in the navigation calculation, the
differential status will be indicated in several output messages such as UBX-NAV-PVT, UBX-NAV-
STATUS, UBX-NAV-SAT, NMEA-GGA, NMEA-GLL, NMEA-RMC and NMEA-GNS (see the applicable
interface description [2]). The message UBX-NAV-SBAS provides detailed information about which
corrections are available and applied.

The most important SBAS feature for accuracy improvement is ionosphere correction. The
measured data from regional Ranging an