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€ MADOCALIB
Download:
https://drive.google.com/drive/folders/1Dkb4lo0D07YTQlexnM7DyBWbimmM3zg2u?usp=
drive link

madocalib-main_240823.zip
reference: https://gzss.go.jp/technical/dod/madoca/madoca test-library.html

€ Sample data
Download:
https://drive.google.com/drive/folders/1Dkb41oD07YTQlexnM7DyBWbimmM3zg2u?usp=
drive link
Sample_Dataset_ MADOCALIB
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https://drive.google.com/drive/folders/1Dkb4IoD07YTQlexnM7DyBWbimmM3zq2u?usp=drive_link
https://drive.google.com/drive/folders/1Dkb4IoD07YTQlexnM7DyBWbimmM3zq2u?usp=drive_link
https://qzss.go.jp/technical/dod/madoca/madoca_test-library.html
https://drive.google.com/drive/folders/1Dkb4IoD07YTQlexnM7DyBWbimmM3zq2u?usp=drive_link
https://drive.google.com/drive/folders/1Dkb4IoD07YTQlexnM7DyBWbimmM3zq2u?usp=drive_link
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Overview of MADOCA-PPP
Preparation of dataset
Config file setting
Calculation

Evaluation

Noto Peninsula earthquake
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1. Overview of MADOCA-PPP

€ MADOCA-PPP is one way of PPP that receiving correction data from QZSS L6 signal.

€ MADOCA correction cover whole world. But real-time PPP without internet is only QZSS service

area. (Asis and Oceania)

@ Horizontal accuracy is within 10cm in static condition and around 30cm in in dynamic condition.

€ To get 10cm level accuracy we need to wait convergence of calculation for 15~30cm.
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1. Overview of MADOCA-PPP

MADOCA Current MADOCA doesn’t support
(Multi-GNSS Advanced Demonstration tool for Orbit and Clock Analysis) :
propagation delay, so we need to

azss NF estimate this.

Augmentation data ,/

GLONASS Galileo
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Stand-alone PPP where we
can’t use RTK

Up-link station A

*

Control center @

User in the service area

Global monitoring stations

(MGM-net+1GS Station) Estimated in receiver Corrected by L6E signal
GNSS ranging measurement errors | 1 |
Distance between satellite and receiver Receiver’s Multipath | Tropospheric | lonospheric Satellite’s Satellite's
noise error delay delay clock error orbit error
User side error propagation delay Satellite side error
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@ RTKLIB(by Tomoji Takasu)

CUI/GUI, Real-time or post processing, SP3,RTCM3
€ MADOCALIB(by CAO)

CUI only, post processing. SP3,RTCM3,L6E

€ MALIB (by JAXA)
CUI only, Real-time or post processing . SP3,RTCM3,L6E
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1. Overview of MADOCA-PPP

€ On April 2024, MADOCALIB which can calculate MADOCA-PPP in post processing was
released from CAO.
https://github.com/QZSS-Strategy-Office/madocalib

€ In this seminar we explain how to use MADOCALIB.

= o QZS5-Strategy-Office / madocalib Q Type [/ to search b + - ®

<> Code 11 Pul requests 1 @ Actions @ Security |~ Insights

Download
@ madocalib  Public ®W10 - Y Fork 7 - Y7 Star 13 -

¥ main - F 1Branch 0 Tags Q Gotofie t Add file = ¢>» Code =~ About

"MADOCA-PPP Test Library

YuichiSAIDA first commit as 1.0b T73dc52 - 2 weeks ago @1 Commits (MADOCALIB)" is an open software tool
to provide useful information for Multi-
B app/consapp/rmx2rikp first commit as 1.0b 2 weeks ago GNSS Advanced Orbit and Clock
Augmentation - Precise Point Positionin
B bin first commit as 1.0b 2 weeks ago 9 g9
(MADOCA-PPP)
d first tas 1.0b 2 week:
i doc et commit as < Weeks aga & qzss.gojplen/technical/dod/madoca/ma...
[ ] sample data first commit as 1.0b 2 weeks ago A Activity
B s first commit as 1.0b 2 weeks ago & Custom properties
+¢ 13 stars
[j Readme_madocalib_240311.txt first commit as 1.0b 2 weeks ago X
& 0 watching
¥ 7 forks

Report repository
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https://github.com/QZSS-Strategy-Office/madocalib

2. Preparation of dataset

€ Download MADOCALIB from github or unzip distributed zip file.
& Executable file is in bin directory, Manual is in doc directory.

€ To day we will process using sample data that was collected on TUMSAT antenna site.

& Below are GNSS data files in sample dataset 240507EC)J.
+Observation File (RINEX)...Alloy_240507.obs
-Ephemeris File (RINEX)...Alloy_240507.nav
-L6 File(CSSR)...2024128.16
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2. Preparation of dataset

€ Observation file was collected using
Trimble Zhephyr2 Geodetic Antenna and
Trimble Alloy Receiver.

€24 hours data on 2024/05/07

€ Observation file includes GPS, GLONASS,
Galileo dual frequency data which are
supported by MADOCA.

€16 data is freely download from QZSS site
https://I6msg.go.gnss.go.jp/

@ |f set Start Epoch to 5/7. End Epoch to
5/8 and then you can see 1 day date.

TUMSAT

Multi-GNSS Advanced Orbit and Clock
Augmentation - Precise Point Positioning
(MADOCA-PPP) Service

Outline
This is the download site for QZSS archives about MADOCA-PPP.

Broadcasted L6 messages generated by MADOCA-PPP are provided according to L&
message format, refer to section 4. of IS-QZSS-MDC
Hote:

Because of maintenance period of ground systems, etc., some data may be missing

Data Definition
Refer to section 4. of IS-QZSS-MDC.

Archived data (L6E) includes the L6E data for MADOCA-PPP service transmitted from each
QZSS satellite

How to use
STEP1 : Choose Data Period.

STEP2 : Choose needed data from Data List.

STEP3 : Download!

Data Select
: L6E Data [: PRN204 [J: PRN205 [J: PRN206 [J: PRN209

Data Period

/5
/7

‘ Clear ‘ ‘ Search

Data List

L6E Data

Results from 2024-05-07 to 2024-05-08

page1/1

10 L6E Data 204 2024/05/08 03:00 900000 | 2024129D.204.16
20 LGE Data 204 2024/05/08 02:00 900000 2024129C.204.16
20 LGE Data 204 2024/05/08 01:00 900000 2024129B.204.16
40 L6E Data 204 2024/05/08 00:00 900000 | 2024129A.204.16
s® LGE Data 204 2024/05/07 23:00 900000 2024128X.204.16
3] LGE Data 204 2024/05/07 22:00 000000 | 2024128W.204.16
b~ L6E Data 204 2024/05/07 21:00 900000 | 2024128V.204.16
s® L6E Data 204 2024/05/07 20:00 900000 | 2024128U.204.16
°M LGE Data 204 2024/05/07 19:00 900000 2024128T.204.16

0@ L6E Data 204 2024/05/07 18:00 900000 20241285.204.16


https://l6msg.go.gnss.go.jp/

2. Preparation of dataset

@ L6 data is separated in each 1 hour. (’ jjﬂjﬂjﬁfm e —
| 20241 28B.204.16 024,/05/08 J7 a7
€ So, If you want process over 1 hour, you need ) 2024125C 20416 c24/05/08 o7
. . | 20241280.204.16 02450 g 77 ar
to combine several data to one file. ) 202412620416 024/05/08 -
| 20241 ZBR204.16 024,/05/08 7 a7
€ Binary data combine is available using below | 20241286.204.16 (/0508 i
| 2024128H.204.16 02450 g T a7
command on command prompt. | oaizel2oile weasea/ce o
| 20241 28..204.16 02450 5 T g
copy /b *.IG 2024128.I6 | 2024128K.204.16 024/05/08 :_- BT
] 2024128L.204.16 2024/05/08 13:5 L 74 I ar B
2024128.16 file is combined file. s o

€ Copy sample dataset to MADOCALIB software 0241 B tnadcal b2 3~ Boorrect artar
directory.

madocalib-main_240823¥240507ECJ

| 202412816 2024/05/08 13:52 L6 774 )| 21,094 KB
4| Alloy_240507.nav 2024/05/08 13:49 NAV J74 )1
4| Alloy_240507.0bs 2024/05/08 13:47 0BS J74 ) 43 189 KB
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3. Config file setting

€ At madocalib-main¥app¥consapp¥rnx2rtkp¥gcc_mingw

you can find sample.conf and sample_pppar.conf, copy ] cssrzssrexe 024/08/23 16:35
. . . . . [4] output240507.pas 024/08/28 8:22
these config file to madocalib-main¥bin. e -
m output240507ar.pos 024/08/28 &25
€ Open sample.conf and sample_pppar_iono.conf in text e ) mrip.exe oo e
. . . . . . (%] run.bat 024,05/
editor and write igs20.atx file path in line97, 98. R
D sample.conf 024/08/28 B
D sample_pppar.conf 024/08/23 16:35
yo| misc-ricmopt =
97 file-satantfile =..¥sample data¥igsZ0.atxl
98 file-rcvantfile =, .¥sample data¥igs20.atxl
99| f i le-staposfile =l
100 file-geoidfile =
101 file-ionofile =l

TUMSAT GNSS Lab
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4. Calculation

€ Open command prompt and move to madocalib-main¥bin.

€ Run below command
rnx2rtkp.exe -k
sample.conf ..¥240507ECJ¥Alloy_240507.0bs ..¥240507ECJ¥Alloy 240507.nav ..¥240507E
CJ¥2024128.16 -0 output240507.pos

@ PPP result is output to output240507.pos.

C:\Users\d650e>cd C:\Users\d650e\Documents\GNSS\Cambodie_training\madocalib-main_2u0823\bin

C:\Users\d650e\Documents\GNSS\Cambodie_training\madocalib-main_2uU8823\bin>rnx2rtkp.exe -k sample.conf ..\2UB587ECI\Alloy
_20e507.0bs ..\2UB507ECI\Alloy_2U0507.nav ..\2U48507ECJI\202U128.16 -o output2l@567.pos

TUMSAT GNSS Lab 13




4. Calculation

‘MADOCALIB also Supports PPP'AR<AmbIQUIty 6-2. Setting the PPP-AR mode to ON

(Noted: 6-2 is skipped for PPP mode)
ReSO | u t| on ) m Od e. By setting the following,.

Line 18: posl-ionoopt=est-stec

@ To process PPP-AR using ionospheric

Line 30: pos2-armode=continuous
correction, use sample_pppar.conf as config
. If you want to select GNSS to use for the AR process. you can set the following.
fl |e pos2-arsys=l # GPS only
pos2-arsys=8 # Galileo only

€ Command is below e
pos2-arsys=9 # GPS. Galileo

rnx2 rtkp.exe -k pos2-arsys=16  # QZSS only
sample_pppar.conf ..¥240507ECJ¥Alloy 240 posamyTIT PR, QIS

pos2-arsys=24  # Galileo. QZSS
507.0bS ..¥240507 ECJ¥A||0y_240507.naV ..¥ pos2-arsys=25  # GPS. Galileo. QZSS
240507 ECJ¥2 0241 28.'6 -0 Note that you also need to configure the following section 6.3.
output240507ar.pos

TUMSAT GNSS Lab 14




€ Open RTKPLOT from RTKLIB
€ Drag & Drop output240507.pos and

output240507ar.pos to RTKPLOT field 1 and 2.

field1

;_& A\Users\d650e\Documents\GNSS\Cambodie_training\madocalib-main_240823\bin\out... - a X i

File WEdit View Windows Help
------ lE

ORI= 35.666334285°N 139.792201612°E 59.9070m
AVE=E: 0.0316m N:-0.0101m U:-0.0210m

<+

(= STD=E: 0.0230m N: 0.0247m U: 0.0630m
RMS=E: 0.0391m N: 0.0267m U: 0.0664m 2D: 0.0947m

~

(=]

o

S -

N s

=]

¥

=]

. , 10 cm
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 3.8

[1]2024/05/07 00:00:30-05/07 23:59:30 GPST : N=2379 B=0.0km Q= 6:2373(100.0%)
Q ( )

output240507.pos

GndTrk ~ AL ~ H - I @ e B HE LA -

RTKLIE v.demo5 b34£1 ﬂ

SERTEY S

field2

¥2 C\Users\d650e\Documents\GNSS\Cambodie_training\madocalib-main_240823\bin\aut...  — a X
File E View Windows Help
----- 1|2 2 GndTrk ~ AL ~ HH - T @ # 0+ P H RO -]

ORI= 35.666334285°N 139.792201612°E:59.9070m
AVE=E: 0.0177m N:-0.0023m U:-0.0326m

~

S STD=E: 0.0198m N: 0.0237m U: 0.0635m
RMS=E: 0.0266m N: 0.0238m U: 0.0714m 2D: 0.0714m

5

o &

o .

—

S

~

o

() 5ecm
?.04 -03 -02 -01 00 0.1 0.2 03 04

[212024/05/07 00:00:30-05/07 23:58:30 GPST : N=2879 B=0.0km Q=1:2353(33. 1%)

output240507ar.pos
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5. Evaluation

€ Change RTKPLOT origin to true antenna position and show statistics ON .

Options X
Time Format h:m:s GPST -+ Error Barf/Cirde  OFF ~  Mark Color 1(1-6) l l l l l i
Latflon Format  ddd.ddddd ~  Direction Arrow 0N ~  MarkColor 2(1-6) [{BREB !
Show Statistics oM « | Graph Label oM w | Line Color 3
Cyde-Slip OFF ~ | GridfGridLabel  GridfLabel ~  TextColor - l
Parity Unknown  OFF «w  Compass OFF w  (Grid Color
Ephemeris Scale oM ~ | Background Color
Elevation Mask (%) - Auto Fit oM «w  Plot Style Mark/line -
Elev Mask Pattern OFF ¥-Range (£) 5m w | Mark Size s o
Hide Low Satelite ' OFF KT Buffer Size 1[]8[]0 Font Tahoma 1dpt o |
Max NSAT/DOP - () Time Sync Port 10071 Arimation Interval _
Max Multipath 1[1 Coordinate Origin | Latflon/Hg ~  Update Cyde {ms) 100

Receiver Position  Single Solul ~ LatfLon/Hgt 35.666334350 138,792201900 59,7300

Satelite System RIMEX Opts L
@crs @co @cal @075 shapeFie

Bseos @navic @ ses TLE Data =l
Exduded Sats TLE Sat Mo E ¥

{+5n: Incuded)
Ok Cancel

AN v =T & -y ¥ = THnw TE W T LI R LI g LR
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€ MADOCA-PPP have convergence time, so we need to delete this part to get statistics
or average position from PPP result.

€ From Edit menu select Time Span/Interval and then set Time Start to 00:30:00.

;_g C\Users\db50e\Documents\GNSS\Cambodie_training\madocalib-main_240823\bin\out... — O x
File Edit View Windows Help
v 1] [2] 2 Posifiord v~ AL v H v - T @ 2z} X 58

Time Span/Interval >

@ Time Start (GPST)  2024/05/07 00:30:00 ' n

Ak Al *
Ak Al *

E-W (m) ORI= 35.666334350°N 139.792201900°E 59.7800m (] Time End (GPST)  2024/05/07 23:59:30 ?
AVE=0.0056m STD=0.0230m RMS=0.0236m _ L
MRS I Ointerval (s) 0

0.0 ] “»“‘\V.AQ.W&‘““‘M“’MMM WWW"“MW&MMW’W

Ok Cancel

AVE=-0.0173m STD=0.0247m RMS=0.0302m

MW‘ e e P S P T e SRR PS5, N

AVE=0.1060m STD=0.0630m RM5=0.1233m

hd “\M/ o M b bt b, et AT 41 gt i

+ ot
+

+ L
4

U Y

[1]2024/05/07 O

.00 00:15 003

30 00:45 01:00 01:15 01:30 01:45 02:00

100:30-05/07 23:59:30 GH

ST : N=2879 B=0.0km Q= 6:2873(100,0%)

AN DIREFREIXFRELTNS

TUMSAT GNSS Lab
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5. Evaluation

@ The result after remove convergence time.

B2 C\Users\d650e\Documents\GNSS\Cambodie_training\madocalib-main_240823\bin\output240507.pos C:\Users\d650€\Document=\GNSS\Cambodie_training\ma..  — [m] X

File Edit View Windows Help

- (BB et B /B i 20 e - W e ORI= 35.6663343505M5139.792201900°E 59.7800m ORI= 35.6663343505M5139.792201900° 59.7800m
AVE=E: 0-0080m N:-0.0162m U: 0.1020m AVE=E:-0-0036m N:-0.0079m U: 0.0891m

0.1 E-W (m) . ORI= 35.666334350°N 139.792201900°E 59.7800m STD=E: 0.0184m N: 0.0127m U: 0.0361m STD=E: 0.0105m N: 0.0109m U: 0.0339m
AVE=0.0050m STD=0.0184m RM5=0.0151m RMS=E: 0.0191m N: 0,0206m U: 0.1082m 2D: 0.0562m RMS=E: 0.0142m N: 0.0134m U: 0.0953m 2D: 0.0391m

AVE=-0.0096m,STD=0.0105m RMS5=0.0142m —— ————
g ;- bt < Lo 0.04 0.04

AVE=-0.0162m STD=0.0127m RMS=0.0206m
AVE=-0.0079m STD=0,0109m RMS=0.0134m

! SR -0.08 0.08 008 0.08
AVE=0.1020m STD=0.0361m RMS=0.1082m
AVE=0.0891m STD=0.0339m RMS=0.0953m,
0.0 - : : B : - 2cm
-0.08 2cm 0.08 —
02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 P
[2]2024/05/07 00:30:00-05/07 23:59:30 GPST : N=2820 B=0.0km Q=1:2320(100.0%) +

'1]2024/05/07 00: 30:00-05/07 23:59: 30 GPST : N=2520 B=0.0km Q= £:2820(100.0%)

, , MADOCA-PPP MADOCA-PPP(AR)
Time series error Horizontal 2DRMS=5.6cm  Fix rate=100%

A Horizontal 2DRMS=3.9
MADOCA-PPP(AR) orizonta 9cm

TUMSAT GNSS Lab 18



Noto Peninsula earthquake
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Noto Peninsula earthquake
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Crustal movement monitoring methods in GNSS

/ RTK

Base Station B User
RTCM

-Base station is needed (With Internet)

-Instantaneous cm-level position(<10km)
kNeed convergence time (TTFF) (> 30km) /

GS| uses RTK to monitor CORTS.

Crustal movement is confirmed over a wide area in the case of huge earthquakes such as the Noto Peninsula

<

/ PPP

. > jii User
Correction data

-Single Station

-Convergence time(~30 minutes)
kNo geographical limitations

<

/

earthquake (M7.6) and The 2011 off the Pacific coast of Tohoku Earthquake (M9.0).
In this case, a horizontal movement of about 1 cm was confirmed even in Tokyo.
GSI has confirmed crustal movement by using the long baseline RTK with Misumi (about 500 km).
—It is necessary to find a reference point (as close as possible) where it is fixed Reference station.

21



Crustal movement monitoring methods in GNSS

RTK

4 N

Base Station B User
RTCM

-Base station is needed (With Internet)

-Instantaneous cm-level position(<10km)
kNeed convergence time (TTFF) (> 30km)

/

PPP is suitable for real-time monitoring in this case if we get correction data in real-time.

/ PPP

. > jii User
Correction data

-Single Station

-Convergence time(~30 minutes)
kNo geographical limitations

<

/

We try to estimate the crustal movement of the CORTS using MADOCA-PPP (Kinematic-PPP).
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