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T MUItTrGNSS  environment
« GNSS other than GPS are now usable

— Receivers and applications for those systems are
spreading l '
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GPS(US) QZSS(Japan) GLONASS(Russia) Galileo (EU)
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GLONASS(Russia) ! 24 | — modernization .
Galileo(EU) 5 i = installation 18 —} .30 _.
QZSS(Japan): 1 —r inétallétion j 4 (to 7)

« GEONET Is adapted to this multi-GNSS
environment



Multi GNSS

GPS :US
GLONASS : Russia
GALILEO : EU
COMPASS (Beidou) :China
IRNSS : India

QZSS (Michibiki) : Japan

- COMPASS



1.1 Expansion of GNSS

« GPS(US) was only practically usable GNSS in 20t
century.

 Now, GLONASS(Russia) Is usable with completed
constellation.

« Galileo(EU) and BeiDou(China) are partially usable .

« QZSS(Japan) and IRNSS(India) start working as
‘regional” systems

30 satellites(GPS) = 70(more) satellites(GNSS). improvement of visibility
Signal frequency 2(L1,L2)=4(L1,L2,L5,E6) quick solution of the ambiguity
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1.2 QZSS @ °

Contribution to multi GNSS environment of Japan

QZSS(Quasi-Zenith Satellite System)
GNSS Complimentary / GNSS Augmentation

Schedule
2010 QZO:1 (First Satellite “Michibiki™)
2018 4 Satellites Constellation (QZ0O:3,GEO:1)

Future 7 Satellites Constellation
Coverage Area A-

Japan, Southeast Asia, Oceania U

Signals
L1C/A, L1C, L2C, L5 (Compatibility with GPS)
L1S, L5S, L6 (Augmentation)




GPS group

GPS and QZSS can be used at one
Synchronize time completely
Compatibility with GPS signals

The number of “visible”™ GPS group satellites,
above the elevation angle 20 degree

Total GPS QZSS
L1, L2 6-8sat 5-7/sat
201 7/sat
013 L1215 R 1-2sat 0.7sa
L1,L2 8-10sat 5-7sat
2018 3sat
L1,L2,L5 6-8sat 3-bsat
L1,L2
future 10-12sat 5-7sat 5sat
L1,L2,L5




Short Message Service

Disaster information is created in a government office for
disaster, and it distributes to a user through a QZS.

It reaches in several -i!. |
seconds after sending a Th? user can use it
DY also in a mobile phone
message A NS p
(periodicallly) ,’ \ S interruption area.
/ \ ~
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/
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Government Control



Contributions to the MGM-Net @
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GSI operates 7 IGS stations
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JAXA operates tracking network, “"MGM-net”

Contributions to the MGM-Net
GSI Registered 4 IGS stations as the MGM-Net stations.

STK?2 CCJ2

Receiver : Trimble NetR9
Antenna : Trimble Choke Ring (TRM59800.00)
Differences from GEONET stations : precise external frequency and radome

GSI has sent the real-time data by Ntrip since last Summer.
The format is BINEX.



o-gtitity of MUt GN'SS

* Improvement of visibility
— 30 satellites(GPS) = 70 and more(GNSS).
— Expanding the opportunity of GNSS survey

* Increase of signal frequency
—2(L1,L2) = 4(L1,L2,L5,E6)

— Quicken the solution of the ambiguity to
enhance the real time application



2.1 Visibility of the satellites

Visibility of the satellites is poor in the
very crowded cities

— e - = 7

i_(Image from Google Earth)

Positioning by
GNSS is difficult survey by TS
IS necessary

to achieve high

Percentage of time; visible 4 or
more GPS satellites in Ginza

ﬂ(‘(‘lll’ﬂ(‘y

Percentage | M 0-20. B 20-40.
40-60, ¥ 60-80," 80-90, M 90-100 %

(Based on the document of JAXA)
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Visibility of the satellite in the cities

Tall buildings block the sight above the observation sites.

Simulation images for the visibility of GPS and other GNSS

GPS only 1-3 satellite(s) = unable to survey 'At Ieast, 4 Satellites

‘ ’ should be visible from the
observation point to carry
out static or kinematic
positioning for GNSS
survey.

R builidings
IST15:00 8

~<

GPS+QZSS<>+GLONASSO+Gal|leoA 7-10 satellites
= able to surve B

*In the crowded city like
Tokyo, multi GNSS
environment is necessary
to fulfill the condition of
visibility of the satellites.

JST15:00 *~ JST17:00

Visibility in Ginza, Tokyo on 2013 July 21



Elevation cut-off and visibility of the satellites
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Left: GPS only / Right : GPS+GLONASS+QZSS

Cut-off angle: 15 degree
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satellite number =4

(|
5

03:00 06:00 05:00 12:00

Q
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|[1]2013,-'05,-'01 00:00:00 GPST-06/01 23:59:30 GPST : EP=2880 N=51022 NSAT FDOF HDOP YDOP

06:00 05:00

12:00 15:00

18:00 21:00

|[1]2013,f05f01 00:00:00 GPST-06/01 23:59:30 GPST : EP=2880 N=51022 NSAT

FDOP HDOP VDOP

Visibility of GNSS satellites in Tsukuba site on June 1, 2013

estimation by RTKLIB program




Elevation cut-off and visibility of the satellites
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Left: GPS only / Right : GPS+GLONASS+QZSS
Cut-off angle: 30 degree
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Visibility of GNSS satellites in Tsukuba site on June 1, 2013

estimation by RTKLIB program




Elevation cut-off and visibility of the satellites
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Left: GPS only / Right : GPS+GLONASS+QZSS

Cut-off angle: 45 degree
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2.2 More signal frequencies

Single < Dual < Multiple
» Dual frequency GNSS receivers have
some advantage compared to single
frequency receivers
— lonosphere delay correction

— RTK(real time kinematic) survey

* time for ambiguity fix is much shorter than single
frequency receivers

* Multiple frequency enhance the advantage
described above



Signal frequency variety of Multt GNSS

Multiple frequency allows the more sophisticated ambiguity resolution
program for positioning

1176.45MHz 1278.75MHz  1575.42MHz
. 1227.60MHz | |

2 | i L1 |

L5§LI
~‘a s

GPS

GLONASS

L5§L3 L2 |
(N & &

L1 !

e e 1 Y

Galileo

p 15 L2 | L1 |

QZSS

. present Q new generation

Signal frequencies of GNSS
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3-GEONET and MultiGNSS

« GEONET routine analyses have been
based only on GPS data
— Reliable and well known GPS data has been

preferable for highly precise crustal
deformation monitoring

 Practical users need multit GNSS data for
RTK

— GEONET should be updated for application
users



3.1 Updating GEONET Yo

Current GEONET Next generation GEONET
GPS Galileo GLAss QZSS‘ ops
K}Qi@ \ | q\ﬁr\ @Q@

Current station
Only GPS

-~ Next generation station

: Renewal to GNSS

Ui 2 [l

. Current anélysis center A,. Next generation analysis system
o Only GPS e o Renewal to GNSS




Next generation GEONET

GEONET stations and analysis system update schedule

-

C

Up

GNSS schedule

2011 , 2012 2013 2014

The mode;rnization of GPS (USA)

The modernization of GLONASS (Russia)
Galileo (EU) |

QZSS (Japan) |

Update of the

Tsukuba analysis

enter for GNSS

System design
Construction(data collection and djstrik

System design and construction (£

ution)

Analysis

SY

stem)

date of the GPS

stations for GNSS

Receiver and antenna update of
GPS stations for next generation

o

Applying GNSS

for survey

Developing of GNSS analysis software
and amending the rule for geodetic: survey
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Update of the GPS stations for GNSS

Most stations have multi GNSS recelivers, now.

GNSS data have been prowded
since July 13, 2012.
The number of stations is 1,220.

. GPS, GLONASS, QZSS

e signals : GPS (L1 and L2),
GLONASS (L1 and L2),
QZSS (L1, L2, L5)

« format: RINEX v2.12
O provided since July 13, 2012

qzss_extensmn - O provided since April 15, 2013
o8& . Oprovided since May 10, 2013



sl
1 1]
.

Ny

| Firefox - —— oo B [

|+ BELELEROTOOEHOESA. . | + .

Applying GNSS for survey escmmare _cees seg

, ETEE .
& ELER

. . . - PEREE e
G S I I S d eve I O p I n g n ew an alyS I S | EREk-L BEWIERROENT eS8 | RE-TEEHE  BEEE  cIs-Eiofl - B2
WIEER L > HEEE > SEE L TR0 OSBRI AT L (7 DT ONSS) LB FHEITE 2012865 116

S O ftwa r e . | HREBIIH SRR

o L I S HeOShO SO B 2 BN 2T L (YL FENSS)C LS =i R
7 B B 3

| 7ozroroBrIHBE
| rEimsEB 8

ChETOPSHIEHEETH- LIBIEE &, ELERCLTERBEALOMFaEERDLN, GPS. QZSS,

GLONASS, Galileo G#EBHS 27 4(7 )lF GNSS(Global Navigation Satellite System) )& #i& i AL, 205

Satellites : GPS, GLONASS, QZSS, | mmmmmemm s
Galileo [T—

Signals : L1, L2, L5
Corrections : Inter Frequency Bias, |

Inter System Bias, L2C quarter cycle |
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http://www.gsi.go.jp/eiseisokuchi/gnss _main.html
Sorry, currently Japanese only...

GSl is going to release the developed software including the
source codes and the documents of analysis algorithms on our
web site. GSI expects that they are referred to improve the other
software.
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http://terras.gsi....erras_english.html | + | _— — . |
terras.gsi.go.jp/ja/terras_english.html c | |29~ Google P A B-
‘ G351 Home Page > GEQDETIC SURVEY > GEOMET - H OW to q et th e d ata

| NSS arth  bservation work System =%

Go to Japanese Homepage

Geospatial Information Authority of Japan (GSD) operates
GMSS-hased control stations that cover Japanese archipelago with  F T
over 1,200 stations at an average interval of about 20km for crustal T

deformation monitoring and GMNS3 survevs in Japan.

The ohservation data collected at each station are open for public
and private uses in Japan, and RINEX data with 30 second interval
are provided through the Internet. They are also available for foreign ..

 Fill in the application
| form and send it to

gsi-data@gsi.go.|p

=____am = =

m

researchers under the following terms. If vou would like to access the
data, please fill in the application form below including your PC's IP
address and send it to ssi-data@®gsigo. jp. We will lat vou know how to
get the data through ftp.

* The application form
Use of this service is subject to compliance with the terms of use as helow. iS pOSted O n O u r We b
1. Purpose of this service S ite .

This service is intended to provide users with the observational data collected at
GMNSS-based control stations operated by Geospatial Information Authority of

Japan (GSI) and related data through the Internet. http .//terras . g SI . g O J p/

2. Limitation of use = -
(1) It is prohibitzd to reproduce the data as it is and to provide it to the third party. Ja/te rraS e n g I IS h htm I
2) To avoid excessive data traffic, it is prohibited to download large amount of data | — "

just for collecting data, or to use a data crawler to download data.

(3) It is prehibited to use the data of GNSS—hased control stations by the purpose, |
the means, and the methed that viclate regulations of all the Japanese laws and |
rules. Moreover, all use by the purpose, the means, and the method to encroach
upon ancther's right and use that offends public order and morals are prohibited. |

Terms of service of GSI’ s GNSS stations data

3. Attribution
Please indicate that vou have used the data from GEI when vou publish papers
or deliver products using the data from G3SL

4. Content of service
{17 T thi miica v can downlaad the GRSS—hasad contenl stations data - f

http://terras.gsi.go.jp/ja/terras_english.html
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3.2 Data service and application

* Real time data (1 second epoch) of
GEONET Is sent to the end users by
private companies through NPO distributor

* Main purpose is RTK(network RTK)
survey and positioning for ITC construction
WOrks

« GLONASS and QZSS real time data are
now usable (from May 10, 2013) for
almost all the sites of GEONET
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Real time data service scheme @

GEONET real time data service: system diagram
GSl:Tsukuba S —
IP-VPN #

= = IP-V PN Network — ﬁ
I S o o v ] B e o —
FHRMEE

Data Relay Coraputer

Japanese Association of
Surveyors: Itabashi, Tokyo

Japanese Association of Surveyors,Itabashi, Tokyo

F-ORERE TGRS 57— 22N F-SERER  SAREER
Storage Server Data Server EREA ERE-A
— = = = o Data Flow Check  Quality Check Result

mal N e e
%Egig UZILA(LT—2 2 b Internet >
Nauon Wide Service SEHEIEE N s

i SysteraStatus Inforraation

Users . n . m“,m%
=heE WMBBEE  Research organization
Experiraenter Local Semce

Real time data is distributed through JAS(non—profitable organization) to private sectors.
Two private companies are operating commercial data service .



Network RTK Survey(VRS) &
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Example of network RTK service in Japan

Network RTK GNSS data service
Service area coverage map
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Mainland, Okinawa and coastal sea area are covered B it/
(based on the document of Jenoba)




ITC construction works using GNSS RTK positioning

Automatic operation of bulldozer using RTK positioning
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4. Summary

* Multt GNSS environment enhances the
utility of GNSS survey and positioning for
the various aspects, especially for real
time usages
— Improvement of visibility
— Shortening of the ambiguity fix time

« GEONET Is updated to be usable for multi
GNSS (now for GPS, GLONASS, QZSS)

* Multi GNSS data service Is now on
practical use in Japan
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Sponsors : » BHIL
@esri ‘M’Tﬂmb'e L/ : \ IHI i ICG ¥ GEGS
UN- GGIM AP °!JE’

Geosystems



