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e Significant improvement of number of visible
satellites, accuracy, convergence time
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Plotted by GSIPLOT
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Improvement of satellite visibility o= um . gugcs o

29-30 July 2017 [APA

Nov. 13, 2013 at Ginza, Tokyo

T i b =
B P

* GPS only:

e 3 satellites

* positioning

impossible

* Multi-GNSS:
e 8-9 satellites

* enables
positioning in
urban areas
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Improvement of accuracy in urban area .= &5

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in

Practice
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e UN-GGIM-AP e

Fix rate 36.4%

OFix
Float
@sSingle

J

GPS+GLONASS+QZSS+Galileo

OFix
Float
@®single

I 4cm

Fix rate 99.9%

Skyview

e Positions with GPS only largely
degraded in urban area

e Multi-GNSS observation
dramatically improved the
performance to the cm-level
accuracy
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Fast convergence using Multiple frequencies e spen BRS¢

29-30 July 2017 E <,';7 ICG%
1176.45MHz 1278.?5MHZ 1575.42MH2
* Dual frequency 1227.60MHz | .
(L1 + L2) m n N

‘ L5 ms 22 =
GLONASS . .

/5 | L2

* Triple, Quadruple

frequencies } m m ﬂLl
(L1+L2+L5+E6) azss . :
* Enables fast ", m 5 F\ le

convergence because

of increased number of
: : dernized si |
Observables - Current | | :Modernized signals

Open signals structure
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Positioning with triple frequencies =l ghg<

29- 30 July 2017 (**

L1+L2 L1+L2+L5
(Convergence: 82 min.) (Convergence: 49 min.)

[——— — T

45
M = & =
Fwm pos mode=static AVE SIT% B5 10t STt 8000t B L B10114 A3t E-W {m) OR1= 36.127514387° 140. 1427397317 47. 7606m
4.5 : : : pos mode=static AVE=-91014,8777m STD=0.1735m RMS=21014.8777m
. E i
5.0
5.0
N (m) pos mode=static AVE=-34328.5587m 5TD=0. 1134m RM5=34828.5587m £ N-5 (m) pos mode =static AVE=-34328,5567m STD=0.1117m RM5=04828, 5567m
8.5
3.5
" . S~ - .
6.5 3.0
U-Di{m) pos mode =static AVE =-1338.3784m STD=0., 3643m RM5=1339,3784m | (3.5 'UD (m) pos mode=static AVE=-1339. 3598m STD=0. 3875m AM5=1339.3599m
9.0 3.0
3.5
.5
@Fix © Float ‘TJ-D @Fix © Float
00:00 00:15 00:30 00:45 01:00 01:15 01:30 01:45 02:0 00:00 00: 15 00: 30 00:45 01:00 01:15 01:30 01:45

Jan. 1, 2013 0:00~2:00 (UTC)
mode: Static baseline:126.3km

* Triple frequency (L1+L2+L5) accelerate the convergence
time (TTF: Time to fix) page 8
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Benefits of Multi-GNSS SRS S s

29-30 July 2017 I"G/,

* Increased visible satellites

* Improvement of:
1. Availability

2. positioning accuracy
3. convergence time

 Efficient, accurate, reliable
positionings
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Biases in Multi-GNSS positioning B RS s

* Small delays between the signal transmission
and reception of the signal in the GNSS receiver

* Major biases:
1. Inter-System Bias (ISB)
2. Inter-Frequency Bias (IFB)

3. Quarter cycle shift between L2P(Y) and L2C
signals
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Hardware-induced biases: ISB and [FB e Gomm . gmg 5 s

29-30 July 2017 IG

GPS
I QZSs
GLONASS - |FB (Inter-Frequency Bias)
length -
Galileo .
“~—— |ISB (Inter-System Bias)
BeiDou

* Inter-System Bias (ISB)
Inter-system delay due to receiver and satellite hardwares
* Inter-Frequency Bias (IFB)

caused by carrier frequency differences, especially due to FDMA of
GLONASS

Correction is required for relative positioning using
different types of receivers
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Inter-System Bias (ISB)

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practirce
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40.00

30.00

20.00

10.00

0.00

Code ISB (m)

-10.00

-20.00

-30.00

-40.00

Code ISB

Receiver A-B(1) » Receiver A-B(2) » Receiver A-C @ Receiver A-D

@ . ®
[
@
L1 L2
GPS-GLONASS

- ®
L1 LS
GPS-Galileo

L1

L2
GPS-QZSS

L5

Phase ISB (m)

Receier A-B(1)

0.20

0.15

0.10

0.05

0.00

-0.05

-0.10

-0.15

-0.20

@
@
@
2
L1 L2
GPS-GLONASS

Phase ISB

Receier A-B(2) ® Receier A-C @ Receier A-D

L1 L5 L1 L2 LS
GPS-Galileo GPS-QZSS

* Found in GPS vs GLONASS vs Galileo data
* Depends on the types of receiver
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Inter-System Bias (ISB)  ww mmua. g

29-30 July 2017
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GPS + Galileo @Fix  Float

U-D {m) AVE=0.0045m 5TD=0.0054m RM5=0,0073m

+3cm

12:00 12:30 13:00 13:30 14:00 14:30

GPS + Galileo (with ISB correction)

U-D (m)

AVE=-0,0026m 5TD=0.0033m RM5=0,0042m

+ SCm &'” -‘iﬁﬁ‘q% 'm &‘":h ?"‘”h‘?‘* %W * .,m iy ff*’f'&'ﬁ ‘ru, ki
! +
12:00 1230 13:00 1330 1400 14:30

mode: kinematic, baseline: Om, 3hrs
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Inter-Frequency Bias (IFB) skl | P | TS

29-30 July 2017 [P

IFB model

fron = forz +k*dfi;
frie = forr +k*dfiy - IFB =Axk

k: slot number

Estimated IFB with respect to receiver A(S/N1) (cm/channel)
receiver A receiver B receiver B

(SIN2) (SIN1) (SIN2) receiver C receive D
L1 0.03 -0.72 -0.74 -0.50 2.98
L2 || -00a ||| -104 1.02 || -0.49 2.93

* |FB Is frequency dependent hardware-

Induced bias, especially for the FDMA of
GLONASS signals.

* [FB (cm/channel) are consistent between same I
receiver types. "
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Inter-Frequency Bias (IFB)  woo g s

‘Y. Y
29-30 July 2017 E U&ZQ'CG
GPS + GLONASS ®Fix © Float
E-W (m) pos mode =kinematic AVE=0,5793m 5TD=0,0078m RM3=0.5794m
+3cm
0300 0a:00 09:00 12:00 15:00 13:00 21:00
GPS + GLONASS (with IFB correction)
E-W (m) pos mode=kinematic AVE=0,5819m 5TD=0.0037m RM5=0,5319m

Wi

0300 06:00 09:00 12:00 15:00 18:00 21:00

mode: kinematic, baseline: 1m, 24hrs page 16



Quarter-cycle shift for L2C signal

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice
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29-30 July 2017 [Pe4

QZS L2C GPS L2C
_J +90 deg.
L2P(Y)
Receiver A Receiver B Receiver C

GPS L2C L2P(Y) + 1/4 cycle o0 L2P(Y) - 1/4 cycle

(aligned by receiver)
QZSS L2C L2P(Y) + 1/4 cycle 0 L2P(Y) - 1/4 cycle

(aligned by receiver)

* The difference in the alignment of L2C signal vs L2P(Y)

e Bias arises in the double-differenced observable
between L2C and L2P(Y) using different types of

receivers
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Quarter-cycle shift for L2C signals of GPS and rechnca seminar reference frar

Technical Seminar Reference Frame in Practice

Kobe, Japan .l.# o) ;“’
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e UN-GGIM-AP oty

GPS +QZSS

E-W (m) ORI=36,127516049° 140, 142736543% 47, 7435m
pos mode=kinematic AVE=-0,0000m STD=0,025%0m RMS5=0,0250m
+10cm
£
1130 o100 01:30 02:00 02:30 03:00 EI3:”
GPS + QZSS (with quarter-cycle correction)
E-W (m) ORI=35.127516014" 140,142736511% 47.7331m
pos mode=kinematic AVE=0.0000m STD=0.0145m RM5=0,0145m
+ 2 “‘+:l|- ¥
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS

) Technical Seminar Reference Frame in Practice
What’s GSILIB?
[ ]

pe= N Y
AN P l. C‘ ] ICG
29-30 July 2017 E%H « THER <Y

» Open source software package for GNSS
positioning developed by GSI

* Fork of the RTKLIB software (by T. Takasu)
with handling of multi-GNSS-related biases

[ About |

GSIPOST
4 with GSILIB ver.1.0.0
Copwright (C) 2014
tv Geospatial Information Asthority of Japan

All rights reserved.

Original software, ETELID ver.2 4.2 pd
Copyright({C) 2007-2013 by T Talasu
Al rights reservad.

GSILIB: GNSS Surveying Implementation
(@}@f@piﬁhousel.gsi.go.jp/gsilib/gsilib_download_eng.html)
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Technical Seminar Reference Frame in Practice
GSILIB Features

OB
=% 71y .l. MICG
Sy iUl - FAG

e Corrections of biases in multi-GNSS data
* Quarter-cycle biases

* Inter frequency bias (IFB)
* Inter system bias (ISB)

* Inherit all the functions of RTKLIB

* Multi-GNSS data support: GPS, GLONASS,
QZSS, Galileo, SBAS

« Various positioning modes: RTK, Static, PPP, etc.

» Simple GUI (Windows) and CUI (Windows,
Linux) interfaces
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Techmcalbmmar Reference Frame in Practlce

The effect of hardware dependent-D) S5ES. MRE <>

SA-lé)& QéATZ
* DD bias:
(bjatl—bgatl) (bSatZ bgatZ)
b2 P8 Db
bj A v
NN

Receiver A Receiver B

L2C 1/4
cycle

Iiaetcs'l};/spe i_i Canceled Canceled -
Iiaetci{/ Spe i ~ é Canceled Arise Arise
Iiaetcs'l};spe i _ i Canceled - -
;Ztc %I};Ispe i: E Arise _ Arise
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

Strategy for bias corrections in GSILIB e Goml . gmE €5 e

29-30 July 2017 [

1. Calibration of biases in multi-GNSS data
* Inter system bias (ISB)
* Inter frequency bias (IFB)
* Quarter-cycle shift

N

2. Save the biases to table files

ot

3. Import pre-determined tables in positioning
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practlce
Summa ry oo TR B CD o

29-30 July 2017

* Multi-GNSS environment improves availability,

accuracy, reliability, convergence of GNSS
positioning

* However, some biases have to be considered
* IFB, ISB, quarter-cycle shift

* GSILIB is an open-source software, which
offers the table-based corrections of IFB, ISB

and quarter-cycle shift to utilize multi-GNSS
data

http://datahousel.gsi.go.jp/gsilib/gsilib_download eng.html
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GSILIB demonstration e BRI M G i)

Al S

RTK using GPS (No bias)

RTK using GPS + GLONASS (IFB correction)
RTK using GPS + QZSS (L2C quarter cycle shift)
RTK using GPS + Galileo (ISB correction)

RTK using GPS + GLONASS + QZSS + Galileo (all
corrections)
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS

c Technical Seminar Reference Frame in Pracgfe
GSILIB Demonstration 1 oo oen IR M ) s

-
e UN-GGIM-AP

* RTK using GPS

Base Rover
Station 8 Station 1

BL: 500m

Antenna :JAV_GRANT-G3T
Receiver : JAVAD TRE_G3T DELTA
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Flow of analysis i B
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice
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Configuration of positioning options

Setting of input RINEX files, output directory
Start processing

Show the result
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. . Technical Seminar Reference Frame in Prac\‘i\iiie
Launch gsipost_gui.exe e NN NE D¢

29-30 July 2017 s

Y UN-GGIM-AP s

(% GSIPOST ver1.0.0 = |£|[é]ﬁ
[] Time Start (GPST) 7 [ Time End (GPST) ? [Clinterval [ |unit
. = : = |o = (24 |H
il i RIMEX OBS: Rover ? o E
gsilib/bin/ s
RIMEY OBS: Base Station &=
- []
% g S p|ﬂt_E}[E RINEX *NAV/CLK, SP3, IONEX or SBS/EMS BE8
- [
v [
g gsipost_gui.exe ~ ()
Salution ] Cir
v (o]
B O ?
pot.. || view.. || Tokw... || optons.. || Exeatte || Bat |

Post Processing tool of GSILIB
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS

. . Technical Seminar Reference Frame in Practice
) £,
1: Configuration e TN R D o

gyt

e UN-GGIM-AP

%! GSIPOST ver1.0.0 = B |3
[| Time Start (GPST) 7 [| Time End (GPST) ? [ interval [ |Unit
. . . = |0 s |24 |H
RIMEX QBS: Rover ? &=
RIMEX OBS: Base Station & E
RIMEX *TMAV/CLE, SP3, IOMEX or SBS/EMS E 2R
Solution [ Dir
E 1 ?

Pot.. || vew. || TokmL.. || Optons... || Exeate || mBit |

N

Configure positioning options

Page 30



(1-1) Positioning options: Setting 1

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

o e e 1ARB P ¢
XA an 2/ il
2G| F G N ,,uumm U&IM-AP ?ﬂ""-‘-ﬁ‘.m\*“&

29-30 July 2017 py~

Options

==

Settingl | Setting2 | Setting3 | Output | Statistics | Positions | Files | Misc |

Positioning Mode

Frequendcies

L2 Code Priority

Solution Type

Elevation Mask (%) [ SMR. Mask (dbHz)
Rec Dynamics fEarth Tides Correction
Ionosphere Correction

Troposphere Correction

Time System Correction

Satellite Ephemeris/Clodk

Sat PCV Rec PCV PhiWindup
Exduded Satellites (+PRN: Induded)

-

[kﬁnematic TJ]:
L142 -

L2p(y) -
[Fnrward A ]

oFF v |oFF |

[Eruadﬁst - l
[Saasiﬁmuinen - l
|OFF -
[Eruadmst - ]

Reject Ed [C] RAIM FDE

[¥]eps [|eLo [[|Gallee [|Qzss [|sBas Beidou

Glonass L1 Code Priority
Glonass L2 Code Priority

—

Positioning Mode “Kinematic”

| Frequencies “L1+L2”

—— Satellite types (GPS)

Page 31
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(1-2) Positioning options: Setting 2 = »= =giA . g

UN GGIMAP g

-

[ Options ==
| Settingl| Setting2| Setting3 | Output | Statistics | Positions | Files | Misc |
Integer Ambiguity Resolution Method [L AMEDA ,,]
Integer Ambiguity Resolution Strategy [Cunﬁnuuus ,,]
GLOMASS Ambiguity Resolution oM
PFF Ambiguity Resolution OFF
Min Ratio to Fix Ambiguity 3
Min Confidence [ Max FCB to Fix Amb 0.9999 |02
Min Lock [ Elevation (%) to Fix Ambiguity 0 0
10 0
Dutage to Reset Amb/Slip Thres {m) 5 0.500
Phase Cycle Shift (oFF - Phase Cycle Shift “OFF”
L2C-L2P Bias [oFF -
Max Age of Differential (s) 30.0
Reject Thresheld of GDOPInnov {m) a0.0 300
Mumber of Filter Tteration i
Baseline Length Constraint {m) 0.000 0.000
Inter System Bias |oFF ] Inter System Bias “OFF”
Analysys Method in Double Differendng [exc. glonass ,]
Load ] [ Save ] [ oK ][ Cancel ]
Page 32
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(1-3) Positioning options: Output == =il -gRg <D e

Y UN-GGIM-AP s,y

[ Options s
| Settingl | Setting2 | Setting3| Output| Statistics | Positions | Files | Misc |
Solution Format [KH,.’E—ECEF "] SOIUtion Format
CQutput Header Processing Options [DN - HDN v]
Time Format [ # of Dedmals [hh:mm:ss GPST - ] 3
Latitude [ Longitude Format ddd.ddddddd
Field Separataor
DatumHeight WG58 Ellipsoi
Geoid Model Internal
Solution for Static Mode all
] ]
Qutput Solution Status / Debug Trace [Residu - HEEF - ] De b ug Trace
Output ISB Data |OFF |
| Solution Status
Qutput L2P-L2C Data [DFF "’]
Qutput Position in SINEX [DFF "’]
Output Ion/Trop [DFF - ]’DFF 1Ir]
Output Receiver[Satellite Clock [DFF "’] QFF
DOutput Baseline [DFF ']
Output FCB [DFF "’]
Page 33




FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS

(1-4) Positioning options: Positions = =i gag 5

3 .m\k“

[ Options s

| Settingl | Setting2 | Setting3 | Output | Statistics| Positions| Files | Misc |

Rowver
Lat/Lon/Height (deg/m) Rove re
Antenna Type (*: Auto) Delta£/N/J (m) Antenna type
JAY_GRAMT-G3T » 0.0000 00000  0.0000 Rece |Ve r type
Receiver Type TRIMELE MetRS9
Base Station .
i Lat/Lon/Height (deg/m) - | (i) Base:
36.130349273 140, 138352074 48.5321 Position
Antenna Type (*: Auto) DeltaEM (m)
JANV _GRAMNT-G3T  0.0000 00000  0.0000 Anten na type
Receiver Type JAVAD TRE_G3T DELTA Receiver ty pe
Station Position File
D:¥gsilib-demo¥0. tables¥station. pos =[] Position f||e
% latitude longitude height{elipscidal) id name
-
Load ] [ Save ] [ (04 ] [ Cancel ]

38.130349273 140.138352074 48.5321 3Staf BEase
36.127346662 140.143000323 47.7168

Stal Rowver
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(1-5) Positioning options: Files oo ST - ED) o)

29-30 July 2017 py~

o =

Options (&S]
| Setting1 | Setting2 | Setting3 | Output | Statistics | Positions| Files | Misc
Satellite/Receiver Antenna PCV File ANTEX/NGS PCV E B . .
D¥gsiib-demo*¥0. tables¥igs08.atx - Satellite/Receiver
D:¥gsilib-demo¥0, tables¥igs05.atx _] Ante nna PCV F| I e
Geoid Data File
(1)
DCE Data File =
(1)
ISE Data File =
(1)
Google Earth Exe File
C:¥Program Files (x86)¥Google¥Google Earth¥dient¥googleearth.exe E]
BIPM Circular T File
(1)
EQP Data File El
OTL BLQ File =
Load ] [ Save (84 ]I[ Cancel ] .
- - = = Click
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: . Technical Seminar Reference Frame in Prac&ﬁe
2) RINEX file selection e S

29-30 July 2017

(% GSIPOST ver1.0.0 =] = ) .
[C| Time Start (GPST) 7 [ Time End (GPST) ? [CiInterval [ ] Unit RI N EX O BS Of rover station
RIMEX OBS: Rover ? |
| D:¥gsilib-demo#¥ 2. javad-trimble¥ 1tri2570. 140 vl@/ .
RINEX OBS: Base Station @ B RINEX OBS of base station
| D:asilib-demo¥z javad-trimble¥aiav2570. 140 & ¥
RINEX *NAV/CLK, SP3, IONEX or SBS/EMS BB ( WO)
| Di:¥gsilib-demo¥ 2. javad-trimble¥brdm2570. 14p 'l@

Tl T RINEXNAV
%k 3k %k k Xk
|Snluﬁun []Dir D:¥gsilib-demoout |E]\ ( yy )
142570, pos v [
O . Solution directory for the
Pot.. || vew. || TokmL.. || Optons... || Exeate || mBit | solution file (****.pOS)

Page 36



(3) Processing

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

Kobe, Japan H @ !. MC
N UNGGIMAP ‘wm

29-30 July 2017 py7

%! GSIPOST ver1.0.0 = B |3
[] Time Start (GPST) [] Time End (GPST) ? [ interval [ | Unit

: : = = o = |24 |H
RIMEX OBS: Rover ? & =
D ¥gsilib-demo¥ 2. javad-trimble¥ 112570, 140 - E]
RIMEX OBS: Base Station o E
D:¥gsilib-demo 2. javad-trimble¥8jav2570. 140 - E]
RIMEX *MAV/CLE, SP3, IOMEX or SBS/EMS B EE
D:¥gsilib-demo¥ 2. javad-trimble¥brdm2570, 14p - E]

Solution [f|Dir  D:¥gsilib-demo¥out

1tri2570.pos v [o]
B ] ?
Pot.. || view. || Tokm... || options.. | Exeate || Bt |

Start processing
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Show result

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

# & u‘l "%/
FIIGES
S edeater o arvepes UN GGIM -AP %ﬁnm\w‘

Kobe, Japan
29-30 July 2017 f{

B, o

5 GSIPOST ver1.0.0 e ==
[ Time Start (GPST) 7 [~ Time End (GPST) ? [ interval []unit
= = = = |0 s (24 |H
RIMEX OBS: Rover ?
D:¥gsilib-demo¥2 javad-trimble¥ 1tri2570. 140
RIMEX OBS: Base Station
D:#¥asilib-demo¥ 2 javad-trimble¥8jav2570. 140
RINEX *MAV/CLE, 5P3, IONEX or SBS/EMS
D:¥gsilib-demo¥ 2, javad-trimble¥brdm2570. 14p
Solution [¥]Dir  D:¥gsiib-demc¥out
1#i2570.pos
B O I done I ?
1 1
Plot... view... |[ Tom.. || optofRy. |[ Bxeate || Bat |
\,

\

Processing is done

Plot results

¥ D:¥CAMPAIGN¥gsilib-demo¥out¥1tri2570.pos == =]

File Edit View Help

..||..m21.2§ H-l I @ o o «» &H 1l b X
0.10

E-W {m)

a
]

0.05
#2
10,00 Pttty bbb Py RS 15 e ’M:' I, M&W A e gl Pt
-0.05
M-5 (m)

0.05

. e
0.00 Anmege™mg P o o ‘,...,’\«\mw ot I N %, o"” .

-0.05
£ BBCAVBAIGH YAt pon e
10 B Bt yew Helo
U-D (m) =M - B o x| Fe=Ta T L r “ma
0.05
0.00,, s mﬁ»‘ f‘ "‘«3"" )"v * h“ #
‘\ Wy W o
-0.05
0,10
02:30 03:00

|[1] 2014/09/14 02:00:00 GPST-09/14 04:59:30 GPST|

] s (T 14 s 0 T | i £ 1 R )
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4-2) Plot options

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

licll. - 1S

® UN-GGIM-AP ™

Kobe, Japan
29-30 July 2017

K& Dr¥CAMPAIGN¥gsilib-demo¥out¥1tri2570.pos

File Edit View Help

0.10
E-W (m)

0.05

1
0.00 $mtrnis aprmntvstos Sy P S, o b s L ot N e T TN e
X

-0.05

N-5 {m)
0.05

. Ll N
0,00 Ares .s"m”“ o M it Pt www‘w"ﬁﬁw “‘,.,%"9’\“ ] t»m,,.o..::'«v,f\ ,\”\ﬂv,..‘»-.'ry«.{
Y "". by

B o) - T o

E=N ECR =<~

S H 4 [l G

X G

5]

pos mode=kinematic AVE=0.0013m STD=0,0109m RM5=0,0110m

ORI= 36,127346662% 140.143000323% 47, 7163m

i

I pos mode =kinematic AVE=0.0009m STD=0.0067m RMS=0.0067m I

7

"
i,

I pos mode=kinematic AVE=-0.0010m STD=0.0121m R.MS:U.UlZ].n‘I

-0.05
u-D (m)
0.05
1 I
ey Ften m g e R
0.00 ?“:*‘\V:“ ,,.n."", v ;:;q g .yft‘ e w e
-0.05
-0.10
02:30 03:00 U5l

.
e ., R ek
Fe i 'v;'“ w'fdt:‘\, e T e hi L
A A B el s M

!
e

[1]2014/09/14 02:00:00 GPST-09/14 04:59:30 GPS|

: N=360 B=0.5km Q=1:345(95.8%)

OO0

7

Baseline length
Fix rate

Show Statistics

Options

Time Format
Lat/Lon Format
Show Statistics
Cyde-Slip
Parity Unknown
Ephemeris

>
ddd.ddddd =

Elevation Mask (%) 15

[ore -]
[ore  ~]
Graph Label Line Color E]
~ | Grid/Grid Label Text Color _E]
~ | Compass Grid Caolor E]
| Scale Background Color E]
~ AutoFit Plot Style

=X5

Mark Color 1 {1-6) l lll.
mark color 2 (1-6) [N R

Bar/Cirde Fi -

Direction Arrow i -

Elev Mask Pattern Y-Range (+/-) 0.05 * Mark Size
Hide Low Satellite RT Buffer Size 10800 Font Tahoma 8pt E]
Max DOP + Coordinate Crigin Animation Interval 10 -
Max Multipath - Update Cyde (ms) 100
Receiver Position |Single Solul 0.000000000 0.000000000 0.0000
Satellite System QC Cmd teqc +qc +sym H rep plot
GPs  [[lGo [l Galieo | RINEX Opt
[Clgzss [[Iseas [[|BeiDou| 11 pata a2
Excluded Sats TLE Sat No =1
(+5n: Induded) l\ [ oK ][ Cancel ]

\

Average,

\
Satellite System

Standard deviation,

RMS
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(4-3) Show residuals

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

<7 ~~l
(€] F G bty UN GGIM-AP :m\“‘“

Kobe, Japan
29-30 July 2017 A

Code

Phase

Elevation
SNR

Residuals

Frequency Satellite
/

B Di¥CAMPAIGN¥gsilib-demo¥o =]

File Edit View Help

o[z - [ -5 - ] FoXGs
= Z

Pseudorange Residuals {m)

CarrierPhase Residuals (m)

02:30
[1]2014/09/14 02:00:00 GPST-09/14 04:53:30 GPST : N=3&0 B=0.5km Q=1:345(35.3%)

AVE=0.000m 5TD=0.562m RM5=0.562m

AVE=0.001m 5TD=0.007m RM5=0.007m

0400 04:30
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

GSILIB Demonstration 2: [FB correction e =il . -gh§ <5 oo

29-30 July 2017 [APA

* RTK using GPS + GLONASS (IFB correction)

Base Rover
Station 8 Station 1

BL: 500m

N

\%

Antenna :JAV_GRANT-G3T

_ . GLONASS
Receiver : TRIMBLE NetR9 L1: 1602 MHz + 0.5625 MHz * k

L2 : 1246 MHz + 0.4375 MHz * k  (k=-7,-6,...,5,6)
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practlce

(1-1) Positioning options: Setting 1 == =il -ghg Do

29_30 July 2017 UN GGIM AP ("}Fﬁ‘lm\“

[ options |
Settingl| Setting2 | Setting3 | Output | Statistics | Positions | Files | Misc |
Positioning Mode [K]nematic T]
Frequencies [Ll-I-LE - ]
L2 Code Priority L2p(Y) -
Solution Type [Furward ']
Elevation Mask (%) / SNR. Mask (dbHz) 5 v . |
Rec Dynamics/Earth Tides Correction [DFF - ][DFF - ]
Ionosphere Correction [Eruadﬁst "]
Troposphere Correction [Saasiﬁmuinen "]
Time System Correction [DFF v]
Satellite Ephemeris/Clodk [Eruadmst T]
Sat PCV Rec PCV PhWindup [7]Reject Ed [C] RAIM FDE
Exduded Satellites (+PRN: Induded)
GPs 160 [[Galleo [[Qzss [[1sBAs [ |Beidou | < Satellite types (GPS, GLO)
Glonass L1 Code Priority
Glonass L2 Code Priority
[ Load ] [ Save ] [ oK H Cancel
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(1-2) Positioning options: Setting 2 s

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

PR 3
E ~rCG5
A G' UN GGIM AP ﬂ"”-“ﬁum\“"‘

29-30 July 2017

-

[ Options =
| Settingl| Setting2| Setting3 | Output| Statistics | Positions | Files | Misc |
Integer Ambiguity Resolution Method [LAMEIDA ,,]
Integer Ambiguity Resolution Strategy [Cunﬁnuuus ,,]
GLOMASS Ambiguity Resolution [USE IFB Table ,,]
PPP &mbiguity Resolution OFF
Min Ratio to Fix Ambiguity 3
Min Confidence [ Max FCE to Fix Amb 09999 0.2
Min Lock [ Elevation (%) to Fix Ambiguity 0 0
10 0
DOutage to Reset Amb/Slip Thres (m) 5 0. 500
Phase Cyde Shift [DFF ,]
L2C-L2P Bias (oFF -]
Max Age of Differential (s) 30.0
Reject Threshold of GDOPInnov {m) 0.0 0.0
Mumber of Filter Tteration i
Baseline Length Constraint {m) 0.000 0.000
Inter System Bias [DFF ,]
Analysys Method in Double Differencng [E}(C. glonass ,]
Load ] [ Save ] [ oK H Cance| ]

GLONASS Ambiguity Resolution
“USE IFB Table”
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(1-3) Positioning options: Setting 3 s »

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

e
A o
E ~~rCG5

Gv UN GGIM AP

29-30 July 2017 pyA g

Options

-

==

| Settingl | Setting2| Setting3| Output | Statistics | Positions | Files | Misc |

Phase Cyde Shift, GLOMASS IFE, Error Model

D:¥gsilib-demo¥0, tables#gloifh. thi

Multi Baseline Static
Estimate Satellite Clod:/FCE

Semi-Dynamic Correction Parameter

Solution Directory

Est. Interval of ZTD (5)
Est. Interval of Trop. Gradient (s)
Trop. Process Moise Zen/EW /MS

0-C Reject Phase/Code (sigma)
Fixing Probability WLML

oFF | |oFf

7200

B = E

(o]

(2]
(o]

IFB table file

IGLOMASS IFE TABLE
RECEIVER TYFE 1
B T F T L L.

JAVAD TERE G3T LELIZ

ILEICR GR25

2014/09/29
RECEIVER TYEE 2 FREQ L* BIAS(m/MHz) FLAG
L L TSR LS * EE T2 X T *
TRIMELE NetR9 1 -0.0082

2 -0.0106
TRIMBLE NetR9 1 -0.0534
2 -0.0686

43200

L.00E- 1.00E- 1.00E-H

1.0 3.0

1.00000  0.00000
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

(1-4) Positioning options: POSitions w= = =M. -ghg<s

29-30 July 2017

-

Options =
| Settingl | Setting2 | Setting3 | Output | Statistics| Positions | Files | Misc
Rover
Lat/Lon/Height (deg/m)
Antenna Type (*: Auto) DeltaE/M/U (m)
JANV GRAMNT-G3T + 0.,0000  0.,0000  0Q.0000
Receiver Type LEICA GR25 Rover Receiver Type
Base Station
[Latﬂ_unﬂﬂeight (degjm) - E]
36,130349273 140, 138352074 43,5321
Antenna Type (*: Auto) DeltaE/M/U (m)
JAY _GRAMT-G3T » 0.,0000  0.0000  O.0000
Receiver Type TRIMELE MetRg < Ba se Re ce ive r Type
Station Position File
O:¥gsilib-demo'0. tables¥station. pos EIE]
Load ] [ Save ] [ oK ” Cancel ]
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS

. . Technical Seminar Reference Frame in Practlc
RINEX file selection o o ST I D
A G' UN GGIM AP a"”-“ﬁ‘.m\““&\

29-30 July 2017 py~

(4 GSIPOST ver1.0.0 =] = = )
[| Time Start {_Gpsrrj: = ["| Time End {G_PST} = [ interval [ | Unit RI N EX O BS Of rover station
. : : - |9 “ / (****YYO)
RIMEX OBS: Rover ? &=
| D:#gsilib-demo¥ 1. trimble Jeica¥ 11ei 12570, 140 Je]| .
(Rt e S oY= RINEX OBS of base station
D:¥qsilib-demo# 1. trimbleeica¥8tri2 570, 140 -] % % % %
RIMEY *MNAV/CLE, SP3, IONEX or SBS/EMS B EEH ( yyO)
| D:¢gsilib-demo¥ 1. trimble deica¥brdm2570. 14p v@
= T~ RINEX NAV
Solution [f|Dir D:¥gsiib-demo¥out E] '
[ Ui 12570_6LO.pos v@
= done | Solution file (**** pos)
| Pot.. || vew. || Tokm.. || options.. || Exeate || mit |
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IFB correction result

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

¥ OB U

sareer: UN-GGIM-AP

Kobe, Japan
29-30 July 2017

0.10

0.05

E 0.00

E-W (m)

N-5 {m)

U-D (m)

GPS + GLONASS

No IFB correction

.
% i

Fix 0.0% OFix
ORI= 36.127346662% 140.143000323% 47.7168m

pos mode=kinematic AVE=-0.0027m 5TD=0.0517m RMS5=0.0517m

pos mode =kinematic AVE=0,0016m STD=0.0231m RMS=0,0231m

pos mode=kinematic AVE=-0.0026m STD=0.0455m RMS=0.0455m

02:30 03:00 03:30 04:00 04:30

|FB correction

Fix 95.3%

0.10
E-W (m) ORI= 36.127346662% 140.143000323° 47.7168m
pos mode=kinematic AVE=-0.0015m 5TD=0.0390m RMS=0.0390m

0.05

1 El
0,00 #ior— sbottbs b ittt Ml | i ““‘”M”‘“:W“WA“Ww“M‘W

-0.05
N-5 (m) pos mode=kinematic AVE=0,0011m STD=0.0125m RM5=0,0125m
0.05
0,00 b1 1 i ’\ws,m@\% A AN ittt g S
-0.05
U-D (m) pos mode=kinematic AVE=-0.0008m 5TD=0.0196m RM5=0.0136m
0.05
N 2 ERY : N R
AR T oy o Fwte 1 St s R S M e nlt e +
0.00 ¢ W G aa i L g‘x.,;’ A A ‘.—,‘w;‘j’” g A v L 1OC m
-0.05
-0.10
02:30 03:00 03:30 04:00 04:30
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GSILIB Demonstration 3 FIG/TAG/UN-GGIM-AP/ICG/GSI/IFS

Technical Seminar Reference Frame in Practice

. . Kobe, Japan = . go ¢ ﬁ‘\ \}C“G
quarter cycle shift correction oo peme e MBS
RTK using GPS+QZSS
w/wo L2C quarter cycle bias correction
Base Rover
Station 8 Station 1

BL : 500m

N

\%

Antenna : JAV_GRANT-G3T
Receiver : JAVAD TRE_G3T DELTA
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(1-1) Positioning options: Setting 1

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

Kobe, Japan
29-30 July 2017 f{

5 ﬁ“‘w;M/ﬁ
57 R .'.E c“_-\ v{}! ;o;
) o7 DG

NG H . ,,uumm U&ZP ?ﬂo’”ﬁum‘m&

Options

=

Settingl | Setting2 | Setting3 | Output | Statistics | Positions | Files | Misc |

Excuded Satelites (+PRM; Induded)

Positioning Mode [K]nematic T]
Frequendies [Ll-H.F_' - ]
L2 Code Priority L2p(v) -
Solution Type [Furward "]
Elevation Mask (%) / SNR Mask (dbHz) 5 v . |
Rec Dynamics Earth Tides Correction [DFF - ][DFF - ]
Ionosphere Correction [Eruadmst ']
Troposphere Correction [Saasiﬁmninen ']
Time System Correction [DFF v]
Satellite Ephemeris/Clodk [Eruadﬁst "]
Sat PCV Rec PCV Phwindup [/]Reject Ed [C] RAIM FDE

GPs [[|Glo [|Gallee [¥]Qzss []sBas Beidou
Glonass L1 Code Priority
Glonass L2 Code Priority
[ Load ] [ Save ] [ oK H Cancel

Satellite types (GPS, QZSYS)
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

(1-2) Positioning options: Setting 2 weu il . -gRg <D o

29-30 July 2017 pyA

.|

 Options =
Settingl| Setting2 | Setting3 | Output | Statistics | Positions | Files | Misc |
Integer Ambiguity Resolution Method ’L AMEDA ,]
Integer Ambiguity Resolution Strategy ’Cunﬁnuuus ,]
GLOMASS Ambiguity Resolution ON
FFF Ambiguity Resolution OFF
Min Ratio to Fix Ambiguity 3
Min Confidence [ Max FCB to Fix Amb 0.9999 o2
Min Lock / Elevation () to Fix Ambiguity 0 0
10 ]
DOutage to Reset Amb/Slip Thres {m) 5 0.500
Phave Cyde Shift [ Table v < Phase Cycle Shift “Table”
L2C- 2P Bias ’DFF ,]
Max Age of Differential (s} 30.0
Reject Threshold of GDOPInnow {m) 30.0 30.0
Mumber of Filter Tteration 1
Baseline Length Constraint {m) 0.000 0.000
Inter System Bias [DFF ,]
Analysys Method in Double Differendng [exc. glonass ,]
Load ] [ Save ] [ oK H Cancel ]
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(1-3) Positioning options: Setting 3

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

X OB T

Y UN-GGIM-AP sy

Kobe, Japan
29-30 July 2017 [y

Options

(=)

| Settingl | Setting2| Settng3| Output | Statistics | Positions | Files | Misc |

D:¥gsilib-demei#0, tables¥l 2csft. thl

Multi Baseline Static
Estimate Satellite Clodk/FCB

Semi-Dynamic Correction Parameter

Solution Directory

Est. Interval of ZTD (s)
Est, Interval of Trop, Gradient (s)
Trop. Process Moise Zen/EW NS

Phase Cyde Shift, GLOMASS IFE, Error Model

B =
loFF  ~v||oFF |
7200
43200

1L.00E- 1.00E-L 1.00E-

=

-

@ <
(o]
(o]

0-C Reject Phase/Code (sigma) 1.0 5.0
Fixing Probability WL/ML 100000 0.00000
Convergence Factor of Iteration 1.00E-03

Load ] [ Save ] [ oK H Cancel ]

Phase Cycle Shift file

luarter-Cycle Phase Shifts Tabkle

[RECEIVER TYEE BIZS

e s L L R e L]

JEVAD TEE_G3T DELTA -0.25
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

(1-4) Positioning options: PoSitions w= = =M. -ghgs i

29-30 July 2017 pyA

-

Options ==
| Settingl | Setting2 | Setting3 | Output | Statistics| Positions | Files | Misc
Rover
Lat/Lon/Height (deg/m)
Antenna Type (*: Auto) DeltaE/M/U (m)
JAV_GRANT-G3T + 0.0000 0.0000 0.0000
Receiver Type TRIMELE NetRa Rover Receiver Type
Base Station
[Latﬂ.unﬂﬂeight (deag/m) ‘F] [Z]
36.130349273 140, 138352074 43.5321
Antenna Type (*: Auto) Delta-EMU (m)
JAY _GRAMT-G3T « 0,0000  0.,0000  Q,0000
Receiver Type JAVAD TRE_G3T DELTA < B ase R ece ive r Type
Station Position File
O:¥gsilib-demo'0. tables¥station. pos EIE]
Load ] [ Save ] [ oK ” Cancel ]
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RINEX file selection

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practlce
Kobe, Japan

29-30 July 2017 ,5*';; l. UNGGIMAﬁ,

2 =
Doty

& GSIPOST ver.1.0.0

=R
[] Time Start {GPST)  ? [ Time End (GPST) [ interval [ Unit
. . ; 2 o .
RIMEX OBS: Rover ? & =
|D:¥asiib-demot 2. javad-trimble¥ 1tri2570. 140 v [Zr
: Station ) E
|D:¥Esilib—demn¥2.1auad—trimble¥81'av25?ﬂ. 140 - ]
RIMEX *MAV/CLE, SP3, IOMEX or SBS/EMS E EE
|D:¥gsi|ib—demu¥2.javad—h’imble¥brdm25?ﬂ. 14p - @
Solution [|Dir D:¥gsiib-demao¥out E]
|1tri25?0_Q25.pos - I&L
E daone 2
| pot.. || vew. || Tokm... | optons.. || Exeaste |[ mEit |

RINEX OBS of rover station
/ (****-WO)

RINEX OBS of base station
(****.yyo)

‘@
2 g RINE;(yI:I)AV

- Solution file (****.pos)
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practlce

uarter cycle shift correction resultos:» . gagcs

29—30 July 2017

GPS + QZSS

| Quarter cycle shift
NO correction correction

Fix 46.1% @®Fix © Float Fix 96.7%

0.10 0.10
E-W (m) ORI= 36.127346662° 140.143000323° 47.7168m E-W (m) ORI= 36.127346662° 140.143000323% 47.7168m
pos mode =kinematic AVE=-0.0028m 5TD=0,0640m RMS=0.0640m pos mode=kinematic AVE=0.0012m STD=0.0133m RM5=0.0133m
0.05 0.05
\§ ..
L5
E 0.00 - E B T T S AN e ) 0 A i P AV e ] wwmmm“w«ww»‘“‘w«w
0,05 1 0.05 !
-0.10 -0.10 ’
N-5 (m) pos mode=kinematic AVE=0.0035m STD'=0.0550m RM3=0.0550m N-5 (m) pos made=kinematic AVE=0,0008m STD=0.0068m RMS=0,0068m
0.05 ¥ 0.05 -
Dl W W M.w
¥ P ’M\:‘ B H - P E
N 0.00 et tnd i 0.00 e~ vt esmenen] s e o, DU s s O gm0 MWM»,“‘?J” Tyt e
) %
-
-0.05 -0.05
-0.10 -0.10
U-D/(m) pos mode=kinematic AVE=0.0033m 5TD=0.1088m RMS=0. 1087m U-D {m) pos mode=kinematic AVE=-0.0014m STD=0.0118m RMS=0,0119m
0.05 - 0.05 .
st + + + i3 I L
hicatl .. e , o N P i Ao A +
0.00 + - + - -t o CRIPEP TS T SR s T Yo 3.3 wl W, vn.s, w” LA 0 n’]
U | " -v,.t.:‘ Y ‘;“.\. "9 PR ‘s.“' - w,‘:: v 0.00 . m P, - ‘.‘-\.;, g, :‘o ‘:" T e ‘,,3’2:' % o ‘ad 7 4"‘\ M ‘9 X, : ,, e wJr 1OC
L S i ! v t
-0.05 e *- 0,05
-0.10 -0.10
02:30 03:00 03:30 04:00 04:30 02:30 03:00 03:30 04:00 04:30
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

GSILIB Demonstration 4: ISB correction e =il . -gh§ <5 oo

29-30 July 2017 [Pe4

e RTK using GPS+Galileo
w/wo ISB correction

Base Rover
Station 8 Station 1
- BL : 500m -
Antenna : JAV_GRANT-G3T Antenna : JAV_GRANT-G3T

Receiver : JAVAD TRE_G3T DELTA Receiver : TRIMBLE NetR9

Speed of Light : 0.29979 m / ns
Page 55



(1-1) Positioning options: Setting 1 s

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

IHI .'.-x ED
¢ (";/-\} dan E v E;: 1 ‘N’E
OGS FIIGRS ,,uumm U&IM-AP g

29-30 July 2017 p

Options

=

Settingl | Setting2 | Setting3 | Output | Statistics | Positions | Files | Misc |

Positioning Mode

Frequendies

L2 Code Priority

Solution Type

Elevation Mask (%) / SNR. Mask (dbHz)
Rec Dynamics/Earth Tides Correction
Ionosphere Correction

Troposphere Correction

Time System Correction

Satellite Ephemeris/Clodk

Sat PCV Rec PCV Phiwindup
Exduded Satellites (+PRN: Induded)

[K‘lnematic - ]
|L14s | <
|L28 () -
[Fnrward - ]

loFF v |oFF |

’Bruadmst - l
’Saasiﬁmninen hd l
| oFF -
[Brnadmst - ]

Reject Ed || RAIM FDE

GPs []GLO Galleo [ ]Qzss [ |sBAS Beidou

Glonass L1 Code Priority
Glonass L2 Code Priority

Frequencies “L1+L5"

Satellite types (GPS, Galileo)
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

(1-2) Positioning options: Setting 2 weu il . -gRg <D o

29-30 July 2017 pyA

[ Options |
Settingl| Setting2| Setting3| Output | Statistics | Positions | Files | Misc |
Integer Ambiguity Resolution Method [LAMEIDA ,]
Integer Ambiguity Resolution Strategy [Cunﬁnuuus ,]
GLOMASS Ambiguity Resolution O
PPP &mbiguity Resolution OFF
Min Ratio to Fix Ambiguity 3
Min Confidence [ Max FCB to Fix Amb 0.9995 0.7
Min Lock [ Elevation (%) to Fix Ambiguity a a
10 0
Cutage to Reset Amb/Slip Thres (m) 5 0. 500
Phase Cyde Shift [DFF ,,]
L2C2P Bias [D,:,: v]
Max Age of Differential (=) 0.0
Reject Threshold of GDOP/Innoy {m) 30.0 0.0
Mumber of Filter Tteration i
Baseline Length Constraint {m) 0.000 0,000
Inter System Bias [Table | Inter System Bias “Table”
Analysys Method in Double Differendng [exc. glonass ,]
Load ] [ Save ] [ oK H Cancel ]
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

(1-3) Positioning options: PoSitions w= = =M. -ghgs i

29-30 July 2017 pyA

-

Options ==
| Settingl | Setting2 | Setting3 | Output | Statistics| Positions | Files | Misc
Rover
Lat/Lon/Height (deg/m)
Antenna Type (*: Auto) DeltaE/M/U (m)
JAV_GRANT-G3T + 0.0000 0.0000 0.0000
Receiver Type TRIMELE NetRa Rover Receiver Type
Base Station
[Latﬂ.unﬂﬂeight (deag/m) ‘F] [Z]
36.130349273 140, 138352074 43.5321
Antenna Type (*: Auto) Delta-EMU (m)
JAY _GRAMT-G3T « 0,0000  0.,0000  Q,0000
Receiver Type JAVAD TRE_G3T DELTA < B ase R ece ive r Type
Station Position File
O:¥gsilib-demo'0. tables¥station. pos EIE]
Load ] [ Save ] [ oK ” Cancel ]

Page 58



1-4) Positioning options: Files

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

Kobe, Japan ﬁ\‘\
29-30 July 2017 [ gli(e E

e UN GGIM-AP sy

Options

=

| Setting1 | Setting2 | Setting3 | Output | Statistics | Positions| Files | Misc

Satellite/Receiver Antenna PCV File ANTEX/MNGS PCY
D:¥gsilib-demo¥0. tables¥igs05.aty

D:¥gsilib-demo¥0. tables¥igs05.atx
Geoid Data File

DCE Data File

ISE Data File
D:¥gsilib-demo##0., tables#ish, thl

Google Earth Exe File
C:¥Program Files (x86)¥Google¥Google Earth¥dient¥googl
BIPM Circular T File

EOP Data File

OTL BLQ File

=

B o

o E)m

ISB Data File

Load ] [ Save ] [ oK

Inter System Bias Table

RECEIVER TYFE RECEIVEE TYPFE (BASE) S F O BIAS (na3)

FEIFEEFIETAFIEEAFR I AT A FT I AT FEAF IR I AT I IR AT A FTTEE F F & FHEF I A A I I AT Erdddhdds

TEIMBLE NetR9 JAVAD TRE G3T CELTZ E 1 L 0.1405597108
JAVAD TRE G3T CELTZ E 5 L -0.002028744
JAVAD TRE_G3T DELIZ E 1 F -6.014535871
JAVAD TRE G3T DELTR E 5 P -20.210058998

TEIMBLE NetR9 JAVAD TRE 3T DELTR J 1 L -0.006256701
JAVAD TRE G3T DELTR J 2 L 0.013422874
JAVAD TRE G3T DELTR J 5 L 0.002776976
JAVAD TRE 3T DELTR J 1 B -3.393992703
JAVAD TRE G3T DELTR J 2 F -11.247084528
JAVAD TRE G3T DELTZ J S5 F -4.957847311
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS

f. | | . Technical Seminar Reference Frame in Practice
Rl N EX | e Se eCtlon Kobe, Japan H . !. ™y

A}C
29-30 July 2017 py7

UN GGIM -AP ‘%ﬁ P

#! GSIPOST ver1.0.0 o B |||
[] Time Start {GPST)  ? [ Time End (GPST) ? [ interval [ Unit
- - - + |0 = |24 |H

RIMEX OBS: Rover ?

D:¥gsilib-demo 2. javad-trimble¥ 112570, 140 - E]

RIMEX OBS: Base Station & =

D:¥gsilib-demo¥ 2. javad-trimble¥5jav2570. 140 - E]

RIMEX *TMAV/CLK, SP3, IOMEX or SBS/EMS E BB

D:¥gsilib-demo¥ 2. javad-trimble¥brdm 2570, 14p - E]

Solution [|Dir D:¥gsiib-demao¥out E]

|1tri25?U_GAL.pos - ls _\
=F= e ? Solution file (****.pos)
| pot.. || vew. || Tokm... | optons.. || Exeaste |[ mEit |
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

ISB correction result o R e TIBE D

GPS + Galileo

NoO correction |ISB correction

Fix 8.6% ®Fix © Float Fix 95.8%

0.10 0.10
E-W (m) ORI=36,127346662° 140.143000323% 47.7168m E-W (m) ORI= 36,127346662° 140.143000323% 47.7168m
pos mode=kinematic AVE=-0.0098m 5TD=0.1114m RM5=0.1116m pos mode=kinematic AVE=0,0014m STD=0.0124m RM5=0,0124m
0.05 0.05
T
E 0.00 e 01,00 ekttt Sy o P P S ,'\-, Tt M\W.. ,‘,.«g’m/" T
-0.05 -0.05
-0.10 -0.10
N-5 {m) pos mode=kinematic AVE=-0.0040m 5TD=0.0572m RM5=0.0573m N-5 (m) pos mode=kinematic AVE=-0.0014m 5TD=0.0071im RM5=0.0073m
0.05 0.05 .
” \
N 0.00 0.00 ™ WA At e \,‘m ":x;»\, v P ~“-v"'w““»wwm.;wx i r L ""
ey ,‘.‘V‘
0.05 t .05
-0.10 -0.10
U-D|{m}) pos mode =kinematic AVE=0.0268m STD=0.1897m RMS5=0.1913m U-D {m) pos mode =kinematic AVE=0.0001m 5TD=0.0150m RMS=0.014%m
0.05 . 0.05
T
AL . . L im AT A e o & Fy —+
U 0.00 : 0.00 1 £ A T Ay wa - AL el ‘(‘ ?‘\" ‘e. ‘:*3'“ *A‘”\-“s:» i n‘ u \\\'«: K TR ; 10Cm
tal Wyl AW W “m,c ‘\.,» W
-0.05 -0.05
-0.10 -0.10
02:30 03:00 03:30 04:00 04:30 02:30 03:00 03:30 04:00 04:30
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

GSILIB Demonstration 5: All corrections e = il . gh§ <D

29-30 July 2017 [APA

® RTK using GPS+GLONASS+QZSS+Galileo
with all corrections

Base Rover
Station 8 Station 1
BL : 500m

Antenna : JAV_GRANT-G3T
Receiver : JAVAD TRE_G3T DELTA
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practlce

(1-1) Positioning options: Setting 1 == =il -ghg Do

UN GGIM AP ﬂ"”-“ﬁum\ 2

Exduded Satelites {+PRMN: Induded)

[ options |
Settingl| Setting2 | Setting3 | Output | Statistics | Positions | Files | Misc |
Positioning Mode [K‘mematic T]
Frequencies [L1+L2+L5 ,.] <
L2 Code Priority L2p(Y) -
Solution Type [Fnrward ']
Elevation Mask (%) / SNR. Mask (dbHz) 5 v . |
Rec Dynamics /Earth Tides Correction [DFF - ][DFF - ]
Ionosphere Correction [Eruadﬁst "]
Troposphere Correction [Saasiﬁmuinen "]
Time System Correction [DFF T]
Satellite EphemerisClodk [Ernadmst ']
Sat PCY Rec PCV Phwindup |/|Reject Ed | raIM FDE

¥ers [V]eLo [V Galleo [¥]Qzss []sBas Beidou
Glonass L1 Code Priority
Glonass L2 Code Priority
[ Load ] [ Save ] [ oK H Cancel

Frequencies “L1+L2+L5"

Satellite types
(GPS, GLO, GAL, QZS)
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(1-2) Positioning options: Setting 2 s

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

o e JlF E MICG ?
d F G . e UN-GGIM-AP ™

29-30 July 2017

[ Options |
| Settingl| Setting2| Setting3 | Output| Statistics | Positions | Files | Misc |
Integer Ambiguity Resolution Method [LAMEHDA ,]
Integer Ambiguity Resolution Strategy [Cunﬁnuuus ,,]
GLOMASS Ambiguity Resolution [USE IFB Table ,,]
PPP &mbiguity Resolution OFF
Min Ratio to Fix Ambiguity 3
Min Confidence [ Max FCE to Fix Amb 09999 0.2
Min Lock [ Elevation (=) to Fix Ambiguity 0 0
10 0
Outage to Reset Amb/Slip Thres (m) 5 0. 500
Phase Cyde Shift [Table ,]
L2C-L2P Bias (oFF -]
Max Age of Differential (s) 30.0
Reject Threshold of GDOP /Innov {m) 0.0 0.0
Mumber of Filter Tteration i
Baseline Length Constraint {m) 0.000 0,000
Inter System Bias [Table ,]
Analysys Method in Double Differencng [E}(C. glonass ,]
Load ] [ Save ] [ oK H Cancel ]

GLONASS Ambiguity
Resolution “Use IFB Table”

Phase Cycle Shift “Table”

Inter System Bias “Table”
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(1-2) Positioning options: Setting 3 s

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practlce

— o nten,

% ‘,’?’}:} ;“} ! vl.;’a
s 3 %
X | ) :—11 ’}
A G UN GGIM-AP

29—30 July 2017

Options

=

| Settingl | Setting2| Settng3| Output | Statistics | Positions | Files | Misc |

Phase Cyde Shift, GLOMASS IFE, Error Model
[:¥gsilib-demo#0. tables¥ 2csft. thl

[:¥gsilib-demo#0. tables¥gloifh. thl

Multi Baseline Static
Estimate Satellite Clodk/FCB

Semi-Dynamic Correction Parameter

2 =

oFF  ~|[oFF |

=

[] <

o<
(2]

Solution Directory
Est. Interval of ZTD (=) 7200
Est. Interval of Trop. Gradient (s) 43200
Trop. Process Moise Zen/EW NS 1.00E- 1.00E-C 1.00E-
0-C Reject Phase/Code (sigma) 1.0 5.0
Fixing Probability WLML 1.00000 0,00000
Convergence Factor of Iteration 1.00E-03
Load ] [ Save ] [ oK H Cancel ]

Phase Cycle Shift file
GLONASS IFB file
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

(1-4) Positioning options: PoSitions w= = =M. -ghgs i

29-30 July 2017 pyA

-

Options ==
| Settingl | Setting2 | Setting3 | Output | Statistics| Positions | Files | Misc
Rover
Lat/Lon/Height (deg/m)
Antenna Type (*: Auto) DeltaE/M/U (m)
JAV_GRANT-G3T + 0.0000 0.0000 0.0000
Receiver Type TRIMELE NetRa Rover Receiver Type
Base Station
[Latﬂ.unﬂﬂeight (deag/m) ‘F] [Z]
36.130349273 140, 138352074 43.5321
Antenna Type (*: Auto) Delta-EMU (m)
JAY _GRAMT-G3T « 0,0000  0.,0000  Q,0000
Receiver Type JAVAD TRE_G3T DELTA < B ase R ece ive r Type
Station Position File
O:¥gsilib-demo'0. tables¥station. pos EIE]
Load ] [ Save ] [ oK ” Cancel ]
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

(1-5) Positioning options: Files con v IR M CD (o)

29-30 July 2017

Options (&S]
| Setting1 | Setting2 | Setting3 | Output | Statistics | Positions| Files | Misc
Satellite /Receiver Antenna PCVY File ANTEX/MNGS PCV = =
D:¥gsilib-demo¥0. tables¥igs05.aty [Z]
D:¥gsilib-demo¥0. tables¥igs05.atx E]
Geoid Data File
DCE Data File =
ISE Data File = .
D:¥gsiib-demo¥0. tables¥isb. thl = |ISB Data File
Google Earth Exe File
C:¥Program Files (x86)¥Google¥Google Earth¥dient¥googleearth.exe E]
BIPM Circular T File
EQP Data File El
OTL BLQ File E
Load ] [ Save ] [ oK H Cancel ]
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RINEX file selection

FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practice

Kobe, Japan H @ !. MC
N UNGGIMAP ‘wm

29-30 July 2017 py7

%! GSIPOST ver1.0.0 = B ||
[] Time Start (GPST) [] Time End (GPST) ? [ interval [ | unit

: : : Sl <sfx )
RIMEX OBS: Rover ? & =
D:¥gsilib-demo¥ 2. javad-trimble¥ 1tri2 570, 140 - E]
RINEX OBS: Base Station & =
D ¥gsilib-demo¥ 2. javad-trimble¥5jav2570. 140 - E]
RIMEX *TMAV/CLK, SP3, IOMEX or SBS/EMS E B R
D:¥gsilib-demo¥2. javad-trimble¥brdm2570. 14p - E]

Solution [V]Dir  D:¥gsilib-demo¥out

| 1tri2570_ALL.pos

E ]

| Plot...

H View...

|| TokmL..

) oo |

Bt |

| Solution file (****.pos)

Page 68



FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practlce

Results with all corrections o o TN . R C

UN GGIMAP g

GPS + GLONASS + QZSS + Galileo

Fix 88.3% @®Fix  Float

0.10
E-W (m) ORI= 35.127346662° 140.143000323" 47.7168m
pos mode=kinematic AYVE=-0.0002m STD=0.0228m RM5=0.0228m
0.05
E 0.00 ¥ govittimetyes, bmban ey 'M,Mw\“‘.mw"”‘ b, s e b o
-0.05
M-5 (m) pos mode=kinematic AYVE=-0.0004m STD=0.010%m RM3=0.010%m
0.05
N 0.00 - sty P S i N e SN Nt o A PN e
-0.05
-0.10
U-D {m) pos mode=kinematic AYE=0.0015m 5TD=0.02&5m ARMS=0.0285m
0.05
L . ot L R e
0.00 3 ‘&.‘.::‘- o 2 o . ":J,:':ﬁ-.? Al trat S f,‘ﬁ“‘“‘d*' L "‘3\ 2 vm"‘w’ .\':‘: - 1ocm
l | [l # ™o * s
-0.05
-0.10

02:30 03:00 03:30 04:00 04:30

Fix solution

RMSE:4.9mm N: 3.8mm U: 9.4mm
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FIG/IAG/UN-GGIM-AP/ICG/GSI/JFS
Technical Seminar Reference Frame in Practlce
Summa ry oo TR B CD o

29-30 July 2017

* Multi-GNSS environment improves availability,

accuracy, reliability, convergence of GNSS
positioning

* However, some biases have to be considered
* IFB, ISB, quarter-cycle shift

* GSILIB is an open-source software, which
offers the table-based corrections of IFB, ISB

and quarter-cycle shift to utilize multi-GNSS
data

http://datahousel.gsi.go.jp/gsilib/gsilib_download eng.html
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