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Tactical MEMS 6 degrees
of freedom inertial sensor

FSS—IMUP8 PRO Product manual

Features

Tactical grade MEMS Gyroscope
® 0.35%hr zero bias instability
® 0.08°hr Angle random walk

® 30° hr temperature drift (40 ~
B5°C, <=1°C/ mindlg)

Tactical MENS Accelerometer
® 15ug zero—bias instability
® (.03m/s/vhr velocity random walk

® Img temperature drift (—40 ~ 85°C,
<=12C/ minilg)

Large range of fine temperature

compensation

® -40°C to 85°C temperature

compensation
® Fine temperature calibration
® |[ndependent turntable calibration

® |[ndependently calibrate each module:
sensitivity, Bias instability.

Misalignment

® Provide user calibration

installation error interface

High strength working condition

tolerance

® Strong impact tolerance: 2000g

{0.5ms. half sine. 3 axis)

® Strong vibration tolerance: 10g

(10"2KHz. 3 axis)

® Full temperature environment stable

operation: —40°C ~ B5°C
® 100% magnetic shielding

Real-time and flexible digital

interface, small size

® Configurable output sampling rate
up to 500Hz

® Supports COM 422

® 318 .6%44. 8%, Som. weighs about
72.5g

Product Overview

IMUPE Pro is a6 degrees of freedom (DOF)
MEMS inertial sensor module built by
Forsense technology. Three—axis
Gyroscope and acce leration information

are provided as standard.

High precision, high resolution, can
capture subtle vibrationand tilt. Large
range output makes motion perception

possible under large dynamics. All
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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 al |l products

is highly consistent.
Application Tield
® Aerial mapping

On the basis of standard performance and
output Parameter, Yuanji also provides
customi zed software and LOGO

customi zation services for your special

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 Minimum Typical Maximum Units
conditions/Remarks value value value

Measurement Range + 300 “s

Bias instability 025°C, Al lan Variance, 0. 35 “hr
1o

Misal ignment 0.02 deg

Internal low-pass Software adjustable 75 Hz

cutoff frequency

Sampling rate 500 Hz
measured delay 7.2 ms
Offset error over -40°C 7 85°C 30 “hr
temperature =1°CS mindlo

Random Walk on the W25°C, Al lan Variance, 0. 08 “/hr
K-axis 1o

Random Walk Y-axis 0. 08 “/hr
Random Walk Z-axis .08 “hr
scale coefficient 1.0 Yo
error

scale factor 200 ppm
nonl inear

Note The total temperature Bias instabil ity changes by 1o at 1:1 °C/ min

Mote 2: |EEE standard. Allan variance curve given at static 25°C environment



@ FORSENSE
] 15 SR

1.2 Key indicators of Accelerometer

Parameter

Measuring range

Bias instability
instability

Non—orthogonal
between axes

Internal low—pass

cuteff frequency
Sampl ing rate
Measuring delay

Offset error over
temperature

Random Walk on the
K-axis
Random Walk
Y-axis
Random Walk
f=axis

Table 2 Key indicators of Accelerometer

Test Minimum Typical
conditions/Remarks value value
Plus or
minus &
@25, Al lan Variance, 15
1o
Q.02
Software adjustable 75
500
7.2
-40°C ~ 85°C 1.0
<1°CS mindlc
E25°C, Al lan .03
Variance, 1G
.03
Q.03

FSS—IMUP8 PRO Product Sheet

Max i mum unit

value

Optional B
=20
Mug
deg

Hz

Hz

ms

mg

m/ s/~ hr

m/ s/~ hr

m' s/ hr

Note The total temperature Bias instabil ity changes by 1o at 1:1 °C/ min

Note 2. |EEE standard., Allan variance curve given at static 25°C environment

I3

Al

LY
#

J
LE8)
A
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FIG. 1 Typical curve of Gyroscope Al lan Variance
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FIG. 2 Typical curve of Accelerometer Allan Variance
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2. Shape and structure

Figure 3 Qutline structure and size {unit: nm)
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Figure 4 Location of |IMJ measurement center {unit: mm)
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3. Specifications

3.1 Maximum absolute rated value

Table 3 Absolute maximum rating

Parameters Levels Remarks
Storage temperature And 55 °C te 90 °C
VSUP to GND -0.5-6.5V
Use temperature =40 - + 85 °C
RAD+/RAD- to GND 75V to 123V Match resistance 1200
RXD+ to RXD- =6V
THD+/TXD- to GND 7.5V o125V
ExtTrig to GND 0.3V-7YV
NRST to GND 0.3V-7YV
DATA READY to GND 0.3Vv-7V
3.2 ENC
Table 4 EMC
Test |tems Test criteria
CE Comp |y with EN55032 CISPR 16-2-1
G35 Comply with EN55035 EN(IEG)61000-4-6
EFT Comply with EN55035 EN(IEC)&1000-4-4
RE Comp |y with EN35032 GI3PR 16-2-3
RS Meets EN55035 EN(IEC)&61000-4-3
ESD Complies with EN55035 EN(IEC)61000-4-2

3.3 ESD Rating

Table 5 ESD rating

V (ESD) Electrostatic Test mode Test standard Test grade
discharge Contact Comply with EN(IEC) 61000-4-2 =8 KV
discharge
Air =15 KV
discharge

FemHtarm
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4 Electrical characteristics

Table & Electrical characteristics

Parameters Conditions Minimum Typical Max Units
Power input 4.5 5 5.5 W
Power 1 W
Storage temperature =55 0 °C
Operating Temperature (Tot) =40 85 °C
RS422 input resistor 120 Q
RESET (NRST PIN) High 2.3 W
Low 0.6 V
MRST internal pul l-up resistor 4.7 K Q
Data Ready 3.3 W
ExtTrig High 2.3 W
Low 0.6 W

Mote: When the supply voltage is higher than &V, the internal voltage protection
circuit will cut off the power supply and the device will enter the reset state

unti|l the voltage returns to the operating condition and resume work.
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5. Pin definition

Pin serial number
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Figure 5 Pin diagram
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Table 7 Pin definitions

Pin name

422 T¥ 2

422 RX_B

NG

DATA READY

NRST

GND

NG

VIN

422 TH_Y

422 R¥X_A

ExtTrig

GND

GND

NG

GND

i
o
Al
LY

#

J
LE8)
A

Pin description
RS-422, TXD-
RS-422, RXD-
Not pick up
Data Ready

External hardware reset
input, internal pull-up
Signal land
Not pick up
Power input, +3V input
R5-422, TXD+

R5-422, RXD+

External trigger

Power ground

Power ground

Not pick up

Power ground
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Recommended connection method 6

Figure & Block diagram of normal acquisition mode

RXD+ < TXD+
RXD- |g TD-
—“1:)'[' TXD+ p| RXD+ P8
TXD- p| RXD-
RO |g DATA READY

L

Figure 7 Block diagram of trigger acqguisition mode

5V
T
R¥D+ < TAD+
RXD- |g TXD-
N TXD+ p| RXD+
:——*J-L TXD- p RXD- P8
IRQ < DATA READY
External Trigger p{ ExtTrig
L

Figure 8 Time synchronization trigger acguisition mode block diagram
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7. COM communication protocol

Examples of COM protocols based on QT, ROS and STM3Z:
https://data. forsense— imu. com/page./ downl oad. himl

The serial port communication supports two modes: Stream Mode and Command Mode.
The MU enters the corresponding mode according to the mode value configured

by parameters after the initialization is complete.
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 IMJ 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 Parameters of serial port interface

Table 8 Serial port parameters

Transmission rate range 115200bps to 1.5Mbps
Default transfer rate 115200bps
start bit 1 bit
Data bits & bits
Stop bits 1 bit
Parity check There is no

FWmH#aeR

b
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7.2 Packet Format
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The packet structure of IMJ output and user input is composed as fol lows:

Table 9 IMJ output and user input data structures

Offsets  Data Mame Description
type
] uintd Frame Header 1 MU Cutput frame headers: Cxdd, Ox55
1 uinta Frame header 2 User input frame header; 0x55, OxAd
2 uintle D low The low bit of the frame 1D for serial
communication
3 ID high byte The high byte of the serial port frame D
4 uintle Data length low The low byte of the frame length for serial
communication,
lerngth is the number of bytes carried by
payload, that is, n
5 High data length High byte of frame length for serial
communication,
lerngth is the number of bytes carried by
the payload, that is, n
6 uintd Payload Data load
(n bytes)
E+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-bit
data)
G+n RC_CEHCK

(32-bit data high byte)
Mote 1: Data is transmitted in small-endian foermat, with low bytes first and high bytes last

Mote 2: The initial value of crcd2 is 1. CRC calculation dees not include all the data of this

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

FlLmH#EaeR

b
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7.3 Data Flow frame — AHRS data

Table 10 AHRS data format of COM

F rame Frame 1] length pay | oad Frame

Headers Headers tail
Data type uintB uintd uintlé uint1lé Al uintd?
Coding OxAA 0x55 0x0002 0x002C credl

Mote 1: Maximum cutput update rate is not greater than 200Hz2115200bps

Table 11 COM A1 |load data format

offset Name Data type Units Description
V] timer uint32 Mu s Time scale
4 £ ! £ £

8 £ ! i £

12 £ ! £ £

16 ax float [ K-axis

acceleration

20 ay float [ Y-axis
acceleration

24 ar float [ f-axis
acceleration

28 g float °fs X axis Angular
velocity

32 By float “fs Y-axis Angular
velocity

36 gz float “fs £ axis Angular
velocity

40 Lemp float °C IMU chip
temperature

Example: Get AHRS data stream:

AA 55 02 00 2C 00 &D 89 16 05 8F C2 65 40 14 AE 07 BF 5C OF B2 43 25 06 81 3D
BC 74 13 3C 60 ES 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 Tollows:

Flrm#aen

b
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Table 12 AHRS data flow obtained from COM Al

Description Raw Value Analytic  Description Raw Yalue Analytic
value value
10 0200 02 Y-axis BC74133C 0.009 g
acceleration
Length 2600 44 f-axis GOESBOBF 1.007 g

acceleration

Time scale 60891605 85363053 X axis Angular ECG3138BD 0.045 ® / s

velocity

Pitch angle  BFC26540 3.59 ° Y-axis OADTAZBE 0.005 ° /s
Angular
velocity

Rall angle 14AEQTBF 0.53° 2 axis Angular CDCCCCBCG 0.025 =/ s
velocity

Yaw angle SCOFB243 35612 © lmu chip D7A3EEAT 29 83 °C
temperature

A-axis 25068130 0.063 g ered? Check QCBF8480 2156183308

acceleration

Flrm#aen
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7.4 Data Stream Frame — AHRS—Q — Data (quaternion)

Table 13 Serial AHRS data format

F rame Frame 1] length pay | oad Frame

Headers Headers tail
Data type uintB uint8 uintlé uint1lé Al uintd?
Coding OxAA 0x55 0x0003 0x0034 credl

Mote 1: Maximum output update rate is not greater than 200HzE115200bps

Table 14 Serial port Al load data format

offset Name Data type Units Description
0 Limer uint32 ms Time marker
4 ql float # £
8 ql float £ £
12 q2 float £ !
16 q3 float £ £
20 ax float g ¥-axis acceleralion
24 ay float E Y-axis acceleration
28 az float g Z-axis acceleration
32 g float “fs X oaxis Angular velocity
36 Y float /s Y-axis Angular velocity
40 g float “s £ axis Angular velocity
44 Lemp float °C IMU chip temperature
48 Reserved uint3z2 ! !
bits

Example: AHRS data flow is obtained:

AA 5503 00 34 00 1A 99 00 00 EB EB 7F BF 41 25 75 BA 30 A1 F7 BA AD 21 CA 3C
EB E3 7E 3B 94 1F 04 BB C% 19 81 BF 56 C8 8F BB 25 BD DC 3D 8D EF B7 BD 70 3D
FO 41 00 00 00 00 82 22 E5 8D

The breakdown is as fTollows:

FlmH#taen

b
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Table 15 Serial port Al obtains AHRS data stream

Description Raw Value Analytic value

D 0300 3

Length 3400 52

Time marker 14990000 39194

ao EBEB7FBF -0. 999693393707275
a1 412575BA =0. 000935155956540257
az 30A1FTBA -0. 00188926421105862
a3 ADZ1CA3C 0. 0246742609888315
X axis acceleration EBE3VE3B 0. 00388931739144027
Y-axis acceleration 941F04BB -0. 00201604235917330
Z-axis acceleration CP1981BF =-1. 00859940052032

X axis angular 56G88FBB ~-0. 00438787557665587
velocity

Y-axis angular 25BDDC3D 0.107782639563084
velocity

Z axis angular BDEFBVBD -0. 0898123756051064
velocity

imu chip temperature  703DF041 30, 0299987792969
Reserved bit 00000000 0

cre3? check 8222E58D 2,380, 604, 034

Flm#Eaer

b
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7.4 Command Mode GET Output — System status

Table 16 COM system status data format

Frame F rame ] length pay | oad F rame

header header tail
Data type uintd uintd 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 17 Load data format of COM 31

offset Name Data type Deseription

0 Software_ver uint3d2 Software version number

4 Hardware_wver uint32 Hardware version number

8 rev uintlé Reserved byles

10 snl uint32 First SN number

14 snl uint3z Second SN

18 sn2 uint32 Third SN

22 Board_version uint32 Baseboard version number

26 Rev[16] Uint8 The remaining bytes are
reserved

Mote 1: Reserved bytes vary based on the imu model. The IMUS14E is 16 bytes.
For example. obtain the IMJ status

Enter data: 55 AA 01 00 18 00 00 00 00 00 0O 0D OO0 00 OO OO0 00 OO OO OO0 OO
00 00 00 00 00 00 00 00 00 00 00 OO0 00 OO 0D OO0 OO0 0D OO0 00 OO OO0 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 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 yielded software version number

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

FlemH#taern

b
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7.5 Command mode GET output — read Parameter

Table 18 COM Parameter |nput data format

Frame Frame 1] length pay | oad Frame

header Headers tail
Data type uint8 uint8 uintlé uintlé P1 uint32
Coding 0x55 OxAh 0x0006 0x0018 creldl

Table 19 COM Parameter Output data format

Frame Frame 1] length pay | oad Frame

Headers Headers trailer
Data type uint8 uint8 uintlé uintlé P1 uint3dz2
Coding OxAd Ox535 0x7530 Ox0018 credl

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 20 Load data format of COM P1

of fset name Data type Description
0 Parami float Obtained Parameter (input data can be
ignored)
4 Param? float Keep, default to 0
8 Param3 uint3z Set the Parameter index
12 Paramd uink32 Reserved, the default value is 0
16 Params Int32 Keep, default is 0
20 Paramd Int32 Keep, default is 0
Table 21 Index of COM P1 load Parameter
Param3 Paraml Units
3 The COM outputs the baud rate. The following baud rates are  bps
supported

115200, 230400, 450800, 9215600, 1500000

4 Coordinate system orientation (see Table 25 Goordinate System
Orientation correspondence table)

8 X-axis gyro zero bias calibration results, GYRD_X OFF “is

e Y-axis gyro zero bias calibration results, GYRO_Y_OFF s

10 f-axis gyro zero bias calibration results, GYRO_Z_OFF °Fs

21 AHRS output frequency, default 100Hz Hz

3 Internal filter configuration, define the same 5P| FILTER_GTRL
table

FlIrm#taen
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Example: Get AHRS output freguency

Input data: 55 AA 06 00 18 00 00 00 00 00 QO OO0 OO0 QO QO QO 00 00 QO OO0 00
00 00 00 00 15 00 Q0 00 00 00 Q0 00 00 Q0 00 00 00 Q0 00 00 Q0 OO0 00 00 00 00
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 OO0 00 00 OO 00 15
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 QO OO0 00 00 00 00
00 00 00 00 00 00 Q0 00 00 00 00 00 00 Q0 00 00 00 00 00 00 QO 00 00 00 00 00
00 00 00 00 00 00 31 2F AZ DA

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

FlemH#aen
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7.6 Gommand mode SET instruction

Table 22 COM |nput command format

Frame F rame ] length pay | oad F rame

header Headers tail
Data type uint8 uintd uintlé uintlé R1 uint32
Coding 0x55 OxAA CMD 0x0018 credd

Mote 1: For details about the relationship between CMD and R1, see the R1 |oad

Parameter index table

Table 23 Load data format of COM R1

offset Name Data type Description

0 Parami float Parameters to set

4 Param? float Keep, default to O

8 Param3 wint3z2 Parameter index of
Settings

12 Paramd wint3z2 Reserved, the
default value is 0

16 ParamS Int32 Keep, default is 0

20 Paramé [nt32 Keep, default is O

FlomH#aern

b
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Table 24 Index of Parameter of the COM R1 |oad

CMD Parami Param3 Description

1 0 0 Trigger to get system status data once
2 ] ] Trigger to obtain AHRS data once

3 <mode: 1} < mode > Set the output mode:

Mode=1, data stream output AHRS
Mode=100: Disables the data f|owmode and enters the

COMMAD mode
5 0 ] Save the current Parameter to FLASH
& 0 <value> 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

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=d

9 ] 0 Perform a software restart
14 Cvalue> 3 To set the baud rate of the output of the COM, the
valid value in bps value is:

115200, 230400, 450800, 921600, 1500000

If value is other values, the default value is
115200bps

The baud rate Parameter takes effect only after the
system restarts.

Procedure for setting the power—off: Set the baud
rate, save Parameter to the flash, and reset the
software

14 <valuer 21 Set the periodic AHRS data output frequency. The
unit Hz value is 1,10, 50, 100, 200, 500
Recommended mapping between output fregquency and
serial (port T~E7?) baud rate
500Hz: 460800bps
200Hz: 450800bps
250Hz: 460800bps
100Hz: 113, 200 BPS

Fxm#Araen
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14 <valuer 3 Internal filter configuration, defined as SP|
Accelerometer and gyroscope filter configuration,
default 0xBB, that is, 47Hz

14 <value> 4 Set the orientation of the MU coordinate system.

The value ranges from 101 to 124, See Table 25 for
the corresponding relation of the orientation of
the coordinate system

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

Mote 2: Corresponding commands can be generated and sent using the Upper computer software command

generator function. For the usage method, see the Upper computer software Usage section of this
marual

For example. to enable AHRS output:

Enter 3 in GMD 1D and 1 in Parameter 1. The generated hexadecimal array can be

filled into the COM assistant or program array and sent to the MU

&4 T

55,aa,03,00,18,00,00,00,80,31,00,00,00,00.00.00,00,00,00,00,00,00,00,00,00,00,00,00,00,00.52 48 Be c8

cMoID:

£

4 i 5 0 & (1]
4 Ritdd

Fam#taen
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7.7 Command Mode Output — User Command Response

Table 25 Setting Parameter COM response data format

Frame F rame 1] length ACK Param3 Frame
header header brailer
Data type uintd uintd uintlé uintlé uintlé uintlé uint3z
Coding OxAA 0x55 0x753D 0x0004 0x7534 Parameter credl
index

Table 26 Reserved Parameter COM response data format

Frame Frame 0 length ACK result Frame
Headers Headers Tail

Data type uint8 uint8 uintlé uintlé uintlé uintlé uint32
Coding Oxhh Ox55 Ox7530 0x 0004 0x 0005 001 crodl

Table 27 Data format of COM user command response

Frame Frame 1] length command result  Frame

header Headers Tail
Data type uint8  uint8 uintlé uintlé uintlé uintlé  wint32
Coding (OxAA 0x55 Ox0064 00004 Gommand (D Ox01 crodl

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 2A 54

Set the periodic AHRS data output frequency 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 00 00 OO 0D OO0 OO0 0D OO0 00 OO0 00 00 OO 00 0O
00 00 00 00 00 00 00 00 OO0 00 00 00 OA 2B 2C 8D

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

Save the current Parameter to FLASH

Enter data: 55 AA 05 00 18 00 00 OO0 Q0 OO OO0 00 00 00 00 00 OO0 00 00 00 0D 0O
00 00 00 00 OO0 00 00 00 00 00 00 OO 00 00 OO 00 OO0 OO 00 00 00 OO 00 00 00 C%
2F E6 32

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

Set the output mode to AHRS data flow

Frxm#taen
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Input data: 55 AA 03 00 18 00 00 0O OO0 80 3F 00 00 OO0 00 00 OO0 00 00 OO 00 0O
00 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 OO 00 00 00 00 00 00 00 00 00

00 00 00 00 00 00 00 52 DB BE EB
Response data: AA 55 64 00 04 00 03 00 01 00 ET 87 EZ AD
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7.8 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.

B

|
I
IMUPIERSREH !
|
! | |
| | |
DRDYS &
| Datal Data 2 | Data3 | Datad
i ! I
e N '

When the internal sampling freguency of the IMU {maximum ODR) is consistent with
the serial output freguency (current ODR), the DRDY pin will be pulled down
immediately after the completion of Imu data sampling compensation. at which
time 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 |

IMUPSERSE M | | |
| | '

]

DRDYZ |3

| Datal Data 2 | Data3
I I
-k B

When the serial output freguency is less than the IMJ internal sampling frequency.
atter the imu data sampling compensation is completed, it is determined whether
DRDY pin cell is immediately pulled down according to the value

voudaop laceho lder3 {(maximum ODR/ current ODR). After the DRDY is pulled down.

FamH#taen
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the data frame will be sent from the COM, and the DRDY Pin will be pulled up
again in the next IMJ sampling period.

7.9 Coordinate system setup function

Set the firmware coordinate systemand display the corresponding Tfirmware design

coordinate system in the Upper computer software

Figure 8 Original firmware coordinate system

s

ux

uy

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 24 orientations Tor the X/Y/Z axis, as shown in the table

below:

The orientation of the coordinate system in Table 2B corresponds to the table

Orientation (value) Khxis YAKis Zhxis Instructions

101 +Lx +ly +lz Default
orientation

102 —Lx ~Uy +lz

103 -Uy +Ux +Uz

104 +ly -Ux +Hz
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105 =lx +y -z
106 +Lx =y -Uz
107 +Uy +Ux -Uz
108 =Ly =Ux -z
109 =Uz +ly +x
110 +|z =y +x
111 +Ly +Uz +x
12 =Uy -Uz +Ux
113 +z +y =Ux
114 =Uz =Uy =Ux
115 =Uy +lUz —Ux
116 +Ly -Uz —Ux
17 —Ux +Uz +Uy
118 +Lx -z +y
119 +Jz +x +y
120 -Uz —Ux +Uy
121 +Ux +Uz =y
122 =l =Uz =y
123 -z +x =y
124 +Jz =Ux =Uy

How to change the coordinate system to 102 orientation:

CMD IDFill in14, parameter 1 Till in102, parameter 3Till in4, and the resulting
hexadecimal array can be Tilled into the serial assistant or program array and

sent to the [MU.
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How to read the coordinate system orientation:

CMD ID Fill in 06, parameter 3 fill in 4, the resulting hexadecimal array can
be filled into the serial assistant or program array to send 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, 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

Refer to Table 22 to parse the parameter index as 04, andthe setting i s successful

Read the coordinate system:

Input data: 55 AA 06 00 18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO0 04 00
00 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 00 00 00 00 00 00 00 00
69 &4 09 E4

Response data: AA 55 30 75 18 00 00 00 00 E6 42 00 00 00 00 00 00 00 00 00 04
00 00 00 00 00 00 00 00 00 00 00 00 00 OO 0D 00D 00 0D 00 00 OO0 00 00 0O 00 0O
00 00 00 00 00 00 00 00 00 00 00 BZ 2ZF 2D 4E

According to Table 16 and Table 17, the parsing results in 115 for parameter
1 (float) and 04 for parameter 3. That is. the coordinate system is 115

orientation

FxrmnH#taen
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7.10 Gommon AT instruction

7.10.1 Stop the current data stream output

Instruction: ATHSETNO\r'n
Answer: OK\r\n

You can stop the current data flow {without changing the Parameter of the data

flow). |f the response is OK. the next operation can be performed.

|f there is no response. you can continue to send AT+SETND\r'n command wntil

the response is QK

7.10. 2 Querying the version number

Instruction: ATHVERS IONrn

Answer ;. SW_VERSION Firmware version
HW_VERS ION Hardware wversion
BOARD _VERSION Backboard version

7.10. 3 Querying User Parameter

Instruction: AT+CONF IG\r'n

Reply: BAUD _RATE Baud rate of

the COM ORIENT current coordinate system
IMU_ODR OQutput freguency of the current MU
STREAM_MODEY Data flow mode of COM 1
STREAM_MODEZ2 Data flow mode of COM 2
STREAM_MODE3 Data flow mode of COM 3

LP _CONFIG_REG Filtering of the current [MUJ

7.10.4 Setting and Querying the ODR

Example: Set the output freguency ODR to S0hz
Command : AT+SET_ODR=50

Answer: |IMU_ODR: 50

Query the ODR command of the MU

FxoxmH#raen
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: AT+GET_ODR
Answer: [IMU_ODR:

7.10.5 Setting and querying the coordinate system

Example: Set the IMU coordinate system to top right front
Instruction: AT+SET_ORIENT=101%r"n

Answer: or ientation:101

Query the current IMU coordinate system

Instruction: AT+GET_ORIENT\r'n

Answer: orientation:

7.10. 6 Set and query baud rate

For example, set the baud rate of the IMU to 115200

Instruction: AT+SET_BAUD=115200%r'\n

Answer: 0K
Query the current baud rate of MU
Instruction: AT+GET_BAUDAr'n

Answer: BAUD_RATE:

7.10.7 Setting and querying filters

Example: Set the filter of the IMU to 20hz
Instruction: AT+SET_LPF=20%r'n

Answer: LP_CONFIG_REG: 20

Query the IMJ current filter

Instruction: AT+GET_LPF'rn

Answer: LP_COMFIG_REG:

7.10.8 Save parameters

Instruction: AT+SAVE\r\n

Answer: 0K
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7.11 Serial Port Gonnection FAQs

1) The RX of the IMU cannot connect to 2 host TXS
The RX of the COM cannot be connected to two TX at the same time. Therefore,
it 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 following picture:

Figure 9 COM connection

B Jin LR

MU R V
R &P
D b E kL

MU RX x
X EPEN

fE: IMUTX A48 R, RSN T

IMIUTER O 0] ) e e 3 2 E LN SR i

IMUB] ELRIE 55 2 — i e TR L.
Z2) The version number cannot be obtained
You are advised to use the COM of the FT232 chip. CH340 and PL2303 data cables
may |ose packets when the baud rate is high (>115200bps)
It is recommended that COM be connected directly, and it is not recommended to
be connected in series. |T the interface of R3422 is connected to the computer,
directly use R5422 to USE cable. and do not use RS422 to RSZIZHRS23ZZ to USB
cable in series.
3) Upper computer software curve display lag
IT it is an FT232 data line, use the system administrator to open the Upper
computer software and automatically configure the COM delay
Manual ly configure COM delay in Device Manager.

FaumH#raen
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8. Precautions for post—processing use

1. Confirm whether all filters are no filter {screenshots are retained), and
the Update Rate is general ly SET to 500hz. which can be confirmed by the Upper
computer software or gueried by command. For specific commands., refer to the

7.6 command mode set instruction or the common AT instruction in chapter 7.10

J I . & 10 o
BOR : "1
U
HiEms
LT T
M
LIy )
L BUREE T
LI}
RS RN O
e e [
e
wh FEE (e
EAn EATE AT L
LAY
MY L f 5 F BT
o TR AT ]
neeeB He

2. P8 pro data output has 7. Zms delay, which needs to be subtracted when
stamping!!!
3. the rod arm configuration

Mote that the physical center point of the P8 pro IMU is shown in the Tigure
below, and attention should be paid to the configuration of the rod arm

g
0
(1
=
by

&

N
i
=
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4, in terms of data processing
(D Use the following P8 pro Parameter

Name P8pro Source: User created/altered

Initial Standard Deviation Values

X-Puis Y-Axis Z-Puis
Accel Bias: 1.00000e-02 1.00000e-02 1.00000e-02 metres/s" 2
Gyro Drift: 1.00000e-01 1.00000e-01 1.00000e-01 deg/s
Spectral Denstties

X-Axis Y-Axis Z-Axis
ARW- &.00000e-02 6.00000e-02 6.00000e-02 deg/sqrt(s)
Accel Bias: 3.16406e-05 3.16406e-05 3.16406e-05 m/s” 2/sqart(s)
Gyro Drift: 3.11000e-07 3.11000e-07 3.11000e-07 deg/s/sart(s)
VRW: 56872206 9.68722e-06 95.68722e-06 m/s/sart(s)
Postion: 1.00000e-04 1.00000e-04 1.00000e-04 m/sqrt(s)

OK | Cancel

(2 Select the Settings shown in the following figure when the Internet Explorer
performs processing

IRAL FTGOESENG SETTInG S ES

Abgrmrent Fies OMSS  Updstes Consirainds User Creads

Erew Ml

1w Mo .

10 Do erbenl GheS Precee Fon! Powbonng (PRF) dve: i Fi_okd
Fropemmng Dwechon Lo (=] T i

Qh e e Solry Lwer Jsn Sliog fnpplied i sbeing s "Popons™ dengs-Sour
Frooemng St el S0 denh 0200 m e Veiocky 1000 miy
Bepfile  me Current Propct Settrgs @i oty Adanoed RIS
= T R A ared L Sccrenmeter s Gy s Seabes dntal 500

becal Scae 300 Loy o i FUREL

T [t a a [

Apad rotator nc e s o TR S erre Profes s ¥ R —— = —
Lirvair S (1P (ML 15 SPEL o)

: - . 4 o ant Cornpube taniren [Miris dpoh-iiors,
0371 0,811 L i u Hadwa
" R % -

Busty i P Rosaton jorder T, 1, 7] GhES g Offges

LET: deg T: W00D deg J 0000 deg (i ey

Rl e

Descrplion:  TC (1] User:  Linkngmn
Proces [ Save Settega (Y Careel

5. Recommended flight mode

Stand stil | before takeoff, circle back and forth eight times, stand stil |l after

landing on the ground
FmHEraern
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9. Definition of coordinate system

N

@ FORSENSE
FSS-IMUP8 PRO
x| @O

il

SN:P8XO0{X00001

N v

This product coordinate system uses the front — right — down (FRD) coordinate

system, Euler Angle range is as follows:
Rotation around the Z axis: course Angle Yaw range: 0° ~340°
Rotation around X axis: Roll Angle roll range: —180°7180°

Rotation around the Y-axis direction: Pitch Angle range: —90°790°,

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

FIG. 21 Schematic diagram of roll, pitch and heading Angle

FxmH#aen
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10. CRC table lookup method calculation

It is recommended to refer directly to the example code.

Mote 1: Data is transmitted in small-endian fermat, with low bytes first and high bytes last
Mote 2: The initial value of erc32 15 1, and CRC calculations do not include all the data in this

Frame itself

G+

static const

uint32Zt crc3zZtab [ ] = |

0x00000000, 0x77073096, Oxeelebl12c, Ux990951ba, 0x076dc419, None 706AT48F

. Dxe%63a535,
. 0x09bb4cZb,
. Dxf3b97148,
. 0x136c7856.
. Oxtalf3déa.
. 0x3c03e4d1.
. Dxdbbbc9db.
. 0x26d930ac,
. Oxcfba?599,
. Ox2f6f7cB7,
. 0x98d220bc,

0x%Pe6495a3,
0x7eb17cbd,
0x84bed1de,
Ox646baBcl,
0x8d080df5,
0x4b04d447,
Oxacbct940,
0x51de003a,
OxbBbdas0f,
0x58684c11,
Oxefd5102a.

0x0edbB832,
0xe7b82d07,
Ox1adad47d,
Oxfd62f97a,
0x3bée20cB,
0xd20dB5fd.
0x32dBb6cel,
OxcBd75180,
0x2802b8%e,
Oxc1611dab,
0x71b18589.

0x79dcb8ad,
0x%0bf1d91,
Oxédddedeb,
(OxBabdcYec,
0x4cé?105e,
0xad0ab56b,
0x45df5c75,
Oxbfd0&116,
0x5f 058808,
0xb6662d3d,
0x06b6b51T,

Oxeldoe?1e,
0x1db71064,
0xf4d4b551,
0x14015c4f,
Oxd56041e4,
0x35bdabfa,
Oxdcdb0def,
0x21b4f4b5,
Oxcb0cdPb2,
0x76dc4190,
0x%fbfedad,

0x97d2d988
0x6ab0202
0xB3d385c7
0x63066cd?
Oxa2é677172
0x42b2986c
Oxabd13d5%
0x56b3c423
Oxb10be924
0x01db7106
0xeBbBd433

0x0f00f934, 0x9609aBBe. Oxel10e9818. Ox7fbaldbb. O0x086d3d2d
Oxe6635c01. Oxb6bbb51T4,  Oxlcédchb162.  0xB56530d8.

. 0x7807c9a2,
091 646097,
Oxf262004e
. Dxbc0695ed.
. OxBbbebBea.
. 0x4db26158,
. Dxaddicded,
. 0x44042d73,
. DxbeOb1010.
Oxcebled?t
. Ux5edef?0e,
. 0xb7bd5e3b,
. Oxead54739.
. Dx0dbdbale,
. DxfO0T9344,

0x12b7e950
Oxtbd44dchd
0x3ddB25d7

Ox1b01a57b, 0xB208f4cl, 0xf50fc457, 0x65b0d9cé.
Oxfcb9887c, Oxé62ddiddf. Ox15da2d49. 0x8cd37cf3,
Ox3ab551ce, Oxa3bc0074, Oxd4bb30e2, Oxdadfa541,
Oxd3dotath, 0x4389e%6a, 0x34bed?fc, Oxadb7BB4AS, OxdadlbBdl
0x33031de5, Oxaaladc5f, Oxdd0d7cc?. 0x5005713c, 0x270241aa

Oxc90c2086, 0x5768b525, 0x206f85b3, 0xb966d409,

Ox2eb40dB1
0x74b1d29a
0x94643b84
0x7d079eb1
0xB06567cb

0x29d9c998, 0xb0d09822, Oxc7d7a8bd,
OxcObabcad. Oxedb88320, 0xPabfb3bé.
0x9dd277af, 0x04db2615, 0x73dc1é6B83, 0xelb630bi2,
Ox7ababaaB, OxedlecfOb, 0x9309F19d. 0x0al0aeZ7,
0xB70Baldd2, 0x1e01f268, 0x&906c2fe, Oxf762575d.

0x59b33d17,
0x03bbe 20c.

FwmH#arm
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L0x196c3671,  Oxbebtb06e7. 0xfed41b76, 0xB89d32bel. 0x10da7a5a,
Ox67dddace

L0xf9b9dT6f, OxBebeeff?, 0Ox17b7bedd, Ox60b0Bedd, Oxdbdbaded,
Oxald1937e

.0x3BdBcZcd4. Ox4fdff252, Oxdlbbé7f1, Oxabébch767. 0x3fbo06dd.
0x4Bb2364b

. 0xd80d2Zbda, OxafOalbdc, 0x36034afé, 0x41047a60, Oxdfélefc3, 0xaB67df55

. 0x316eBeef, 0x466%be79. Oxcb61b3Bc, OxbobéB3Ila, 0x256fd2a0, 0x5268e236

. Oxcc0c7795, Oxbb0b4703, 0x220216b%. 0x5505262f, OxcSbadbbe, 0xb2bd0b28

. 0xZbb45a92, 0x5cb3bal4, Oxc2d7ffa7. 0xb5d0cf3l, OxZcd99eBb, 0x5Sbdeaeld

. 0x%b64cZb0, Oxecd3T226. 0x756aaldfc, O0x026d930a. 0x9c0906a?,
Oxeble3 63

.0x72076785, O0x05005713, 0x95bf4aB2, O0OxeZbB87al4. 0x7bb1Zbae.
0x0cbé1b3B, 0x92d2Be%b

. Oxe5d5beld, O0x7cdcefb7, 0xObdbdf21, 0xB&d3d2d4, 0xf1dd4e24Z, 0x68ddb3f8

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

. 0xffOféa70, O0x66063bca. 0x11010b5c, 0xBfé&59eff, O0xfB862aeld?. OxH16bTTd3

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

.Oxa7672661, Oxd0&016T7, O0x4969474d,  Ox3ebei7db. Oxaedlbada,
Oxd?di65ade, Ox40dT0bob

0x37dB3bf0, Oxa%bcaedb3, OxdebbYech. O0x47b2cf7f.

0x30b5T fe?, Oxbdbdf21c

, OxcabacZBa, 0x53b39330, Ox24bdadab, Oxbad03605, Oxcdd70693, 0x54deb729

. 0x23d967bf, 0xb3b67aZe, OxcdbldabB, 0x5déB81b02, 0x2abf2b94, 0xb40bbe37

. Oxc30cBeal, 0x5a05dfib. 0x2d02ef8d

8

uint32_t crec_crcd?2 (uintd2_t crec. const uintd_t *buf, uintdZ_t
size ) {for (uint32_t

i=0; i<size ; i++) [ere
= crc32_tab [ (re © buf [i 1) & Oxff] ° (crc >> 8)
}
return crg;

}
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11 Use examples

11.1 Device Installation

1. The module should be Tirmly fixed on a rigid plane and avoid being instal led
ina position with large vibration.
2. The module should be installed in the same direction as the front.
The correct installation diagram is as fol lows
The £ axis faces the front of the car
Figure 10 Diagram of proper installation

MURZAE  BaES

The following instal lation methods are incorrect instal lation
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12. Select accessories

T -

e
!

\:Q\;\ |

f

A22 COM cable {the Forsense of the harness has beenmodi fied with 5V power supp lv)

422 and PB signal conversion cables

FaomH#aer
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13. Update the record

Versions Dates Status/Comment s
Version 1.0 2023.10.07 First Issue
Version 1.1 2023.12.14 Add attachments
Version 1.2 2024, 03. 26 Add common AT

instructions

Version 1.3 2024.12.02 Added AHRS—0 data stream



