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measurement module

FSS—AHRS40X—X Product manual

Features

Tactical grade IMU

® 7. 5%h gyroscope zero bias
instability

® 75ug accelerometer zero bias

instability

Anti—interference dynamic tilt
algorithm
® Resolution 0.01 degrees

® |Low dynamic accuracy <0. 4% @rms

I ndependent turntable calibration
® |ndependent cal ibration of each
module: sensitivity, zero bias,

non—orthogonal error

High strength condition tolerance

® Strong impact tolerance: 2000g
(0.5ms, half sine. 3 axis)

® Strong vibration tolerance: 10g
(10"2KHz, 3 axis)

® Full temperature environment stable
operation: —40°C ~ 85°C

® 100% magnetic shielding

Real-time and flexible digital

interface, small size

® Configurable output sampling rate
up to 1KHz

® (CAN interface support

® Support RS-485 interface

® Support TTL interface

® RS5-232 interface is supported

Product Overview

AHRS40X is a dynamic inclination
measurement sensor launched by Yuanji
Technology based on industrial MU
platform for construction machinery.
intelligent robots and other fTields.
All modules are equipped with
ultra—wide temperature range of fine
warming and independent calibration
before delivery to ensure the

cons istency and stability of the

modu le. Built—in attitude fusion
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algorithm based on extended Kalman

filter can effectively suppress the

influence of dynamic interference on

attitude accuracy and ensure the

stability of attitude accuracy.

Application Areas

® Automatic driving of agricultural
machinery

® Engineering Car

® Underwater robot

® Static and dynamic inclination
monitoring, wibration monitoring

On the basis of standard performance

and output parameters, Yuanji also

provides customized software and

LOGD customization services for your

special needs, to help vou in the

product !
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AHRS40X—-X product performance

FSS—AHRS40X-X /= && it

Performance parameters

indicators are shown in Table 1 below:

Table 1 Performance indicators

Sensor Performance

Angle measuring range Pitch Angle: £80° Roll Angle: £180°
Angle repeatability =0.03¢°
Angular velocity measurement =450%s
range =2000%s 2
Resolution 0.01¢
Dynamic accuracy 1 04¢°
Acceleration measurement +6q
range
Update rate U1

Electrical characteristics

oltage input

5V J 932V 3

Fower Consumption

02036 W

Interface CAN/RS485/RS5-232/TTL
Physical Characteristics (AHR 5400-X)
Connector type GX12-4 core (male head)
FProduct size 55 *376 ™ 24 mm

Waterproof rating

PGS

Cable length

40cmiself-contained ) + S0cmi{external)

Physical characteristics (AHRS40X-A)

Connector type

M12 Aviation Connector & pin (male/female)

Product size

AHRS 401 : 47"85"24mm
AHRS 402:47"96.5"24mm

Waterproof rating

PGS

Cable length 40cmiself-contained) + S0cmiexternal)
Ambient temperature
Operating temperature -40 ~85 °C
Storage temperature -40 ~85 °C

1 For vehicle-mounted low dynamic scenarios, the RMS error value after deducting

the installation deviation Angle

2 Require special firmware support

3 5V is a separate voltage version

I3
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2 Model description

Table 1 Mode!l definitions

AHRS40X-A

\
| |

AHRS40X: IMUB14E-B  AHRS401: EfsL .
AHRS402: TRfZL C: TTLIRA
' D: RS-232hR4~
name Version type Meaning Maximum update
rate supported
AHRS400 A CAN version 200hz
B R5-485 version 400hz
C TTL version 1000hz
D R5-232 version 400hz
AHRS401 A Single connector 200hz
CAN version
AHRS402 A Double connector 200hz
CAN version




@ FORSENSE FSS-AHRS40X-X /= & F-ff
(] 15§ =Ry

3 Form structure

Figure 1 AHRS400-X outline structure
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Figure 2 AHRSA0X-A outline structure
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4, Electrical
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characteristics

4.1 Maximum tolerance value

Table 2 Maximum absolute rating

Parameters symbal Range Urnits
Supply voltage VCC 9 te 32 v
Power source GND - -
Operating Tot -40 to 85 "C
Temperature (Tot)
Storage Tstg =40 to 8BS “°C
temperature
4.2 Working Conditions
Table 3 Working conditions
Parameter Symbols Minimum Typical Mz i mum Units
value vl ue value
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Supply voltage '[EH .9 12 32 'l
YCO maximum ripple Vrpp 0 40 my
AHRSA00-A power p 0. 36 W
consumot ion
AHRS400-B power P 0.3 W
consumot {on
AHRSA00-C power p 0.2 W
consumot ion
AHRS400-D power P 0. 24 W
consumot {on
AHRS4A01-A power p 0. 36 W
consumot ion
AHRS402-A power P 0. 36 W
consumot {on
Operating Tot =40 85 “C
Temperature (Tot)
Storage temperature Tstg =4 85 °C
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4.3 Interface Definition
Table 4 AHRS4A00-A interface definition

PIN Colors Definition Description
1 red WIN =32V DC input
2 black GND Ground (GND)
3 green CAN_H

CAN_BUS

4 white CAN_L

Mote: GAN communication bauwd rate 15 S500KHz, built—in matching resistance 120 ohms

Table 5 AHRS400-B interface definition

PIN Colors Definition Deseription
1 red VIN 9-32V DC input
2 black GND Ground (GND}
3 green DATA A RS, 485
4 white DATA B

Mote: Built—in matching resistance 120 OHms:
Table & AHRS400-C interface definition

PIN Colors Definition Deseription
1 red YIN 0=-32V DC input
2 black GND Ground (GND)
3 green RxD LYTTL
4 white TXD

Table 7 AHRS400-D interface definitions

PIN Colors Definition Description
1 red WIN =32V DC input
2 black GND electrical ly
3 green RXD R5232
4 white TXD

Table B AHRS40X-A interface definitions

PIN Colors Definition Description
1 Shield PE Protected area
2 red VIN =32V DG input
3 black GND Power ground
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4 green CAN_H CAN_BUS

5 white CAN_L

Mote: CGAN communication bauwd rate of S00KHz, built—in matching resistance of 120 Ohms

10
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5 Upgrade the function

5.1 GAN version firmware upgrade

Connect the computer using the attachment USE to CAN module. Open the Forsense
IMJ to test the Upper computer software — select the corresponding serial port
number — select firmware upgrade — Open the firmware — select CAN inter face

upgrade — set the upgraded firmware baud rate — click Automatic upgrade.

Figure 2 Upgrade interface of Upper computer software of CAN version
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5.2 Firmware upgrade of RS—485/RS—232/TTL version

Test the Upper computer software using the Forsense IMJ) — select Firmware

upgrade — Open Tirmware — click Automatic Upgrade.

Figure 3 Upgrade interface of the Upper computer software of the
RS—485/R5-232/TTL version
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6. User parameters function

Use the primitive IMJ to test the upper computer, the user can configure the
update rate and filter equivalent;

Figure 4 User parameter configuration interface

L
W Pk
CLET S
NEREE =
Nk, 1545 Wik
g
R L
HERN RN
EmE (He
ch L] ERRES W
Retal e

Bl %0 b

/. Communication protocol

7.1 CAN communication protocol

Example of CAN host read driver based on STM32:

1z
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https://data. forsense— imu. com/page/down | oad. html

7.1.1 Communication parameters

Interface form: CAN. standard frame

CAN rate: 250Kbps 1Mbps {configurable)

7.1.2 Standard frame format

Table 8 CAMN Standard Frame Format 101

Standard 1 2 3 4 5 6 7 8
Frame ID
0xB5+ node ROLL FITCH
Table 9 CAN standard frame format 102
Standard 1 2 3 4 5 3] 7 8
Framel|D
Ox66+ node AW Gx
Table 10 CAN Standard Frame Format 103
Standard 1 2 3 4 5 3] 7 8
Framel|D
Ox67+ Gy Gz
Mode
Table 11 CAN Standard Frame Format 104
Standard 1 2 ] 4 5 3] 7 8
Frame D
0x68+ node Ax Ay
Table 12 CAN Standard Frame Format 105
Standard 1 2 3 4 5 6 7 8
frame 1D
0xB69+ node Az TEMP INDEX

Mote 1: Attitude Angle, gyro, accelerometer data is expressed as float, temperature,
meter value data is expressed as int16

Mote 2: The unit of TEMP is 100* @ C, the unit of gyroscope output is /s, the unit of
accelerometer output is g, and the unit of attitude output is degree

7.1.3 CAN Parameter Configuration
7.1.3.1 Configuring the CAN Baud Rate

1z
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Configure the CAN baud rate and send instructions:

ID=0x619, DATA=0x20 0x21 0x22 0x23 0xXX 0x00 0x00 0x00

The IMU replies as follows:

ID=0x519, DATA=0xXX 0xFF 0xFF 0xFF OxFF OxFF OxFF OxFF Oxff
To query the CAN baud rate, send instructions:

ID=0x619, DATA=0x20 0x21 0x22 0x23 0x0A 0x00 0x00 0x00 0x00
The IMU replies as follows:

ID=0x519, DATA= 0xXX 0x04 0xFF 0xFF OxFF 0xFF OxFF OxFF Oxff
Where:

XX=01 baud rate is 250Kbps

XX=02 baud rate is 500Kbps

XX=03baud rate is 1000Kbps

7.1.3.2 Configuring the Node ID

The default node is 100, set the node ID to 0X0102, and configure the
instructions:

ID=0x61A, DATA=0x30 0x31 0x32 0x33 0x01 0x02 0x00 0x00

The IMU replies as follows:

ID=0x51A, DATA=0x01 0x02 OxFF 0xFF 0xFF 0xFF 0xFF OxFF Oxff

7.1.3.3 Querying the version number
Send instructions:
ID=0x618, DATA=0x10 0x11 0x12 0x13 0x00 0x00 0x00 0x00 0x00

The IMU replies as follows:
ID=0x518, DATA=0x00 0x03 0x12 0x0E OxFF OxFF OxFF OxFF Oxff

The version numberis :0X0003120E, that is, firmware version number: 201230
7.1.3.4 Checking Terminal Resistance Settings
Remove the terminal resistor and send configuration instructions:
ID=0x618B, DATA=0x10 0x11 0x12 0x13 0x01 0xFF OxFF 0xFF

The IMU replies as follows:

ID=0x51B, DATA=0x01 OxFF OxFF OxFF 0xFF OxFF 0xFF OxFF Oxff
Add terminal resistors and send configuration instructions:
ID=0x618B, DATA=0x10 0x11 0x12 0x13 0x02 0xFF OxFF 0xFF

The IMU replies as follows:

ID=0x51B, DATA=0x02 OxFF OxFF OxFF 0xFF OxFF 0xFF OxFF Oxff
7.1.3.5 Setting the output frequency

Set the ocutput frequency and send instructions:

ID=0x61C, DATA=0x10 0x11 0x12 0x13 02X OxFF 0xFF OxFF

The IMU replies as follows:

ID=0x51C, DATA=0xXX OxFF 0xFF OxFF OxFF OxFF OxFF OxFF Oxff
Query the output frequency and send instructions:

14
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ID=0x61C, DATA=0x10 0x11 0x12 0x13 0x0A OxFF OxFF OxFF
The IMU responds as follows:

ID=0x51C, DATA=0xXX 0x0A OxFF OxFF OxFF OxFF 0xFF OxFF Oxff
Where:

XX=01 The output frequency is 1HZ

XX=02 The output frequency is 10HZ

XX=03 The output frequency is 50HZ

XX=04 The output frequency is 100HZ

XX=05 The output frequency is 200HZ

7.1.3.6 Check/set roll pitch inversion

To set the roll pitch reversal:

ID=0X61D,DATA=0X10 0X11 0X12 0X13 >000C 0XFF 0XFF OXFF
IMU answer instruction:

ID=0X51D,DATA=XXXX 0XFF OXFF 0XFF 0XFF OXFF 0XFF OXFF
Query roll pitch to take inverse state:

ID=0X61D DATA=0X10 0X11 0Xx12 0X13 0X0A 0XFF 0XFF OXFF
IMU answer instruction:

ID=0X51D,DATA=XCCCC 0X0A OXFF OXFF OXFF OXFF 0XFF OXFF
Where:

XXX =0X00 Roll pitch is not inverted

200 =0X01 Roll backwards and pitch is not reversed
XOOO=0x10 Roll is not reversed, pitch is reversed

XXX =0x11 Roll and pitch are inverted

7.1.3.7 Check/set the filter cutoff frequency

To set the filter cutoff frequency:

ID=0X61E DATA=0X20 0X21 0Xx22 0X23 >0 0XFF 0XFF OXFF
IMU answer instruction:

ID=0X51E DATA=X2COC OXFF OXFF OXFF OXFF OXFF 0XFF OXFF
Query the filter cutoff frequency:

ID=0X61E DATA=0X20 0X21 0X22 0X0A OXFF OXFF OXFF OXFF
IMU answer instruction:

ID=0X51E ,DATA=X2C0C 0X0A OXFF OXFF OXFF 0XFF OXFF OXFF
Where:

KX =0x44 Cut-off frequency 10HZ

XXX =0X66 Cut-off requency 20HZ

KOOO=0XAA Cut-off frequency 40HZ

XXX =0XBB Cutoff frequency 47HZ

7.1.3.8 Check/set the coordinate system

To set the coordinate system:

ID=61FDATA=0X30 0X31 0X32 0X33 X000 0XFF 0XFF 0XFF
The IMU replies as follows:

15



@ FORSENSE FSS—AHRS40X-X = & FE M

ID=0x51F,DATA= XOCCK OxFF OxFF OxFF OxFF OxFF OxFF OxFF

To query the coordinate system:

ID=0x61F, DATA=0x30 0x31 0x32 0x0A OxFF OxFF OxFF OxFF

The IMU replies as follows:

ID=0x51F, DATA=XOCOC 0x0A 0xFF OxFF OxFF OxFF OxFF OxFF Oxff
Where:

KXXX=0X65 Default orientation

Refer to section 7.2.9 of the manual for specific orientation Settings

7.1.3.9 Turn off/Subtract attitude Angle

Set off/deduct attitude Angle or deduct attitude Angle:

ID=0x620, DATA=0x10 0x11 0x12 0x13 XOOCK OxFF OxFF OxFF

The IMU replies as follows:

ID=0x520, DATA=X2C0K OxFF OxFF OxFF OxFF OxFF OxFF OxFF Oxff Oxff
To check whether the attitude Angle Settings are deducted:
ID=0x620, DATA=0x10 0x11 0x12 0x0A OxFF OxFF OxFF OxFF Oxff

The IMU replies as follows:

ID=0x520, DATA=X2CO0C 0x04A 0xFF 0xFF OxFF OxFF OxFF OxFF Oxff
Where:

2O00A=0X01 minus attitude Angle

FOOA=0X00 Mo attitude Angle is deducted

7.1.3.10 Saving Commands

Send instructions:

ID=0x6FF, DATA=0x10 0x11 0x12 0x13 0xFF 0xFF 0xFF OxFF

The IMU responds as follows:

ID=0x5FF, DATA=0xFF 0xFF OxFF OxFF OxFF OxFF OxFF OxFF Oxff Oxff
The storage takes time. The packets are returned after the storage is successful. After
the storage is successful, the restart takes effect

7.2 Serial Port Communication Protocol

Examples of serial port protocols based on QT, ROS, and STM32:

https:// data.forsense-imu.com/page/download. html

The serial port communication supports two modes: Stream Mode and Command
Mode. The IMU enters the corresponding mode according to the mode value
configured by parameters after the initialization is complete.

Stream mode: Periodically output AHRS data at a fixed frequency.

Command mode: In this mode, the periodic output is stopped, and the user
communicates with the IMU by sending commands. The sensor data, status,

parameters, etc. can be obtained through the GET command, and the parameters of

16



FORSENSE
FRARRS =

the IMU can also be configured.
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7.2.1 Parameters of serial port interface

Table 13 Serial port parameters

Transmission rate range

115200bps to 1.5Mbps

Default transfer rate 115200bps
Start bit 1 bit
Data bits 8 bits
Stop bits 1 bit
Parity check There is no

7.2.2 Packet Format

The packet structure of IMU output and user input Is composed as follows:

Table 14 IMU output and user input data structures

Offsets | Data type Name Description
0 uints Frame header 1 The IMU output Frame header:
OxAA 0x55
1 uint8 Frame header 2 The user enters Frame header:
0x55, OxAA
2 D low The Inwer_ byt_e of the serial
. communication frame 1D
uint16 Th byte of th ial
: e upper byte of the seria
3 ID high byte communication frame 1D
The lowest byte of the serial
communication frame length, length
4 Data length low is the number of bytes occupied by
, the payload, that is, n
uint16 .
The upper byte of the serial
. communication frame length is the
> High data length number of bytes carried by the
payload, that is, n
] uint8 Payload (n bytes) Data load
B+n CRC_CEHCK (32-bit
data low byte)
741 CRC_CEHCK (low
_ byte in 32-bit data)
Uint32 - CRC check
8+n CRC_CEHCK (high
byte in 32-bit data)
9+n RC_CEHCK (32-bit
data high byte)

Mote 1: Data is transmitted in small-endian format, with low bytes first and high bytes

17
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last
Mote 2: The initial value of crc32 is 1. CRC calculation does not include all the data of

this frame itself. See the end of the document for table lookup calculation

7.2.3 Common AT commands

7.2.3.1 Stop the current data stream output

Instruction: AT+SETMNOWN

Answer: OK\rin

You can stop the current data stream (do not change the data stream parameters),
output OK indicates that you can proceed to the next operation.

Ifthere is no response, you can continue to send AT\NRAT+SETHNOY N command until
the output is OK.

Restore data stream output:

Instruction: AT+SETNOW\n

Answer: OK\rin

7.2.3.2 Query version number
Instruction: AT+VERSION\NN
Answer: SW_VERSION Firmware version
HW VERSION Hardware version
BOARD_VERSION Backboard version
OK

7.2.3.3 Querying User Parameters

Instruction: AT+CONFIG\rin
Answer: BAUD REATE Baud rate of the current serial port
ORIEMNT current coordinate system
IMU_ODR Qutput frequency of the current IMU
STREAM_MODE1 Stream mode of serial port 1
STREAM_MODEZ Stream mode of serial port 2
STREAM_MODE3 Stream mode of serial port 3
LP_CONFIG_REG Filtering ofthe current IMU

OK

7.2.3.4 Setting and Querying the ODR

Example: Set the output frequency ODR to 50hz
Instruction: AT+5SET_ODR=50
Response: IMU_ODR:50
OK
query the ODR instruction of the IMU
cAT+GET_ODR
Answer: IMU_ODR:
OK
7.2.3.5 Setting and querying the coordinate system
Example: Set the IMU coordinate system fo top right front
Instruction: AT+SET_ORIENT=101%'n
Answer: orientation: 101
OK
Query the IMU current coordinate system
Instruction: AT+GET_ORIENT N
Answer: orientation:
OK

18
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7.2.3.6 Check/set roll pitch inversion

AT+5ET_ATT _ORIENTATION=00'\n Roll pitch does not invert
AT+S5ET _ATT _ORIENTATION=01'r\n roll reverse, not reverse pitch
AT+5ET _ATT _ORIENTATION=10%\n roll is not reversed, pitch is reversed
AT+SET _ATT _ORIENTATION=11'"\n roll and pitch are reversed

7.2.3.7 Set and query the baud rate
Example: Set the baud rate of the IMU to 115200
Instruction: AT+SET_BAUD=115200'r\n

Answer. OK
Query the current baud rate of IMU
Instruction: AT+GET_BAUDr\n
Answer: BAUD RATE:

OK

7.2.3.8 Setting and querying filters
Example: Set the filter of the IMU to 20hz
Instruction: AT+SET_LPF=102\r\n
Answer: LP_CONFIG_REG:102
OK
Query the IMU current filter
Instruction: AT+GET _LPF\rin
Answer: LP_CONFIG_REG:

OK
Table 15 Low-pass filtering values and AT instruction corresponding values
Serial Number IMU low-pass filter value | The value corresponding
to the AT instruction

1 1 17

2 2 34

3 5 51

4 10 68

4 15 85

5 20 102

6 25 119

7 30 136

8 35 153

9 40 170

10 47(no filtering) 187

7.2.3.9 Save parameters
Instruction: AT+SAVE'rn
Answer: OK
7.2.4 Data Stream Frame -- AHRS data
Table 16 Serial AHRS data format

Frame Frame D length payload Frame
Headers | Headers tail

19
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Data type uints uint8 uint16 uint16 AT uint32

Coding OxAA/ 0x55 0x0002 0x002C cre3d2

Mote 1: Maximum output update rate is not greater than 200Hz@115200bps
Table 17 Serial port A1 load data format

offset MName Data type Units Description
0 timer uint32 Mus Time scale
4 pitch float . Fitch Angle
8 roll float . Roll Angle
12 yaw float . Heading
Angle
16 ax float g X-axis
acceleration
20 ay float g Y-axis
acceleration
24 az float q Z-axis
acceleration
28 gx float ols X axis Angular
velocity
32 qy float °ls Y-axis Angular
velocity
36 gz float °ls £ axis Angular
velocity
40 temp float 5C IMU chip
temperature

Example: Get AHRS data stream:
AAS502 00 2C 006D 89 16 05 8F C2 65 40 14 AE 07 BF5C OF B2 43 25 06 81 3D
BC74133C60ES580BFECH1 38 BD 0ADTAIBBCDCC CCBCD7A3EE 410C
BF 84 80
The analysis is as follows:

Table 18 Serial port A1 gets AHRS data stream

Descrption Criginal Analytic Description Raw Value Analytic
value value value
D 0200 02 Y-axis BC74133C 0.009 g
acceleration
Length 2C00 44 Z-axis G60ES80BF 1.007 g
acceleration
Time scale | 60891605 85363053 X axis EC5138BD 0045°/s
Angular
velocity
Pitch angle | 8FC26540 350 ¢° Y-axis 0ADTA3BB 0005°/s
Angular
velocity
Roll angle | 14AEQ07BF 053¢ Z axis CDCCCCBC | 0025°/s
Angular
velocity
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Yaw angle | 5COFB243 356.12 ¢© imu chip D7A3EE41 2983 °C
temperature

X-axis 2506813D 0.063 g crc32 Check | 0CBF8480 | 2156183308

acceleratio
n

7.2.5 Command Mode GET Output -- System status

Table 19 COM system status data format

Frame Frame D length payload Frame

header header trailer

Data type uint8 uints uint16 uint16 51 uint32
Coding Doty Ox55 0x00FF M cred?

Mote 1: Depending on the IMU model, the length of this frame will vary, all represent

the length of 51, need to be confirmed according to the imu model.
Table 20 Load data format of COM 51

offset Name Data type Description
0 Software_ver uint32 Software version
number
4 Hardware wver uint32 Hardware version
number
8 rev uint16 Reserved bytes
10 snl uint32 First SN number
14 sn1 uint32 Second SN
18 sn2 uint32 Third SM
22 Board_version uint32 Baseboard version
number
26 Rev{16] Uint8 All that follows is
reserved bytes

Mote 1: Reserved bytes vary based on the imu model. The IMUG14E is 16 bytes.

For example, obtain the IMU status
Enter data: 55 AA 01 00 18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0000 C000O0OOO00O0OOO0OOOOO0OOO0OODOO0D0O0O0DO0O0OBD DB 3134

Response data: AASS FF 00 2A 00 1F 39 03 00 65 6F 01 00 50 83 30 33 355534 50
15 FF8F BFFFFF 5083 FF1F 290000 00 00 EO OO O7 1017 08 50 DO 37 10 3B 7TA

Cc30002
According to the response data, the software version number 211231(1F 39 03 00)

and the hardware version number 94053(65 6F 01 00) are parsed.
7.2.6 Command Mode GET output -- Read the Parameter
Table 21 COM Parameter Input data format

Frame Frame
header header ID length payload

Frame
tail
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AR =
Data type uints uint8 uint16 uint16 P/ uint32
Coding 0x55 OxAA/ 0x0006 0x0018 cre32
Table 22 COM Parameter output data format

Frame Frame Frame

header Headers ID length payload tail
Data type uinta uint8 uint16 uint16 B1 uint32
Coding OxAA 0x55 0x7530 0x0018 crc32

Mote 1: The IMU turns the data stream off when reading a parameter
Table 23 Serial port P1 load data format

offset Mame Data type Description
Parameters obtained (input
0 Param! float data can be ignored)
4 Faram?2 float Keep, default to 0
Parama3 uint32 Set the parameter index
12 Paramd Lint32 Feserved, the;efault value is
16 Farams Int32 Keep, default is 0
20 FaramG Int32 Keep, default is 0
Table 24 Index table of COM P1 load parameters
Faram3 Faram Units
3 The COM outputs the baud rate. The
following baud rates are supported bps

115200,230400,460800,921600,1500000

Coordinate system orientation (see Table 30

4 Coordinate System Orientation
correspondence table)
g X-axis gyro zero bias calibration results, y
GYRO_X_OFF s
g Y-axis gyro zero bias calibration results, ofs
GYRO_Y_OFF '
10 Z-axis gyro zero bias calibration results, ofs
GYRO_Z _OFF '
21 AHRS output frequency, default 100Hz Hz
21 Internal filter configuration, defines the same

SPI FILTER_CTRL table

Example: Get AHRS output frequency

Input data: 55 AA 06 00 18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 15 00 00 00 00 00 00 00 00 00 00 00 00 00 0000 000000 00 00 00 00 00 0O 00
00 00 00 00 00 00 66 CB 46 AC

Response data: AA 55 30 7518 00 00 00 00 48 42 00 00 00 00 00 00 00 00 1500 00
00 00 00 00 00 00 00 00 00 00 00 00 0O 0000 0000 000000 0000 000000 Q00O
00 00 00 00 00 00 00 00 00 00 00 00 00 0000 0000 000000 0000 000000 0000
00 00 31 2F A2 0A

According to the response data, the analysis results in an output frequency of 50hz

]
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(00 00 48 42).

7.2.7 Command Mode SET command
Table 25 COM Input command format

Frame Frame D length payload | Frame tail
header header
Data type uints uints uint16 uint16 R1 uint32
Coding Ox55 OAL, CMD 0x0018 crca2

Mote 1: For details about the relationship between CMD and R1, see the R1 load
Farameter index table

Table 26 COM R1 load data format

offset MName Data type Description
0 Param1 float Set Parameter
4 Faram2 float Keep, defaultto 0
8 FaramJ3 uint32 Set the Parameter
index
12 Faram4 uint32 Reserved, the
default value is 0
Table 27 Index of Parameter ofthe COM R1 load
CMD | Param1 | Param3 Description
1 0 0 Trigger to get system status data once
2 0 0 Trigger to obtain AHRS data once
< mode > Set the output mode:
3 <mode= 0 Mode=1, data stream output AHRS
Mode=100 disables data stream mode and enters COMMAD mode
5 0 0 Save the current Parameter to FLASH
Read Parameter, value is the index ofthe Parameter to be read,
that is, P1.index, see the COM response output - Parameter read
For example, if you want to read AHR'S output frequency (ODR),
set value=21
6 0 <value> Forexample, to read the baud rate ofthe COM, set the value to 3
Forexample, if you want toread the intemal filter, set value=31
Forexample, ifyou want to read the coordinate system orientation,
set value=4
9 0 0 Perform a software restart
To set the baud rate ofthe output ofthe COM, the valid value in bps
value is:
115200,230400,460800,921600,1500000
3 If value is other values, the default value is 115200bps
14 <value> The baud rate Parameter takes effect only after the system
restarts.
Procedure for setting the power-off: Set the baud rate, save
Parameter to the flash, and reset the software
21 Set the periodic AHRS data output frequency, common values in
Hz value are:
14| <value= 1.10,50,100
For other output frequencies, contact Forsense technology
Internal filter configuration, defined as 5P| Accelerometer and
14 <value> 31 gyroscope filter configuration, default 0xBB, that is, 47Hz
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14 <value=

Setthe orientation ofthe IMU coordinate system. The value ranges
from 101 to 124, See Table 30 for the corresponding relation ofthe
orentation ofthe coordinate system

Mote 1: Please note that all values in this table are in decimal

Mote 2: Corresponding commands can be generated and sent using the Upper
computer software command generator function. For the usage method, see the
Upper computer software Usage section of this manual

For example, to enable AHRS output:

Enter 3 in CMD ID and 1 in Parameter 1. The generated hexadecimal array can be
filled into the COM assistant or program array and sent to the IMU.

S TNE

55,aa,03,00,18.00.00.00,80, 3f,00,00,00.0:0.00.00.00,00,00,00,00,00.00,00,00,00,00,00.00,00.52 d8 Be a8

TS | Eildxd

7.2.8 Command Mode Output -- User Command Response
Table 28 Setting Parameter COM response data format

Frame | Frame D length ACK Param3 Frame
header | header end
Data type uints uint8 uint16 uint16 uint16 uint16 uint32
Coding DocAly Ox55 Ox7530 | Ox0004 | Ox7534 | Paramete | crc32
rindex
Table 29 Reserved Parameter COM response data format
Frame | Frame D length ACK result Frame
header | header Tail
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Data type uint8 uints uint16 uint16 uint16 uint16 uint32

Coding OxAA O0x55 | Ox753D | Ox0004 | 0x0005 Ox01 cred2

Table 30 Data format of COM user command response

Frame | Frame D length | command | result Frame
header | header Tail

Data type uint8 uintd uint16 uint16 uint16 uint16 uint32

Coding OxAA 0x55 0x0064 | 0x0004 | Command | O0x01 crc32
ID

Example: Set the serial output baud rate to 115200

Data input- 55, AA, 0 e, 00,18,00,00,00, E1,
47,00,00,00,00,03,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,562B,4d, 93
Response data: AA 55 3D 75 04 00 34 75 03 00 A7 98 2A 54

Set the periodic AHRS data output frequency to 100hz

Input data: 55 AAOE 00 18 00 00 00 00 C8 42 00 00 00 00 00 00 00 00 15 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00
00 00 00 00 00 00 00 00 00 00 DA 2B 2C 8D

Response data: AAS53D 7504 0034 751500 70 2D B2 48

Save the current parameter to FLASH

Enter data: 55 A4 05 00 18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 C9 2F E6 32
Response data: AAS53D 7504 00 05 00 01 00 5SACFB17C

Set output mode to AHRS data stream

Input data: 55 AA 03 00 18 00 00 00 00 80 3F 00 00 00 00 00 00 00 00 OO0 00 00 0000
goooO0ODOOOOODODOOOOOOOOOOOOOOOOOOODOOODOOOOODODOOODOOOOOOODO
00 00 00 00 52D8 BEES

Response data: AA 55 64 00 04 00 03 00 01 00 E7 87 E3AD

7.2.9 Coordinate system setting function
Set the firmware coordinate system and display the corresponding firmware design

coordinate system in the upper computer
Figure & Original firmware coordinate system
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According to the above rule, after x and y axes are determined, z axis is determined.
The Z axis is perpendicular to the plane fromthe X to the Y axis.

There are a total of twenty-four orientations for the XJ/%/Z triaxial axis, as shown in the
table below:

The orientation of the coordinate system in Table 31 corresponds to the table

Orientation XAxis YAXS FANIS Instructions
{(value)
101 +Ux +Uy +Uz Default
orientation
102 -Ux Uy +Uz
103 Uy +Ux +Uz
104 +Uy -Ux +Uz
105 -Ux +Uy -Uz
106 +Ux Uy -Uz
107 +Uy +Ux -z
108 Uy -Ux -Uz
109 -Uz +y +Ux
110 +Uz Uy +Ux
111 +Uy +Uz +Ux
112 Uy Uz +Ux
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113 +Uz +Uy -Ux
114 Uz Uy -Ux
115 Uy +Uz -Ux
116 +Uy -Uz -Ux
M7 -Ux +Uz +y
118 +Ux Uz +Uy
119 +Uz +Ux +Uy
120 Uz -Ux +Uy
121 +Ux +Uz Uy
122 -Ux Uz -Uy
123 Uz +Ux -Uy
124 +Uz -Ux Uy

How to change the coordinate systemto 102 orientation:

Enter 14 in CMD ID, 102 in parameter 1, and 4 in parameter 3. The generated
hexadecimal array can be filled into the COM assistant or program array and sent to
the IMU.

O oy HE
wEAR
T wEEE BT BE BED T
G5 B Be B 18 00 0000 o
=] 2L . XM, K04, 400,50 X000, 0804 B 1 7,2 0 10 o TR TSR
R ¥ ' o T e
EEEL
T
Al
ERWE -

E srecdes 01 Miodest ERTNE A
."_.EI Windea W0 MU b O
i
e ] a o N IR LAS
1 oH ] o la
Elm:

T} i 1 ., L] M a

e RS cahe TBEEV RIS
s | o T T
R i1 11, ke HAST T 3 S TR P U O LI ks 21

EREANIER. e Eahere11

s R R

WA B SRS s CUD ICE T, B, S5, TR
B TR ENEE U RO BT S St N T O
ErEnb -

7 [ s s ]

AR EAHE, Bim, edkecttaenlin:

R Saroa -8 fEEE &
How to read the coordinate system orientation:

Enter 06 for CMD ID and 4 for parameter 3. The generated hexadecimal array can be
filled into the COM assistant or program array and sent to the IMU.
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Example: Set the coordinate systemto face 115
Data input: 55, aa, 0 e, 00,18,00,00,00, e6,
42 00,00,00,00,04,00,00,00,00,00,00,00,00,00,00,00, 00,00,00,00 46,6 a,4e, B6
Response data: AA55 3D 7504 00 34 75 04 00 60 OE 6B 1B

Refer to Table 27 to parse the parameter index as 04, and the setting is successful

Read the coordinate system:

Input data: 55 AA 06 00 18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 04 00 00 00
00 00 00 00 00 0D 00 00 00 00 00 00 00 00 00 00 00 00 00 00 DO 00 00 00 69 64 09
E4

Response data: AA 55 3075 18 00 00 00 00 E6 42 00 00 00 00 00 00 00 00 00 04 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 0D 00 00 00 B2 2F 2D 4E

According to Table 21 and Table 22, the parsing results in 115 for parameter 1 (float)
and 04 for parameter 3. That is, the coordinate system is 115 orientation

7.2.10 FAQs about COM Connection
1) The RX ofthe IMU cannot connect to two Master TX
The RX of the COM cannot be connected to two TX at the same time. Therefore, if the
Forsense upper machine needs to be connected, it needs to disconnect the
communication with the COM of the user's host. Otherwise, the upper computer cell
can only receive data and cannot send commands to the IMU.
As shown in the following picture:

Figure 6 Schematic diagram of COM connection
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2) The version number cannot be obtained

You are advised to use the COM of the FT232 chip. CH340 and PL2303 data cables
may lose packets when the baud rate is high (=115200bps)

It is recommended that COM be connected directly, and it is not recommended to be
connected in series. If the interface of RS5422 is connected to the computer, directly
use R5422 to USB cable, and do not use R5422 to R5232+R52327 to IUSB cable in
series.

3) Upper computer software curve display lag

Ifit is an FT232 data line, use the system administrator to open the Upper computer
software and automatically configure the COM delay

Manually configure COM delay in Device Manager.

9
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8. Coordinate system definition

Figure 7 Diagram of coordinate system
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The product coordinate system uses the front-right-down (FRD) coordinate system,
and the Euler Angle range is as follows:
Rotation around the Z axis: Yaw angle Yaw range: 0° ~360°;
Rotation around the X axis: Roll angle roll range: -180°~180°;
Rotation around the Y axis: Pitch angle pitch range: -90°~90°.
FIG. 8 AHRS401 coordinate system diagram
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FIG. 9 Schematic diagram of AHRS402 coordinate system
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CRC table lookup method calculation

[t is recommendedto refer directly to the example code.
Mote 1: Data is transmitted in small-endian format, with low bytes first and high bytes last
Mote 2: The intialvalue of cre32 is 1, and CRC calculations donot include all the data inthis frame itself

C++

static const wint32 t crc32 tab [ ] = {

Bx00000E08, Bx77E73896, OxeeBebllc, @x990951ba, Bx876dcd4l9, None
JOBATABF

,0xe963a535, Bx9e6495a3, OxBedbB8832, Bx/9dcb3ad, BxeBdS5e9le,
Bx97d2d983

,8x89bbdcib, ©x7/ebl/cbd, Bxe/b82d@7, Bx90bft1d91, Oxldb7lBed,
BxbabB26+f2

,8xf3b97148, ©x84bedlde, Bxladad47d, ©xbdddedeb, ©xfd4d4b551,
Bx83d385c7

,0x136c9856, Bxb46badcl, BOxfdb2f97a, BxBabbcBec, Bx14815cdf,
B@x63066cd9

,0xfaBf3d63, Ox8d088df5, Bx3bbe2Bcd, Bx4c69185e, Bxd56841ed,
Bxa26/7172

,8x3c@3eddl, ©Ox4bB4d4dy, Bxd28d85fd, Bxa5b@ab56b, ©x35b5asfa,
Bx42b2986C

,8xdbbbc9d6, ©xacbcf948, Bx32d8bce3, Bx45df5c75, @xdcdbBdcf,
Bxabd13d59

,0x26d930ac, Ox51deBB3a, BxcB8d75180, BxbfdB6lle, Ox21bAfiAbS,
Bx56b3cd23

,8xcfba9599, ©xb3bdaSef, Bx2882b89%e, Bx5f058808, ©xcoBcd9bl,
Bxblebe924

,Ox2F6F7c87, Ox58684cll, Bxclolldab, Bxbb6b2d3d, ©x7odcdl9@,
Bx81db7186

,0x98d228bc, ©xefd5102a, Bx7/1bl8589, BxB6bbb51lf, ©x9fbfedas,
Bxe8b8d433

,8x7807c9a2, OxBf0G+934, Ox9b689ad8e, BxelBe9813, Ox/fbabddbb,
Bx@86d3d2d

,8x91646c97, ©xebb35c@l, ©xbbbb51f4, @xlcocblb?, Ox8565308d8,
Bxf26208684e

,8x6cBb95ed, Bx1b8la57b, @x3208f4cl, ©xf58+fcd57, @x65b8d9ch,
B@x12b7=950

,0x8bbeb8ea, Oxfcb9887c, Bx62ddlddf, @x15da2d49, @x8cd37cf3,
Bxfbd44ck5

,0x4db26158,

Bx3ab55lce, BxalbcB@74, Oxddbb3lBe2, BxdadfaS4dl,

31
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Bx3dd895d7

,Oxaddlcdbd, Bxd3dofdfb, @x4369=96a, Ox34d6ed9fc, Bxadb78846,
BxdabBb3de

842473, 8x33831de5, OxaaBadc5Sf, Oxdd@d7cc9, @x5805713c,
Bx27/0241aa

,0xbedbl818, Oxc98c2886, Ox5768b525, Ox206f85b3, Oxb96b6d489,
BxcebledS+

,0x5edef98e, Ox29d9c998, BOxbBdB9822, Bwcid7adbd, B8x59b33d417,
Bx2ebddddl

,8xb7bd5c3b, BxcBbabcad, Oxedb88328, 0x9abfb3bb, 0x03bbelOc,
Bx74b1d29a

,8xead54739, 8x9dd277af, @x84db2615, ©@x73dclesd3, Oxe3b30bll,
Bx94643b84

,0xBdbdbale, Bx7abaSaad, OxedBectBb, Bx9309+f9d, OxBabBael/,
Bx7da79%bl

,BxfBB8f9344, Bx8788a3d2, Ox1e@1f268, ©Ox6906clfe, Bxf762575d,
Bx886567chb

,8x196c3671, OxbebbBbey, Oxfeddlb7yb, 0x89d32bed, 0Ox18da7aba,
Bxb/dddacc

,8xf9b9dfef, OxBebeeff9, Ox17/b7bed3d, Ox60bB8ed>, Oxdbdbaiesd,
Bxaldl937e

,0x38d8c2cd, Owdfdff252, ©\xdlbbb/fl, Oxabbch767, Ox3fb5h06dd,
Bx48b2364b

,0xdB88d2bda, BxafBalbdc, @x36834af6, 0x41047260, Oxdfébefc3,
Bxadb7df55

,8x316e8eef, Bx4669bei9, Gxcbblb38c, Oxbcbb83la, Ox256fd2ad,
Bx5268e236

,BxccBc7795, BxbbBbd783, @x228216b9, 0x5505262f, BxcSbalbbe,
Bxb2bdBb23

,8x2bbd5a92, Bx5cb36aB4d, OGxc2diffa/, Oxb5dBcf3l, Bx2cd99e8b,
8x5bdeaeld

,8x9bb0Ac2bl, Bxecb3t22b, Ox/56aa39%c, OxB26d930a, Bx9cB986a9,
BxebBe363+

L,Ox72876785, Ox@5885713, ©x95bfdaB2, 0Oxelbd7ald, x7bbllbae,
Bx8cbb1b38,8x92d28=9b

, Bxe5d5beBd, BxJ/cdcefb7, @x@bdbdf21, ©@x86d3d2dd,

Bxfldde2d2 ,8x638ddb3+3

, Bx1fda836e, Bx81lbelbcd, @xf6b9265b, @x6fbB77el,
Bx18b74777,8x38885ae6

, Bxffafba7/a, BxbbBb63bca, @x11818b5c, @x8f659%eff,
Bxf8b2aeb9,8xb616bffd3

» Bxlbbccftd5, Oxabbae2/3, Bxd/0ddlee, OxdeBd3354, Bx39683b3c2
,Bxa7b7266]1, BxdBeEl6+7, Bxd969474d, Bx3ebei/db, Bxaedlbada,
Bxd9de5adc , Bx48d fabses

» Bx37d83bfB, ©Oxa%caeb3, ©Oxdebb9ec5, exd7b2cfif,
Bx38b5ffe9,8xbdbdf21c

» OxcabacZ8a, Bx53b39330, ©x24dbdalab, Bxbad@3685,
Bxcdd78693,8x54de5729

, Bx23d967bf, Bxb3667a2e, Oxcdbldabd, Ox5d681b032,
Bx2abf2bS94 ,8xbd8bbe37

» Bxc3BcBeal, Bx5a85dflb, Bx2d82ef&d

>
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uint32_t crc_crc32 (uint32_t crc, const uint8_t *buf,
uint32 t size ) {for (uint32 t
i=0; d«<size ; i++) {crc
crc32 tab [ (erc ™ buf [1 ] ) & Oxff] ~ (crc »>> 8 ) ;

¥
return crc,
¥

32
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10. Optional accessories

Sig
. ;'”c."f ~ )
N (== ~ I

USB to CAN module 485 COM

e

e )

;

TTL COM
Power signal pair cable
11 Update the record
Versions Dates Status/Comments
Wersion 1.0 2023.07 18 First issue
Version 1.1 20231007 Update coordinate
system definition
Version 1.2 20231214 Add attachments
Version 1.3 2024 03 18 Add 401484024 series
Version 1.4 2024 06 17 Added CAN Parameter
instruction
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Version 1.5 2024.08.15 Part AT instruction added

35



