FORSENSE
s SR

Tactical MEMS 6 degrees
Of freedom inertial sensor

FSS—-IMU614E—Q Product manual

Features
Tactical grade MENMS gyroscope
® 5 0%hr zero bias instability

® 0.6 Angle random walk“,’v’m

Tactical grade MEMS accelerometer

® A0ug zerobias instability

® 0.09 Velocity random walkm/s/\hr

I ndependent turntable calibration

® |ndependent cal ibration of each module:

sensitivity, zerobias, nomorthogonal
Error
® 40 °C to 85 °C temperature

compensation

High strength condition tolerance

® Strong impact tolerance: 2000g (0. Sms,
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

® Support serial port, 12C. SPI multiple
interfaces

® 14 TH¥17*3 Zmm, weight only 2g

Product Overview

FSS-IMUGT4E-Q is a 6-DOF MEMS inertial
sensor module bui |t by Yuanji Technology.
Three—axis gyroscope and acceleration
information are available as standard.
High precision, high resclution, can
capture subtle vibration and tilt. All
modules are turntable calibrated before
leaving the factory, so that each module
can be stable under various extrems
conditions, while ensuring a high degree
of consistency in performance across all

products.
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Application areas

® All kinds of robots: including AGY,
service robot. |awn mower, pool robot,
etc

On the basis of standard performance and
output parameters, Yuanji also provides
customized software and LOGO
customization services Tor your special

needs, to help you in the product!
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1. Performance parameters

1.1 Key indicators of Gyroscope

Table 1 Key indicators of Gyroscope

Parameters Test Minimum  Typical Maximum = Units
conditions/Bemarks value value value
Measuring range + 500 ° /s
Bias instability @25, Allan Variance, 1 5 * thr
instability F
Bias stability Mational military 16 © Jhr
standard, 10s smooth
Bias Repeatability Mational Army mark 25 * thr
Resolution 0.0153 * /s
Misalignment 0.05 deqg
Internal low-pass Software adjustable 47 Hz
cutoff frequency
CDR 1000 Hz
Measuring delay 5 ms
All temperature -40 'C ~85 C, 0.05 e
range Bias instability =1C/min@lc
change
Random Walk (@25, ALLAM wvariance, 1 X085 o
a Y08 < hr
Calibration @25, 10 3 %
coefficient error
Calibration 200 ppRm
coefficient
nonlinearity

Mote 1: IEEE standard, Al lan variance curve given at static 25 ® C environment

Mote 1o change in total temperature with zero deviation at 2:1 % C/min
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1.2 Key indicators of accelerometer

Table 2 Key indicators of accelerometer

Parameter Test conditions/Remarks  Minimum  Typical Maximum  Units
value value value
Measuring range Plus or Q
minus &

Zero bias instability @25 ALLAM variance, 1 40 Mu g
sigma

Zero bias stability Mational military 85 Mu g
standard, 10s smooth

Zero bias Mational Army mark 015 mg

repeatability

Resolution 0133 mg

Mon-orthogonal 0.05 deqg

between axes

Internal low-pass software adjustable A7 Hz
cutoff frequency

CDR 1000 Hz

Measuring delay 5 ms

Full temperature -40 C ~85 C, 2 mg

range zero deviation =1C/min@loc

variation

Random Walk @25, ALLAM variance, 1 0.08 m/s/
o + hr

Calibration @25 10 05 %o

coefficient error

Scale coefficient *ig 200 ppm

nonlinearity
Mote 1: IEEE standard, Al lan variance curve given at static 25 % C environment

Note the zero deviation of the total temperature changes by 1o at 2:1 °C/ min

2735
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FIG. 1 ALLAN variance typical curve of gyroscope

Gyrascopa - Allan vanance
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FIG. 2 Typical curve of ALLAN variance for accelerometer
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2. External structure

Figure 3 Outline structure and recommended pad size f(unit: mm)

{(43.20:0. 050w thie) )

(a17.0060.05) ,

| | g Ele

A@ropseysz®
FESMUSIIE ¥ =

8.700.15)
0, 50] #MAREL ) -
| o

[=}
[=]-

CODE
SN-B14EXXXX00001

s
b
114, 50

Dimensions of OQutline structure

FIN1 P PIN1E
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PiNg 1 PIN1D

Recommended pad size
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3 Electrical characteristics

3.1 Maximum tolerance value

Parameter

Violtage for Circuit to
Circuit (WCC)

Power source
Input pin voltage
Use temperature

Storage temperature

Table 3 Maximum absolute rating

3.2 Working Conditions

Parameter

Voltage for Circuit to
Circuit (VCC)

VCC maximum ripple
Power Consumption
Service temperature

Storage temperature

Parameters

Input pin low
Input pin high level

Cutput pin low

symbols Range Units
VCC -03tc 4.0 W
GMD - -
Vin -0.3 to VCC+02 W
Tot -40 to 85 c
Tstg -40 to 85 'c
Table 4 Working conditions
symbols  Minimum Typical Maximum Units
value value value
VCC 32 3.3 34 W
Vrpp + 40 mY
P 0.08 W
T -40 85 C
T -40 85 c
3.3 1/0 Threshold Characteristics
Table 5 170 Threshold Characteristics
Symbols Minimum Typical Maximum Units
value value value
WVin_low o] WCC =02 W
Virn_high WCC =07 VCC+ 02 W
Vout_low 0 045 W
Yout_high WCC - 045 - WCC W

Cutput pin high

2/ 35



CE FSS—IMU614E—Q Product Sheet
4 Pin definition

Figure 4 Pin schematic

1 vee TX3/DROY 18
2 GND PPS 17
3 RST SPI_CS 18
4 NC SPI_CLK 15
5 NC SP1_MISO 14
& X2 5PI_MOSI 13
7 Rx2 RX3 12
8 T*® [2C_SDASTXA/CAN_TX 11
9 fxl 12C_SCL/RYA/CAN_RX 10

IMUG14E-X Pin Layout [Top View)

Table & Pin definitions

Pin Pin name Pinm description

number

1 VCC Power input, +3.3V input, 40mA, ripple not greater
than *40mV

2 GMD Power ground

3 RST 1 External hardware reset input, internal pull-up (for
SPl mode)

4 T Connectionless

5 MC Connectionless

& T2 Receive asynchronous data output

T 2 Receive asynchronous data inputs

8 TH*1 Receive asynchronous data cutput (Data

Communication Interface (LVTTL))

g R¥1 Receive asynchronous data input (Data
Communication Interface (LVTTL))

10 CAMNRX /R¥4 S 12C_SCL  Mode Features Description

6/ 35
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1 CAMN_RX CAM receive pins; And reads
data from the bus to the CAN
controller

2 R4 Receive asynchronous data
input

3 [2C_SCL 12C Serial clock

CAMNTH S TH4L /12C_SDA  Mode  Features Description

RX¥3
SPI_MCS
SPI_MIS0O
SPI_CLK
SPILCS
PP3

TX3/DRDY

1 CAMN_TX CAM send pins: Read data from
the CAM controller to the bus
driver

2 TH4 Receive asynchronous data
output

3 [2C_5DA [2C serial data

Receive asynchronous data input
5Pl serial data entry

SPI serial data output

5Pl Serial clock

5Pl slice selection

External synchronous sampling trigger signal; (Access
RTK second pulse pin)

Receive asynchronous Data output/available for Data
Ready

Note 1: Use /RST to reset the |MU hardware once during host initialization

For information about the hardware design of the module, see the document
FS5-IMUS14E-XX Hardware Design Manual.

TFah
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5 Recommend the welding furnace temperature

curve
Figure 5 Welding furnace temperature curve
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Table 7 Temperature setting mode
| tems Minimum Mz i mum Units
Boundaries limit
Maximum temperature rise slope (target 1 3 Degrees
=0. 8} per
(Time distance to calculate slope =60 second
seconds)
Maximum temperature drop slope =3 -1 Degrees
(Time distance to calculate slope =60 per
seconds) sacond
Preheat temperature and time interval &l 120 seconds
Reflux time (period over 217 ° C) 40 70 seconds
Max imum temperature 235 250 Degrees
Celsius
Max imum number of reflow 1 time

For more SMT related information about the module, please see the document

"Primary —LCC Module SMT Application Guide".

Note:

1 Module welding reflow, it is recommended to use eight temperature zone and

g/ 35
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above reflow welding equipment;

"

2. Because the module is a high—precision sensor product, it ismore sensitive

to any deformation:

. I the PCB board thickness is less than 1.0mm, it is recommended to make
reflow loading tool s to prevent the PCB board from deforming athigh temperature.
affecting the coplanar ity of welding.

. It is recommended that customers choose high TG value board for PCB
motherboard to avoid deformation of the motherboard due to high temperature

reflux, resulting in warping, extrusion. air welding and poor tinning.

3. Due to the sensitive devices in the module, the maximum temperature of the
reflow we lding machine used by the customer should not exceed 2860°C (refers to

the temperature at the top of the package measured on the surface of the package).

4 It is recommended to use |lead-free solder paste, recommended solder paste

brand mode | : Alpha OM-338 SAC305 Sn96. SAg3. OCul. 5

5. Because there are sensitive devices in the module. the performance of the

module should be avoided due to secondary reflux;
& CD:

= Control led cool ing slope prevents negative welding effects (solder joints
become more brittle) and mechanical stress within the product. Control led

cool ing helps achieve bright welding surfaces, Tine crystalline particles and
low contact angles. avoiding warping of the shield cover due to rapid cool ing

changes.
7 Inspection of appearance:

. After the module is welded, X-ray and optical magnifying glass are used to
inspect the welding guality. For details, please refer to |PC-A-&610F related

standards.

2  Whenusing electric soldering iron for welding, the temperature should be
control led at 260°C ~ 290°C, the single welding time should not exceed 3s, and
do anti—static treatment ;

2/ 35
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6. ESD protection
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Staticelectricity can lead to intermittent or permanent circuit damage, great

harm to electronic products, most of the analysis is ESD damage;

Therefore, the module of electrostatic protection is particularly important,
the production and transportation process needs to be strictly in accordance

withelectrostatic protect ion operations, must followthe following conditions:

. It is strictly forbidden to touch the module with bare hands. especially
the pin position.

. SMT mounters, workbenches, soldering irons and other equipment should be

grounded.

. Workers shou ld wear a human anti—staticwristbandwith a good grounding cable
{cordless electrostatic wristbands are not allowed, and anti—static gloves are

r ecomme nded) .

. The packaging and PCE must be gual ified anti—static material.

10755



CE FSS—IMU614E—Q Product Sheet

7/ Communication protocols

7.1 Serial Communication Protocol

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

https://data. forsense— imu. com/page./downl oad. himl

Serial port communication has two modes: Stream Mode and Command Mode. After
the IMUJ is powered on and initial ized, the IMJ enters the corresponding mode

according to the mode value configured by the parameters.
Stream mode: Periodical ly output AHRS data at a fixed freguency;

Command mode : Inthis mode, the periodic output is stopped, the user communi cates
with the |MJ by send ing commands, and the sensor data, status. parameters., etc.
can be obtained through the GET command, and the parameters of the IMJ can also
be configured.

7.1.1 Parameters of serial port interface

Table 8 Serial port interface parameters

Transmission rate range 115200bps to 1. 5Mbps
Default transfer rate 115200bps
Start bit 1hit
Data bits B bits
Stop bits 1hit
Parity check There is no

11/55
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7.1.2 Packet Format

The packet structure of IMJ output and user input is composed as follows:

Table 9 IMJ output and user input data structures

Offsets Data MName Description
type

] uintd Frame Header 1 MU Output frame headers: Ox8, Ox55

1 uints Frame header 2 User input frame header; 0x55, OxAA

2 uintle D lowe The lower byte of the serial communication
frame ID

3 ID high byte The upper byte of the serial communication
frame ID

4 uintle Data length low The lowest byte of serial communication

frame length,
length is the number of bytes carried by
payload, that is, n

5 High data length The upper byte of serial communication
frame length,
length is the number of bytes carried by the
payload, that is, n

3] uintd Payload Data load
(n bytes)

B+n Uint32 CRC_CEHCK CRC check
(32-bit data low byte)

T+n CRC_CEHCK
(Low byte in 32-bit
data)

g+n CRC_CEHCK
(High byte in 32-hit
data)

O+n RC_CEHCK

(32-bit data high byie)

Mote 1: Data is transmitted in small—endian format, with low bytes Tirst and

high bytes last

Mote 2: The initial value of cre3? is 1. CRC calculation does not include all
the data of this frame itself. See the end of the document for table |ookup

calculation

12 /55
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7.1.3 Data Flow frame — AHRS data

Table 10 AHRS data format of COM

Fr ame F r ame 1y length pay | oad F r ame

header Headers tail
Data type uint8 uint8 uintlé uintlé Al uint3z
Coding OxAA 0x55 0x0002 0x002C credd

Note 1: The maximum output update rate is not greater than 200Hz@115200bps

Table 11 Serial port Al load data format

offset Name Data type Units Description

0 Limer wint32 Mu s Time scale

4 pitch float “ Pitch Angle

8 roll float “ Rall Angle

12 el float = Heading Angle

16 ax float g A-axis acceleration

20 ay float g Y-axis acceleration

24 ar float E f-axis acceleration

28 X float °fs X oaxis angular velocity
32 Y float “s Y-axis angular velocity
36 gz float s £ axis angular velocity
40 Lemp float “C IMU chip temperature

12 /55
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Example: Get AHRS data stream:

AA 55 02 00 2C 00 6D 89 16 05 8F G2 65 40 14 AE 07 BF 5C OF B2 43 25 06 81 3D
BC 74 13 3C 60 E5 80 BF EC 51 38 BD 0A DY A3 BB CD CC CC BC DY A3 EE 41 OC BF
84 80

The analysis is as Tol lows:

Table 12 Serial port A1 gets AHRS data stream

Description Raw Value Analytic Description Raw Value Analytic
value value
D 0200 02 Y-axis BC74133C 0.009 g

acce leration

Length 2000 44 l-axis GOESBOBF 1.007 g

acce leration

Time scale ADEF H05 85363053 X axis EC513BED 0.045 ° / s
angular

velocity

Pitch Angle BFC26540 3.59¢° Y-axis OADTAEE 0.005 ° /g
angular
velocity
Roll Angle 1AAEQTBF 0.53 ¢ Z axis CDCCCCBC 0.025 ° /g
angular
velocity
Heading SCOFB243 356,12 ¢© imu chip D7A3EEA 29.83 °C
Angle temperature
fA-axis 25068130 0.063 g crc3d? Check OCBF 8480 2156183308

acce leration

14 /55
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7.1.4 Command Mode GET Output — System status

Table 13 COM system status data format

Frame F rame D length pay | oad F rame

header Headers tail
Data type uint8 uints uintlé uintlé 51 uint32
Coding OxAA 0x55 0x00FF N credd

Mote 1: Depending on the |IMJ model, the length of this frame will vary, all
represent the length of 51, need to be confirmed according to the imu model.

Table 14 Serial port 31 load data format

offset Name Data type Deseription

0 Software_ver uint3d2 Software version number

4 Hardware_wver uint32 Hardware version number

8 rev uintlé Reserved byle

10 snl) uint32 First SN number

14 snl uint3z2 Second SN

18 sn2 uint3z Third SN

22 Board_version uint32 Base Plate version number

26 Rev[16] Uint8 All that follows is reserved
bytes

Mote 1: Reserved bytes vary based on the imu model. For example. the [MUS14E
is 16 bytes.

For example, obtain the IMU status

Enter data: 55 AA 01 00 18 00 00 00 00 00 00 0D OO0 OO QO OO 00 OO QO OO OO
00 00 00 OO0 OO0 00 00 00 00 00 00 OO0 00 00 OO0 00 00 00 00 00 OO0 OO0 BD DB 31 34

Response data: AA 55 FF 00 2A 00 1F 39 03 00 65 &F 01 00 50 83 30 33 35 55
34 50 15 FF 8F 5F FF FF 50 83 FF 1F 29 00 00 00 00 EO 00 07 10 17 08 50 DO 37
10 3B 7A C3 00 02

Based on the response data, the resolution yvielded software version number

211231 (1F 39 03 00) and hardware version number 94053(65 6F 01 00).

15 /55
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7.1.5 Command mode GET output — Read Parameter

Table 15 Input data formats of Parameter of the serial port

Frame Frame 1] length payload Frame tail
header Headers

Data type uintd uintd uintle uintle P1 uint32
Coding 055 Oty (0006 Ox0018 cre3?

Table 16 Output data format of COM parameters

Frame Frame 1] length payload Frame tail
header header

Data type uintd uintd uintle uintle Pl uint3?
Coding Ol dy 055 7530 0018 cro3d

Mote 1: When reading Parameter, the IMU will disable the data stream. After the
setting is complete, the data stream needs to be restarted.

Table 17 Load data format of COM P1

offset MName Data type Description

O Paraml float Obtained Parameter (input data can be ignored)
4 Param?2 float Keep, default to 0

8 Parama3 uint32 set the Parameter index

12 Param4 uint32 Reserved, the default value is 0

16 Paramz Int32 Reserved. The default valueis 0

20 ParamB Int32 Keep, defaultis 0

Table 18 Index table of COM P1 load parameters

Param3 Paraml Units
3 The COM outputs the baud rate. The following baud rates are bps
supported

115200, 230400, 460800, 921600, 1500000

4 Coordinate system orientation (see Table 24 Coordinate System
Orientation correspondence table)

8 X axis gyro Bias instability calibration results, GYRO_X_OFF " s
] Y -axis gyro Bias instability calibration results, GYRO_Y_CFF " /s
10 Z-axis gyro zero deviation calibration result, GYRC_Z_OFF "
21 AHRS output frequency, default 100Hz Hz
21 Internal filter configuration, define the same SPI FILTER_CTRL table

16 /55
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Example: Get AHRS output freguency

Input data: 55 AA 06 00 18 00 00 00 OO0 00 0D OO 00 OO OO0 OO0 00 0O OO 00 00
00 00 00 00 15 00 00 00 00 00 00 OO 00 OO0 QO 00 OO OO 00 00 OO0 OO 00 00 00 OO
00 00 00 00 00 00 00 00 00 00 &6 CB 46 AC

Response data: AA 55 30 75 18 00 00 00 00 48 42 00 00 00 0O 00 00 00 00 15
00 00 00 00 00 00 00 00 00 00 00 OO0 00 OO 0D OO0 OO0 0D OO0 00 OO 00 00 OO 00 0O
00 00 00 00 00 00 00 00 00 00 00 00 00 OO 0D OO0 OO0 0D 00 00 OO 00 00 OO 00 0O
00 00 00 00 00 00 31 2F A2 DA

According to the response data, the analysis results in an output freguency of
50hz (00 00 48 42).

7.1.6 Command mode SET instruction

Table 19 Syntax of the COM input command

Frame Frame D length payload Frame

header Headers end
Data type uintd uintd uintle uintle R1 uint32
Coding 55 Oy CMD (0018 crod?

Mote 1: For details about the relationship between CMD and R1. see the R1 load

Parameter index table

Table 20 Load data format of COM R1

offset name Data type Description

0 Paraml float set Parameter

4 Param?2 float Keep, defaultto O

8 Param3 wint32 Set the Parameter index

12 Param4 uint32 Reserved, the default valueis 0
16 ParamS Int32 Keep, defaultis 0

20 ParamB Int32 Keep, defaultis O

Table 21 Index of Parameter of the COM R1 load

CMD  Paraml Param3  Description

1 0 0 Trigger to get system status data once
2 0 0 Trigger to obtain AHRS data once
3 =mode= 0 = mode = Set the ocutput mode:

Mode=1, data stream output AHRS

1y /55
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Mode=100:; disables the Stream Mode and enters the

COMMAD mode
5 0 0 Save the current parameter to FLASH
3] 0 <yalue= Read the parameter, value is the index of the parameter to be

read, that is, Plindex, see COM response oufput - Parameter
read

For example, if you want to read AHRS output frequency
(ODR), set value=21

For example, to read the baud rate of the COM, set the value
to 3

For example, if you want to read the internal filter, set
value=31

For example, if you want to read the coordinate system
orientation, set value=4

] 0 0 Perform a software restart

14 <value= 3 To set the baud rate of the output of the COM, the valid value
in bps value is:
115200,230400,460800,9221600,1500000
If value is other values, the default valueis 115200bps
After setting the baud rate parameter, you need to restart it
for it to take effect.
Procedure for sefting the baud rate without power supply: Set
the baud rate, save the parameter to the flash, and reset the
software

14 <yalue= 21 Set the pericdic AHRS data output frequency, common values
in Hz value are: 1,10 50,100,200500,1000
Recommended mapping between output frequency and
COM baud rate
1000Hz: 921600bps
500Hz: 460,800bps
250Hz: 460800bps
200Hz: 460800bps
100Hz: 115,200 BPS

14 <yalue= 31 Internal filter configuration, defined as 5Pl accelerometer and
gyro filter configuration, default O=BB, i.e. 4THz

14 <value= 4 =et the orientation of the IMU coordinate system. The value
ranges from 101 to 124, See Table 24 for the corresponding
relation of the orientation of the coordinate system

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

Mote Z: The host command generator function can be used to generate the
correspond ing command to send

If run to open AHRS output:

18 /55
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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 MU

Figure 7

S =S

55,aa,03,00,18,00,00,00 80,21, 00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,00,52 48 Be 28

CMD 1D °

bk ]

4 ] 5 L] & 0
e B i

7.1.7 Command Mode Qutput — User command response

Table 22 Setting parameters COM response data format

Frame Frame IO length ACK Parama3 Frame
header header trailer
Data type uintd uintd uintle uintle uintle uintle uint32

encoding Ol Ox55 07530 Ox0004 Ox75234 Parameter crca?
index

Table 23 Reserved parameters Serial port response data format

Frame  Frame D length ACK result Frame

header Headers Tail
Data type uintd uintd uintle uintle uintle uintle uint32
Coding Ol 55 7530 0004 (0005 01 crods

10 /55



@ Eo NSE FSS—IMU614E-Q Product Sheet

Table 24 Data format of COM user command response

Frame Frame 1] length command result Frame
Headers Headers Tail
Data type uintd uints uintle uintle uintle uintle uint3?2
encoding Ol 0x55 Ox00B4 Ox0004 Command Cx01 crca?
o

Example: Set the baud rate of the serial port output 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, 00,00,56.2 B. 4 d,
93

Response data: AA 55 3D 75 04 00 34 75 03 00 A7 98 2ZA 54

Set the periodic AHRS data output freguency to 100hz

Input data: 55 AA OE 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 OO0 00 OO 0D OO0 OO0 0D OO0 00 OO0 00 00 OO 00 0O
00 00 00 00 00 0O 00 Q0 OO0 OO0 00 00 OA 2B 2C 8D

Response data: AA 55 3D 75 04 00 34 75 15 00 70 2D B2 48

Save the current Parameter to FLASH

Enter data: 55 AA 05 00 18 00 00 00 00 OO 00 OO0 OO OO0 OO0 OO0 00 OO0 00 00 00 00
00 00 00 00 OO0 00 00 00 00 00 00 OO 00 00 OO 0D OO0 OO 00 00 OO OO 00 00 0O C9
2F E6 32

Response data: AA 55 3D 75 04 00 05 00 01 00 5A CF B1 7C

oet output mode to AHRS data stream

Input data: 55 AA 03 00 18 00 OO 0O 00 80 3F 00 OO0 OO 00 00 OO 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 Q0 00 00 00 00 00 00 Q0 OO0 00 00 00 00
00 00 00 00 00 OO0 00 52 DB BE EB

Response data: AA 55 &4 00 04 00 03 00 01 00 E7 BY E3 AD

20 /55
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7.1.8 DRDY

DRDY pin output serves two purposes:
1. to provide a clock synchronization signal from inside the [MJ;
2. Provide a signal to signal the start of transmitting data frames.

Figure 8 The internal sampling freguency is consistent with the serial output
frequency

S
]

N B
]

DRDYS (R

Data 1 Data 2 | Data 3 Data 4
1
=es (DO [ N

When the IMJ internal sampling frequency (maximum ODR) is consistent with the

serial port output frequency (current ODR). whenever the imu data sampling
compensation i s completed, the DEDY pinwill be immediately pul led down, at which
time the data frame will be sent from the serial port, and the DRDY pin will
be pulled up again in the next cycle.

Figure ? The serial port output freguency is less than the IMJ internal sampling
frequency

| |
I I
IMUP SRR | |
| |

DRDYZ (8

Data 1 Data 2 Data 3 Data 4
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When the output frequency of the serial port is less than the internal sampling
frequency of the IMU, determine whether the DRDY pin is immediately lowered
according to the freguency divider value {maximum ODR/ current ODR) after the
imu data samp | ing compensation is completed. After the DRDY is pul led down, the
data frame will be sent from the serial port., and the DRDY pinwill be pulled
up again in the next IMJ sampling cycle.
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7.1.9 Coordinate system setting function

Set the firmware coordinate systemand display the corresponding Tirmware design

coordinate system in the upper computer

Figure @ Original firmware coordinate system

uz

According to the above rule, after x and v axes are determined. z axis is

determined. The £ axis is perpendicular to the plane from the £ to the Y axis.

There are a total of twenty—Tour orientations for the X/Y/Z triaxial axis, as

shown in the table below:

Table 24 coordinates are oriented towards the corresponding table

Orientation (value) Khxis YAK s ZAxis Instructions

101 +Ux +ly +z Default
orientation

102 —LUx ~Uy +lz

103 =Ly +x% +z

104 +y ~Ux +Hz

105 =Lx +Jy -z

106 +lx ~Uy -z

107 +Ly +x -Uz

108 =Ly =Ux -Uz

109 -Uz +ly +x

110 +z ~Uy +x

111 +ly +z +x

112 =Ly -Uz +x

113 +Jz +y =Ux

14 -Uz ~Uy ~Ux

115 =Ly +lz —Ux
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116 +ly -z =Ux
117 —lx +Uz +ly
18 +Ux -Uz +Uy
119 +z +x +y
120 =Uz =Ux +y
121 +Ux +lUz ~Uy
122 —Ux -Uz =y
123 -Uz +Ux ~Uy
124 +|z =lx =y

How to change the coordinate system to 102 orientation:

Enter 14 in CMD ID, 102 in Parameter 1, and 4 in Parameter 3. The generated
hexadec imal array can be Tilled into the COM assistant or program array and sent

to the MU

Figure 10 Change the coordinate system to 102 orientation

HO, | 0w HE -
— TR
N e BeT BE BED i 1B L
S5, B B VR DO R G
AL 20 DD O CX0L LK1 4. B4 D000 0 L, 4 D D 1 T 2.9 1 a ] MEEE TSR
i 2 [} 0 R rAHALEE
L}
RS

N

WAl ] aregaden Modes . BN AL

J—— ""'EI e T
u

EARE R iy = a o S B EFLASH

[ "z 1] i |4

ET T B

M i o s |0 v |9

a

L U ELRE. wabe HIERVRIED|
WAL & a P m_ﬁ TR R akas -
% ¥ T Eikae RO B ll.!ﬂ.:l.hollm;: adi:

Ll

g :nrm

FEMERSELT: CMD IERL D RS SR Sad il ST RN ¢ " " L
:tm-: - ENE R L B0 BT RSl S s R e TR D
el T ]
AR . Birm R -

R ST e e [-]

How to read the coordinate system orientation:

Enter 06 in CMD 1D and 4 in Parameter 3. The generated hexadecimal array can
be filled into the COM assistant or program array and sent to the MU
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Figure 11 Read the coordinate system orientation

BO%: i CLT FITE [  BwmlERES - 0
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P
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Example: Set the coordinate system to 115 orientation

Data input: 55 aa, 0 e, 00 18 00 00 00, eb,
42,00, 00, 00, 00, 04, 00, 00, 00, 00, 00, 00, 00, 00, 00, 00,00, 00,00,00,00.46,6 a, 4 e,
86

Response data: AA 55 3D 75 04 00 34 75 04 00 &0 OE 6B 1B

According to Table 20, the index of Parameter is 04, and the parameter is set

successtul ly
Read the coordinate system:

Input data: 55 AA 06 00 18 00 OO0 00 00 00D 00 00 00 00 00 0O OO0 OO0 0O 00 00 D4
00 00 00 00 00 00 00 00 00 00 00 OO0 OO0 00 00 00 OO0 OO0 00 00 00 &% 64 0% E4

Response data: AA 55 30 75 18 00 00 00 00 Eé 42 00 00 00 00 00 00 00 00 00 04
00 00 00 00 00 00 00 00 00 00 00 OO0 00 OO 0D OO0 OO0 0D OO0 00 OO 00 00 OO 00 0O
00 00 00 00 00 00 00 00 00 00 00 BZ 2F 2D 4E

According to Table 14 and Table 15 the parsing results in 115 for parameter
1 {float) and 04 for parameter 3. That is, the coordinate system is 115

orientation
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7.1.10 Serial Port Connection FAQs

1) The RX of the IMU cannot connect to 2 host TXS

The RX of the serial port cannot be connected to two TX at the same time, so
i T you need to connect the primary PC. you need to disconnect its communication
with the serial port of the user host. otherwise the PC can only receive data

and cannot send commands to the (MU
As shown in the following picture:

Figure 12 Schematic diagram of serial port connection

RXY AR R

MU “”.

= &P EN

X b

IMU Rx

Xy ZpE

IF: IMUTX A{EEEE RX, RX FHEEEETX;
IMU B [ A] [ i 48 5% E PR OB _E Gl ;
IMUTT LA B 55 4B i 0 4 ] e LGl
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2} The version number cannot be obtained

Check whether the serial cable has lost packets. The serial cable of the FT232
chip is recommended. The CH340 and PLZ303 data cables will lose packets when
the baud rate is high (>115200bps)

It is recommended to connect the serial cabledirectly, donot recommend series,
such as the interface of R5422 to connect the computer. directly use R5422 to
R523I2+R5232Z to USE cable series.

3) Upper computer curve display caton

IfitisFT23Z2data line, use the systemadministrator to open the upper computer,

and automatically configure the serial port delay

Configure the serial port delay manually in the device manager.
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7.2 12C Communication Protocol

Example of 12C host read driver based on STM32:

https://data. for sense— imu. com/page./downl oad. himl

7.2.1 12C interface Parameters

Table 25 |20 interface parameters

|2C rate A400KHz
I12C Slave address (7 bits) Ox18

7.2.2 12C Connection Mode

Figure 13 12C connection method

3.3V

-

SCL 12C_SCL

SDA ! 12C_SDA

T 1

Mote: The pull-up resistor has a resistance value of 4. TKQ
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Table 26 List of 120 Register

Names Address
BURST Ox12
FILTER_CTRL 0x06
PROD_ID Ox6A

Read/Write Default Description

R Continuous read register
RW 0xBB Filter selection

R Product name

7.2.3.1 12C BURST Register

This 12C protocol supports

cont inuous reading, continuous reading register

address 0x12, the slave machine automatical |y accumulates the address.

cont inuous output 48 bytes

in 8bit mode, the reading process is as fTollows:

FIG. 14 12C continuous read mode
£ 2|E ¢
z Slave address (0x18) 5| E| registeradress ox12) |5
u < |2 <
L O 1 I 1 1 1 I T
S{o 0 1 1 0 0 0jJOJA]lx O O 1 0 O 1 ODJ]A
1 1 1 1 1 l 1 1 1 1 1 1
= =
g Slave address (0x18) E o Read data (0x12) & Read data (0x12) b
=< . e
I 1 1 I T T 1T 17T T 1 I 1T 1T 1T 1T T1T°1
o o0 14 1 0 0 o0jJ1)JA]l=x x x x x x x xJA]x x x x x x x x|A
I I I I I | [ T N I | L 1 1 i 11
% =z =
&5 Read data (0x12) Read data (0x12) &
<L 3 o
| L 1 I T 1 1 I LI T
Alx x x x x x x x]JA|]x x x x x x x x|A
1l 1 1 1 1 1 1 l 1 1 1 1 1 1
") = =
E Read data {x12) 5 Read data (0x12) 5 .E-
< Z E o
I T T 1T 1T T 1 1T 1T 1T 1T 11
Al X x X X X x = x| Al x X K ® x = = X |MNAL P
| I I N /I T N [ [ |

Frames are defined as follows:

Table 27 |12C continuous read data format
Sending sequence 1 2 3
Data format uintd2_t float float
Send content TIME ACCL_X AGCL Y
Send order 4 5 [+
Data format float float float
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Send content AGCL_Z GYRO_X GYRO_Y
Send order 7 8 9

Data format float float float
Send content GYRO_Z TEMP ROLL
Sending order 10 11 12
Data format float float uint32
Send content PITCH Y AN CRG32

Mote 1: TEMP is measured in ° C. gyroscope output is measured in °/s,

acce |lerometer output ismeasured ing, and attitude output is measured indegrees

Mote 2: The initial value of crec32 is 1, CRC calculation does not include all
the data of this frame, refer to Appendix 1 for table calculation

7.2.3.2 12C FILTER_CTRL register

The FILTER_CTRL regi ster address is 0x06. The Tilter configuration mapping table
is the same as the 3P| accelerometer and gyroscope Tilter configuration. The
register reading process is the same as the |20 BURST reading method, and the

register writing process is shown in the figure below.

Figure 15 12C FILTER_CTRL register writing method

§ 2|E 2 2ls

= Slave addmss ((k18) RM G| E Regisier address (D) 5] Data (1) =

in 215 g Sla
T T T T 1 I I 1T 7 1 1 T 1T 1 1T 1T T 1

s D 1 1 ) DjOoO]A I I o 0 1 1 OJAJ O O O C a 0o 0 1]A]|P
| 1 | | 1 | 1 1 | | | | 1 | | 1 1 | 1 |

7.2.3.312C ID register

The ID register is OxéA, and its data content is IMUSIB in the ASCII fTormat.
The 1D register can be read from 12C BURST, as shown in the following table.

Table 2B 12C ID register read mode

Sending sequence 1 2 3 4
What to send 0x00 0x00 Oxd49 OxdD
Send order 5 6 7 8
What to send 0x55 Ox36 0x31 Ox*

Mote 1: All data is &bit width
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Note 2:0x * indicates the contents of the product ID, 0x32 for IMUS12, 0x34 for
IMU614, 0x38 Tor IMUSIB. Oxd41 for IMUS13ZA, and 0x42 for IMUS132B
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7.3 SPI Communication Protocol

Example of SPI| Master read driver based on STM32:

https://data. for sense— imu. com/page./downl oad. himl

7.3.1 Parameter of the SP| interface

Table 29 5P| interface parameters

5Pl host This product acts as slave
5Pl rate 0.2 to 2 MHZ
=Pl word length 16bit

Phase Rising edge trigger (Mode 3, CPHA=1)
Polarity Idle for high (mode 3, CPOL=1)
Bit order MSE priority

7.3.2 SPl connection diagram

Figure 16 5Pl connection diagram

3.3V
T
SS/CS > SPI_CS
SCLK p| SPI_CLK
. SDO | SPI_MISO AWL
SDI p| SPI_MOS|
RST p| RST

I L

Mote 1: Before the initial reading. it is necessary to reset the IMJ and wait
for 3s to make the |MJ enter the normal working state.

Note 2: Refer to the corresponding manual for 5Pl pins of different IMJ models
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7.3.3 SPl communication bit order

The SP| interface supports ful l-duplex serial communication {(performing both

send and receive at the same time) using the bit order shown in the image below.

Figure 17 3chematic diagram of SP| communication bit order

& 7]

SCLK

N Aw |ag Jas | as Jas Jaz [ a1 | ae Joer [pce [pes Joce [pes oez [pet [oeo rw | a6 | AS

pouT = 015 Jovs Jor3 Jovz o JoroJ o9 J o8 J o7 [ oe Jos Joa Jo3 ] o2 [ o2 [ oo }——{ 015 Jo14 Jona

Where, the highest DIN bit represents the read/write operation. [A&:A0Q]
represents the register address, and [DC7:DC0] represents the data written
{write operation) or DUMMY data (read operation).

When /W =1, the DOUT data of this SPl cycle is meaningless. DOUT data for this
SPl cycle when /W =0

Represents the register output data of the last twocycles. see BURST read example

for details.

7.3.4 SP| register

Table 30 List of 3P| registers

Mames Address Read/Mrite Default Window Description
o]
BURST C=00 RW 0 Continuous reads
FILTER_CTRL 0 =07, 0 W Ox00BE 1 Filter selection
x06
PRODID1 O=BC R Oxd424d 1 ID Mumber 1
PRODDZ C=BE R Ox5536 1 ID Mumber 2
PRODID3 C=70 R 03132 1 ID number 3 (IMUE12)
03134 1 ID number 3 (IMUG14)
Ox3138 1 ID number 3 (IMUG18)
Ox3141 1 ID number 3
(IMUBL3ZA)
Ox3142 1 ID number 3
(IMUE132E)
WIN_CTRL 0w 7F 0x7E R 00000 01 Window ID selection
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TEMP_HIGH O=0E

R Y, ] Temperature high byte

TEMP_LOW C=10 R Y ] Temperature low byte

AGYRO_HIGH Cx12 R Y, 0 Gyro X axis height bytes

AGYRO_LOW Cx14 R Y, 0 Gyro X axis low byte

YGEYRO_HIGH Ox16 R \, 0 Gyro Y -axis height
bytes

YGYRO_LOW Ox18 R Y, 0 GyroY axis low byte

ZGYRO_HIGH O=1A R A 0 Gyro £-axis height
bytes

ZEYRO_LOW Cx1C R Y, 0 Gyro Z axis low byte

HFACCEL_HIGH O=1E R Y 0 Add table X axis height
bytes

HMACCEL_LOW Cx20 R Y 0 Add table X axis low
byte

YACCEL_HIGH Ox22 R Y 0 Add the Y-axis height
bytes

YACCEL_LOW Ox24 R Y 0 Add table Y-axis low
byte

ZACCEL_HIGH =26 R Y 0 Add table Z-axis height
bytes

ZACCEL_LOW Cx28 R Y 0 Add table £ axis low
byte

7.3.4.1 SPI BURST Register

BURST reads Register continuously, reading all data ina single data stream

without stopping between 1&6bit segments.

Table 32 5P| BURST Register format

address  bitls bitld bitl3 bitl2 bitll bitl0 bit9 bit€  Read/Write
Ox01 RW
Address  bit? bith bit5 bitd bit3 bit2 bitl  bitD  Read/\Write
Ox00 BURST_CMD RW
The BURST reading method is as fol lows: sending 0xB8000 before reading indicates
setting BURST and starting reading. and then sending 0x0000 all the time and

receiving data. The output Register content is offset by 2 SPI cycles compared

with the sending of the read instruction, and the chip selection level continues
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to be low during reading.

Figure 19 Schematic diagram of continucus reading of SPI BURST

E I 1 2 3 4 5 sraaa 15 |

DOUT sssssssrissassasssmissansnsnsnnnsnsnnnssonnss m_g_> va_x_> mrm_v_1>---< CHECKSUM >

Table 33 Basic format of continuous reading by SPI BURST

Sending 1 2 3 4 5 B
Sequence

What to GYRO_X_L GYRO_X H GYROY L GYROY H GYROC ZL GYROZH
send

Send 7 8 g 10 11 12
order

What to ACCLH_ L ACCLYX H  ACCLY L ACCLY H ACCLZL ACCLZH
send

Send 13
order

What to CHESM
send

SPI BURST? Read the basic format continuousl|y

To output a mode 2 data frame. write 0x02 to the Register OxEBD

Send 1 2 3 4 5 6
order

What to GYRO_X_L GYRO_X H GYROY L GYROY H GYROZL GYRO.ZH
send

Send 7 8 g 10 11 12
order

What to ACCLM_ L ACCLYX H  ACCLY L ACCLY H ACCLZL ACCLZH
send

Send 1z 14 15 16 17 18
order

Whatto  TEMP_L TEMP_H PITCH_L PITCH_H ROLLL ROLLH
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19

YAW_L

20

AW_H
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21

Feserved

22

Feserved

23

CHECE_L

5P| BURST2? Read the basic format continuous|y

To output a mode 3 data frame. write Ox03 to register Ox8D

Send
order

What to
send

Send
order

What to
send

Send
order

What to
send

Send
order

What to
send

send
order

What to
send

send
order

What to
send

1

TIME

GYRO_Z_L

13

ACCLZI

19

YAW_L

25

QLL

31

CHECK_L

2

STATUS

GYRO_Z_H

14

ACCLZH

20

AW_H

26

QL H

32

CHECK_H

Instructions Tfor BURST3:
TIME Indicates the counting time atter the PPS arrives. The value is cleared
every whole second.

STATUS Description:
Bitd: Accelerometer sensor ready Tlag. 0= not ready.

3

GYRO_X_L

ACCL XL

15

PITCH_L

21

TEMP_L

27

QZ_L

4

GYRO_X_H

10

ACCL X H

16

PITCH_H

22

TEMP_H

28

QZ_H

5

GYROW_L

11

ACCLY_L

17

ROLLL

23

QO_L

29

Q3L

1= ready

Bitl: Gyroscope sensor ready flag. 0= not ready. 1= ready

Bit?:
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ROLL_H
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QO_H
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Bitd: IMU calibration successful : 0= unsuccessful. 1= successful calibration
Bitd-Bitd: Gyroscope GX, GY. GZ will set 1 in the corresponding position if it

exceeds the range. otherwise it will restore 0

Bit7: Reserved bit

BitB: Geomagnetic sensor ready Tlag, 0= not ready. 1= ready. note This bit is
invalid for not with geomagnetic

Bit?Bit15: Reserved bit

Mote 1: All data in BURST, BURSTZ BURST3 are 16-bit widths

Note 2: Top. Accelerometer. attitude and quaternion data in BURST. BURSTZ? and
BURST3 are expressed as int3? after concatenation

Mote 3: CHKSM stands for CHECKSUM., which is used to confirm data integrity. |t
is calculated by summing all the data before the CHECKSUM

In the BURST continuous reading process, 32-bit complete data is divided into
high 16 bits and low 16 bits respectively output, output using the smal l—endian
mode, that is. low bytes output Tirst. Users need to concatenate the two parts
of 16bit data to restore the complete 32-bit data.

FIG. 20 Schematic diagram of SPI132-bit data

GYRO_X_H GYRO_X_L

19 0 15 0
w f

------------------ T T T T Ty

restoration azﬁﬁﬂ&ﬁﬁ*ﬁﬂ:

After obtaining the complete 32-bit data, the standard frame user can convert
it into angular velocity, acceleration, temperature and attitude Angle
information according to the following formula.

Table 34 Standard frame 3P| 32-bit data conversion formula

name Units  Formula Conditions/Motes

Angular “ /s G=5F/B5536+GYROC GYRO is the GYRO data for the

Speed KOS axis in the table above
Gyro scale factor SF= 0.016

Acceleration ma A=5F/EEE3E+ACCL ACCL is the ACCL data for the

XL axis in the table above
SF = 0.2 for Burst mode

In single Register mode,
SF=0.2/1000
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Temperature 'C  T=SF/B5536+TEMP-172621824+25 TEMP is the TEMP data in the
table above
Temperature scale factor

SF=-1/263 4
Attitude D=SF/B5536+ATT ATT isthe ATT data in the table
Angle above
Aftitude scale factor SF =
0.006890411
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7.3.4.2 SPI FILTER _CTRL Register

The FILTER_CTRL Regi ster prov ides the user with control over thedigital |ow—pass
filter. The Register is a read/wr ite Register, the write command is send 0xB&XK,
and the current 3P| cycle setting is valid. The read command is sent Qx0&600,
and the output Register content is offset by 2 5Pl cycles than the read command
is sent.

Table 34 5P| FILTER_CTRL Register format
Address bit15 bitld bit13 bit12 bit11  bitld bit? bitd Read Mrite
0x07 R
Address  hit? bité bits bitd bit3d bit2 bit1 bitd Read/Write

Ox06& Accelerometer filter Gyro filter configuration R
configuration

Table 35 Fi lter configuration

Encoding Description

Accelerometer/gyroscope filter configuration 4’ b 0000 IR filter fc=1 Hz
4" b0001 IR filter fc=1 Hz
4’ b0010 IR filter fc=2 Hz
4’ b0011 IR filter fc=5 Hz
4’ b0100 IR filter fc=10 Hz
4’ b0101 IR filter fc=15 Hz
4’ b0110 IR filter fc=20 Hz
4’ b0111 IR filter fc=25 Hz
4’ b1000 IR filter fc=30 Hz
4’ b1001 IR filter fc=35 Hz
4’ b1010 IR filter fc=40 Hz
4’ b1011 no filter

Mote: For example, if the gyro and Acce lerometer Tilter are configured at 10Hz,

the value Ox8644 is written.
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7.3.4.3 SPI ID Register

The IDRegister isaread—-only Register, and the data content is the ASCI | encoded
character "IMU". The reading method is similar to that of BURST data reading:
0x6C0070x7000 is sent when the burst data is read, and the data is received.
The output Register content is offset by 2 cycles from the read instruction
sending.

The comp lete ID of the product can be obtained by concatenating 4 1&6bit 1D data
into ASICII code. The splicing method is the same as the splicing of data read
continuous |y by BURST, with PROD_IDT in the high position and PROD_IDG in the

low position.

Table 36 Format of SPI ID Register

Address  bitls ~ bitD Encoding Read\rite
Ox6C FRCOD_D1 0x494D R
OXEE PRCDO_ID2 Ox5536 R
w70 Ox3132(MUE12) R
PROD_ID2 0x3124(IMUB14) R
The encoded content represents
%
the product ID Ox3138(MUEB1E) R
Ox3141(IMUEBL32A) R
Ox3142(IMUB132EB) R
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7.3.4.4 SP1 WIN CTRL register
This register isused to control the switchwindow ID and can be read and written.
The window default is 0, write OxFEO1, then switch to 1.

Table 37 Format of SPI WIN_CTRL register
Address  bitls bitld bitl3 bitl? bitll bitl0 bitd  bitB  Read/Write
OwTF By
Address  bit7? bitt bits bitd bit3 bit? bitl bitD  Read/Write
OxTE WINDOW_ID By

Table 38 SP| register WIN_CTREL. WINDOW_ID encoding

Mame Code Description
WINDOW_ID C=00 window(, start reading data
C=01 windowl, go to Configuration
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7.4 Common AT instructions

7.4.1 Stop the current data stream output

Instruction: AT+SETNO\r'n

Answer: 0K

You can stop the current data stream {(without changing the Parameter of the data
stream), and the output is 0K, indicating that the next operation can be carried
out.

If there is no response. you can continue to send AT\r\nAT+SETNOr\n command
unti | the output is OK.

Turn on data stream output

Instruction :AT+SETYES\r'n

7.4.2 Query version number

Instruction: AT+VERS IONYrn

Answer ;. SW_VERSION Firmware version
HW _VERSION Hardware wersion
BOARD VERS ION Backboard version

DK

7.4.3 Querying User Parameter

Instruction: AT+CONF IGY rin
Answer: BAUD _RATE Baud rate of the current serial port
ORIENT current coordinate system
IMU_ODR Qutput frequency of the current [MU
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 of the current MU

0K

7.4.4 Setting and Querying the ODR

Example: Set output frequency ODR to 50hz
Instruction: AT+SET_ODR=50'r'n
Answer: |MU_ODR: 50
0K
guery the ODR instruction of IMU
. AT+GET_ODRYr'n
Reply: [IMU_ODR:
0K
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7.4.5 Setting and querying the coordinate system

Example: Set the IMU coordinate system to top right front
Instruction: AT+SET_ORIENT=101%r'\n
Answer: orientation:
0K
Query the IMJ current coordinate system

Instruction: ATHGET _ORIENT\r'n
Answer: orientation:101

OK

7.4.6 Setting and Querying the Baud rate

Example: Set the baud rate of the IMJ to 115200
Instruction: AT+SET_BAUD=115200%r'\n
Answer: OK
Query the current baud rate of MU
Instruction: AT+GET_BAUDAr'n
Answer: BAUD _RATE=
0K

7.4.7 Set the roll and pitch inversion

AT+SET_ATT _ORIENTAT ION=00%r"n Roll pitch does not invert
AT+SET_ATT_ORIENTAT ION=01%r'n roll reverse, not reverse pitch
AT+SET_ATT_ORIENTAT ION=10%'\n roll is not reversed, pitch is reversed
AT+SET_ATT_ORIENTAT ION=11%r'n roll and pitch are inverted

7.4.8 Set and query filters

Example: Set the filter of the IMJ to 20hz
Instruction: AT+SET_LPF=102\r'\n
Answer: LP_CONFIG _REG: 102
0K
Query the IMJ current filter
Instruction: AT+GET_LPF'rin
Answer: LP_CONFIG_REG:
0K
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Table 39 Low-pass Tilter values and AT instruction corresponding values

Serial MU lowe-pass filter value The value corresponding to the AT
Mumber instruction
1 1 17

2 2 34

3 ) =1

4 10 B3

4 15 85

=) 20 102

B 25 119

7 30 136

8 35 153

] 40 170

10 4T (no filtering) 187

7.4.9 Set the initial heading Angle

Example: Set the initial heading Angle to 180 degrees {integers only supported)
Instruction: AT+SET_HEADING=180%r'\n

Answer ;. AT+3ET_HEAD ING=180

7.4.10 Save parameters

Instruction: AT+SAVE\r\n
Answer: OK
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7.5 GAN Communication protocol

Example of CAN host read driver based on STM32:
https://data. forsense— imu. com/page./downl ocad. hitml

7.5.1 Communication Parameter

Interface form: CAN. standard frame
CAN rate: 250Kbps IMbps {configurable)

7.5.2 Standard frame format

Table 40 CAN Standard Frame Format 101

Standard Frame D 1 2 3 4 5 3] T 8
CxE5+ node ROLL PITCH

Table 41 CAN Standard Frame Format 102
Standard Frame D 1 2 3 4 5 3] T 8
CxEE+ node YAW Gx

Table 42 CAN Standard Frame Format 103
standard frame ID 1 2 2 4 5 3] T ]
CxEeT+ Mode Gy Gz

Table 44 CAN Standard Frame Format 104
Standard Frame D 1 2 2 4 5 & T g
Cx68+ node A Ay

Table 45 CAN Standard Frame Format 105
Standard Frame D 1 2 3 4 5 & T ]
69+ node Az TEMP INDEX

Mote 1: Attitude Angle., gyro, Accelerometer data is expressed as float,
temperature., meter value data is expressed as intlé

Note 2: The unit of TEMP is 100% ° G, the unit of gyroscope output is °'s. the
unit of accelerometer output is g, and the unit of attitude output is degree
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7.5.3 CAN parameter configuration
7.5.3.1 Configuring the CAN Baud Rate

Configure the CAN baud rate and send instructions:
1D=0x619, DATA=0x20 O0x21 0x22 0x23 OxXX 0x00 0x00 0x00

The IMJ replies as Tol lows:

1D=0x519, DATA=0xXX OxFF OxFF OxFF OxFF OxFF OxFF OxFF Oxff

To query the CAN baud rate, send instructions:

ID=0x619, DATA=0x20 O0x21 0x22 0xZ3 Ox0A 0x00 0x00 0x00 0x00
The IMJ replies as Tol lows:

ID=0x519, DATA= OxXX Ox0A OxFF OxFF OxFF OxFF OxFF OxFF Oxff
Where:

#¥=01 baud rate is 250Kbps

A¥=02 baud rate is 500Kbps

AX=03 baud rate is 1000Kbps

71.5.3.2 Gonfiguring the Node ID

The default node is 100, set the node ID to 0X0102, and send the command:
1D=0x61A. DATA=0x30 0x31 0x32 0x33 Ox01 0x02 0x00 0x00

The IMJ replies as Tol lows:

ID=0x51A, DATA=0x01 O0x02 OxFF OxFF OxFF OxFF OxFF OxFF Oxff

7.5.3.3 Querying the version Number

Send instructions:

ID=0x618, DATA=0x10 0x11 0x12 0x13 0x00 0x00 0x00 0x00 0x00

The IMU replies as fol lows:

ID=0x518, DATA=0x00 0x03 Ox12 Ox0E OxFF OxFF OxFF OxFF Oxff

The version number is :0X0003120E. that is, firmware version number: 201230

7.5.3.4 Check/Set the terminal resistor

Remove the terminal resistor and send the command:
ID=0x61B, DATA=0x10 Ox11 0x12 0x13 O0x01 OxFF OxFF OxFF
The IMJ replies as Tol lows:

ID=0x51B, DATA=0x01 0xFF OxFF 0xFF 0OxFF OxFF OxFF OxFF
Add terminal resistor. send instruction:

ID=0x61B, DATA=0x10 Ox11 0x12 0x13 O0x02 OxFF OxFF OxFF

The IMU replies as follows:
ID=0x51B, DATA=0x02 0xFF OxFF OxFF OxFF OxFF OxFF OxFF Oxff
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7.5.3.5 Setting the OQutput frequency

Set the output frequency and send instructions:

ID=0x61C, DATA=0x10 Ox11 0x12 0x13 OxXX OxFF OxFF OxFF

The IMU replies as fol lows:

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

1D=0x61C, DATA=0x10 Ox11 Ox12 0x13 Ox0A OxFF OxFF OxFF

The IMJ replies as Tol lows:

ID=0x51C, DATA=0xXX Ox0A OxFF OxFF OxFF OxFF OxFF OxFF Oxff
Where:

AX=01 The output frequency is THZ

X¥=02 The output freguency is 10HZ

AA=03 The output freguency is S0HS

AX=04 The output freguency is 100HZ

XX=05 The output freguency is Z200HZ

7.5.3.6 Check/Set roll pitch inversion

Set roll pitch take reverse. send command :

| D=0X&610, DATA=0X10 0X11 0X12 0X13 XXXX OXFF OXFF OXFF

The IMJ replies as Tol lows:

ID=0X51D, DATA=XXXX OXFF OXFF OXFF OXFF OXFF OXFF OXFF

Query roll pitch take inverse state, send instruction:
ID=0X&1D, DATA=0X10 0X11 0X12 0X13 OXO0A OXFF OXFF OXFF

The IMU replies as follows:

I D=0X51D, DATA=KXXX OX0A OXFF OXFF OXFF OXFF OXFF OXFF

Where:

AXXA=0X00 Roll Angle and pitch Angle are not reversed
AXEX=0X01 roll Angle and pitch Angle are not inverted
AXEX=0X10 Roll angle is inverted., and Pitch angle is inverted
AXXX=0X11 Roll angle is inverted, and Pitch angle is inverted
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7.5.3.7 Check/set the filter cutoff frequency

Set the filter cutoff frequency and send instructions:
ID=0X6&1E, DATA=0X20 0X21 0X22 0X23 XXXX OXFF OXFF OXFF
The IMU replies as fol lows:

ID=0X51E, DATA=XXXX OXFF OXFF OXFF OXFF OXFF OXFF OXFF
Query the filter cutoff frequency status and send instructions:
ID=0X561E, DATA=0X20 0X21 0X22 0X0A OXFF OXFF OXFF OXFF
The IMJ replies as Tol lows:

I D=0X51E, DATA=XXXX OX0A OXFF OXFF OXFF OXFF OXFF OXFF
Where:

AXEX=0X44 Cut—off freguency 10HZ

KAAX=0X 66 Cut—off frequency Z20HZ

AREN=0XAA Cut—off freguency 40HZ

AXEX=0XBE Cutoff freguency 47HZ

7.5.3.8 Querying or Setting the Coordinate System

Set the coordinate system and send instructions:

ID=61F, DATA=0X30 0X31 0X32 0X33 XXXX OXFF OXFF OXFF

The IMJ replies as Tol lows:

ID=0x51F, DATA= XXXX OxFF OxFF OxFF OxFF OxFF OxFF OxFF
Query the orientation Settings. send instructions:
ID=0x61F, DATA=0x30 0x31 0x32 0x0A OxFF OxFF OxFF OxFF

The IMJ replies as Tol lows:

ID=0x51F, DATA=XXXX 0x0A OxFF OxFF OxFF 0xFF OxFF OxFF 0xff
Where:

ARRX=0165 Default orientation

CAN is configured in hexadecimal and displayed in decimal in section 8. Refer
to Section 8 of the manual for specific orientation Settings

7.5.3.9 Turning off/Subtracting Attitude Angle

Set off/deduct attitude Angle or deduct attitude Angle to send command:
1D=0x620, DATA=0x10 Ox11 Ox12 0x13 XXXX OxFF OxFF OxFF

The IMJ replies as Tol lows:

1D=0x520. DATA=XXXX OxFF OxFF OxFF OxFF OxFF OxFF OxFF Oxff

To check whether the attitude Angle setting is deducted, send the command:
ID=0x620, DATA=0x10 0x11 0x12 0x0A OxFF OxFF OxFF OxFF Qxff

The IMU replies as fol lows:

1D=0x520. DATA=XXXX OxOA OxFF OxFF OxFF OxFF OxFF OxFF Oxff

Where:

KXRX=0X01 minus attitude Angle
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AXRA=0X00 No attitude Angle is deducted

7.5.3.10 Save instruction

Send instructions:

ID=0x6FF, DATA=0x10 Ox11 0x12 0x13 OxFF OxFF OxFF OxF

The IMU responds as fTollows:

ID=0x5FF, DATA=0xFF OxFF OxFF OxFF OxFF OxFF OxFF OxFF Oxff Oxff

The storage takes time. The packets are returned only after the storage is
successful. After the storage is successful, the restart takes effect
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8. Define the coordinate system

Figure 20 Definition of coordinate system

Z prd

| <« @rorseysz"
’ FESIMUSI4AE -2 ®

This product coordinate system uses the pre—right—down {FRD) coordinate system,

Euler Angle range is as Tollows:
Rotation around the Z axis: Course Angle Yaw range: 0° ~360°
Rotation around the #—axis direction: Roll Angle Roll range: —-180°7180°

Rotation around the Y-axis direction: Pitch Angle range: —90° to 90°

Roll, pitch, and course Angle diagram is as follows:

FIG. 21 Schematic diagram of rell, pitch and heading Angle
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Schematic diagram of mounting coordinate system

Schematic illustration: For ease of understanding, take the relative position of
the MU module in the internal space of the passenger car as an example,

The direction of the front is the front, the Angle of the lens is the back, and the
relative position can be confirmed by the direstion of the arrow on the module |abel
Adjusting the instal lation eoordinate system is to ad just the definition of X¥Z three
axes, so that XYZ three axes always meel the requirements of X facing forward, Y
facing right and Z facing down

Coordina o Coordina Schematic Coordina Schematic
te Schematic diagram ] ]
te system diagram te systemn diagram

System

D O
101 117
102 110 113
103 111 119
104 120
105 121
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Coordi Coordi Coordi
nate Schematic diagram nate Schematic diagram nate  Schematic diagram
system system system
] .
106 114 122 E
L Ls.
-
>
107 115 5 123
i
108 116 124
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9.CRC table |ookup method calculation

It is recommended to refer directly to the example code.

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

high bytes last

Note 2: The initial value of cre3? is 1. and CRC calculations do not include

all the data in this frame itself

G+
static const wint32t crcd2tab [ ] = |
0x00000000, 0x77073096. Oxeeleb12c, 0x920951ba, 0x076dc419. None TOSATABF

. Dxe963a535,
. 0x09bé4cZb,
D f3b97148,
. 0x136c9855,
, Oxfalf3dé3,
. 0x3c03edd1,
. Oxdbbbc9dé,
. 0x26d930ac,
. Dxctba?599.
. 0x2F 65 TcBT,
. 0x98d220bc,
. 0x7807c9a2,
. 0xF1 646097,

0xf262004e

. Dxbc0695ed,
. UxBbbebbea.
. 0x4db26158,
. Oxaddicdéd,
. 0x44042d73,
. OxbeOb1010.,

Oxcefled?f

. Ox5edet?0e,
. Dxb7bdoc3b,
. Oxead54739,
. DxOdédbae.

0xFe6495a3.
Ox7eb17chd.
0x84bed 1de,
Ox646baBcl,
0x8d0B0df5,
0x4b04d447,
Oxacbct940,
0x51de003a,
0xbBbdab0f.
0x58684c11,
Oxefd5102a,

0x0edb8832,
Oxe7b82d07,
Ox1adad47d,
Oxfdé2197a,
Ox3bée20cE,
0xd20d85fd,
0x32d86ce3.
OxcBd75180,
0x2802b8%e,
Oxc1611dab,
0x71b18587,

0x79dch8ad,
0x90bf1d91,
Ox6Hdddedeb,
(0xBabbcYec,
Oxd4c69105e,
0Oxa50ab56b,
0x45df5¢75,
Oxbfd0&116,
0x5f 058808,
Oxb6662d3d,
0x06b6b51T,

OxeldoeP1e.
Ox1db 71064,
0xf4d4b551.
0x14015c4f,
Oxd56041e4,
0x35b5agfa,
Oxdcdéldef,
0x21b4f4b5,
Oxc60cdFb2,
0x76dc4 190,
0x9fbfedad,

Ox0Ff00f934, 0x9609288e. Oxel0eY818, Ox7foaldbb,

Oxeb635c01,

Ox 6bbb51 14,

Ox1cbechb162,

0x97d2d988
Ox6ab020f2
0x83d385c7
Ox63066cd?
Oxa2é677172
0x42b2986c
Oxabd13d59
0x56b3c423
0xb10be924
0x01db 7106
Oxebb8d433
0x0B6d3d2d

0xB56530d8B,

0x1b01a57b, 0x8208f4cl. 0xf50fc457. 0x65b0d9ch, 0x12b7e950
Oxfch9887c. 0x62dd1ddf, 0x15da2d4?, 0xBcd37cf3. Oxfbd44cé5
Ox3ab551ce, 0xa3bc0074, Oxd4bb30e2, Oxd4adfab541, 0x3ddB95d7
Oxd3doT4fb, 0x4369e%Ha, 0x346ed9fc. Oxad678846, OxdabObBd0
0x33031de5, Oxaaladc5f, Oxdd0d7cc?. 0x5005713c. 0x270241aa

Oxc90c2086, 0x5768b525. 0x206f85b3. 0xb966d409,

0x29d9c998, 0xb0d09822, Oxc7d7aBbd4., 0x57b33d17. Ox2Zeb40d81
OxcObabcad, OxedbB8320, 0x%abfb3bé, 0x03bbe20c, 0x74b1d29a
0x9dd277af, 0x04db2615, 0x73dc1683, 0xed630b12, 0x94643bB4
OxTaba5aaB, Oxed40ecfOb, 0x9309ff9d, 0x0al0ae27?. 0x7d07%9ebi
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. 0xf00f9344, 0xB708a3d2. 0x1e01f268., 0x6906c2fe, Oxf762575d. O0xB065467ch

L0x196c3671,  Oxbebblée7, Oxfedd1b76, 0xB89d3Zbeld. 0x10da7aba.
Ox67dddace

LDxf9b9dT6f,  OxBebeeff?, 0Ox17b7bed3d, Ox60b0Bed>, Oxdbdbaded,
Oxald1937e

,0x3BdBcZcd, Oxdfdff252, Oxdlbbé7f1, Oxabbch767, 0x3Tbb06dd,
0x48b2364b

. 0xd80d2bda, OxafOalbdc., 0x36034afé, 0x41047a60, Oxdfélefc3, 0xaB67df55

. 0x31 6eBeef, 0x4669be7?. Oxcb61b3Be, OxbebH6BIla, 0x256fd2al, 0x5268e236

. Oxcc0c7795, Oxbb0b4703, 0x220216b9. 0x5505262f, OxcSbalbbe, 0xb2bd0b28

. 0xZbb45a92, 0x5cb3bal4, Oxc2d7ffa7. 0xb5d0cf3l, OxZcd99eBb, OxSbdeaeld

. 0x%bb4c2b0, Oxecd3T226. 0x756aadfc, O0x026d930a. 0x9c0906a?,
Oxeble3 &3

,0x72076785, Ox05005713, O0x95bfd4aB2, O0OxeZbB7ald4, 0x7bb1Zbae,
0x0cbé1b3B, 0x92d2Be%b

. Oxe5d5beld, 0x7cdcefb7, 0xObdbdf21, 0xB&d3d2d4, 0xf1dd4e24Z, 0x68ddb3f8

. Ox1fdaB36e. 0xB1belécd, 0xféb9265b, Ox6Fb077el, 0x18b74777. 0x88085aeb

. 0xffOféa70, O0x66063bca. 0x11010b5c, 0xBf659eff, O0xfB862aeld?. OxbH16bTTd3

. Dx166ccT45, 0xal0ae278, Oxd70ddZee. Ox4e(48354. 0x3903b3c2

.Oxa7672661, Oxd0&016T7, O0x4969474d,  Ox3ebe77db. Oxaedlbada,
Oxd?dé65ade, Ox40dT0bob

0x37dB3bf0, Oxa%bcaeb3, OxdebbYech. O0x47bZcf7f.

0x30b5T fe?, Oxbdbdf21c

. OxcabacZ8a, 0x53b39330, 0x24bdaldab, Oxbad03605, Oxcdd70693, 0x54de5729

. 0x23d967bf, Oxb3b67aZe, Oxcdb14abB, 0x5d681b02, 0x2aéf2b94, 0xb40bbe37

. Oxc30cBeal, 0x5a05dfib. 0x2d02ef8d

8

uint32_t crec_crcd? (uintd2_t crec. const uint8_t *buf, uintdZ_t
size ) {for (uint32_t

i=0; i<size ; i++) [ere
= corc32 tab [ (cre ©~ buf [i]) & Oxff] = (ecre >» B8) ;
}
return crc;

}
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10 Use examples

10.1 Device Installation

1. The module should be firmly fixed on a rigid plane and avoid being instal led
ina position with large vibration.

Z. The module should be installed in the same direction as the front.

Figure 21 Schematic diagram of installing the module

=

Y

The correct installation diagram is as follows
The X axis faces the front of the car

Figure 22 Diagram of correct installation

*@rnnssusgé

F55- IMUS14E

The following installation metheds are incorrect installation
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L % ol = IMUZ2 3 F K

IMUZEFA R EREFER IMURLEFHRE

3. Precautions Tfor IMU installation

Do not use glue or other flowing liguid around the IMJ) to prevent |iguid from
flowing into the IMU through gaps and affecting the IMJ performance.

Figure 23 Schematic diagram of incorrect installation

IMU J21 BBl %% LE FT e el B At it 5 i 4
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10. 2 Example for Connecting a Upper computer software

FIG. 24 Schematic diagram of module connecting to Upper computer software

');J.bﬁ,. GND
i : CANH/RY/B

\FEh: SVIN f,_\f
- ~

ARdR: 1EGND
§REk . 1ECANL/RA/B

\E18E: §R5VIN

1 IMU6 14E & 51| A5 2H I

b 4 44 R Bk

2 i i CANR A 1 38 JEE A 14
3 I - 485 hi A< il 12 JEE AR s s
4 & R TTL AR CAS I3 JEE A % b
5 4-PIN $3k 'y .
6 TTLE 4% N
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11. Packaging

The IMUA14E—Q module is sealed with a roll tape. For efficient production.

11.1 Roll and tape packaging

Figure 24 Schematic diagram of reel tape packaging

B T )
MO AR R | -
o i
o

BRI 1 3inch (330 41100 ERE37
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11.2 Carrier Tape

The following Tigure shows the position and direction of the IMUGT4E-D module

on the load belt before delivery:

Figure 25 Position and direction of the IMUS14E-Q on the load belt

FLHR 7
WU NS REEEE | -
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12. Select accessories

. A - s .
"}Fﬂﬂ‘ﬁtﬂ'ﬂf - :E I - FORSENSE
FSS—-IMUGLAR : o S - [ k

s P S TMUS] AR
a0 &L aCEmy
&

Patch CAN version IMUA14E Series IMUAT4AE Series Patch 485 version

*

TTL Serial cable

o
),

USB to CAN module Type—C cable
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13 Modify the record

Versions date Status/Comments

Version 1.0 2023.11.10 First Edition

Version 1.1 2023.12. M Update Command Mode

Version 1.2 2023.12.14 Add attachments

Version 1.3 2024.02. 04 Updating electrical characteristics

Version 1.4 2024.02. 27 Update reflow curve and ESD protection

Version 1.5 2024.03. 26 Update the Pin definition

Version 1.6 2024.05.10 Add Upper computer software connection
diagram

Version 1.7 202410, 29 Parameter update

Version 1.8 2024.11.15 Update 5P| communication protocol
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