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Tactical MEMS

6 degrees of freedom inertial sensor

FSS—-IMUA614E-S Product manual

Features

100% pure domestic

Tactical grade MEMS gyroscope
| 3.0°hr zero bias instability

| 0.15° hr Angle random walk

Tactical grade MEMS accelerometer
| 35pg zero-bias instability

| 0.04m/s /+hr velocity random walk
Independent turntable calibration

| Independent calibration of each
module: sensitivity, zero bias, non-
orthogonal error

I-40 ® Cto 85 ° C temperature
compensation

High strength condition tolerance

| Super impact tolerance: 2000g
(0.5ms, half sine, 3 axis)

| Strong vibration resistance: 10g
(10~2KHz, 3 axis)

| Full temperature environment stable
operation: -401C ~ 851C

| 100% magnetic shielding

«@Fonrsense®
FSS-IMUSG14E-S

O 0]
Hh

SN:614E220100XXX

Real-time and flexible digital interface,
small size

| Configurable output sampling rate up to
1kHz

| Support serial port, 12C, SPl multiple
interfaces

| 14.7*17*3 2mm, weight only 1.6g
Product Overview

FS5-IMUGB14E-S is a 6-DOF MEMS
inertial sensor module built by the
original pole technology, with the
standard output of three-axis gyroscope
and acceleration information. This
model

The IMU adopis an all-domestic
scheme . Both sensing

The device, the processor, and the
software algorithm all adopt the
localization scheme.

High precision, high resolution, can
capture subtle vibration and filt. All
modules are benchmarked before
leaving the factory, so that each
module can be stable in a variety of
extreme conditions, while ensuring a
high degree of consistency in
performance across all products.

Application areas

IMU application scenarios with
localization requirements, such as:

& Attitude and Heading Reference
System (AHRS)

& Platform stabilization system

& [ndustrial robot



On the basis of standard performance and
output parameters, Yuanji also provides
customized software and software for
your special needs

LOGO customization service, in the
product to help you in the arm!
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1. Performance parameters

1.1 Key indicators of gyroscope

Table 1 Key indicators of gyroscope

Parameters Test Minimu Typical Maximu  Units
conditions/Remarks mvalue value m value
Measunng + 500 °s
range
Zero bias @25 ° C ALLAN variance, 1o 3 s/hr
instability 1
Zero bias Mational military standard, 15 */hr
stability 105 smocih
Zero bias Mational Army mark a0 =/hr
repeatability
Resolution 0.0153 9fs
g value / %fhig
sensitivity
MNon-orthogonal 0.02 deg
between axes
Internal low-pass Software adjustable 34 Hz
cutoff frequency
ODR 100 1000 Hz
Full temperature -40to 85°C, <=1 *Cmin@1c 0.2 s
range zero

deviation variation

Random Walk @25 ° C ALLAN variance, 1o 0.15 oihr
Calibration X4 %o
coefficient error 7-9

Scale coefficient @25°C 100 ppm
nonlinear

MNote 1: IEEE standard, Allan variance curve given at static 25 ° C environment
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1.2 Accelerometer Key indicators

Table 2 Key indicators of accelerometer

Parameters Test Minimum  Typical  Maximum  Units
conditions/Remarks value value value
Measuring range Plus ar a
minus &
Zero bias instability 1 @25,ALLAN variance, 35 Mug
10
Zero bias stability Mational military 150 Mu g
standard, 10s smooth
Zero bias repeatability  Mational Army mark 2 mg
Resolution 0.244 mg
Mon-orthogonal 0.02 deg
between axes
Internal low-pass cutoff Software adjustable 34 Hz
frequency
ODR 100 1000 Hz
Full temperature range -40 ~ 8512, == 3 mg
zero skewing 172/min
@ 1 sigma
Random Walk [@25° CALLAN 0.04 m/s/+
variance, 10 hr
Calibration coefficient 0.5 Yoo
error
Calibration coefficient @251 200 ppm
nonlinearity

Note 1: IEEE standard, Allan variance curve given at static 25 ° C environment

2/40
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Figure1 Typical curve of ALLAN variance for gyroscope
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1.3External

Structure
Figure 3 External structure and dimensions (unit: mimj
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Figure 4 Coordinate center of IMU (unit mm)
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2 Electrical characteristics
2.1 Maximum tolerance value

Table 3 Maximum absolute rating

argument Symbols Range Tnits
Supply wvoltage (Wels 03to 4 "
Fower zource GMD - -
Input pin voltage Vin -0.3 to VCC+0.2 W
Tze temperature Tot -0 to 85 =
Storage Tstg -40 to B85 =C
temperature

2.2 Working Conditions
Table 4 Working conditions

Parameters= Symbol= Minimum Typical Max imum Tnits
value value value

Supply woltage WVCC 32 33 34 W

VCC maximum Vrpp +40 i)

ripple

Fower P 0.1z W

Consumption

Uze T -40 85 o

temperature

Storage T -40 85 _C

temperature

2.3 1/0 Threshold Features
Table 5 /O Threshold characteristics

Farameterz Symbols Ninimum Tvpical Maz imum Tnits
value value value

Input pin low Vin_low 0 WCC *0.2 v

Input pin high  Vin_high VCC *0.7 WCC +0.2 v

Cutput pin low  Vout_low 0 0.45 v

Cutput pin high Vout_high WCC-045- WCC v

5/ 40
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11 CAN TX / T™4 [ Mode Features Description
12C_SDA ,
1 CAN_TX CAMzend pins: Read data fromthe
CAM controller to the bus driwver

z T4 Receive azynchronouz data output
3 12C_SDA |2C zerial data

12 R¥3 Receive aszynchronouz data input

13 SPI_ MOSI 5Pl zerial data entrw

14 SPI_MISO 5Pl zerial data output

15 SPI_CLE SPI Serial clack

16 SPI_CS 5Pl zlice =zelection

17 PPS External synchronous szampling trigger =zignal;
(hocess RTH second pulze pind

18 TX3/ DROY Eeceive asynchronous Data output/awvailable for Data

Ready

Mote 1: The IMU hardware needs to be reset once using /RST during host initialization

For information about the hardware design of the module, see the document FS5-
IMUG14E-XX Hardware Design Manual.
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4 Recommend welding furnace temperature
curves

Figure 6 Welding furnace temperature curve
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Table 7 Temperature setting mode
ITtems= Ninimum Highest itz
Boundaries limit
Maximum temperature risze 1 3 Degrees
zlope (target =08) (time per zecond
diztance to caloulate =lope
=60 zeconds)
Maximum temperature drop =lope -3 -1 Degrees
(Time distance to calculate =lope =60 per zecond
zeconds)
Preheat temperature and time interwal 60 120 zeconds
Feflux time (pericd ower 217 °C) 40 70 zeconds
NMaximum temperature 235 250 Degrees
Celziusz
Maximum rnumber of reflow 1 time

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

LCC Module _SMT Application Gu

ide”.

Mote:

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

reflow welding equipment:

2. Because the module is a high-precision sensor product, it is more sensitive to any

deformation:

B/ 40



» [fthe PCB board thickness is less than 1.0mm it is recommended to make
reflow loading tools to prevent the PCB board from deforming at high
temperature, affecting the coplanarity of welding.

= |t is recommended that customers choose high TG value board for PCB
motherboard to avoid warping, extrusion, air welding and poor soldering due to
deformation of the motherboard during reflux at high temperature.

3. Because there are sensitive devices in the module, the maximum temperature of the
reflow welding machine used by the customer should not exceed 260°C (refers to the
package

B/ 40
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Body surface measurement of top of package temperature).

4. It is recommended to use lead-free wash solder paste, recommended
solder paste brand modeal: Alpha OM-338 SAC305 Sn96.5Ag3.0Cul.5

5. Because there are sensitive devices in the module, the performance of the module
should be reduced due to the secondary reflux;

6.Cocling:

= Controlled cooling slope to prevent negative welding effects (solder joints become
more brittle) and mechanical stress inside the product, controlled cooling to help
achieve bright welding surface effect, fine crystalline partides and low contact Angle,
avoid fast

Cooling changes cause warping of the shield cover.
7 Check for appearance:

= After the module is welded, X-ray and optical magnifying glass are used to
inspect the welding quality. For details, please refer to IPC-A-610F related
standards

&. When using electric soldering iron for welding, the temperature should be
controlled at 260°C ~ 290°C, the single welding time should not exceed 35, and
do anti-static treatment;

9,40
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5 ESD protection

Static electricity can lead to intermittent or permanent circuit damage, great harmto
electronic products, most of the analysis is ESD damaage:

Therefore, the module of electrostatic protection is particulary important, the
production and transportation process needs to be strictly in accordance with
electrostatic protection operations, must follow the following conditions:

= |t is strictly forbidden to touch the module with bare hands, especially the pin position.

= SMT mounters, work tables, soldering irons and other equipment should be grounded.

= Workers should wear a human anti-static wristband with a good grounding cable
(cordless electrostatic wristbands are not allowed, and anti-static gloves are
recommended).

= Packaging and PCB must be qualified anti-static material.

10/40



U V] R

@ FORSENSE FSS—IMU614E-S Product
6. Communication protocols

6.1 Serial Communication protocol
Examples of senal port protocols based on QT, ROSand STM32:

https://d ata. forsense-imu.com/page/download.htrml

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 datzatafivedfrequency

Command mode: In this mode, the periodic output is stopped, the user communicates
with the IMU by sending commands, and the sensor data, status, parameters, etc. can
be obtained through the GET command, and the parameters of the IMU can also
be configured.

6.1.1 Serial Port Parameters

Table 8 Serial port interface parameters

Transmission rate range 115200bps to 1.5Mbps
Default transfer rate 115200bps
Start bit 1 bit
Data bits 8 bits
Stop bits 1 bit
Panty check There is no

6.1.2 Packet Format
The packet structure of IMU output and user input is composed as follows:

Table 9 IMU output and user input data structures

Offzets Data type HName Description
a uints Frame Header 1 IPAU Output frame headers: OxAA,
. 0x55
1 uint8 Frame header 2 .
Uzer input frame header: 0x55, 0xA4
2 uintle 0 low The low bit of the frame ID for zenal
COmEnCcAlT

11/40



uintle

IDhigh byte

Data length low

11/40

The high byte of the zerial port
frame ID

The low byte of the frame length
for =serial communicatiors,

length 1z the moter ofbites caniedbypadoad tha
izn
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5 Data Length High High byte of frame length for
zerial communication,
length iz the mamber of bytes
carried by the payload, tlaian
E uintd Payload (n bytez) Data load
e+n Uint32 CRC_CEHCE CRC check
(32-bit data low byte)
+n CRC_CEHCE
(Low byte in 32-bit
data)
g+n CRC_CEHCE
(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 last

Mote 2: The initial value of cre32 is 1. CRC calculation does not include all the data of
this frame itself. See the end of the document for table loockup calculation

6.1.3 Data Flow frame -- AHRS data

Table 10 String port AHRS data format

Frame Frame 0] length payload Frame tail
Headers Headers
Data type uintd uintd uintle uintle Al uint32
Coding Oxdbl Ox55 0x0002 Ox002C crc3z2
Note 1: Maximum output update rate is not greater than
200Hz@115200bps
Table11 String port A1 load data format
offset Hame Data tvpe Thits Dezecription
| timer uint32 Musz Time =cale
4 pitch float = Pitch Angle
8 roll float = Eoll Angle
12 yaw float = Heading fngle
16 ax float [ ¥-axiz
acceleration
20 ay float E Y—axiz
acceleration
24 az float E I—axiz
acceleration

12/40
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temp
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float

float

float
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¥ axi=z angular
velooity

T—axiz angular
velocity

Zaxls angular
wvelocity

MU chip
temperature
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6.1.4 Command Mode GET Output - System status

Table 12 Serial port system status data format

Frame Frame Iz length payload Frame tail
header Headers
Data type uwintd uints uintle uintle 51 uint32
Coding OxAA Ox55 0x00FF N crc32
Table13 String port S1 load data format
offset Hame Data type Desgcription
a Software_ver uint32 Software werszion
number
4 Hardware_ver uint32 Hardware wer=zion
number
8 rey uintle Rezerwved bytes
10 =m0 uint32 First SN nms
14 =nl uint32 Second SM
18 En2 uint32 Third SM
22 Board_version uint32 Bazeboard werzion
number
26 Revin] Uintg A11 that follows

iz reserved bytes

6.1.5 Command Mode GET Qutput - Read parameters

Frame
header
Data type uintd
Coding 0x55
Frame
Header=
Data type Uintd
Coding OxAA

Table 14 Serial port parameter input data

format
Frame I length payload Frame tail
Headers
uintd uintle uintle Pl uint32
OxAL 0x0006 0x0018 crca2

Table 15 Serial port parameter output data

format
Frame I length payload Frame tail
Headers=
uintd uintle uintle P uint32
0x55 0x0006 0x0018 crc32

13/40
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Table16 String port P loaddata format
offset HName Data type Dezcription
| Paraml float Parameters to =zet
4 Paramz float Keep. default to 0
g8 Param3 uint32 Parameter index
of Settings
12 Paramd uint32 Fezerwved, the
default walue iz 0
16 Param5 Int32 Keep, default i= 0
20 Paramt Int32 Keep, default iz 0O
Table 17 String port P load parameter indextable
Param3 Paraml Thit=
3 Serial port output baud rate. The following baud bps
ratez are supported
115200, 230400, 460800, 921600, 1500000
4 Coordinate system orientation (zee Table 23
Coxdrate SyetanOnatain coreqarhret dle)
8 X-axiz GYRD zero deviation calibration result, “fs
GYRO X OFF
9 T-axiz GYRO zero biaz calibration results, GYRO. e
Y OFF
10 I-axiz GYRO zero bias calibration result, GYROZ o=
OFF
21 AHRS output fregquency, default 100Hz Hz
31 Internal filter configuration. define the =zame SPI
FILTH CFLt&le

14 /40
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6.1.6 Command Mode SET Instruction

Table 18 Serial port input command format

Frame Frame 18} length payload Frame tail
header Headers
Data type uwintd uints uintle uintle R1 uint32
Coding Ox55 OxAA cMD 0x0018 crc32

Mote 1: CMDandR1 seetheR1 Load Parameter Index table

Table 19 String port R1 loaddata format

offzet HName Data type Dezgcription
a Paraml float Parameterz to zet
4 Param2 float Fezerwved. The

default walue iz 0

8 Param3 uint32 Farameter index
of Settings

12 Paramd uint32 Rezerwved, the
default walue iz 0

16 Param5 Int32 Keep, default iz 0

20 Paramé Int32 KEeep. default iz 0

Table 20 String port R 1 Load parameterindextable

CMD  Paraml Param3  Description

1 ] a Trigger to get system status data once

2 0 a Trigger to obtain AHRS di=ore

3 <mode= a Set output Mode: Mode=1, data sztream output AHRS
Mode=100to dizable data stream mode and enter
COMMAD mok

5 0 a Save the current parameter to FLASH

2] a <value* Read parameters, value iz the index of the

parameter to be read. that iz, p.dex. zee crosstalk
responze output - Parameter read

For example, if wou want to read AHRS oiptfrEasoy
(ODR), =et wvalue=21

For example., to read the baud rate

of the =erial port, =et wvalue=3 Fax

exanple toreadtheirtarsl filte, satvalue=31.

For example. to read the

coordinate system direction, =et

value=4

o 0 a Ferform a zoftware reboot

15/40
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14

<valuex

<value>

3

21

Set the zerial output baud rate, whichisvalid in bps
wvalue:

115200, 460800, 921600, 1500000
Ifvalue 12 anv other walue, the bad

rate 1= =t u=ing 1180 pe by defailt The
setting takes effect only after the system
restarts.

FProcedure for setting the baud rate with no
power zupply: Set the band rate, =zave the
parameter to the flash, adrestthe zdfiae

5et the periodic AHRS daaoiptfregecy commvalues
in Hz walue are:

15/40
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1,10, 50, 100, 200, 500, 1000
Eecommended correspondence
between output fregquency and
zerial baud rate 1000Hz: 921600bps
500Hz: 460800bps
250Hz: 460800bps
200Hz: 460800bps
100Hz: 115200bps

14 <valuex 31 Internal filter configuration, defined with 5PI
anElermeter ard mroanpe Tilter cofigrabion defalt0xBB, that
iz, 47Hz

14 <value> 4 Set the orientation of the IMU coordinate svstem The
value ranges from 101to 124, 3See Table 23 fortle
correspading relationof the orietatm of the comdirate svetan

Mote1: Please note that all values in this table are in decimal

Mote 2: The command generator function of the host computer can be used to
generate corresponding commands and send them. For the usage method, see the
upper computer operation section of this manual

For example, to enable AHRS output:

CMDID Al in 3, parameter 11ill in 1, the generated hexadecimal amay can be filled in
the serial assistant or program amay sent to the IMU.

Figure 7 Enabling AHR'S output

— g

[+

§5.22.03.00.16.00.00.00,80.31.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0000.52 d8.8e.68

CMD 1D

-

1 ' g ¢ s P

4 0 s O g O
tRES RiE&4
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6.1.7 Command Mode Output - User command response

Table 21 Setting parameters serial port response data format

Frame Frame 1] length ACK Param3 Frame end
header Headers
Data type uintd uintd uintle uintle uintle uintle uint32
Coding OuAn Ox55 Ox753D 0x0004 0x7534 Paramete crc32
r index

Table 22 Reserved parameters Serial port response data

format
Frame Frame 8] length ACE result Frame
Headers  Headers Tail
Data type uwintd uintd uintle uintle uintle uintle uint32
Coding Oud8 0x55 0x7530 Ox0004 0x0005%  Ox01 crc3z

Table 23 Serial user command response data format

Frame Frame 1] length comma  result Frame
Headers  Headers nd Tail
Data type uwintd uintd uintle uintle uintle uintle uint32
Coding OxAA 0x55 Ox0064 0x0004 Commarn  O0x01 crc32
d I

Example: Set the serial output baud rate to 115200

Input data:

55, AA 0Oe, 00, 18,00,00,00, E1,
47.00,00,00,00,03,00,00,00,00,00,00,00,00,00,00,00,00, 00,00,0056,28,4d,93
Response data: AASS 3D 7504 0034 7503 00 A7 98 2A

54 Set the periodic AHR S dataoutputfrequency to 100hz

Input data: 55 AAOE 00 18 00 00 00 00 C842 00 00 0000 0O 00 0000 1500 00 00

goooooOOOODODOOOOOOOOODOODOOOODOOOOOOOOODOOOOOOOODOODOODOOOO
000000 0000O00OO0OO0O0DOD0DO000DAZB2CED

Response data: AAS53D 750400 34 751500 70 2D B2
48 Save the current parameter to the FLASH

Input data: 95 AA 05 0018 00 00 00 00 00 00 0O OD OO0 00 00 OO 00 0O OO0 00 00 OO
goooooOOODODODOOOOOOOOOOOODOOOOOOOODOODODOOOOOOOCY92FEBS2
Response data: AA 553D 7504 00 05 00 01 00 5A CFB1

7C Set output mode to AHRS data Stream

17/40



Input data: 55 AA 03 00 18 00 00 00 00 80 3F 0000 00 0O 00 0O OO OO 0O 0O 0O DO

gobooooO0OOOODOOOOOOOOOODOODOOODOOOOOOOOOOOOOOOOOOOOOOODOOO
000000000000 S52088EES

Response data: AAS564 0004 00030001 00 ET 87T E3AD

17/40
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6.1.8 DRDY

DRDY pin output serves two purposes:

1. to provide a dock synchronization
signal from inside the IMU; 2. Provide a
signal to signal the start of transmitting
data frames.

| |

IMURSEERS I | ' i
I [ '

[ S —

DRDYS M

| Data?l | Data2 Data 3 | Data4
== [ ' N

When the IMU internal sampling frequency (maximum ODR) is consistent with the
serial port output freguency (current ODR), whenever the Imu data sampling
compensation is completed, the DRDY pin will be immediately pulled 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 cyde.

|
- |
IMUPSEBRHEIME | i

R |‘!_|'u

When the output frequency of the senal port is less than the intemal sampling frequency
of the IMU, the DRDY pin will be immediately pulled down according to the freguency
divider value (maximum ODR/ cument ODR) whenever the imu data sampling
compensation is completed. After the DRDY is pulled down, the data frame will be sent

18 /40



from the serial port, and the DRDY pin will be pulled up again in the next IMU sampling
cycle.
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6.1.9 Coordinate system setting function

Set the firmware coordinate svstem and display the corresponding firmware
dezign coordinate =vstem in the upper computer FIG. & Firmware original
coordinate system

uy

uz

bocording to the rules in the figure above, when x and y axes are
determined, z axiz 1z determined. The Z axiz iz perpendicular to the
plane from the ¥ to the ¥ axiz. There are a total of twenty—four
orientations for the X/7 triaxial axi=, as= zhown in the table below:

Table 24 coordinates are oriented towards the corresponding table

Orientation (value)  XAxis YAXis ZAxis Instructions
101 +Lx +1hy +Uz Default
orientation

102 -Ux -Lhy +Uz

103 -Lhy +Lx +Uz

104 + Ly -l +Uz

105 -Lx +Lhy -Uz

106 +Ux -Lhy -Uz

1a7 +ly +x -Uz

108 -Lhy - -Uz

109 -z +Lhy +Lkx

110 +LUz -Lhy +Lkx

111 +Ly +Lz +Lx

112 -Lhy -Lz +Lx

113 +Uz +Lhy -Lix

114 -Uz -y - L

115 -Lhy +Lz -

116 +Ly -Uz -

117 -Lx +Uz + Ly

118 +Ux -Uz + Ly

114 +Uz +x +Lhy

120 -z - +Lhy
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121
122
123
124

+LUx
-Lx
-z

+Uz

+LUz
-Uz
+Lkx

-k
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AR PR

change the coordinate system to 102 QOrientation:

4 inCMD 1D, 102 inparameter 1, and 4 inparameter 3. The generated hexadecimal

array can be filled into the serial asszistant or program array and zent tothe MU,

LR, =

LR

LLEET]
-

UL R
]

L Lr e Y

o
Elm:

i

L L
BRI

L]

EfRST : o

How to

Figure 9 CMD command on the host computer
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read the coordinate system orientation:

CrDID £11]1 in06, parameter 3 11l in 4, the reaulting hexadecimal array can be filled
into the serial azzistant or program array to be zent tothe IMU.

BOW-

Figure 10 Send to IMU
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Ampa imn E mimdd
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Example: Set the coordinate
system to 115 towards the
input data:

55, aa, 0 e, 00,18,00,00,00, &6,
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: AAS53D 7504 00 34 75 04 00 60 OE 6B 1B
Refer to Table 20 to parse the parameter index
as 04, set the successful read coordinate

system:

Input data: 55 AA 06 00 18 00 00 00 00 00 00 00 0000 00 00 OO 0O OD 00O 00 00 DO

000004000000000C000000C0O0O0O0OO0DO0O0DO0O0OOO0OO0OOOOOOODO0DGBY B4
09 E4

Response data: AA 5530 75 18 00 00 00 00 E6 42 00 00 00 00 00 0O 0D 00D 0004 0O

goooooOOOODODOOOOOOOOOODOOOOOODOOOOOOOOOOOOOOODOOOODOODOOOO
000000000000 D0OOOODB2ZF 2D 4E

According to Table 14 and Table 15, the parsing resultsin 115 forparameter 1 (float)
and 04 for parameter 3. That is, the coordinate system is 115 arientation
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6.1.10 Serial Port Connection FAQs

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

The RX of the zerial port carot be corected totwo TX at the zame time. Therefore, if
the primarvy hozt needs to be connected to the PC, dizconnect the
communication between the PC and the =zerial port of the user host.
Otherwize, the PC can only receive data but cannot =zend commands to the
IMU.

As shown in the following picture:

Figure 11 Schematic diagram of serial port
connection

B g
IMU P

B &P

L RN
IMU P

X EPE

i MUTX TSR RX, RX FHEERTY;
IMUBOFTENEEE-THNEE O,
MUTILIRE S S—EE O =EER ol

2) The version number cannot be obtained

Check whether the =serial cable haz lost packets. The serdial cable of the FTZE chip
iz recommended. The CH340 and PL2303 data cablez will loze packetz when the
baud rate iz high (>115200bps)

[tis recommended to commect the =erial cable directlyw. do not recommend series,
such asz the Lterfae of RS54 tocarect the compater, directlyuse RS422 to RS232+R52327Z
to USB cable zeries.
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3) Upper computer curve display caton

If it 1=z an FT232 dsta line, uze the zvystem administrator to open
the upper computer and sutomatically configure serial port delay
marmally cofipure serial port delay in the device manager.
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6.2 12C Communication Protocol

Example of I2C host read driver based on STM32:

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

6.2.112C interface Parameters

Table 25 12C interface parameters

12C rate 400KHz

12C Slave Addres=s (7 bits) 0x18

6.2.2 12C Connection Method

Figure 1212Cconnection method

SCL | 12C_SCL
SDA l 12C_SDA

T el

Mote: The pull-up resistor has a resistance value of 4.7KQ
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6.2.3 12C Register
Table 26 List of [2C registers

Names Lddress Eead/Write Defanlt Dezcription

BURST Ox12 R Continuous read
regizter

FILTER_CTRL Ox06 RW OxBB Filter
zelection

PROD_ID OnBA R Froduct name

6.2.3.112C BURST Register

This 12C protocol supports continuous reading, continuous reading register address
0x12 the slave machine automatically accumulates the address, continuous output 32
bytes in 8bit mode, the reading process is as follows:

FIG. 13 12C continuous read mode

- alfg o
E Slave address (Ox18) A B E| Regsieraddess [0x12) &
<|3 €
r 1 1§ 1T 1 1 I T 7 1 1 1
10 0 1 1 0 0 O Alz O )} 0 A
| | | Ll N W N A S -
) = =
E Slave address (0x18) El5 Read data (0x12) & Read data (0x12) 8
< < <
T TR O [ | T D R . D
] o 1 1 o 1 o~ ® " ] | L] L] = o A W | K L] = ® " | [
N T T S | L 1 & & 1 11 ] T R R o
2 3
5 Fiead data (0x12) 8 Read data (0x12) 3
L
T T T 1T T T 1 T 1T 1 | T T |
Al x K K X B X K x i N ] ] K X 'l u i [
] | i R k| S | | I L1 | |
= =
X Read data (0x12) = Read data (0x12) 5|8
< 3|*
T T 1 1.°0T.1 =T & 1T 17T .71 1
Al x K K K X X = x] A N | K K X X L X | MNAL P
L1 _ & 1 1 __1 1 1_1 __1 L1 1 1

Frames are defined as follows:

Table 27 12C continuous read data format

Sending zequence 1 2 3

Data format uint32_t float float
Send content TIME ACCL_X ACCL_Y
Send order 4 5 ]

Data format float float float
Send content ACCL_Z GYRO_X GYRO_Y
Zend order 7 B Q

Data format float float uint3z
Send content GYRO_Z TEMP CRC32

24 /40



Wote 1: The unit of TEMP iz ° C, the unit of syroscope output 1z /s, the unit of
accelerometer output 1= 2 and the unit of attitude output iz degree

Wote 2: The initial walue of crc32 15 1, CRC calenlation dees not inelude all the data of
this frame, refer to Appendix 1 for table caleulatiom.
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6.2.3.2 12C FILTER_CTRL register
The address of the FILTER_CTRL register is 0x06. The filter configuration mapping

table is the same as that of the SPI accelerometer and gyroscope filter The register
reading process is the same as the 12C BURST reading method, and the register

writing process is shown in the figure below.

Figure 14 |12C FILTER_CTRL register writing method

CK
Stop

Data  ([Dx01)

Start
ACKS

Slave address (Dx18) Fw Regisier address (0x08)

ACKS
dumemy

>
>
>

6.2.3.312C ID register

The ID register address is 0x6A, and the data content is IMUB1B in the ASCII format.
The reading process is the same as [2C BURST, as shown in the following table.

Table 28 12C ID register read mode

Sending 1 i 3 4
sequence

What tosend Ox00 0x00 Ox49 Ox4D
Send order 5 6 7 8
What to send Ox55 Ox36 0x31 Do

Note 1: All data is 8-bitwidth

Note 2:0x « indicates the contents of the product ID,0x32 for IMUG12,0x34 for
IMUG14,0x38 for IMUB18,0x41 for IMUG132A, and 0x42 for IMUB13ZE
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6.3 SPI Communication Protocol

6.3.1 SPl interface parameters

Table 29 SPI interface parameters

5Pl host Thiz product actz az =zlave

5Pl rate 0.2 to 2 MHZ

5Pl word length 1Ebit

Fhaze Eizing edge trigger (Mode 3, CPHA=1)
Folarity Idle for high (mode 3, CPOL=1)

Bit order M5B priority

6.3.2 SPI connection diagram

Figure 15 SPl connection diagram

3.3V
ol

SS/CS p| SPI_CS
SCLK p| SPI_CLK
—*-:m SDO | SPI_MISO Mm
SDI »| SPI_MOSI
RST p| RST

L L

Mote 1: Before the initial reading, the IMU needs to be reset and wait for 35,50 that the
IMU can enter the normal working state.

Mote 2: Refer to the corresponding manual for SPI pins of different IMU models
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6.3.3 SPl communication bit order

The SPIl interface supports full-duplex serial communication (performing both send and
receive at the same time) using the bit order shown in the image below. Figure 16

Schematic diagram of SPl communication bit order.

& | 4

SCLK

DiN Bw L AD JAS J Ad JAY JAZ | A7 | A QDCT IDCE IDCS [DC4 TDC) JDCT (DCY | DCS AS

pout = 15 Jova Jors Jorz Jors Jore J o9 Jos Jor Joe Jos Jou Joa J o2 ] o0 [ oo b= o15s Jora Joua

Where, the DIM highest bit represents the readfwrite operation [AG6:40] represents the
regizter address, and [DC7:DC0] represents the data written (write operatiom) or
DUMPMY data (read operation).

whern
When /W =1, the DOUT data for this 5Plcycle

iz meaningless. DOUT data forthiz SPI owcole

when /W =0

Reprezents the regizter output data of the last two cyclesz. zee BURST read exsample
for details.

6.3.4 SPI register

Table 30 List of SPI registers

Names= Lddress Fead/Write Default Window ID Description
value
BURST 000 RW 0 Contimuous reads
FILTER_CTRL Qx07,0x06 RW 0x00BB 1 Filter =zelection
FROD_ID1 OxGC R 0x494d 1 ID rmber 1
PROD_IDZ OxBE R 0x5536 1 ID Mumber 2
PROD_ID3 Q=70 R 0x3132 1 ID mmber 3 (IMUB12)
0x3134 1 ID mmber 3 (IMUB14)
0x3138 1 ID mmber 3 (IMUB1E)
0x3141 1 ID ¥hmber 3 (IMUGB1324)
0x3142 1 ID mber 3 (IMUE132E)
WIN_CTRL 0x7F0=7E Rw/ 0=0000 0,1 Window 1D selectim
TEMP_HIGH 0x0E R a Temperature high byte
TEMP_LOW 0x10 R \ 1] Low temperature byte
KGYRO_HIGH  Ox12 R 4 0 Gyro X axis height bytes
KGEYRO_LOW Ox14 R \ 1] Gyro X amsz low Wvtke
YGYRO_HIGH  0Ox16 R 4 0 Gyro Y-axis height bytes
YGYRO_LOW  Ox18 R 0 Gyro Y axs low byte
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IGYRO_HIGH Ox1A R \ 0 Gyro z—axis height bytes
ZGYRO_LOW  OxlC R A 0 Gyro I axiz low byte
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¥ACCEL_HIGH Ox1E R A 0 bAddtable ¥ axiz heisht
bytes

HACCEL_LOW Ox20 R \ 0 Lddtable ¥  axiz low
byte

YACCEL_HIGH 0x22 R A 0 Addtable T-axiz heisht
bytes

YACCEL_LOW 0x24 R A 0 Addtable V-axiz  low
byte

ZACCEL_HIGH 0x26 R A 0 Addtable T-axiz heisht
bytes

ZACCEL_LOW 0x28 R A 0 btddtable I axiz low
byte

6.3.4.1 SPI BURST register

BURST is a continuous read register that reads all data in one data stream without stopping

between each 16-bit segment. Table 31 Format of SPI BURST register.

bLddres= bitls bit14 bitl3 bit12 bit11 bit1d bitg9 bits Eead/Write

0x01 RW
address bit? bith bit3 bit4 bit3 bit2 hitl hitd ReadWrite
0x00 BURST_CMD RW

The reading method of BURST is: sending 0x8000 before reading indicates setting
BURST and starting reading, and then sending 0x0000 and receiving data all the time.
The output register content is offset by 2 SPI cycles compared with the sending of the
reading instruction, and the chip selection low level is kept during the reading period.

Figure 17 Schematic diagram of continuous reading of SPlI BURST

8 I L 2 3 4 T I

Table 32 Basic format of continuous reading by SPI BURST

Sending 1 2 3 4 5 B
Zequence

What to GYRO X L GYRO X H GYRO Y L GYRO YH GYRO ZL  GYRO Z H
zend

Send 7 8 9 10 11 12
order

What to  ACCL_X_L  ACCLX_H  ACCL_Y_L  ACCLY_ H  ACCLZ L  ACCL ZH
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zend

Sending 13
fequence

What to CHESM

zend
Hote 1: A1l data are 1E6-bitwidths
Wote 2: The format of swro and accelerometer data after concatenation 1= expreszed as int32

Wote 3: CHKSMstands for CHECKSUM, which 1= used to confirm data integrity. The CHESM 1=
caleulated by adding all the data before the CHECKSLIM
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In the BURST continuous reading process, the full 32-bit data is split into high 16 bits
and low 16 bits respectively output, output in small-endian mode, that is, low bytes
output first. Users need to concatenate the two parts of 16-bit data first and last to

return the complete 32-bit data.

FIG. 18 Schematicdiagramof SPI32 bit data restoration

GYRO_X_H GYRO_X_L

S2{ PR EN BB X

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 33 Standard frame SPI 32-bit data conversion formula

MName Units Formula Conditions/MNotes

Angular °fs G=5F/65536"GYRO GYRO is the GYRO data for the X/Y/Z
axis in the table above

- Gyro scale factor SF=0.016

Accelera mg A=5F/65536"ACCL ACCL is the ACCL data for the X/Y/Z
axis in the table above

+ For Burst mode, SF=0.2
* For single register mode, SF=0.2/1000

Tempe ©°C  T=SF/B5536™ (TEMP-  TEMP is the TEMP data in the table

Speed

tion

rature 172621824) +25 above
- Temperature scale factor SF=-1/263 .4
Attitude e D=SF/BRR3G™ATT ATTisthe ATT datain the table
Angle above

» Attitude scale factor SF = 0.00698411

6.3.4.2 SPI FILTER_CTRL register

The FILTER_CTRL register provides the user with control over the digital low-pass
filter. This register is a read'wiite register, the write command is send 0xBEXX, and the
current SPI cycle setting is valid: The read command is sent 0x0600 and the output
register content is offset by 2 SPI cydes than the read command is sent.
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007

Addres
=

0x06

Table 34 SPI FILTER_CTRL register format

bitl5 bit14 bit13

bit7? bite bits

Agcelerometer filter
configuration

bit12

bitd

bit11l bit10 bit9 bits

bit3 bit2 bitl bitD

Gyro filter configuration
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Table 35 Filter configuration

Encoding Dezcription

Accelerometer/gyrozcope filter 4’b 0000 IR filter fc=1 Hz

configuration 4’b 0001 IR filter fc=1 Hz
4°h 0010 IR filter fc=2 Hz
4°h 0011 IR filter fc=5 Hz
4°bh 0100 IR filter fc=10 Hz
4°bh 0101 IR filter fc=15 Hz
4°b 0110 IR filter fc=20 Hz
4’h 0111 IR filter fc=25 Hz
4’h 1000 IR filter fc=30 Hz
4’h 1001 IR filter fc=35 Hz
4’h 1010 IR filter fc=40 Hz
4’h 1011 no filter

Mote: For example, if the gyro is configured and the accelerometer filter is 10HZ thevalue
0x8644 is written.

6.3.4.3 SPI ID register

The ID register is a read-only register, and the data content is the character "IMU" in
ASCIl encoding form. The reading method is similar

BURST data reading: When reading, send 0x6A00~0x7000, and receive data. The
putput register content is offset by 2 cycles from the read instruction sending.

After concatenating 4 16-bit ID data into ASICI code, the complete ID of the
product can be obtained. The splicing method is the same as the splicing of data
read continuously by BURST with PROD_ID1 in the high position and

PROD _ID4 in the low position.

Table 36 Format of SPI ID register

Addrez= bitl5 ~ bit0 encoding Fead/Writ
e
OxeC PROD_IDL1 0x494D0 R
OX6E PROD_ID2 0x5536 R
0x70 0x3132(IMUB1Z) R
PROD_ID3 0x3134{IMUB14) R

The encoded content

reprezentzs the product 1D 0x3138(IMUB18) R
0x3141(IMUE13ZA) R
0x3142(IMUB1328B) R
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6.3.4.4 SPI WIN_CTRL register

This register is used to control the switch window 1D and can be read and written.
The window default is 0, write 0xFEO1, then switchto 1.

Table 37 SPIWIN_CTRL register format

Addres  bit15 bit14 bit13 bit12 bit11 bit10 bitd  hit8 Read/
5 Wte

OxTF RW

Addres  bit7 bitG bits bit4 bit3 bit? bit 1 bit0 Read/w
5 rite

OxTE WINDOW_ID RW

Table 38 SPI register WIN_CTRL.WINDOW_ID encoding

Mame Code Description
WINDOW 1D 0x00 window(, start reading
data
001 window1, go to
Configuration
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/ Definition of coordinate system

Figure 19 Definition of coordinate system

iz X

A@rorseysez*
FSSIMUBTEE X &

QR
CODPIE

SNBI4EXXXX00001

\

The product coordinate system uses the forward-right-down
(FRD) coordinate system, and the Euler Angle range is as follows:
rotation around the Z axis: Course Angle Yaw range: 0° ~360°

Rotation around the X axis: Roll Angle Roll range: -180°~ 180°
Rotation around the Y-axis direction: Pitch

Angle Pitch range: -90°~90° Roll pitch, heading

Angle diagram is as follows:
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FIG. 20 Schematic diagram of roll, pitch and heading Angle

Sedl WNIE R Prich WVER Heading 5
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8. CRC table lookup method calculation

It is recommended to refer directly to the example code.
Wote 1: Data 1s tramsmitted in small—endian format, with low bwtes first and high bwtes last

Hote 2: The initial value of crc32 iz 1, and CRC caleulations do net inelude all the data in
this frame 1tself

static const uint32 t crc32 tab[] = {

0x00000000, 0x77073096, Oxeeleb12c, 0x990951ba, 0x076dc419, 0x706af48f,
Oxe963a535, 0x9eb6495a3, 0x0edb8832, 0x79dcb8a4, Oxeld5e91e, 0x97d2d988,
0x09b64c2b, 0xTeb17cbd, 0xe7b82d07, 0x90bf1d91, Ox1db71064, Ox6ab020f2,
0xf3b97148, Ox84bed41de, Oxladad47d, Ox6dddedeb, Oxf4d4b551, 0x83d385cT,
0x136c0856, 0x646babc0, 0xfd62f97a, 0xBaBbc9ec, 0x14015c4f, 0x63066cd9,
Oxfa0f3d63, 0x8d080df5, 0x3b6e20cB, 0x4c69105e, 0xd56041e4, 0xa2677172,
Ox3c03e4d1, 0x4b04d447, 0xd20d85fd, Oxa50ab56b, 0x35bbabfa, 0x42b2586c,
Oxdbbbc9dB6, Oxacbcf40, 0x32d86celd, 0x45dfocrd, Oxdecd60dcf, Oxabd13d59,
0x26d930ac, 0x51del03a, OxcB8d75180, Oxbfd06116, 0x21b4f4b5, 0x56b3c423,
Oxcfbad599, OxbB8bdab50f, 0x2802b8%, 0x5f058808, Oxc60cd9b2, 0xb10be924,
Ox2f6f7c87, 0x58684c11, Oxc1611dab, 0xb6662d3d, 0x76dc4190, 0x01db7106,
0x98d220bc, Oxefd5102a, 0x71b18589, 0x06b6b51f, 0x9fbfedad, OxeBbBd433,
0x7807c9a2, 0x0f00f934, 0x9609a88e, Oxe10e9818, 0x7f6aldbb, 0x086d3d2d,
0x91646c97, 0xe6635c01, 0xBb6b51f4, Ox1cBc6162, 0x856530d8, 0xf262004e,
0x6c0695ed, 0x1b01a57b, 0xB8208f4c1, Oxf0fcd457, 0x65b0d9cE, 0x12b7e950,
Ox8bbebBea, 0xfch9887c, 0x62dd1ddf, 0x15da2d49, 0xBcd37cf3, Oxfbd44cB5,
Ox4db26158, 0x3abb51ce, 0xa3bc0074, Oxd4bb30e2, Ox4adfab41, 0x3dd895d7,
Oxad4d1c46d, Oxd3d6f4fb, 0x4369e96a, 0x346ed9fc, Oxad678846, OxdaGOb8dO,
Ox44042d73, 0x33031deb, Oxaaladc5Hf, Oxdd0d7cc9, 0x5005713c, 0x270241aa,
Oxbe0Ob1010, 0xc90c2086, 0x5768b525, 0x206f85b3, 0xb966d409, Oxcebleddf,
Ox5edefdle, 0x29d9c898, 0xb0d09822, Oxc7d7aBb4, 0x59b33d17, 0x2eb40d81,
Oxb7bd5c3b, Oxclba6cad, OxedbB88320, 0x9abfb3bs, 0x03bBe20c, 0x74b1d29a,
Oxead54738, 0x9dd277af, 0x04db2615, 0x73dc1683, 0xe3630b12, 0x94643b84,
Ox0d6d6ade, Ox7ababaal, Oxedlecflb, 0x9309f0d, Ox0al00as2¥, 0x7d079ebi,
0xf00f9344, 0x8708a3d2, 0x1e01f268, 0x6906c2fe, 0xff62575d, 0x806567ch,
0x196c3671, 0x6e6b06e7, Oxfed41b76, 0x89d32bel, Ox10daraba, Ox67dddacc,
OxfIb9df6f, 0xBebeeffd, 0x17b7be43, 0x60b08ed5, Oxd6d6a3e8, Oxald193Te,
0x38d8c2c4, Ox4fdff252, Oxd1bb67f1, Oxabbch767, 0x3fbb06dd, 0x48b2364b,
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Oxd80d2bda, Oxaflalbdc, 0x36034af6, 0x41047a60, Oxdf6lefc3, OxaBB7df55,
0x316eBeef, 0x4669be78, Oxcb61b38c, 0xbc66831a, 0x256fd2al, 0x5268e236,
OxccOc7795, Oxbb0b4703, 0x220216b9, 0x5505262f, OxcSbadbbe, 0xb2bd0b28,
Ox2bbd5haf2, Oxbcb3tald, Oxc2d7ffa’, Oxbbd0cf31, Ox2cd99e8b, Oxbbdeaeld,
0x9b64c2b0, OxecB3f226, 0x756aa39c, 0x026d930a, 0x9c0906a9, Oxeble3B3f,
O0x72076785, 0x05005713, 0x95bf4a82, Oxe2b87a14, Ox7bbi12bae, 0x0cb61b38,
0x92d28e9b, Oxebdbbeld, Ox7cdcefbr, O0x0bdbdf21, 0x86d3d2d4, Oxfld4e242,
0x68ddb3f8, Ox1fdaB36e, 0x81belbcd, 0xf6b9265b, Ox6M077e1, 0x1Bb74777,
0x88085aeb, 0xff0f6ar0, 0x66063bca, 0x11010b5c, 0x8f659eff, 0xf862aeb9,

Ox616bfid3, 0x166ccf4s, Oxallae278, Oxd70ddZee, Ox4e048354, 0x3803b3c2,

Oxar672661, Oxd06016f7, 0x4969474d, Ox3eber7db, Oxaedib6ada, Oxd9dGbadc,
Ox40df0b66, 0x37d83bf0, Oxa9bcae53, OxdebblecS, 0x47b2cfrf, 0x30b5ffe9,

Oxbdbdf21c, Oxcabac28a, 0x53b39330, Ox24b4al3ab, Oxbad03605, Oxcddr0693,
Oxb4deb729, 0x23d967bf, Oxb3667aZe, (Oxc4614ab8, 0x5d681b02, 0x2abf2bb4,
Oxb40bbe37, 0Oxc3lcBeal, Ox5albdilb, 0x2d02eféd,

}

uint32_t cre cred2 (uint3Z2_t cre, const uint8_t *buf, uint32 t size ) |
for (uint32_t i=0; i<size ; i++) {

cre = crcdZ tab [ (cre ™ buf[i]) & Oxff] * (crc == 8);

}

return crc;

}
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9 Use examples

9.1 Device Installation

1. The module should be firmly fixed on a rigid plane and avoid
being installed in a position with large vibration. 2. The module
should be installed in the same direction as the front.

Figure 21 Schematic diagram of installing the module
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The correct installation diagram follows the X-axis towards the front of the car
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The following installation methodz are all incorrect installation

Figure 23 Schematic diagram of incorrect installation

wHEHE  WREES
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CIMUBREFAIREF RS

3. Precautionz for IMNJ installation

Do not uze glue or other flowing liquid around the IMU to prevent liquid from flowing
into the IMU through gaps and affecting the IMU performance. Figure 24 Schematic
diagram of prohibited items.
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9.2 Example for Connecting to the Host

Figure 25 Schematic diagram of connecting the module to the upper computer
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3 Wi Fr 485 R A Il 128 JEE B o
4 W F TTL S A 3k e 14
5 4-PIN #3k 14
6 TTL& M4k 14
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Step 10: Packaging

The IMUB14E-5 module is packaged in a tape seal. Meet efficient production.

10.1 Roll and tape packaging

Figure 26 Schematic diagram of reel tape packaging
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10.2 Tape Carrier

Figure 27 shows the position and onentation of the IMUB14E-5 on the load belt. Figure
27 IMUB14E-5 on the load belt.
FEH A )
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11. Select accessories

IMUE14E-¥ Test baszeplate
(01d bazeplate)

Patch CAN werzion
IMUB14E zeries

Patch TTL va=m
IPMUE14E Seriez

USB to CAN modile
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IMUB14E-¥ Test baseplate
(Mew baseplate)

Pat.ch 485 Va=m
IMUB14E zeries

=

TTL Serial cable

@

Type-c cable
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