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1 Brief Introduction

1.1 Technology Advantage

The X36D is a highly integrated GNSS+INS combined navigation system with the following

technical advantages:

® [t incorporates Bynav's self-developed high-precision GNSS chip certified by AEC-Q100,
supporting full-constellation and full-frequency GNSS signal, including modern signal systems
like BDS-3 and Galileo.

® [t has built-in MEMS sensors with three-axis gyroscopes and three-axis accelerometer.

® |t supports various communication interfaces, such as automotive ethernet, CAN/CAN FD,
RS232 serial ports.

® [t supports time synchronization by PPS and gPTP.

® |t provides the output of GNSS raw data, IMU raw data, RTK positioning results and combined
navigation results.

® |t supports accessing external odometers.

1.2 Feature

Full-temperature calibration high-precision IMU

All built-in high-precision IMUs have been calibrated at full temperature, which improves key

indicators such as bias stability to lift the accuracy of dead reckoning.
Deeply-coupled combined navigation engine

The deeply-coupled combined navigation algorithm lifts the quality of GNSS signal observation.
Aided by IMU, deeply-coupled algorithm will increase the positioning accuracy by twice to 5 times

than loosely-coupled algorithm.
High-precision GNSS measurement and positioning engine

Bynav REAL (Ransac Enhanced Advanced Location) GNSS positioning engine has integrity
monitoring and partial ambiguity solution algorithm to improve the fault tolerance and fixed
solution rate under multipath and interference conditions in urban environments. High-quantity
signal preprocessing and interference suppression are adopted to deal with vehicle anti-tracking
equipment, radar/airport signal towers, etc., so it can greatly improve the availability and

integrity of high-precision positioning in vehicle scenarios.
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Targeted scene optimization

The system is modeled based on the characteristics of vehicles and optimized for specific scene
applications. It effectively handles complex scenarios such as underground parking lots, tunnels,
viaduct, city streets and ports, addresses issues like obstruction and highway signal interference.
It provides continuous, stable, reliable and real-time high-precision positioning services for
intelligent vehicles and other carriers.

1.3 Appearance

The appearance of combined navigation system X36D is shown in the following figure.

GNSS/INS Y4—IZ
AREEASRAS

Figure 1-1 Appearance

2/ 40



bynav® Appendix ATechnical Parameters

2 Installation

This chapter introduces how to install the combined navigation system X36D.

2.1 Hardware List

2.1.1 Component List

Table 2-1 Component

Name Count Note
Multifunctional : Included, for connecting X36D to external power and
Cable communication devices.

High-precision

1 Optional, for receiving satellite signals.
GNSS Antenna
. Optional, for connecting the X36D to GNSS antenna, the end of
RF Coaxial Cable 2
near X36D is FAKRA.
User-supplied, for outputting voltage +9V ~ +32V, with an
DC Power 1

output power of not less than T0W.
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1500 5mm

Entrance

Figure 2-1 Multifunctional Cable Schematic Figure

2.1.2 GNSS Antenna Specification

X36D should connect to an active antenna. X36D can provide 5V DC antenna power, with a

maximum supported current of 200mA. The following parameters are for reference:

1. Frequencyrangeis covering all frequency: GPS (L1/L2/L5), GLONASS (G1/G2), BDS (B1/B2/B3),
Galileo (E1/E5a/E5hb);

2. Gain: 40dB = 5dB;

3. Noise Figure (NF): Less than 1.5;

4. Power Supply: +4.5V~+5.5V DC;
5

Phase Center Deviation: Less than x2mm.

2.1.3 RF Coaxial Cable Specification

The antenna RF coaxial cable should match the impedance of the antenna and receiver, with a
characteristic impedance of 50Q, and it is recommended that the cable attenuation be less than
10dB.

2.2 Connection

The connection between the receiver and the power supply and peripherals can be referred to the
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figure below.

» N ]
J ] = GMSS antenna
a = GN55 antenna

Powrer
L DC power

Main wire harness Wheelspeed
- signal
‘—

({“}D Differential
EEMVICE

RS2 22 ETHICAH YLK FD
: Data aukpuk
RS2 32/ ETH Canfiguratian and debugg ing

Figure 2-2 Connection

2.3 Antenna Installation

When installing the GNSS antenna, please note the following:

1. Users should ensure an unobstructed and open area above the GNSS antenna.

2. The GNSS antenna should be placed horizontally, and if tilted, the angle should not exceed
15°.

3. The GNSS antenna should be rigidly connected to the carrier to ensure that it does not shift or

shake when the carrier is in motion.

2.4 Receiver Installation

The receiver should be securely and reliably installed, and it must have a rigid connection with
the carrier to ensure that the relative positions between the receiver, antenna and carrier remain

fixed. The requirements for the installation of the receiver are as follows:

1. The receiver should be installed on a rigid structural surface with a flatness requirement of
less than 1° (flatness refers to the pitch and roll angles between the rigid structural surface and
the horizontal plane).

2. The heating temperature of interfering units which on the surrounding area of the receiver
should remain below 85°C.

3. There should be no vibration interference units within a 50cm radius around the receiver, and
it should be far from sources of vibration such as engines, subwoofers and other locations with
strong vibrations. The frequency bands to be avoided by IMU are: 15.8kHz-17.8kHz, 28-35.6kHz,
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44kHz, 18.3-20.3kHz, 1.9-2.1kHz.

4. The receiver should be placed as far as possible from locations with complex electromagnetic

environments, such as near Lidar, instrument panels etc.
The recommended installation method can be found in the following description and Figure 2-3:

1. The receiver should be horizontally installed with a horizontal angle of less than 5°, the
smaller, the better.

2. The receiver's Y-axis points in the direction of the carrier's forward movement, the X-axis is
perpendicular to the carrier's forward direction and faces to the right, and the Z-axis points
upward.

3. Thereceiver's Y-axis should be parallel to the longitudinal central axis of the vehicle and have
a spacing of less than 70cm.

4. The receiver should be installed near the rear axle center of the carrier.

If the orientation of the receiver does not meet the above installation requirements, a horizontal
deviation arrangement can be adopted with an Integer multiple angle of 90°, in which case

additional settings are required, as explained in Section 2.5.

N
. »

?<
]

Figure 2-3 Recommended Installation Method

2.5 Antenna Lever Arm and Rotation Parameter

After completing the initial installation of the receiver, it is necessary to precisely measure the lever
arm of the GNSS antenna (as defined in B.2.1 Antenna Lever Arm). It is recommended to use

professional surveying equipment such as a total station or laser rangefinder to measure the lever
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arm and then use commands to set the lever arm value.

If a horizontal deviation arrangement was used during the receiver installation, where the receiver
coordinate system does not align with the vehicle coordinate system, additional rotation

parameters, known as RBV (as defined in B.2.2 Rotation Parameter), need to be configured.

RBV values obtained from manual measurements are often not precise enough. After setting the
initial RBV values, it is recommended to calibrate RBV. RBV calibration can automatically estimate

more accurate RBV values, improving the overall system performance.

For details on coordinate system conversion, antenna lever arm and RBV, please refer to Appendix
B.

2.6 Connection with Communication Device

X36D can communicate with external devices by serial ports, automotive ethernet or CAN/CAN FD

bus.
2.6.1 Serial Port

X36D is equipped with two serial ports, COM1 and COM2. Currently, only COM1 supports
configuration settings, COM2 does not support this function. The serial port baud rate, parity and
other settings can be configured using the SERIALCONFIG command, as shown in the table below.

For more details, refer to 3.1.

Table 2-2 Serial Port Protocol

Port RS-232 Flow control
COM1 Support N/A
COM2 Support N/A

Steps to connect the serial port:

1. Users can insert one end of the Multifunctional cable connector into the data interface of the

receiver.

2. Users can connect the other end of the Multifunctional cable's DB9 connector to the computer

or other communication device.
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2.6.2 Automotive Ethernet

X36D is equipped with an automotive ethernet interface that supports the 100Base-T1 automotive
ethernet standard, allowing communication with external automotive ethernet devices. The
ethernet port supports IPv4 network layer and TCP/IP transmission, and can be used for remote
debugging, receiving differential data, outputting position and attitude information or firmware

upgrades etc.
Steps to connect ethernet:

1. Users can insert one end of the Multifunctional cable connector into the data interface of the

device.

2. Users can connect the other end of the Multifunctional cable's automotive ethernet bare wire
to other automotive ethernet communication devices. If users need to connect to a computer or
other industrial ethernet device, the automotive ethernet to industrial ethernet converter need to

be used.

For ethernet configuration, please refer to 3.2.
2.6.3 CAN/CAN FD

X36D is equipped with 2 CAN/CAN FD bus interfaces with a maximum data rate of 5Mbps. The
CANFD1 interface is used for wheel speed input. Steps to connect to the CAN/CAN FD bus:

1. Users can insert one end of the Multifunctional cable connector into the data interface of the

device.

2. Users can connect the other end of the Multifunctional cable's bare wire, through an adapter,
to the external CAN/CAN FD bus.

For CAN/CAN FD bus configuration, please refer to 3.3.

2.7 Synchronization Device Connection

X36D provides PPS as a time synchronization signal, which can be selected according to actual
needs. For specific configuration details, please refer to 3.4. Steps to connect the synchronization

signal:

1. Users can insert one end of the Multifunctional cable connector into the data interface of the

device.

2. Users can connect the bare wire of the other end of the Multifunctional cable to the user's
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synchronization device, ensuring that the GND signal is connected to the ground of the user's

device.

2.8 Odometer Connection

X36D can connect the odometer. Users can forward wheel speed information to X36D using the
included universal DBC protocol, which improves combined navigation positioning accuracy when
satellite signals are lost. Please select according to actual needs. For the universal DBC protocol

details, please refer to Appendix D.

2.9 Power Connection

Please ensure the correct polarity (+/-) of the cable's power supply. Steps to connect the power
supply:
1. Users can insert one end of the Multifunctional cable connector into the data interface of the
device.

2. Users can connect the other end of the Multifunctional cable's power bare wire to the power

source.
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3 Configuration

3.1 Serial Port

X36D can communicate with a computer and other devices through serial port. Before
establishing communication between the devices, it is necessary to configure the serial port
parameters appropriately. Currently, only COM1 can be used for configuring parameters, and

COM2 does not support this function. The default configuration of the serial port is:

Table 3-1 Default Configuration of Serial Port

Parameter Value
Baud Rate 115200
Parity Bit N/A
Data Bit 8 bits
Stop Bit 1 bit

3.1.1 Configuration

The following commands are used to change the serial port configuration. For detailed command

information, please refer to UG017_Interface Protocol:

® To change the baud rate of COM1 to 115200, users can enter the command:
SERIALCONFIG COM1 115200

® To change the baud rate of COM1 to 921600 and enable even parity, users can enter the

command:

SERIALCONFIG COM1 921600 E

3.1.2 Remote Terminal

X36D supports communication with a remote terminal by using the serial port, meaning users can

establish communication with the device's serial port using terminal emulation software. Before
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establishing communication, ensure that the terminal and X36D have matching serial port
configurations. A computer can serve as a remote terminal for tasks such as navigation data

storage.

3.2 Automotive Ethernet

Before using automotive ethernet to connect to X36D, users need to configure the automotive
ethernet port of the device through the serial port. For information of serial port communication,

please refer to 3.1.

Additionally, since computers cannot recognize automotive ethernet directly, after configuring the
automotive ethernet of the device through the serial port, the appropriate interface converter

need to be used to establish communication between the computer and the device.
3.2.1 Static IP

Both the device and the computer need to specify their unique IP addresses, static IP is typically
used in the test environment. The steps to configure the device's IP address are as follows, and an
USB-to-serial cable may be needed for the configuration. For command details, please refer to
UGO017_Interface Protocol:

1. Users can connect the device and the computer by COM1.

2. Users can establish communication between the computer and the device using serial

debugging software in computer.

3. Users cansend the command to configure the device's IP address, subnet mask, and gateway:
IPCONFIG ETHA STATIC 192.168.8.151 255.255.0.0 192.168.8.1

4. Users can send the command to save the configuration:

SAVECONFIG

5. Users can send the command to display and verify the TCP/IP configuration:

LOG IPCONFIG

6. Users should connect the computer and the device using an ethernet cable and converter.

7. Userscanuse anyterminal program that supports TCP/IP to connect to the device and confirm

the network connection.

3.2.2 Dynamic IP

Dynamic IP is typically used in a working environment, where the computer and the device

connect through a DHCP server. The steps are as follows:
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1. Users can connect the device and the computer by COM1.

2. Users can establish communication between the computer and the device using serial
debugging software in computer.

3. Users can send the command to configure the device to obtain a dynamic IP from the DHCP
server:

IPCONFIG ETHA DHCP

4., Users can send the command to save the configuration:

SAVECONFIG

5. Users can send the command to display and verify the TCP/IP configuration:

LOG IPCONFIG

3.2.3 ICOM

ICOM is a virtual serial port used for automotive ethernet connection. It can be understood as an
application layer protocol in the TCP/IP protocol suite. ICOM's transport control layer protocol can
use TCP or UDP. Each ICOM port can act as a server, waiting for external devices to connect and
establish communication, or as a client, actively connecting to a specific port on a server. Users
can configure the ICOM port using the following commands (note the space after "TCP" in the

commands). For command details, please refer to UG017_Interface Protocol:

® Configure ICOM1 as a server: ICOMCONFIG ICOM1 TCP :1111

® Configure ICOM1 as a client: ICOMCONFIG ICOM1 TCP 192.168.8.1:1111

ICOM's configuration information can be queried using LOG ICOMCONFIG, and its default
configuration is as follows:

® [COMTTCP:11117IN:AUTO OUT:AUTO

® [COM2TCP:2222 IN:AUTO OUT:AUTO

® [COM3 TCP :3333 IN:AUTO OUT:AUTO

® [COM4 TCP :4444 IN:AUTO OUT:AUTO

3.3 CAN/CAN FD

This chapter introduces the configuration of CAN/CAN FD buses. X36D supports communication
with other devices, such as computers, through CAN/CAN FD buses. For device connections please
refer to 2.6.3. Before using CAN/CAN FD to connect to the device, users need to configure the
CAN/CAN FD ports through the serial port or automotive ethernet. For information of serial port
communication, please refer to 3.1. For information of automotive ethernet communication,

please refer to 3.2.
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3.3.1 Bus

After completion of device connection, users can configure as follows:

1. Users can configure CANFD1 to be active with a baud rate of 500K (the specific value needs to
match the vehicle CAN bus) by sending the command:

CANCONFIG CAN1 ON 500K

2. Users can configure CANFD1 to connect to the J1939 node NODE1 by sending the command:
J1939CONFIG NODE1 CAN1 AA

3. Users can configure CCOM1 to connect to NODET by sending the following command, where
"J1939" is the wheel speed protocol name. Please obtain this name from our company for actual

use. The last three fields are the address, priority and PGN:
CCOMCONFIG CCOM1 NODE1 J1939 61184 6 FF
4. Users can save the configuration by sending the command:

SAVECONFIG

3.3.2 DMI Lever Arm

DMI (Distance Measuring Instrument), which includes odometers and wheel speed sensors. Due
to the difference in speed between the left and right wheels when vehicle turning, DMI arms need
to be configured to obtain wheel speed positions before processing DMI data correctly. The

configuration commands are as follows:

Left front wheel:

DMICONFIG DMIT ENABLE EXT_VEL_***_FRONT_LEFT CCOM1
SETINSTRANSLATION DMI1 X, Y, Z; XSD YSD ZSD VEHICLE
Right front wheel:

DMICONFIG DMI2 ENABLE EXT_VEL_***_FRONT_RIGHT CCOM1
SETINSTRANSLATION DMI2 X, Y, Z, XSD YSD ZSD VEHICLE
Left rear wheel:

DMICONFIG DMI3 ENABLE EXT_VEL_*** REAR_LEFT CCOM1
SETINSTRANSLATION DMI3 X; Y3 Z3 XSD YSD ZSD VEHICLE

Right rear wheel:
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DMICONFIG DMI4 ENABLE EXT_VEL_***_REAR_RIGHT CCOM1
SETINSTRANSLATION DMI4 X4 Y4 Z4 XSD YSD ZSD VEHICLE

Before configuring, users need to measure and calculate the distances from the navigation center
to the centers of all four wheels along the X, Y and Z axes. And then, substitute these values into
the corresponding X, Y and Z fields in the commands. The measurement methods and
requirements are the same as those for antenna lever arm measurements (see Appendix B). The
"*** in the command should be replaced with the corresponding wheel speed protocol name
based on the vehicle model, which can be obtained from our company. XSD/YSD/ZSD defaults to
0.05.

3.4 PPS

X36D provides PPS as a time synchronization signal. The synchronization device connection
method is described in Section 2.7. The receiver defaults to outputting PPS signal, with the rising
edge synchronized to GPS time. When GNSS signal reception is good, the synchronization accuracy
is better than 20ns.

The frequency, pulse width and trigger edge can be configured by command. For example, to
enable PPS signal output at a frequency of 1Hz, with a pulse width of 20% and rising edge
triggering: FREQUENCYOUT ENABLE 20000000 100000000 POSITIVE 1

For details of the commands, please refer to the table below:

Table 3-2 FREQUENCYOUT Description

ID Format Example Description
1 FREQUENCYOUT FREQUENCYOUT Identifier of configuring output pulse signal
Disable pulse signal output, only configure the
DISABLE
2 Switch Instance field, see example
ENABLE Enable pulse signal output
Pulse width, in units of 10ns, the duty cycle =
3 Pulsewidth 20000000 Pulsewidth/Period, pulse width must be less than
the period
Period, in units of 10ns, frequency range from 1Hz
4 Period 100000000
to 20MHz
POSITIVE Rising edge is valid for output
5 Edge
NEGATIVE Falling edge is valid for output
0, EVENT_OUT
6 Instance 1
1, PPS
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4 Usage

Before using the X36D, please ensure that the X36D installation and configuration have been

completed as described in Chapters 2 and 3, and the system has been powered on.

4.1 Initiating Communication

All communication ports of the X36D default to no data output and in the state of awaiting input

commands in the initial start.

Taking serial port COM1 as an example, send the command "LOG VERSION", and if the X36D
responds with content like the following, it indicates that the system has started working and the

communication through the current port is normal:
<0OK
[COMT1]

$BDVER,V7.79_2A6327_T,19060377,22083011,22060790,22052525,22062138,20101504,21052915,
22031122,00000000*2D

This return message describes the configuration of currently used serial port. "<OK" indicates that
the command was correctly recognized and executed; "[COM1]" indicates that the currently used
communication port is COM1; the message starting with "$BDVER" provides firmware version

information, with the bold text being the firmware version number.
If the command is not correctly recognized or executed, the return message will be:

<ERROR

4.2 Initial Configuration

Before the first use, users should complete some system configuration through the commands in
Table 4-1. The definition of the navigation center is provided in Appendix A.2, and detailed

command definitions can be found in the UGO77 Interface Protocol.

Table 4-1 The Configuration of Initial Use

Configuration Command Note

The Lever Arm between

) Vehicle Coordinate System
Receiver's Navigation Center SETINSTRANSLATION ANT1

Unit: m
and Antenna
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NHC Lever Arm
(The lever arm between Vehicle Coordinate System
) o SETINSTRANSLATION NHC ]
receiver’s navigation center Unit: m

and rear wheel axel center)

USER lever arm )
(The | bet Optional, the default output
e lever arm between

) o SETINSTRANSLATION USER point is receiver’'s navigation
receiver’s navigation center
] ) center
and user defined output point)
Rotation Parameters from
Receiver Coordinate System to SETINSROTATION RBV Unit: Degree

Vehicle Coordinate System

o ] | Optional, default to 2 m/s, do
Minimum Alignment Velocity SETALIGNMENTVEL
not less than 1 m/s

4.3 Differential Data

Differential data is transmitted from base station to rover station to improve the positioning

accuracy of the rover station. The data format typically uses the RTCM protocol (RTCM 3.x version).

The base station is a fixed-position GNSS receiver with a known location that broadcasts
differential data in some way. The rover station continuously retrieves differential data from the

base station to calculate its accurate current position.

Users can set up their own base stations or rent commercial base stations, butin either case, there
needs to be a link for transmitting differential data between the base station and the rover station.
During testing, data forwarding software like STRSVR can be used to transmit differential data via
a computer. In the operational environments, wireless radios or DTUs can be used to establish the
data link.

As a rover station, X36D generally receives differential data via serial port or ethernet port. If the
INTERFACEMODE command be used to change the input data type of the communication port to
RTCM, some commands may not be recognized or executed, and the INTERFACEMODE command

need to be used again to change the input data type back to AUTO

4.3.1 Serial Port Connection

1. Users can configure the baud rate and parity for COM1 by using command:
SERIALCONFIG COM1 115200 N 8 1
2. Users can configure the input and output data format for COM1 by using command:

INTERFACEMODE COM1 AUTO AUTO
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3. Users should save the configuration:
SAVECONFIG

4. Users should connect COM1 to the differential data source.

4.3.2 Automotive Ethernet Connection

After completing IP and ICOM configuration as described in section 3.2, connect the receiver to the
computer using an ethernet cable and converter, establish a network connection in the network

debugging assistant, and then complete the following configuration:

1. Users can configure the output and input data format for COM1:
INTERFACEMODE ICOM1 AUTO AUTO
2. Users should save the configuration:

SAVECONFIG

4.3.3 RTK Status Confirmation

After connecting the differential data, users can monitor the positioning status through other ICOM

ports.

Users can maintain the network connection as Section 4.4.2 and create a new ICOM connection in
the network debugging assistant (e.g. ICOM4), then, send the command LOG ICOM4 BESTPOSA
ONTIME 1. According to the UGOT77 Interface Protocol, users can find the field in the BESTPOSA

message that indicates the positioning status. When this field shows NARROW_INT, it means that

valid differential data has been successfully received and used.

4.4 Wheel Speed Accessing

After accessing vehicle wheel speed data into the combined navigation system, it can effectively
assist the system in dead reckoning when satellite signals are severely obstructed or unavailable,
improving the accuracy of combined navigation in challenging satellite signal environments.
Combined navigation typically interfaces with vehicle wheel speed signals through CAN/CAN FD.
Before connecting wheel speed data, please ensure that the CAN/CAN FD bus and DMI lever arm

configuration are completed as described in Section 3.3.

Typically, the wheel speed data should have an update rate of no less than 20Hz (recommended
not less than 50Hz), accuracy less than 0.1m/s (recommended not higher than 0.01m/s),

resolution less than 0.02m/s and a delay of no more than 10ms.

The receiver does not have built-in terminal matching resistors, users need to match it in access
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end.

After accessing wheel speed data, the RAWDMI statement can be used to verify whether the device
has received wheel speed information. The specific method is to send the command LOG
RAWDMIA ONNEW via serial or ethernet. If the RAWDMIA messages can be received continuously,

it means that the device has received wheel speed information.

4.5 Real-time Operation

At this point, the receiver can be configured to output the position, attitude and other information.

When performing real-time operations, please note the following:

1. Users should ensure that the environment where the receiver is located can receive satellite
signals properly. When unable to receive satellite signals, IMU raw data will not be output by
default, and when the quality of satellite signals is poor, related position and attitude information
may not meet usage requirements.

2. INS navigation information and GNSS navigation information are calculated separately. Even
if the combined navigation algorithm is not active, pure GNSS navigation information can still be

output. Combined navigation information is usually output through INS-related statements.
4.5.1 System Alignment

The process in which the combined navigation system obtains estimated values for position,
velocity and attitude to complete the system initialization is referred to as system alignment. Each

time the device powers on, the internal system follows these steps for alignment:

1. After the system powers on, it enters an inactive state known as INS_INACTIVE.

2. Once satellite signals are received well, the device goes into the WAITING_INITIALPOS state. It
remains in this state until a good position solution is calculated by capturing and tracking enough
satellites.

3. If a precise position solution is available, the device enters the WAITING_AZIMUTH state,
awaiting external determination of the carrier's azimuth. At this point, rough estimation of attitude
can be achieved through carrier motion.

4. Before the official navigation begins, itis necessary to have a stable dual-antenna directional
result or to maintain a straight line in a forward direction with sufficient speed to complete the
rough alignment. During this time, the device is in the INS_ALIGNING state, transitioning to
INS_ALIGNMENT_COMPLETE upon completion of coarse alignment.

5. Fine alignment is achieved through continued correction using RTK results. Once the carrier
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undergoes several significant turns and the convergence of accuracy is successful, alignment is

complete, and the device enters the fine alignment mode (INS_SOLUTION_GOOD).

6. If the estimated accuracy variance is high, the system enters the INS_HIGH_VARIANCE state. In

cases where GNSS navigation results are unavailable, the INS_SOLUTION_FREE state is entered.

7. Table 4-2 summarizes and describes the navigation states mentioned above. You can monitor
these states in INS-related statements such as INSPVAXA.

Table 4-2 Combined Navigation Status

State Indicator Description
INS_INACTIVE Inactive
WAITING_INITIALPOS Waiting positioning solution
WAITING_AZIMUTH Waiting azimuth
INS_ALIGNING Coarse alignment is going on
INS_ALIGNMENT_COMPLETE Coarse alignment is complete
INS_HIGH_VARIANCE Covariance is high and estimated attitude is divergent
INS_SOLUTION_GOOD The alignment result is good
INS_SOLUTION_FREE GNSS result is unavailable

4.5.2 Data Acquisition

Once the combined navigation system enters navigation mode, it can start collecting navigation
data.

Pure GNSS solution results are provided solely by GNSS-related messages such as BESTGNSSPOS
and BESTGNSSVEL. When the combined navigation algorithm is functioning normally, non-INS
messages support a maximum output rate of 5Hz, while INS-related messages can be output at a

maximum rate of 100Hz.

The data volume will be large when high-frequency INS-related messages are output. To ensure
data integrity, it is recommended to use ethernet for transmitting binary format messages. If serial
communication is used, set the serial baud rate to 921600. For configuration commands, please

refer to the UGO77 Interface Protocol.

Commonly used combined navigation messages are shown in the table below:

Table 4-3 Combined Navigation Related Message

Classification Message

Position INSPOS, INSPVAX
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Velocity INSVEL, INSSPD, INSPVA
Attitude INSATT, INSPVAX
Solution Credibility INSSTDEV

4.6 Data Post-processing

The raw data output by X36D can be post-processed using specialized software. Post-processing
software can provide more accurate positioning results after the fact through bi-directional
computation and smoothing, and can serve as a testing benchmark. For X36D performance

parameters, please refer to Appendix A.

4.7 Firmware Upgrade

Due to the continuous product iterations and optimizations, firmware upgrades may be required.
Firmware upgrade packages can be downloaded from our official website, and instructions for

firmware upgrades can be found in AN0O49_Firmware Update.

20 / 40


https://www.bynav.com/en/resource/support

Appendix ATechnical Parameters

bynav’

Appendix A Technical Parameters

The content of Appendix A is the technical parameter description of X36D and additional cable. %}
X2CC

Table 4-4 Physical Parameter

Size 153*100*30 mm

Weight 290+30g

A.1 Performance Parameter

Table 4-5 Performance Parameter

Single point 1.5m
Horizontal Positioning Accuracy
RTK Tcm + Tppm
Single point 2.5m
Vertical Positioning Accuracy
RTK 1.5cm + Tppm
Heading Accuracy 2m Baseline 0.1°
GPS L1 CA, L2, L5
GLONASS G1, G2
BDS B11, B2l, B3I
Tracking BDS-3 B1l, B1C, B2a, B2b, B3l
Galileo E1, E5b, E5a
QZSS L1CA/L1C, L2, L5
NaviIC (IRNSS) L5
Carrier Phase <1mm (RMS)
Observation Accuracy pseudo L1C/A, L2, G1, G2 < 0.12m (RMS)
range Other Signal < 0.06m (RMS)
Cold Start < 35s
Time-To-First-Fix Warm Start < 30s
Hot Start < 7s
GNSS Raw Observation 5Hz
GNSS RTK Positioning 5Hz
Maximum Data Transfer Rate
INS Combined Navigation
T100Hz

Positioning
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IMU Raw Data 100Hz
Timing Accuracy 20ns RMS
Velocity Accuracy 0.03m/s RMS
Velocity Limit 300m/s
Acceleration Limit 69

Table 4-6 The Accuracy in Condition of GNSS Signal Interruption

Positioning Velocity Accuracy .
Attitude Accuracy (°) RMS
Interrupti Positioni Accuracy (m) RMS (m/s) RMS
on Time ng Mode Horizont Vertic Horizont Vertic adil Pitc Azimut
o
al al al al h h
0.01 0.01
RTK 0.015 0.020 0.019 0.014 g g 0.084
0s Post-
0.00 0.00
processin 0.010 0.020 0.016 0.012 8 8 0.030
g
0.03 0.03
RTK 0.235 0.140 0.058 0.024 5 5 0.110
10s Post-
0.01 0.01
processin 0.015 0.020 0.020 0.017 0 0 0.034
g
Table 4-7 Internal IMU Performance Parameter
Gyroscope Measurement Range +300°/s
Bias Repeatability 0.5°/s
Bias Stability 1.8°/h (XY)
1.4°/h (2)
Angle Random Walk 0.09°/yh (XY)
0.10°/4h (2)
Accelerometer Measurement Range 69
Bias Repeatability 20mg
Bias Stability 15ug
Velocity Random Walk 0.035m/s/{h
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A.2 Mechanical Parameter and Navigation Center
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Figure 4-1 Mechanical Parameter and Navigation Center
A.3 Electrical and Environmental Parameter
Table 4-8 Environmental Parameter
Operation Temperature -40°C ~ +85°C
Storage Temperature -40°C ~ +95°C
Humidity 95% non-condensing
Waterproof IEC 60529 IPX2
Dustproof IEC 60529 IP5X
Vibration JESD22-B103
Table 4-9 Parameter of Power Supply
Power Consumption 3W typical value (full-constellation and
full frequency)
Surge Current 0.5A less than 1.3ms (@12V; typical value)
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Antenna FAKRA_C, 50Q Impedance

Connector

RF Input GPS L1: 1575.42MHz GLONASS L1: 1593-1610MHz

Frequency GPS L2: 1227.60MHz GLONASS L2: 1237-1254MHz
GPS L5: 1176.45MHz GLONASS L3: 1202.025MHz
BDS B1l: 1561.098MHz Galileo E1: 1575.42MHz
BDS B1C: 1575.42MHz Galileo E5a: 1176.45MHz
BDS B2I: 1207.14MHz Galileo E5b: 1207.14MHz
BDS B2a: 1176.45MHz Galileo E5: 1191.795MHz
BDS B3lI: 1268.52MHz Galileo E6: 1278.75MHz

LNA Power +5VDC, OmA~200mA

A.4 Data Communication Parameter

Table 4-11 Data Communication Interface
COM1/COM2 Interface RS-232
Standard
Baud Rate 9600, 19200, 38400, 115200 (default), 460800, 921600
Supported COM1_Tx, COM1_Rx, COM2_Tx, COM2_Rx
Signal
CAN/CAN FD Interface ISO 11898
Bus Standard
Data Rate Maximum 5Mbps
Automotive Physical TO0BASE-T1
Ethernet Layer

A.5 Synchronization Signal Parameter

Table 4-12 Description of Synchronization Signal

Signal 1/0 Note
ppS o Programmable and variable pulse output, the frequency
range is THz~10MHz
Table 4-13 Electrical Parameter of Synchronization Signal
Signal Symbol Voltage (V) Current (mA)
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Min Typ. Max
PPS PPS - 4.7 - 5
A.6 Connector
Table 4-14 Connector
Connector Symbol Type Description
tél ANT1 FAKRA_C (Connect to GNSS antenna) to TNC
[’ 2 ANT2 FAKRA_D (Connect to GNSS antenna) to TNC

©

T | DATA PWR

TE 2311622_1

Power supply, automotive ethernet,

liL i RS232 x2, CAN/CAN FD x2, 1PPSx1
Table 4-15 Multifunctional Cable Signal Definition
Pin Definition Description Note
1 ENET_P Automotive Ethernet differential signal+ Bare line
2 ENET_N Automotive Ethernet differential signal- Bare line
3 RS232 RX2 COM2_reception DB9 female_pin3
4 PPS PPS output Bare line (5V, default to rising edge)
5 CANFD1_L CANFD1_Low Bare line
6 CANFD1_H CANFD1_High Bare line
7 PGND Normal power GND Bare line
8 VCC Normal power supply Bare line
9 RS232_RX1 COM1_reception DB9 female header_pin3
10 RS232_TX1 COM1_transmit DB9 female header_pin2
11 RS232_TX2 COM2_transmit DB9 female header_pin2
12 PPS _GND PPS GND Bare line
13 CANFD2_L CANFD2_Low Bare line
14 CANFD2_H CANFD2_High Bare line
15 GND GND Bare line, please connect to PGND
16 NC Bare line, please connect to VCC
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Appendix B Common Coordinate System, Antenna Lever Arm and

Rotation Parameter

B.1 Common Coordinate System Definition in Combined Navigation System

In combined navigation systems, common coordinate systems include the Local Navigation
Coordinate System (ENU), the Body Coordinate System, the Vehicle Coordinate System and User-

Defined Coordinate Systems.

B.1.1 Local Navigation Coordinate System

The Local Navigation Coordinate System, also known as the ENU coordinate system, is defined as

follows:

® E-Axis: Points eastward (a right-handed orthogonal axis derived from the N-axis and U-axis).
® N-Axis: Points northward (in the plane perpendicular to the U-axis, pointing from the user
towards the North Pole)

® U-Axis: Points upward (in reference to the normal direction of the ellipsoid).

The origin of the Local Navigation Coordinate System is defined at the navigation center marked

on the receiver's hull.

Figure 4-2 Local Navigation Coordinate System

B.1.2 Body Coordinate System

The origin and axes of the Body Coordinate System are marked on the receiver's hull, with the
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navigation center serving as the coordinate system's origin.

bynav'
3

GNSS/INS -
AREEASHESR

Figure 4-3 Body Coordinate System

B.1.3 Vehicle Coordinate System

The origin of the Vehicle Coordinate System is defined at the navigation center marked on the

receiver's hull. The axes of the Vehicle Coordinate System are defined as follows:

® Z-Axis: Points vertically from the bottom of the vehicle to the top of the vehicle.
® Y-Axis: Points in the direction of the vehicle's forward motion.

® X-Axis: Forms a right-handed orthogonal axis derived from the Y-axis and Z-axis.

If a land-based modelto be used, it is essential to strictly adhere to this Vehicle Coordinate System

to configure antenna lever arms and rotation parameters.
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Figure 4-4 Vehicle Coordinate System

B.1.4 User-Defined Coordinate System

The coordinate system in which the origin is specified by the users is referred to as a User-Defined

Coordinate System.

By default, the system outputs position and velocity information relative to the navigation center
of the receiver (i.e. the origin of the Body Coordinate System). Users can set the coordinate origin

to any point using the SETINSTRANSLATION command with a specified coordinate offset.

The default attitude output is the rotation angle from the Local Navigation Coordinate System
(ENU) to the Body Coordinate System. Users can set the attitude information to the rotation angle
from the Local Navigation Coordinate System to another coordinate system using the
SETINSROTATION command.

B.2 Antenna Lever Arm and Rotation Parameter

Combined navigation systems integrate GNSS and INS into a single entity. In GNSS, the reference
point for position information is the GNSS antenna phase center. In INS, the reference point for

position, velocity, and attitude information is the navigation center of the receiver.

Therefore, in a combined navigation system, it is essential to know the position of the GNSS
antenna relative to the navigation center of the receiver in the Vehicle Coordinate System to
provide accurate position, velocity and attitude information. This parameter determines the

proper functioning of the combined navigation system.

B.2.1 Antenna Lever Arm

The three-dimensional distance between the GNSS antenna phase center and the receiver's
navigation center is referred to as the antenna lever arm. In the X36D definition, the lever arm is

defined with the receiver's navigation center as the origin, and it aligns with the X, Y and Z axes
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in the vehicle coordinate system. Below are examples of the antenna lever arm, with the origin at
the receiver's navigation center, and arrows indicating the directions of the vehicle coordinate

system's axes.

Figure 4-5 Lever Arm from Receiver to GNSS Antenna
As shown in the above figure, the measured antenna lever arms are as follows:
X Offset =-0.520m, Y offset=0.820m, Z offset=1.000m
Configure the lever arm with the command SETINSTRANSLATION:
SETINSTRANSLATION ANT1 -0.520 0.820 1.000 0.05 0.05 0.05 VEHICLE

Note: Errors in the antenna lever arms can directly impact the position error output by the

combined navigation system. It is essential to ensure the accuracy.

B.2.2 Rotation Parameter

The deviation in orientation between the body coordinate system and the vehicle coordinate
system is referred to as the rotation parameters, or RBV. Essentially, RBV represents the rotational
Euler angles that transform the vehicle coordinate system to the body coordinate system. The

following figure shows the RBV from the body coordinate system to the vehicle coordinate system.
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ZVehicle

YVehicle

XVehicle

Figure 4-6 Rotation Parameter from the Body Coordinate System to the Vehicle Coordinate

System

The Euler angles for the rotation from the body coordinate system to the vehicle coordinate system

are as follows: X: -90, Y: 0, Z: +90, and following these rules:

® The body coordinate system must be rotated to align with the vehicle coordinate system.
® The rotation must be performed in the order of Z>X->Y.

® The rotation direction follows the right-hand rule.
Configure the RBV with command SETINSROTATION:
SETINSROTATION RBV -90 0 90

Note: The RBV from the body coordinate system to the vehicle coordinate system should be

measured as accurately as possible to minimize attitude, velocity and position errors.

B.3 Rotation Parameter Calibration

RBV represents the rotation between the vehicle coordinate system and the body coordinate
system. If the rotation angles are known, users can manually configure them with the
SETINSROTATION RBV command. However, due to potential errors in manually measuring, it is
recommended to calibrate and estimate more accurate offsets after configuring RBV. Typically,
calibration is required during initial installation and whenever the X36D is reinstalled. The

calibration steps are as follows:

1. Ensure that the receiver is correctly configured, including accurate lever arm and RBV values

with an accuracy better than 5°.

2. Power up the receiver and ensure it is operating normally and complete alignment and error

convergence.
3. Send the command INSCALIBRATE RBV NEW to start the calibration.
4. Send the command LOG INSCALSTATUS ONTIME 1 to monitor the rbv calibration status and
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frequency.

5. Drive the vehicle on a level ground with a straight line and at a speed faster than 5 m/s (18
km/h). Avoid driving on complex terrain to prevent additional estimation errors.
6. When the INSCALSTATUS output becomes "CALIBRATED", the calibration is complete.

7. Send the SAVECONFIG command to save the calibration results for being used during the
subsequent startups.

Table B-1 provides status indications and explanations during the RBV calibration.

Table 4-16 Status Indication Description

Status Description

INS results are not converging; continuous straight-line and
INS_CONVERGING

turning movements are required.

INSUFFICIENT_SPEED Insufficient vehicle speed; increase the vehicle speed.

The vehicle is making turns with a too large of magnitude;
HIGH_ROTATION

smooth ride is needed.

CALIBRATING Calibration in progress; normal calibration status.

CALIBRATED Calibration completed.
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Appendix C Common DBC Protocol

[View_Vehicles]

HIDDEN=

ORDER=0,1,

DEFINITIONS=
COLUMNWIDTHS=125,150,
[View_Vehicle]

HIDDEN=

ORDER=0,]1,

DEFINITIONS=
COLUMNWIDTHS=125,125,
[View_VehicleNetworks]

HIDDEN=3,6,

ORDER=0,1,2,3,4,

DEFINITIONS=9,10,
COLUMNWIDTHS=125,125,100,100,150,100,100,
[View_VehicleNetwork]

HIDDEN=

ORDER=0,1,2,3,4,

DEFINITIONS=
COLUMNWIDTHS=125,125,100,125,150,
[View_VehicleNetworkTxMessages]
HIDDEN=
ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,

DEFINITIONS=1,2,3,4,5,6,7,
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COLUMNWIDTHS=125,125,55,100,50,100,100,100,150,100,50,50,50,50,100,100,
[View_VehicleNetworkSignals]

HIDDEN=
ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
DEFINITIONS=8,
COLUMNWIDTHS=125,125,100,50,100,50,100,100,100,50,50,50,50,100,100,150,100,
[View_VehicleControlUnit]

HIDDEN=

ORDER=0,1,2,3,4,

DEFINITIONS=
COLUMNWIDTHS=125,125,100,125,150,
[View_VehicleGateways]

HIDDEN=

ORDER=0,1,2,

DEFINITIONS=

COLUMNWIDTHS=125,125,100,
[View_VehicleGatewaySignals]

HIDDEN=

ORDER=0,1,2,3,4,5,6,

DEFINITIONS=
COLUMNWIDTHS=125,125,125,125,125,125,125,
[View_Networks]

HIDDEN=2,5,

ORDER=0,1,2,3,

DEFINITIONS=9,10,

COLUMNWIDTHS=125,100,100,150,100,100,
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[View_Network]

HIDDEN=

ORDER=0,1,2,3,

DEFINITIONS=
COLUMNWIDTHS=125,125,100,150,
[View_NetworkTxMessages]

HIDDEN=
ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
DEFINITIONS=1,2,3,4,5,6,7,
COLUMNWIDTHS=125,125,55,100,50,100,100,100,150,100,50,50,50,50,100,100,
[View_NetworkTxSignals]

HIDDEN=
ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
DEFINITIONS=S,
COLUMNWIDTHS=125,125,100,50,100,50,100,100,100,50,50,50,50,100,100,150,-1,100,
[View_NetworkNodeGroup]

HIDDEN=

ORDER=0,1,2,

DEFINITIONS=

COLUMNWIDTHS=125,100,150,

[View_Ecus]

HIDDEN=

ORDER=0,1,

DEFINITIONS=

COLUMNWIDTHS=125,150,

[View_Ecu]
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HIDDEN=

ORDER=0,1,2,3,

DEFINITIONS=
COLUMNWIDTHS=125,125,100,150,
[View_EnvVars]

HIDDEN=
ORDER=0,1,2,3,4,5,6,7,8,9,
DEFINITIONS=
COLUMNWIDTHS=125,100,100,50,50,50,50,100,100,150,
[View_EnwVar]

HIDDEN=
ORDER=0,1,2,3,4,5,6,7,8,9,10,
DEFINITIONS=
COLUMNWIDTHS=125,125,100,100,50,50,50,50,100,100,150,
[View_NodeGroups]

HIDDEN=

ORDER=0,1,

DEFINITIONS=
COLUMNWIDTHS=125,150,
[View_NodeGroup]

HIDDEN=

ORDER=0,1,2,3,

DEFINITIONS=
COLUMNWIDTHS=125,125,55,150,
[View_Nodes]

HIDDEN=
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ORDER=0,1,2,

DEFINITIONS=

COLUMNWIDTHS=125,100,150,

[View_Node]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,

DEFINITIONS=S,
COLUMNWIDTHS=232,125,100,50,50,100,100,100,50,50,50,50,100,100,150,25,100,
[View_NodeTxMessages]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,

DEFINITIONS=1,2,3,4,5,6,7,
COLUMNWIDTHS=125,125,55,100,50,100,100,150,100,50,50,50,50,100,100,
[View_NodeTxMsq]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,

DEFINITIONS=S,
COLUMNWIDTHS=125,125,100,50,50,100,100,100,50,50,50,50,100,100,150,-1,100,
[View_NodeTxSignals]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,

DEFINITIONS=S,
COLUMNWIDTHS=125,125,100,50,50,100,100,100,50,50,50,50,100,100,150,-1,100,
[View_NodeRxSignals]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,
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DEFINITIONS=S,
COLUMNWIDTHS=125,125,100,50,50,100,100,100,50,50,50,50,100,100,150,-1,100,
[View_NodeTxSigs]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,

DEFINITIONS=S,
COLUMNWIDTHS=125,125,50,100,100,100,50,50,50,50,100,100,150,100,
[View_NodeRxSigs]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,

DEFINITIONS=S,
COLUMNWIDTHS=125,125,50,100,100,100,50,50,50,50,100,100,150,100,
[View_Messages]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,

DEFINITIONS=1,2,3,4,5,6,7,
COLUMNWIDTHS=125,55,100,50,100,100,100,150,100,50,50,50,50,100,100,
[View_Message]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,

DEFINITIONS=S,
COLUMNWIDTHS=245,125,100,50,50,100,100,100,50,50,50,50,100,100,150,100,
[View Signals]

HIDDEN=

ORDER=0,1,2,3,4,5,6,7,8,9,10,11,12,

DEFINITIONS=8,

37 / 40



bynav® Appendix CCommon DBC Protocol

COLUMNWIDTHS=125,50,100,100,100,50,50,50,50,100,100,150,100,
[View_ValueTables]

HIDDEN=

ORDER=0,]1,

DEFINITIONS=

COLUMNWIDTHS=125,150,

[View_AttrDefs]

HIDDEN=6,

ORDER=0,1,2,3,4,5,

DEFINITIONS=

COLUMNWIDTHS=125,100,100,50,50,100,150,
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Disclaimer

This manual provides information about the products of Hunan Bynav Technology Co., Ltd.
(hereinafter referred to as Bynav Technology). The manual does not transfer any rights or licenses
under the patents, copyrights, trademarks, ownership, etc. of the company or any third party in
any form, implied or implied. Except for the responsibilities stated in the sales terms and
agreements of the product, our company shall not assume any other responsibilities. At the same
time, Bynav Technology does not make any express or implied warranties regarding the sales and
use of its products, including but not limited to the suitability and marketability for specific
purposes of the products, or any liability for infringement of intellectual property rights such as
copyrights, copyrights, and patents. Our company is exempt from liability for any problems arising
from not following the manual requirements for connection or operation. If necessary, Bynav

Technology may modify product specifications and descriptions without prior notice.

For certain design defects or inadequacies that may exist in our company's products, once
discovered, improvements will be made and product version iterations may occur, which may
result in differences between the product and the published specifications. If customers require,

we can provide the latest product specifications.

All rights reserved © 2013-2024, Hunan Bynav Technology Co., Ltd.

Bynav Technology

Tel.: 0731-85058117
Building 12, Phase 1, Zhongdian Software Park, )

Email: en@bynav.com

No.39 Jianshan Road, High-tech Zone, Changsha,

: FAE: support@bynav.com
Hunan 410205, China www.bynav.com
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