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F2E FBIUVATLORRES S UVRRERIAE

JEGH T (256 U CAT A & TR 2 053 5 5723, XERIZEUERT 2 B0 (410 7256, |
(XS THNWTWDRETHM L TS 720, FHlBIAZEL TLE Y. £ 2T, JEROALEZ
Bnd o Z & TRAEAENZ TR L, IELWEHIENSEIET 5. AR GPS B —& IMU &~
Y= KD XERDALIE 2 B 5 G MGE L7e.

{ /
/—b
S -y Y
X X
X 2.1 RERONSIE RN

2.1 RTK

RTK(Real Time Kinematic) & [ZAHXHRINLYE & FETA, FEHER EBEIR O 2 DOZEH TR —KF
FICBLA L 7o 7 — 2 D DAL E A R 2 NETH D, Av— 7400 —FED LD
W21 OOZEHE AT T AZ A L TEBE L CEHIZIT ) EiZE03 tm 47528, RTK T
L2 DOZEHOBI THERESLD LD LTINEMIETHZ LT, HEZE cam IZEITMA 5 Z
EMTED.

SKERDNEJEIRFE(Y 4 VF D E)NZHDH L&D GPS JEEZFEUEL L, L T\ 5 L & DJEIE
DENOREROBEX ZHETH 2 & CTREEA IE LWRIERNEET S, o &, BT Y «
YFRBRIKITHE SO OEFRIRIZ, GNSS 55 (BEm) 135KEKO FIZIRY 1T 5. 7ok, %
YT ERE N EN D72 N K D ICEET S

AHFFEIT GNSS ¥ = —/L : NEO-MSP (u-blox), 7 > 7 7F : TW2710 (Tallysman)% F\CT{T -
7. 2 BORY 3l GNSS ®V a—)b, TUTF a8 L, TNEThEMER, BEFE LT
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%21 GNSS EY 22—/

NEO-MS8P-2(#:¥ /7)) | NEO-M8P-0(%% ) =)
GPS/QZSS o ®
GNSS GLONASS o ®
Galileo
BeiDou o o
UART o ®
USB o ®
A H—Tx—RA SPI o o
DDC(12C H.#) o ®
FoH R o
IR EE 2.7~3.6V o ()
2 A LoV AHT) 0.25~10MHz o o
BINLT —# H)jL— b | SHz(RTK JINLHEE R H 7)) [ ®
#22 TUT)
TN =g v GPS, GLONASS, Galileo, BeiDou
JE S T N— WA 4% (1GHZz~2GHz)
JE R 2 1.561GHz, 1.575GHz, 1.602GHz
JER R A 1.557GHz~1.606GHz

NEO-M8P-2

AR
o

X 2.2 FLYEREEE X 2.3 BHE)EEE

u-center %z AUV NC NEO-MS8P DR TE #1T - 7-. u-center & 1%, u-blox DV =7V A " HHERT
Fyrua—RT5Z ENTELEMKEE GPS §ifli - 777 4 v 7R Ry — L ThHY, u-blox
GPS LY — R—DREXITHIZLENTESD., LUTICREFEICOWTEL D S.



® NEO-MSP iXiE
(1) u-center % LENT 5.

(2) Connecting/Disconnecting 78 % > 775 COM 7" — N Z3 IR L, ZEHE 83 5. o el
IND EKAIZEDD. COM R — MIT N, A=V ¥ —NOERTE 5.

° COM4 - u-center 20.10
File Edit Tools Window Help

DEE- &6 (& @Bl
':FW'I“’\'X:AL:IQI n»-»d

View Player Receiver

Disconnect Ctrl-0

COM1 Ctrl-1
|| coma Ci-a

Network connection >

Location API

Sensor API|

Universal Gnss Driver (Win 10)

2.4 PEGIER T

(38) A==—»5 View>Configuration View % & L CTHI <.

(4) ZEWROBIEZYMIREICT S, Z£RDO Y A hvb CFG Z8R$ 5. Devices D 4 DDIH
H %4 Ci#IR L, Revertto default Configuration |(ZF = v 7 Z AL Tsend R¥ %7 VU v 77
5.

ANT (Antenna Settings) " X - o A
BATCH (Batch mode output HERECre ool €70 Coniusiin) by

CFG (Configuration)

DAT (Datum)

DGNSS (Differential GNSS c¢
DOSC (Disciplined Oscillator
EKF (EKF Settings)

ESFA (Accelerometer Config

< > <
@ | X | $Esend |i¥roll [ | @ €8 2| B

" Revert to last saved configuration

" Revert all but ANT default configuration
% Revert to default configuration

(" Save curent configuration

" User defined operation

o

2-12C-EEPROM
4 - SPI-FLASH

ESFALG (IMU-mount Alignn Clear Save Load
ESFG (Gyroscope Config) 0-PRT ~ "
ESFGWT (Gyro+Wheeltick) 12 X mSFG
ESFWT (Wheel-Tick Config) 3. NAY
ESRC (External Source Confit 4 - RXM

- y 5 - Unused
FXN (Fix Now Mode) & - Unused
GEOFENCE (Geofence Confit 7 - Unused
GNSS (GNSS Config) 8- Reserved

. 9-RINV

HNR (High Nav Rate) 10-ANT
INF (Inf Messages) 11-L0G
ITEM (lammina/Interference ¥ 12-FTS

2.5 HIHHERRE




(B) ZEHEEDOKEZITY. LMY A F)vH GNSS #i#IR9%. BeiDou @ Enable (ZF = v 7
Z AIL5. GLONASS @ Enable DF = v 7 #4414

Configure - GNSS Configuration (o[ )
FXN (Fix Now Mode) A X : A
GEOFENCE (Geofence Confi LRzt CEryContia | FGNSS (BGNS 5 Contia),
GNSS (GNSS Conﬂgll Chinnals
H"‘:R.‘*f'.f-‘" Nav Rate) D GNSS  Corfiguwe Enable min  max  Signals
IN ‘ln“ Messages) ’ 0 GPS v v I'g— ITS— v LIC/A
ITFM (Jamming/Interference i
LOGFILTER (Log Settings) 1 SBAS r E |O lU = Lc/a
MSG (Messages) 2 Galileo i | r fo lO I~ E1
NAVS (Navigation 5) 3 BeiDou v v [3_ [T v B1
NAVXS (Navigation Expert 5
A : avigation Expert 4 IMES . r I-U— ]b— U
NMEA (NMEA Protocol)
ODO (Odometer/Low-Speec 5 Qzss v r IO l3 v Lica T
PM (Power Management) 6 GLONASS v » IS |14 v L10F
PM2 (Extended Power Manz 7 IRNSS
PMS (Power Management S
PRT (Ports)
PWR (Power) Number of channels available |28
RATE (Rates) Number of channels to use [8 I Auto set
RINV (Remote Inventory)
OTRese) o | Forspeciic SBAS configuation use v
< > < >
& | X | Hsend a¥poil [ | @ € (13| B |

2.6 ZEMERTE

(6) KR & L THERT —FEZZERICH I SELRELZITH. AHO U X Forb MSG %%
R95. Message DIEH /> 02-13RXM-SFRBX %R L, USBIZF = v 7 % AL T send R
oIV T D, (GEUEROHBFRIE)

D Configure - Messages (=)= =
ITFM (Jamming/Interference A
OGFILTER (Log Settings)

M5G (Messages)

B - CFG [Config] - MSG [Messages)

NAVS (Mavigation 5) Message |D2-‘I 3 RixM-SFREX LI
MWAVXS (Navigation Expert 5 120 I on ID—
MNMEA (MMEA Protocol) l—
ODO (Odometer/ Low-Speec UART ™ on |0

PM (Power Management) U&RT2 [ On ID

PM2 (Extended Power Manz USH ¥ On |-|—
PMS (Power Management S

PRT (Ports) SFI I on [0

PWR (Power)

RATE (Rates)

RINV [Remote Inventory)

RST (Reset)

RXM (Receiver Manager)
SBAS (SBAS Settings)

SEMIF (Sensor Interface)

SLAS (SLAS settings)

SMGR (Sync Manager Confis
SPT (Sensor Productinn Test ¥

£ >

(@ | X | ESend ¥ Poll |5 | & | B |

27 FRMERHIRRE
6




(7) BEVE & L TRERT

— w2 ZERICH N S L

EZAT

FEMD Y A F5x6 MSG % %

R9 5. Message DIEH N5 02-15RXM-RAWX ZER L, USBIZF = v 7 & AN T send R
2w )y I35, (BEROHERIE)

-
Configure - Messages

== {E=n <=

ITFM (Jamming/Interference A
LOGFILTER (Log Settings)
MSG (Messages)

NAVSs (Navigation 5)
NAVXS (Navigation Expert 5
NMEA (NMEA Protocol)
0ODO (Odometer/Low-Speec
PM (Power Management)
PM2 (Extended Power Man:
PMS (Power Management S
PRT (Ports)

PWR (Power)

RATE (Rates)

RINV (Remote Inventory)
RST (Reset)

RXM (Receiver Manager)
SBAS (SBAS Settings)

SENIF (Sensor Interface)
SLAS (SLAS settings)

SMGR (Sync Manager Confit

SPT (Sencor Prodiiction Tect
< >

v

@ | X | ESend 3ol [3¥ |68 & (]| B

UBX - CFG (Config) - MSG (Messages)

Message |0215RXMRAWX  ~|

12C [~ On [0

UARTT  [Ton [0
UART2 Ton [0
uss  Fon 1
SPI Fonfo

3Bs

(8) ez HiEE L THRE

2.8 BERLIRE

DD KO I EHRICREERGFT D, MDY X R CFG

ZERT 5. Devices D 4-DDIH Z 2T L, Save current Configuration (ZF = v 7 & A
NTsend R¥ %27V w735,

' Configure - Configuration

ANT (Antenna Settings) A
BATCH (Batch mode output
CFG (Conflguratlon}!

DAT (Datum)

DGNSS (Differential GNSS c¢
DOSC (Disciplined
EKF (EKF Settings)
ESFA (Accelerometer Config
ESFALG (IMU-mount Alignmn
ESFG (Gyroscope Config)
ESFGWT (Gyro+Wheeltick)
ESFWT (Wheel-Tick Ccnrlg
ESRC (External Source Confit
FXN (Fix Now Mode)
GEOFENCE (Geofence Confit
GNSS (GNSS Config)

HNR (High Nav Rate)

INF (Inf Messages)

Oscillator

ITFM (Jamming/Interference
LOGFILTER (Log Settings)

< >
ZE)Send ¥ Poll

B3R NEL Y

UBX - CFG (Config) - CFG (Configuration)

" Revert to last saved configuration

" Revert all but ANT default configuration
" Revert to default configuration

% Save current configuration

" User defined operation

&
H

Save

-PRT A
-MSG
-INF
- NaV
- RXM
- Unused
- Unused
- Unused
- Reserved
- RINV
-ANT
-LOG
-FTS
- Unused
- Unused
- Unused \7

WONONEWN—=O

pury—y
bl —

O ——y
N &= wWwn

Devices

0-BBR
1 - FLASH

2-12C-EEPROM
4 - SPI-FLASH

]

-PRT N
-MSG
-INF
- Nay
- RXM
- Unused
- Unused
- Unused
- Reserved
- RINV

DO NEBEWN—-O

-0

N

f

—_

w

r=

[54]

-ANT

-LOG

-FTS

- Unused

- Unused

- Unused v

2.9 RIERLT



(9) u-center P L 5.

NEO-MS8P i E T, RTK fiftir 7 k7 = 7 @ RTKLIB % 1\ » T RTK #lI{iZ. 24T - 7=. RTKLIB
& 1% Windows 73 = > <2 Raspberry Pi 72 £ O/ Linux v > > ECEIET 5, A—7 2V —2AD
RTK 74 77V EZDTAT IV EEIT IV r—ar V7 N =THTHDH. £23IIK
W72 A2 RTKLIB O 7' 1 75 W& Rw

# 2.3 RTKNAVI 7’1 77 A

HEE 7 7 A IVK GRS
BE Y — N STRSVR HEHBABR L 7-AT — 2 2 G L TeiEdT 5
U7 ILE A BRI RTKNAVI BN EFE 2 Y TV A DTETT D

AR, BERETNEILL—Z —IZ8HH#HE L, STRSVR, RTKNAVI ZfE#) L TRELXIT D .
BETE T 1%, RTK PN & BtAT 5. LLFIC RTK PO EBRFIEICOWTE L 5.
® RTK FEHRFIA
(1) STRSVR(FEHEJR)i% &

1. RTKLIB N® STRSVR Z @4 5.

STRSVR ver.2.4.2
2021/02/01 06:35:51 GPST Connect Time: 0d 00:00:00
Stream Type OptCmd bytes bps
(0) Input | Serial Nl | 0 0
Conv
(1) Output [ TCPServer ~ || . 0 0
-
Start Stop Options... Exit

2.10 STRSVR

2. Stream-(0)Input @ type & L T Serial Z1ER T 5. Option(Opt) R ¥ &7 U v 7 L, R
S U7z Serial Options %4 7 /L1 7'C, Port & L CHHFZAEH O S 72 COM AR —
NIRRT S, ZOMITXK 211 DY &5,



2021/02/01 06:36:45 GPST Connect Time: 0d 00:00:00

Stream Type OptCmd bytes bps
O Ot sl v|[] o o

S Y
(] (1) Output | TCPServer | |u |w 0 0
U serial Options X B
O ¢ : Bo
: Port COM4  v| Parity 'None v|

O | Bitrate (bps) [115200 | stopBits |1t | |iu

M ByteSze |8bits | FlowControl None v
[k ] concel

2.11 Serial

3. Stream-(1)Input @ type & L C TCP Server Z&4{R3 5. Option(Op)y K" ¥ %7 U v 7 L,
278 417z TCP Server Options # A 7 /L1 /¢, TCP Server Port % Port IZA )T 5. OK
27w IT 5.

2021/02/01 06:37:48 GPST Connect Time: 0d 00:00:00

Stream 'I:ype _ OptCmd bytes bps
O @mput (seial  vi[w][] 0 0

. . Conv
[] (1) Output | TCPServer v Eu 0 0
Ul 1P server Options X B
O TCP Server Address Port 4
12101 |
=1 R —— £ 2
L g |

2.12 TCP Server

4. STRSVR @ Start R¥ %7 Vv 735, (0)nput ZERIDT —% A L /r—H —INEFRIZ
FAT L, A0 bytes, bps fE2S EH-T 2 Z L 28R T 5. (Dnput Z£/OT—X A 27
— X —THEAICSIT LT, BEROEGRFOIREL 0D,
9



(2) RTKNAVI(B ))& &

1. RTKLIB N® RTKNAVI # {Z#4 5.

RTKNAVI ver.2.4.2
2000/01/01 00:00:00.0 &psT| 1| O00—0—00000 o] L |
& Lat/Lon/Height * || Rover:Base SNR (dBHz) v -
50
Solution: — O P
\l " 30

N:  0°00 00.0000 =

E: 0° 00’ 00.0000"

He: 0.000 m 23
N:0.000 E: 0.000 U: 0.000 m 30
Age:0.0sRatio: 0.0 #Sat: 0 20

< > L)
m} £Fd 2

s [0S [ ot [ ot || Bt |

2.13 RTKNAVI

2. Rover|ZF = v 7 & A1, type & L T Serial, Format & L T u-blox %1% 9% . Option(Opt)
RE w7 Vw7 L, F#REIT2 Serial Options % A 7 /b1 7 C, Port & L CEE#IRE%E
WOt S L7z COM A— FA@IRT 5. ZOMIEX 213 D@V &L, OK 227 U v 2
T 5.

2000/01/01 00:00:00.0 GpsT| 1 | DOO—0—00000 O] L]L

Input Streams X
Input Stream ' Type Opt Cmd Format Opt
M (1) Rover ' Serial V{BB{u-ﬂox v ||s]
M@8esestaton  [1pclent v [o|[]ublox v
[J(3) Correction Serial [ [ RTCM 2 S
Serial Options X F
Inputil port coMm3 v| Parity ‘None v |
| Bitrate (bps) StopBits | 1bit v ||
{ Bytesize | 8bits | Flow Control |None vk
Timi I OK I [ Cancel ]

2.13 Input Streams-Rover

10



3. Base Station |27 = v 7 % A#L, type & L C TCP Client, Format & L C u-blox % &9
%. Option(Opt)Ah &% %27 Y v 27 L, FxZi7z TCP Client Options %A 7 /L1 7T,
TCP Server Address & L CHMIF PC D IP 7 KL AZANTH. IP 7 RLARFa~v o K
7'r 7 MZ Tipeonfig # AJJ37 % Z & THER TE 5. Port & L THMIR) THE L7z TCP
Server Port # AJJ9°%. OK %7 VU v 7§ 5.

l 2000/01/01 00:00:00.0 GPST| I —_— — O|L
Input Stream Type Opt Cmd Format Opt

M) rRover Serial V||| one u-blox Voo

[ (2) Base Station | TCP Client v [] ]| ublox Ve

[J(3) { TCP Client Options X B

Transml 1cp Server Address Port

OFF | [192.168.11.3 v 2101

2.14 Input Streams-Rover

4, RTKNAVI ® Options R¥ > %7 U w795,

Settingl Z 379 %. Positioning Mode & L T Kinematic Zi8&R7 2. BMHIN 21T 5 &
A% Single 2% 9 5. Frequencies & LT L1 Zi®IR9 5. Elevation Mask & LT 15 %
i#®IN7J%. Elevation Mask #{D..;"% > %7 U » 27 L, Rover & Base Station (ZF = v 7
AL, L1 Offi%47T40 & AJ17%. Excluded Satellites DEHEIZ C02 & AJ1$ 5. ff
A+ aEIcF v 7B AND..

11



Qptions > Options %
Settingl Setting2 Output Statistics Posiions  Files  Misc Settingl Setting? Output Statistics Posiions Fies  Misc
Positioning Mode Kinematic ~ Positioning Mode -Knemaﬁc v|
Frequendes [ Filter Type L1 ~ ||Forward -~ Frequendies / Filter Type 'L1 v Forward
Elevation Mask (%) / SNR. Mask (dbHz) 15 ~ er Elevation Mask (°) / SNR Mask (dbHz) I 15 v I I
Rec Dynamics [ Earth Tides Correction | OFF » || OFF ~ Dast ice L Sarth Tidae Corcart e e .
SNR Mask X
Ionosphere Correction Broadcast w
Troposphere Carrection Saastamoinen o E Rover Eﬂase Station ettty (i
<5 15 25 35 45 55 65 75 >»85
Satellite Ephemeris/Clock Broadcast ~ L1 |40 |4o |4o ||40 |40 |40 ”40 |40 |40 ‘
Sat PCV Rec PCV Ph-Windup Reject Ed D R.AIM FDE L2 |0 IO IO ||0 IO IO ”0 Io ]0 ]
Excluded Satelites (+PRN: Induded)  [C02 | sfo o o o o o o o o |
GPs [Jelo [Jealleo [Jozss []seas [+]BeiDou II' )
Cancel
T Toag T Save T UK l” \.HIH_-T
| Load || Save | E Ok, ;| Cancel |
2.15 Settingl 2.16  Settingl-SNR Mask

6. Settingl # %3 5. Integer Ambiguity Res & L T Fix and Hold, OFF, ON % #E&{R3 5.

Options X
Settingl Setting2 Output Statistics Positions Files  Misc
Integer Ambiguity Res (GPS/GLO/BDS) |Cont v [OFF = ON v/
Min Ratio to Fix Ambiguity 13.0 |
Min Confidence /Max FCB to Fix Amb  0.9999 0.20
Min Lock / Elevation () toFixAmb |0 o ]
Min Fix / Elevation () to Hold Amb 10 0
Outage to Reset Amb / Slip Thres (m) |5 10.050 |
Max Age of Diff (s) / Sync Solution 30.0 OFF v
Reject Threshold of GDOP/Innov (m) (300 130.0
Number of Filter Iteration 1
Baseline Length Constraint (m) 0.000 0.000
toad || save || ok [TCanca ]

2.17 Setting2

7. Positions Zi®IR 7% . Base Station DFXE HL & L T Lat/Lon/Height(deg/m) % &R 9 5.
MR O, &R, FEma ANT5. OKE27 Vv 735,

12



Options X
Settingl Setting2 Output Statistics Positons Files  Misc
Rover
Lat/Lon/Height (deg/m)
90.000000000 0.000000000 -6335367.6285
[[J Antenna Type (*: Auto) t
0.0000 |0.0000 |/0.0000

Base Station
Lat/Lon/Height (deg/m); v
|34. 460000000 [ 132.780000000 || 294.5000 ‘

[] Antenna Type (*: Auto)
0.0000 |0.0000 |/0.0000
Station Position File
l I ale-

Load Save OK Cancel

2.18 Positions

8. RTKNAVI @ Start "% > %27 U v 2 L, RTK HINL%EBIGET 5.

2.2 IMU

IMU(inertial measurement unit) & (% 3 BN & 3 diho> M3 AL 2 3 2 EMEFHIIEEE T h
%L B U7 A 0 D RERO BB AT 5 Z & TR A E LWEHAENCEET 5. 20 & X,
JEGERT & IMU & o % —ZROFELZ 2T CTHR UM E, [EfiE 725 X 9 ITKEKD FIZEBIIC
EES 5.

ARFFEIL IMU : MPU9250, Raspberry Pi4 % iV CT{T->7=. IMU & > % —% Raspberry Pi (2%
oL, 7V MR Hz THHI U7, M, HpKammt Lz, £24, £25
IZ IMU & > % —, Raspberry Pi DfL:AkZ7~79.

;

13



24 IMU & H¥—

h— InvenSense MPU-9250
A H—7x—A |12C, SPI
HEIFREE VDD DC2.4V~3.6V

/0 &)+ VDDIO

DCI1.7V~(VDD)

SN/ =R 400kHz(I12C), 1MHz(SPI Read/Write), 20MHz(SPI ReadOnly)
s

HEL Y +2/ +4/ +8/ +16g

Sy fiERE 16 £ k

JBSEE 1LSB=0.061mg(+2), 0.122mg(+4), 0.244mg(+8), 0.488mg(+16)
AR 300ug/VHz

LPF 5~260Hz

Hiv—h 0.24~4000Hz

Ty A e

HEL Y +2/ +4/ +8/ +16g

53 FRRE 16 £ k

JRSE 1LSB=0.00763(%250), 0.01526(+500), 0.03048(+1000), 0.06097(+2000)°/sec
AR 0.01°//Hz

LPF 5~250Hz

MAr—Fh 4~8000Hz

= N A JEALRY =L b =27 X AK8963

HEL Y +4800uT

53 A RE 14 £y M6 By k

JRSE 0.6uT/LSB(14bit), 0.15uT/LSB(16bit)

B VEIR L —40°C~+85°C

14




7: 2.5 Raspberry Pi 4

CPU Broadcom BCM2711, quad-core Cortex-A72 (ARM v8) 64-bit SoC
CPUZ vy 7 1.5GHz
AEY — UD-RP4B8 : 8GB UD-RP4B4 : 4GB UD-RP4B2 : 2GB
USB - USB3.0 Standard A =1 r 77 & —x2
- USB2.0 Standard A =1 R 77 X —x2
RJ-45x1 : IEEE802.3i(10BASE-T), IEEE802.3u(100BASE-TX),
s A LAN
e T A e IEEE802.3ab(1000BASE-T)
- HDMI i J)(~= A 7 m)x2
Z OAth » microSD 7 — KA1 » hxl
- 40 "> GPIO
IR R DC 5V

IMU & Raspberry Pi O8I LLTF O X 5121772 9. X 2.19, [X]2.20 |2 MPU9250 & Raspberry
Pi OB UELE, X221 IR OMEZ R

MPU9250 1 % pin (VDD) >> raspi 1 Z pin (3V3 power)
MPU9250 2 % pin (VDDIO) >> raspi 1 & pin (3V3 power)
MPU9250 3 7 pin (SCL/SCLK) >> raspi 5 % pin (SCL)
MPU9250 4 % pin (SDA/SDI) >> raspi 3 % pin (SDA)
MPU9250 5 % pin (AD0/SDO) >> raspi 6 # pin (Ground)
MPU9250 6 % pin (~CS) >> raspi 1 & pin (3V3 power)
MPU9250 10 7 pin (GND) >> raspi 9 % pin (Ground)

ik E3:] =% 1] BR | E %% E303 ik
BH 2.4V~3.6V VDD 1 q @ @ 10 GND TR -BBYISUFK
/0 iR VDDIO 2 9 INT MYAHH D
RCoay2/ISPIoayy SCL/SCLK 3 8 AUX_DA | (5488t > 4 SDA)
12C ¥—#A/SPI F—44 > SDA/SDI 4 7 AUX_CL | (4488t >4 SCL)
12C 7 FLARIR/ISPI ¥—42 7 + | ADO/SDO 5 6 ~CS FuTdELY b

2.19 MPU9250 v° > Fili&
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3V3 power o (1 (2] o 5V power
GPIO 2 (SDA) o 00 s 5V power
GPIO 3 (SCL) o 00 o Ground
GPIO 4 (GPCLKO) o 90 o GPIO 14 (TXD)
Ground o (3310} s GPIO 15 (RXD)
GPID 1T © (11)12] o GPIO 18 (PCM_CLK)
GPID 27 o (1301 4] o Ground
GPIO 22 o (i=)(16) o GPID23
3V3 power o (1701 €] o GPIO 24
GPIO 10 (MOSI) o (15)(z0) o Ground
GPIO 9 (MISO) o (21)(z2) o GPID 25
GPIO 11 (SCLK) o G3)(z4) o GPID 8 (CED)
Ground © (z5)z¢) o GPIO T (CE1)
GPIO 0 (ID_SD) o C7)(ze) o GPID1 (ID_SC)
GPIOS = (29(20) o Ground
GPIO6 o (G1)(32) s GPIO 12 (PWMD)
GPIO 13 (PWM1) o (3)(24) o Ground
GPIO 19 (PCM_FS) o (3536} s GPIO16
GPIO 26 © (7)(3e] o GPIO 20 (PCM_DIN)
Ground o (3540} o GPIO 21 (PCM_DOUT)

A

2.20 Raspberry Pi B il &

221 MPU9250-Raspberry Pi 5

2.22, [X]2.23.12 MPU9250 DO « A, HiREER O FHAEIZ DUV TR
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%] 2,22 IEEFE « A FEEH %] 2.23  HiREAR 2T

2.3 Python 7045 5 L

IMU TORE, BUEIEIEIL Python D71 75 A& AWTIT 5. BUEEIEILEHA L 72 #4537
5RERDNLE 2 T L TR Z FE LWEHRIENEEST 2 7. B X > CTHEEM THH 7 a— 3L
JEFE(X,Y,Z)0 5 3 Itz i\l L, BIOEEX,y, )AL T 572, IMU & > — O3 E o 5+l
fExAnwcTEnNZN 3 (e —/L, EvTF, a)EFH0ICEEES 5 2 LI K-> THEDNE %
FEL, N7 MVEREE 7 a— N VERE TR 2 & TERBE AT 5.

&53— Z

4
A

Y 8=
X 2.24 FHHEAZAL,
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LERANTRTEI OMLE N SLE L 22 5720, K[EROTE LRTC 7 0— N VEE 2 E2T 5. 5T
DREROR—V, EvF, S—0REEAEZNENG,, 6,,0,LT5E, TR 3 @i(m—1,
vy T, 3—)E I AR S B EERT 1A Rpy) T2 R(1), £Q), X@)TRIND.

R(r) : &2 —/ Vil &t 2 [Bl#E S 2 [Al#R] T4

1 0 0
R(r) = [O cos 6, —sin Hr] (D)
0 sinf,. cosé,
R(p) : B F il Z do i lalifis &8 5 [lEs17 41
cosg, 0 sinb,
Rp)=| 0 1 0 @)
—sin6, 0 cos6,
R(y) : = —H#ili % .02 Al X & 2 BRI T4
cosf, —sin6, 0
R(y) =|sin6, cosb, 0] 3)
0 0 1

(), AQ2), KQ)DEHEATHIZH NS &, FIEIOMENORr—/L, EyF, I—IIEZNEN
Oy, 6,5, O, [F1HE U 7= BUAE DNLE 2 3R 6D 5 (4) A3 Y L.

p’ = R(MR(@)R(Y) P )
KD 3 FOEIEATHE AR T D ERGC) DL IITETZENTES.

-

SyCy SrSpSy +CyCr S,8,Cr = S,C,| p 5)

C,Cy S:S,Cy —S,Cr S,CrCy + S,.S,
p' =
-S, S,.C, C,Cp

(7=72L, S, =sinb,, C,=cosb,, xX:1,p,y)

KOGV EHWTREEEDO T 1 7T L& T 5. LLTICTANIZE THZ L7 MPU9250 OHIE,
WEEDOT 07T NErd Y.

® MPU9250 HIE

import numpy as np

import FaBo9Axis MPU9250
import time

import datetime

import sys
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#=====[NPUT starts here
mpu9250 = FaBo9Axis MPU9250.MPU9250()

save folder="output'

save file="mpu9250 output'

save file=save folder+'/'+save file+'.csv'

site="Kindai Department of Engineering G building rooftop"
device="mpu9250' # Name of the device

sampling freq=10.0 # [Hz]

g accel=9.80665 # acceleration due to gravity [m/s"2]
#=====INPUT ends here

header writel='Site: '+ site
header write2='Device: '+device+', Sampling frequency= '+ str(sampling_freq)
with open (save_file,'w') as f:
f.write(header write1+¥n")
f.write(header write2+¥n")
f.write('date time [] ,accel x [m/s”2], accel y [m/s"2], accel z [m/s"2], gyro x [deg/s], gyro y [deg/s],
gyro z [deg/s], compass x [uT], compass y [uT], compass z [uT]+¥n")

try:
while True:
accel = mpu9250.readAccel()
ax=accel['x"]*g_accel; ay=accel['y'|*g accel; az=accel['z']*g_accel; # convert to SI unit from
measured values in g

#print("accel x =",ax," accel y=",ay," accelz=",az)

gyro = mpu9250.readGyro()

gx=gyro['x']; gy=gyro['y']; gz=gyro['z']

#print("gyrox =",gx," gyrox ="gy," gyrox =",gz)
mag = mpu9250.readMagnet()

mx=mag['x']; my=mag['y']; mz=mag['z']

#print ("compass x = ",mag['x']," compassy =",mag['y']," compassz=",mag['z'])

current_time=datetime.datetime.now()
current_time write=current_time.strftime("%Y/%m/%d %H:%M:%S.%f")
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time.sleep(1.0/sampling_freq)

save dat=np.array([[current time write,ax,ay,az,gx,gy,gz,mx,my,mz]])
with open (save file,'ab') as f:

np.savetxt(f,save dat,fmt='%s,%s,%s,%s,%s,%s,%s,%s,%s,%s')

except KeyboardInterrupt:
sys.exit()

import numpy as np

from os import path # e.g. to join one or more path components
import datetime # for reading and writing date and time

import os

import warnings # to suppress warning at specific place

import sys

import re # to rearrange number

=====|NPUT starts here
read_folder='output'
read file="mpu9250 output 20201215 20201215" #
file_end=".csv"
read file=read folder+'/tread file+file end

header=3 # Number of header lines

footer=0 # Number of footer lines

time fmt="%Y/%m/%d %H:%M:%S.%f" # "%Y /%m/%d %H:%M"
site="Kindai Department of Engineering G building rooftop"
device="mpu9250' # Name of the device

sampling freq=10.0 # sampling frequency of the original measured data [Hz]

avg window= 1.0 # averaging time [second]

save folder="output'

save file="mpu9250 output'

file_end='".csv'
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g_accel=9.80665 # 5 /53 FE [m/s"2]

st date= datetime.datetime(2020,12,15,5,33)
en_date= datetime.datetime(2020,12,15,5,35)

time_on_ground=datetime.datetime(2020,12,15,5,34) # Time until which sensor is on the ground

#=====INPUT ends here

—nn

data = np.genfromtxt(read_file,skip header=header,skip footer=footer,delimiter=",",dtype=str) #csv ~7 7
A NV DFEFRIA IR

# 0 col: time; st col:ax; 2nd col:ay; 3rd col: az; ....acceleration
# 4th col:gx; 5th col:gy; 6th col: gz; ...gyro
# Tth col:mx; 8th col:my; 9th col: mz; ...magnet

date_time = [datetime.datetime.strptime(x,time fmt) for x in data[:,0]]

date_time = np.array([date time]).T

data=np.delete(data,np.s_[0:1],axis=1) # delete the time column
data = data.astype(np.float) # Convert data from string to float
data = np.append(date time,data,axis=1)

date time=data[:,0] #1 | H datetime fE
ax=data[:,1] #2 | H ax {E

ay=data[: 2] #3 5| H ay {E

az=data[:,3] #4 | H az (&

gx=data[:,4] #5 5 H gx &

gy=data[:,5] #6 51 H gy &

gz=data[:,6] #7 5| H gz

mx=data[:,7] #8 ¥ H mx f&
my=data[:,8] #9 51| B my f§
mz=data[:,9] #10 %] H mz fi&

#Substract g from the vertical acceleration when the MPU is on the ground.
j_on_ground = (np.abs(date time[:]-time_on_ground)).argmin()
21



for j in range(j_on_ground+1):

az[j]=az[j]-g accel

#---mag fIE(x,y,2)28 0 D & & 1 DHIOMEIZEZ X HERAIDOT —F D 0 O L Z TR OIEIZE XL
z %)~
for j in range(data.shape[0]):
if j7==0 and mx[j]==0:
mx[j]=mx[j+1]
elif mx[j]==0:
mx[j]=mx[j-1]

if j7==0 and my[j]==0:
my{j]=my[j+1]

elif my[j]==0:
myj]=my{j-1]

if j7==0 and mz[j]==0:
mz[j]=mz[j+1]

elif mz[j]==0:
mz[j]=mz[j-1]

#---Time averaging

print('====The time averaging')

#---Set round the start & end time to minute

st date file =date _time[0]-
datetime.timedelta(seconds=date time[0].second,microseconds=date time[0].microsecond)

en_date_ file =date time[-1]+datetime.timedelta(seconds=60-date time[-1].second,microseconds=-
date_time[-1].microsecond)

#print('st_date file',date _time[0],st date file)

#print('en_date file',date time[-1],en_date file)

if (en_date file-st date file).total seconds()<avg window:
print("Numbe of measured data less than averaging window time of "+ str(avg_window)+" sec")
sys.exit()

#---Some allocations
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Navg = int((en_date file-st date file).total seconds()/avg window)
time_avg =np.empty(Navg,dtype=object)

ax_avg =np.zeros(Navg)

ay avg =np.zeros(Navg)

az_avg =np.zeros(Navg)

gx_avg =np.zeros(Navg)

gy avg =np.zeros(Navg)

gz _avg =np.zeros(Navg)

mx_avg =np.zeros(Navg)

my_avg =np.zeros(Navg)

mz_avg =np.zeros(Navg)

win_en date = st date file

for n in range(Navg):
win_st date=win_en_date
win_en_date=win_en_ date+ datetime.timedelta(seconds=avg_window)
1_st=(np.abs(date_time[:]-win_st_date)).argmin() # index window start time

i_en = (np.abs(date_time[:]-win_en_date)).argmin() # index window end time

if win_en_date<date time[i_st]:

time avg[n] =win_en_date
ax_avg[n] =0.0

ay avg[n] =0.0
az_avg[n] =0.0
gx_avg[n] =0.0

gy avg[n] =0.0

gz _avg[n] =0.0
mx_avg[n] =0.0

my avg[n] =0.0
mz_avg[n] =0.0

continue

#---some checks

if date time[i_st]<win_st date:
1 st=1 stt+l

if date_time[i_en]>win_en_date:
ien=i en-1

ifi_en<i_st:
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time_avg[n] =win_en date

ax_avg[n] =0.0

ay avg[n] =0.0

az_avg[n] =0.0

gx_avg[n] =0.0

gy avg[n] =0.0
gz avg[n] =0.0

mx_avg[n] =0.0

my avg[n] =0.0

mz_avg[n] =0.0

print('No data available at',time avg[n])

continue

time avg[n] =win_en_date

#print(time_avg[n].strftime("%Y/%m/%d %H:%M:%S"),'

ndat_max for availability. usually commented

ax_avg[n] =np.mean(ax[i_st:i_en+1])
ay avg[n] =np.mean(ay[i st:i_en+1])
az_avg[n] =np.mean(az[i_st:i_en+1])
gx_avg[n] =np.mean(gx[i_st:i_en+l1])
gy avg[n] =np.mean(gy[i_st:i_en+l1])
gz avg[n] =np.mean(gz[i st:i_ent+1])
mx_avg[n] =np.mean(mx[i_st:i_en+1])
my avg[n] =np.mean(my[i_st:i_en+1])
mz_avg[n] =np.mean(mz[i_st:i_en+l1])

print("")

print('====Write average data to a file')

save dat

ndata=",(i_en-i_st)) # to estimate

np.array([time _avg[:],ax_avg[:],ay_avg[:],az_avg[:],gx_avg[:].gy _avg[:].gz_avg[:],mx_avg[:],my avg[:],

mz_avg[:]]).T

save_dat[:,0] =[x.strftime("%Y/%m/%d %H:%M:%S") for x in save dat[:,0]] # reformat time

save file=save folder+'/'+save filet+' '+str(int(avg window))+'sec_avg'+' from'+st date.strftime("%Y-%
m-%d-%H-%M-%S")+' to 'ten_date.strftime("% Y-%m-%d-%H-%M-%S")+file_end
header writel='Site: '+ site

header write2='Device: '+ devicet', Original sampling frequency= '+ str(sampling freq)+', Average
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window: '+ str(avg window)+ ' second'
with open (save file,'w') as f:

f.write(header writel+'¥n')

f.write(header write2+¥n'")

f.write('date time [] ,accel x [m/s"2], accel y [m/s"2], accel z [m/s*2], gyro x [deg/s], gyro y [deg/s],
gyro z [deg/s], compass x [uT], compass y [uT], compass z [uT]'+¥n")

with open(save file,'ab') as f:
np.savetxt(f,save dat[:,:],fmt='%s,%s,%s,%s,%s,%s,%s,%s,%s,%s")

Hooo

R=gxa

P=gya
Y=gza

if R==-90 or R==0 or R==90 :
Sr=round(np.sin(R*np.pi/180))
Cr=round(np.cos(R*np.pi/180))

else :
Sr=np.sin(R*np.pi/180)
Cr=np.cos(R*np.pi/180)

if R==-90 or P==0 or P==90 :
Sp=round(np.sin(P*np.pi/180))
Cp=round(np.cos(P*np.pi/180))

else :
Sp=np.sin(P*np.pi/180)
Cp=np.cos(P*np.pi/180)

if R==-90 or Y==0 or Y==90 :
Sy=round(np.sin(Y *np.pi/180))
Cy=round(np.cos(Y *np.pi/180))

else :
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Sy=np.sin(Y *np.pi/180)
Cy=np.cos(Y*np.pi/180)

RXx=Cp*Cy
RXy=Sy*Cp

RXz=-Sp
RYx=Sr*Sp*Cy-Sy*Cr
RYy=Sr*Sp*Sy+Cr*Cy
RYz=Sr*Cp
RZx=Sp*Cr*Cy+Sr*Sy
RZy=Sp*Sy*Cr-Sr*Cy
RZz=Cr*Cp

BXx=AXx*RXx+AYx*RXy+AZx*RXz
BXy=AXy*RXx+AYy*RXy+AZy*RXz
BXz=AXz*RXx+AYz*RXy+AZz*RXz
BYx=AXx*RYx+AYx*RYy+AZx*RYz
BYy=AXy*RYx+AYy*RYy+AZy*RYz
BYz=AXz*RYx+AYz*RYy+AZz*RYz
BZx=AXx*RZx+AYx*RZy+AZx*RZz
BZy=AXy*RZx+AYy*RZy+AZy*RZz
BZz=AXz*RZx+AYz*RZy+AZz*R7Zz

24 [EFRZERAVE=RREHR

2.25 [ZAARZE CH W@ ZE ML EH > AT A O E &R, K[EROZEE)T 9 i IMU &
B —(MPU9250) % W TEHAI L 72. IMU & % —% Raspberry Pi (282 L, o7V o 7RI
1 Hz I L72 ek B, A, MKzt Lz, SHHAO 7 a7 F A3 Python % F W Ti
F Lo KERICEGEGT, IMU Y —2 0 £1F, EFicEgEsEs. 2720, IMU B2 H—,
JEGEFH IO A2 CH R CHE, [Bis s 725 X 5 ICEMRANCEE U, JEGEFH S
HEH(YOUNG &5 /1 81000)% V7=,
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X 2.25 mEZEREHIS AT A

PITMCEZRIEHOERRFIHEZ E L 0 5.

® = ZE A A A E BRI
(1) KEKOObZET 4 o FITEEMIT 5.
(2) KEKIZAV T AT A% AND. AP TIXELE 2.3m, TARE 73m?> ThHREKE HW .

(3) Raspberry Pi (Z#5f¢ L 7= IMU & > —%2 O HIZHEE L TAN, &t%%@éﬁMUkﬁﬁ
AR ERNICEET A TOICHLICRE ST, Fbe =1 E2E L CHO L T2 L0 CHEE
T 5.

27



X 2.26 IMU UGHNFEEHS
(4) RaspberryPi L L, HIEHO 70 /T Ax i S8 5. IEE, AHEE, Ko+ 7%
v MEZESFHHIL, 7027028 T L TCHRRELIRGETS.

(5) O Raspberry Pi CHIEH O 7' v /T A& ighsE5. BHEPITERZFOFICEX,
Raspberry Pi ZEEMRIBICL T /I A08K T LARAVWE HICT 5.

(6) EEEFE IMU &Y —2%ERD FIZEY 1T 5. RFFETIEO S TREREG & IMU o3 —
ZEE L. IMU B —3 A2 EE S =1V EDORUEHSICOS 2 L CHEE S
7.
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X 2.28 JEGHEZF-IMU &>V —[EE FHiE

(7) REKZR2ITFHIE T, FHIEZRGT 5.

(8) —ERFHFEE, [ERZMBIUNT S,

0 WEROT v 77 hEi&T LT, MRERETS.
(10) FHAIE 2 PV THEER O BUdE B ET 5.
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F3F EBRERBLUEE
3.1 RTK BN R

BRI T 72728, RTK NS TEAedvo 7=, X 3.1 12 RTK JINEHE B 2R, BB Of
AZFITFRRINTVER, BEROFAEZFBILFRIN TR, FHEOZENEYNERY]
NWCTHLON, VT NEA LATOEEITFITE T, BEICBT 2EENFHI S .
RTKNAVI CTHUESF, B#EhfR% /L —% —|Z LAN 77— 7 /L CHfit L7ZIRIET, a~> K7 n o7
MZTHWOIEFREIERELZHER L), BEN 2oz, Lo T, £7 87T ATOHKEI
RMEnid %, B L <X STRSVR 2> B AnE L7 BIERFH A RTKNAVI N T— L TW a2 &2
FERTHDLEEZOLND.

RTKNAVI ver.2.4.2

2020/11/11 07:51:11.0 GPST I —— oL

-

Solution: SINGLE “
N:  34°27'39.7330" H H I I I H H
E:  132°46'48.3956" || 10 12 24 31

He: 275.892 m

3.1 RTKNAVI-RTK JI{7 55 5
32 JABEHlE R

FHENZ 2021 4F 1 A 9 H 14 FRIZ T 7=, IMU B —33H T X =23, ESHI T8 o
SRIEUZ G DIV TRERDI KX S AL, JEOBEMIC@EZE L CEIILZ720, 1 701F E UL IEREZ25HH]
D TE TV, X 3.2 ITKERICHLY 1 7= B i JRGER G E B 2 U — ICiRE LT R L 7 o

T RGEEH I K A ROEEHT — Z Ol A R, HERIlC U7 EEUE L e A b I TR B
IR E L7- YOUNG £ /L 81000 % FHV /-,
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Time
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KERDFE E L Q2 I, EEORGE & KERICEY i b T DA KE RZRH D L

OO, W EEF B EH A 2 R T, RERICED T 7 s FH I RIS L - TR A - Toy
BLTEZ AT 5720, EEE LD /DI WERFH S, 2 LIBRITRERD EAL TR E

HIE T L7272, KERICED T 72 J8GE AN IERE S FHATHE SR T2y, &ERICER D 31 72 mek

OAEIX IMU & > —OFHAED B JRGE 2B TR T 5 Z & THRAE L 70 5 BEEIZ X 0 iEVWE & 72 5
ZENTREEND.
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(MPU9250) TOMEELE, A, HEKEH, FHAMED b R A & IE+ 5 7 1 777 L% Python
THFE L.

FRAERG SR & LT, RTK JINZIZBI LT, BB IZAE) L7225 RTK JIAZIF R L=, IMU &
VA —TORPFHNZ R U I3 ER R CORHANZ D L=, IMU & > —OFHAE D 5 EE %
BIETHZETIELWRBIEE 725 Z EDRTRINTZD, [UIERPREINTHE T LT — 25
W7, EEMRFHEN TE TR, £, B> TRERNR PRIV L REEND A
CRIESFE LT

ASBOBEE LTE, EFMOHNEITY, ELEZFEORIEEIT) 2L ThDH. £DT=
WIZ, RTK BAIITIEHER), BEROEHRZFE LI L 5603578 LT RTK JIfL 21T
IMENDHDH. IMU & U —IIXKEKDOIE 2 LT S EROEIZH LT, KEKE T o FLSD
DB EHRZRIT 572 E LT, [UIERDZEINEZRZEIELIMLERS D EE XD, Python D
777 MMIELTIEMEEZEDDIZHT-, WERLETHD.
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