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(1)  GNSS;BI{z APH 4/26 (X)  9:30-10:20

(2) RTKLIBOMIELEEA (EFH) 10:30-11:20
(3) RTKLIBOERIZIE (EE) 11:30-12:20
(4) GNSS;EI{z D FHE 13:30-14:20
(5) RTKPOSTICKkAHEMHAIGI(1) (EE) 14:30-15:20
(6) RTKPOSTICKkAHEMHAIGI(2) (EE) 15:30-16:20
(7) E4RAEATERTKD TR 4/27 (7X)  9:30-10:20
(8) RTKPOSTIZKAEMREMNT (EE) 10:30-11:20
(9) RTKNAVIIZKBRTK (EE) 11:30-12:30
(10) RTK®D It FH 13:30-14:20
(11) RTKLIBIZKAE ST (EE) 14:30-15:20

(12) RTKLIBD ;&M 15:30-16:20
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* GNSS (EHhEKfERE AT L)
— GPS (k[H)
— GLONASS (AY7)
— Galileo (EX D)
— BeiDou (HP E])
* RNSS (B ERE S AT L)
— QZSS (AA)
— IRNSS (A F)
« SBAS (FRLLBIERMEMEMBRATL)
— WAAS, EGNOS, MSAS, SDCM, GAGAN

(http://www.ion.org/museum)
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GPSIEE

. BIELES

— L1C/A : Block 1A, 1IR

— L1C : Block IlIA -

— L1P(Y), L2P(Y) (BEFH) :Block llA, lIR, ( -2020)
— L2C : Block IIR-M -

— L1IM, L2M (EER) : Block IIR-M -

— L5 : Block IIF -

- BIE2ZEL
— CDMA (B REIZET7IVEX)




GPSith 4 Ak

S-Band

MCS at Schriever AFB, CO ® 16 Monitor Stations A 12 Ground Antennas
& Alternate MCS at VAFB 6 OCS + 10 NGA 4 GPS + 8 AFSCN

Greenland

oo
=

Vandenberg AFP

Coluraoo

Hawaii

A+

@ Monitor Station
Network Control Center

@ NGA Monitor Stations
<} ©Cs Monitor Stations

MCS AMCS A
. Master Control Station Alternate MCS GPS Ground Antennas
Schri AFB Vandenberg AFB
chriever andenberg A AFSCN Remote Tracking Stations 4

(L.C.P.Harrington, GPS Status and Modernization, 2009)

10



GLONASS (¥ B+ X)

- B
- [BVE, RUAY7T

- BEaVAL—3Y
—- 3 EMmx8=24 /£ +3 F{i (FOC)
— = E: 19,100 km, B E{ER A: 64.5°
— GLONASS, GLONASS-M (2003- ), GLONASS-K (2011-)

. {58
— L1C/A, L1P (FDMA: 1602+n x 0.5625 MHz)
— L2C/A, L2P (FDMA: 1246+n x 0.4375 MHz)
— L3 CDMA (GLONASS-K1-)

11



Galileo (A')L#4)

- BAF
— FRMEES B UER M 55 15 S
- BEaVAL—3Y
—3EEE x9=27 &£ +3 ¥ (FOC)
— = E: 23,200km, BN E{EFIA: 56°
— S ERBT 2 : GIOVE-A (2005), GIOVE-B (2007)
— 2012 4 &1 2 (10V), 2014/15 18 Sats, 2016/17 FOC

GALILEO

. {58
— E5a (0S,CS), E5b (OS, SoL, CS)
— E6a (PRS), E6b/c (CS), E1a (PRS), E1b/c (OS, SoL, CS)
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BeiDou (dt 3})

- HEaVAMN —L3Y
— 2x—X 1(-2012): 3 BT £ (GEO)

FAFE

— [

==
=]

— Phase 1l: B1, B2, B3
— Phase lll: B1, B2, B3 (L1C, L5 GPSH #?)

E

http://www.beidou.gov.cn

— 7x—XI1(-2017): 14 £ (5 GEO, 5 IGSO, 4 MEO)
— 7x—XII1(2017-): 35 &1 2 (5 GEO, 3 IGSO, 27 MEO)
— 2016/3: 1I: 5 GEO, 8 IGSO, 4 MEO, IlI: 2 1GSO, 3 MEO 122
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QZSS (EXTEFE)

- FAF
— B (JAXA->NERTF, NERT)

- BEIVARL—3ay Nl
— 11512, A% 2 (3QZ0+1GE0), 71 2 /
— B E:~36,000km L
— BEIESIA: 43, B0 EE: 0.075 (QZ0) TR
— 2010/9/11 THBUE 13T L “Michibiki”

« E5 (TABUZEY) '
— L1C/A, L1C, L2C, L5: GPSH 4
— L1-SAIF/L1S, LEX/L6: #5&

QZSS1Er £ Hh _E & i

(http://qz-vision.jaxa.jp)
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IRNSS

- B
-1k

« BIEaVAIL—L3Y

— 2x21GSO + 3 GEO

— 2016/3 1A, 1B, 1C,
1D, 1E, 1F &5

— 2016/4/28: 1G¥T Lt

k=)

— L5, S: OS + PRS

GEQ at83° E
GSO at 557 E GSO at 11°E
GEO at132°
GED at 34° E ._"-u—""?
/
i

- Pt ]
Nav. Uplin TTE&C and
av. Uplink

\ COMA
. *.. Ranging

IRNSS Space Craft Control Ce;ﬁ:'ha;__
IRMNSS TTC & Uplinking Stations °

IRNSS Range and Integrity Monitoring
Stations

IRNSS Timing Gentre
CDMA Ranging Stations
Laser Ranging Station
IRNSS MNavigation Centre
Data Communication Links

Laser Ranging

IRMNSS Timing
Centre

HS’ICI.._._._._._._._._'
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It EERFEMEEROATL
SBAS(H F] £ == 1F N /x )
L ) BIEE2
AT L B F 1= . —
PRN HE B E
138 Telesat Anik F1R CRE 133W
WAAS US, DOT, FAA 2003/7- 135 Galaxy 15 CRW 133W
133 Inmarsat 4F3 AMR 98W
120 Inmarat-3 AOR-E 15.5W
2009/10,- 124 ESA Artemis 21.5E
EGNOS ESA, EC, Eurocontrol 2011/3-
(SoL) 126 Inmarsat-3 IOR-W 25E
136 SES-5 5E
=P 129 MTSAT-R 140E
MSAS Y 2007/9-
EtXaEE 137 MTSAT-II 145E
140 Luch-5A 167E
SDCM avy 2014- 125 Luch-5B 16E
141 Luch-5V 95E
127 GSAT-8 ?
GAGAN AR, AAI, ISRO 2011- 128 GSAT-10 ?
139 GSAT-15 ?
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(by GENEQ Inc.)
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48 =3
GNSSE 2 R ME=FFiE
GNSSTRIE DX
SRT L 2010 2014 2017 2020
GPS 31 31 32 32
GLONASS 23 (+2) 24 (+3) 24 (+3) 24 (+3)
Galileo 0 4 18 27 (+3)
BeiDou 6 16 35 35
QZSS 1 1 4 7
IRNSS 0 1 7
SBAS 7 8 11 11
B&f 68 86 134 149
5 GNsS{E-2 B K 51
I5/ESa ESb L2 L2 EG/LEX/L6 L1/E1 L1
T\ \WAVZNVAT . ANZONNAN LY A\ W2 | e SN /AN \
B A A1lD) Y AR i a/?(\&‘ i) \N’%\a it

( YYang, COMPASS: View on Compatlblllty and Interoperablllty, 2009)
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2013-06-12 10:20 GPST
RTKPLOTIZ&KBAARAhAT Ak

GPS (12)

Galileo (4)
QZSS (1)
BeiDou (10)
SBAS (4)

# Total (39)
(N A>10FE)
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J2PC(t)D(t)sin(2ft + ) + ...
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GNSSHAILIE & D1

3

JE K #(MHz) a—k ik T—RL—hk GNSS
50 bps GPS, QZSS
C/A BPSK (1)
250 bps QZSS (L1-SAIF), SBAS
L1/E1 1575.42 P(Y) BPSK (10) 50 bps GPS
L1C-d/p | MBOC (6,1,1/11) | -/100 bps GPS (llIA-), Galileo
L1C-d/p | BOC (1,1) -/100 bps QZSS
L1 1602+0.5625K | C/A BPSK 50 bps GLONASS
P(Y) BPSK (10) 50 bps GPS
L2 1227.60
L2C BPSK (1) 25 bps GPS (IIRM-), QZSS
L2 1246+0.4375K | C/A BPSK 50 bps GLONASS
L5-1/Q BPSK (10) -/100 bps GPS (IIF-), QZSS
L5/E5a |1176.45
E5a-1/Q | BPSK (10) -/50 bps Galileo
E5b 1207.14 ESb-1/Q | BPSK (10) -/250 bps Galileo
E6-1/Q | BPSK (5) -/1000 bps Galileo
E6/LEX |1278.75
LEX BPSK (5) 2000 bps QZSS
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GPSHnET—%4

HIJIOL— L 30Ewh x 107 —F =300 E'vh (50bps x 6 )
1 GPS 38 #, SVFEEE R UANILZR, svuavy,...
2 TIT AR
3 IOz AR
4 | FILIFTIIRUANILR SV 25-32, BERftE/UTC,... | R—T 1-25
5 | TILIRFTYIRUNILA SV 1-24,... | R—T 1-25
7°'J\7>7‘)lx HIIL—L 24E vk 6):‘“‘JI~
TLM | [P| HOW ||P P P P
6 P P | P P
TOW Ak (x 67)) ID
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GNSS={E

B 32 {S4%: $20 - $30,000

SiRF, u-blox, Garmin, Hemisphere, Trimble, Leica, Topcon, NovAtel, JAVAD, Magellan, ...

B{EGPSZ

LT
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ZIEH/ A NE

- ZEH0IE
- G5t Ky TS5 /a—FAEEER
— O—FERE : DLL (Delay Lock Loop)

— WXRIEE  : PLL/FLL (Phase/Freq Lock Loop)
— fUET—RBE (T AUXR,..)
— SRLLERBE . PR AL AE A Ak

o fIEALIE
— Bl 7 ILT ) X L (B4, DGPS, SBAS, RTK, ...)
— B
— A AAYE—U A (NMEA, RTCM, ...)
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RTKLIBO L& f+F 1+

o GNSSZSHEI;EMIE | Z 5 ERETE#E £ T
— BEHGNSS, EHIEBE DY R—
— ZFEAMETILTYX LY R—
— T IR LR VRN E
—- ZERBAE A AYE—D/T7AILDHR—
— AR PCET= XA T E #

o GNSSEIEWH ZEHUE IFEFN TLVELY
— AIIERGNSSZIEHEMN N E

- WBICIITERANT—21Z2H AT L
NETESAT—210VBE
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(2)
RTKLIBO#IELE A
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EERHTAOTSLDAAR—)L

« USBAEUDLUTTALIMNZETALIMN)TEBHTD/—RPC
D HEigrIcaE—,
seminar_2016
¥rtklib_2.4.2b9

¥samplel

¥googleearth

o USBAEUMEZAGWFELUTMF Y AO—K,
http://www.rtklib.com/data/seminar_2016.zip
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RTKLIB ©

— BAFR
- BJ/IT/\—23v
- A4V R

* APl +AP

0SS GNSS;AIL R AT/ N —

N\

20064
ver. 2.4.2 pl1
BSD 2-clause

— F—=NA TN —2

— Windows

— Ttk

: GUI AP
. CUI (CLI) AP

s ey =)

2EANe BE EF EE Jeov-0 Q42ED AT

- > + |8 rerp:wwow.rtkiib.comy & | | Qr Googe O- -
Overview | Release Notes | Support | Desuments | Beferences | Porting to BB | ToDo | Satistics | SDR Recsiver =

¥* RTKLIB: An Open Source Program Package for GNSS
's%’ Positioning

Download
Version Binary AF Package for Windaws Full Package with Source Frograms
330 {10.7MB) 23.AMB) =
221 (30.6M8)
222 [(33.4MB)
230 [35.8M8)
i (26 5MB)
e Tt patchs.
Overview

RTKLIB is a0 open Opgeam package for standa e o
postabile progeam library and several application progrars |

455, RTHLI consists of &
The features of RTELIS are

(1) Suppoets standard and precise positioning algorithms with
and 2845 ( and are supported but disabled in corrent versions)
2} Supports varicus positioning modes with GNSS for both real-time and post-processing:
Single-point, DGPS/DGNSS, Kinematic, Static, Moving-baseline, Fixed, PPP-Kinematic * and PIT-Static *

(3) Supports many standard formats and protocols for GNSS:

211212 OBSNAVIGNA’

L 2 . NMEA L AMTEX 13, Y and EMS 210 (ser
Belease Notes for supported RTOM messages)
() Supports several GNSS receivens’ proprietary messages:
and (see Reloass Nots for supported messages)

{6} Suppoets external comeunication via:
Serial, TCPAF, NTRIF, bocal log file (record and playback) and FTP/HTTT (automatic download)
{7) Pravides many library functions and APl for GNSS dats processing:

Satellite and navigation

matrix and vector functions, time and string functions,

- vao—k

http://www.rtklib.com or
https://github.com/tomojitakasu/RTKLIB
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RTKLIBRI FA15! (1)

GIZMODO
2009/11/16

(Beagle Board
+ u-blox LEA-4T
+ ADI MEMS-IMU)

|G Make Your Own Real Tir x |
&«

o

You may also like

o

Kotaku

Final Fantasy XV's Combat Kicks Even
More Ass Now

@ [ gizmodo.com/5405804/make-your-own-real-time-kinematic-gps-receiver-thats-accurate-to-one-centimeter 8y <y ﬁ B =

GIZMODO

Make Your Own Real Time Kinematic GPS
Receiver That's Accurate to One Centimeter

Sean Fallon
[

Researchers Tomoji Takasu and Akio Yasuda of Tokyo University have
developed an open source, inexpensive, Real Time Kinematic (RTK) GPS

receiver than runs on a beagle board. They've also left instructions on how you

N
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RTKLIB: Fi,

N p——— |- '.\ ’ / 5':. [.t. 05
g ¢ P ]
40° 1 :. § 5E
e e L
8" - I ] * i

RTK " -_-——,_-' cm
. 50 a 50
HH¥S
7> E nn ; ATE_igup(Soem)—-

24" . . s o . el i i i - L
Y. Ohta et al., Quasi real-time fault model estimation for near-field tsunami forecasting base on
RTK-GPS analysis: Application to the 2011 Tohoku-Oki earthquake (Mw 9.0), JGR-solid earth, 2012




RTKLIB: & F#

EI/N— 3> (RTK+C 3EEEF)

e 2006/4 v.0.0.0
e 2007/1 v.1.0.0
e 2008/7 v.2.1.0
e 2009/1 v.2.2.0

e 2009/5 v.2.2.1
* 2009/12 v.2.3.0
* 2010/8 v.2.4.0
« 2011/6 v.2.4.1
* 2013/4 v.2.4.2

i 1
YR

HEfR AL

i LR AR ATAP

HAPIE N

7 ILZA LAPIESD, NTRIPH7HR—
OSSEC fn Ban

RTCM, NRTKH7R—F, SZ2{EHE N0
GLONASSH7R—I, SZ2{EHE:E N

PPP. REARRTKHR—b, Z{EH#EIE M
QzSSHR—K,
Galileo, BeiDouH7R— BN

X1|=| ", L)Ju

2015/4 v.2.4.2 pl1 (&FE/NJIEIE)

38



RTKLIB: 4548

GNSSTEH Z[CKHIRER UV ESFEE AL

— GPS, GLONASS, QZSS, Galileo, BeiDou and SBAS

)7 ILEA LR O ERDER G E—:

— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP

ZEIF—<yb/TORIIL R UZEMS R—f:

— RINEX 2/3, RTCM 2/3, BINEX, NTRIP 1.0, NMEA0183, SP3,
RINEX CLK, ANTEX, NGS PCV, IONEX, RTCA-DO-229, EMS,

— NovAtel, JAVAD, Hemisphere, u-blox, SkyTraq, NVS, ...

7 ILZA LE1E:

— 1) 7 )L, TCP/IP, NTRIP U771
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RTKLIB: 7\ — &

RTKLIB \ ‘
¥src : RTKLIBZAT3Y)Y—RTOT 3L
¥rcv : GNSSZIEMIKEY—RXTOISL
¥bin : Windows HEATHRZTV/NA T HKUDLL
¥data : YT T—4
Yapp . APEJLFIRIE
¥rtknavi : RTKNAVI (GUI)
¥rtknavi mkl : RTKNAVI_ MKL (GUI)
¥strsvr : STRSVR (GUI)
¥rtkpost : RTKPOST (GUI)
¥rtkpost_mkl : RTKPOST_MKL (GUI)
¥rtkplot : RTKPLOT (GUI)
¥rtkconv : RTKCONV (GUI)
¥srctblbrows : NTRIP source table browser (GUI)
¥rtkrcv : RTKRCV (CLI)
¥rnx2rtkp : RNX2RTKP (CLI)
¥pos2kml : POS2KML (CLI)
¥convbin : CONVBIN (CLI)
¥str2str : STR2STR (CLI)
¥appcmn : GUI APH@EIL—F
¥icon : TAAVT—3
¥mk1 : Intel MKLZA423!') (C++ BuilderH)
¥test : TANT AT SLEXUT—4
Yutil : A—T4)T4
¥doc : XET7AIL

40



RTKLAUNCH (APS > F )

LTFI27A4IWET IV )9y
...¥seminar_2016¥rtklib_2.4.2b9¥bin¥rtklaunch.exe

RTKLIB v.2.4.2 E

HRTATRS D

RTKPLOT STRSVR NTRIPBR RTKGET
RTKCONV RTKPOST RTKNAVI

TR T2 a— Ay MMERL
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RTKLIB AP

W HE GUI AP (Windows) CUI AP
(1) |APTUF¥ Mt :
(2) |7 54 LRI 52,3335 11 A1
(3) | BIET—/N ST(E??Y)R’ (?S>T1R12,SAT,I;)
) | 34,35 512, A%
5 o o | cowan
(6) |GNSST—4 - iz 7wk (RgT,s,P;%T) _
(7) |GNSST—AS o O—4 Rg«;)ET _
(8) |NTRIPTS4 NTR(';E;%‘))WS _

() ¥ZaT7ILEES




RTKLIB: GUI AP (Windows)

MARKER: CUTD
REC: TRIMBLE NETRS
ANT:

[1]2012/10/15 00:01:

1 ntrip Browser

File Edit View Help

% eurefip.asiit:2101

Mountpoint 1D

Hlmml >

SAT:0BS : SNR : LLI : CODE
50.8:0:1C
¥ Gucp s10-0-1C

okm/h

[1]2003/05/15 05:

N ORI=35°43'08.2231" 138°27'02.12
AVE=E54,

MM

2009/05/15 05:16:31.5 GPST

HrelI[EH- 08 v [

" 404.8966m
0068m N:-343.3849m U:-0.3539m

STD=E:138.3056m N:343.5323m U. 4.0104m

RMS=E:148 4699m N:485.7122m U: 4.0258m 2D:1015.7946m

Lat/LonjHeight

- Rover SNR (dBHz)

Selution:

FIX
35% 43'08.2300"
138° 27" 02.1531"

) 14 8 21922

(1) T+19.55 (2) T+20.45

Time Span (GPST)

1GS_EPH_GLO
1G5_CLK EI

5,10 GPST : 35°4308.2301" 138°2702.1530" 408.9318m

G

2013/03/08 06:43:17 GPST Connect Time:

0d 00:00:10

1G5_CLK_305

Start 2012/01/01 % 00:00 % 2
End  2012/06/01 % 23:59 % 2
Intv

2H « No. O

anonymous

FTP Login

]

with RTKLIB ver2 42
Copyright (C) 2007-2013 by T.Takasm

All sights reserved, =

RTKCONV
with RTKLIB ver2.4.2
Copyright (C) 2007-2013 by T.Takasn

All rights raserved. @

STRSVR
with RTKLIB ver2.4.2
Copyright (C) 2007-2013 by T.Takasn

All rishts raservad (]

RTKPOST
with RTKLIB ver2 42

Stream Type OptCmd bytes bps

ot Em Tl e e
Conv Directory
(1) 0u o O 0 0 ~ | ¥i¥product¥ %W
O (2) outpa -\ 0 0 ftp:/Jccidis.gsfc.nasa. gov/gps products/ %l figs %W 34D sp3.Z
O (3) Output ()] 0 0 Y:¥producté s
OK=0 Mo_File=0 Skip=153 Error=0 (Time=0.35)

o (1) waiting... Wi ?

ACORD Coruna RTq

AJACD Ajacdo RTCM 3.1
ALACD Alicante RTCM 2.3
ALBAD Abacete RTCM 2.1
ALMED Almeria RTCM 2.3
AUT10 Thessalonik RTCM 3.0
BELFO Belfast RTCM 3.1
BELLO Belmunt_de_Segarra  RTCM 3.0

BOR 3 ey
=NIRI
EORR Bofanal R

BRSTO Brest
BSCND Besancon
BUCUO Bucharest
BUTED Budapest
CACED Caceres
CAGZO Cagliari
CANTO Cantabria
CANT1 Cantabria
= o

RTCM 3.0
RTCM 3.0
RTCM 3.0
RTCM 3.0
RTCM 2.3
RTCM 2.1
RTCM 3.1
RTCM 2.3

1004(1), 1006(15), 1008(60), 1012(1), 1033(60)

(1), 3(10), 18(1), 18(1), 22(10), 23(10), 24(10),53(10)
1(1),3(10), 16(120), 18(1),19(1), 53(10)

1(1),3(10), 18(1),18(1), 22(10), 23(10), 24(10),53(10)
1004(1), 1006(10), 1008(10)
1004(1),1006(15),1008(15), 1012(1)

1004(1), 1005(5), 1008(5)

CBROWS

1004(1),1006(15), 1008(15), 1012(1)

1004(1), 1006(15), 1008(15)
1004(1),1006(10), 1008(10), 1012(1), 1015(120), 1020(3
1004(1), 1006(10), 1008(10), 1012(1), 1013(10)
1(1),3(10),18(1), 19(1),23(10), 24(10),59(10)
1(3),3(50), 16(50), 18(1), 19(1),31(3)

1004(1), 1006(15), 1008(15), 1012(1), 1015(120), 1020(L:
1(1),3(10),18(1),13(1)

TR M RN RN MM R RN RN R MR NN

ime Start (GPST)
2012/01/01 % 00:

Time End (GPST)
.00 = =1 33,5050 =]
00 [ 20120401 (S 235959 [ 30

Time Start (GPST)

2012/05/06 | 18:00:00 | (2012/01/13 [(23:59:59 [= 10 = 5

? me End (GPST) 7

Interval [_|Unit

RTCM, RCV RAW or RINEX OBS  ?

RINEX OBS ?

¥:¥datak Yoy ¥ %en %r %0, %oyo
RINEX OBS: Base Station

Output Directory

¥ thlib¥uti¥strmon¥log¥TSK 220130219 % log

4praj¥ppp_testHrinex

D:¥projégeonet_testd%b%n*, 120

RINEX "NAV/CLK]
¥i¥datakvorés

Y:¥products %V g M

7] v:¥rtilb¥uti¥strmon¥log¥TSK220 1302190.gnav

¥:¥products %\iigs %W %D, dk_30s

[7]]¥s¥rtidb¥ubi¥strmon¥iog¥TSK220 1302190.hnav

ve¥rtidib

G¥TSK2201302190.qniav

Vi¥rtidib¥uti¥strmon¥log#TSK220 1302190, Inav

Vi¥rtdib

0¥TSK2201302190.5bs

[ source table received

Options. .

Cogyright (C) 2007-2013 by T.Takass
Al rights reserved.

Nirip Browser
with RTKLIB ver2 42

Cogyright (C) 2007-2013 by T.Takasms
All sights reserved,

RTKNAVI
with RTKLIB ver2.42
Copyright (C) 2007-2013 by T Tekasu

Afl rights reserved. ()

RTKGET
with RTKLIB ver242

Copyright (C) 2007-2013 by TTekasu
Allrights reserved.
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RTKLIB: Z2{E#EH7R—bF

T—Rryt—T

i GPS GLONASS GPS GLONASS ION/UTC ToTT SBAS 20
ABAT 2 | EBAT—42| IO AR | TTIAYR | /18544 [k ryt—
RTCMv.2.3 | Type 18,19 | Type18,19 | Type17 - - Type 3, 22 - Tylpf 1'69'
NovAtel RANGEB RANGEB GLO- RAWWAAS- | QZ5s, Galileo
OEMA/V/6, | ¢ ANGECMPB | RANGECMPB | RAWEPHEMB | 0o vieriss | 1ONUTCB - FRAMEB BeiDou
OEMStar
NovAtel RGEB,
OEM3 RGED - REPB - IONB, UTCB - FRMB -
NovAtel ID#20,
Superstar I ID#23 - ID#22 - - - ID#67 o1
u-blox UBX UBX UBX UBX .
4T, 5T, 6T, 6P, RXM-RAW RXIVlIJ— E{iwx RXM-SFRB | RXM-SFRB | RXM-SFRB - Rxnl/Jll-SsXFRB g;%sofwg%
7P, MST RXM-RAWX RXM-SFRBX | RXM-SFRBX | RXM-SFRBX
Hemisphere bin 96
Crescent, L bin66 bin 95 bin65 bin 94 - bin 80 -
. bin76
Eclipse
SkyTraq msg 0xDD ) msg OxEOQ ) msg OxEOQ ) ) msg OxDC
S1315F (221) (224) (224) (220)
(R, [P ] [°R], | LI R, e—
JAVAD | ) IP#L [, | [*rLIP*LI0*, | [GELLGD], [10],[U0], _ bR
(GRIL/GREIS)  |[*p](D*]1*dl, |[*pl(D*]1*d], | [sdl] INELILD] [GD] oI i)
[E*],[*EL[F*] | [E*],[*E][F*] '
Furuno
GW10 II msg 0x08 - msg 0x24 - msg 0x26 - msg 0x03 msg 0x20
BINEX Ox7F-05 OX7F-05 0x01-02 0x01-03 - - - Qz5s, Galileo,

BeiDou

Others: NVS NVC0O8C-CSM, Trimble RT17, Septentrio SBF
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RTCM 3 H7R—F

OBS

Compact L1
Full L1
Compact L1/2
Full L1/2

Ephemeris

MSM

SSR

1

~NOoO R~ WN

Orbit Corr.
Clock Corr.
Code Bias
Combined
URA
HR-Clock
FCB

Antenna Info

* pased on draft, ~ only encode, + RTKLIB extention

GPS GLOASS Galileo
1001~ 1009~ -
1002 1010 -
1003~ 1011~ -
1004 1012 -
1019 1020 1045/6*
1071~ 1081~ 1091~
1072~ 1082~ 1092~
1073~ 1083~ 1093~
1074 1084 1094
1075 1085 1095
1076 1086 1096
1077 1087 1097
1057 1063 1240%*
1058 1064 1241*
1059 1065 1242*
1060 1066 1243*
1061 1067 1244*
1062 1068 1245*
2065+ 2066+ 2067+

1005 1006 1007 1008 1033

1044
1111~
1112~
1113~
1114
1115
1116
1117
1246*
1247*
1248*
1249*
1250%*
1251*
2068+

1047/63*
1121%*~
1122%*~
1123*~
1124*
1125*
1126%*
1127%*
1258*
1259*
1260%*
1261*
1262*
1263*
2069+



RTKLIB: SHEXE

RTKLIB ver. 2.4.1 Manual @

Draft 2011-01-27
Conrents
1 Owverview 1
2 System Requirement 3
ik i
3 i
12 Real time Pasttioning with RTKNAVI 5
33 Contigure lnpnal, Outpust and Loy Stoeams for RTKNAVL 7
34 Post Procening Amalysta with RTKPOST n

35  Contigure Fosttioning Optiors tor ETKNAV and RTKPOST
36 Convert Receiver Raw Data to RINEX with RTKCONV

37 Wiew and Plot Solutiors arel Obessvatian Dala with RTKPLOT ]
38  NTRIP Source Table Browser. 2
38  Use Consale APs of RTKLIE £
4 Develop and Link user AP with KTKLIE L]
Appendix A Carsole AP Commands 54
Al EIKECV £
A2 RNORTHR. 58
A3 POSIKML 6l
A4 CONVBIN B2
AS STRMSTR &5
Appendix B F "
Tl - File "
B2 SBASLagFide &8
B3 Schuton Status Fil 70
B4 Configuration File be]

Program Interfaces) 75

Appendix € Library AL

aia. All rights reserved

rtklib_2.4.2/doc/manual_2.4.2.pdf

TrAl WE &R EE TwoT-0 Os2FED AT

[ 4 » ||+ @ ettt com kb, supeant.tm ¢ | Q- Googe | O g

Overview | Beleass Notes | Suppoet | Documents | Beferences | Forting to B5 | To Do | Statistics

RTKLIB: Support Information pdate 20110305
Inguiry
i o the Following address for i

rtkhib_supportiulgps pp-sakurne fp b
Bug and Known Problem List
Nodd A half b fset of time-tag & rbed RINEX OBS fil ONVBIN ver2401

In some environment, the fime-tags in RINEX 088 files have a half hous (30 minubss) oifset o proper values.

Dhue tosa probl % 1 1 y using standard C-lsbeary localtime). The localtime) setarres daybight

b, pplied. The cusrent version assumes the time-shif is past an hour. The

halthour shift did not be considersd. It will be fixed i A1) 20110305

No&3 POSIKML always returns read error (POSZKML ver. 2.4.0)

POSIRML always reburns 6 o aphe Easth KML Bile

Dt th b oS4, Tt wil ke

release (v24.1).

NS5, Apply the patch rklin
0

3.0l For SIMEA, it atil] resnainus the probl

encde plot does not indicate proper values (RTKPLOT ver24.0)

After reading solution | and solution 2 with RTEPLOT and pushing [1-2] button to shaw the difference betwieen the sclutions, the plots indicate
inproper values in *Gd Tek” display mode.

D to 8 bug i it It will be fixed i

2A4.1). (2011/02/04)

No#1 AP running as a TCP server stops if a TCP client stops (RTKNAVL STRSVE, RTKRCY, STR2STR ver.24.00

In case thatan cutput or log stream type of AP is set as “TCF server” and TCP clients AP, the AP stops TCP el tops
«caused by some erroes.
a writing socket as blocking-mode. I Full, “write” oe “send” AP1 blocks the TCF server. i the
ding the socket the TCT server due to th i ill be improved in the
4.1 by usirg non-blockis e sexchuet. Lintil th diase, restast the AP in such sé . (2011/00/23)
No.60 30 Ha os higher data are analyized (RTKPOST, RTKPOST_MKL, RNX2RTKP ver.24.0)
With 50 Hz or high data, the anal failed caused by = data.

Cusrrenit version (v.2.4.0) does not suppart the analysis of 50 He or high i data, Ursel 4 " [v24.1)

No5% NMEA solubion dats can nol be read and displayed (RTKPLOT ver 2400

s case of readieyg NMEA solution dats by RTKPLOT, RTKPLOT always shows the esros message no solution data | " and never displays the
solution data.

Dot buag i wecfeolution . 1t will ke fxved in the nect version (v.2.4.1). Wait for a whil

NoS§ RTKNAVI crashs due to MKL library (RTKNAV] ver2.4.0)

b i RTKNAVI crashs due to MKL library

Use non-MKL vession RTENAVE (sthoavi_nombbese) in e pateh ikl
b YAV

3 irstead of 1 rtkrvaviexe For th "

http://www.rtklib.com
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RTKLIB5IZE (1)

RTKLIB - RTKPLOT

RTKPLOT 2 &}

UTAZ=Za2—2E1T: i
File - Open Obs Data...

seminar_2016¥samplel¥
javadl 201102030000.0bs

JAVAD DELTAXH‘%

Acknowledgment:

Sample data were captured by JAVAD DELTA receiver provided by JAXA
47



RTKLIB{5IZE (2

&. D: ¥pm]¥s«emlnar¥5ample1¥]avad1 201102030000.nav..
File Edit View Help

wimez [ [T =]t [ o o » L] ] X
L3 .
+

: &8 T —4

““““"‘f':"“ R | : Cycle-Slip
’ | : Parity

Unknown

4B . ; R
#E D - _

Gnn: GPS
Rnn: GLO |g
Enn: GAL | &
Inn: QZS | =
1nn: SBAS R/ = - et e
Egib——u-—- e} - | .
et il S s e T v =
E% B e RS R
Juw —— S—
k13 i o A e e e Ty ke s
F‘.lB - - -q
k3 ey Feprbigtin = SAR
g%&“.:ﬁ".i_.“ & AT vy IO AR
RI3] - soemm e e mmemmmc F =t ®
E% ——— - T s i : Toe
157 : s . . 7%: unhealthy
00:00 0300 [N [=Hi] 0900 1200 15:00 15:00 2100

|[1]2D11I02f0300:00:00.000 GPST : N=19 N5AT=19 SNR=2>45 =35 230 =25 <25
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RTKLIB5IRE (3)

— b
X2 D:¥proj¥seminar¥samplel¥javadl_201102030000.nav. .. EE
File Edit View Help
w2 o [EEeE] Al =]t (oo o o » ] 3| X %G
° | O
w I\
Ah4A478Y .
[ T —
@g. D:¥proj¥seminar¥samplel¥javadl_201102030000.nawv... EE 28
File Edit View Help | =
M Rl [r - ct[ece s »pG] 3 X G v vp g Ly b
i N T R SO S SN S 1 L S
= m
,.__,;-7: [ F e L L o,
09:00 12:00 15:00 18:00 21:00
AT=19 FDOP=1.4HDOP=0.8 VDOP=1.1

AR B2 KR UDOP

[[1]201H02f0300:00:00.000 GPST : N=19 NSAT=19 SMR.==45 =35 »30 =25 <25

49



RTKLIBI 28 (4

g7

- = B

Time Format h:m:s GPST +
Show Statistics  |OFF -
Cyde-Slip LLI Flag
Parity Unknown  |OMN
Ephemeris oM

Elevation Mask () |0

Elev Mask Patern | OFF

Hide Low Satellite |OFF

Maximum DOP 30

atellite System
¥ GPS [# GLO v Galieo

¥ Q7ss v sBas [ Comp

Excluded Sats I

—HRTE

RTKPLOT - Options

Error Bar/Cirde
Direction Arrow
Graph Label
Grid Label

IMarkﬂ_ine - I
IE - I

Tahoma 8pt J

QC Command ch +qc +sym H rep plot

AR fEAToay HBEATay
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RTKLIB5! z&

[] Time Start (GPST) 7 [ Time End (GPST) ? [ nterval [ ]unit

2000/01/01 [==(00:00:00 == |2000/01/01 [==(00:00:00 |== |1

[ R I K‘ ONV%{ I RTCM, RCY RAW or RINEX OBS_?
D:¥seminar_2015%sample 3¥oemv_201010150000.gps
— — —— O
o — - RINEX OBSNAV/GNAV/HNAY/QNAY/LNAV and 5BS
nx D:¥seminar_2015%¥sample3¥oemy_201010150000.0bs
D:¥seminar_2015¥sample3¥oemy_201010150000.nav
.o
Se m I n a r ! O 1 6 ¥ Sa m p I e 3 ¥ D:¥seminar_2015%¥sample3¥oemyv_201010150000.gnav
D:¥seminar_2015%¥sample3¥oemyv_201010150000.hnav
D:¥seminar_2015%¥sample3%¥oemy_201010150000.gnav

oemv_201010150000.gps

D:¥seminar_2015%¥sample3¥oemy_201010150000.sbs

« "Convert..."7h3> N [T .|
,_I_\gjj:qa T RTKCONV

¢ R|NEX7_'\\_96EE?‘E\ A woostvez+2 D

[C]Time Start (GPST) 7 [T Time End (GPST) ? [Cinterval []unit

e "Process..."TRAIT — = = == — =

D:¥seminar_2015¥sample 3¥oemy_201010150000.0bs

o RT K P O STi i @J RINEX *NAV/CLK, SP3, TONEX or SBS/EMS
° 1] O pt i O n S . 1 ,— —;‘ 9 \/ ¢$ -I: D:¥seminar_2015%sample 3¥oemy_201010150000.sbs

Solution [7]
D:¥seminar_2015¥sample 3¥oemy_201010150000.pos

I Plot. .. view... ToKML... || Options... Execute Exit I
RTKPOST
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RTKLIB5! 78

6

RTKPOST - Options

Settingl

Settingl |5etﬁngg| Output | Statistics | Positions | Files | Misc |

Positioning Maode
Frequencies

Solution Type

[rge 4
L1412 ~]
ICn:nmI:nined ;I

Elevation Mask (%) / SNR. Mask (dbHz) |15 |u

Rec Dynamics/Earth Tides Correction

Ionosphere Correction
Troposphere Correction
Satellite Ephemeris/Clodk

IEruadmst - I

ISaasiﬁmninen ;I
Broadcast ;I

Exduded Satellites (PRM ...)

W GPs [ GLO [ Gallec [T 9Zss [ SBAS [ Compass

Load | Save | oK | Cancel |

Output

Settingl | Setting2 Output |S1_3ﬁstics|Eusiﬁuns|Eiles | isc |

Solution Farmat

Qutput Header Processing Options

Time Format [ # of Dedmals
Latitude [ Longitude Format
Field Separator

Lathanﬂ-IEight - I
v v ]
IwwssssGPST vIIS

|ddd.ddddddd |

DatumHeight
Geoid Model

[wess4 +][Geodet =]
IInternaI ;I

Solution for Static Mode

[ ~]

MMEA Interval (=) RMC/GGA, GSA/GSY ||:| ||:|

Output Solution Status f Debug Trace IDFF L”DFF ;I

Load

oK | Cancel |
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RTKLIBfIRE (7

[ Time Start (GPST) 7 [ Time End (GPST) ? [Flinterval [ ] unit

° 11 E t 11 — > 9 > *$ -F 2000/01/01 |[=oo:00:00 | [2000/01/01 [ =] 00:00:00 = [0 s [24
xecute -~ — .

D:¥seminar 2015¥sample3¥oemv 201010150000.0bs

AN 3l
o " P I Ot ) " 7I_\ 9 ?/ ¢$ -F RINEX, *MAV/CLK, SP3, IONEX or SBS/EMS
[ ] RT K P LOTi i @J D:¥seminar_2015%sample 3¥oemy_201010150000.sbs

Solution ] Dir
Di¥seminar_2015%sample 3¥oemv_201010150000.pos

e "Position" or "NSat"EIR EE

RTKPOST

~
e = S B i S (B i S0 M (s
File Edit View Help F\\e Edit View Help File Edit View Help
[z = [ndTek + H-mE@oo+SHE- (L v xoal|flem@e - B ] b Ee e o e SB[ b w(Tz = AL ) Bkt e o o s &E - [0 v P
0
05 ey m = of Valid Satelites
i
10 — —
10
1 (m) Age of Differential (s)
f\H\« At W‘/Jd ;
-1
)
2 bom Ratio Factor for AR Valdation
‘ ! 15
1
10
0
| i 5
20am 1
0
01:00 01:30 02:00 00:00 05:00 01:30 02:00
ﬂﬂmmfmﬂs 00:00:00 GPST-10/15 D2:28:54 GPST : N=8935 B=0.0km Q= 5:3335(100.0%) mummmns 00:00:00 Gpsr mns 02:28:54 GPST : N=8935 B=0.0km Q= 5:5935(100.0%) Ml]znm,lmns 00:00:00 GPFI' mns 02:28:54 GPST : N=8935 B=0.0km Q= 5:3935(100.0%)

RTKPLOT (Gnd Trk) RTKPLOT (Position) RTKPLOT (NSat)
53



(3)
RTKLIBD) E AR $E4E



RTKLIBOD EAR1E4E

* RT
* RT
* ST
* RT

KPLOT .
KCONV &
RSVR £

KPOST 2

» NTRIPBROWS [

* RT
* RT

KNAVI %3
KGET ¥
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(4)

GNSS;EI {3 D Fff
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The pseudo-range (PR) is the distance from the
ra t—s) receiver antenna to the satellite antenna including
receiver and satellite clock offsets (and other
(m) biases, such as atmospheric delays) (RINEX 2.10)

T RIE2HZ (5) X
LU P T0Y DU 0y UL Y UL LUV LU Ly Loy U Loy Lo

N
B

S s

@ X 15
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PR QR

=

==
.

s

... actually being a measurement on the beat
¢s _ ¢s _ ¢ + N frequency between the received carrier of
ro r the satellite signal and a receiver-generated

(cycle) reference frequency. (RINEX 2.10)

151

il

il

5 iR K : ¢5(t‘5)/®

[ 3

NP

BREEER R d (t)

> %

Wk R E — R =0 —¢ + N/J%

/\/\/\/\/\/\/\/\P



O— I vs i BRI

AZEE R L (23— R fr)

= 4 B ST (W28 SR GBI 5T )

s 5%1%%‘%& i R 4R +
(3I—F) Sl EE R
ZEHE /A X 30 cm 3 mm
TILFINR 30cm-30m 1-3cm
RE == E (C/N0<15dBHz) {ER%EE (C/NO>35dBHz)
E % HAIILA YT
ToEXa1AT+4 H#ETE/AR
ZIE S Z{ifi (~$100) = i (~$20,000)
I 3m (H), 5 m (V) (E34h) 5 mm (H), 1 cm (V) (3% .1E)
(RMS) 1 m (H), 2 m (V) (DGPS) 1 cm (H), 2 cm (V) (RTK)
It FA finix, B, ...

Alg, i, ...

59



SELEREEET )L

(3) BE Ovy

P =cr
=c(T -T°) OF e
=c((t, +dt)—(t* +dT*)) + &,
—c(t, —t*)+c(dt, —dT%)+g, (¢ EHEEE

=(p, + 1] +T)+c(dt —dT°) + &,
=p. +c(dt —dT*)+ 1" +T° + ¢,

1 2) (3 4) (5) (6 (2) ZIE% | o
(1) (2) (3) (4 (5 (6) by |

(5) > 7t B S

%

il

(6) ¥ILF /N R+
ZEHEE
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WX K ALFEET L (1)

X RS AB:
¢ =0.t)-¢ )+ N +¢, (dr0 =9 (to) g5 = ¢°(tp))
=(f(t +dt, —t)+4 ) (F(+dT° ~t))+4))+N; +é,

§'o

=;(tr —t5)+;(dt, —dT)+ (b~ +N)+¢&,  (cycle)

= A4 =c(t, —t°) +c(dt, —dT°)+ A(4,, — 45 + N)) + A¢,
=p+c(dt —dT3)—1>+T°+AB’ +d’ +¢, (m)

/ N\
— Wk RALAE/ NA TR FHIEIR
S BR B
P'=p’+c(dt, —dT*)+ 1] +T° +¢,
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1 M : i — >
Wk R ALAEETIL(2)
Wik R GLAR/ NA T R
B = o~ g5 + N> (cycle)
N BH7EX21/4F4
beo - RIEHEHLIAIAE
¢ EEMHMIAE
i 1EI8: )
S T.5S S S S T.5s
d_r— _dr,pco renu T (Esat—>ecef d pco) e + dr, pcv T d pcv ddisp €r.enu

"‘dpw"'drel (m)

VW

dr, 0co - Receiver Antenna Phase Center Offset
r.pev - Receiver Antenna Phase Center Variation

d ECO : Satellite Antenna Phase Center Offset

d ooy Satellite Antenna Phase Center Variation

ddiSp : Site Displacement

d ow : Phase Wind-up Effect

dye : Relativistic Effect
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— ERErR U ESTE ]
t°=t, - P°/c—dT(t%)

)
s

(2)
pr *
(3)
pr =
(4)

U t)n (t) —U E)rs @)

o (t) — Ry (st —t)re(t)

g
e (tr) —R; (Cf)eprS /o)r(t)

L (XY —Y7X)

p?z rr(tr)_rs(ts) o

Y vy OhBEMEIE
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LOS (Line-of-Sight) X494

LOS N4
r’—r T
s _ r s _ s _
€ = S > er,enu - Eecef Senubr = (eeaenaeu)
r°—r,
—sin A cosA 0
Eccef seny =| —singcosA  —singsind  cos¢
cos¢gcosA  cos¢gsind  sing N

BmEAMA-NA:

Az = ATAN2(e,,€,)

El = arcsine,
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RE JR & UADOP

R 2 iR

— IO A)R/SVOAYIRE
- BHEEETIVRE

- REBETILRE

— TILFINR

- ZEHME

— TDOERE

— S/A (Selective Availability)
FE-ZEHANFEE

— DOP (Dilution of Precision)
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T A)R/SVoAyY
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2009,/04/07 23:55:00

4/7 (PRNOS)

2009/4/1
Satellite Orbit GPS08 : 2009/04,/01 00:00:00-

=

=]
R

A
5

IO AR

4/7 (PRNOS)

Satellite Orbit GPS08 : 2004/04/01 00:00:00-2004/04/07 23:55:00

2004/4/1

-Track

Radial
Along-Track [
Cross

(W) 2/ Jo1a3 uoisog

<L

Along-Track [
Cross-Track

Radial

A 1.6943m C0.3646m

m

3r4n1 A ?.DqS?ﬁn Ci 1.?|?2$n‘|

34
4/

]'1
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4/
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a7

a7

[

5

4

4/

3
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a2

a/1

<L

7€2n

-2009,/04/07 23:55:00

Satellite Clock GPS03 : 2009,/04/01 00:00:00

=

=]
=

SV

0

2897

Satellite Clock GPS08 : 2004,/04/01 00:00:00-2004,/04/07 23:55:04

kg7 k7

-
qec

é?n

MEAN: 556

0
[=]

RE}’: I[gS I-J::lna in}erp:
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GPS SIS-URE

N/A [ N/A N/A s
P Signalin-Space User Range
Ll Error is the difference
nD: v between a GPS satellite’s
= 6 - _ Q01 SPS Performance Standard _ _ _ _ _ ook and the truth,
9 (RMS over all SPS s.s URE) projected on the line-of-sight
(= to the user
w
(o]
=
£ A - 2008 SPS Performance Standard _ _ = _
o 2 (Worst of any SPS SIS URE)
w3
2o
S B -
©
)
c
£ Ing range erro
©
c
2 1 -
(7p]
2
m 0 T T

1990 1992 1994 1996 1997 __2301 2004 2006 2008 2009
Selective Availability (SA)

L.S.Steiner, GPS Program Update to CGSIC 2010, Sep 21, 2010
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lono-Delay Error (m)

lono-Delay (m)

MEET JLIRE

Zenith lonospheric Delay (L1) at TSKB
2004/11/03-11/09

AW AWAWAW |
Ay

W 114 115 11/6 0 11/7  11/8  11/9  11/10
— Klobuchar Model — |GS TEC Final
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X imBET ILIAE

ZTD (Zenith Total Delay) at TSKB

2009/1/1-2009/1/31

Tropospheric Parameters TSKB : 2009/01,/01 00:00:00-2009/01,/31 23:55:00 < |= |

Sl N O B L B O P S

ZTD (m)

2.45

24

2.35

23 R T U0 O O U O DO U S IO OO T O T DO 1
Y1 Y3 15 17 1/3 1/11 1/13 1j15 117 1/19 1/21 1/23 125 1/27 1/29 131

[ IO O B B 1

—— Saastamoinen Model

2009/7/1-2009/7/31

Tropospheric Parameters TSKB : 2009,/07 /01 00:00:00-2008,/07/31 23:55:00 < |= |
2? T T T T T T T T T T T T T T T T T T T T T T T

PYPF S OO0 U O O L 0 O

pabl g b g
71 7/3 /5 7/7 /9 7/11 7/18 7/15 7/17 7/19 7/21 7/23 7/25 7/27 7/29 7/31

— Estimated by PPP
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TILFINR

iR

GPS
77T

—

ABAT TS

Code Multipath : NovAtel GPS-702-GG-NovAtel OEMV-3 (L1)

NovAtel e
GPS-702-GG A

— 7T

SIS

i E
IR &K

h

Cods Multipath : u-blox ANN-MS-NevAtel OEMV-3 (L1)

30

RMS=0.73m (m)

u-blox ANN-MS ~ °
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DOP

GDOP, PDOP, HDOP, VDOP

GDOP = +0nn + Auu + T
\/qee Gnn + Guu + G Oee  Yen Ceu et — e?fenu 1
— T
PDOP = /dee + Gnn + Gy Q=(HTH)! = One Gnn Onu Ant Hoo|—ey 1
HDOP = /qee + O Que dun  Quu  Qut : :
S T
VDOP = ,[q,, Ot Oin  Ow it —eyy 1
# of satellites =5 # of satellites =7 # of satellites = 27
Eed . k] = le 3 =5 s le 3
AF i a 2 ﬁéﬁz -
£ aE 45 20 ® & a5 20 B éléig = Og 45 P ®
z Q &0 Z e &0 O @ i @
14 s 75 8 o 7 2 . e 23 e 7 % @4;63 23 Q} R1S
= @ m = Q m = Rﬁ; m
@ i3 ] @ iz 2 Ei7 W 13® 25815-
3 4 1 e 2 %1; g @ @ gm E5 Q
% 16 ? é‘ % ’ 16 @ 7 é‘ %‘ y 16 Q3 01 e %Zg é:
lﬁj11 %n ] %%u % O i8S
% 0N g 27 & %t 30 a7 o O 30 s R

GDOP=33.4 PDOP=25.9
HDOP=8.1 VDOP=24.7

GDOP=2.5 PDOP=2.1
HDOP=1.2 VDOP=1.8

GDOP=1.2 PDOP=1.0
HDOP=0.5 VDOP=0.9
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L4

Im

HIH

=11
A7~

AL

RMS Error:
E: 21.51m
N: 33.81m
U: 59.65m

100m |

RMS Error:
E: 1.73m
N:2.51m
U:4.29m

10m :[

1999/1/1 24hr, TSKB

2001/1/1 24hr, TSKB

¥ G:¥evasingle¥tskb0010.pos El

P8 G:¥evasingle¥tskb0010_2001.pos = | =

File Edit View Help

(L2 - EEm] [ =T @ o
100

Ew (m)

: > =]

ORI< 365, mss?(ms" 140.08750769° 69.034m

b

AVE, ,STD=21.444m RM5=21.514m

L
ko

i .ft%‘*‘?zx%ﬁﬁz

§§

o A

8.
s ¥
oo
e
o
gt e

Eile Edit View Help

| far ]t T @ e « v 2]

1 @ 12

E-W (m) ORI=36,10567098° 140,08750769° £9.034m
AVE=-0.416m STD=1.876m RM5=2.013m
50
0 e
-50
N-5 (m) AVE=2.678m STD=3.099m RM5=4.096m
50
[ et Sy e
-50
-100
U (m) AVE=1,257m STD=5.556m RM5=5,696m

0 o Ih‘-’% i, -r o .

-50

-100
00:00 03:00 08:00 09:00 12:00 15:00 18:00 21:00

[111399/0 1/01 00:00:00-01/01 23:53:30 GPST : N=2830 6=0.0-0,%m Q= 5 2560(100.0%)

[1]2001/01/01 00:00:00-01/01 23:53:30 GPST : N=2865 B=0.0km Q= 5:2865(100.0%)

2004/1/1 24hr, TSKB

2009/1/1 24hr, TSKB

¥ Gr¥evasingle¥tskb0010_2004.pos =

¥ G:¥evasingle¥tskb0010_2009.pos

File Edit View Help
T2 [ <] FHe T & =

E (m)

: » =]

ORI= 36 10567098° 140.08750769° 69.034m
=-1.256m 5TD=1.191m RM5=1.731m
5

' \MM\“W \_f“'ﬂ

-5

AVE=1.764m 5TD=1.788m RM5=2.512m

e A N e ’/" s f,f"\/

-10
)

et

-5

File Edit View Help

(02 ] ]I @ o o[ D [

E- (m) ORI= 36.10567098° 140.08750763° 63.034m
AVE=-0.934m STD=0.580m RMS=1.095m
5
0
M."M
B
-5 (m) AVE=1.183m 5TD=0.829m RM5=1.444m

Leal

-0 -10
uD (m) AVE=-3,373m 5TD=2.574m RM5=4.243m uD (m) AVE=-3.647m STD=1.425m RMS=3.916m
5 5
0
. 4 w \ W,
-Sﬂq\" % ‘# \’ E “W
-10
UU 00 03: UU 06:00 09:00 12:00 15:00 18:00 21 00 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00

[112004/01/01 00:00:00-01/01 23:59:30 GPST : N=2832 B=0.0km Q= 5:2832(100.0%}

[1]2009/01/01 00:00:00-0 101 23:59:30 GPST : N=2880 B=0.0km Q= 5:2580(100.0%)

RMS Error:
E: 2.02m
N:4.10m
U:5.70m

J100m

RMS Error:
E: 1.10m
N: 1.44m
U:3.92m

I 10m
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DGPS (T7477L >34 JLGPS)

e T477L 2% )LGPS/GNSS

- Ai:lé*ﬁ 75\ i

wil[0)

th

EEER

— 31 2 = £ LU EE B ## 1IE = (PRC)

— fHEFHROI—TF~DRGE

— ZPEBKFLINDREIENDEE
* DGPSH—EX

— FE X HDGPS: OmniSTAR, SkyFix, StarFix

— B EDGPS: B ERKIT (FIKE—TY)

— |E

[NDGPS: VHF/FM, £, 13— vk
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RTCM SC-104

RTCM 2.3 RTCM 3.1

Type Message Type Message
1 Differential GPS Corrections 1001 | L1-Only GPS RTK Observables
3 GPS Reference Station Parameters 1002 | Extended L1-Only GPS RTK Observables
10 | P-Code Differential Corrections 1003 | L1&L2 GPS RTK Observables
11 | C/A-Code L1, L2 Delta Corrections 1004 | Extended L1&L2 GPS RTK Observables
17 | GPS Ephemerides 1005 | Stationary RTK Reference Station ARP
18 | RTK Uncorrected Carrier Phase 1006 | Stationary RTK Ref. Stn. ARP with Hgt.
19 | RTK Uncorrected Pseudorange 1007 | Antenna Descriptor
20 | RTK Carrier Phase Corrections 1008 | Antenna Descriptor & Serial Number
21 | RTK Pseudorange Corrections 1013 | System Parameters
22 | Extended Reference Station Parameter || 1014 | Network Auxiliary Station Data
23 | Antenna Type Definition Record 1015 | GPS lonospheric Correction Differences
24 | Antenna Reference Point (ARP) 1016 | GPS Geometric Correction Differences
59 | Proprietary Messages 1019 | GPS Ephemerides

RTCM: The Radio Technical Commission for Marine Service
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H/s%/‘\p—-‘yl\

AL wga | Dot ey
I A)RRE 0.1m
SV Do E8aE 1.0m 00m 0.1m
BHETETILRE 1.5m 0.2m 0.2m
XIRBETILIRE 0.3m 0.1m 0.3m
TILFINR 1.0 m 1.2m 1.0 m
S/A 0.0m 0.0m 0.0 m
ZIEWME 0.3m 0.3m 0.3m
UERE 2.1m 1.3 m 1.1m
HDOP/VDOP 1.5 1.5 2.5 1.5
ZIT%F{REM_? 3.2m [ 53m | 20m | 33m | 1.7m | 2.8 m
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DGPS (SBAS)

1==F L2 5: R v
RMS Error:
E:1.02m N: 1.36m U: 4.00m

SBAS DGPS (MSAS)

RMS Error:
E:0.43m N: 0.57mU:1.21m

¥ Fr¥gpslog¥20071015¥ubx20071015_single.pos = | 5] |- P2 Fr¥gpslog¥20071015¥ubx20071015_msas.pos = | B[
Eile Edit View Help Eile Edit View Help
U2« o ~| He I @ KN | | 5 102 = [ <] HH-I @ KN | i | 5
E-W (m) ORI= 35,87298335% 138,389566547° 1003.860m E-W (m) ORI= 35.872988585% 138.38966547° 1003.860m

AVE=-0.403m STD=0.937m RM5=1.020m

AVE=0.768m 5TD=1.127m RM5=1.364m

-10

4
18:00

A
03:00 05:00 03:00 12:00 15:00 21:00

[112007/10/16 00:00:40-10/17 00:00:00 GPST : N=8633 B=0.0km Q= 5:3633(100.0%)

-10

AVE=-0.082m 5TD=0.420m RM5=0.428m

AVE=0.025m STD=0.584m RM5=0.565m

AVE=0.430m 5TQ)=1.107m RM5=1.210m

+
=
*=

03:00
[1]2007/10/16 00:00:40-10/17 00:00:00 GPST : N=8637 B=0,0km Q= 4:8637(100.0%)

06:00 02:00 i2:00 15:00 18:00 21:00

(2007/10/16 24hr, Antenna: NovAtel GPS:702—GG, Receiver: u-blox AEK-4T (raw),
Processing S/W: RTKLIB 2.1.0, All Corrections=ON, Ranging=0ON)
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PPP ($57% B 44 B4

- Bk

- BRBEY (EEAFE
- SRR E
- HEE (BRENEIOYY)

— BRI (1R AN

- H

— GPSHh =&t
— GPSKRF
— LEOIZDPOD (S EHERE)

- _I%_*%EJ

EFCEAInd o

IEFYTILAA L
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*RIT1YIPPP vs A3T 1Y/ PPP

TR TAYIPPP
Station: 1GS CONZ

D:¥proj¥gt_sup

File Edit View Help
n :_1 2] 12 IPositon vi__ i@ 'i A
3

b3 ORI=-35.84375628% -73.02551480° - 180.553m
AVE=1.495m STD=1.388m RM5=2.039m

{.

AVE=0.259m STD=0.359m RM5=0.442m

06:30 06:40

[112010/02/27 06:28:00 GPST-02/27 06:45:00 GPST : N=1017 B=0.0km Q= 5:5(0.5%) 6:1012(23.5%]

2010/2/27 6:28-6:45 GPST
Interval: 1s

RIATAY7PPP
Station: GEONET 0837

¥ D:¥prof¥rtkiib_test¥ppp¥sol3¥0837_2009.f

File Edit View Help

[m = = IPosiﬁon vl,EIALL E T @0 o e | ] X 5
10

-
0.

E-W (m) ORI=31.824060872% 130.599593859% 314.6565m

AVE=0.0000m STD=0.0084m RM5=0.0083m
0.05

. . e T R O e wﬁ‘w’"' "‘3"“‘\«""
0.00 TR I L A T A iy A £Y

-0.05

AVE=-0,0000m STD=0.0059m RM5=0.0055m
0.05

A
bl e i a3 5 a2 Wana W,
0.00 = ot ol N bbb o NS g

-0.05

AVE=-0.0000m 5TD=0.0110m RM5=0.0110m
0.05

TP o L
0.00 “":\-.‘: - sf‘:‘_:, “‘.." A B mORor *.':’: i

-0.05

-0.10
09/03 03/05 0907 0910 0912

H H - H H T N= =U, = 030 UL U5,
[112005/01/01 00:00:00 GPST-12/31 00:00:00 GPST : N=365 B=0.0km Q= 6:355(100.0%)

2009/1/1-2009/12/31
Interval: 1day
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RET—RT7+—< vk

R

* RINEX (Receiver Independent Exchange)
— THFRA—RBEGNSST 2771 LR
— BB AEHT B

* RINEXZA T

— OBS: #1817 —4
— NAV: finiET—74, (GNAV: GLONASS, HNAV: SBAS)

— MET: [RRET—74
— CLK: 7ayo Aok
e RINEX/N\—3Y
— ver. 2 (2.10, 2.11, 2.12), ver. 3 (3.00, 3.01, 3.02)
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RINEX OBS

2.10
RTKCONV 2.4.0

OBSERVATION DATA

Receiver Time Tag

M (MIXED)

RINEX VERSION / TYPE
20110423 090647 UTC PGM / RUN BY / DATE

MARKER NAME

MARKER NUMBER
OBSERVER / AGENCY
REC # / TYPE / VERS
ANT # / TYPE

0.0000 0.0000 0.0000 APPROX POSITION XYZ
.0000 0.0000 0.0000 ANTENNA: DELTA H/E/N
1 1 WAVELENGTH FACT L1/2
8 1 L1 D1 s1 P2 L2 D2 S2 # / TYPES OF OBSERV
2010 T 15 0 0 00000000 GPS TIVME OF FTRST OB
2010 1 15 2 28  54.0000000 GPS TIME OF LAST OBS
END OF HEADER Types of OBS
10 10 15 0 O 0.0000000 O 10G 6G23G16G19G21G13G 3G31S29S37 *.
BT E AT —IOOE T SI6 — —TOI0 AR ————oERRE 20849930125 <P .Ps-eudorange
85377001 .480 1511.441 41.000 L*: Carrier-phase
22450960.859 117980618.953 1062.035 42 .000 450959.898 .
91932917.910 827.555 38.000 D*: Doppler Freq
20790247.117 109253470.496 334.336 45.000 20790246844 S*: CNO (dBHz)
85132587.789 260.520 41.000
24794846.031  130297776.969 3763.289 38.000 24794848, 422
101530723.414 2932.430 32.000
23378478.469  122854746.020 860.133 40.000 23378477.97 Satellite List
95730986.191 670.234 34.000
24155219.492 126936537.238 2611.234 35.000 24155223.109 hn, Gnn: GPS
98911564 .082 2034.727 33.000 Rnn: GLONASS
21765068.656  114376223.133 3035.375 42 .000 21765071 .242 :
89124339.934 2365.223 38.000 Jnn: QZSS
21044041.703 110587188.461 -1456.918 45.000 21044041.797 [ . Golileo
86171830.961 -1135.266 42.000 :
37172827.633  195344531.559 2.965 38.000 Snn: SBAS
37203973.328 195508183.188 -0.992 39.000
10 10 15 0 O 1.0000000 O 10G 6G23G16G19G21G13G 3G31S29S37
20849559.430 109565184.891 1939.090 45_000 20849561 .062
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RINEX NAV

2.10 N: GPS NAV DATA RINEX VERSION / TYPE
RTKCONV 2.4.0 20110423 090647 UTC PGM / RUN BY / DATE
1.1176E-08 0.0000E+00 -5.9605E-08 0.0000E+00 ION ALPHA
9.0112E+04 0.0000E+00 -1.9661E+05 0.0000E+00 ION BETA
-.838190317154E-08 -.310862446895E-13 61440 1606 DELTA-UTC: AO,Al1,T,W
15 LEAP SECONDS
END OF HEADER
31 10 10 15 2 0O 0.0 -.724568963051E-06 .352429196937E-11 .000000000000E+00
.810000000000E+02 .105937500000E+02 .427089218552E-08 -.148856857180E+01
.571832060814E-06 .746127020102E-02 .472925603390E-05 .515378055573E+04
.439200000000E+06 -.176951289177E-06 .679765366385E-02 .540167093277E-07
.978380240916E+00 .300062500000E+03 -.105249752834E+01 -.819426989566E-08
.142863093678E-10 .100000000000E+01 .160500000000E+04 .000000000000E+00
.240000000000E+01 .000000000000E+00 -.130385160446E-07 .810000000000E+02
.432006000000E+06___.000000000000E+00
6 10 10 15 2 0 0.0 .455596484244E-03 -.140971678775E-10 .000000000000E+00
.230000000000E+02 -.352500000000E+02 .500699427569E-08 .227090783348E+01
-.185333192348E-05 .616293260828E-02 .853091478348E-05 .515365624428E+04
-439200000000E+06 .104308128357E-06 .204411629865E+01 .353902578354E-07
.934819176502E+00 .200625000000E+03 -.936257940341E+00 -.811783814054E-08
.169649923743E-09 .100000000000E+01 .160500000000E+04 .000000000000E+00
.240000000000E+01 .000O00O0O0O0O00O00E+00 -.512227416039E-08 .230000000000E+02
.432006000000E+06 .000000000000E+00
PRN Toc SV _clock _bias SV _clock drift SV _clock drift_rate
10DE Crs Delta n MO
Cuc e Cus sqrt(A)
Toe Cic OMEGA Cis
i0 Crc omega OMEGA _DOT
IDOT Codes on L2 ch GPS Week # L2 P _data flag
SV_accuracy SV_health TGD 10DC
Trans_Time Fit_interval spare spare
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=)

Jg:

=

. BHEEE

— RUNE

EgErvnyy

B FT =X TILEA L

- EHROEERMWT —FEHM

o TJA—TV:

— Bf13&: NGS SP3
— £08v9%: NGS SP3 or RINEX Clock}h3E

c HNE:

— B 3&: B2 ECEF{iIE (CoM)
- o0y GERVEERIOVIINAT R
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GS: EIFXGNSSE £
@@Q @ Data (GPS/GLONASS

Raw, Ephemeris,...) Global Data Centers
‘_ﬁ' ‘ﬁ' Analysis Centers (ACs) [ €DDI5 >10
N N TN CODE || NRcan IGN || KAs|
Iﬁl lﬁl - ESOC SIO

D
D
D

A 4

ﬁ —| GFZ USNO ACC _é%

Iﬁlﬂ\Iﬁl JPL MIT Products
(Satellite Orbit/Clock, Station
—— NOAA Pos/Vel, ERP, Atmos,...)
GNAACs Regional DCs
_ RNAACs Oper. DCs
Tracking Network
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IGST AR Fk

IR 1R 2 & HRIRERZ (IGU) s
=
(1GS) (IGR) #3818 % Rl =
B8 ~2.5¢cm ~2.5¢cm ~3 cm ~5 cm ~100 cm
Gl by | “75Ps RMS | ~75ps RMS éi/logs ~3 ns RMS | ~5 ns RMS
20ps STD 25ps STD ~50ps STD 1.5nsSTD | ~¥2.5 ns STD
—o s 7L 7L
LATY 12-18 B | 17-41 B5R8 | 3-9 B5RE A A
B #H 03,09, 15, | 03, 09, 15
}F === Vi Vi Vi Vi Vi Vi _
EHTIRE MEEH 17 UTC 21 UTC 21 UTC
) BT 15% 155 154 15% H&
Gl
Y . UN
HOwh iz 301 5% 15% 15%> =k
B 5%

(2009/8, http://igscb.jpl.nasa.gov/)
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(5)
RTKPOSTIZ k& B 384 (1)




RTKPOSTIZ &4 B 4RI {32 (1)

* RTKCONVIZKAZ{EHOT DRINEXE
e RTKPLOTIZ K AER BT —2 R4

* RTKPOSTIZ &S E IR

e RTKPLOTIZ&KAAIGIAETOvE

« Google Earth[Z & BRI R R

e RTKCONVA T3>
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