NAV680-AG_Datasheet =5 F M 33K

FSS-NAV680-AG High Precision Integrated
Navigation System User Manual

o ©Forsense
NAV680-AG

COM

Forsense (Shanghai) Technology Co., Ltd

Read this user manual carefully before using the product.



Index

L. PTOCUCT OVETVIEW ..c.ceeeeeeeeeecet ettt eae s ese s ese s ese s essses s ses s sen s sen s e seassanssssennssesnssensrnnssens 1
1.1 PTOQUCE LIST ..eeueeee ettt s e e e s nae e esn s ese s en s nes s aensennnsns 1

1.2 THTOUCTION ...ttt e ettt et et sn s s e e et e esm e esennes 2

1.3 Technical SPeCIfiCAtIONS .. .cciviveeeiee ettt ettt se e e e s ese e 3

2. HATAWare SHITLCTUIE ...oveeeeceee ettt ee e ee s s s s s e e s e e aesaeae s s ese s enn s en s sen s aensensnsens 4
2.1 ELCtrical PIOPETTIES ooueeeeeeeeceee et st s senn s enn s en s nnnsens 4

2.2 USET INTETTACE ..ottt s e s et en e s a s e s e e e nnenen 6

2.3 Data Cable Interface Definition ........ccoceeveeueieeiieeet ettt 7

2.4 E1ECHTICAL PTOPETTIES <....oeeeeee oot et eae e et e ae e e eeeemsesee e easesseassnneasesmannnnens 8

3. Hardware Integration GUIE ..........coooomoeeeeeeeeee e eae et e aeaeeeeaes 9
3.1 Hardware INte@ration GUIE ..........c.ooooieeeeeeeeeee ettt e e e e e s e e et e eeeeeeeeseeeeeeeneeeenes 9

R 1 (=154 OSSR 10

4, USAZE EXAMPLES ...ooveveceeeceeeet ettt ea et e e ese s esese s e e ese e esenessnesennnes 11
4.1 Device INStallation .........coeevererecrese s ee e s ss e are s sre e s anss s sasann e e rene e nens 11

4.2 RTK Differential Data TIMPOTT.......ocooveeeeeeeeeeee oot tee et eee e e eae e nmens 13

4.3 Use Serial Ports to Configure Parameters ...........cooooevmoreeeeeceeeeeee e e 14
4.3.1 CONAGUIE LEVET ATIIIS ...oveeeoeeeeeeeceeee e eae e e e e eees e eeseaeessese e eseeseennseseeenans 14

432 COoNAGUIE LEVET ATIIIS ..oneeeoeeeeeeeceeee e e e ee e e eseaeesseae e esmeseean e seenans 15

4.3.3 Configure Vehicle WHeelbDase ..o 16

4.3.4 Configure RTK Dual Antenna Mounting Angle .........ccooeevivieeiieeiocece e 16

4.3.5 Enable Dual Antenna FUSION .......ccccvieriveererecesrss e ssese e nesse s ass e asassssesesessnanns 16

4.3.6 Calibrate Dual ANtENNA.............oooeeeeeeeceeeee et ee et e 16

4.3.7 Configure the INS to Output Projection Points of Position and Velocity............... 17

4.4 SAVE PATAIMIETETS ...ttt e e e e e e e eas e aeeaseameemeamneaeeeeeeneeessemeeeneenseans 17

5. Coordinate System DEfINITION ... ....c.oomeeeeeeceeeeee et e e s e eaeese s eaeeaeeaeesesaeeeeees 18
6. Integrated Navigation Output Protocol........ccccooveieeicccreceecee e 19
6.1 Binary Protocol- AG Data SHEAIM .........coovereeeeceeeeereee et nenes 19

6.2 Binary Protocol - Combined Navigation Data STream ..........coccoceveeveieericeeeiiese e 21

6.3 NMEA PIOTOCOL......coeeeee ettt r et et as s se st se e s s e s e sn e s tnassene e nsaensnanans 24

6.4 CAN PIOTOCOL ...ttt ettt e et e s sam e s ss s s m s ssna st st e snsas 25

6.5 RTK Positioning Statts Table ..........o..oouoeeooeeee ettt e eeeee 27

7. Parameter CoOmBIGUIATION .......o.oeeeeeee ettt m e e eeeeees e e e eanes e nneeeeen 28
7.1 Use Serial Ports to Configure Parameters ...............cooooooeoeeeeeeeeeeee e 28
7.1.1 Configure the main antenina leVer AITil.........cceveeeveerereereieeeeree e 28

7.1.2 Configure LeVET ATINS ....ccooveeiieeeee e e sanse s esn s ese s snensens 29

7.1.3 Configure Vehicle WHheelbase ..ot e 30

7.1.4 Configure RTK Dual Antenna Mounting Angle ..o, 30

7.1.5 Enable Dual ANtenna FUSION ......cocevveriieieee et e 30

7.1.6 Calibrate DUal ANTEIIIIA .......c.civeeieeieceeie et ee st se et seee e eae e s e esesnereees 31

7.1.7 Configure the INS to Output Projection Points of Position and Velocity............... 31

7.1.8 Configure the Output of Binary - AG Data Streaml.......o.oooveevevcerivieeeseeesee e 31

7.1.9 Configuring the Output binary Integrated Navigation Data Flow.........ccccecvveneene. 32

7.1.10 Configure the output NMEA format data stream ...........cccoveeveeecceccececeees 32

7.1.11 Configure the current data stream to STOP OWEPUL .......oooviieeeieeeeeeeeeeee e, 33

7.1.12 Configure Data Qutput FTEQUEIICY ..o.ooveeeeeeeeeeeeee e e 33

7.1.13 Configure Baud RAte ... .....ooooeeeeeeeeeeeeeeeeee et eeaea 33

7.1.14 Configure the CAN Baud 1ate .........oooooeeeeeeeeeeeeeeeee e 33

7.1.15 Configuring CAN Output FIEQUENCY «....ooveeeeeeeeeeee e e e e 34

7.1.16 Query All Configuration Information.........oceeeeeeeeeeree e 34

7.1.17 Query Version NUINDET ...cc.oiveiieeeeee ettt et s 34



7.1.18 Configuring Carrier XYZ VeloCity .o 34

7.1.19 Deduction of Gravity Acceleration from Acceleration Data..............c.ooceveenenn..e. 34

7.1.20 Configure Mounting Rotation ANGLe ...........oc.ooueeeeoeeeeeeeeeeeeee e 35

7.121 Turn onthe SIoPe MOde .......oeeeeeeeeeeeeee e et 35

T.1.22 SAVE PATAIMIETETS ... e ee e en e e e enesem e e emean e e eenens 35

7.2 Use CAN Interface to Configure Parameters ........ocooooeeveveeeiieeierre e 35
7.2.1 Query Version NUINDET ..ottt s s eae s sae st aen s e ssens 35

7.2.2 Configure Wheelbase and LeVer AT ....co.ocoeeeeecieeceieeeeee e seeae e eaessesasssssens 36

7.2.3 Configure Dual Antenna Mounting ANgle .........c.oovoomeeeoeeeeeeeeeeeeeee e 36

7.2.4 Query Wheelbase, Lever Arm and Dual Antenna Mounting Angle..................... 36

7.2.5 Configure CAN Interface to Output Update Rate and Baud Rate.......................... 36

7.2.6 Query Update Rate and Baud Rate .........ccoooevviiveieee e 37

7.2.7 Save Parameter INStIUCHIONS ..........o.ooeeceececce ettt e e e eaeaes 37

8.1 Firmware Upgrading via the PC SOftWare ........occovvveveieiee e 38

LT I 0 3 USRS 38

8.1.2 Firmware Upgrading via the CAN Interface ..........oooooeoeeieeeeeeeeeeeeee e 38

8.2 SEITAL OT A ..ot ettt aes s n et ea s e e seassnm st eas s st esenaseseneas 39

O RS DITIVET «.veieeetee ettt reet et e et e e te e te e e sese et esn s esn s enseaes s aes senensesensessnsnasssensssennesennssensnns 46
0.1 INStall ROS SETIAL.....ocvieiiiee ettt e s s es e s es e n s e n s snnnes 46

0.2 COMPILE COE .ottt ettt st sn et sn s s aes s et semtns 46

9.3 Connect IMU to Linux System via USB .........c.cooioceeceeeeee et 47

L ] 1T I : 1 TSRS PSR 47

10. USEd With G200 ...ttt e s et s et s et ses st st ese s sneseneas 49
L1, ACCESSOTIES cuveveeeteseeteeeteieetereesesaeseaeas e e eseseeseseese e eseseesesaesessesessenessenessessesesensesseseasesesesesnessnessrnnnes 50

12, REVISION HISTOTY .o et eeae e em e e e e ennes e e ennenneseeaesnensneen 55



1. Product Overview

1.1 Product List

Please confirm the following products in the packaging box when you open it:

Name Quantity
(1) NAV680-AG Integrated Navigation System 1

[ S]

(2) Satellite Antenna

(3]

(3) Antenna cable
Primary Antenna: TNC Male to Fakra Female (C Type) (Blue)
Secondary Antenna: TNC Male to Fakra Female (D Type) (Purple)

[S]

(4) Antenna suction cup

[S]

(5) Antenna pole
(6) Wire Harness (including 3 RS232 interfaces, 2 CAN interfaces. 1
1 PPS interface, and 1 (9~24V) power interface).
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Figure 1 Product Image



If there is any missing, please contact the salesperson in a timely manner.

1.2 Introduction

In meet the demand for precise and continuous positioning needs of outdoor lightly
obstructed environments such as low-speed autonomous driving in fields, orchards, scenic
spots and so on, Forsense has designed the FSS-NAV680-AG. a multi-sensor integrated
navigation product specifically tailored for agricultural applications.

This product combines the Agricultural Single-Antenna module IMU614E-AG with
Unicore’s full-system full-frequency high-precision positioning and directional module
UMO982.

Equipped with our multi-model intelligent position fusion Algorithms optimized for in-
vehicle scenarios, FS982-AG provides customers with high-precision attitude and heading
information in complex scenarios and enables them to achieve continuous positioning and
velocity measurement even in scenarios with signal interference or shielding. The product
contributes to the reliable full-scene operation and enhanced end-user experience of
Agricultural autopilot equipment.

To meet the needs of measuring the steering angle of the front wheels in agricultural
machinery, mining trucks, etc., the NAV680-AG can be connected to our G200 the front
wheel steering angle sensor, which can output the steering angle of the front wheels directly.



1.3 Technical Specifications

Aftitude Accuracy

Update Rate

Gyroscope
Measurement Range

Gyroscope
Bias Instability

Accelerometer
Measurement Range

Accelerometer
Bias Instability

Positioning Accuracy

RTK Indicators

Interface

Table 1

Roll/Pitch :<0.2°rms
Heading:<0.3°rms
(When the vehicle speed exceeds 1 km/h, the Ackermann steering
mechanism is engaged in the vehicle's on-road scenario.)

100Hz
+500°/s

4deg/h @1o
:I:ng
0.04mg @lo

<2% @lo
(in-vehicle scenario, loss of GPS signal for 30s,
no combination of wheel speedometer)

Positioning Accuracy (RMS) Single point positioning: 1.5m
RTK: Horizontal: 1em+1ppm

Vertical: 2cm+1ppm

Directional accuracy (RMS) 0.1°/1m Baseline

Velocity accuracy (RMS) 0.03m/s
PPS accuracy (RMS) 20 ns
Update Rate 20Hz
RTK initialization time <5s
3xRS8232
2xCAN

2xGNSS Antenna Interface
1<Power interface
1<PPS interface



2. Hardware Structure

2.1 Electrical Properties
Fig. 1 Mechanical Dimensions (unit: mm)
(+116.00s0_15)

106.00
97.00

AN ANaR AR aaa

- —

—L 1|
T=2k =]
[

. i
=L |
I

21.25
\\ /-

21.25
38.50 |o

20.25

00
ST
(+28.0040.15)

]

FSS-NAV680-AG Dimensional Specifications



19,5 IMU Array
/ Center
ST 7 T
ollf gl
EEELEEEEEELE:
O || ©@rorsewsz O
(NAVES0-AG)
J—Ib oo d H
s
L\'%‘&S
3
/]
v =
NI T IITIIIIIIIIT ZR7EN
=

FSS-NAV680-AG Position and Dimensional Specifications



2.2 User Interface

The NAV680-AG includes COM bus interfaces, leading power and signal cables, PRI

primary Antenna and SEC secondary Antenna.

o ©Forsense
NAV680-AG

COM

2 -1 Sk W =

15

Name
FSS-NAV680-AG Integrated Navigation System
Primary antenna (Positioning Antenna)
Secondary antenna (Directional Antenna)
Primary antenna Cable
Primary antenna Cable
Antenna suction Cup
Antenna Pole
Wire Harness - Power Supply Interface
Wire Harness - RS232-A Interface
Wire Harness - RS232-B Interface
Wire Harness - CAN-A Interface
Wire Hamess - CAN-B Interface
Wire Harness - R5232-RTK Interface
Wire Hamess - 10 Interface

Accessory Name
RS232 to USB Serial Cable

Quantity
1

1
1
1
1
2
2
1
1
1
1
1
1
1

Quantity
|



2.3 Data Cable Interface Definition

Figure 2 NAV680-AG Front Panel

The corresponding pin definitions are as follows:

No. Definition port
1 EVENT OUT1 10 pin (reserved)
2 EVENT IN1
3 MCU TX3 232 R232-B
4 MCU RX3 232
5 MCU TX2 232 R232-A
6 MCU RX2 232
7 RTK TX1 232 R232-RTK
8 RTK RX1 232
9 VIN+ Power Positive 9-24V
10 VIN+ Power Positive 9-24V
11 PPS RTK second pulse signal
12 BCAN FD H CAN FDB
13 BCANFD L (reserved)
14 ACAN H CAN A
15 ACAN L (The default baud rate is set to 500k)
16 GND power ground (power negative)
17 GND
18 SGND signal ground
19 SGND
20 SGND

Description: RS232-A serial port A, RS232-B serial port B, RS232-RTK serial port
differential import, CAN A, CAN B (undefined), XT60H-M power supply. IO (undefined).



2.4 Electrical Properties

Table 2
Parameters Symbol Min. Typ. Max. Unit
Power Input VIN 9 12 24 A%
Ground GND
Power Consumption P 1.8 w
Operating Temperature T -40 \ 85 °C
Storage Temperature T -40 \ 95 °C
Waterproof 95% Non-condensing
Dimension l116mm * 85.9mm * 28mm

Weight 203g



3. Hardware Integration Guide

3.1 Hardware Integration Guide
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3.2 Antenna

The NAV680-AG leads out the PRI and SEC Primary and Secondary Antenna Interfaces.
When no Antenna is connected and a multimeter is used for testing, that is, in the no-load
state, the provided voltage is DC 4.8 to 5.4 V. When the RF port of the module is connected
to an Antenna and tested at a working current of 30 to 100 mA at room temperature, it can
provide an antenna feed of DC 4.6 V £ 0.2 V to the outside. When using an active antenna for
the NAV680-AG, pay attention to the 50Q Impedance matching between it and the Antenna.



4. Usage Examples

4.1 Device Installation

1. Installation Requirements

1) Installation of a single antenna. It is necessary to install it on a carrier and connect it to the
integrated navigation. The satellite antenna should face the sky without obstruction from the
carrier. The antenna is connected to the PRI interface as shown in Figure 7 for positioning.
The installation schematic is depicted in Figure 5.

2) Installation of dual antennas. If the dual antenna orientation finction is to be utilized, two
antennas (main and secondary antennas) need to be installed on the carrier and connected to
the integrated navigation. The satellite antennas should face the sky without obstruction from
the carrier. The main antenna is connected to the PRI for positioning, and the secondary
antenna is connected to the SEC interface as shown in Figure 7 for orientation. The distance
between the two antennas, namely the baseline length, should be greater than 0.5 m. The
heights of the dual antennas should be kept as consistent as possible. The installation
schematic is shown in Figure 20.

3) Keep away from interference sources such as on-board electrical devices or systems that
can generate electromagnetic interference signals.

4) Screw the GNSS antenna onto the strong magnetic suction cup and fix it at the center of
the test carrier. Position it at the highest point of the test carrier as much as possible to ensure
a good GNSS signal reception.

5) To achieve the best performance, the distance between the GNSS main antenna and the
equipment host, especially the horizontal distance, should be minimized as much as possible.

6) It should be firmly fixed on a rigid plane and avoid being installed at positions with
significant vibration.

7) The installation orientation of the X-axis should maintain the relationship described below
with the direction of the vehicle head.



Schematic Diagram of Single Antenna Schematic Diagram of Dual Antenna
Installation Installation

The following installation methods are all wrong installation

Fig. 3 Correct Installation Diagram

Mounting direction toward the front of the vehicle

The following mounting methods are INCORRECT:

The IMU is not mounted horizontally is not installed toward the front of the vehicle




The IMU is fixed by hand The IMU is mounted on a non-rigid surface

4.2 RTK Differential Data Import

The user must obtain the GPGGA message of RTK through the RS232-RTK interface. log in
to the network CORS account of Chihiro or six Fen and import the differential data, and then
make RTK enter the fixed solution state.



4.3 Use Serial Ports to Configure Parameters

4.3.1 Configure Lever Arms

For example, configure the lever arm vector as X=0.5m, Y=-0.6m, Z=-1.0m.
Command: AT+CLUB_VECTOR=0.5.-0.6.-1.0\r'\n
Response: GPS POS_X=0.5.GPS POS Y=-0.6.GPS POS Z=-1.0/t/n

Note: The lever arm vector is the three dimensional vector (X, Y, Z) representing the position
of the RTK main antenna phase center relative to the IMU phase center. (unit: m)

In the Front-Right-Down coordinate system.

the value is positive if the RTK main antenna is in front of the IMU, and it is negative
otherwise;

the value is positive if the RTK main antenna is on the right side of the IMU, and it is
negative otherwise;

the value is Negative if the RTK main antenna is above the IMU, and it is positive otherwise.

The coordinate system diagram is shown in the following figure: (The sticker needs to face
upwards, and the IMU needs to be reconfigured in terms of mounting orientation by referring
to the section 7.2.2 if it is not installed in accordance with the following.)

Fig 4 Schematic diagram of coordinate system

Fig 5 Diagram of the Antenna Arm



4.3.2 Configure Lever Arms

For example, configure the lever arm vector as X=0.5m, Y=-0.6m, Z=1.0m.
Command: AT+OD VECTOR=0.5.-0.6,1.0\r\n
Response: OD POS X=0.5, OD POS Y=-0.6, 0D POS Z=1.0/t/n

Note: The lever arm vector is the three dimensional vector (X. Y, Z) representing the position
of the RTK main antenna phase center relative to the IMU phase center. (unit: m)

In the Front-Right-Down coordinate system,

the value is positive if the RTK main antenna is in front of the IMU, and it is negative
otherwise;

the value is positive if the RTK main antenna is on the right side of the IMU, and it is
negative otherwise:;

the value is Posifive if the RTK main antenna is above the IMU, and it is positive otherwise.

The coordinate system diagram is shown in the following figure: (The sticker needs to face
upwards, and the IMU needs to be reconfigured in terms of mounting orientation by referring
to the section 7.2.2 if it is not installed in accordance with the following.)
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Figure 6 Coordinate System Diagram



4.3.3 Configure Vehicle Wheelbase

If the vehicle wheelbase is configured to be 2m, the configuration command is:
AT+WHEEL BASE=2\r'n

Note: The command needs to be saved after configuration.

4.3.4 Configure RTK Dual Antenna Mounting Angle

If the RTK dual antenna mounting angle is configured to be 0 °, the configuration command
is:

Command: AT+RTK_ANGLE=0\r\n

Response: ANGLE=0\r\n

Explanation: The mounting angle is the angle between the ray extending from the main
antenna to the secondary antenna and the direction of the vehicle’s front. Clockwise motion is

considered positive, while counterclockwise motion is negative. The angle input range is -
180° to 180°.

Note: After saving the configuration commands, it is crucial to power off and restart. The
distance between the two antennas should be more than 50cm.

4.3.5 Enable Dual Antenna Fusion

Note: By default, dual antenna fusion is in the off state and is only used for rapid initialization
when stationary. If dual antenna heading is to be used throughout the entire process, enable
dual antenna fusion by following the instructions below. 1 indicates enabling dual antenna
fusion, while other parameters indicate disabling it. Note that the installation error of the dual
antennas needs to be calibrated synchronously: otherwise, there will be a fixed error between
the vehicle body heading.

Command: AT+DRTK _USE=1r'\n\$

Response: OK

Note: After saving the configuration command, a power-off and restart is required for it to
take effect. The separation distance between the dual antennas needs to be greater than 50 cm.

4.3.6 Calibrate Dual Antenna

The dual antenna calibration process 1s as follows:
1. Connect serial ports and enter AT+SETNO\r\n to stop all data output;
2. Send the command AT+RTK BIAS EST=I\r'n to start the calibration process;

3. Vehicles travel straight at the speed of no less than 3km/h, and the calibration is
successfully done when the serial port sends the statement RTK BIASE CORRECT DONE:

4. Send the command AT+CONFIG\r\n to view the current configuration, and send the
statement RTK BIAS FLAG AND VALUE=99.XX (°) to confirm the calibration angle.



The installation angle is normally less than 1°; otherwise, reinstallation is a must:

5. Enter AT+SAVE\r'n to save the result and re-power on.

4.3.7 Configure the INS to Output Projection Points of Position
and Velocity

If the INS is configured to output projection points, the configuration command is:
Command: AT+PROJ_VECTOR=1.0,2.0,3.0\r'n

Response: PROJ VECTOR_X=1.0, PROJ VECTOR_Y=2.0,PROJ VECTOR _Z=3.0/t/n

Explanation: The INS default output is projection points of the antenna phase center. To
output results from other positions, you need to configure the corresponding lever arm vectors.
The configuration method is the same as 4.3.1 lever arm configuration.

4.4 Save Parameters

After all commands are configured. send the command AT+SAVE\r\n to save parameters.



S. Coordinate System Definition
Fig. 7 Coordinate System Diagram

the Direction of the vehicle's Head
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This product is equipped with the Front-Right-Down (FRD) coordinate system, and the range
of Euler angles is as follows:

Rotate around Z-axis direction: Yaw angle range (0° ~ 360°).
Rotate around X-axis direction: Roll angle range (-180° ~ 180°);

Rotate around Y-axis: Pitch angle range (-90° ~ 90°).



6. Integrated Navigation Output Protocol

6.1 Binary Protocol- AG Data Stream

Notes:

. CRC check starts from the frame header covering all bytes of the frame except the CRC
check bit itself. seeing the appendix for calculation methods and routines.

. The frame length is the total number of data bytes excluding frame header, frame ID,

frame length and parity bits.

. In little-endian mode where the low bytes are sent first.

Table 7 Binary Protocol - AG Data Stream

Content

Frame head 1:0 xAA

Frame head 2:0x55

Frame ID: 0x0156

Frame length: 0x0032

Seconds in GPS cycle (ms)

Roll Angle (degrees)

Pitch Angle (degree)

Heading Angle (degrees)

Reserved

Triaxial angular speed (deg/s. front bottom right)
Triaxial acceleration (g, front bottom right)
RTK positioning state

Attitude significant bit

Bit0:1 indicates that attitude is valid. 0 is not

Type

Uint8

Uint8

Uintl6

Uintl6

Uint32

Float

Float

Float

Float

Float*3

Float*3

Uint8

Uint8

Relative
position

10
14
18
22
26
38
50

51



Bitl:1 means the front wheel Angle is valid and 0 is not

Status bits: Uint32
bit0:1 indicates that the RTK data is valid

and 0 indicates that it 1s invalid

Bitl:] indicates that the PPS signal is valid

and 0 indicates that it is invalid

Bit2:1 means the integrated navigation is initialized

and 0 means it is not initialized

(Single antenna initialization condition: RTK positioning state 4+
speed reaches 0.5m/S or more + straight line driving with
acceleration and deceleration.Dual antenna initialization condition:
RTK positioning state 4+RTK orientation state S50)

Bit3:1 indicates that the front wheel Angle is valid

and 0 is not

Bit4:1 indicates that the combined navigation has converged

and 0 has not

Bit5:1 means front wheel gyro data is valid,

0 1is not (no external gyro can be ignored)

Bit6:1 means the steering wheel motor data is valid

and 0 is not

Bit7 & Bit8:
01 for vehicle forward (Bit7=1. Bit8=0)
10 means the vehicle is moving backwards (Bit7=0, Bit8=1)

00 means invalid (Bit7=0, Bit8=0)

CRC check Uint32

52

56



6.2 Binary Protocol - Combined Navigation Data Stream

Note:

*CRC check is calculated from the frame header, excluding the CRC check byte itself, for the
CRC check of all bytes in the frame, including the calculation method and procedure in the
appendix.

*Frame length is the total number of data bytes excluding the frame header, frame ID, frame
length, and CRC check byte.

+Little-endian mode, low byte transmitted first.

*Configuration method is described in Section 7.1.9, command: AT+SETNAV\r'n

*Cannot output NMEA data stream simultaneously with binary protocol data stream.
Outputting binary protocol data stream disables output of NMEA data stream. Before
switching to the binary protocol data stream, the current data stream output must be stopped
by following the instruction AT+SETNO\r\nin Section 7.1.11.

Content Type Relative
position
Frame head 1:0 xAA Uint8 0
Frame head 2:0x55 Uint8 1
Frame ID: 0x0166 Uint16 2
Frame length: 0x005E Uint16 4
GPS seconds per week (ins) Uint32 6
GPS week count Uint16 10
Latitude (degrees x 10000000) Int32 12
Longitude (degrees x 10000000) Int32 16
Height (mm) Int32 20
Northbound speed (m/s) Float 24
Eastbound velocity (m/s) Float 28
Ground velocity (m/s) Float 32

Roll Angle (degree) Float 36



Pitch Angle (degrees) Float 40
Heading Angle (degrees) Float 44

Single antenna case: AHRS course (degree) (no reference value) Float 48
Dual antenna case: RTK dual antenna course (degree)

With G200 front gyro connected: Front gyro Z-axis angular speed
(degrees per second)

Reserved (displayed as front wheel Angle when G200 is connected)  Float 52
Accelerometer X axis (g) Float 56
Accelerometer Y-axis (g) Float 60
Accelerometer Z-axis (g) Float 64
Gyroscope X-axis (deg/s) Float 68
Gyro Y-axis (deg/s) Float 72
Gyroscope Z-axis (deg/s) Float 76
IMU temperature (° C) Float 80
RTK positioning state (same as GGA positioning state) Uint8 84

0: unpositioned
1: single point positioning

2: pseudo-distance differential positioning
4: fixed solution

5: floating point solution

Number of satellites Uint8 85
Differential time delay Uint8 86
Dual antenna directional state Uimt8 87

50 indicates directional
Others indicate unoriented

Position precision factor (cm) Uintleé 88



Compositional navigation is valid after initialization

Status bits: Uintl6
bit0:1 indicates that the RTK data is valid

and 0 indicates that it 1s invalid

Bitl:1 indicates that the PPS signal is valid

and 0 indicates that it is invalid

Bit2:1 means the integrated navigation is initialized and 0 means it is
not initialized

(Single antenna initialization condition: RTK positioning state 4+
speed reaches 0.5m/S or more + straight line driving with
acceleration and deceleration,

Dual antenna initialization condition: RTK positioning state 4+RTK
orientation state 50)

Bit3:1 indicates that the front wheel Angle is valid

and 0 is not

Bit4:1 indicates that the combined navigation has converged

and 0 has not

Bit5:1 means front wheel gyro data is valid,

0 is not (no external gyro can be ignored)

Bit6:1 means the steering wheel motor data is valid

and 0 is not

Bit7 & Bit8:

01 for vehicle forward (Bit7=1, Bit8=0)

10 means the vehicle is moving backwards (Bit7=0, Bit8=1)
00 means invalid (Bit7=0, Bit8=0)

Reserved 1 Uint32

90

92



Reserved 2 Uint32 96

CRC check Uint32 100

6.3 NMEA Protocol

. Support the output of combined data in nmea format.

. The NMEA protocol and the binary data stream cannot be output at the same time, and
before switching the data stream, stop the output of current data stream by following the
commands in 7.2.2.

. The following statements are supported. See section 7.3 for configuration methods.
GPGGA

GPRMC

GPHDT (Heading information)

GPVTG (Ground velocity)

GPZDA (UTC time and date)

GPATT (Customized message)

The GPATT formats are shown in the following table

Name Unit Format Example Description

Sentence Identifier String SGNATT

Time hhmmss.sss 170834.000 | 17:08:34 UTC

Status Character 1 0: invalid
1: valid

Roll Angle degree | 3 decimal places | -4.891 range +90, right side
down defined as
positive

Indicator for roll character R Roll indicator

Pitch Angle degree | 3 decimal places | 3.122 range +90, head up
defined as positive

Indicator for Pitch character P Pitch indicator

Heading Angle degree | 3 decimal places 124.005 range 0~360, to true

North, counter
clockwise defined as

positive
Roll Angle uncertainty degree | 3 decimal places 0.432 range 0~360
Pitch Angle uncertainty | degree | 3 decimal places 0.811 range 0~360
Heading Angle degree | 3 decimal places 1.202 range 0~360
uncertainty
Checksum Hex *68 Used by program to

check for transmission
errors




6.4 CAN Protocol

Table 9 CAN Extended Frame Format 0x19FF CC9A (unit: deg*100, int16)
Extended Frame ID 1 2 3 4 5 6 7 8

0x19FF CESA Rollangle  Pitch angle Heading angle Track angle

Table 10 CAN Extended Frame Format 0x19FF CD9A (unit: deg/s*52.0127, int16)

Note: “Reserved” means If connected to G200, the output will be the angle of the front
wheels.

Extended Frame ID 1 2 3 4 5 6 7 8

O0x19FF CD9A gyro X gyro_ y gyro _z Reserved

Table 11 CAN Extended Frame Format 0x19FF CE9A (unit: g*3276.8, int16)
Status bits:
Bit0: RTK board data valid flag bit. 1 means valid and 0 means invalid.
Bitl: PPS valid flag bit. 1 means valid and 0 means invalid.
Bit2: Front wheel angle valid flag bit. 1 means valid and 0 means invalid
Bit3: Front wheel gyro valid flag bit. 1 means valid and 0 means invalid.

Bit4: RTK positioning fixed solution flag bit. 1 means fixed solution and 0 means unfixed
solution.

Bit5: RTK directional fixed solution flag bit. 1 means fixed solution and 0 means unfixed
solution.

Bit6: Heading inifialization flag bit. 1 means initialized and 0 means uninitialized (only for
the gyro of single antenna vehicle).

Extended Frame ID 1 2 3 4 5 6 7 8

0x19FF CE9A accel x accel y accel z Status bits

Table 12 CAN Extended Frame Format 0x19FFCE9B
Note: Speed direction (1: forward, -1: backward)

Extended FrameID 1 2 3 4 5 6 7 8

0X19FFCE9B Seconds in Estimated antenna Speed Reserved



GPS week mounting deviation angle  direction

Table 13 CAN Extended Frame Format 0X19CCFF9A (unit: deg / 1*107 , int32)

The equipment adopts the WGS84 coordinate system. By default, the output of the latitude
and longitude is the position of the phase center of the main antenna. In the case of a
configured projection point, the output is the position of the projection point.

The latitude is defined as 0° at the equator. “Latitude™ greater than 0° indicates the Northern
Hemisphere, and conversely, it indicates the Southern Hemisphere.

The longitude is defined as 0° at the Prime Meridian. “Longitude™ greater than 0° indicates
the Eastern Hemisphere, and conversely, it indicates the Western Hemisphere.

Extended Frame ID 1 2 3 4 5 6 7 8

0X19CCFF9A Longitude Latitude

Table 14 CAN Extended Frame Format
(The elevation refers to the ellipsoidal height/ 1107 , int32)

Extended Frame ID 1 2 3 4 5 6 7 8

0X19CCFF9B Elevation Seconds in GPS week



6.5 RTK Positioning Status Table

Binary

16

17

18

32

33

34

48

49

50

ASCII

NONE

FIXEDPOS

FIXEDHEIGHT

DOPPLER VELOCITY

SINGLE

PSRDIFF

WAAS

L1 FLOAT

IONOFREE FLOAT

NARROW FLOAT

L1 INT

WIDE INT

NARROW _INT

Description
No solution
The position is specified by
the FIX POSITION
command

Unsupported

Velocity is derived instantly
from Doppler information

Single point positioning

Pseudo-range differential
positioning

SBAS positioning
L1 floating solution

Floating solution for
mitigating ionospheric effects

Narrow lane floating solution
L1 fixed solution
Wide lane fixed solution

Narrow lane fixed solution



7. Parameter Configuration
7.1 Use Serial Ports to Configure Parameters

7.1.1 Configure the main antenna lever arm

For example, configure the lever arm vector as X=0.5m, Y=-0.6m, Z=-1.0m.
Command: AT+CLUB_VECTOR=0.5.-0.6,-1.0\r\n
Response: GPS_POS_X=0.5.GPS_POS_Y=-0.6.GPS_POS_Z=-1.0/t/n

Note: The lever arm vector is the three dimensional vector (X. Y, Z) representing the position
of the RTK main antenna phase center relative to the IMU phase center. (unit: m)

In the Front-Right-Down coordinate system,

the value is positive if the RTK main antenna is in front of the IMU, and it is negative
otherwise;
the value is positive if the RTK main antenna is on the right side of the IMU, and it is

negative otherwise;

the value is negative if the RTK main antenna is above the IMU., and it is positive otherwise.

The coordinate system diagram is shown in the following figure: (The sticker needs to face
upwards, and the IMU needs to be reconfigured in terms of mounting orientation by referring
to the section 8.2.2 if it is not installed in accordance with the following.)
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Fig. 5 Antenna Lever Arm Diagram



7.1.2 Configure Lever Arms

For example, configure the lever arm vector as X=0.5m, Y=-0.6m, Z=1.0m.
Command: AT+OD_VECTOR=0.5.-0.6,1.0\r'\n
Response: OD POS X=0.5, OD POS Y=-0.6, OD POS Z=1.0/t/n

Note: The lever arm vector is the three dimensional vector (X. Y, Z) representing the position
of the RTK main antenna phase center relative to the IMU phase center. (unit: m)

In the Front-Right-Down coordinate system,

the value is positive if the RTK main antenna is in front of the IMU, and it is negative
otherwise;

the value is positive if the RTK main antenna is on the right side of the IMU, and it is
negative otherwise:

the value is Posifive if the RTK main antenna is above the IMU, and it is positive otherwise.

The coordinate system diagram is shown in the following figure: (The sticker needs to face
upwards, and the IMU needs to be reconfigured in terms of mounting orientation by referring
to the section 7.2.2 if it is not installed in accordance with the following.)
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7.1.3 Configure Vehicle Wheelbase

If the vehicle wheelbase is configured to be 2m, the configuration command is:
AT+WHEEL BASE=2\r'n

Note: The command needs to be saved after configuration.

7.1.4 Configure RTK Dual Antenna Mounting Angle

If the RTK dual antenna mounting angle is configured to be 0 °, the configuration command
is:

Command: AT+RTK_ANGLE=0\r\n

Response: ANGLE=0\r\n

Explanation: The mounting angle is the angle between the ray extending from the main
antenna to the secondary antenna and the direction of the vehicle’s front. Clockwise motion is
considered positive, while counterclockwise motion is negative. The angle input range is -
180° to 180°.

Note: After saving the configuration commands, it is crucial to power off and restart. The
distance between the two antennas should be more than 50cm.

7.1.5 Enable Dual Antenna Fusion

Note: By default, dual antenna fusion is in the off state and is only used for rapid initialization
when stationary. If dual antenna heading is to be used throughout the entire process, enable
dual antenna fusion by following the instructions below. 1 indicates enabling dual antenna
fusion, while other parameters indicate disabling it. Note that the installation error of the dual
antennas needs to be calibrated synchronously; otherwise. there will be a fixed error between
the vehicle body heading.

Command: AT+DRTK _USE=1r'\n\$

Response: OK

Note: After saving the configuration command, a power-off and restart is required for it to
take effect. The separation distance between the dual antennas needs to be greater than 50 cm.

7.1.6 Calibrate Dual Antenna

The dual antenna calibration process 1s as follows:
2. Connect serial ports and enter AT+SETNO\r\n to stop all data output;
2. Send the command AT+RTK BIAS EST=I\r'n to start the calibration process;

3. Vehicles travel straight at the speed of no less than 3km/h, and the calibration is
successfully done when the serial port sends the statement RTK BIASE CORRECT DONE:

4. Send the command AT+CONFIG\r\n to view the current configuration, and send the



statement RTK BIAS FLAG AND VALUE=99.XX (°) to confirm the calibration angle.
The installation angle is normally less than 1°; otherwise, reinstallation is a must:

5. Enter AT+SAVE\r'n to save the result and re-power on.

7.1.7 Configure the INS to Output Projection Points of Position
and Velocity

If the INS is configured to output projection points, the configuration command is:
Command: AT+PROJ VECTOR=1.0,2.0,3.0\r\n
Response: PROJ VECTOR._X=1.0. PROJ VECTOR_Y=2.0.PROJ VECTOR._Z=3.0/t/n

Explanation: The INS default output is projection points of the antenna phase center. To
output results from other positions, you need to configure the corresponding lever arm vectors.
The configuration method is the same as 7.1 lever arm configuration.

7.1.8 Configure the Output of Binary - AG Data Stream

If the AG data stream output is configured, neither the 7.2 combined navigation data stream
nor the 7.3 NMEA protocol will be output.

If it is necessary to switch to the output of the 7.2 combined navigation data stream or the 7.3
NMEA protocol, the current data stream output needs to be stopped first by following the
instruction 8.1.11.

Instruction: AT+SETAGS\\n$
Response: OKS$\r'n$

If the output is configured to stop
Instruction: AT+SETNOS'\r\n$
Response: OKS$\r\n $



7.1.9 Configuring the Output binary Integrated Navigation Data
Flow

If the output of the combined navigation data stream is configured, then neither the 7.1 AG
data stream nor the 7.3 NMEA protocol will be output.

If it is necessary to switch to the output of the 7.2 combined navigation data stream or the 7.3
NMEA protocol, the current data stream output needs to be stopped first by following the
instruction 7.1.11.

The configuration instructions are as follows:
Instruction: AT+SETNAV'r'n

Answer: OK'r'n

Stop output if configured

Instruction: AT+SETNO'\r'\n

Answer: OK\r'\n

7.1.10 Configure the output NMEA format data stream

If NEMA statement output is configured, the 7.2 Integrated Navigation data flow is not
output

To switch to 7.2 Integrated Navigation Data Flow Output, it is required to stop the current
data stream output by following the instruction 8.1.11 first.

The configuration instructions are as follows:

GPGGA

Example: Output GPGGA statement AT SHz: AT+GPGGA=5\r\n

Answer: OK'r'n

GPRMC SS-NAV680-AG User manual

Example: Output GPRMC statement AT 1Hz: AT+GPRMC=1\r'n

Answer: OK\r'\n

GPHDT (Heading information)

Example: Output GPHDT statement AT 1Hz frequency: AT+GPHDT= 1\r'\n
Answer: OK'\r'n

GPVTG (Ground Speed information)

Example: Output GPVTG AT 1Hz frequency statement: AT+GPVTG= 1\r\n
Answer: OK\r'n



GPZDA (UTC time and date)

Example: Output GPZDA statement AT 1Hz: AT+GPZDA= 1\r'n

Answer: OK'\r\n

GPATT (Custom message)

Example: Output GPATT statement AT 1Hz frequency: AT+GPATT= 1\r'\n
Answer: OK\r'\n

Stop output if configured

Instruction: AT+SETNO\r\n

Answer: OK\r'\n

7.1.11 Configure the current data stream to stop output

Instruction: AT+SETNO'\r\n
Answer: OK'\r'\n

7.1.12 Configure Data Output Frequency

If the configuration data output frequency is 10Hz, the configuration command is:
Command: AT+OUTRATE=10\r'n

Response: OK\r'n

7.1.13 Configure Baud Rate

Only support the configured baud rate 115200 and 230400, and the default is 115200.
If the IMU serial baud rate is configured to 230400, the configuration command is:
Command: AT+BAUD=230400\r\n

Response: BAUD=230400\r\n

Note: It is essential to power off and restart after configuring and saving commands.

7.1.14 Configure the CAN Baud rate

Only the configuration baud rates of 250K. 500K, and 1M are supported, with the default
baud rate being S00K.

Example: If the CAN baud rate is configured as 500K, the configuration instruction is:
Instruction: AT+CAN_BAUD=500%\r'n$
Response: OK

Note: The configuration instruction takes effect after saving and requires a power-off and
restart.



7.1.15 Configuring CAN Output Frequency

If the CAN data output frequency is configured as 10Hz, the configuration instruction is:
Instruction: AT+CAN_ODR=10

Response: OKS$\r'n$

Remarks: The maximum supported frequency is 100Hz. The modification takes effect
immediately, and it remains effective after saving and powering off and restarting.

7.1.16 Query All Configuration Information

If you query all configured information, the configuration command is:

AT+CONFIG\r'\n

7.1.17 Query Version Number

AT+VERSION\r'n

7.1.18 Configuring Carrier XYZ Velocity

After configuration, the northward, eastward, and downward velocities in the combined data
stream will be switched to the XYZ-axis velocities of the carrier upon the completion of
initialization.

*“1” enables the output of the carrier velocity, while other parameters disable it.
Instruction: AT+NAV_OUTPUT XYZ=15\r'n$

Response: OK

7.1.19 Deduction of Gravity Acceleration from Acceleration
Data

1. Command for removing the gravity acceleration: AT+HDEDUCTIONG=1$\r'\n$

The return of OK after sending indicates successful sending and immediate effect.

It is necessary to send AT+SAVES$\r'n$ to save the configuration: otherwise, it will be invalid
after restart.

2. Command for restoring the gravity acceleration: AT+DEDUCTIONG=08$\r\n$
The return of OK after sending indicates successful sending and immediate effect.

It is necessary to send AT+SAVES$\r\n$ to save the configuration: otherwise, it will be invalid
after restart.

7.1.20 Configure Mounting Rotation Angle

Currently only the following rotation angles are supported

X-axis rotation 180°



Z-axis rotation 90° 180° 270°

The configuration commands are as follows

If the mounting rotation angle is 180° on the X-axis, the configuration command is:
Command: AT+INSTALL ANGLE=180,0,0\r\n

Response: INST ANGLE X=180.000.INST ANGLE Y=0.000.INST ANGLE Z=0.000
If the mounting rotation angle is 180° on the Z-axis, the configuration command is:
Command: AT+INSTALL ANGLE=0.0.180\r'\n

Response: INST ANGLE X=0.000,INST ANGLE Y=0.000,INST ANGLE Z=180.000

7.1.21 Turn on the Slope Mode

For scenarios where there is always a slope of more than 5°, you can turn on the slope mode
for compensation.

The configuration command is:

AT+SLOPE=0.05\r\n Agricultural scenarios with slopes can be configured with this
statement, which defaults to 0.

Then enter AT+SAVE\r'n to save the configuration and the slope mode will work after reboot.

7.1.22 Save Parameters

The above parameters involve lever arm, data stream, output frequency, etc. After the
configuration, you need to enter the SAVE command and restart the software.

Command: AT+SAVE\r\n
Response: OK'\r'n



7.2 Use CAN Interface to Configure Parameters

7.2.1 Query Version Number

Example:

ID = 0x19FFF326

Data = 0x9A 0x07 0XFF 0xFF 0xFF OXFF O0xFF OxFF
Response (version number V1.21.2.2)

ID = 0x19FFF29A

Data = 0x26 0xC7 0x01 0x15 0x02 0x02 O0XFF OXFF

7.2.2 Configure Wheelbase and Lever Arm
Example

ID = 0X0DFFC126

Data = wheelbase 2 bytes + lever arm 2 bytes*3 (unit: cm)
Response

ID = 0X19FFC09A

Data = wheelbase 2 bytes + lever arm 2 bytes*3 (unit: cm)

7.2.3 Configure Dual Antenna Mounting Angle

ID = 0X0DFFC326
Data = angle (int16. unit: deg*100) + OXFF*6

7.2.4 Query Wheelbase, Lever Arm and Dual Antenna Mounting
Angle

ID = 0X0DFFC226

Data =0xFF OxFF OxFF OxFF OxFF OxFF OxFF OxFF
Response

ID = 0X19FFC29A

Data = wheelbase 2 bytes + lever arm 2 bytes*3 (unit: cm)
Mounting angle query command:

ID = 0X0DFFC526

Data =0xFF OXFF 0xFF OxFF OxFF OxFF OxFF OxFF
Response

ID = 0X19FFC29A



Data = angle*100 2 bytes
7.2.5 Configure CAN Interface to Output Update Rate and

Baud Rate

Baud rates: 1M, 500K, 250K (0x01, 0x02, 0x03 respectively)
Update rates: 20Hz, 50Hz, 100Hz (0x14, 0x32. 0x64 respectively).
After the configuration, restart the software.

ID = 0x19FFF326

Data = 0x9A 0x4A Baud Rate Update Rate 0XxFE OxFB 0xF9 OxFF
Response

ID = 0x19FFF59A

Data = OxFF 0x4A Baud Rate Update Rate OXxFF OxFF OxFF OxFF

7.2.6 Query Update Rate and Baud Rate

ID = 0x19FFF426

Data =0xFF OXFF OXFF OXFF OXFF OXFF OXFF OXFF

Response

ID = 0x19FFF49A

Data = 0xFF 0x4A Baud Rate Update Rate 0XFF 0XFF 0XFF OxFF

7.2.7 Save Parameter Instructions

ID = 0XODFFCF26

Data =0xFF OXFF OXFF OxFF OXFF OXFF OxFF OxFF
Response

ID = 0X19FFCF9A



8. Firmware Upgrading

8.1 Firmware Upgrading via the PC Software

8.1.1 RS232

Use FSS IMU s to test the PC software - Select firmware upgrade - Open the firmware - Select
the CAN interface upgrade - Set up the baud rate of the upgraded firmware - Click Auto
Upgrade.

P bt software

Upgrade seftings

Compatiily mode

8.1.2 Firmware Upgrading via the CAN Interface

Use FSS IMU  to test the PC software -
Select firmware upgrade - Open the
firmware - Select the CAN interface
upgrade - Set up the baud rate of the
upgraded firmware - Click Auto Upgrade.




8.2 Serial OTA

The upgrade process is divided into the following steps:
Step 1: Send upgrade command

Send upgrade command to the IMU module. After that, the device will record the upgrade
flag bit in a certain area of FLASH and then perform a soft reboot. The module will enter the
BOOTLOADER.

The PC software sends the upgrade command as follows:

cmd bl[34] ={0x55.0xaa,0xbb.0x88,0x18,0x00,0x00.0x00,0xc8.,0x42.0x00.0x00,
0x48.0x43.0x2¢,0x01,0x00,0x00,0x90.,0x01,0x00,0x00,0xf4,0x01,0x00,0x00,

0x58,0x02,0x00,0x00,0x40,0x97,0x46,0x6a}:

Then the imu module will reboot and enter the bootloader

Step 2: Send the string HC32MCU_FORSENSE

After entering the bootloader, the IMU module will actively send the string

HC32 UPLOADER. During this period, the PC software needs to send the string
HC32MCU FORSENSE. If the module receives this string, it will not jump to APP, but stay
in a pending upgrade state in the bootloader and stop actively sending any messages.

//After sending the upgrade command. send the following string to ensure that the imu
module will not jump to the APP area, but stay in a pending upgrade state

QString str = "HC32MCU _FORSENSE" ;
for(int i=0:1<10;1++)
{
_port_device->write(str.toLatin1()); sleep_ms(50);
}
Step 3: Send synchronization command

When the IMU module stays in a pending upgrade state in the bootloader, it will not send
messages actively, but respond to the commands of the PC software passively. At this time,

from the IMU module. After receiving this command, IMU replies with Send CMD ACK
(0x64.0x10.,0) immediately. Once the PC software determines that it has received this
response, it indicates that the synchronization process is completed.

Synchronization process between the PC software and imu module:

1.The PC software sends the synchronization command with the command code of 0x21,
and then waits for the imu module to respond.

2. After the imu module receives the command code of 0x21, it will send the response data



with the command as follows:
Send CMD ACK(0x64.0x10,0);

3.The PC software determines whether it has received the response data from the imu. If
received, the synchronization process is completed.

Step 4: Send erase command

the IMU module will erase all the content in the APP area and send the final execution result
to the PC software. The PC software will decide whether to send erase command again
according to the result. Once the erase operation is successful, the APP of IMU module
cannot be restored. In addition, the PC software must wait for the response of successful erase
before proceeding to the next step, otherwise it may cause the subsequent upgrade failure.

1.The PC software sends the erase command with the command code of 0x23. and then waits
patiently for imu to reply with the execution result.

2. After imu receives the command code of 0x23, it will erase the APP data and reply the final
execution result to the PC software.

send CMD ACK(0x64.0x10,0); /Indicating that the erase process is successful
send CMD_ ACK(0x64.0x11,0); /Indicating that the erase process fails and needs to
operate again

Note: The PC software must receive a successful erase response before proceeding to the
next step.

Step 5: Send upgrade packets

After a successful erase operation, it will enter the most important part of sending firmware
data by using the function Send Upload Data. The PC software will divide the firmware data
into packets, and each packet has a fixed size of 64 bytes. If the last packet contains fewer
than 64 bytes, it will be sent with the actual number of bytes. Each data frame contains the
valid data length and the offset address of this packet within the entire firmware. Every time
the PC software sends a single data frame. it must wait for the response from the IMU module
and ensure that IMU has successfully obtained this frame before sending the next. After the
IMU module successfully receives the data packet from the PC software, it will send the
response data and write it to the specified Flash address according to the offset address.

If the writing process fails, it will send failure command; otherwise it will send nothing.
Example: send upgrade file uint8 t Upgrade Data[1000] of 1000 bytes to imu module
//Send the 1st packet:
1.1 Send 0~63 bytes to imu module by using the function
Send Upload Data (0x27,0,0,0x40.Upgrade Data);

//The first parameter 0x27 of the above function is a fixed value, the second parameter 0 is
a fixed value, the third parameter 0 is the offset address, the fourth parameter 0x40 is the valid



byte length, and the fifth parameter is the first address of the sent data.

1.2 After imu successfully receives the data, it will send the response data and write it to
the specified flash address according to the offset address

send CMD ACK(0x753D,0x00,0);

//The first parameter of the above function 0x753D is a fixed value, the second parameter
0 is a fixed value, and the third parameter is the offset address.

The imu module will send the failure command if it fails to write data to flash
send CMD ACK(0x64,0x11.0);

//Send the 2nd packet

2.1 After the PC software receives the response data from imu., it will send the 2nd data
packet Send Upload Data (0x27.0.0x40,0x40.Upgrade Data+0x40):

2.2 After the imu successfully receives the 2nd data packet, it will send the response:
send CMD ACK(0x753D,0x00,0x40):

2.3 The imu module will send the failure command if it fails to write data to flash
send CMD ACK(0x64,0x11,0);

//Send the 3rd packet:

3.1 After the PC software receives the response data from imu, 1it will send the 3rd data
packet (0x27.0.0x80.0x40.Upgrade Data+0x80);

3.2 After the imu successfully receives the 3rd data packet. it will send the response:
send CMD ACK(0x753D.0x00,0x80);

3.3 The imu module will send the failure command if it fails to write data to flash
send CMD ACK(0x64,0x11,0);

//Send the 15th packet:

15.1 After the PC software receives the response data from imu, it will send the 15th data
packet Send Upload Data (0x27.0.0x380.0x40.Upgrade Data+0x380);

15.2 After the imu successfully receives the 15th data packet. it will send the response:
send CMD ACK(0x753D.0x00.0x380);

15.3 The imu module will send the failure command if it fails to write data to flash
send CMD ACK(0x64.,0x11,0);

//Send the 16th packet:

15.1 After the PC software receives the response data from imu, it will send the 16th data



packet Send Upload Data (0x27.0.0x3C0.0x28.Upgrade Data+0x3C0):

15.2 After the imu successfully receives the 16th data packet. it will send the response:
send CMD ACK(0x753D,0x00,0x3C0);

15.3 The imu module will send the failure command if it fails to write data to flash
send CMD ACK(0x64,0x11,0);

END
Step 6: Acquire CRC check digits

Generally speaking, the command rule for upgrading firmware is imu614e-
b#CR(C1373387121 firmware, and the CRC string is immediately followed by the calculated
CRC checksum value. After the upgrade file is sent, the PC software needs to send a check
command to determine if the upgrade file received by the IMU module is correct. After the

digits calculated by the IMU module.

If the PC software judges that there is an error in the CRC check digits, it will restart the
upgrade process by resuming the 4th step of sending erase command.

The PC software sends the command to acquire the crc check digits, and waits for the imu
response

The imu module responds by sending the crc checksum value data:
send CMD ACK(0x753C.0x10.crc32_data);
The crc32 data value is calculated by the imu module itself.

Step 7: Send reboot command

After the PC software judges that the CRC check digits are correct, it will send reboot
command, indicating successful upgrading.

After determining that the crc checksum value is correct, send the reboot command:

Once the firmware upgrading is completed, you can determine whether the upgrading process
is successful by reading the version number after power cycling.

Function definitions:

1. The definition of Send CMD LONG is as follows:



MD_ LONG




3. The definition of Send Upload Data is as follows:




( UPLOAD_DATA)

a.param[i]

data .offset=o0ffset;




9. ROS Driver

ROS driver download address:
https://data.forsense-imu.com/page/download.html
HEIE: BHE > TE

BEE NAVEB0-AG

Product User Manual

FSS- NAV680-AG_Datasheet =G Download

9.1 Install ROS Serial

Install the ROS serial package. This example program relies on the serial package provided
by ROS to achieve serial communication.

First, execute the following command to download and install the serial package:

sudo apt-get install ros -melodic-serial

Second, enter the roscd serial command to find the serial download location. If the installation
is successful, the following message will appear:

/opt/ros/melodic/share/serial

9.2 Compile Code

cd FS982 ros/
catkin make

t target forsense_ins_generate_messages_nodejs

Built target forsense_ins_generate_messages lisp

orsense _1Lns generate mes:

forsense ins generate mes

orsense ins generate mes

»nse_ins_generate _messages

Compilation completed.



9.3 Connect IMU to Linux System via USB

Check if it is connected:

lsusb

312 Linux Fe
31 Future

Yifimal 41C .
VMware, Ind
VMware
Linux

Check the USB port number:
Is /dev/ttyU*

v fttyu*

Configure and enable USB to serial port permissions:

sudo chmod 777 /dev/ttyUSBO

9.4 Check Data

Execute roscore to start ROS

Go back to the serial imu_ws folder and run
source devel/setup.bash

Start rosrun

rosrun forsense ins forsense ins

Open a new window
source devel/setup.bash
rostopic list

" € i

S rostopic list

Enter a command to check IMU data

rostopic echo /FS982Data z



10. Used with G200

1. G200 installation requirements:

A. G200 must be mounted on the front axle of the front wheel (a horizontally rigid position
that can rotate with the front wheel):

B. G200 port is installed toward the rear of the car.
2. The CAN interface of G200 is connected to CAN A of the hub, and the power supply is 5V.
Fig. 10 Wiring Diagram

»

3. Measure the wheelbase of vehicles. Take the 2m wheelbase as an example. The serial port
of the host computer connects to the serial port assistant, sends AT+WHEEL BASE=2,
receives the response WHEEL BASE=2, and then enters AT+SAVE. If it receives the
response OK, the device needs to be re-powered on.

4. Connect the device to FS982-AG decoding PC software V3.3.4. Enter the home page of the
PC software, select the serial port number and baud rate (default 115200), and then click
'Connect’. The device information on the left side indicates a successful connection. Click
"Mode Activation' in the lower-left corner, and reach correct access to G200. The valid bit for
the front wheel gyroscope will be displayed as green: otherwise, it will be red. Once the
vehicle initialization is successful, the valid bit for the front wheel angle will be displayed as
green; otherwise, it will be red. The front wheel angle data will be output in real time when
the vehicle is travelling.

Fig. 11 Correct Access to G200

Accelevometer X-axis: 0.089 Gyroscope K-axis: -0.026 Roll angle: 0.00 Seconds in GPS week: 0.00 Front wheel angle: 0.00

Accelerometer Y-axis: -0.050 Gyroscope V-axis: 0.678 Fitch angle: 0.00 RATE positioning status: 0.00 Reserved2:33 |

kcelerometer Z-axis: -0.995 Gyroscope Z-axis: -0.005 Yaw angle: 0.00 Attitude valid bit: 0.00




11. Accessories

Standard Accessories:

'"FORSENSE

MNAVESD-AG

FSS-NAV680-AG
RS232 Serial Cable

Primary Antenna Secondary Antenna

(Positioning Antenna) (Directional Antenna)

Primary Antenna Connector
Secondary Antenna Connector

Optional Accessories:



RS232 Serial Cable XT60

FSS-G200



11. List of Frequent Questions

Problem

The upper computer cannot connect

The positioning status is always 1

The directional state of the double
antenna has not reached 50

When the active antenna is connected,
the signal is normal.

No signal when connected to a passive
antenna

When the antenna is connected to an
active power splitter, the signal is
normal. When the device supplies
power to the antenna, there is no

signal

Failure to initialize

Answers

Please check whether the serial port is occupied
and whether the product is powered on normally.
If the host computer is disconnected during the
connection process, the serial port may be loose.
Plug and remove the serial cable and turn on the
host computer again.

Confirm that the differential data is connected
normally. check whether the baud rate,
differential account, mount point and other
information is correct

Check for the following factors:

1. If the directional status is always 0, check
whether the secondary antenna is connected and
whether the antenna feeder is damaged.

2. If the directional status is not 0 but does not
reach 50, please confirm whether the test
environment is open and whether the distance
between the two antennas is more than SOCM.

The feed line of the passive antenna cannot
exceed 1.5M.

Check whether there is a short circuit in the
antenna feeder or whether the antenna is inserted
or removed during power-on. The antenna power
supply circuit is abnormal due to static
electricity. A fuse has been designed in the
current circuit design and can be restored after
power-on.

The following conditions must be met for
nitialization,

Single antenna: positioning state fixed solution +
driving speed above 0.5m/s + linear driving with
acceleration and deceleration

Dual antenna: positioning state fixed solution +



Packet loss over serial port

How to determine whether the G200
physical connection is correct

With G200 connected, the front gyro
significant bit is not valid

When G200 is connected, the effective
bit of the front wheel gyro is valid,
and the front wheel Angle is abnormal

CAN configuration rod arm, double
antenna Angle and other information
configuration results are inconsistent
with the configuration

Can the nmea protocol be output
synchronously with the binary
protocol?

When the G200 is connected, the front
wheel Angle is asymmetrical

Why is there still a satellite number
when the antenna is unplugged?

directional state 50

Check the following factors: 1. The serial cable
supports at least 115.200 baud
2. The serial port delay must be set to 2ms

By parsing the number of status bits, see if bit5 is
valid

Use the CAN analyzer to check whether the
CAN baud rate of G200 is consistent with the
CAN Baud rate of AG. If not, please modify it to
be consistent. For specific modification
instructions, refer to the parameter configuration
page of the G200 and AG manual

Please check the following factors: 1. The
premise that the front wheel Angle output is
correct is that the AG device can output the
correct front wheel Angle after completing the
initialization

2. Wheelbase is configured. If the wheelbase is
not configured, the front wheel Angle will be
invalid

Check whether the CAN is configured in the
following ways:

Small-endian mode, low bytes first, unit is CM.,
negative numbers need to be complemented

No, only one of these protocols can be output
simultaneously

Check for the following factors:

1. Whether the G200 is installed horizontally

2. If it is only powered on in the static state, it
needs to be powered on at 0 degrees, or it can be
corrected by manually driving straight for a
section

UMB982 signal tracking ability is strong, if there
is a signal source around, unplugging the antenna
will continue to track for a period of time



The use of a metal pot cover to block
the antenna simulates the loss of lock,
and the state is still fixed

The ROS drive can't read the data

Large heading error

The attitude error with the reference
datum exceeds the standard

How to complement the CAN
command when configuring the small
end

through the coupling mode, the actual satellite
lock-out scenario antenna is still connected,
external signals can not enter, does not affect the
use

Error test method:

The metal pot lid can only block the signal
directly above, and the side signal is reflected
through the roof to the bottom of the pot lid and
then reflected to the antenna, which will cause
false fixation

The default power-on output combination data
stream is not configured for the device.
Configuring the default power-on output
combination data stream can solve the problem

Several reasons may exist:

1. The rod arm, the wheelbase is misconfigured,
the unit is magnified 10x,

2. Confirm whether it is rigid and fixed

3. Whether it is away from strong vibration
sources

Confirm whether the installation error is
deducted during statistics (generally. the average
error between the benchmark and the installation
eITor)

The complement is performed on negative
numbers, -20, X-65536=-20 X=65516 The
hexadecimal corresponding to 65516 is FFEC,
the hexadecimal corresponding to 65535 is
FFFF. because it is calculated from 0, the
maximum is 65536, the current result minus the
maximum is the complement value
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