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Abstract

This document describes the structure and use of the EVK-FODR evaluation kit and provides
information for evaluating and testing the automotive u-blox F9 multi-band dead reckoning

technology.
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1 Introduction

The EVK-F9DR can be used to test and evaluate all u-blox products based on the u-blox F9 multi-band
GNSS dead reckoning technology. The evaluation kit (EVK) is equipped with the ZED-F9K module pre-
flashed with the LAP 1.30 firmware, and allows out-of-the-box performance and feature evaluation of
the following products:

e ZED-FOK
e UBX-F9940-KA-DR

When re-flashed with DBD 1.30 firmware, the module may also be used to evaluate the following
products:

e ZED-FSOL
e UBX-F9140-KA-DR

The built-in USB interface provides both power supply and a high-speed communication interface.
The EVKis compact and provides a flexible and user-friendly interface between the GNSS module and
test vehicles. Furthermore, it can be used with a notebook or PC running the GUI-driven u-center
application, making it the perfect companion through all stages of evaluation and design-in phases of
projects.

¥ EVK-F9DR is also equipped with a NEO-D9S L-band corrections receiver pre-flashed with PMP
1.04 firmware.

1.1 Highlights

Multi-constellation, multi-band GNSS

¢ Automotive dead reckoning (ADR)

Real-time kinematic (RTK)

Configurable CAN interface

Dedicated pins for wheel tick and direction inputs

USB, UART, RS-232 connections

Battery-backed RAM (BBR) through micro-USB or CR2032 coin cell battery
Wake-on-Motion feature

1.2 Kit contents

EVK-FODR unit

ANN-MB1 L1/L5 high-precision GNSS antenna with a 5-meter cable
1-meter USB-C cable

e 1.8-meter micro-USB cable

PointPerfect promotion card

1.3 System requirements

e PC with Windows operating system
e u-center GNSS evaluation software
e Odometer input from a vehicle (for ADR only)

UBX-23007618-R01 Introduction Page 5 of 33
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2 Device description
2.1 USB

A USB-C connector is featured for data communication and power supply. USB drivers are installed
automatically through Windows update.

2.2 UART

The unit includes an RS-232 port which can be dynamically connected to the UART of the ZED-F9K,
the NEO-D9S, or the onboard MCU. Selection of the UART connection is controlled by the SEL_NEO_N
and SEL_MCU_N pins on the front connector.

SEL_NEO_N SEL_MCU_N Connected component
LOW OPEN NEO-D9S

OPEN LOW MCU

OPEN OPEN ZED-F9K

LOW LOW None

¥ Theselected UART interface is also available via the RxD and TxD pins on the front connector. The
pins are at TTL voltage levels.

VA Do not use flow control with the RS-232 port.

2.3 Antenna

There are two female SMA connectors on the unit. The one on the front (RF_IN) is used by the ZED-
FOK module, and the one on the back (RF_AUX) is used by the NEO-D9S module.

The kit includes a u-blox ANN-MB1 L1/L5 active multi-band GNSS antenna with a 5-meter cable to be
used by the ZED-F9K module. A suitable antenna for the NEO-D9S is sold separately.

2.4 26-pin front connector

The connector and its signals are described in the table below. The pins are numbered right to left,
with the odd numbers on the top row and the even numbers on the bottom row.

v

25 23 21 19 17 15 13 11 9 7 5 3 1

26 24 22 20 18 16 14 12 10 8 6 4 2

Pinno. Pinname 1/O Level Description

26 VIN 5-24V | 5-24V Main voltage input — can be used in place of the USB connector

25 GND Common ground for casing, power and serial interfaces

24 GND Common ground for casing, power and serial interfaces

23 CAN_H | CAN high signal (ISO 11898-2)

22 VIN_LDOS (0] LDO input voltage measurement point

21 CAN_L | CAN low signal (ISO 11898-2)

20 CUR_ZED (0] ZED-F9K current measurement point

19 SEL_NEO_N | Pull-down signal for enabling UART communication with the NEO-D9S
18 CUR_NEO_D9 (e} NEO-D9S current measurement point

UBX-23007618-R01 Device description Page 6 of 33
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17 SEL_MCU_N | Pull-down signal for enabling UART communication with the MCU
16 TIME_MARK_J2 | Time mark input

15 WOM O Wake-on-motion signal output

14 GND_A Ground for speed and direction inputs

13 WT | 5-24V Wheel tick pulse input

12 GND_A Ground for speed and direction inputs

11 FWD | 5-24V Direction of travel input

10 V_BCKP_MEAS (0] Backup voltage measurement point

9 SDA/CS /O 3.3V I2C SDA / SPI CS signal

8 V_BCKP_1 | 3.3V Backup voltage extra input

7 SCL/SCK /O 3.3V I2C SCL / SPI SCK signal

6 GND | Common ground for casing, power and serial interfaces
5 TxD/MISO /O 3.3V UART TxD/SPI SDO (MISO) signal

4 VIN_LDOS O LDO input voltage measurement point

3 RxD / MOSI /O 3.3V UART RxD/ SPI SDI (MOSI) signal

2 GND Common ground for casing, power and serial interfaces
1 TIMEPULSE (@] Time pulse signal from the ZED-F9K (TP1)

2.5 10-pin rear connector

The 10-pin rear connector is used for updating the MCU firmware. See section 5.5 for more
information.

2.6 Reset and safe boot buttons

The reset button on the front panel resets the unit.

The safe boot button is used to set the unit in the safe boot mode. In this mode, the receiver executes
only the minimal functionality, such as updating new firmware into the flash. USB communication is
disabled while in the safe boot mode.

To set the receiver in the safe boot mode:

e Press and hold the BOOT button.
Press the RST button.

Release the RST button.

¢ Release the BOOT button.

To use UART in the safe boot mode, a training sequence needs to be sent to the receiver. The training
sequence is a transmission of two bytes (0x55 0x55) at the baud rate of 9600. Wait for at least 100
milliseconds before the interface is ready to accept commands.

2.7 12C/SPI slide switch

The 12C/SPI slide switch should be kept in the 12C position to keep the 12C and UART interfaces
enabled. The onboard MCU uses 12C to communicate with the receiver, so disabling 12C also disables
the CAN interface.

For further information, contact u-blox technical support.

2.8 LED

On the front panel of the EVK unit, there is a single blue LED with the following functionality:

UBX-23007618-R01
C1-Public
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LED Description
Solid blue The device is powered on with no GNSS fix.
Flashing blue The LED flashes one pulse per second during a GNSS fix.

The time pulse signal is configurable, see the Interface description [2] for details.

2.9 Backup power supply

The back of the unit has a micro-USB connector for providing backup voltage for the receiver. See the
ZED-F9K Integration manual [1] or the ZED-F9L Integration Manual [3] for more information about
backup voltage. In addition, a battery holder for a CR2032 coin cell is available on the PCB.

/N CAUTION! Risk of data loss. If the backup power is interrupted, the receiver may lose all its
calibration parameters. If you are using a power bank for backup power, ensure that the power
supply is not interrupted due to low current intake.

2.10 NEO-D9S module

The device includes a NEO-D9S module for providing L-band corrections to the ZED-F9K module. The
modules are connected via each module’s UART2 port. The NEO-D9S can be connected to in u-center
through either USB of UART. When connecting through UART, the NEO_UART_SEL pin must be
pulled down to enable communication with the module.

For more information on how to use the NEO-D9S, refer to the C101-D9S application board User guide
[4] and dedicated Application Note [6].

UBX-23007618-R01 Device description Page 8 of 33
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3 Getting started

This chapter works as a simple step-by-step guide for setting up the device and using it for evaluation
in an automotive application using u-blox sensor fusion technology. The simplest setup uses
Untethered Dead Reckoning (UDR) and relies solely on the ZED-F9K module.

For optimal sensor fusion performance, odometer input from the vehicle should be provided to the
receiver to enable Automotive Dead Reckoning (ADR). For best overall performance, the setup should
be extended to also include Real-time Kinematic (RTK) functionality, which is described in chapter 4.

The basic evaluation process consists of four simple steps: installation, calibration, testing and
analysis. Follow the steps in this chapter to minimize errors leading to most common issues in
performance.

3.1 Installation

The installation step consists of attaching the device and antenna to the test vehicle.

3.1.1 Mounting the device

Find a suitable location in the vehicle where the EVK can be properly attached. A good location for the
EVK s in the trunk, close to the center of the rear axle of the vehicle.

Utilize appropriate hardware to firmly attach the EVK to the vehicle. The EVK must not be able to
move relative to the vehicle’s frame or encounter excessive vibrations. Do not attach the EVK to any
moving parts of the vehicle’s interior, such as a headrest or the rear-view mirror.

/N sensor fusion performance will be impaired by changes in the orientation of the device.

3.1.2 Mounting the antenna

Place the provided GNSS antenna in a location with an unobstructed view of the sky, for example on
the roof of the vehicle. For best performance, ensure that the antenna has contact to a ground plane
which is at least 100-150 mm in diameter.

/N Iftheantennais placed ata significant distance from the EVK, a position offset can be introduced
which might affect the accuracy of the navigation solution. To compensate for the position offset,
advanced configurations can be applied. Contact u-blox support for more information on advanced
configurations.

3.1.3 Connecting the cables

1. Connect the GNSS antenna to the RF connector on the front panel of the device.
2. Connect the device to a PC via USB.

3.1.4 Configuring the receiver (optional)

The default configuration of the LAP firmware is usable for basic automotive applications. A custom
configuration can be applied using u-center:

Open u-center.

Select the device with Receiver > Connection > COMXX.

Open the Messages View with View > Messages View.

Select the UBX-CFG-VALSET message.

Select the configuration item(s) with Group and Key name.

Modify the values and send the message to modify the configuration.

oarON =
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ZF Refer to the ZED-FOK documentation ([1], [2]) for a full description of the receiver configuration.

3.2 ADR setup (optional)

Toevaluate the ADR performance and features of the LAP firmware, include the following stepsin the
setup.

3.2.1 Providing odometer input

ADR requires odometer input from the vehicle, that is, wheel ticks or speed, and direction. The
following options are available for supplying the odometer input to the receiver:

e Hardware interface: wheel tick and direction pins.
e Software interface: UBX-ESF-MEAS messages.
e CAN interface: CAN_H and CAN_L pins.

Only one of the options above may be used at a time. Make the following connections based on the
selected option:

A. If using the hardware interface, connect the Wheel Tick and FWD pins to the corresponding
pins of the outputting sensor

B. If using the software interface, connect a serial interface (USB/UART) to the data provider

C. If using the CAN interface, connect the CAN high and CAN low signals of the CAN bus to the
CAN_H and CAN_L pins in the front connector.

Refer to the ZED-F9K documentation ([1], [2]) for more information about providing odometer data.
If using the configurable CAN interface, refer to chapter O.

3.2.2 Configuring the device for ADR

The receiver can be configured with the UBX-CFG-VALSET messages. Consult the ZED-F9K
documentation ([1], [2]) for more information about the configuration.

Configure the odometer sensor input depending on the used sensor:

A. If the wheel tick and direction pins on the front connector are used, enable the use of the wheel
tick pin by setting the value for key ID CFG-SFODO-USE_WT_PIN to 1.

B. If using the CAN interface or the software interface, disable the wheel tick pin. Set the value
for key ID CFG-SFODO-USE_WT_PIN to 0. See chapter O for instructions on configuring the
CAN interface.

3.3 Calibrating the receiver

Before the receiver can operate in sensor fusion mode, it needs to gather calibration information from
the movements of the vehicle. Although the calibration process is eventually completed during normal
driving, it can be considerably accelerated by doing a calibration drive prior to the actual testing.

Follow these steps to perform the accelerated calibration procedure:

Drive to an open area, such as a parking lot, with good GNSS signal conditions.

With the car stationary, power on the EVK and wait for a valid 3D GNSS fix.

Remain stationary until the IMU status in ESF-STATUS shows “INITIALIZED”.

Drive a figure-of-eight pattern until the alignment status in ESF-ALG shows “COARSE”.

The progress of the calibration can be monitored in u-center with the UBX-ESF-ALG and UBX-
ESF-STATUS messages.

5. Drive straight at a min speed of 40 km/h until the INS status in the ESF-STATUS shows
“INITIALIZED”.

P~

UBX-23007618-R01 Getting started Page 10 of 33
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Once the calibration is at a sufficient level, the receiver starts using the sensors in navigation and the
fusion filter status in the ESF-STATUS shows “Fuston”. The receiver keeps continuously calibrating
the sensors in the background to improve the quality of the solution.

For optimal performance, repeat the figure-of-eight pattern until the ESF-ALG shows “rFINE”. Before
the actual testing, continue driving curves and straight segments until all sensors in the ESF-
STATUS report “CALIBRATED”.

ZF Refer to the ZED-FOK Integration manual [1] for more information about the sensor calibration.

3.4 Testing the receiver

The device is now ready for actual test drives. For replaying and analyzing the test drives afterwards,
record the data into log files with u-center.

To collect a proper log file with sufficient information:

Open u-center.

Select the device with Receiver > Connection > COMXX.

Enable UBX messages according to what needs to be monitored.

Enable debug messages with the debug message button (Figure 1). This step is optional, but
necessary for investigation of issues.

Start recording with the record button (Figure 1).

When prompted to poll the receiver configuration, select the correct receiver generation, and click
“Yes”.

7. Perform the test drive.

8. To stop recording, click the eject button (Figure 1). The log file will be saved automatically.

o=

o o

Debug Record

@ com3 @ 9600 - u-centfr 21.09
File Edit View Playej Receiver Tools Window Help

DE & ~ @ @ B0 DOAEA-E-M-OEf B EEE0

SRR A, - i

Eject

Figure 1: u-center log recording controls

3.5 Analyzing the log files

After collecting data over the test drives, u-center can be used to replay and analyze the logs in several
ways:

e Checking the general receiver status
¢ Monitoring data in individual messages
¢ Using the chart view to monitor certain parameters over time

Toreplay alog,

Open u-center.

Open a log using File > Open...

Use the log playback controls (Figure 2) to play, pause and move the current time in the log file.
Open different views from the View menu.

PO~

ZF Refer to the u-center User guide [7] for more information about its features.

UBX-23007618-R01 Getting started Page 11 of 33
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° u-center 21.09 Pause
File Edit View Player Receiver Tools Windo

DH&E -~ &[& P& 3 =l IEJEIvvlevLIE BEOmE&ED
e v v B At A .l’ 4 | >

Figure 2: u-center log playback controls

Play Log progress

=Ip
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4 RTKsetup

To achieve accurate RTK performance, the receiver needs a constant stream of correction data, which
can be obtained from correction data providers via NTRIP or MQTT protocols. Application software is
needed to fetch the data from the provider's server and send it to the receiver through serial ports.
This chapter explains how to use NTRIP and MQTT client on u-center to monitor the RTK status of
the receiver.

4.1 Setting up NTRIP client in u-center

There are paid and free NTRIP services. RTK2go is a free community NTRIP service that hobbyists
and early prototyping can use, as it provides correction data streams from other users. However, for
commercial or production-grade applications, it is recommended to use more reliable commercial
NTRIP services.

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

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

Open the NTRIP client settings from Receiver > NTRIP Client.

Fill in the NTRIP caster settings fields.

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

Press OK to start the NTRIP client.

o0, wD =

NTRIP caster settings

Address;

Username:

|
Part: |
|
|

Password:

NTRIP stream

| Request Interval (sec)

NTRIP mount point: ~| Mount point details

IUpdate source table

[ Use manual position

Longitude {deq): | 0

Latitude (deg): | ]
Altitude (m): o
Geoid sep. (m): | 0
oK Cancel
Figure 3: u-center NTRIP client
UBX-23007618-R01 RTK setup Page 13 0of 33
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The status bar at the bottom of the u-center window shows the service status for monitoring and
debugging. The connection symbol turns green when authentication is successful, and the service is
connected.

== NTRIP client: . 4 MOTT client: Not connected u-blox Generation 9 == COM20 460800 |No file open UBX 00:39:40 [17:08:07 | &

Figure 4: u-center status bar

To see more information about the NTRIP client's operation, click the connection symbol. This will
open the NTRIP Log window.

B MTRIP Log X

18:24:57 Data received from server (1023bytes). S
18:24:57 Data received from server (35%bytes).
18:24:57 Data received from server (203bytes).
18:24:58 Data received from server (100bytes).
18:24:58 Data received from server (1023bytes).
13:24:538 Data received from server (359bytes).
18:24:58 Data received from server (186bytes).
18:24:59 Data received from server (1023bytes).
18:24:59 Data received from server (459bytes).
18:24:59 Data received from server (176bytes).
18:25:00 Data received from server (100bytes).
18:25:00 Data received from server (1023bytes).
18:25:00 Data received from server (35%bytes).
13:25:00 Data received from server (186bytes).
18:25:01 Data received from server (100bytes).
18:25:01 Data received from server (1023bytes).
18:25:01 Data received from server (359bytes).
18:25:01 Data received from server (186bytes).
18:25:02 Data received from server (100bytes).
18:25:02 Data received from server (1023bytes).
18:25:0

Clear Log | Copy log to dipboard |

Figure 5: NTRIP client log

4.2 Setting up MQTT client in u-center

An OASIS standard messaging protocol for the Internet of Things (IoT), MQTT provides a reliable,
robust, and secure messaging protocol for the IoT devices and applications. It is designed as an
extremely lightweight publish/subscribe messaging transport that is ideal for connecting remote
devices with a small code footprint and minimal network bandwidth. (Source: https://mqgtt.org/)

PointPerfect is a GNSS augmentation service that utilizes the industry standard SPARTN messaging
format to enable high accuracy with high precision GNSS receivers. The SPARTN format facilitates
the transfer of GNSS correction data with exceptional efficiency.

MQTT serves as the fundamental transport mechanism for various components of the service
including authentication, ancillary services (such as AssistNow), service key delivery, and the service
itself. To support this, u-center incorporates an MQTT client.

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

—_—

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

Open the MQTT client settings from Receiver > MQTT Client.

3. Inthe Thingstream portal, download the u-center config file associated with your device and
region of operation and add it as the “JSON config file”. For more information on how to signin to
Thingstream to get the u-center configuration file, visit PointPerfect getting started guide

A

UBX-23007618-R01 RTK setup Page 14 of 33
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Check the box to “Subscribe to key topic”.

Check the box to “Subscribe to AssistNow topic”.
Check the box to “Subscribe to data topic”.
Select the data topic using the drop-down menu suitable for the region of operation.
Press OK to start the MQTT client.

EVK-FODR - User guide

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

service is connected, the connection symbol turns green.

4 & NTRIP client: Mot connected =0= MOTT client: ssk//pp.services.u-blox.cr  |u-blox Generation 9 == COM20 38400  |No file open UBX 00:26:49 |16:55:11 | @

Figure 6: Bottom Status bar of u-center

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

B MOTT Log

1753
1753
1753
1753
17:53:
17:53:
1753
1753

L4

17:53:00
17:53:05

10
10
15
15

17:53:20
17:53:20
17:53:25
17:53:25
17:53:30
17:53:30
17:53:35
17:53:35
17:53:40
17:53:40

ERROR: Error sending data to serial part

MQTT data message received of size 195 on topic /pp/Lbfeu
MQTT data message received of size 203 on topic /pp/Lb/feu
SUCCESS: Sent data to serial port.

MQTT data message received of size 267 on topic /pp/Lbfeu
SUCCESS: Sent data to serial port.

MOQTT data message received of size 7689 on topic /pp/Lb/feu
SUCCESS: Sent data to serial port.

MOQTT data message received of size 863 on topic /pp/Lbfeu
SUCCESS: Sent data to serial port.

MQTT data message received of size 195 on topic /pp/Lb/feu
SUCCESS: Sent data to serial port.

MQTT data message received of size 203 on topic /pp/Lbfeu
SUCCESS: Sent data to serial port.

MQTT data message received of size 195 on topic /pp/Lb/eu
SUCCESS: Sent data to serial port.

MOQTT data message received of size 195 on topic /pp/Lbfeu
SUCCESS: Sent data to serial port.

MQTT data message received of size 203 on topic /pp/Lb/feu
SUCCESS: Sent data to serial port.

Clear Log | Copy log to dipboard |

Figure 7: MQTT client log

4.3 Monitoring RTK status

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

8):

¢ Inthe general information view (View > Docking Windows > Data), the RTK status is shown in

the Fix status field as “Float” or “Fixed” if RTK is used.

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

UBX-23007618 - RO1 RTK setup
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@ COM20 @ 460800 - u-center 22,07 - [UBX-MAV-PVT 0 5]
ﬂ Eile Edit Yiew Player Receiver Tools Window Help

Figure 8: RTK status in u-center

O =~ @ ABhaPDEIErE-E-M- B
@ v [ A B D o W @ @ @ . - 1

- PVAT (Navigation PVAT Soluti & P alue Uriits
PVT (Mavigation PVT Solution) GFS Time Tag 493322.600 Is]

-- RELPOSNED (Relative Position UTC Date and Time 28/ 4/ 2023 17:01:50 +533872035

. RESETODO (Reset Odometer) B¥E ?ate ;nd Tirme Confirmation Status Sfta: CONFIRMED. Time: COMFIRM...

- SAT (Satellite Information) Poswt\o:n:ix -?j::cy 30 Fix tns]

-~ SBAS (SBAS Status) Fir Flags FizOK DGNSS

- SIG (Signal Information) ESM StatLE itude, Longitude, Height, MSL B 5227970, 0 0745913, 128.4, 826 [dea.d ]

‘osition Latitude, Longitude, Height, - . . eq.deq.m.m
SLTAS {Qzss SLASFStatL_IS) Iralid Position Latitude, Longitude. Height, MSL Na

- 50L (Navigation Selution Position Accuracy Estimate Horizontal, Yertical 00,00 [rm]
STATUS (Mavigation Status) Welocity Morth, East, Down 0.003, 0.006, -0.007 [m/smée.mdz]

- SVIN (Survey-in) “elocity, Heading Accuracy E stimate 0.054,180.0 [mn/s,deq]
SVINEO (SV Information) Speed over Ground 0.006 [m/s]

o ~ 13V Information) Heading of Mation, Heading of Vehicle 0.0.nfa [dea.deq]

- TIMEBDS (BDS Time) Magnetic Declination. Declination &ccuwiacy Estim... n/a. n/a [dea.deq]

- TIMEGAL (Galileo Time) PDOR 1.00

#EYs Ugad 1

~ TIMEGLO (GLO Time) Carrier Range Status Fired

- TIMEGPS (GPS Time) Age of the most iecently ieceived diferential con b <= age < 10 [zec]

- TIMELS (Leap Second Informa
TIMENAVIC (MavIC Time)

In open sky scenarios, if the receiver achieves a fixed state in less than two minutes, it indicates that
the receiver, antenna, and correction service are compatible and functioning properly.

UBX-23007618-R01
C1-Public
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5 Configurable CAN interface

ZF This chapter only applies to the ADR operating mode and can be ignored for UDR.

The device has a configurable high-speed CAN (ISO 11898-2) interface. The on-board MCU converts
the configured CAN messages into UBX-ESF-MEAS messages which are sent to the receiver via 12C.

5.1 Valid configurations

The CAN interface supports the following configurations:

e Single tick from VRP + direction

o Wheel ticks from both rear wheels + direction
e Speed from VRP + direction

e Speed from both rear wheels + direction

See appendix B for example configurations.

5.2 Configuring the interface

Communication with the MCU can be established via UART. Connect the front connector pin
SEL_MCU_N to ground to enable the MCU communication.

The MCU UART runs at baud rate of 115200.

The following messages are supported:

e CONFIG GET - Reports the current CAN configuration.
o Hex string: 0x43 Oxa2 0x10 0x00 Ox10 0x20

e CONFIG CLEAR - Deletes the current CAN configuration.
o Hexstring: 0x43 Oxa2 Ox12 0x00 Ox12 0x24

e CONFIG SET - Sends a configuration for one data field.
o Hex string: generate with the tool

Sending the commands to the MCU can be done through a terminal program. We recommend using
RealTerm [8].

5.3 Configuration message tool

The C100 MSG browser-based tool (Figure 9) generates C100 MCU configuration messages for the
configurable CAN feature. The tool can be downloaded from the u-blox website [9]. It can run entirely
locally without an internet connection.

UBX-23007618 - RO1 Configurable CAN interface Page 17 of 33
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C100 MSG v1.0

CAN bitrate = 500 kbps v CAN message 1D 0x123 Data length code 8 Cycle time 0 ms

Unit Source Startbit Length Endianness Sign Factor Offset Min Max

Wheeltick v RR v 0 8 Little-endian A Unsigned v 1 0 0 255

CONFIG SET 1

CONFIG CLEAR CONFIG GET 3 4
0x43 @xa2 x11 @x13 @x@3 Bx23 @xO1 Ox00 GxG0 0x08 Ox00 0x00 0xD8 0x00 0x00 0xB0 Bx08 Oxff Ox00 @xc8 Ox03 Ox34 0x80 O0x79 Ox74
Generated message Decode

Figure 9: C100 MSG tool

The numbers in the list below refer to Figure 9:

e 1:Select the blue buttons in the middle to generate messages.

e 2:Fill these fields for CONFIG SET messages.

e 3:The generated message is displayed in the text field at the bottom. It is automatically copied to
the clipboard.

4: Use the decode button to parse the contents of a message pasted in the text field (3).

¥ Ensure that the version number of the tool matches the MCU firmware version. Compatibility
between versions is not guaranteed.

5.3.1 Configuration parameters
The following fields are required to generate a CONFIG SET message:

e CAN bitrate: bitrate of the CAN bus

e CAN message ID: ID of the message containing the wanted data

o Datalength code: number of bytes in the CAN message

e Cycle time: time between consecutive messages

e Unit: the unit of measurement for the data

e Source: rear-left, rear-right wheel, etc.

e Startbit: index of the LSB of the value field within the CAN message
¢ Length: the bit-length of the value field

¢ Endianness: Big-endian (Motorola) or Little-endian (Intel)

e Sign: value is signed or unsigned

¢ Factor: scaling factor representing the value of one bit in the selected unit
e Offset: positive offset which shifts the zero point of the raw value

¢ Min/Forward:

o Wheel tick and speed - sets the minimum value. Values smaller than this are discarded.
o Direction - represents the value indicating forward movement

e Max/Backward:

o Wheel tick and speed - sets the maximum value. Values greater than this are discarded.
o Direction -represents the value indicating backward movement

5.4 Configuration process

Follow these steps to configure the CAN interface:

UBX-23007618 - RO1 Configurable CAN interface Page 18 of 33
C1-Public



@blox EVK-F9DR - User guide

5.4.1 Connections

1. Connect the pin SEL_MCU_N to the GND pin.
2. Connect a PC to the MCU via RS-232 cable or the front connector UART pins.

5.4.2 RealTerm

3. Select the port associated with the UART connection in the Port tab.
4. Setbaud rate to 115200.
5. Apply changes by selecting the Change button. See the figure below.

Display  Part | Capture | Pins | Send | EchoPort| 120 | 1202 | 120Mise | Misc |

Baud [115200 v | part [7 = WEPD <] [Gpen 5ps| [ o Change [¥

Software Flow Contral

Farity Data Bitz Stop Bitz Pecei 7
* None || @ Gbits| | @ Thit " 2tits M| ey s
; Edd " 7hits | Hardware Flow Contral [ Transmit 3off Char: [19
YEn . o
" Mark L Bb!tx f¢ None (" RTS/CTS Winzock is:
( Space || " Sbits| | " DTR/DSR " RS4854s e P
f* Telnet

Power on the device. The following startup message is displayed in the terminal window:

Default config loadedilr
Bitrate (khps)>: SHBAULF
num CAM Configs found: @ilr

Startup complete: JULF
MCU firmware version: CUilF
C188 wi . Bilr

6. Setup the configurable CAN feature:
6.1. Open the RealTerm Send tab.
6.2. Generate CONFIG SET message(s) in the MSG tool.
6.3. Copy and paste a CONFIG SET message into the text field.
6.4. Send the message by selecting the Send Numbers button.

EOL b
8x43 Bxa2 Bx11 Bx13 Bx03 Bx23 ~ | Send ASCII ||_ R | Befos
[ +LF

| 5end Ngml:uers| Send ASCI |||: +Cp || T After

|
A +LF
ﬂ ﬂﬂ Fiepeats |1 = [ Litwral [ Stip Spaces | *cic SMEBUS 8

Liump File ta Port

|c:'xtemp'xu:apture.t:-:t ﬂJ SendEiIe‘ x 5tDE| Delayz |0 =0 =
----------- Bepeats |'I ﬂ |EI ﬂ

Display | Pot | Captwe | Pins ~ Send |EchoPort| 120 | 1202 | 12CMisc | Misc | An| Clear| Freeze| 7|

Status

| Disconnect
_|R=D[2)
| TED 3
_|CT5 18]

B CCD 1)
P DSRE (R
_|Ring [9)
__|BREAK

| Erar

The following dialog is displayed when the configuration has been accepted:

C18d: Set configuration:z Cglf
C18A: CFG flashed? Glr

C18@: OK 1°70Lr

When all configuration messages have been sent:

6.5. Generate a CONFIG GET message.

UBX-23007618 - RO1 Configurable CAN interface
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6.6. Send the CONFIG GET message.
6.7. A dialog similar to the one shown below is displayed and can be used to validate the
configurations.

: Get configuration: CilF
: Bitrate C(kbps>: 5880
: num CAN Configs found: 20
: Config 10klr
canMsgld Bxd23islr
dlc Bilr
cycleTime @ULF
startBit BlRLF
length BURLF
of fzet BllF
factor 188@0GLF
minUal Biklr
maxUal 255k
msgTupe 20F
source 3JiF
unit 1CaLr
sign @R
endian BAULF
: Config 22Ukl
a: canMsgld Bx1230LF
dlc Bilr
cycleTime @IGLF
startBit 8iplr
length BURLF
of fset ALF
factor 18BAGLF
minUal @il
maxUal 25510k
msgTupe 2ULF
source 20LF
unit 1CRLF
sign B
endian BAULF
16 5L

F A configuration entry can be overwritten by sending a new CONFIG SET message with the same
unit and source.

ZF  Allconfiguration entries can be deleted with the CONFIG CLEAR message.

5.5 Updating the MCU firmware

New MCU firmware and corresponding tool versions may be released e.g. to support new features or
to increase the performance of the application. To update the firmware, the following equipment is
required:

e Silicon Labs IDE or Flash Programming Utilities software [10], and
e USB debug adapter for 8-bit MCUs [11].

To flash the new firmware:
1. Power up the device.
2. Connect the debugger to the 10-pin rear connector.
3. If using the Silicon Labs IDE:
a. Select Debug > Connect to connect the Debugger to the MCU.
b. Select Debug > Download object file and input the correct file to the opened window.
c. Select Download to start the flashing process.
4. If using Flash Programming Utilities, follow the instructions accompanying the software.
5. After the device is flashed, disconnect the debugger and reboot the device.

6. Confirm that the firmware version string matches by either checking what the MCU outputs
during bootup, or by sending a FW GET command.

UBX-23007618 - RO1 Configurable CAN interface Page 20 of 33
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Appendix
A CAN termination

The CAN bus is terminated by including the jumper marked in the image below. The jumper is included
by default. If the termination needs to be removed, open the enclosure and remove the jumper.

- 40647 MA3

| @blox’
|| ZED-F9K-01A-55
| Ax200005334

o
109103006.0301 |a-yars l
EE% <
" ~ |
0 o Rt

B CAN configuration examples

This appendix contains example CAN configurations. Each example uses the following settings for
the CAN bus:

e CAN bitrate: 500 kbps

e CAN message ID: 0x123
e DLC:8

e Cycletime:0ms

The example messages are compatible with firmware C100 v1.0.
B.1 Wheel tick configurations

B.1.1 Two rear-wheel ticks and direction

This configuration uses wheel ticks from two rear wheels and a separate direction signal. The
configuration entries are described in the tables below.

Startbit | Length ‘ Byte order | Value type | Factor | Offset | Min Max Unit Source
40 16 big-endian unsigned 1 0 0 65535 tick RR
56 16 big-endian unsigned 1 0 0 65535 tick RL
8 2 big-endian unsigned 1 0 0 3 direction direction
UBX-23007618-R01 Appendix Page 21 of 33
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byte/bit 7 6 5 4 3 2 1 0

0

1 msb Isb
2

3

4 msb

5 Isb
6 msb

7 Isb

The following CONFIG SET messages are generated for this configuration:

¢ RR:0x43 0xa2 0x110x13 0x03 0x23 0x01 Ox00 Ox00 Ox08 Ox00 0Ox28 0x10 0Ox00 0Ox00 0Ox00 0x00
Oxff Oxff Oxe8 Ox03 O0x34 Ox01 Oxa9 Oxa8

e RL:0x430xa2 0x11 0x13 0x03 0x23 0x01 0x00 0x00 0x08 0x00 0x38 0x10 Ox00 0Ox00 0x00 0x00
Oxff Oxff Oxe8 Ox03 Ox24 Ox01 Oxa9 0x48

e dir: 0x43 0xa2 0x11 0x13 Ox03 0x23 0x01 Ox00 0x00 0x08 Ox00 0x08 0x02 OxO0 0x00 0Ox00 Ox00
0x03 0x00 0xe8 0x03 Ox5f 0x01 Oxab Ox01

B.1.2 Single tick and direction

This configuration uses single-tick data and a separate direction signal. The configuration entries are
described in the tables below.

Startbit |Length ‘Byte order |Va|ue type |Factor |Offset |Min Max Unit Source
32 16 big-endian unsigned 1 0 0 65535 tick combined
8 2 big-endian unsigned 1 0 0 3 direction direction
byte/bit 7 6 5 4 3 2 1 0
0
1 msb Isb
2
3 msb
4 Isb
5
6
7

The following CONFIG SET messages are generated for this configuration:

e tick:0x43 0xa2 0x110x130x03 0x23 0x01 0x00 0x00 0x08 Ox00 0x20 0x10 Ox00 0Ox00 0xO0 Ox00
Oxff Oxff Oxe8 Ox03 Ox44 Ox01 Oxb1 Ox68

e dir: 0x43 0xa2 0x11 0x13 0x03 0x23 0x01 0x00 0x00 0x08 0x00 0x08 0x02 Ox00 Ox00 0x00 0x00
0x03 0x00 0xe8 0x03 Ox5f 0x01 Oxab Ox01

UBX-23007618 - RO1 Appendix Page 22 of 33
C1-Public




EVK-FODR - User guide

@bilox

B.2 Speed configurations

B.2.1

This configuration uses speed from two rear wheels and a separate direction signal. The configuration
entries are described in the tables below.

Two rear wheels and direction

Startbit ‘ Length ‘ Byte order | Value type | Factor | Offset | Min | Max ‘ Unit Source
52 12  big-endian unsigned 0.1 0 0 409.6 km/h RR
56 12  big-endian unsigned 0.1 0 0 409.6 km/h RL
8 2  big-endian unsigned 1 0 0 3 direction direction
byte/bit 7 6 5 4 3 2 1 0
0
1 msb Isb
2
3
4
5 msb
6 Isb msb
7 Isb

The following CONFIG SET messages are generated for this configuration:

¢ RR:0x430xa2 0x11 0x13 0x03 0x23 0x01 0x00 0x00 0x08 0x00 0x34 0x0c Ox00 Ox00 Ox00 Ox00
0x00 0x10 Ox64 Ox00 0x39 0x01 Ox41 Ox58

¢ RL:0x43 0xa2 0x11 0x13 0x03 0x23 0x01 0Ox00 0x00 0x08 0x00 0x38 OxOc Ox00 0x00 0x00 Ox00
0x00 0x10 Ox64 Ox00 0x29 0x01 Ox35 Ox68

e dir: 0x43 0xa2 0x11 0x13 0x03 0x23 0x01 0x00 0x00 0x08 0x00 0x08 0Ox02 0Ox00 0Ox00 0Ox00 0x00
0x03 0x00 Oxe8 0x03 0x5f Ox01 Oxab 0x01

B.2.2 Single speed

This configuration uses a single-speed signal and a separate direction signal. The configuration
entries are described in the tables below.

Startbit | Length ‘ Byte order | Value type | Factor | Offset | Min Max Unit Source
24 8 little-endian unsigned 1 0 255 mph  combined
8 2 little-endian unsigned 1 0 3 direction direction
byte/bit 7 5 4 3 2 1 0
0
1 msb Isb
2
3 msb Isb
4
5
6
7
UBX-23007618 - RO1 Appendix Page 23 of 33
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The following CONFIG SET messages are generated for this configuration:

e speed: Ox43 Oxa2 Ox11 Ox13 Ox03 0x23 Ox01 0x00 0x00 0x08 0x00 0x18 Ox08 Ox00 Ox00 Ox00
0x00 Oxff 0x00 Oxe8 0x03 Ox4a 0x00 Oxa7 0xcO

e dir: 0x43 0xa2 0x11 0x13 0x03 0x23 0x01 0x00 0x00 0x08 0x00 0x08 0x02 Ox00 Ox00 Ox00 0x00
0x03 0x00 0xe8 0x03 Ox5f 0x00 Oxaa 0x00
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B.2.3 Signed speed

This configuration uses a signed speed signal from both rear wheels. The configuration entries are
described in the tables below.

Startbit | Length ‘ Byte order ‘ Value type ‘ Factor ‘ Offset ‘ Min Max ‘ Unit ‘ Source
36 16 big-endian signed 0.01 0 -327.68 327.67 km/h RR
52 16 big-endian signed 0.01 0 -327.68 327.67 km/h RL
byte/bit 7 6 5 4 3 2 1 0
0
1
2 msb
3
4 Isb msb
5
6 Isb
7

The following CONFIG SET messages are generated for this configuration:

¢ RR:0x43 0xa2 0x110x130x03 0x23 0x01 Ox00 Ox00 Ox08 Ox00 0Ox24 0x10 0x00 0Ox00 0Ox00 0x80
Oxff Ox7f Ox0a 0x00 0x39 0x03 Oxcb 0x03

e RL:0x430xa20x110x130x03 0x23 0x01 0x00 0x00 0x08 0Ox00 0x34 0x10 Ox00 0x00 0x00 0x80
Oxff Ox7f Ox0Oa Ox00 0x29 Ox03 Oxcb Oxa3

B.2.4 Offset speed

This configuration uses an offset speed signal from both rear wheels. The configuration entries are
described in the tables below.

Startbit | Length ‘ Byte order | Value type | Factor | Offset | Min Max Unit Source
16 16 little-endian unsigned 0.01 50 -50 605.35 mph RR
32 16 little-endian unsigned 0.01 50 -50 605.35 mph RL
byte/bit 7 6 5 4 3 2 1 0
0
1
2 Isb
3 msb
4 Isb
5 msb
6
7

The following CONFIG SET messages are generated for this configuration:

¢ RR:0x43 0xa2 0x11 0x13 0x03 0x23 0x01 Ox00 Ox00 0x08 0x00 Ox10 0x10 0x88 0Ox13 Ox78 Oxec
0x77 Oxec OxOa 0x00 Ox3a 0x00 Ox19 Oxb2

e RL: 0x43 0xa2 0x11 0x13 0x03 0x23 0x01 0x00 0x00 0Ox08 0x00 0x20 Ox10 0x88 0x13 Ox78 Oxec
0x77 Oxec OxOa 0x00 Ox2a 0x00 Ox19 0x52
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C Step-by-step example
This step-by-step guide uses the example from section B.1.1.

Assumptions:

e User is familiar with u-center.

e USBis used for powering the device and for the u-center interface.

e Odometer sensor measurements are provided from the vehicle CAN bus via CAN_H and CAN_L
pins on the front connector.

e UART RS-232 connector is used for the configurable CAN.

e RealTermis used as the PC terminal application for the configurable CAN.

Connecting the device

1. Connect a cable between SEL_MCU_N and ground. This selects the MCU UART.
2. Connect the UART cable to the PC.
3. Connect the USB cable to the PC. Check that the blue light on the front panel is on.

Checking u-center

4. Open u-center.

5. Connect to the receiver with Receiver > Connection > COMxx

6. Verify that the connectionis established. Poll UBX-MON-VER, and check that the FWVER is correct
(LAP 1.30)

7. Update the receiver if necessary (Tools > Firmware Update).

Configuring the receiver

Receiver configuration can be set with UBX-CFG-VALSET message and the appropriate
configuration keys.

1. Disable output messages on I2C (MCU is connected to 12C):

o CFG-I2COUTPROT-UBX = false
o CFG-I2COUTPROT-NMEA = false

2. Enable automatic alignment:
o CFG-SFIMU-AUTO_MNTALG_ENA =true
3. (Optional) Enable priority navigation mode (10 Hz):

o CFG-RATE-NAV_PRIO =10
o CFG-UART1-BAUDRATE =115200

4. (Optional) Enable debug messages with the following commands based on the used serial
protocol:

a. OnUSB:B562 06 8A3B00000700003E029120013F0191200139029120012806
9120017A029120010D01912001080191200109009120011800912001 1602
912001 2F029120015E73

b. OnUART:B562 06 8A3B00000700003C029120013D0191200137029120012606
91200178029120010B01912001060191200107009120011600912001 1402
9120012D 02912001 48DF

/N CAUTION! Risk of data loss. Insufficient baud rate may result in data loss. Increase the UART1
baud rate when either the priority navigation mode or debug messages are enabled.
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Configuring the CAN interface in RealTerm

Open RealTerm.

Select the Port tab.

Select the PC port corresponding to the MCU UART.
Set baud rate to 115200.

. Restart the EVK.

0. MCU startup dialog should appear in the terminal.

= ©0 NGO

EVK-FODR - User guide

S8 RealTerm: Serial Capture Program 2,0.0.70

Default config loaded(ilr

Bitrate <kbhps>: SBBALF

num CAN Configs found: BAGLF

Startup complete: JIRlF

MCU firmware version: C(RlF
ClAB: Ci88 vi.@llF

Display  Port | Capture | Fins | Send | EchoPort] 120 | 1202 | 12CMise | Misc | An| Clear| Freeze| ?|

Status
Baud |1152|:||:| ﬂ Open Sp_lg| Connected
< . Software Flow Control ?ﬁ[[: [[g]]
2 = = Recsi 17
 None | @ sbis|| @ bt O 2b || oo XenChar CTS [8)
- ; i :
'S Exl:-'lgn £ 7 bits Hardware Flow Control [ Transmit off Char: {13 DCO 1)
" Mark { Bbits | | " Naone £ RTS/CTS winzock is: L3R (6]
" Space | ¢ Shits| | ¢ DTR/DSR ¢ R5485s  Faw Rirg [3]
* Telnet EREAK.
Errar
Char Count;324 CP&0 Port: 37 115200 8M1 Ma
Generating the CONFIG SET strings with the MSG tool
From section B.1.1:
Startbit l Length ‘ Byte order Value type l Factor l Offset l Min Max Unit Source
40 16 big-endian unsigned 1 0 65535 tick RR
56 16 big-endian unsigned 1 0 65535 tick RL
8 2 big-endian unsigned 1 0 3 direction direction
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11. Use the MSG tool to generate the CONFIG SET messages.

Rear-right wheel tick:

€100 MSG v1.0
CAN bitrate 500 kbps CAN message ID

Unit Source Startbit Length

Wheeltick A RR v 40 16

0123

Endianness

ONFIG SET

Data length code

sign

CONFIG CLEAR CONFIG GET

043 Oxa2 Gx1l 0x13 Ox@3 (23 @x01 GxQ0 GxOR @x08 OxQ0 Gx28 @x1Q Ox00 GxOR @x0 Gx00 GxFf @xff Oxes 0x03 @x34 OxOL @xaD Oxad

Generated message

Rear-left wheel tick:

€100 MSG v1.0

CAN bitrate | 500 kbps M CAN message 1D 0x123 Data length code
Unit Source Startbit Length Endia Sign
Wheeltick M RL M 56 16 Big-end Unsigned
CONFIG SET
CONFIG CLEAR COMNFIG GET
e oxen w2 a1 @3 o ma3 L e G oxe 6XE0 08 BAE BHD G X0 BUEA BXTT BT Bt 003 Ex26 G Be3 oxdy

€100 MSG v1.0
CAN bitrate 500 kbps CAN message ID

Unit Source Startbit Length

Direction v Direction A 8 2

0x123

Endianness

Data length code

sign

CONFIG SET

CONFIG CLEAR

CONFIG GET

EVK-FODR - User guide

8 Cydle time 0 ms

Factor Offset Min Max

8 Cycle time 0 ms

Factor Offset Min Max

8 Cycle time 0 ms

Factor Offset Min Max

The following CONFIG SET messages are generated for this configuration:

¢ RR:0x430xa2 0x110x130x03 0x23 0x01 0x00 0x00 0x08 0x00 Ox28 0x10 OxO0 Ox00 0x00 Ox00
Oxff Oxff Oxe8 Ox03 O0x34 Ox01 Oxa9 Oxa8
¢ RL:0x430xa20x110x130x03 0x23 0x01 0x00 0x00 0x08 OxO0 0x38 0x10 OxO0 0x00 OxO0 Ox00
Oxff Oxff Oxe8 Ox03 Ox24 Ox01 Oxa9 0x48
e dir: 0x43 0xa2 0x11 0x13 0x03 0x23 0x01 0x00 0x00 0x08 0x00 0x08 0x02 Ox00 0Ox00 0x00 0x00
0x03 0x00 0xe8 0x03 Ox5f 0x01 Oxab Ox01

Sending CONFIG SET strings to MCU:

12. Open RealTerm.
13. Select the Send tab.

14. Copy and paste the rear-right wheel tick CONFIG SET string to the RealTerm text box.

15. Select the Send Numbers button.

Verify configurations with CONFIG GET string, 0x43 Oxa2 0x10 0x00 0x10 0x20.

UBX-23007618-R01
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Sly RealTerm: Serial Capture Program 2.0.0.70 - O *

S8et configuration: (GlF
CFG flashed? [ilr
OK 170k
aet conflguration: LELF
CFG flashed? (ilr
OK_10klr
set configuration: LELF
CFG flashed® lilr
OK_170klr
Get configuration:
Bitrate (kbps>: 58 F
num CAN Configs found: 3l
Config 10eLF
canMzgld Bx123 0l
dlc 8Uklr
cycleTime Bilr
startBit 4@0Lr
length 1610
offzet AL
factor 10880
minUal Aiglr
maxlUal 65535 (e
megType 10kl
source 30
unit @ERF
sign Bix
endian 10kF
Config 20lF
canMsgld Bx123lr
dlc Blr
cycleTime BULF
startBit S60LF
length 1610
of fset @IULF
factor 188@0GLF
minUal AigLr
maxUal 655350
megType 10k
source 2IUGLF
unit B
sign BIx
endian 10kLF
Config 30eLF
canMsgld Bx123 0l
dlc BIRtr
cycleTime Bilr
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Related documentation

(1]
(2]
[3]
(4]
(5]
(6]
(7]
(8]
[9]
[10]

[11]

ZED-F9K Integration manual, UBX-20046189

u-blox F9 LAP 1.30 Interface Description, UBX-22005157

ZED-FIL Integration manual, UBX-23006075, NDA required

u-blox F9 DBD 1.30 Interface Description, UBX-23006359, NDA required

C101-D9C User guide, UBX-21009111

NEO-D9S and ZED-F9 configuration, Application Note, UBX-22008160

u-center user guide, UBX-13005250

RealTerm Serial Terminal, https://realterm.sourceforge.io

C100 MSG tool, https://content.u-blox.com/sites/default/files/2022-03/C100-MSG-v1.0.zip
Silicon Labs 8-bit Microcontroller Software, https://www.silabs.com/products/development-
tools/software/8-bit-8051-microcontroller-software

Silicon Labs 8-bit USB Debug Adapter, https://www.silabs.com/development-tools/mcu/8-
bit/8-bit-usb-debug-adapter

¥ For product change notifications and regular updates of u-blox documentation, register on our
website, www.u-blox.com.
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