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Tactical MEMS

6 degrees of freedom inertial sensor

FSS—-IMUP9 Product manual

Tactical grade MEMS gyroscope

® 0.2%hr Bias instability

® (.015 Angle random walk"h"ﬁ

® 30/ hr temperature drift®
(-40 ~ 85°C, <=1°C/ miniila)

Tactical grade MEMS accelerometer
® 10ug Bias instability

® .02 Speed random walkm/s/y/hr

® (.5mg temperature drift (-40 B5°C,

<=19C mindig)

Large range of fine temperature
compensation

® -4 °C to B85 *C temperature
compensat ion

® Fine temperature calibration

I ndependent turntable calibration
® |ndependent calibration of each

module: sensitivity, =zero bias,

non—orthogonal error

High strength condition tolerance

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

half sine. 3 axis)

® Strong wvibration tolerance: 10g

(10"2KHz, 3 axis)

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

® 100% magnetic shielding

Real-time and flexible digital

interface, small size

® Configurable output sampling rate up
to 1KHz

® Support for serial 422

® 38.6%44 B*21.5mm. weighs about
48.5g

Product Overview

FSS-IMUP? is a &-DOF MEMS inertial

sensor module built by FORSENSE

Technology. It is eqguipped with

three—axis gyroscope and acceleration
information as standard.

High precision. high resolution. can
capture subtle vibrationand tilt. Large
range output makes motion perception
possible under large dynamics. All
modules are equipped with ultra—wide
temperature range of fTine warming and

i ndependent cal ibration before delivery,

so that each module can play stably in
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various extreme conditions, while
ensuring the performance of all products
is highly consistent.

Application field

L ] Aerial mapping

Onthe basis of standard performance and
output parameters, FORSENSE also
provides customized software and LOGD
customi zat ion services Tor your special

needs, to help you in the product!

FSS—IMUP? Product Sheet
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1. Performance parameters

1.1 Key performance parameters of gyroscope

Table 1 Key indicators of gyroscope

Parameters Test Typical values Units
conditions/Remarks

Measur ing range + 300 °s

fero bias @25°C, Allan X 022 “/hr

instability Variance, 1o s 015

Zero bias stability National military 1.5 “/hr
standard, 105 smooth

Zero bias National Army mark 7 “/hr

repeatability

MNon—orthogonal o.M deg

between axes

Full temperature -40 © B5°C X 302 “/h

range zero =*C/min stddic 10

deviation variation

Random Walk @25°C, Allan X 0.2 ®/hr
Variance, 1o 0.5

scale coefficient Y152 Yoo

error c

scale factor 100 ppm

nonl inear

Resolution 0. 0003 °fs

Internal low—-pass 68 Hz

cuteff frequency

Sampling rate 1000 Hz

measured delay 10 ms

Mote the zero deviation change of the total temperature at 1:1 *C/ min is 1o

Mote 2: IEEE standard, Allan variance curve given at static 25°C environment
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1.2 Key performance indicators of accelerometers

Table 2 Accelerometer key performance indicators

Parameters Test Typical values Units
conditions/Remarks

Measuring range Plus or minus 8 g

Zero bias @25 ° G, ALLAN 10 Mu g

instability variance, 1G

Zero bias stability National military 25 Mu g
standard, 105 smooth

Zero bias National Army mark 0.1 mg

repeatability

Non—orthogonal o.M deg

between axes

Full temperature -40 7 B5°C 0.5 mg

range zero =1°C/min std@lg

deviation variation

Random Walk @25 ® G, ALLAN 0. 02 m s/ hr

variance, 1o

Calibration 0.2 Yo
coefficient error

Calibration 50 ppm
coefficient
nonl inearity

Resolution 1.5313 mg

Internal low—pass 68 Hz
cuteff frequency

Sampl ing rate 1000 Hz

Measuring delay 10 ms
Mote 10 value of zero deviation change in total temperature at 1:1 *C/ min

Mote 2: IEEE standard, Allan variance curve given at static 25°C enwvirenment
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FIG. 1 ALLAN variance typical curve of gyroscope

Gyroscope - Allan variance
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2. External structure

Figure 3 Outline 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 Maximum absolute rated value

Parameters Levels Remarks
ESD £2000V
Storage temperature And 55 °C 7 90 °C
VSUP to GND 0.5V tob 5V
Use temperature - 40 °C ~ + 85 °C
RxD+/R¥D- to GND - 0.3V T+ 7V Matehing resistance
RKD+ to RAD- <6V =1200
THD+/TXD- to GND -8V +8V
ExtTrig to GND -0.3V +TV
MRST to GND - 0.3V " +7V
DATA READY to GND -0.3V " +T7V
3.2 EMC
Table 4 EMC
Test |tems Test criteria
CE Comply with ENS5032 CISPR 16-2-1
G35 Gomp | ies with EN55035 EN (I EC) 61000-4-06
EFT Comply with EN55035 EN(IEC)&61000-4-4
RE Comply with EN55032 CISPR 16-2-3
RS Meets EN55035 EN(IEC)&61000-4-3
ESD Comp | ies with EN55035 EN (I EC) 61000-4-2

3.3 ESD Rating

Table 5 ESD rating

vV (ESD) Test mode Test Criteria Test grade
E!ectrustatic Contact discharge |n accordance with =8 KV
discharge EN (1EC) 61000-4-2

Air discharge =15 KV
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4 Electrical characteristics

Table & Electrical characteristics

Parameters Conditions  Minimum Typical Max Units

Power input 4.5 5 55 v

Power 1.08 W

Storage -55 20 °C

temperature

Use =40 85 °C

temperature

RS422 input 120 Q

resistor

RESET (NRST High 2.3 v

PIN) Low 0.6 v

NRST internal 4.7 K 0

pul |—up

resistor

Data Ready 33 v

ExtTrig High 2.3 v
Low 0.6 v

Mote: When the supply veltage is higher than &V, the internal veltage protection circuit will
cut of f the power supply and the device will enter the reset state wntil the veltage returns te

the operating coendition and resume work
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5. Pin definition

Figure 5 Pin diagram
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Table 7 Pin definitions

Pin name
A22 TH_Z
422 _R¥_B

MNC

DATA READY
MRST

GMND

MNC

WIN

422 THY
A22_RX_A
ExtTrig
GMND
GMND

NC

GMND

Pin description
R5-422 TxD-
R5-422 R¥D-
Mot pick up
Data Ready

External hardware reset input,
internal pull-up

Signalland

Mot pick up

Power input, +5V input
R5-422THD+

R5-422 RXD+

External trigger
electrically

Power ground

Mot pick up

Power ground
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6. Recommended connection method

Figure & Block diagram of normal acquisition mode
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Figure 7 Block diagram of trigger acqguisition mode
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7. Serial communication protocol

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

https://data. for sense— imu. com/page./downl gad. html

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 i s 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 GOM Interface Parameters

Table 8 COM 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

Parity check There is no

7.2 Packet Format

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

Table 2 IMJ output and user input data structures

Offsets  Data type Mame Description
0 uintd Frame Header 1 MU Output frame headers:
1 uintd Frame header 2 OxAA, 0455
User input frame header:
Ox55, OwdA
2 uintle D low The low bit of the frame ID

for serial communication
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3 ID high byte The high byte of the serial
port frame D
4 uintle Data length low The lowest byte of the

frame length of the COM
communication. Length is
the number of bytes
occupied by the payload,
thatis, n

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

& uintd Payload (n bytes) Data load
E+n Uint32 CRC_CEHCEK (32-bit data low byte) CRC check
7+n CRC_CEHCEK {low byte in 32-bit

data)
g+n CRC_CEHCEK (high byte in 32-bit

data)
G+n RC_CEHCEK (32-bit data high byte)

Mete 1: Data is transmitted in small-endian format, with low bytes Tirst 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

7.3 Data Flow frame — AHRS data

Table 10 Serial AHRS data format

Frame Frame D length payload Frame tail
Headers Headers
Data type  uintd uintd uintle uintle Al uint32
Coding Oy =55 (0002 D02C crod?

Table 11 COM A1 load data format

offset Mame Data type Units Description

] timer uint32 Mu s Time scale

1131



@

12
16

20
24
28
32
36

40

FORSENSE
I e

dx

ay

= Il

o

ay

gz

temp

float

float

float

float

float

float

float

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 OA DV A3 BB CD CC CC BC D7 A3 EE 41 OC BF

84 80

The analysis is as fTollows:

Description

1]

Length

Time scale

Pitch Angle

Roll Angle

FSS—IMUP? Product Sheet

/s

/s

/s

°C

!

!

/

A-ais
acceleration
Y -axis
acceleration
£-axis
acceleration

X axis angular
velocity

Y -axis angular
velocity

Z axis angular
velocity

MU chip
temperature

Table 12 AHRS data flow obtained from serial port A1l

Raw Value

0200

2000

EDBS1E0S

8FC26540

TAAEDTBF

Analytic

value

02

44

85363053

358 °

053 °

Description

¥ -axis

acceleration

£-axis

acceleration

X awis angular
velocity

Y -axis angular
velocity

£ axis angular
velocity

12 /31

Raw Value

BCT74133C

BOESBOBF

EC5138BD

DADTAZEB

CDCCCCBC

Analytic

value

0009 g

1007 g

0.045 ° /s

0.005 ° /s

0025 ° /s
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Heading SCOFB243 25612 ° MU chip DTASEE4AL 2083 °C
Angle temperature
H-axis 25068130 0063 g cred2 Check QCBFB480 21561833208

acceleration

7.4 GCommand Mode GET Qutput — System status

Table 13 COM system status data format

Frame Frame D length payload Frame tail
Headers Headers
Data type  uintd uintd uintle uintle =1 uint32
Coding Ol Ox55 Ox0D0FF I cro32

Mete 1: The length of this Trame varies accoerding to the IMU model. All Trames represent the length

of 51 amd need to be confirmed according to the IMU model.

Table 14 COM 51 |load data format

offset MName Data type Description

0 Software_ver uint32 Software version
number

4 Hardware_ver uint32 Hardware version
number

] rev uintle Reserved bytes

10 sn0 uint32 First SN number

14 snl uint32 Second SM

18 sn? uint32 Third SM

22 Board_version uint3?2 Baseboard version
number

26 Rev[1E] Uintd All that follows is

reserved bytes
Mote 1: Reserved bytes vary based on the imu model. The IMUST4E is 16 bytes.
For example, obtain the IMJU status

Input data: 55 AA 01 00 18 00 00 OO0 00 00 00 OO0 00 00 OO0 OO0 00 00 OO0 OO0 OO0
00 00 00 00 OO0 00 00 00 OO0 00 00 00 00 00 00 00 OO0 BD DB 31 34

Response data: AA 55 FF 00 2A 00 1F 39 03 00 65 &F 01 00 50 83 30 33 35 55

1z /31
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34 50 15 FF 8F 5F FF FF 50 B3 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 02 00) and hardware version number 94053(465 &F 01 00).

7.5 Gommand Mode GET output — Read parameters

Table 15 Data format of COM parameters

Frame Frame D length payload Frame

header header trailer
Data type  uintd uintd uintle uintle P1 uint32
Coding 0xE55 O A 00006 0018 cre32

Table 16 Qutput data format of COM Parameter

Frame Frame D length payload Frame tail
headers Headers
Data type  uintd uintd uintle uintle P1 uint32
Coding Ol OxE55 7530 0018 cre32

Mete 1: When reading Parameter, the IMUwill disable the data stream. After the setting 15 complete,

the data stream needs Lo be restarted.

Table 17 Load data format of COM P1

offset Mame Data type Description

0 Paraml float Ohbtained Parameter (input data

can be ignored)

4 Param?2 float Keep, default to 0

8 Parama uint32 oet the Parameter index

12 Param4 uint32 Reserved, the default value is 0
16 Param5 Int32 Keep, default is 0

20 ParamB Int32 Keep, default is 0

14 731
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Table 18 Index table of the Parameter of serial port P1 load

Parama3 Paraml Units

2 serial port output baud rate. The following  bps
baud rates are supported
115200, 230400, 460800, 921600, 1500000

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

g X-axis gyro zero bias calibration results, "5
GYRC_X_OFF

g Y -axis gyro zero bias calibration results, i
GYRO_Y_COFF

10 Z-axis gyro zero bias calibration results, "5
GYRC_Z_OFF

21 AHRS output frequency, default 100Hz Hz

21 Internal filter configuration, define the

same SPI FILTER_CTRL table
Example: Get AHRS output freguency

Input data: 55 AA 06 00 18 00 00 OO0 OO0 00 00 OO 00 00 00 OO0 00 0O OO0 00 OO0
00 00 00 00 15 00 00 OO0 00 00 00 OO0 00 00 OO0 00 00 00 00 00 OO0 OO0 00 00 00 00
00 00 00 00 00 00 00 00 0D 00 66 CB 46 AC

Response data: AA 55 30 75 18 00 00 00 00 48 42 00 00 00 00 00 00 00 00 15
00 00 00 00 00 00 00 00 00 00 00 OO0 00 OO 0D OO0 OO0 0D OO0 00 OO0 00 00 OO 00 0O
00 00 00 00 00 00 00 00 00 00 00 OO0 00 OO 0D OO0 OO0 0D OO0 00 OO0 00 00 OO 00 0O
00 00 00 00 00 00 31 2ZF AZ OA

According to the response data, the analysis results in an output freguency

of 50hz (00 00 48 42).

15731
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7.6 Gommand mode SET instruction

Frame

header
Data type  uintd
Coding Cx55

Mete 1: For details about the relationship between CMD and R1,

table

offset

12

16
20

CMD

Frame
Headers

uintd
Ol

Table 19 Serial port input command format

D length payload Frame tail
uintle uintle R1 uint32
CMD 0018 crcd2

see the R1 load Parameter index

Table 20 Load data format of COM R1

MName
Paraml
Param?2

Param3

Param4

Param5

Paramg

Data type Description

float set Parameter

float Keep, default to 0

uint32 set the Parameter
index

uint32 Reserved, the
default value is 0

Int32 Keep, default is 0

Int32 Keep, default is 0

Table 21 Index of Parameter of the COM R1 load

Paraml
0
0

“mode>=

Parama3
0
0
0

<value=

Description
Trigger to get system status data once
Trigger to obtain AHRS data once

Set output Mode: Mode=1, data stream cutput AHRS
Mode=100 to disable data stream mode and enter
COMMAD mode

Save the current Parameter to FLASH

Read Parameter, value is the index of the Parameter to
be read, that is, Plindex, see the COM response
output - Parameter read

For example, to read AHRS output frequency (ODR),
set valueto 21

For example, to read the baud rate of the serial port,

16 /3l
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set value=3

For example, if you want to read the internal filter, set
value=21

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

] 0 ] Perform a software restart
14 <value= 3 Set the serial output baud rate, which is valid in bps
value:

115200,230400,460800,921600,1500000

If value is other values, the default value is 115200bps
After setting the baud rate parameter, you need to
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

14 <yalue= 21 Set the periodic AHRS data ocutput frequency,
common values in Hz value are:;
110,50,100,200,500,1000
Recommended correspondence between the output
frequency and the baud rate of the serial port
1000Hz: 821600bps
S00Hz: 460800bps
200Hz: 460800bps
250Hz: 460800bps
100Hz: 115,200 BPS

14 <value= 31 Internal filter configuration, defined as 5P|
accelerometer and gyro filter configuration, default
0=BB, i e 47THz

14 <values= 4 Set the orientation of the IMU coordinate system. The
value ranges from 101 to 124, See Table 25 for the
corresponding relation of the orientation of the
coordinate system

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

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

te send, see the use of the host computer section of this manual

17 /3l
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For example, to enable AHRS output:

Enter 3 in CMD 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

arINB

55.28003,00. 18,00, 00,00, 50U31.00,00,00, 00,0000, 00,00,00.00,00.00,00, 00,00,00,00,00,00,00. 52 05, 5e 03

CMD 10y
=1
1 L z ¢ a (4
4 0 5 i a o
gl B Eikin g
7.7 Gommand Mode output — User command response

Table 22 Setting parameters COM response data format

Frame Frame D length ACK Param3 Frame
header Headers end
Data type  uintd uintd uintle uintle uintle uintle uint32
Coding Oty C=55 w7530 (0004 Cx7534  Paramete  crci3?
rindex

Table 23 Reserved Parameter COM response data format

Frame Frame 1] length ACK result Frame

header Headers Tail
Data type uintd uintd uintle uintle uintle uintle uint32
Coding Cheldy 0=55 Ox753D (0004 O=0005 =01 crea3?
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Table 24 Data format of COM user command response

Frame Frame 1] length command  result Frame
Header Headers Tail
5
Data type  uintd uintd uintle uintle uintle uintle | uint32
Coding T 0=55 Cx00B4 Ox0004 Command =01 crca?
-

Example: Set the output baud rate of the COM to 115200

Data input: 55, AA. 0 e, 00,1800 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 OO0 00 OO 0D OO0 OO0 0D OO0 00 OO0 00 00 OO 00 0O
00 00 00 00 00 0O 00 Q0 OO0 OO0 00 00 OA 2B 2C 8D

Response data: AA 55 3D 75 04 00 34 75 15 00 70 2D BZ? 48
Save the current parameter to FLASH

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

Response data: AA 55 3D 75 04 00 05 00 01 00 5A CF B1 7C
Set output mode to AHRS data stream

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

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

lors3al
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7.8 DRDY

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

.

IMUF SRR

:

S

DRDYS |##f

| Datad Data 2 Data 3 Data 4
I
N N e .

When the internal sampling freguency of the MU {maximum ODR) is consistent with

AP

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 |
| |
MU | !
I I

_

DROYS P

i Data 1 Data 2
|
Sl

When the serial output freguency is less than the IMU internal sampling freguency.

Data 3

after 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 {(max imum ODR/ current ODR). After the DRDY is pulled down.

20 /31
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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.

21 /3l
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7.9 Time Synchronization

7.9.1 Input Requirements:

GPRMC 1HZ/10HZ

Disabkle inertial Navigation Assistant-related functions of the RTK board Turn
off other statements, and the baud rate is consistent with the IMJ baud rate.

PPS second pulse: 1s once, rising edge trigger, pulse width 5ms. aligned to UTC
time. High level must not be higher than Sv.

7.10 GCommon AT instruction

7.10.1 Stop the current data stream output

Instruction: AT+SETNO\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 cperation can be performed.

I f there is no response. you can continue to send AT+SETNO\r'n command until

the response is 0K

7.10. 2 Querying the version number

Instruction: ATHVERSION\r\n

Answer: SW_VERSION Firmware version
HW_VERSIOM Hardware version
BOARD VERSIOM Base Plate version

7.10. 3 Querying User Parameter

Instruction: AT+GONF IG\r\n
Reply: BAUD_RATE Baud rate of the serial port
ORIENT current coordinate system

IMU_ODR OQutput freguency of the current MU

22 /3l



@ FooENSE FSS—IMUP? Product Sheet

STREAM_MODEY Stream Mode of

COM 1 STREAM_MODEZ Stream Mode of

COM 2 STREAM_MODE3 Stream Mode of

COM 3 LP_CONFIG_REG Filtering of the current MU

7.10. 4 Setting and Querying the ODR

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

Answer: |MJ_ODR:50

Query the ODR command of the IMU: AT+GET_ODR
Answer: |[MJ_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: ATHGET_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_BAUD\r'\n

Answer: BAUD _RATE:

7.10.7 Setting and querying filters

Example: Set the filter of the IMJ to 20hz
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Instruction: AT+SET_LPF=20r'n
Answer: LP_CONFIG _REG: 20
Query the MU current filter
Instruction: AT+GET _LPF\r\n

Answer: LP_CONFIG_REG:

7.10. 8 Save parameters

Instruction: AT+SAVE\r\n

Answer: 0K

7.11 GCommon Faults 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 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:
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Figure 8 Schematic diagram of COM connection
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2) The version number cannot be obtained

You are advised to use the COM of the FT23Z chip. CH340 and PLZ303 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. |f the interface of R5422 is connected to the computer.
directly use R5422 to USB cable. and do not use R5422 to RS23IZHRS232Z to USB

cable in series.
3) Upper computer software curve display lag

If 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.
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8. Coordinate system definition

The coordinate system for P? is defined as follows: right—front—top coordinate

system.

Figure 9 Schematic diagram of the P? coordinate system
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9. CRC table lookup method calculation

It is recommended to refer directly to the example code.
Mete 1: Data is transmitted in small-endian format, with low bytes Tirst and high bytes last

Mote 2: The initial value of crc32 15 1, and CRG calculations do not include all the data in this

Frame itself

Cstatic

const

uint32 t cre32tab [ ] =

{

0x00000000. 0x77073096. Oxeeleb12c. 0x990951ba. 0x076dc419. None 704ATABF

. 0xe?63a535,
. 0x09bé4cZb,
. 0xf3b97148,
. 0x136c9856,
. Oxftalf3dés.
. 0x3c03e4d1,
. OxdbbbcPdé,
. 0x26d930ac,
. Dxctha?599.
. Ox2f 6f7cB7,
. 0x98d220bc,
. 0x7807c9az,
. 09164697,

0xFe6495a3.
Ox7eb17chd.
0x84bed 1de,
Ox646baBcl,
0x8d0B0df5,
0x4b04d447,
Oxacbct940,
0x51de003a,
0xbBbdad0f,
0x58684c11,
Oxefd5102a.

0x0edb8832,
Oxe7b82d07,
Ox1adad47d,
Oxfdé2197a,
0x3bée20cE,
Oxd20dB5fd,
0x32dBbce3,
OxcBd75180.
0x2802b8%e,
Oxc1611dab,
0x71b18589,

0x77dcbBad,
0x90bf1d91,
Ox6Hdddedeb,
(0xBabbcYec,
Oxdc69105e,
Oxa50ab5éb,
0x45df5¢75,
Oxbfdl&116,
0x57 058808,
Oxb6662d3d,
0x06béb51f,

OxeldoeP1e.
Ox1db 71064,
0xf4d4b551.
0x14015c4f,
Oxd5604 14,
0x35b5a8ta,
Oxdcdéldef,
0x21b4f4b5,
Oxcé60cd9b2.
0x76dc4 190,
0x9fbfedad,

0x0Ff00f934, 0x9609288e. Oxel0e?818, Ox7f6aldbb,

Oxeb635c01,

Ox 6bbb51 14,

Ox1cébeb162,

0x97d2d988
Ox6ab020f2
0x83d385c7
Ox63066cd?
Oxa2é677172
0x42b2986c
Oxabd13d59
0x56b3c423
0xb10be924
0x01db7106
OxebbB8d433
0x0B6d3d2d

0xB56530d8,

0xf262004e

. Dxb6c0695ed,
. DxBbbebBea.
. 0x4db26158,
. Oxaddicdéd,
. 0x44042d73,
. 0xbe0b1010,

Oxceé&led?f

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

0x1b01a57b, 0x8208f4cl, 0xf50fc457, 0x65b0d9cé, 0x12b7e950
Oxfcb9887c., 0x62ddiddf, 0x15da2d49, 0xBcd37cf3. Oxfbd44cé5
0Ox3ab551ce. 0xa3bc0074, Oxd4bb30e2, 0xd4adfa541. 0x3dd895d7
Oxd3doT4fb, 0x436%e%ba, 0x346ed?fc. Oxad678846, OxdabO0bBd0
0x33031de5, Oxaaladc5f, Oxdd0d7cc¥. 0x5005713c. 0x270241aa

Oxc90c2086, 0x5768b525. 0x206f85b3. 0xb966d409,

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

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

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

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

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

. 0x316eBeef, 0x466%9be79. Oxcb61b3Bc, OxboééB3Ila, 0x256fd2a0, 0x5268e236

. Oxcc0c7795, Oxbb0b4703, 0x220216b9, 0x5505262F. Oxcbbalbbe. 0xbZbdDb28

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

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

,0x72076785, Ox05005713, O0x95bfd4aB2, O0OxeZbB7ald4, 0x7bb1Zbae,
0x0cbé1b38, 0x92d28e%b

. Oxe5d5beld, 0x7cdcefb7, 0xObdbdf21, O0xB6d3d2d4, 0xf1dd4e242, 0x68ddb3f8

. Ox1fdaB36e, OxBlbelécd. 0xféb9265b, 0x6Tb077el. 0x18b74777. 0xBB0BSass

. Dxff0féar0. O0x66063bca. 0x11010b5c, O0xBf659eff, 0xfB6Zaet?, OxéH16bTTd3

. Dx166ccT45, 0xal0ae278, Oxd70ddZee. Ox4e048354. 0x3903b3c2

.Oxa7672661, Oxd0&016T7, O0x4969474d,  Ox3ebei7db. Oxaedlbada,
Oxd?dé5ade, Ox40dT0bbb

0x37dB3bf0, Oxa%bcaeb3, OxdebbYech. O0x47bZcf7f.

0x30b5T fe?, Oxbdbdf21c

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

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

. Oxc30cBeal, 0x5a05dfib. 0x2d02ef8d

8

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

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

}
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10 Match accessories

422 and P? signal adapter cable

11 Update the record

Versions Dates Status/Comments

Version 1.0 20240813 First Release
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