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FORSENSE
[R5

Tactical MEMS
6 degrees of freedom inertial sensor

FSS-IMU6132B Product manual

Features

Tactical grade MEMS IMU Product Overview

= (.8 °/hr zero bias instability The FS5S-IMUB132B is a 6-DOF

+0.1°/ hr Angle random walk#l MEMS inertial sensor module built by

» 0.02°/s temperature drift {—J:I[] 851, Forsense Technology. The standard
<=1/ min@10) output three-axis Gyroscope with

Tactical MEMS Accelerometer acceleration information and high

+10ug zero bias instability precision attitude Angle.

* 0.015m/s/ hr velocity random walk High precision, high reselution, can

« 0.2 mg temperature drift (-40~85712, capture subtle vibration and ftilt. Large

range output makes motion perception
possible under large dynamics. All

==112/ min@10)

Large range of fine temperature modules are equipped with ultra-wide
compensation temperature range of fine warming
+|-40 C to 851" temperature compensation gnd independent calibration before
» Fine temperature calibration leaving the factory, so that each
Independent turntable calibration module can play stably in various
*Independent calibration of each extreme conditions, at the same time to

module: sensitivity, zero bias, non- ensure the performance of all products

orthogonal error

Resistance to high strength
conditions

«Super impact tolerance: 2000q (0.5ms,
half positive chord, 3 axis)

= Ultra-strong vibration tolerance: 10g
(10~2KHz, 3 axis)

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

= 100% magnetic shielding
Real-time and flexible digital
interface, small size

«| Configurable output sampling rate up to
200Hz

= Support COM, SPI multiple interfaces

* 51725 8"9 9mm, weight only 20g

is highly consistent.
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Application field

+ Autonomous driving: vehicle, robaot,
engineering vehicle, underwater

* Precision measurement: downhole, tunnel,
vibration, tilt

= Stable platform PTZ, mobile
communication,

= Navigation control: automatic control
system, fixed wing UAV

On the basis of standard performance and
output Parameter, on the basis of standard
performance and output Parameter, Yuanii
also provides customized software and
LOGO customization services for your

special needs, to help you in the productl
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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
Measur ing + 500 5
range
Zero bias 1.0 ® hr
instability X axi
[MSEERITIEY A BRIS | g5 = 6, ALLAN variance, 1
Bias instability ¢ 0.8 o
instability ¥ axis
Bias instability 0.8 Y-
instability £ axis
Bias 3 =/ hr
instability
stabil ity
Bias 10 =/hr
instabi | ity
repeatabi | ity
Resolution 0. 007 °fs
Non—orthogonal 0.0z deg
between axes
Imternzal |ow-pass Software adjustable 47 Hz
cutofft freqguency
ODR 200 Hz
Measur ing 7 ms
de lay
The whole -40 7 B5 ® G, <=1 ® C/mind1g 0. 08 /s
temperature range
Bias instability »0.02
change
Random Walk X 0.15 = ahr
axis 825 ° G, ALLAN variance, 1
Random walk Y oG 0.1 2/ shr
axis
Random walk Z 0.1 = shr
axis
scale Tactor 1.5 R0
error
scale Tactor 200 > ppm
nenl inear 100

Mote 1: IEEE standard, Allan variance curve given at static 25 ° C envirenment

Mote For a tesperature change of 2:1 °CY min, the total temperature Bias instability changes by 1
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1.2 Key indicators of Accelerometer

Table Z Key indicators of Accelerometer

Parameter Test Minimum| Typical| Maximum Units
conditicons/Remarks value value value
Measurement Plus g
Range or
minus
&
Bias 425 ° G, ALLAN variance, 1 10 Mug
instabil ity ")
instabil ity
Bias 25 Mg
instabi | ity
stabi | ity
Bias 0.1 mg
instability
repeatabi ity
Resolution 0. 0324 mg
Mon—orthogonal 0.0z deg
between axes
Imternal |ow-pass Software adjustable 47 Hz
cutoff frequency
ODR 200 Hz
Measur ing 7 ms
de lay
- L XY:-1. 5
Full temperature -40 " B5 * C, <=1 ® C/mindlo mg
range Zero £:2
deviation
variation
Random Wa lk X 0.015 m/ss yhr
2xis @25 © G, ALLAN variance, 1
Random wa lk Y g 0.015 m/sd Yhr
axis
Random walk Z 0.02 m/ss Vhr
axis

Mote 1: IEEE standard, Allan variance curve given at static 25 ° © envirenment

Mote 1 o Tor total temperature zero deviation at temperature change of 2:1 ¥ C/min

Wl
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Allan standard deviation [ug]

Figure 1 ALLAN variance curve for gyroscope

Gyroscope - Allan variance

10 e
I x
Y
k4
=
by
= 10
§ - : iy
M "l._
e
- -
- :
@
L= i
E i
] L T
W 10 :. . u"'“.e"’d‘m
]
e
107 | . :
10? 10! 107 10
T sctor frmao [e1
Figure Z ALLAN wariance curve of accelercmeter
., Accelerometer -- Allan variance
107 F
x
¥
z
10° ¢
1 I . "-‘ﬂ_hr\.‘_n.ﬂ\"""v'\_-_-\-lr
10 ' o s "
¥
10°
107 ¢
107 F
10° 10 10?2 10°

Cluster time [s]



@ SIS C FSS-IMU6132B Product Sheet

2 Form structure

Figure 3 Outline structure and size (unit: mm}
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Figure 4 Location diagram of IMU measuring center (unit: mm)
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Figure 5 Reference pair busbar Specifications Dimensions (umit: mm)}

l='£:1= RGHS ﬁ P—1OaMa ol Posliss 04305 m’:ﬁ i!:-\-?‘; -:;“f;.é:gl sq':l
T T i (B e » = e
:;I::‘m-tvu H‘.l-i_; ” 10200 E s 0 f
e 110000000 %ZEZ%Z%T
Carie:1 watra Popigse Bowrer I:—E; Eﬂ]ﬂnﬁ ﬁ|j "":!-‘EB\ (_:j r
E:n:i;‘:h:::-f:u:r HEd [0 (50 00 00 03 0 Az AR -J-
e UuUuuuu] % %% ;%/ %-I
ey, Ae IS—L'— I—-m 107
¥ L —
— — _‘nl_‘. E?"
Ordering Information | @%E g E] 7 %g
MW‘¥_EI_]:L$HUH_H e poee Y .__'I‘_-_,
f i 3.7 ’
L
;;E_-‘g E::E,..m 1 a2 3 g -

g/ 30



FORSENSE FSS-IMU6132B Product Sheet

3 Electrical characteristics

3.1 Maximum tolerance value

Table 3 Maximum absclute rating

Parameters Symbols Range unit
Supply voltage L HH -0.3 to 4.0 [
Fower source GND - -
Input pin Vin -0.3 to VCOC+D. 2 )
voltage
Use Tot -40 to BS *C
temperature
Storage Tstg -40 to B5 *C
temperature

3.2 Working Conditions

Table 4 Working conditions

Para-eters] Syi:uls] Minimum Typical Max i mum Units
value value value
Supp ly YCo 3.2 3.3 3.4 v
voltage
VCC maximum Vrpp + 40 mV¥
ripple
Power o 1. 09 1.25 W
dissipatio
n
Use Tot -40 85 “C
temperature
Storage Tstg -40 B5 °C
temperature

3.3 10 Threshold Characteristics

Table 5 1/0 Threshold Characteristics

Parameters Symbols Minimum Typical Max i mum Units
value value value
Input pin low Vin_ low 0 VGG * 0.2 L)
Input pin high | Vin_high VCC * 0.7 VCC + 0.2 v
Qutput pin low Vout_ low 0 0. 45 L)
Qutput pin high| Vout_high YOG - 0. 45 VGG L)

r]
]
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4 Pin description

Figure & Pin diagram

@ c)P‘I'I'I PIMZ o |
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Table & Pin description

Pin Numbers Name Type Features
1 SCLK I SPI clock
2 sDO 0 SPI data MI30
5 sh1 I SP1 data MOS |
] /GS |./0 SPI chip select
7 TX a COM output
& CAN_Tx 0 CAN port to send, suspended
when not connected
g RX I COM input
13 DRDY/SCL 170 Data Ready /120 clock
14 EXT/ SDA 1./0 External trigger sampling
F120 data
15 CAN_Rx | CAN port receive, suspended
when not connected
16 /RST [ External hardware reset
input
11,12 VGG ] 3. 3V power supply
3.4 GND 3 to
SP1/12C meode comtrol
19 SEL Hanging or low: 5Pl
High: 12C
10,17,18, 20 NG WA Hot connect
Mote 1: Pin type: | Tor input, O for output, 5 for power supply, MA Tor unused

Hote 2: The IMU hardware needs to be reset once using /RST during Master initialization
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5 Upgrade the serial port firmware

Test the Upper computer software using the Forsense IMU —— select
Firmware upgrade —— Open firmware ——
click Automatic Upgrade. Figure 7
Upper computer software upgrade
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6. User parameters function

Use the primitive IMU to test the upper computer, the user can configure the
update rate and filter eguivalent: Figure B User parameter setting interface.
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7 Communication protocols

7.1 SPl communication protocol

Example of 3P| host read driver based on 3TM3Z:
https.//data forsense-imu.com/page/download.hitml|

7.1.1 SPI Interface Parameters

Tabhle 7 5P| interface parameters

5P| host This product acts as
slave

3P| rate 0.2 to 2 MHE

SP1 word length 16bit
Phase Rising edge trigger (mode 3,

CPHA=1)

Polarity Idle for high (mede 3, CPOL=1)
Bit order M3B priority

7.1.2 SPIl connection diagram

FIG. 9 5Pl connection diagram

3.3V
1

S50 el SP1CS
SCIK |y SPICLK
Em 500  |g—o—] SPI_MIS0 »\m
SOl | SP1I_MOSI
RST L » RST

T I

Hote 1: Before the initial reading it is necessary Lo resel the IMU and wait for 3s to make
the IMU enter the normal working state

Hote 2: Refer to the corresponding manual for 3Pl pins of different IMU models
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7.1.3 SPl communication bit order

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

10 Schematic diagram of SP| communication bit order

& ™

om —{iiw [ as [ as | as 1 a3 LAz | a1 | Ao Jocr [ocs Jocs Jocs Jocs Jocz Joc Joce —{Rw ] 4 &
pout ={ p1s o4 Jors Jorz Jori Jow ) oo Jos Jor Joe Jos [ oa JoaJoa ) o1 | oo o o015 Jora Jors

Where, the highest bit of D IN represents the read/write operation, [AG:AQ] represents the
register address, and [DC7:DCO0] represents the data written (write operation) or DUMNMY
data (read operation).

When R-W =1, the DOUT data ofthis SPI cycle is meaningless. When /W =0, the
DOUT data of this SPI cycle represents the output data of the register ofthe last
two cycles, see the example of BURST reading for details.R

7.1.4 SPI register

Table B List of SPI registers

name Address |(Read/Write| Default Window |D Description
BURST 0x00 RW 0 Continuous reads
FILTER_CTRL |0x07, Ox0& RW Ox0O0BE 1 Filter selection
PROD_ 1D OxaG R Oxd74d 1 D Number 1
FROD_ 1D2 Ox6E R Ox5536 1 D Number 2
0x3132 1 ID number 3 (1MU&1Z)
Ox3134 1 ID number 3 (1MU&14)
FROD_1D3 Ox70 R Ox3138 1 ID rumber 3 (1MU&18)
Ox3141 1 ID number 3 (IMUS132A)
Ox3142 1 ID number 3 (1MU&132E)
WIN_CTRL 0x7F, Ox7E RW Ox0000 0,1 Window 1D selection
TEMP_HI1GH 0=0E R i 0 Temperature high byte
TEMP_LOW 0x10 R \ 0 Temperature low byte
XGYRO_HIGH Ox12 R i ] Gyro ¥ axis height
bytes
XGYRO_LOW Ox14 R Y ] Gyro X axis low byte
YGYRO_HIGH Ox16 R Y 0 Gyro Y-axis height
bytes
YGYRO_LOW Ox18 R i ] Gyro ¥ axis low byte
ZGYRO_HIGH Ox1A R ! ] Gyro z—axis height
bytes
ZGYRO_LOW 0x1G R \ 0 Gyro £ axis low
byte
XACCEL_HIGH Ox1E R K 0 Add table X axis
height bytes
KACCEL_LOW 0x20 R i 0 Accelerometer X axis
low byte
YACCEL_HIGH Ox2? R Y 0 Accelerometer Y axis
height bytes

1473

wa
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YAGCGEL_LOW x4 R Y 0 Accelerometer Y axis
low byte
ZACCEL_HIGH OxZb R i 0 Accelerometer z—axis
height bytes
FACCEL_LOW 0x28 R Y 0 Accelerometer z—axis
low byte

14 738
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7.1.4.1 SPI BURST Register

BURST reads Register continuously, reading all data in & single data
stream without stopping between 16-bit segments. Table ¥ Format of SPI
BURST Register

Addre | bit15 bitld bit13 bitl12 bitl1 bit10 bitd bitE Read/w
55 rite
Ox01 RW
Addre | bit¥ bitd bitS bitd bitd bit? bitl bitD ReadW
55 rite
0x00 BURST_CMD RW

The BURST reading method is as follows: sending 0xB000 before reading indicates
setting BURST and starting reading, and then sending O0x0000 all the time and
receiving data. The contents of the output register are offset by 2 5P| cycles
compared with the sending of the read instruction, and the continuous chip

selection low level is kept during reading

FIG. 4 Schematic diagram of continuous reading of 3P| BURST

mdu;h@m_@m@

DOUT - .

Table 10 Basic format of continuous reading by SP1 BURST
Sending 1 Z 3 4 2 &
sequence

What to GYRO_X_L GYRO_X_H GYRO_Y_L GYRO_Y_H GYRO_Z L GYRD_Z H
send

Send 7 B g 10 11 12
order

What to ACGCL_¥X_L ACGCL_¥_H ACCL_Y_L ACGGL_Y_H AGCL_7_L AGCL_Z_H
send

Send 13
order

fWhat to GHESM
send

Hote 1: All data are 16bit widths
Mote 2: The Tormat of gyre and accelerometer data after concatenation i1s expressed as int3Z

Note 3: CHKSM stands Tor CHECKSUM, which is used to cenfirm data integrity. It is calculated
by susming all the data before the CHECKSUM

In the BURST continuous reading process, 32-bit complete data is divided

inte high 16 bits and low 16 bits respectively output, output using the
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smal |-endian mode, that is, low bytes output first. Users need to splice

the two parts of 1é6-bit data to restore the complete 3Z2-bit data.
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Figure 5 5Schematic diagram of 3P137 bit data restoration

GYRO_X_H GYRO_X_L

32{i PR EIBE

After obtaining the complete 372-bit data, the standard frame user can
convert it into angular velocity, acceleration, temperature and attitude

Angle information according to the folleowing formula.

Table 11 Standard frame SP1 32-bit data conversion formula

Name Units formula Conditions/Notes

GYRO is the GYRO data for the X/Y/Z

Angular s G=5F/65536%GYRO axis in the table above
Speed
® Gyro scale factor 5F = 0.016
ACCL 15 the ACCL data for the X/Y/Z
Accelera mg A=3F/65536%ACCL axis in the table above
tion SF =0.2 for ® Burst pattern
® For single register mode,
SF=0. 2/1000
T=8F/65536% TEMP indicates the TEMP data in the

Tempera =C
(TEMP-172621824) +25 preceding table

ture
® Temperature scale facteor SF =-
1/263. 4
Att|tude @ DstIﬁSSEﬁ*Aﬂ A-l_r i5 ‘thf‘. ATT dﬂtﬂ in the tﬂble
Angle above
® Attitude scale factor 5F =
0. 00659411

7.1.4.2 SP1 FILTER CTRL Register

The FILTER_CTRL Register provides the user with control over the digital low-pass
filter. The Register is & read/write Register, the write command is send
Ox86XX, and the current 5P| cycle setting is valid. The read command is
sent 0x0600, and the output Register content is offset by 72 SPl cvcles

than the read command is sent.

Table 12 5P| FILTER_CTREL Register format

Addre | bitl15 bitld bitl13 bitl2 bitl1 bit10 bit? bit8 Read/W
55 rite
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0x07 RW

Addre | bit?7 bité bith bitd bitd bit2 bitl bitD Read/W

55 rite

Ox06 Accelerometer filter Gyro filter RW
configuration configuration
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Table 13 Filter configuration
Encoding Description
4’b 0000 IR filter fo=1 Hz
Accelerometer | 4o gopy IR filter fo=1 Hz
;l::w i lee, |40 0010 IIR filter fo=2 Hz
Fitting 4'b 0011 IR filter fo=5 Hz
buy

4’b 0100 IR filter fc=10 Hz
4'b 0101 IR filter fe=15 Hz
4'b 0110 IR filter fc=20 Hz
4b 0111 IR filter fc=25 Hz
4'b 1000 IR filter fe=30 Hz
4'b 1001 IR filter fc=35 Hz
4'b 1010 IR filter fc=40 Hz

4'b 1011 no filter

Mote: For example, if the gyro is conligured and the accelerometer Tilter is 10Hz, the value

OxB644 s written.

7.1.4.3 SPI ID register

The 1D register is a read-only register, and the data content is the character

"IN in ASCI] encoding form. The reading method is similar to that of BURST data

reading: Ox6A00"0x7000 is semt when reading, and the data is received. The output

register content is offset by 2 cycles than the read instruction sending

The complete |D of the product can be obtained by splicing 4 16-bit ID data

inte ASIC Il code. The concatenation methed is used to concatenate data from
the BURST continuously, PROD_ ID1 at the high level and PROD_ I1D4 at the low
level.
Table 14 SFl ID register format
Address bit15 = bitD Encoding Read/Write
Ox&G FROD_ 1D Dxd94D R
OXaE FROD_1D2 Ox5536 R
0x3132 (IMUS12} R
FROD_1D3 Dx3134 (1MU&14) R
0x70 The coded content Ox3138 (IMUG1E) R
represents the 0x3141 (1MU6132A) R
product
D 0x3142 [ 1MU&132B) R

wa
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7.2.2 Packet Format

The packet structure of IMU ocutput and user input is composed as follows:

Table 18 IMU output and user input data structures

Offset | Data type name Description
s
0 wints Frame header 1 The IMU output Frame
1 wints Frame header 2 header: OxAA. 0x35
The user enters Frame
header: 0x55, OxAA
2 ] 1D low The lower byte of the COM
uintid frame ID
3 ID high byte The upper byte of the COM
frame 1D
The low word of the frame
4 Data length low length for COM

communication

uintle Section, length is the
number of bytes occcupied
by the pay load, that is

n

COM Indicates the upper
word of the frame length

3] High data length
Section, length is the
number of bytes occupied
by pay load, that is. n
& wint8 Pay load (n bytes) Data load
A+n CRC_CEHCK (32-bit data low byte)
7+n ) CRC_CEHCK (low byte in 32-bit
Uint32 data) CRC check
B+n CRC_CEHCK (high byte in 32-bit
data)
9+n RC_CEHCK (32-bit data high byte)

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

Hote 2: The initial value of crc32 is 1. CRC calculation does not include all the data of
this frame itself. See the end of the document Tor table lockup calculation

7.2.3 Data Flow Frame — AHRS data

Table 19 Serial AHRS data format

Frame Frame 1D length pay |oad Frame

Headers Headers Tail
Data type wints wints uint1é uint1aé Af wint3z
Coding OxAA 0x525 0x0002 0x002C crci?

Hote 1:; Maximum cutput update rate is mol greater than 200Hz2115200bps

Table 20 Serial port Al load data format

offset Mame Data type Units Description

1] timer uimt32 Wus Time scale

19/ 36
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pitch float | Pitch Angle
roll float . Roll Angle

12 vaw float | Heading Angle
16 an float g X-axis
acceleration
20 ay float £ f-anis
acceleration
24 az float g I-axis
acceleration
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28 [ float s X axis
Angular
velocity

32 gV float s Y-axis
Angular
velocity

36 gz float s £ axis
Angular
velocity

40 temp float C IMU chip
temperature

Example: Get AHRS data stream:
AA 55 02 00 2C 00 &D B9 16 05 BF G2 65 40 14 AE OF BF 5C OF B2 43 25 06 81 3D BC 74
13 3C &0 E5 BO BF EC 51 3B BD OA DY A3 BB CD CC CC BC D7 A3 EE 41 OC BF B4 BOD is

resolved as follows:
Table 21 Serial port A1l acguires AHRS data stream

Descript Raw Value Analytic Descripti Raw Value Analytic
ion value on value
D 0200 02 Y-axis BC741330C 0.009 g
acceleration
Length 2000 44 I-axis 60ESE0BF 1.007 g
acceleration
Time GDET1605 85363053 X awxis EC513BED -0.045%/s
scale Angular
velocity
Pitch BFG26540 3.5%9*° Y-axis DADTAIEE -0.005%/s
Angle Angular
velocity
Roll T4AEQTEF -0. 53" £ axis CDCCCCBC -0.025%'s
angle Angular
velocity
Yaw angle SCOFB243 356,127 IMU chip DVAZEE4T 29 83 °C
temperature
K-axis 23068130 0.063 g crcd? Check OCEFB4E0 2156183308
acceleratio
n

7.2.4 Command Mode GET Qutput — System status

Table 22 COM system status data format

Frame Frame D length pay |oad Frame

header header Tail
Data type wints uwints uint1é uint1é 51 wint3z
Coding OxAb 0x55 0x00FF 00024 crodd

Hote 1 Depending on the IMU medel, the length of this Trame will vary, ard all represent the
length of 31, which needs to be confirmed according to the MU model

wa
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Table 23 Serial port 31 load data format

offset Name Data type Description
0 Software_ver wint3z Software
version number
4 Hardware_ver wint3z? Hardware

version number

8 rev wint1é Reserved
bytes

10 snQ wint32 First SN
number

14 sni wint32 Second SN

18 sn? winmt3z2 Third SN

2z Board_version wint32 Base Plate
version number

26 Revl14] Uimt8 All that follows

is reserved bytes

Hote 1 The reserved bytes vary based on the IMU model. The IMUST4E is 16 bytes.

wa
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Example: Obtain System status
Enter data: 55 AA 01 00 18 0O 00 OO0 OO0 0O OO OO OO OO 0O OO OO OO OO OO OO OO
00 00 00 QO 00 0O OO OO0 QO OO0 0O OO OO0 QO OO0 OO OO OO0 Q0 OO0 OO BD DE 31 34
Response data: AA 55 FF 00 2A 00 1F 3% 03 00 &5 &F 01 00 50 83 30 33 35 55 34 50
15 FF BF 5F FF FF 50 B3 FF 1F 2% 00 00 OO0 OO EO 0D 07 10 17 0B 50 DO 37 10 3B 7A
C3 00 02

Based on the response data, the resolution yielded software version number 211231
(1F 3% 03 00) and hardware version number 94053 (65 &F 01 00)

7.2.5 Command Mode GET output — Read the Parameter

Table 24 COM Parameter Input data format

Frame Frame D length pay |oad Frame

header header Tail
Data type wintd wints uimt1é uintlé P1 wint3z2
Coding 0x55 OxAh 0x0006 0x0018 crodd

Table 25 Qutput data format of COM Parameter

Frame Frame ] length pay |oad Frame

Headers Headers Tail
Data type wints uints uint1é uint1é P1 wint3z
Coding OxAb 0x55 Ox7530 0x0018 crodd

Hete 1 When the Parameter 15 read, the IMU disables the data Tlew. After the setting is
complete, the data flow needs to be enabled again

Table 726 Load data format of COM P1

offset name Data type Description
0 Paraml float Obtained Parameter (input
data can be ignored)
Param? float Keep, default to 0
Param3 uintiz 3et the Parameter
index
12 Paramd uintlz Reserved, the default
value 15 0
16 Param5 |t 32 Keep, default is 0
20 Paramb |t 32 Keep, default is 0

Table 27 Index of Parameter of the GOM P1 load
Param3 Parami Units

The COM outputs the baud rate. The
following baud rates are supported

115200, 230400, 4460800, 921600, 1500000

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

B ¥-axis GYRQ) zero offset calibration “fg
result, GYRO X OFF

g Y-axis GYRD zerc bias calibration s

bps

21/ 36



FORSENSE

e FSS-IMU6132B Product Sheet

results, GYRO Y OFF

10 Cal ibration result of Bias instability “fs
of Z-axis GYRO, GYRO Z OFF

21 AHRS output frequency, default 100Hz Hz

31 Internal filter configuration, define the same

SPI FILTER_CTRL table
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Example: Obtain AHRS output freguency

Input data: 55 AA 06 00 18 00 OO0 OO0 OO0 QO QO QO OO OO OO OO0 Q0 OO0 OO0 OO OO0 00
00 00 00 15 00 QO 00 00 OO OO OO 0O 00 OO OO OO QO QO OO0 OO0 OO OO 0O OO OO OO OO
00 00 Q0 00 00 OO 00 00 66 CE 46 AC

Response data: AA 55 30 75 18 00 00 Q0 00 48 42 00 Q0 Q0 OO 00 OO Q0 00 15 00
00 00 00 00 OO0 OO 00 00 OO0 OO OO 0O 00 OO OO OO OO OO0 OO OO OO OO 00 OO OO OO OO0
0o 00 00 00 OO0 QO 00 00 OO OO OO OO OO0 OO OO OO QO OO0 OO0 OO0 OO OO OO0 OO OO OO OO
00 00 00 31 2F AZ QA

According to the response data
50hz (00 Q0 48 42}

the analysis results in an output freguency of

7. 2.6 Command mode SET instruction

Table 28 Symtax of the COM input command

Frame Frame D length pay |oad Frame
header Headers Tail
Data type wints wints uint1é uint1é » winmt3dz
Coding 0x55 OxAA CMD 0x0018 crod?
Moete 1: For details about the relationship between CMD and B1, see the R1 load Parameter index
table
Table 29 COM R1 load data format
offset Name Data type Description
0 Faraml float Set Parameter
4 ParamZ float Keep, default to
1]
8 Param3 wint3z Set the
Farameter index
12 Paramd wirt3z Feserved. The
default value is
0
16 Params Int32 Keep, default is
]
20 Paramb Int32 Keep, default is
1]
Table 30 Serial R1 load parameter index table
CMD Param1 Paramd Description
1 0 0 Trigger to get system status data
once
Z 0 0 Trigger to obtain AHRS data once
3 Cmode> 0 Set output Mode: Mode=1, data stream
mode output AHRS Mode=100, disable data
stream mode, enter COMMAD mode
2 0 0 Save the current Parameter to
FLASH

wa
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Read Parameter, wvalue is the index of the
Farameter to be read, that is, P1.
index, see the COM response output -

0 Cvaluer Farameter read

For example, if yvou want to read AHRS output

frequency (ODR)}, set value=21

For example, to read +the baud
rate of the COM, set wvalue=3. For
gxample, to read the internal
filter, set value=31. For example,
to read the coordinate system

direction, set wvalue=4

0 0 Perform a software reboot

To set the Serial output baud rate, the valid
value in bps value is:

Cvaluer 3 If the value is other than

115200, 230400, 460800, 921400, 1500000

the baud rate Parameter is set using
115200bps by default. The setting

takes effect only after the system

restarts

22/ 30
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Procedure for setting the power—-off: Set the
baud rate, save Parameter to

the flash, and reset the

running software

Set the pericodic AHRS data output frequency,
common |y used in units of Hz wvalue

The values are: 1,10, 50,100, 200
14 <value> 21 Recommended mapping between output
fregquency and COM baud rate

200Hz: 921600bps

200Hz: 460800bps

100Hz: 115200bps

Internal filter configuration, defined with SPI
accelerometer and gyroscope Tilter
configuration, default OxBE, that
iz, 47Hz

14 <valuer 3

set the orientation of the IMU coordinate
14 <valuer L

system. The value ranges from 101
to 124, S5ee Table 34 for the
corresponding relation of the

orientation of the coordinate

system

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

Nete 2: The host computer command generator Tunction can be used Lo generate corresponding
commands te send, see the use of the host computer section of this manual

For example, to enable AHRS output:
Enter 3 in CMD ID and 1 in Parameter 1. The generated hexadecimal array can be sent
to the COM assistant or program array

M.
EE St

5%.53.03.00.18.00,00.00.80_31.00 00 00 000000 00 0000000000 00.00.00.00.00 $0.00.00 32 48 Be.ed

>3 730

) i
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7.2.7 Command Mode Output — User command response

Table 31 Setting Parameter COM response data format

Frame Frame D length ACK Param3 Frame
Header Header end
5
Data type| uwintd wints wintlé winklé wint1é uimt1é uinmt32
Coding DxhA 0x55 0x753D Q0004 0x7534 | Paramete croid?
r index

Tahle 37 Reserved parameters Serial port response data format

Frame Frame D length ACK result Frame
header Header Tail
5
Data type| uintd winmts wintlé wintlé wintlé uimtié winmt32
Coding OxAA 0x55 0x753D 0x0004 0x0005 0x01 crcl?

Table 33 Serial user command response data format

Frame Frame D length command result Frame
Header Header Tail
s s
Data type| winth uwints uintlé uint1é wint16 uintlé uint3iz
Coding OcAb 0x55 0x0064 0x0004 Command 001 crodd
D

Example: 5et the serial output baud rate to 115200

Input data:

55, AA, O e, 0O, 18, 00, 00, 00, E7,

47,00, 00, 00, 00, 03, 00, 00, OO0, 00, OO, 00, 0O, 00, 00, 00, 00,0 0,00,00,00,56,2 B, 4 d
93

Response data: AA 55 3D 75 04 00 34 75 03 00 AV 98

2A 54 Set the periodic AHRS data cutput fregquency
to 100hz

Imput data: 55 AA OE 00 18 0O Q0 00 OO0 CE 42 00 00 00 00 OO Q0 00 00 15 0O Q0 OO0
00 00 Q0 00 OO0 QO 00 00 OO OO OO OO Q0 OO OO OO QO QO OO0 OO OO OO OO0 OO0 OO OO OO
Q0 00 00 00 00 QO OO0 00 OO OO OO QA 2B 2C ED

Response data: AA 55 3D 75 04 00 34 73 15 00 70 2D

BZ 48 5Save the current parameter to FLASH

Imput data: 55 AA 05 00 18 00 Q0 00 OO0 OO QO QO OO0 OO OO OO Q0 OO0 OO0 OO0 QO Q0 00
00 00 00 00 00 QO 00 Q0 00 OO OO 0O OO OO OO OO OO OO OO OO OO OO C9 2F E& 32
Response data: AA 55 3D 75 04 00 05 00 01 00 SA GF

E1 70 Set output mode to AHRS data Stream
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Imput data: 55 AA 03 00 18 0O Q0 00 OO0 80 3F Q0 OO0 OO OO OO Q0 OO0 OO0 OO QO Q0 00
00 00 QO Q0 00 OO 0O OO Q0 Q0 OO0 00 OO Q0 Q0 OO0 OO0 QO Q0 Q0 OO0 OO OO QO Q0 00 00
00 00 0O Q0 00 OO0 52 DB BE EB

Response data: AA 55 64 00 04 00 03 00 01 00 EY &7 E3 AD
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7.2.9 Coordinate system setting function

Set the firmware coordinate system and display the corresponding firmware
design coordinate system in the upper computer FIG. 13 Firmware original

coordinate system

P

uy

According to the rules in the figure above, when the x amdy axes are determined
the 7 axsisddemred The 7 axis is perpendicular to the plane from the ¥ to the Y ads
There are a total of twenty—four orientations for the X7/FZ triaxial axis, as
ghown in the table below:

The orientation of the coordinate system in Table 34 corresponds to the table

Orientation HARIE YAKIS Zhxis Instruc
(value} tions
101 +Ux +Uy +Uz Default
or ientation
102 - % -y +Uz
103 -y +Lx +Uz
104 + Ly -Ux +z
1056 - % + 1y -z
106 +1x -1y -z
107 +Uy +1x -z
108 -y -Ux -Uz
1049 -Uz +Uy +Jx
110 +Uz -y +1x
111 + 1y +z + %
112 -y -Uz +Ux
113 +Uz + 0y -Ux
114 -z -1y - %
115 -y +Uz -Ux
116 +Uy -z -
117 -Lx +Uz + |y
118 + % -z + 1y
114 +Uz +x + 1y
120 -z -1 + 1y
121 +x +Uz -y
122 -y -z -y

(=]
on

wa
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123 -Uz +Ux =l
124 +Uz -Ux -y




FORSENSE FSS-IMU6132B Product Sheet

Hew 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 IMU

BOW mit i L 1] [
ol AN
s e e aEn  Bm e ]
JJJJ W PR WO D
i A O S v T n wEEE - T tEE
Ll i WEEE T
WL
T
s

" il [y ——
ol " E [FEESEEY FY L LT TR N
LR LN b i 8 [rpe———

' ‘ g ; '

Y

1)) i ] 3 ¥
i L LT s o S L S
. ' ccrne . EERANE S B

T TTT] T EOEEE "*""-"-l’ii'.'.':"'"
wia T LA LT

il :llllﬂ

S

L L e THE- SR LERE T PR * 1 a T
s . 1RSSR BRI A E S R o —E
W BIEEY ik
e e T 3

IrafilE a3l aar aaEE »

How to read the coordinate system orientation:

Enter 06 in CMD 1D and 4 in Parameter 3. The generated hexadecimal array can be
filled into the COM assistant or program array and sent to the [MU

L] = L1 [ o e R =

[

[ ] £
ENEL B
i 50 O L I T
B e

ENEE
-
HENL
141
E N D
LAN
CE} L]
o raan
| P 8 i [T Y ( TTL! W
(e

1R RLE
Sl
T E e . Ol Sl S PR SR e e
e a8 R L R o BT
LI 0 ST Lo

hare ins i mumas
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Example: 3et the

coordinate system to 115

towards the input data:

55, aa, 0 e, 00,18 00, 00, 00, eb,

42,00, 00, 00, 00, 04, 00, 00, 0O, 00, 0O, OO, 00, 00, 00, 00, OO, 00,00, 00,00, 46,6 a, 4 e, Bb
Response data: AA 55 3D 75 04 00 34 75 04 00 &0 OE 4B 1B Refer to Table 31, the
Parameter index is 04, and the setting is successful

Read the coordinate system:

Input data: 55 AA 06 00 18 00 00 OO0 OO 00 OO0 00 00 Q0D OO0 OO 00 00 00 00 04 00 OO0
00 00 00 0D 00 OO0 OO0 OO0 00 00 OO 00 OO0 00 00 OO0 00 Q0 00 OO 00 00 00 00 00 &% &4
0% E4

Response data: AA 55 30 75 18 00 00 OO0 00 E& 42 00O OO0 00 OO0 Q0 OO OO OO OO 04 0O
00 00 ©O OO0 00 OO0 Q0 OO0 OO0 O OO0 00 OO0 00 OO0 OO0 0O Q0 OO0 OO0 OO0 OO0 00 OO0 00 00 00
00 Q0 0O OO0 00 OO0 Q0 OO0 OO0 B2 2F 2D 4E

According to Table 725 and Table 26, the resolution results in Parameter 1 being
115 (float) and Parameter 3 being 04. That is, the cocrdinate system is 115
orientation

7.2.10 FAQs about COM Connection

1} The R¥ 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 GOM 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 picture below:

Figure & Schematic diagram of COM connection

—= EEEOR

= v

B o) T TR . i S T,
IR0 SNE ™ S R e,
LS i o A

2} The wversion number cannot be obtained
You are advised to use the COM of the FTZ3Z chip. CH340 and PLZ2303 data
cables may lose 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 R34ZZ is connected to the computer
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directly use R54Z7 to USE cable, and do not use RS54727 to R5ZIZFHRS5Z3Z7Z to USE
cable in series.

3} Upper computer software curve display lag
For FT23Z data cables, use the system administrator to
turn on the Upper computer software and automatically

configure the COM delay. Manually configure the COM delay
in the device manager.
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8 Time sync

With time synchronization, you can ensure that the internal clock of the
device is consistent with the external time reference. which can eliminate
the time deviation due to clock drift;

In a system where multiple devices work together. the timestamps of all
devices are based on the same time benchmark, which helps to ensure the

consistency and accuracy of the data.

At present, this module provides
two time synchronization methods :
1. Access pps signal +rmc

message.

Z. Synchronize time on the Master using DRDY signals

8.1 Connecting the PPS Signal and GPRMC Packet

8. 1.1 Hardware connection

1. Connect the IMU to the RTK baseboard based on the connection diagram

=]

¥ S0&
TEEREH
GME p - GHE
MUE132
TX1 E§]

Connection diggram for the IMUG13Z

8. 1. 2RTK Configuration Requirements:

RTK packet input reguirements: GPRMC 10HZ

Disable inertial navigation assistant-related functions of the RTK board
Disable other statements.
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PPS second pulse: 1s once, rising edge triggered, pulse width Sms, aligned
to UTC time. High level must not be higher than 5v. Ensure that the baud
rate of the COM of the RTK is the same as that of the MU
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8.1.3 Command sequence for the IMU to enable
time synchronization

After the IMU is connected to the Master,
open the COM assistant and send commands
successively: AT+SETND (stop data output to
facilitate sending commands)

AT+HDRY_ENABLE (starting time
synchronization) AT+SAVE

(saving Parameter)

AT+3ETYES (restore data output)

8.1.4 How to Check whether time
synchronization is successful:

The steps to confirm are as fol lows

Before synchronization, count the value of the IMJ itself in ms format
After synchronization, it will become the true value of UTC
conversion in ms, taking the true value 43767630ms as an

example to convert the given ms value fo s:

43, 76T, 630ms= 43, 767, 63s

To convert s to h, min,

and s:

First. divide the number of seconds by 3600 (1h=3600s) to

get the number of hours and the number of seconds

remaining. 43, 767s = 3600 = 1Zh... 5675 (rounded)

Mext, divide the number of seconds left by 60 {Imin=60s) to get

the number of minutes and the number of seconds left. 567s = &0

= 9min... 27s (rounded)

Collate the results:

Combine h., min, 5. and the initial decimal part from the steps above to Torm
the final UTC time representation (hhmmss. sss).

The final UTC time representation is: 120927. 63

Z Depending on the IMU update rate you set, the

timestamp interval will change accordingly. For

example:

When the IMU update rate is 10Hz, the corresponding timestamp interval is 100
ms;

In this case, the timestamp will be sent at a frame interval of every 10 ms

to ensure the same step as the IMJ data. The following is an example



43TETE3I0,
437670,
ALTHTESD,
ALTGT 0
ANTETETD
4ITETEH0,
AFTHTEAN,
ANTETTO0
AYTETTION
4ITETT20,
4ITETTI0,
AITETTAD
AITETTH0
43TETTE0
4ITHTTION
A3TETTE0,
4XTETTI0,
A 376 TR0,
AITETAID,
AITETR2D0,

4ITETEAD,

AITETESD
A3THTRG0,
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00091 14932, -0.005931 V1, Q.99 37, 0. V1 ZHRL00TT S0, Q2 3IT 3T ITROITITI 00374005, 359. 763
00104886, -0.00639931,- 1.0002 3, -0.11 15300945329, -0 19641837 I73.0.373109.0.0378392, 339, Ta3
0010143, -0.00654209, -1 00144, 01422010 0830424 -0 18750937 3790372681 0.038841, 359.763
DO0DT 1708, 000G RERB L - 1 001 76 -0 1 66008 0 00 1. -0 00648, 17 3750171481 00190947, 159,763
LOO14T 195, <0006EE 6, - 1,001, -0. 192246, -0.0010 TRIIE. 0.1 57066, 17 075,0.072701,0.0099402, 159, T6d
00223095, -0, 006951 76, 1.00109, -0.0T 3727 L -0 Q00FN6R1E, 0.1 J8093. 47 3750072781 00198402199, 76
00127585, -0,0057 1408, - 1 00053 -0, 173622000492 TEA, -0 163678, 17 3750, 371524,0.0425 188, 155783
LOODTATTA -000655202,-1.00021_-0.11 5697 000001 1187100601 55, 37 3750 372256,0.04 3001 1, 155,763
00167201, -0.00625615, - 100077, -0 1961 35, -0.000426-489. 0.1 TTT68. 37 37500721 11, 0.0433161, 359.76)
D01 E59TT -0 0061884 -1 D002, 0.2 24089 -0 0007625, -Q0RITITE AT ITR0.ITIT04,0.04572 14, 359.763
00024 303, -0.00667565,- 1.00119. 02579680003 38021 -0 143835, 37 370,00 371 704.0.0457 214, 359.763
000261 3599, -0.006T 5453, -1 D014 -0 20300709242, 0. 198763, 37.375,0. 37201, 0.0447 791, 359.763
|.0O0BAB0 T4, -QL0GE TATT, - 1001 37, QL1465 T BOLOZDS4TS, 0L 1 TTR1E 37,375,037 2149,0.0439286, 358763
00114567, -0.00637 T6R, - 100142, 0. 11681 200106449, 0. V9362737 3750037 1579, 0.0428294, 359. 7563
00031602, -000550S, - 1.007 18,0151 3840 1070348, 0. 151737 3T 3750371925, 004483909, 355,763
000111739, -0.005066 14, -1.001 27, -0 191870090804 -0 1905TS, I7.375,0.37 1925, 0,044 1909, 159. 761
0. 0004A67 5.3, -0.0057 5844 -1 00050, -0 1 44283 000 B2 16, -0LP06G097 37375007102 1 Q04 30654, 150,761
D007 442 TR, -0.00620892. -1 (O0AT, -0 006100800 T8, 020 1817 375,000 7007T9,0.04 1841 7,359,761
OO0J49961 -0.0067 7208, - 1 0O0RZ Q205 TR0 0P447 1R 01 7349, 17, 17%,0. 36541 ,0.041BO69, 149, 761
231 %0-0% 000612706, 1.00116,-0. 180721, 00747152, -0 2FTT VLT 1750, 3601 0.040887 1, 159, 763

AYTETRAD, 000024524, -0 006 TORD2, - 1 DOOSE -0V 1TEA20 11 1A22 -0 193005, ¥7. 1750, 1690, 0.040887 ), 159,763

DO05ITSTE, 000604259, -1 00108, -0 146042 00431 16, -0 1 THESS, 37 375,00 369541 00392609, 359.763
001 0296 3, -0.0062 5 389, 1 00084 -0 16527100008 58686, -0 146898, 3T 3750 36901 2.0.0390227, 359.763
00121603, -0. 0058367, -1 D05, 0207972006086, 0. 172457, 37, 375,0.368091 0.0399266.359. T63

AITRTETOA

001 VABA L -0 O06ZBATS, - 1.00111,-0. 1RITHR.003F5967, 01T T 37 AT50. 36763, 0.0005705, 359. 763

29/ 38



@ SIS C FSS-IMU6132B Product Sheet

8.1.5 How Do | Verify that the timestamp is
correct after the time synchronization is
successful

1. Collect and decode RMC data and AHRS data after time synchronization at
the same time.

2. Convert the two time stamps into the same format. and use matlab and
other tools to count the following indicators of the following two groups
of corresponding time stamp data

First, the statistical time stamp interval

is stable, confirm whether there is a

packet loss judgment condition:

Example: 10HZ output: the interval is stable to 100ms
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Petime _us,accx, accy, accz, gyrox, gyroy,gyroZ. temperature, roll, pitch, yaw, mo my,mz

10138100, -0.007B5668, 0000511970, -1.00068 0.00577856, 00224278, -0, 170830, 436002 -0, 185733, -0, 373024, 2 66486
10138200, -0.00548526, - 8. 3264 1¢-06, - 1.00069,0.120156, -0.0394001, 00182559, 43,6992, -0, 177175, -0. 37 3694, 2. 66124
10138300,-0.01 77959, -004E1571, - 1.00844 -0, 452245, -0 0625247, -6 75837, 43 6992, -0, 166894, -0, 370253, 2.60756
10138400, -0. 00540585, -0.000368123, -0 990659, 00587807, 0L 157406, -0, 743163, 43,7031, -0, 179521, - (L 368657, 2 35367
10138500, -0.00681 769,0.001 10348, - 1.00052, -0.01 18609, - 0L0201513, - 00745728, 436992, -0, 1 74604, - 0. 366014, 2. 32512
10138500, - 00541474, - 2. 3453 3005, - 1. 00065 0LOZGN074, - 00428571, 000163807, 43,6992, -0, 168018, -0 367043, 2, 32495
10138700, -0.00661371, 0000592246, - 100062, 0.000031 76, - (000438364, -0, 028BBAS, 43 6053, -0, 1653664, -0. 364568, 2. 3255
10138800, -0.0048226, 6.9261 3¢-05, - 1,00043 - 0,007 35649, 0,027 3419, -0.0158955,43.6992, -0, 155855, -0.371403, 2. 33634
10738900, -0, 00664255, (LODNBGEATS, - 1007145 0L0STD0 T2, -0u0 V07 388, <0000 10962, 43 7031, 00157304, -0, 366063, 2. 13678
10139000, -0.0051 5508, -0.000483207, -0 990668, -0 00652478, 0114841, -0.00554243, 43,6092, -0, 14710, -0, 3701 24, 2. 3664,
10139100, -0.00679933, 8.07 165¢-05, - 1.00015 000193778, - (L 00205665, 00000614035, 43,6953, -0. 141752, -0, 363385, 2. 36672
10735200, - 0,006 335591, LOD0SSSEST, - 1.0004 1, 0 0FS0645, 0003 12049, 0005 FD05E, 436875, 0,1 36311, -0. 36819, 2 37055
10139300, -0.00676747, 0.000319971, - 100062, 0024 3442, 00440976, 000098 1 862, 416875, -0, 1 33467, -0L 362919, 2. 37656
10135400, - 000663674, 0.000352815, - 1000245, 0007 HN0R4, 0.0C01 BE4, - 0L00BTHEAE 436053, -0 120017, -0, 368695, 2. 37739
10136500, -0,0067952 3, 00001 18807, - 1.00101, -0, 0066356, -0 0P06355, -000S6/084, 43 6951, -0 12762, -0, 155295, 2, 17722
10139600, -0.00583052, 8 28852 - 05, -0.99977, 1L01 20336, 00297521, - QL0007 4564, 43,6992, 01122915, -0.366905,2. 37741
10139700, -0, 00690754, (LO0021 5317, - 1.00052, 00007 3021 1, -0 26271, -0L0N45408 43,6002, -0, 116187, -0, 361 241,2. 37884
10135600, -0,005537 15, LODOS24005, - 1.00127, 00570455, -000 14546, 0,027 1024, 41,6592, -0, 109288, -0, 360261, 2. 37931
10739900, -0, 0055149, 5,671 T6e- 05, - 100066, 0.00B5691 1, 00247195, 00501 371,43, 7031, -00.1 00622, -0. 362934, 2. 39578
10140000, -0,00614014, - 5. GEBe-06, - 1, 0002, -0, 121008, 0.065 1305, -0 0091604943, 707, -0, 100607, -0, 366001, 241725
101401 00, -0.00616532, -0U000320024, - 1.001 14, 0,07 16514, 000976389, - 0. 00655498, 43, 707, - 0. 0948647, - 0. 361206, 2.41 734
10740200, -0.0056685%, -0L00037 37, - 1.00026, -0L0062 3558, 0001 3495, 000671942, 43, 707, -0.0888662, -0 36321, 241761
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two Statistics two sets of corresponding timestamp data the same output
frequency. the same starting point under the time difference is 0 {in the
case of satellite condition is good)

The following is a statistical example:

mEE owk- [y B T U A& H- B- A &+ =l B

fare] @ fx

“ A A C ] E F G H [ J K
4 10147500 10147500
5 10147600 10147600
& 10147700 10147700
7 10147800 10147800
B 10147900 10147900
¥ 10148000 10148000
10 10148100 10148100
1 10148200 10148200
12 10148300 10148300
13 10145400 10148400
14 10148500 10148500
15 10148600 10148600
16 10148700 10148700
17 1014EB00 10148300
18 10148000 10148900
19 10140000 10140000
20 10146100 10148100
21 10146200 10149200
22 10149300 10149300
21 10146400 10149400
24 10140500 10149500
25 10140600 10149600
26 10146700 10149700
7 10149800 10149800
610149900 10149900
29 | 10150000 10150000
40 10150100 10150100
31 10150200 10150200
32 10150300 10150300
33 10150400 10150400
34 10150500 10150300
35 10150600 10150600
35 10150700 10150700
3 10150800 10150800

38 10150800 10150200
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8.2 Synchronize Time on the Master Using DRDY
Signals

8. 2. 1DRDY Signal Function

In an IMJ, the DRDY {(Data Ready) signal is an important status marker or
interrupt signal used to indicate that the IMU's data is ready and can be read.
When the IMU completes a round of data acguisition and processing, the DRDY
signal will change to an active state (usually low), which means that the new
acceleration, Angular velocity and other data are ready to be read.

After the Master is connected to the IMJ. it can determine the exact moment

when the data is ready by detecting the clock synchronization signal from

inside the IMJ provided by the DRDY, and add a time stamp and parse the data

at that moment. This means that whenever the DRDY signal changes, the

Master knows that the data is ready and can record the time at this time

as a timestamp for that data.

8.2.2 How do | turn on the DRDY signal

After upgrading most products through the Upper computer software COM, DRDY
is enabled by default {currently PBMINI. 1MUATO, IMU470, [MU470).

The DRDY of IMU&460 is off by default, and the subsequent fTirmware will be
set to on by default.) |f DRDY is off after the product is upgraded through
the COM., the Upper computer software can read the COM table and change the
39th COM table to the value 100. [T the customer needs to enable the DRDY
function when using the old firmware, he can use the command generator on the
Upper computer software to input the fol lowing Parameter and send the command
to enable the DRDY function. | you burn through the burner, the DRDY
function is turned on by default

8. 2. 3DRDY Signal

DRDY Pin output serves two purposes:

1. to provide a clock synchronization signal from inside the IMJ; How to 2
Provide a signal to signal the start of transmitting data frames.

The internal sampling freguency is consistent with the serial output frequency

32730
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IMUPIREREEHE |
|

| S —

DRODYE i

Data 1 Data 2 Data 3 Data 4
e D D
When the internal sampling freguency of the IMJ {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 freguency will be pul led up again in the next cycle.

32730
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The serial output frequency is less than the IMU internal sampling freguency

IMUP SRR | i
| |

BN

DRODYS |jp

| Data1 Data 2 Data 3 |
: I
rree s s o— —

When the serial output freguency is less than the IMU internal sampling
frequency. when the IMJ data sampling compensation is completed. the freguency
divider value (maximum ODR/ current ODR) determines whether the DRDY pin
youdaop laceholderd is immediately pul led down. After the DRDY is pul led down,
the data frame will be sent from the string port, and the DRDY Pin will be
pul led up again in the next IMJ sampling cycle.
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Q. Coordinate system definition

® @ rc “J*Emsfs @

Si:8138000N0001

® ®

This product coordinate system uses the front -
right - down (FRD)} cocrdinate system, Euler Angle
range 1s as follows: reotation around the 7 axis: Yaw
course Angle range:-0° —~360°;
Rotation around the X axis; Roll Angle roll range:
-180° ~180°: Rotaticn around the Y-axis
direction: Pitch Angle range -90° ~90°.

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

FIG. 21 Schematic diagram of roll, pitch and heading Angle
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10. CRC table |ookup method calculation

static const

0x00000000,
Oxe®63a535,

0x09b&4c b,
Oxf3bF7148,
Ox136c9E56,
Oxfalfidod,
Ox3c03eddl,
Oxdbbbc?d 6,
Ox26d? 30ac,
Oxctba?599,
Ow2f6f7cB7,
0x78d220 be,
0x7807c%a2,
0x?1 646097,
Ox6c0695ed,
Ox8bbebBea,
Oxd db26158,
Oxaddlcdad,

Oxd44042d73,

Oxbelb1010,
OxSedef?0e,
Oxb7bd3c3b,
Oxead347 37,

Ox0dbdbade,

OxfO0F 9344,

Ox1%6c3671,

OxfPb9 dfaf,

Ox3B8dBclcd,

0xdB0d 2bda,
0x316eBeef,
Oxeclc? V95,
Ox2bb45a%2,
Ox%bbdc2b0,
Ox72076785,

Ox72d28e%b,

Ox6B8ddb3fE,
OxBB085aeb,
Oxé16bFfd3,
OxaVe72661,

winti2_t crc3?_tab [ ]

Ox770730%96,
OxFebd95a3,
0x7ebl7chd
OxB4bed de,
Ox646baBc0,
0xB8d0BOdTS,
Oxdb04d447,
Oxachcf?40,
0x51del03a,
0xbBbda50f,
Ox5B8684c11,
Oxefd5102a,
Ox0f 00934,
Oxebb35c01,
0x1b01257b,
Oxfcb?EET G,
0x3ab551ce,
Oxd3dbT4fh,
0x33031de5,
O0xc?0c 2086,
0x29d9cP9E,
Oxclbabcad,
0xFdd277 af,
Ox7aba5aal,
0xB870Ba3d2,
Oxbebblbe’,
0x8 ebeeff?,
Oxdfdff2s2,
Oxaflalbdc,
Ox466Fber?,
Oxbb0b4 703,
Ox5cb3bald,
Oxech3f 226,
Ox05005713,
Oxe5d5 beld,
Ox1 fdaB3be,
OxffOf6a70,
Ox1 66 cofd5,
Oxd06016F7,

OxeeledlZc,
Ox0edbBB3Z,
Oxe7bE2d07,
Ox1adad47d,
Oxfde2f97a,
Ox3bbe20cE,
Oxd20dB5fd,
0x32dB6cel,
0xcBd75180,
Ox2B02bETe,
Oxc1611dab,
0x71b18B589,
0x960%a88e,
Oxébob51 T4,
0xB8208f4c1,
Ox62dd1 ddf,
Oxa3bc007 4,
Ox436%eba,
Oxaaladc5T,
Ox5768b325,
0xb0d0%82 2,
OxedbBEIZ0,
Ox04db26135,
Oxedlectlb,
Ox1e01F 268,
OxTed41b76,
0x17b7bed3,
Oxd1bb&7 11,
Ox36034ath,
Oxcbb1b38c,
0x220216b%,
Oxc2d7Vffal,
0x756aa3%,
Ox95bf4a82,
0x7cdcefb?,
0xB1belbed,
Ox66063bea,
Oxa002e278,
Ox4969474d,

E;_‘I_ .

= |

0x990951ba,
Ox79dchBad,
0x90bf1d91,
Oxé6dddedeb,
0xBab5cPec,
OxdcbF105e,
Oxab0ab5bb,
Ox45df5c75,
Oxbfdlal 14,
Ox5f05BB0E,
Oxbb&662d3d,
0x06b6bE1 T,
Oxel0eF818,
Oxlcbobl b2,
Oxf50feds7,
Ox15da2d49,
Oxddbbile 2,
Ox3d4bed?fc,
0xdd0d7 cc?,
Ox206T8B5b3,
Oxcid7aBb4,
Ox%abfbibb,
Ox73dc1683,
0x9309+19d,
Ox6%06c2fe,
0xB89d32bel,
Ox60b0E eds,
Oxabbc3767,
Ox41047a60,
OxbcboE31a,
Ox5505262F,
0xb5d0cfi1,
Ox026d%30a,
Oxe?bB7al4,
Ox0bdbdf21,
Oxfob% 265b,
0x11010b5c,
0xd70dd? ee,
Ox3ebei7db,

38

0x07bdcd 19,
Oxeld5e%1e,
Ox1db71064,
Oxfdd4b551,
0x14015c4f,
Oxd36041e4,
Ox35b5aBfa,
Oxdedb0dcf,
Ox21b4t4b5
Oxct0cd?b2
Ox76dcd190,
Ox9thfedad,
Ox7f6a0dbb,
OxB56530d8,
Ox65b0d%c 6,
0x8cd3Vcfl,
Oxdadfas41,
Oxadb7BE46,
0x500571 3c,

Oxb%66d409,

Ox5%b33d17,
0x03bbe20c,
Oxeld6d0b12,
0x0a00ae27,

Oxf7bo2575d,
0x10da7¥aba,

Oxdbdbaiel,
0x3Tb506dd,

Oxdfélefcd,

Ox256fd2al,

Oxc5badbbe,
0x2cd9%e8hb,
Ox%c0%06a7,
0x7bb12bae,

OxB86d3d2d4,
Ox&6fb077e1,

OxBFf65Feff,

Oxde(4B354,

Oxaedlibada,

Ox706af4BT,
Ox97d2d9EE,
Ox6ab020T2,
OxB3d3B5cT,
Ox63066cd9,
Oxa26iT172,
Oxd2b298bc,
Oxabd13d59,
Ox56blcdl3,
Oxb10be%24,
0x01db7106,
OxeBbEd433,
Ox086d3d 2d,
0xf262004e,
0x12b7e%50,
Onfbdd4c oS,
Ox3ddEF5d7,
Oxdat0bBdO,
0x270241aa,
Oxcebled9f,
0x2ebd0dB1,
Ox74b1d2%9a,
OxF4643bE4,
0x7d079eb,
0xB06567 cb,
Oxé&7dddace,
Oxald1937e,
Ox4Bb2364b,
OxaBb67dT55,
Ox5268e236,
Oxb2bd0b2E,
Ox5bdeaeld,
Oxeblelbdf,
Ox0cbb1b 38,
Oxflddeid?,
Ox1Bb74777,
OxfB&62 aeb?,
0x3903b3c2,
0xd?db5ade,
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Ox40df0bbs,  O0x37dBIBF0.  Oxa%bcaed3  Oxdebb¥ec5, Oxd7bZcfif, Ox30b5ffe?,
Oxbdbdf21c, OxcabacZBa, 0Ox53b37330. O0OxZ24b4dadab, Oxbad03605, Oxcdd70693,
Ox54de5729,  0x23d967bf, 0Oxb366¥aZe, Oxcdb14abB, Ox5d6B1b0Z, 0Ox2abf2b94,
Oxb4a0bbe3?, Oxci0cBeal, Ox5a05dfib, Ox2d02efBd,

1

uint3?_t ecrc_cred? (uint3?2_t crc, const wintB_t  *buf, wint3Z_t size )} |
for fuint32_ t  i=0; i<size ; i+ |

crc = crcd32 tab [ (cre © buf [i] ) & Oxff] ~ (cre »>» B)

1

return crc;

1
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11 Use examples

11.1 Device Installation

1. The module should be firmly fixed on @ rigid plane and aveoid being
installed in a position with large vibration

2. The module should be installed in the same direction as the front.
Figure 15 Schematic diagram of installing the module

IMUG132 _

The correct installation diagram is as follows

The X axis faces the front of the car

Figure 16 Diagram of proper instal lation
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The following installation methods are all incorrect instal lation

FHAZI
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11. 2 Example for Gonnecting a Upper computer
software

FIG.17 Schematic diagram of module connecting to Upper computer software

IMUE132 .
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12 Select accessories

S
5
S od

[MUB132E tests the Base Plate TTL COM USE to CAM module

13 Update the record

Versions Dates Status/Comments

Version 1.0 2023.09.15 First issue

Version 11 2023.10.07 Update coordinate system definition

Version 1.2 2023.12.14 Add attachments

Version 1.3 2024.04.10 Update appliance features

Version 14 2024.05.10 Add Upper computer software
connection diagram

Version 15 2024.09.19 Added time synchronization steps
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