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Introduction of
Multl GNSS demonstratlon Campalgn

- BaCkground Asia Oceania Region is Showcase of New GNSS Era
VISIble satellite number (mask angle 30 degrees)
We are here :
B GAGAN 5
H MSASS -
DEGNOSS i
B WAAS 2
B Qzss 4
B RNSS -
O coMPASS
O Galileo 1
B GLONASS ' : : - ;
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2 D 2 D : . Lengituds [deg)
05009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 GPS(27)*Glonass(24)+Galileo(30)*COMPASS(35)*IRNSS(7)+*QzZSS(3)+SBAS(7)
Total Number of GNSS Satellites L . |
10 15 20 25 30 35

B People in Asia Oceania Region can use multi-GNSS(GPS. Glonass. Galileo,
Compass. QZSS. IRNSS) signals earlier than other region in the world.

@Oﬁer of various experiment opportunity

Multi-GNSS Demonstration Campaign

B Multi-GNSS Asia(MGA) is an organization to promote this campaign.

B This Campaign is a series of activities over a period of five years from 2010.



Introduction of
Multi-GNSS demonstration Campaign

Three main activities of Asia Oceania Multi-GNSS Demonstration Campaign

Multi-GNSS Application Regional Workshop
I\/Ionltorlng Der%onstratlon 3'd Workshop, Nov. 2011 @

Jeju, Korea:

Network Disaster Mitigation

2"d Workshop, Nov. 2010
@ Melbourne, Australia

15t Workshop on GNSS,

“3o JAN. 2010, @ Bangkok,
=% Thailan

Othgrs, lonospheric
observation etc

4t Workshop on GNSS, DEC. 2012, @ Malaysia(TBD)




GPS GLONASS Galileo QZSS : “MICHIBIKI”

! Including precise orbit and

/ /( clock of Multi-GNSS
k\{\essage

EX signal

Current target accuracy is
less than 10cm.

PP users
Internet :
Multi-GNSS
Tracking &Control Application
NTRIP Caster Station Demonstration
(External server) (Okinawa)

LEX message
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Various demonstration experiments

Data interface

LEX message

) example:
orbit & clock generation LEX Master Control - ditection and warning of Tsunami
estimation RTCM SSR || LEX message Station(MCS) " precise agriculture
extension || message - estimation of precipitable water

Tsukuba space center
MADOCA: Muliti-gnss Advanced Demonstration tool for Orbit-and-Clock Analysis 5




MGM-net Status

B MGM-Net is to be deployed globally aiming to:

Improve multi-GNSS including QZSS orbit and clock determination performance
Develop and demonstrate Multi-GNSSPPP applications
B 60 sites hosting JAXA's Rx + collaborative networks
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® Selected site

® QZSSMS 9 Candidate site

W, Site operated by partner organization 6
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Call for applications of hosting sites for MGM-net was announced twice at the moment.
- As aresult, 14 sites were selected as of the beginning of March, 2012.

(Korea, Philippines(2), Papua New Guinea, Malaysia, Czech, Netherlands, Indonesia, Vietnam, Bulnel,
Taiwan, Singapore, Saudi Arabia, USA

- 14 sites including applications from Nigeria , Indonesia and so on have been still under selection process.

- Continuous call is to be requested until enough number of sites will be joined .



MGM-net Status
(Cooperatlonaong Networks)

Participation into IGS M-GEX project
8 sites in Asia were registered to IGS M-GEX project.

- The Installation at the site is now being prepared, after installation and
new RINEX format (ver.3.02) including QZSS is released, data collected
those sites will be provided to M-GEX project

Collaboration with other network

MGM-Net welcome participation using own multi-constellation tracking
receiver and antenna.

Geoscinece Australia (GA), Land Information New Zealand (LINZ), Curtin
University, EGNOS Data Collection Network (EDCN), GPSnet Victoria

Data share, co-location of Rx, and cross evaluation of POD

Cooperation with DLR, ESOC and CNES are being prepared formal joint research
agreement.



MGM-net Status
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- Data interface in MGM-net
MGM-net adopt same philosophy as IGS project
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Off-line data(RINEX3.02) will be

Realtime data(RTCM MSM) will be
shared through IGS data center.

shared among participating organizations.



“MADOCA” Development Status

BDevelopment Plan of MADOCA
«2011: Off-line orbit and clock estimation of GPS/GLONASS/QZSS
«2012: Off-line / Realtime orbit and clock estimation of
GPS/GLONASS/GALILEO/QZSS

*MADOCA is developed by cooperation with NEC and Tokyo
Univercity of Marine Science and Technology.

The main Model/Setting of MADOCA

Option Model/Setting Option Model/Setting
OBS Type ZD-Carrier-Phase Tidal Correction | IERS2010+FES2004
Data Span 3H+24H+3H 3rd-Body S+M+V+J(DE421)

Data Interval 300s Satellite Attitude prec
Elevation Mask 10 deg SRP Parameters mdby
Navi-System GPS,Glonass ODE solver RK4(Step=60sec)
Excluded Sats Station Position IGS SINEX,1mm
Meas. Noise 3mm/sart(sin(el)) Site Disp. IERS2010+FES2004
Nutation IAU2000A(SOFA) Troposphere GPT+GMF
Initial EOP IGS ERP Tropos. param. ZTD+Grad,every 2H
Geopotential EGM96(Nmax=12) Ambiguity Fixed(<6000km)

10
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(Y “MADOCA” Development Status
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SATELLITE ORBIT ERROR (G)

0.4 |-AVE:0.0018 m STD- 0.0077 .m RMS::0.00B9.m. ...
3DRMS: 0.0196 m

 F e | 1 The performance of MADOCA reaches almost as same as
o 1 IGSanalysis centers.

il N S T
0.4 |-AVE: 10,0001 m STD: 0.0122 m RMS-0.0123.m...

e * GPS orbit/clock Error comparison with IGS Analysis Centers
E oo pushsissibels 3@-‘“&“‘, AOPERR _FLF - "“"‘V"“WJL
® g o] b : - 4 of GPS Orhit Error (cm) Clock Error (ns)
: O - ] IGS AC Analysis Software . - - -
: | AVE i-DDDllamS!TD'DELLQ;RMSID.DLQJM: ] ! 5 ; : : ) ; 1 4 y Statlon Radlal Along Cross 3D STD RMS
. Track | Track Dev
2 oo pmmmanssam i e s ooy ESA NAPEOS 3.5 110 092 | 114 | 102 | 179 | 0112 | 0.159
R G At Sl kT S it W i - MADOCA 0.3.0 77 0.89 1.23 1.24 1.96 | 0.091 | 0.124
TIME (DAYS) (T0=2011/01/01 00:00:00)

GPS orbit accuracy compared by IGS final | cobe Bernese 5.1 231 | 098 | 148 | 122 | 216 | 0.064 | 0.085
P v R R B O T B NGS | arc, orb, pages, gpscom| 199 | 093 | 159 [ 149 | 237 | - -
ol Ao g § | GAMIT 10.33,

MIT GLOBKE 16 263 131 | 179 | 147 | 266 | 0178 | 0.223
GFz EPOS.P.V2 191 116 | 192 | 191 | 295 | 0.086 | 0.103

: NRCan | GIPSY/OASIS-115.0 91 264 | 173 | 178 | 362 | 0.121 | 0.143

: GAMIT 10.20,

SIo GLOBK 5.08 258 261 | 195 | 176 3.7 - -

JPL | GIPSY/OASIS-II5.0 | 142 278 | 178 | 217 | 395 | 0113 | 0.2
1

GRG GINS, DYNAMO 134 258 | 313 | 198 | 451 | 0.167 | 0.206

I P 31 GPS satellites,2011/1/1-3/31,errors wrt IGS Final

GPS clock accuracy compared by IGS final 1
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/) “MADOCA” Development Status
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The performance of MADOCA reaches almost as same as IGS analysis

centers.
GLONASS orbit Error comparison with IGS Analysis Centers
o of GLONASS Orbhit Error (cm) Clock Error (ns)
IGS AC | Analysis Software .
SATELLITE ORBIT ERROR () Y Station Radial Along- | Cross- 3D STD- RMS
R T s . Track | Track Dev
- CODE | Bernese5.1 231 | 121 | 302 | 234 | 401 ; -
T e o e s s o ESA NAPEOS 3.5 110 146 | 3.19 2.2 4.14 - -
- MADOCA 0.3.0 77 1.46 39 2.58 4.9 - -

IAC | STARK, POLAR ? 241 5.22 2.84 6.41 - -
BKG Bernese 5.1 139 2.12 7.53 3.22 8.47 - -
GFzZ EPOS.P.V2 191 44 22.62 3.04 23.25 - -

L L | L L I L I I ! L L | L L
o 5 10 15 20 25 30 k- 40 45 50 55 60 65 70 75 80 85
TIME (DAYS) (TO=2011/01/01 00:00:00)

GLONASS orbit accuracy compared
by IGS final MCC | STARK, POLAR | 2 431 | 2111 | 1905 | 2037 | - -

22 GLONASS satellites,2011/1/1-3/31,errors wrt IGS Final

GRG | GINS, DYNAMO 134 412 21.38 5.77 22.52 - -

12



“MADOCA” Development Status

b SATELLITE ORBIT ERROR
o T T T T T
AVE: 0.0068 m STD: 0.0662 m RMS: 0.0666 m ! :
3DRMS: 0.2391 m : :
E 0.0 __.. A o i . . s #
o : 1
—0.5
|
]
-10 ; f f f f f f f f f f f f
AVE: -0,0101 m STD: 0.2074 m RMS: 0.2076 m ; : : : : : “( Iy : i ; i M
05 :

unload|ng(8/1 8/4)
- . 0 * © * ®° TIME (E)ivs) (To= 2011!05;03 00.00; ooJ att|tude mode SWlthhg(YS EC)(9/7)
QZSS-1, 2011/6/3-2011/11/2, 12H+48H+12H arc, 24H orbit overlap error
12H 48 H 12H
o '. = Estimaion v - Accuracy of QZSS by 24H overlap errors will be within
' f""': . t---f . about 6cm(3DRMS) except for unloading and such as EC-
! P----! t--- YS attitude mode change of QZSS unique.
g b -
| | b t-=-1 .with regard to evaluation of QZSS,
I. e\ ! | | | JAXA will carry out as follows.
Overlap Error - cross-validation with other agencies such as the DLR etc.
QZSS orbit overlap error evaluation - evaluation of orbit accuracy using SLR data.

13
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MADOCA(GPS+GLONASS)

Processing conditions

ELmask : 10deg

-lonosphere correction :Dual Frequency

- Troposphere correction : Estimated ZTD+grad
*Ephemeris/clock : IGS,ESA Final/lMADOCA

02 0.0 0.02 0.04 0.06

004 |

coordinate origin £ i SRMS

—Average of 24H static PPP by IGS final |-_— 1 41 N 1 10 u: 3 960m om I A4
IGS CNMR by RTKPOST v.2.4.1

2011/3/1 0:00:00-23:59:30 GPST,Interval 30sec

(first 1H solutions are omitted for convergence) 14
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Kinematic-PPP Accuracy

ESA{GPS) MADOCA(GPS)
N ~AVE=E:0j0026mN: 0:0075mU:0.0023m;| | NI | | | AVE=E: 10

STD E 00194mN 00157mU .03
0.

N S .
. , s E 1 96 NiL. 74 u 3 49C ey 68,U:3.186m som
SO O[O N X2 SO - NN 0412 | 008 | 004 i 000 { 004 | 008 o“{—' o Li-0 Opo | 0D4 ; 0.08 | 042
Processing conditions ESA(G PS"'GLONASS)
-EL mask : 10deg N | : 0.0004m
-lonosphere correction :Dual Frequency — fjg + MS=E: C N: 0.0134m U: 00234 2D10.0368m
-Troposphere correction :Estimated ZTD+grad £ =~ | | o
-Ephemeris/clock : IGS,ESAFinal/lMADOCA & A e s S
coordinate origin S e TR .

—Average of 24H static PPP by IGS final

The PPP accuracy improves e RN G
by adding GLONASS. o B DB N ---34 195 2 3
IGS WTZZ by RTKPOST v.2.4.1
2011/3/1 0:00:00-23:59:30 GPST, Interval 30sec
(first 1H solutions are omitted for convergence)
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Kinematic-PPP Accuracy
by QZSS-LEX
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In particular, it shows marked |m|orovement about vertical direction accuracyv.

Processing conditions

RMS Error(cm) -Place : Tsukuba (QZS operation facility)
Date/Time(GPST) GPS only GPS+QZS *interval : 30sec
Horizontal | | Vertical || Horizontal | | Vertical 'FL mashk : 150'69 -Dual F
2011/6/24 0:00-23:59 |  21.39 31.42 19.97 25.54 _T""rgozz f];erg‘;grer‘:(':‘t’ign :ESt?ma;(ZguzeTngy
2011/6/25 0:00-23:59 23.47 42.56 20.03 26.05 posp . _ .
-Ephemeris/clock : QZSS LEX
2011/6/26 0:00-23:59 23.07 34.34 20.71 26.28

coordinate origin—Average of 24H static PPP by IGS final
Tlmezone(mf\ore than EL=60deg of QZSS)

(exam ple 2011/6/26)

GPS+QZS

rediledla
:

& 3L e s : :‘ ;‘: Pl by ‘ ¢ T-_;:‘ B !' ‘, ot
: /V (AR Y T Ve m. L S
The PPP accuracv improves bv addlnq QZSS. v T R s
00 02:00 04:00 06:00 08:00 10:00

12:0 1460 1600 1200 20:00  22:00

- Kinematic PPP accuracy using QZSS-LEX has not reached to our targetting performance. But, using QZSS
signal the improvement of PPP acuracy in bad DOP condition was observed.
- Following actions are required for achieiving our final goal of real-time PPP experiment using QZSS LEX.
- Increment of the number of MS as well as get better observation geometry, i.e., MGM-net deployment
- More presice POD capability for multiple constellations, i.e., MADOCA

- LEX message modification. more frequent clock update. initial phase offset for PPP-AR and so on 16



Summary

B JAXA is planning real-time PPP experiment by using QZSS-LEX message from 2013.

B The real-time PPP experiment is to be conducted as one of Asia-Oceania Multi-GNSS
Demonstration Campaign.

B JAXA is establishing MGM-net deployment under the international cooperation and

developing multi-GNSS POD tool, MADOCA, as infrastructure required for the PPP
experiment.

B MGM-net: 14 sites selected. JAXA will continue activity of call for application for
hosting site under cooperation with IGS etc.
B MADOCA: off-line function of GPS, GLONASS and QZSS was developed.
For the further performance improvement, models and parameters
tuning process will be required.

Real-time function towards PPP experiment will be developed in 2012.

B PPP-AR technique is to be adopted for further accuracy improvement. LEX message
will be modified to more suitable format for real-time PPP.

B If you have any interests in our demonstration campaign activity,
v please visit MGA website: www.multignss.asia

17
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Our Planet from QZ5-1 ‘MICHIBIKI’

Souvenir from Michibiki / Earth

QZvision

EANA FEVE

This wallpaper can be downloaded

from QZ-vision website(http://qz-vision.jaxa.jp/)Thank you fOf your attention
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