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Features

Tactical grade MEMS gyroscope

® 2 0%hr zero bias instability

® 0.3 Angle random walk®/hr

® 0.03/s temperature drift (—40785°C,
=19C mindlg) ©

Tactical grade MEMS accelerometer

® 20ug zero bias instability

® 0.0 speed random walk5Sm/s/vhr

® (. 5mg temperature drift (—407B5°C,
<=1°C/ mini1g)

Large range of fine temperature
compensation
® -40 =C to 85 °C

compensation

temperature

® Fine temperature calibration

I ndependent turntable calibration

® |ndependent calibration of each
modu le:

nomorthogonal error

High strength condition tolerance
® Strong impact 2000g
(0.5ms, half sine, 3 axis)

sensitivity, zero bias,

tolerance:

® Super strong vibration resistance:
10 g (10 7 2 KHZ, 3 axis)

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

® 100% magnetic shielding

Real-time and flexible

interface, small size

® Configurable output sampling rate up
to 1KHz

® Supports COM and 5Pl interfaces

digital

& 77 4%24 05%¥2 Omm, weight B. ég
Product Overview

FSS-IMU16460 is a & DOF MEMS inertial
built by FORSENSE
Technology. It is with
three—axis gyroscope and acceleration

sensor  module

equi pped

information as standard.
High precision, high resolution, can

capture subtle vibration and tilt. Large
range output makes motion perception
large dynamics. All

possible under

modules are equipped with ultra—wide
temperature range of fine warming and
i ndependent cal ibration before delivery,
so that each module can play stably in
various extreme conditions.  while
ensuring the performance of all products
is highly consistent.
Application field
o Autonomous driving: wvehicle, robot,
engineering vehicle, underwater
s Precision measurement: underground,
tunnel, vibration tilt
s Stable platform: PTZ, MTC,
s Automatic control: automatic control
system, Tixed wing UAY
On the basis of standard performance and
output Parameter, FORSENSE al so provides
customized LOGOD

customization services Tor your special

software and

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

1.1 Key indicators of gyroscope

Table 1 Key indicators of gyroscope

Parameter Test conditions/Remarks Minimu | Typica | Maximu Units
m | mva lue
value | wvalue
Measuring range + 500 s
Zero bias @25 © G, ALLAN variance, 1 2.0 =/hr
nstability G
Zero bias National military standard, ; . b
stability 10s smooth
Zero bias
repeatabil ity Mational Army mark 0.5 *fs5
Resolution 0.007¢8 -
g value /h/g
sensitivity
Non—orthogona | 0. 02 deg
between axes
Internal low-pass | The software can be adjusted 1164 Hz
cutoff freguency
ODR 1000 Hz
Measuring delay 7 ms
Ful | temperature -40 7 B5C, <=1°C/ mindlg 0.03 %z
range zers
deviation
variation
Random walk X axis | _ ) 0.4 =/yhr
T — @25 © G, ALLAN variance, 1 oA e
Random walk Z axis ¢ 0.3 =S
Cal ibration 2.5 %o
coefficient error
Gal ibration 200 ppm
coefficient
non | inear ity

Mote 1: IEEE standard, Allan variance curve given at statie 25 ° © environment

Mote 10 change in tetal temperature with zere deviatien at 2:1 % Cimin
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1.2 accelerometer key indicators

Tahle 2 Key indicators of accelerometer

Parameter Test conditions/Remarks Minimu | Typica | Maximu Units
m | m
value | wvalue | value
Measuring range Plus or g
minus &
Zerc bias @25 ® G, ALLAN variance, 1 20 Mug
nstability G
Zero bias Mational military standard, 40 Mug
stability 10s smooth
Zero bias
Mational Army mark 10 mgE
repeatabil ity
Resolution 0.076 mgE
Non—orthogona | 0,02 deg
between axes
Internal low-pass Software adjustable 1164 Hz
cutoff freguency
ODR 1000 Hz
Measuring delay 7 ms
Ful | temperature | —40 ~ 85°C, <=1°C/ miniic Ry mg
range zero 0.5z
deviation 2
variation
Random Walk @25 ® O, ALLAN variance, 1 0.05 ms's/yhr
G
Calibration 0.5 %a
coefficient error
Cal ibration Ly ppm

coefficient

non | inear ity

Mote 1: IEEE standard, Allan variance curve given at static 25 ® © environment

Mote the zero deviation of the total temperature changes by 16 at 2:1 *CS min
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FIG. 1 ALLAN variance typical curve of gyroscope

Gyroscope -- Allan variance
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2. External structure

Figure 3 Qutline structure and dimensions (unit: mm)}
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3.Electrical characteristics

3.1 Maximum tolerance value

Table 3 Maximum absolute rating

Parameters Symbols Range Units
Supply voltage VGG -0.3 to 4.0 W
electrical ly GND - -
Input pin voltage Vin =0. 3 to VCOC+0. 2 W
Use temperature Tot -40 to B85 °C
Storage Tstg -4 to B85 °C
Ltemperature

3.2 Working Conditions

Table 4 Working conditions

Parameters Symbols Minimumvalue | Typical value | Maximumvalue | Units
Supply voltage VGG 3.2 3.3 3.4 'l
VGG max i mum + 40
. Vrpp my
ripple
Powe 0.17
W rl p W
Consumpt ion
Use temperature Tot =40 85 “C
Storage Tstg
-4} 85 °C
temperature
3.3 10 Threshold Characteristics
Table 5 1/0 Threshold Characteristics
Wi n i mum Typical i Units
Parameters Symbols Max imum value
value value
Input pin low Vin_low 0 VoG * 0.2 )
Input pin high Vin_high VGG * 0.7 Voo + 0.2 v
Output pin low Vout_|ow 0 0. 45 )
Output pin high Vout_high VGG - 0. 45 - VGG )
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4. Pin definition

Figure 4 Pin schematic

R [
SCLE MIS0
(’— WS =]
Q SCLRMA NRET
SOWMTX4 MNC
WiCC RX1
GHD) X1
Pin serial Pin name Pin description
rumber
1 DRDY Data Ready
p NG Unconnected
3 SCLK 8P| Serial clock
4 M5S0 3P| serial data output
5 MOS | 5P| serial data entry
& Cs SPI slice selection
7 SCLARX4 [2C clock/receives asynchronous data input
8 NRST External hardware reset input, internal pul l-up (for SPI
mode)
e SDASTHA |2C data/Receive asynchronous data output
10 NG Unesonnected
11 VGG Power input, +3.3V input
12 R¥1 Receive asynchronous data input (Data Communication
Interface (LVTTL))
13 GND Power ground
14 T¥1 Receiving asynchronous data output (Data Communication

Interface (LVTTL))

Mote 1: The IMU hardware 15 reset once using SRST during hoest initialization

e =]

=
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5. Communication protocol

5.1 COM Communication Protocol

Examples of COM protocols based on OGT, ROS and STM32:

https://data. forsense-imu. comfpaze/dovnl oad. html
COM communication supports two modes: Stream Mode and Command Mode. After the MU
is powered on and initialized, the IMU enters the corresponding mode according to

the mode value configured by parameters

Data flow mode: Periodical ly output AHRS data at a fixed frequency;

Command mode: |n this mode, the periodic output is stopped, the user communicates
with the IMU by sending commands, and the sensor data, status, parameters, etec. can
be obtained through the GET command, and the parameters of the IMU can also be
conf i gured

5.1.1 COM Interface Parameters

Table 7 COM interface parameters

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

5.1. 2 Packet Format

The packet structure of MU output and user input is composed as fol lows:
Table B IMU output and user input data structures

Offsets | Data type Name Description
0 uint8 Frame Header 1 [MU OQutput frame headers:
1 OxAp, Ox55
uints Frame header 2 User input frame header: 0x55,
OxAl
2 ID o The low bit of the frame ID for
— uintle .
3 ID high The upper byte of the COM frame

The lowest byte of the frame
.| Data length low length of the COM

) communication. Length is the
uintlé )
number of bytes occupied by the

payload, that is, n

The upper byte of the frame
5 High data length length of the COM

communication. Length is the

number of bytes carried by the

o
(%]
(W=l
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payload, that is, n
& wints Payload (n bytes) Data load
&+n Uint32 | CRC_CEHCK (32-bit data low
byte) ORC check
T+ CRC_CEHCK {low byte in 32-bit
data)
B+n CRC_CEHCK  thigh byte in
32-bit data)
9+r RC_CEHCK (32-bit data high
byte)

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

Mote 2: The initial value of crc32 is 1. CRC calculation dees not include all the data of this

Frame itself. See the end of the document Tor table lockup calculation

5.1.3 Data Flow frame — AHRS data

Table ¥ Serial AHRS data format

Fr ame F r ame ] length pay | oad F rame

Headers Headers tail
Data type uint8 uint8 uintlé uintlé A uint3dz2
Coding (Al (x55 Ox 0002 0x002C crod?

Hote 1: Maximum cutpul update rate is nol greater than 200Hz2115200bps

Table 10 Serial port A1 load data format

offset Mame Data type Units Description
0 timer uint32 Mu s Time scale
4 piteh float = Piteh Angle
8 roll float “ Rall Angle
12 TEL float “ Heading Angle
16 ax float £ K-axis
acceleration
20 ay float g Y-axis
acceleration
24 az float g I-axis
acceleration
28 X float #is X axis Angular
velocity
32 EY float "is Y—axis angular
velocity
36 gz float °/s Z axis angular
velocity
A0 Lemp float “C IMU chip
Ltemperature

Example: Get AHRS data stream:
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AM 55 02 00 2C 00 6D B9 16 05 8F G2 65 40 14 AE 07 BF 5C OF B2 43 25 06 81 3D BC
74 13 3C &0 ES 80 BF EC 51 38 BD OA DY A3 BB CD CC CC BG DY A3 EE 41 OC BF 84 80
The analysis is as fol lows:

Table 11 Serial port A1 gets AHRS data stream

Deseription Raw Value Analytic Deseription Raw Value Analytic
value value
D 0200 02 Y-axis BGY4133C 0.009 g
acceleration
Length 2C00 44 I-axis SO0ESB0BF 1.007 g

acce leration

Time scale 60891605 85363053 | X axis angular EC5138BD 0.045 % / s

velocity
Pitch Angle BFC26540 3.59 ° Y-axis DADTA3BB 0.005° /s
angular
velocity
Rall Angle 14AEQTBF 0.53 ° Zaxis angular COCCCCBC 0.025° /s
velocity
Heading SCOFB243 356.12 ° IMU chip D7AZEEA 29.83 °C
Angle temperature
A-axis 25068130 0.063 g cri3? Check OCBF8480 2156183308

acce|leration

11
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5. 1.4 Command Mode GET Output — System status

Table 17 serial port system status data format

Fr ame F r ame ] length pay | oad F r ame

Headers Headers tail
Data type uint8 uint8 uintlé uintlé 51 uint32
Coding OxAA 0x%55 0x00FF 0x0024 crodl

Hote 1: Depending on the 18U model, the length of this frame will vary, all represent the length

of 51, need to be confirmed according to the imu model.

Table 13 Serial port 31 load data format

offset Name Data type Deseription
0 Software_ver uint3z Software version
number
4 Hardware_ver uint3dz2 Hardware version
number
8 rev uintlé Reserved bytes
10 snl wint32 First SN number
14 sni uwint3z Second SN
18 sn2 wint32 Third SN
22 Board_version uint3dz2 Base Plate version
number
26 Rev[16] Uint8 All that follows is
reserved bytes

Mote 1: Reserved bytes vary based on the MU model. The IMUST4E i3 16 bytes.

For example, obtain the [MU status
Enter data: 55 AA 01 00 18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 0O OO 00 00 00 00 00 OO0 OO OO 00 00 00 BD DB 31 34
Response data: AA 55 FF 00 2A 00 1F 39 03 00 &5 &F 01 00 50 83 30 33 35 55 34 50
15 FF 8F SF FF FF 50 83 FF 1F 29 00 00 00 00 EO 00 O7 10 17 08 50 DO 37 10 3B 7A
C3 00 02
According to the response data, the software version number 21123101F 39 03 00)
and the hardware version number 94053065 &6F 01 00) are parsed

5.1.5 Command mode GET output — Read Parameter

Table 14 COM Parameter |nput data format

Frame Frame ] length pay | oad Frame

header header trailer

Data type uint8 uint8 uintlé uintlé p1 uint32
Coding Ox55 OxAA 0x0006 0x0018 eredl
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Table 15 Output data format of serial port Parameter

Frame Frame ] length pay | oad Frame

Headers Headers tail
Data type uint8 uints uintlé uintlé p1 uint3z
Coding OxAd 0x55 0x7530 0x0018 crodl

Hete 1: When reading Parameter, the IMUwill disable the data stream. After the setting 15 complete,
the data stream needs to be restarted.

Table 16 Serial port P1 load data format

of fset Name Data type Deseription
0 Paraml float Obtained Parameter (input
data can be ignored)
4 Param? float Keep, default to 0
Param3 uink32 Set the Parameter index
12 Paramd uink32 Reserved, the default value is
0
16 ParamS Int32 Keep, default is 0
20 Paramt [nt32 Keep, default is 0

Table 17 Index table of COM P1 load parameters
Param3 Paraml Units

The COM outputs the baud rate. The following baud

3 rates are supported bps
115200, 230400, 460800, 921600, 1500000
4 Coordinate system orientation (see Table 24 Coordinate

System Orientation correspondence table)

X-axis gyro zero bias calibration results, GYRO_X_COFF "f5

Y -axis gyro zero bias calibration results, GYRO_Y_OFF "5
10 Z-axis gyro zero bias calibration results, GYRO_Z_OFF " /g
21 AHRS output frequency, default 100Hz Hz
31 Internal filter configuration, define the same SP

FILTER_CTRL table

Example: Get AHRS output frequency

Input data: 55 AA 06 00 18 00 00 00 OO 00 00 OO 00 Q0 00 OO0 QO 00 00 00 00 00 00
00 00 15 00 00 00 G0 OO0 00 OO QO 00 OO0 Q0 00 OO 00 OO 00 OO0 OO0 00 00 00 OO OO O
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 OC 00 OO 00 0O 15 00 00
00 00 00 00 00 00 00 00 00 00 QO 00 00 00 00 OO 00 OO 00 00 00 00 00 00 OO OO OO
00 00 00 00 00 00 00 00 00 0O QO 00 00 00 00 00 00 OO 00 00 00 00 00 00 00 OO OO
00 00 31 2F A2 OA
According to the response data, the analysis results in an output frequency of S0hz
(00 00 48 42).
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5.1. 6 Command mode SET instruction

Table 18 COM Input command formats

Fr ame F r ame ] length pay | oad F r ame
header Headers tail
Data type uint8 uint8 uintlé uintlé R uint32
Coding 0x55 OxAA CMD 0x0018 crodl
Mote 1: CMD and R1, see the R1 Load Parameter Index table
Table 1% Load data format of COM R1
of fset Name Data type Description
0 Parami float Set Parameter
4 Param? float Keep, default to 0
8 Param3 uwint3z Set the Parameter
index
12 Paramd uint3z2 Reserved, the
default value is 0
14 Params [mt32 Keep, default is 0
20 Paramb Int32 Reserved. The
default value is 0
Table 20 Index of Parameter of the COM R1 load
CMD Parami Param3 Description
1 0 0 Trigger to get system status data once
2 0 0 Trigger to obtain AHRS data once
< mode > Set the output mode:
Mode=1, data stream output AHRS
3 Cmode 0 )
Mode=100 disables data stream mode and enters COMMAD
mode
5 0 0 Save the current Parameter to FLASH
Read Parameter, value is the index of the Parameter
to be read, that is, P1. index, see the COM response
output - Parameter read
For example, if you want to read AHRS output
frequency (ODR), set value=21
& 0 <values For example, te read the baud rate of the serial
port, set the value to 3
For example, if you want Lo read the internal filter,
set value=31
For example, if you want to read the coordinate
system orientation, set value=4
9 0 0 Perform a software restart
Set the serial output baud rate, which is valid in
14 <valuer 3 bps value:
115200, 230400, 460800, 921600, 1500000

14
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If value is other values, the default value is
115200bps
After setting the baud rate parameter, vou need Lo
restart it for it to take effect

Procedure for setting the baud rate without power
supply: Set the baud rate, save the parameter to the
flash, and reset the software
Set the periodic AHRS data output frequency, common
values in Hz value are: 1,10, 50, 100, 200, 500, 1000
Recommended correspondence between the output

frequency and the baud rate of the serial port
14 <valuer 21 1000Hz: 921600bps
500Hz: 460, 800bps
250Hz: 450800bps
200Hz: 450800bps
100Hz: 115, 200 BPS

Internal filter configuration, defined as SPI
14 <values KN acce lerometer and gyro filter configuration
default OxBB, i e 47Hz

Set 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

14 | <value> 4

coordinate system

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

Mote 2: The host computer command generator function can be used to generate corresponding command s

to send, see the use of the host computer section of this manual
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For example, to enable AHRS output:

Enter 3 inCGMD |D and 1 in Parameter 1. The generated hexadecimal array can be il led
inte the COM assistant or program array and sent to the MU

5.2 02,00, ¥2.00.00 00 50 300,00 .00.00.00.00 00 00 00 00000000, 00000000 100,00 00 52 ¢4 Ba &8

5. 1.7 Command Mode Qutput — User command response

Table 21 Setting Parameter COM response data format
Frame Frame Y] length ACK Param3 Frame

header header end

Data type uint8 uint8 uintlé uintlé uintié uintlé uint3d2
Coding OxAh Ox55 0x 7530 0x0004 0x7534 | Parameter cred?

index

Table 727 Reserved parameters Serial port response data format

Frame F rame D length ACK result F rame

Headers | Headers Lrailer

Data type uints uint8 uintlé uintlé uintlé uintlé uintd2
Coding OxAh 0x%55 0x7530 0x0004 | 0x0005 0x credd

Table 23 Serial user command response data format

Frame Frame Y] length command result F r ame
Headers | Headers Tail
Data type uints uints uintlé uintlé uintlé uintlé uintd2
Coding Ox b (x55 0x0064 0x0004 | Command (x01 crodd
D

Example: Set the serial output baud rate te 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

15



(@ fonsense FSS—IMU16460 Product Sheet

Response data: AA 55 30 75 04 00 34 75 03 00 A7 98 2A 54

Set the periodic AHRS data output frequency to 100hz

Input data: 55 AA OE 00 18 00 00 00 OO G8 42 00 00 00 OO0 0OC QO OO QO 15 00 00 00
00 00 00 00 00 00 00 00 00 00 OO0 OO 00 00 00 OO 00 OO 00 00 OO0 00 00 00 00 OO OO0
00 00 00 00 00 OO 0O 00 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 QO 0O OO0 Q0 OO0 OC OO OC OO OO QO 00 00 OC OO OO OO
00 00 00 00 00 00 00 00 00 00 OO0 OO 00 00 00 OO 00 OO 00 00 OO0 00 00 00 C? 2F E6
32

Response data: AA 55 3D 75 04 00 05 00 O1 00 S5A CF B1 7C

Set output mode to AHRS data stream

Input data: 55 AA 03 00 18 00 00 00 OO 80 3F 0O 00 OO OO0 0OC QO QO QO 00 00 00 00
00 00 00 00 00 00 00 00 00 00 OO OO 00 00 Q0 00 00 OO OO QO QO 00 00 00 00 OO 0O
00 00 00 00 00 52 D8 SBE EB

Response data: AA 55 64 00 04 00 03 00 O1 00 E7 87 E3 AD

= Fa0

i
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5.1.8 DRDY

DRDY Pin outpult serves two purposes:
1. te provide a clock synchroenization signal from inside the [MU;

2. Provide a signal te signal the start of transmitting data frames.

L1

DRDYS [E

Data 1 Data 2 Data 3 Data 4

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

RiEHdE

the serial output frequenscy (current ODR), the DRDY pin will be pulled down
immediately after the completion of imu data sampling compensation, at which Lime
the data frame will be sent from the serial port, and the DRDY internal sampling

frequency will be pulled up again in the next cycle.

| I | |
| I I

IMUPSERSRAHH | ! ! |
I | | '

DRDYS [E

| Datat i i | Dawas
| | [ |
o ([ I N

When the serial output frequency is less than the |MU internal sampling freguency,
after the imu data sampl ing compensation is completed, it is determined whether DRDY
pin eell is immediately pul led down aceording te the value youdaoplaceholder3
(max imum ODR/ current ODR). After the DRDY is pul led down, the data frame will be
sent from the COM, and the DRDY Pinwill be pul led up again in the next |MU sampling
period.
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5.1.9 Coordinate system setting function

Set the firmware coordinate systermn and display the corresponding firmware design
coordinate system inthe Upper computer software

Figure 5 Original Tirmware coordinate system

uz

According to the above rule, after X and ¥ axes are determined, £ axis is determined. The £
axis is perpendicular to the plane from the X to the ¥ axis.
There are a total of twenty-four orientations for the X/Y/Z triaxial ax=is, as shown in the table

below:
Table 24 coordinates are oriented towards the corresponding table
Orientation (value) Mg ¥ AXIs Shxis Instructions
101 +k +hy +lz Default
orientation
102 Lk Ly +lz
103 -Lhy +x +lz
104 +Uy -Ux +Uz
105 Lk +hy -Uz
106 +k -Lhy -z
107 +Lhy +Lx -Uz
108 -Lhy Lk -Uz
109 -z +hy +lx
110 +lz -Lhy +hx
111 +Lhy +lz +Lx
112 -Lhy -Uz +Lx
113 +lz + Uy -l
114 -z Ly -l
115 -Lhy +lz -1k
116 +| Uy -z -
117 -Lk +lz +Lhy
1138 +lx -Uz +Lhy
119 +lz +x + Uy
120 -z -Lke +Lhy
1711 +Ux +lz Ly
122 =Lk -z -Lhy
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123 -z +LUx -y
124 +Uz -l -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 hexadecimal
array can be filled into the COM assistant or program array and sent to the [MU.
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How to read the coordinate system orientation:

Enter 06 in CMD ID and 4 in Parameter 3. The generated hexadecimal array can be Tilled
into the COM assistant or program array and sent to the [MU.
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Example: Set the coordinate system to face 115

Data input: 55, aa, 0 e 00, 18 00 00, 00, ed,

42,00, 00, 00, 00, 04, 00, 00, 00, 00, 0C, 00, 00, 00, 00, 00, 00, 00,00,00,00,45,6 a, 4 e, Bb
Response data: A& 55 3D 75 04 00 34 75 04 00 60 OE &B 1B

According to Table 21, the index of Parameter is 04, and the parameter is set
succassful ly

Read the coordinate system:

Input data: 55 AA 06 00 18 00 00 00 OO 00 00 00 00 00 00 00 00 00 00 00 04 00 00
00 00 00 00 00 00 00 00 Q0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 69 64
09 E4

Response data: AA 55 30 75 18 00 00 00 00 E6 42 00 OC 0O OO Q0 00 00 Q0 OO O4 0O
00 00 00 00 00 00 00 00 00 00 00 OO 00 00 00 OO OC 00 00 00 OO 00 00 00 00 OO 00
00 00 00 OO 00 OC 0O OO 00 B2 2F 2D 4E

According to Table 15 and Table 16, the resolution results in Parameter 1 being 115
(float) and Parameter 3 being 04. That is, the coordinate system is 115 orientation.

5.1.9 Common Problems of COM Connection

1) The RX of the IMU cannot connect to two Master TX

The RX of the COM cannot be connected to two TX at the same Lime. Therefore, if the
Forsense upper machine needs to be connected, it needs to disconnect the
communication with the COM of the user’s host. Otherwise, the upper computer cell
can only receive data and cannot send commands to the [MU.

As shown in the follewing picture:
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Figure & Schematic diagram of COM connection
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2) The wversion number cannot be obtained

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

It is recommended that GOM be connected directly, and it is not recommended to be
connected inseries. |f the interface of RS422 s connected to the computer, direct|y
use R5422 to USB cable, and do not use RS422 to RS232+R5232Z to USB cable in series
3) Upper computer software curve display lag

If it is an FT232 data |ine, use the system administrator to open the Upper computer
software and automatically configure the COM delay
Manual ly configure COM delay in Device Manager.

5.2 SPl communication protocol

Example of 5P| host read driver based on STM32:
https://data. forsense-imu. comfpage/dovnload. html

5.2.1 SPI Interface Parameters

Table 2% 5P| inmterface parameters

SPl host This product acts as slave
SPI rate 0.2 to 2 MHZ
SPl word length 16bit
Phase Rising edge trigger (Mode 3. CPHA=1)
Paolarity Idle for high (mode 3. GPOL=1)
Bit order MSB priority

i -

e Sh
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5.2.2 SPIl connection diagram

Figure 7 5P| connection diagram

3.3V

SS/CS p| SPI_CS
SCLK p| SPI_CLK

* SDO | SPLLMISO L)t ],
SDI »| SPI_MOSI
RST p| RST

= =

Mote 1: Before the initial reading, it 15 necessary to reset the IMU and wait for 35 Lo make the
IMU enter the nermal working state.

Mote 2: Refer te the corresponding manual Tor SPI ping of different IMU models

5.2.3 SPl communication bit order

The 5P| 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 & Schematic diagram of 3P| communication bit order

& ] M
e U U U
DN ——{w | as Jas Jas Jas Jaz | a1 | a0 Joer Joce Jocs Jocs Jocs Jocz Joer Joco f— rw] aa | a5
pout —{ 15 Jors Jors Jorz Jorr Jorw) o9 Y os Yo7 Jos Jos [ os Joa o2 ] o1 [ oo }~{ o15 JouJou

The highest bit of DIN indicates the read/write operation, [A&:A0] indicates the
Register address, and [DC7:D00] indicates the data written (write operation) or
DUMMY data (read operation).

When /W =1, the DOUT data of this 5P| cycle is meaningless. RDOUT data for this
SP| eycle when /W =OR

Represents Register output data for the last two cycles, as shown in the BURST read
examp | e.

- -

s -]
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5.2.4 SP| Register

Table 30 List of 5P| Register

Names Address | Read/Write | Default | Window ID Descriplion
MSC_CTRL 0x32 R 0x00C1 1 Other controls
FILTER_CTRL 0x%38 R 0x00BB 1 Filter selection
BURST Ox3E R \ 0 Continuous reads
PROD_1DM Ox6A R 0x4653 1 ID Number 1
PROD_ID2 0x6C R 0x2031 1 ID Number 2
PROD_ID3 Ox6E R 0x3634 1 ID Number 3
PROD_ID4 0x 70 R 0x3630 1 ID Number 4
WIN_CTRL 0x7F, 0x7E R 00000 0.1 Window 1D selection
AGYRO_LOW Ox04 R \ 0 Gyro X axis low byte
XGYRO_HIGH Ox06& R N 0 Gyro X axis height
bytes
YEYRO_LOW 0x08 R N 0 Gyro Y axis low byte
YGYRO_HIGH Ox0A R N 0 Gyro Y-axis height
bytes
ZGYRO_LOW 0x0C R N 0 Gyro Z axis low byte
ZGYRO_HIGH 0x0E R N 0 Gyro z—axis height
bytes
AACCEL_LOwW 0x10 R \ 0 Add table X axis low
byte
XACCEL_HIGH 0x%12 R \ 0 Add table X axis
height bytes
YAGCEL_LOW Ox14 R Y 0 Add table Y-axis low
byte
YAGGEL_HIGH 0x16 R ! 0 Add table Y-axis
height bytes
ZACCEL_LOW 0x18 R \ 0 Add table Z axis low
byte
ZACCEL_HIGH Ox1A R \ 0 Add table Z-axis
height bytes
TEMP Ox1E R N 0 Temperature

5.2.4.1 SPI BURST Register

BURST reads Register continuously, reading all data ina single data stream without
stopping between 16~bit segments
Table 31 Format of 5P| BURST Register

Address | bit15 | bitld | bit13 [ bit12 | bit11 | bit10 | bit9 | bit8 | Read/Write

Dx01 R



(Chitie

Address | bit7 | bité [ bits | bitd | bit3 | bit2 | bitl | bit0 |Read/lirite
Ox00 BURST_CMD R

The method of reading BURST is: sending Ox3E00 before reading means setting BURST

and starting reading., and then sending 0x0000 and receiving data all the time, the
output register content is offset by 2 5P| eyeles compared with the sending of reading

instruction, and the chip selection low level is kept during reading

FIG ¥ Schematic diagram of continuous reading of 3P| BURST

a ] g 5 4 5 12

L] < OwBOD0 - D000 - 0000 - D000 - OwDO00 < w000
- —~ > - :

BT <. W00 < GYROK % GYRO_Y e GHESUM

Table 32 Basic formal of continuous reading by SPI BURST

Sending 1 2 3 4 5 &
sequence
What to 0x00 GYRO_X GYRO_Y GYRO_Z ACCL_X ACCL_Y
send
Send 7 8 9 10
order
What to ACCL_Z TEMP 0x00 CHESM
send

Mote 1: All data are 16bit widths

Mote 2: CHESM stands Tor CHECKSUM, which is used to confirm data integrity. It is calculated by
summing all the data before the CHECKSUM

In the process of reading a single Register, the 32-bit complete data is split into
high 16 bits and low 16 bits respectively for output, and the output adopts the
smal |—endian mode, that is, the lew byte is output first. The user needs to

concatenate the two parts of the 16-bhit data to restore the complete 32-bit data.

FIG. 10 Schematic diagram of SP132-bit data restoration

GYRO_X_H GYRO_X_L

S2{UPEIR BB A

After getting the complete 32-bit data, the standard frame user can convert it into

angular wvelocity, acceleration, temperature and attitude Angle information

according te the follewing formula
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Table 33 5tandard frame SPl 3Z2-bit data conversion formula

Name Units Formula Cond i tions/Noles
GEYRO is the GYRO data for the X7/Z
Angular °fs G=5F*GYRO o
axis in the table above
& [ =0.016 for Burst mode
Speed ) ]
® Insingle Register mode,
SF=0.016"65536
ACCL is the ACCL data for the X/Y/Z axis
Acceler E A=SF*ACCL in the table above
® For Burst mode, O = 0.2/1000
. ® |n single-register mode
ation SF=0. 2/1000%65536
. T=SF*(TEMP-2634)+25 | TEMP is the TEMP data in the table above
Tempera C
® Temperature scale fastor O
ture =1/263. 4
ﬂU‘.iLud o D:SFI&SSSE?*.ATT .IﬂlTT iS LhE .IﬂI.TT data if'l LHE Lable Hbﬂ'u'e
® Attitude scale factor O =
e Angle 0. 00699411

9.2.4.2 SPI FILTER_CTRL register

The FILTER_CTRL register provides the user with conbtrol over the digital low-pass
filter. This register is read/write register, write command is send OxBBXX, and
the current SPl cycle setting is valid; The read command is sent O0x3800, and the

output register content is offset by 2 5P| eyeles than the read instrustion is sent

Table 34 5Pl FILTER_CTRL register format

Address | bit15 | bit14 | bit13 | bit12 | bit11 [ bit10 | bit? | bitE | ReadWrite
0x07 R

Address | bit7 bité | bith bitd | bit3 bit2 bitl | bitl | ReadWrite
0x06 Acce lerometer filter Gyro filter configuration R

configuration

Table 35 Filter configuration

Encod ing Description
4°b 0000 IR filter fe=1 Hz
Acee lerometer/gyroscope 4b 0001 IIR filter fo=1 Hz
filter configuration 4'h 0010 LIR filter fo=2 Hz
4b 0011 IR filter fe=5 Hz
4°b 0100 IR filter fe=10 Hz
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4b 011 IR filter fo=13 Hz
4'b 0110 IR filter fo=20 Hz
4b 0111 IR filter fo=25 Hz
4'b 1000 IR filter fo=30 Hz
4'b 1001 IR filter fo=33 Hz
4'b 1010 IR filter fo=40 Hz
4b 1011 no filter

Mote: For example, if the gyre is configured amd the accelerometer Filter 15 10Hz,

the wvalue 0xBB44 is written.

5.2.4.3 SPI ID register

The ID register is a read-only register, and the data content is the character
"FS-16460" in ASCI| encoding form. The reading method is similar to that of BURST
data reading: sending Ox&A00T0x7000 when reading, and receiving data. The output
register content is offset by 2 eycles compared with the read instruction.

The complete |D of the product can be obtained by concatenating 4 16-bit |0 data
inte ASICI| code. The splicing method is the same as the splicing of data read

continuous|y by BURST, with PROD_ID1 in the high position and PROD _I1D4 in the low

position.
Table 36 Format of SPI 1D register
Address bit15 ~ bitD Encoding Read/Write
Ox6h PROD_ D1 Oxd653 R
Ox6G PROD_IDZ 0x2031 R
Ox6E PROD_ID3 0x3634 R
Ox70 PROD_ID4 0x3630 R

5.2.4.4 SP1 WIN CTRL register

This register is used to control the switch window |D and can be read and written.
The window default is O, write OxFEO, then switeh to 1
Table 37 5P1 WIN_CTRL register format

Address | bit15 | bit14 | bit13 | bit12 | bit11 [ bit10 | bit? | bitE | ReadMWrite

0x7F R
Address | bit? bité | bits bitd | bit3 bit2 bitl | bit0 | ReadWrite

0x7E WINDOW_ID R

Table 38 5P| register WIN_CTRL.WINDOW_ID encoding
Name Code Descriplion
0x00 windowl, start reading
WINDOW_ID
data
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0x01 windowl, go to
Configuration

9.2.4.5 SP1 MSC _CTRL register

This register is used to control SYNC and DATA READY pin patterns and polarity, and
defaults to OxC1

Table 39 SP| MSC_CTRL register format

Addres | bit1l | bit1 | bit1 | bit1 | bit1 | bitd bit bits ReadWrit
5 5 4 3 2 1 0 e
0x32 R
Addres | bit? | bité | bitd | bitd | bitd | bit2 bitl bitl ReadWrit
5 &
SYNG SYNC DR
0x33 function Polarit | Polarit R
Settings Y y

Table 40 3P| register M3C_CTRL encoding

name Code Descriplion
0x00 Low active (when data is
DR Polarity * Y AeRIvE e '
active)
0x01 High active (when data is
active)
Ox 00 Rising edge triggers
samp | ing
SYNC polarit
P Y OxH Falling edge Lriggers
samp | i ng
0x00 Disable (Internal
. . sampling clock)
SYNG function Settings :
OxH Direst Sampling Contral

{input)
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6. Coordinate system definition

kbidkam D 77 5 O

(@ FoRSENSE
FSS-1646

— £
This product coordinate system uses the front - right - down (FRD) coordinate system, Euler
Angle range is as follows:

Rotation around the Z axis: Yaw anale Yaw range: 0° ~360°;
Rotation around the X axis: Roll angle roll range; -180°~180%
Rotation around the Y axis: Pitch angle pitch range: -90°~90°".

Roll, pitch, course Angle diagram is as follows:

FIG. 21 Schematic diagram of roll, pitch and Yaw angle
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7.CRC table lookup method calculation

static const

0x00000000,
Oxe963a535,
0x09b6dcZh,
Oxf3b97148,
Ox136c9856,
Oxfalf3dé3,
0x3c03eddl,
Oxdbbbc9ds,
Ox26d930ac,
Oxcfba®s99,
Ox2f6f7cB7,
0x98d220be,
0x7807c%a2,
0x91 646697,
Ox6c069 Sed,
OxBbbebBea,
Oxddb26158,
Oxaddlcdbd,
Ox44042d73,
OxbeOb1010,
Ox5edef90e,
Oxb7bd5e3b,
Oxead54739,
Ox0d6dbale,
Ox fOOF9 344,
0x196c3671,
Oxfob9d f6f,
0x38d8c2cd,
Oxd80d2bda,
Ox31bebeef,
Oxeolc7 795,
Ox2bb45a92,
0x9boda 2b0,
0x72076785,
0x92d28e%h,
Ox68ddb 378,
0xB88085aeb,
Ox&16bf d3,
OxaT7 672661,
Oxd0dfObos,

uint32_t

0x 77073096,
0x9e6495a3,

Ox7eb17cbd,
Ox84bed! de,
Ox646babel,
0x8d080d 5,
Ox4b04d447,
Oxacbof940,
0x51del03a,
OxbBbdas0f,
0x58684c11,
Oxefd5102a,
Ox0f00f?34,
Oxet635c01,
Ox1b01a57h,
Oxfcb9887¢,
0x3ab551ce,
Oxd3d6fdfh,
0x33031de5,
Oxc90c2086,
0x29d9c798,
Oxclbabead,
0x9dd277af,
Ox7ababaab,
0x8708a3d2,
Oxbebblbe?,
OxBebeef {9,
Oxafd 252,
Oxaflalbde,
Ox4669be 79,
Oxbb0b4703,
Ox5ch36a04,
Oxect3f226,
0x05005713,
OxeddSbeld,
Ox1fdaB3be,
Oxff0féa7o,
Ox166ccf45,
Oxd0601 657,
0x37d83b 10,

cred? tab [ ]

Oxeeledl2c,
Ox0edbBB32,
Oxe7b82d07,
Oxladadd7d,
Oxfd62 97 a,
0x3bbe20c8,
Oxd20d85fd,
(0x32d86ced,
OxcBd75180,
0x2802b8%e,
Oxc1611dab,
0x71b18589,
0x?609aB8e,
Ox6b&b51T4,
0x8208fdc1,
Ox62dd1dd f,
Oxa3be0074,
0x4369e6a,
Oxaaladchf,
0x5768b525,
Oxb0d09822,
Oxedb88320,
0x04db 2615,
Oxedlecflb,
Ox1el1 268,
Oxfedd1b76,
0x17b7bed3,
Oxd1bb&711,
0x36034af6,
Oxcb&1b38c,
0x220216b9,
Oxe2d7 a7,
0x756aad?c,
0x95bf4a82,
Ox7edoefh?,
0x81be16cd,
Ox66063bea,
Oxallae2?8,
0x49694744d,
Oxa%bcaedl,

= |

0x990951ba,
Ox79debBad,
0x90bT1d91,
Oxbdddedeb,
(OxBabbcYec,
Oxdc69105e,
Oxab0ab5éb,
Oxd5df5a75,
Oxbfd0&6116,
Ox5f 058808,
Oxb6662d3d,
Ox06b6bS1T,
Oxel0e9818,
Ox1cbeb162,
Oxf50fcda?,
Ox15da2dd?,
Oxddbb30e2,
Ox346ed9fc,
Oxdd0d7 ce?,
0x206f85b3,
Oxc7d7adbd,
0xPabfb3bb,
Ox73dc1 683,
0x9309f F9d,
Ox6906c2fe,
0xB7d32bel,
Ox&0b08eds,
Oxabbed 767,
Oxd1047 ab0,
Oxbcot831a,
Ox55052627,
Oxb5d0af3l,
0x02 6d9 30a,
Oxe2b87ald,
OxObdbd 21,
Oxfob9265b,
Ox11010b5e,
Oxd70dd 2ee,
Ox3ebe? Tdb,
OxdebbPecs,

-

==

0x076dcd19,
Oxeld5efle,
Ox1db71 064,
Oxf4ddb551,
Ox1401 5cdf,
Oxd560d1ed,
Ox35b5a8fa,
Oxdod60def,
0x21b4f 4b5,
Oxctlcd9b2,
Ox76ded 190,
OxFfbfedas,
Ox 71 6aldbb,
0x856530d8,
Ox65b0d s,
OxBod37ef3,
Oxdadfabdl,
Oxad678846,
0x5005713c,
Oxb966d409,
0x59b33d17,
Ox03bbe20s,
Oxed630bl12,
0x0allael?,
Oxf762575d,
Ox10da7ada,
Oxdbdba3es,
Ox3fb506dd,
Oxdf 60efeld,
Ox256fd2al,
Oxcobaldbbe,
Ox2cd99e8b,
0xFc0906a9,
Ox7bb12bae,
OxB6d3d2d4,
Ox&6FbO7 Tel,
OxBf 65Feff,
Ox4e048354,
Oxaedlbada,
Oxd7b2a 7T,

Ox706afdBf,
0x97d2d988,
Oxbab02012,
0x83d385¢7,
Ox63066cd9,
Oxa2677172,
Ox42b 29866,
Oxabd13d59,
Ox56b3c423,
Oxb10bed24,
Ox0db7106,
Oxe8b8d433,
Ox086d3d 2d,
Oxf262004e,
Ox12b7e950,
Oxfbddde 65,
Ox3dd 89547,
Oxdat0b8d0,
0x270241 aa,
Oxcebled?f,
OxZebd0da1,
Ox74b1d29a,
Ox?4643b84,
Ox7d079eb1,
0xB06567 cb,
Oxé7dddace,
Oxald1937e,
Ox48b2364b,
OxaB67df55,
Ox5268e 36,
Oxb2bd0b28,
OxSbdeaetd,
Oxebleld63f,
OxOchbé1b 38,
OxflddeZd2,
0x18b74777,
0xfB62aeb9,
0x3903b3c2,
OxedPd 65ads,
Ox30b5Tfe9,
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Oxbdbdf21c, Oxcabac28a, (x53b39330, Ox24bdaldad, Oxbad03605, Oxcdd70693
0x54de5729, 0x23d967bf, 0xb3b667aZe, (Oxcdd14ab8,  0x5d681b02,  0x2a6f2b94,
Oxb40bbe37, Oxec3lcBeal, (xbalSdfib, Ox2d02ef8d,

1

uint32 t cro_cre3? (Wint32_ t ore, const wint8 t *buf, uwint32_t size ) |
for (uint32_t i=0; idsize ; i++*) |

cr¢c = orc32 tab [ (ere 7 buf [i 1) & Oxffl] =  f(cre > 8) ;

1

return cro;

}

- -

S S O
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8. Examp les of use

8.1 Device Installation

1. The module should be firmly fixed on a rigid plane te aveid being installed in

a position with large vibration.
2. The module should be installed in the same direction as the front.
Figure 11 Schematic diagram of module installation

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

Figure 12 Diagram of proper installation

| S S A T -

IMUREAE B

e
] =]
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The following installation methods are incorrect install ation

CIMUERAE  EEEEX IMUZ 4 Tk

IMUFAT M= R dERIE i L IMUZ &SR

IMUZEFAB=TFHASN IMURIEF iR

3. Precautions for IMU installation
Do not use glue or other flowing liguid around the IMU to prevent liguid from flowing into
the IMU through gaps and affecting the IMU performance.
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Figure 19 Schematic diagram of incorrect installation
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8.2 Example for GConnecting a Upper computer software

FIG. 20 Schematic diagram of module connecting to Upper computer software

£T4%: FESVIN

ik . FERX
B FEGND

K A
1 IMU16460 14

B 1 44 K T

2 1646075t JEE A 14
3 TTLER 4k iy
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9. Select accessories

IMIUJ16460 Test mainboard TTL serial cable



(© romsense FSS—IMU16460 Product Sheet

10 Update the record

Versions Dates status/Comments

Version 1.0 2023.09.15 Firstissue

Version 1.1 2023.10.07 Update coordinate systemn definition

Version 1.2 2023.12.14 Add attachments

Version 1.3 20240411 Update electrical features

Version 1.4 20240510 Add Upper computer software connection
diagram




