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(1) GNSS;EIZ AP 4/22 (’K)  9:30-10:20
(2) RTKLIBOMIELEA (EEH) 10:30-11:20
(3) RTKLIBOERKIZIE (EF) 11:30-12:20
(4) GNSSHI{L D EFE 13:30-14:20
(5) RTKPOSTIZ&kHEIHAIGI(1) (BE) 14:30-15:20
(6) RTKPOSTIZ&kDEIHAIGI(2) (BE) 15:30-16:20
(7) E4RBEATERTKDERE 4/23 (K)  9:30-10:20
(8) RTKPOSTIZKAERARHT (EEH) 10:30-11:20
(9) RTKNAVIIZKBRTK (EE) 11:30-12:30
(10) RTK®D it A 13:30-14:20
(11) RTKLIBICKAH#E S HEHT (EE) 14:30-15:20

(12) RTKLIBD ;&M 15:30-16:20
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GNSS

* GNSS (EHhERAREZE AT L)
— GPS (kEH)
— GLONASS (A7)
— Galileo (EX M)
— BeiDou (FR [H)
* RNSS (HUEMERE L AT L)
— Q7SS (AA)
— IRNSS (A F)
« SBAS (fFLELBERFENEMRA AT L)
— WAAS, EGNOS, MSAS, SDCM, GAGAN

(http://www.ion.org/museum)
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(B.W.Parkinson, Introduction and Heritage of NAVSTAR, the

Global Positioning System, 1994)
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GPSEHEH AR

- BIEOVRTL—3y
— 6EEM x4=24FE (/3FIL)
— B E:20,100km
— BlEERA: 55°
— FEHA:1/2 /B2 H (11h 58'2")
GS Block Il

*

(http://www.ion.org/museum) (http://en.wikipedia.org/wiki)



L
Block No | svw | PR | 1978 19 %1 [ 1952 [ 1983 [ 1984 ] 1085 [ 1986 | 1987 [ 1088 1 1993 | 1994 [ 1995 | 1096 1998 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
r \III\“ .I\}HHI!IHH“|||\}HH|IHH\III\HHI | (i EEEEEESEENEEEEEEEENEEEEEEEEN NN N EEEEN TITT T T T T T T TP T T T T T
& } } A i 1 i i
o—r— 1 [ [ |
< 1 Il Il 1 Il Il 1 Il Il 1 Il Il
—— P~
—=—— R
1 i i i i i i i i | B
9 L [ [ [ [ |
© e
——
s —
- ]
e === ===
S
o |
> |
. e e e s s s B B S
s et S s B s s s e
— i i i i i [ I [ [
o—— [ 1 [ [ [ [ |
- Block IIA I-10 SVN23 | PRN32
Block IIA o-11 SVN24 | PRN24
Block ITA o-12 SVN25 | PRN25
Block TA m-14 SVN26
Block TA m-15 SVN27
Block TA I-16 SVN32
e ‘
'») P A _———————— \
4 | ») [ [ ¥ / / ¥ / / ¥ / / /
Block 1A PRNO7 - - bl
Block 1A PRN09 <
Block 1A SVN35 | PRNOS
Block 1A SVN34 | PRNO4
Block 1A SVN36 | PRNOG
Block 1A SVN33 | PRNO3
Block 1A SVN40 | PRN10
Block IIA SVN30 | PRN30
Block ITA SVN38 | PRNOS
r Q|
Block IR IR-2 SVN43 | PRN13 <
Block IR IIR-3 SVN46 | PRN11 <
Block IR IIR-4 | SVN51 | PRN20
Block IR IIR-5 SVN44 | PRN28
Block IR_| TIR-6 | SVN4I | PRNI4 ™ Py [ |
] Block IR | TIR-7 | SVN34 | PRNIS | > ) [ [0,
Block ITR IIR-8 | SVN56 | PRN1§ L - LILIA)
Block ITR IIR-9 | SVN45 | PRN21
Block ITR IR-10 | SVN47 | PRN22
Block ITR IR-11 | SVN59 | PRN19
Block ITR IR-12 | SVN&0 | PRN23
Block ITR IR-13 | SVNé1 | PRNO2
- Block [IR-M | IIR-M-1| SVN53 | PRN17 <
Block [IR-M | IIR-M-2 | SVN52 | PRN31
Block [IR-M | IIR-M-3 | SVNSE | FRN1Z Y LS —
Block IIR-M | IIR-M-4 | SVNS55 | PRN1S K r Coml
. | =4 L~
D -~ Py [ B0 |
| ) [ | N o JEQ)= 18] [ B 1| - ¢
- - L] ’ - L L - ‘ Fef:hfip:/7gge.vnb.ca’Fesonrces/GPSConstellafionStams txi




GPSIE=

« AliES

— L1C/A : Block 1A, IR

— L1C : Block IlIA -

— L1P(Y), L2P(Y) (B2A) :Block IIA, IIR, ( -2020)
— L2C : Block IIR-M -

— L1M, L2M (EEFH) : Block IIR-M -

— L5 : Block IIF -

BMEZEI
— CDMA (FEREIZETVEX)




GPSith 4 Ak

L-Band ‘ S-Band
MCS at Schriever AFB, CO * 186 Monitor Stations A 12 Ground Antennas
& Alternate MCS at VAFB  q.ooqg  © OC°S ¥ 10NGA 4 GPS + 8 AFSCN

(G2

*lAaj:hin

Wellington

g

¢ Monitor Station
Network Control Center

@ NGA Moritor Stations
<$ oCs Monitor Stations

MCS AMCS A
. Master Control Station Alternate MCS OF.S Ground Anfannas
Schri AFB Vandenberg AFB
chriever andenberg A AFSCN Remote Tracking Stations 4

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

10



GLONASS (¥ A7+ X)

- BHFE
- |BYE, RUAY7
« HEIAM—3Y
— 3EEM x8=24 &2 +3 ¥ (FOC)
— 5/E:19,100 km, BLEERI A 64.5°
— GLONASS, GLONASS-M (2003- ), GLONASS-K (2011-)
- EF
— L1C/A, L1P (FDMA: 1602+n x 0.5625 MHz)
— L2C/A, L2P (FDMA: 1246+n x 0.4375 MHz)
— L3 CDMA (GLONASS-K- )
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Galileo (') L #)

. FHFH
— FRMEE R UER M 55 15 S
- HEOVAN—I3Y
— 3EEm x9=27 &2 +3 F1& (FOC)
— 5E: 23,200km, B E{EFIA: 56°
— 5 E%f8T 2 : GIOVE-A (2005), GIOVE-B (2007)
— 2012 4 1 £ (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 (it 3})

« HEIAMN—L 3V
— 7x—X 1(-2012): 3 &1 2 (GEO)

A FE

— [

==
=]

— Phase Il: B1, B2, B3
— Phase Ill: B1, B2, B3 (L1C, L5 GPSH #2?)

E

http://www.beidou.gov.cn

— 7x—XI1(-2017): 14 £ (5 GEO, 5 IGSO, 4 MEO)
— 7x—XIlIl (2017-): 35 &1 £ (5 GEO, 3 IGSO, 27 MEO)
— 2015/3: 14 Sats (5 GEO, 5 IGSO, 4 MEO)
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QZSS (EXTA/E

- FF
— B (JAXA, RERFT)

- HEOVAN—I3Y
— 1§12 (10C), 4512, 7/ Z (FOC)
— = E: ~36,000km, BN E{EFIA: 43°
— HED3:0.075 (15-QZSS 1.2)
— 2010/9/11 THBLUVE 4T E “Michibiki”

- EE (IH#BUVE)) |
— L1C/A, L1C, L2C, L5: GPSH 4
— L1-SAIF, LEX: 38

QZSS1Er £ Hh _E & i

(http://qz-vision.jaxa.jp)
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SBAS(## Lt B E BB EMUEMAL AT L)

BIEEE
AT L B F 12 FB - -
PRN &HE 2 0 | VAT
135 Galaxy 15 133W
WAAS US, DOT, FAA 2003/7-
138 Anik F1R 107.3W
feA EC 2009/10,- 120 Inmarsat-3 AOR-E 15.5W
EGNOS = 2011/3- 124 Artemis 21.5E
Eurocontrol Sol
(SoL) 126 | Inmarsat-3 IOR-W 25E
A HA. 2007/ 129 MTSAT-IR 140E
ELiEE 137 MTSAT-II 145E
? Luch-5A 16E
SDCM a7y 2014- ? Luch-5B 95E
? Luch-4 167E
GAGAN | €K, AAIL ISRO 2011- 127 GSAT-12 ?
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SBASH—EXT7

(LT v )
PN 126 MSAS HSAS

o _ = . PRN12S  PRN1IT -
@ GENEQINC. - - @58 e MISATIR  MISAT2

(by GENEQ Inc.)
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GNSSTEE R VIES

-I:I:I-

712K

==
GNSSﬁIEO)%ﬁ&
VAT 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
QZzSS 1 1 4 7
IRNSS 0 1 7 7
SBAS 7 8 11 11
=1 68 86 134 149
13 GNSSIE & B K ik
L5/E5a ES5b L2 L2 E6/LEX L1/E1 L1
i 1740\ \WAVZINVAY . ARSZONVANAYA TAVAmNEY || N7
A z)\ 3 lrAmRICINEE Ar[.ﬂ’.‘\m/fﬁ\\“w A /’.‘}L\\A Wiliia
18622 117645 118668 119691 1207.14 123783 104806 125839 128652 127875 128698 12992 555 1565.19 15955

( YYang, COMPASS VleW on Compatlblllty and /nteroperabl/lty, 2009)




B EFZTOGNSSHEARE

13“ 15 Q.7
s LD > Og . @ GPs(12)
O@ @ % ‘© @Y .
. > @ O - @ Galileo (4)
o @ ® Qzss(1)
@ .
C10770¢o3 O @ BeiDou (10)
e R % il ¥ @ SBAS(4)
075 % <& # Total (39)
O (N A>10FE)

2013-06-12 10:20 GPST
RTKPLOTIZ&K A ARAADATOvk
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GNSSEI{EB DFEE

sin(2xft + @)

C(t)

ok K
2y
+1
O—Fk
-1
2y
+1
78
|
E=

D(t)

|

J2PC(t)D(t)sin( 24t + §) + ...



GNSSAIE B DT Hk

&R E (MHz) a—k P T—2L—k 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 (Il1A-), 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
ESb 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

20




PRN(ZE L3 )I—F

C/A d—KR 4Rk

/w G1 &Rk

3|/4|5(6(7]8]9](10

X, Epoch

v
X
o
w0
0]
—+

— /10 —o—>

PRN Selector l TNUTATTTTM
N >
U

Pt C/A
7 ~
ISRV BN
A

10.23MHz 1112

%ﬂ%] G2 4Rk

B AR

1
z(chip)

4|1

R(r) = TijoT clci(t - o)t

HEHEREZ

1

z(chip)

0

R(r) :leJCi(t)Cj(t—r)dt (i = j)
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GPSHET—%4

HIIL— L 30E"whk x 107 —F =300 Ewh (50bps x 6 )
:
1 GPS i #, SVEEEE R UANILX, svoRawvy,...
2 TOxARX
3 IO AR
4 | FILIFTYIRUANILR SV 25-32, BEE/UTC,... | R— 1-25
5 | FILIFTYIRUANILR SV 1-24,... | N"—21-25
7°U\7>7‘)l/ HIIL—L 24E 6):‘“yl~
TLM | |P| HOW [|P P P p
/ﬁ/ P | p | P P
TOW A2k (x 67) ID
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GNSSAIL DR E

X = (rrT

h(X) =

IRt XiEH #E

x=(f.",cdt)T

v

cdt)’, y=(P%, P2, P . PSm)T exsEs

4 cdt
-+ cdt
4+ cdt

+ c&t +

cdT ™
cdT 2
cdT >3

cdT °m

S S
+1.2 4T,

Sy Sy
+1.2 +T,

S3 S3
+1.3+T,

S S
+ 1™+ T

8vY o089y

ZIEWAE +

A VIR

= %o +(H"H)™ HT (y - h(Xy))

3

—
Il
>t
R

wmE
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GNSS{E#4%

i Bk 3245 5%: $20 - $30,000

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

B 1EGPSZ{E##: $40

-

24



GNSSZ{EHDIEE

N 77+ Al iR
R—R I\ R (NMEA)
L1 RF > >
o—> 7D>I\ > > ALs
I‘/F > < » ﬁﬂ.;f
o mmE [
: — BEH
. — AL
L2 RF > < >
JAaxk >
Ik > > >
> —> A &Rl T—3

‘ ‘ (BR1LLERRE.
ek W% SR AL 4E
H0Owvs fuET—%)

EEESHRES
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RF7OKRIKR

BPF

RF
AR

B i M DA Gy M MVAC

21E%

BPF

R2E%

BPF

o
M%)

B %
AR

BEEESRIRF

illlll

AGC p{ ADC ‘l
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DOD % R—ZA N\ R

(n

CH1
O—pk At,Af
//EE%’E NCO, |
JILTILL DLL ] )
CenL SEILEE B
CDo CDd)IF CDI,Q r .
Q—— HEE 2 _1%
RETO . | .
~F » L A,
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%1_1%‘5/%1/%@

- Z(EHNIE
- =it Ry IS5 /a—KFALiBIEE
- O—FER : DLL (Delay Lock Loop)

— WiERIBRE  : PLL/FLL (Phase/Freq Lock Loop)
— fERT—ARBE (T AR,
— SRR . WK R AR AE A Rk

o IR
— AII7IL3) X L (B4, DGPS, SBAS, RTK, ...)
— FERE T A
— A AAYE—U A0 (NMEA, RTCM, ...)
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RTKLIBO &+ 1+

— 1EHIGNSS, BHUEE DY R—

— ZRFEAGTILTYX LY R—
— T LRV EZNE
— BREAHRAAYE—2/T7AILDYR—
— AIRTE  PCET- (TR IA ST B A

= dE

» GNSSEZEHIMELE |75 E 5t EH L TEE

* GNSSEIEHIZERME I [TZFTFN TG

— BIRGNSSZEHMNILE
- WBICEITEHANT—2172HNT L%

[l

EREITH DS

NETESAT—2 1 DNBE
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(2)
RTKLIBO#IELE A
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EEHITATSLDAAR—IL

© USBAEYDLTTALYIN)ZETALIRIZEETD/—RPC
D BTG aE—,
seminar_2015
¥rtklib_2.4.2p11

¥samplel

¥googleearth

o USBAEYMNMEZGWMEEUTMOA Y O—FK,
http://www.rtklib.com/data/seminar_2015.zip
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RTKLIB ®

e 0SS GNSSAILfEMT/ v —

B B ia

— BT/ —>3y
S X e Y

. | + AP

— Windows

— T

a1 %4 %4

~ N

20064
ver. 2.4.2 pll
BSD 2-clause

o~

INYIT—D
: GUI AP
CUI (CLI) AP

{&) RTKLIB: An Open Source Program Package for GNSS Pus\ﬁunlng_ e

Download

- + | @ http://www.rtklib.com/

TPl EE RR EE JwOI—0 DO4DED AT

& | [@Q~ Google

Overview | Release Notes | Support | Documents | References | Porting to BB | To Do | Statistics | SDR Receiver
RTKLIB: An Open Source Program Package for GNSS
Positioning

Version Date Full Package with Source Programs

Binary AP Package for Windows

220 2009/01/31 p (10.7MB)

221 2009/05/17

222 2009/09/07

230 2009/12/17

Overview

(3) Supports many standard formats and protocols for G}

Please refer the support information to get the latest patchs.

RTKLIB i an open source program package for standard and precise positioning with GNSS. RTKLIB consists of a
portable program library and several application programs (APs) utilizing the library. The features of RTKLIB are:

(1) Supports standard and precise positioning algorithms with:

Galileo and

re supported but disabled in current versions)

(2) Supports various positioning modes with GNSS for both real-time and post-processing:

Single-point, DGPS/DGNSS, Kinematic, Static, Moving-baseline, Fixed, PPP-Kinematic * and PPP-Static *

RINEX 210,211,212 OBS/NAV/G!

V/HNAY,

Release Notes for supported RTCM messages)

(4) Supports several GNSS receivers' proprietary messages:

I (6) Supports external communication via:
Serial, TCP/IP, NTRIP, local Iugﬁle (record and playbaLk) and FTP/HTTP (automatic download)
| (7) Provides many library functions and APIs for GNSS data processing:
Satellite and navigation system functions, matrix and vector functions, time and string functions,
coordinates transformation, input and output functions, debug trace functions, platform dependent
functions, positioning models, atmosphere models, antenna models, earth tides models, geoid models,
datum transformation, RINEX functions, ephemeris and clock functions, precise ephemeris and clock
functions_receiver raw data functions RTCM functions_solution finctions Gooele Farth KMI_converter L

O~ 3%

I

- va—pk

http://www.rtklib.com or

https://github.com/tomojitakasu/RTKLIB

33



RTKLIB: Iits FE

o — " 1t/0s
0 100 i
a40° 4
39 -
R R
" x j
JEE o
__-5'3 1] 50
5 :hTK_igup[Sucm]—-
1 I
a o

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: J& P&

« 2006/4
« 2007/1
« 2008/7
« 2009/1

« 2009/5

« 2010/8
« 2011/6
« 2013/4
e 2015/4

v.0.0.0 FIEI/N—23> (RTK+C EEA)
v.1.0.0 EEEERUIREIRAETAP

v.2.1.0 FBAOEAPEM

v.2.2.0 YT ILAA LAPIEI. NTRIPHHR—

OSSEC i B ga

v.2.2.1  RTCM, NRTKHR—F,
2009/12 v.2.3.0 GLONASSHR—I, SZ{E#EE

v.2.4.0 PPP. REHERTKYHR—

v.2.4.1  QZSSHHR—b, 215
v.2.4.2  Galileo, BeiDouH7R—

v.2.4.2 pl1 (BFE/N\JIEIE)

Z S HIEND

, S HGE

BN

~E N
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RTKLIB: %54

* GNSSHEICKHIBRERUVESHEERILL:
— GPS, GLONASS, QZSS, Galileo, BeiDou and SBAS
o DT IEALBRUVZRLERMNE—F:
— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP
s ZEEIF—IYN/TORILKRUVZE#YR—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, ...
o YT ILEZALAEIE:
— )7 JL, TCP/IP, NTRIP U T 74 )L
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RTKLIB: /Swhr— ke

RTKLIB \ \
¥src : RTKLIBZAJSY—RTOT 5L
¥rcv : GNSSRERIKFEY—RTOT I L
¥bin : bgndqwsﬁﬁa'_'é;‘r%it/\'ﬁ")EBJ:UDLL
¥data s BTN T—
Yapp : APEJLRIRIE
¥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 APHEE/IL—FV
¥icon : TAAVT R
¥mk1 : Intel MKLS423'Y) (C++ BuilderFd)
Ytest : TANTAGSLEIUT—4
Yutil : A—T4YT7T«
¥doc : XET7AI
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RTKLAUNCH (APS> F )

o« LUTI7AILETILD )Y
...¥seminar_2015¥rtklib_2.4.2p11¥bin¥rtklaunch.exe

RTKLIE v.2.4.2 E

HTaATRYS

RTKPLOT STRSVR NTRIPBR RTKGET
RTKCONV RTKPOST RTKNAVI

e FTRYMYTIZOa—bAYMERK
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RTKLIB AP

B RE GUI AP (Windows) CUI AP
(1) |APTUF v Mt :
(2) | V7 ILEA LRI 52,33 3.5) Ba1, A1)
(3) [BIET—/ ST(T;/)R, (ngRlz’sgr;)
) | 34,55) 511, A2
o) ok ow | cowen
(6) | GNSST—%4 - Az 7Oy k {‘;5";(?) _
(7) |GNSST—44 o O—4 RI:_':G;T _
(8) NTRIPT 59 H NTR(';BI';‘))WS i

() R=ATF7ILEES
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RTKLIB: GUI AP (Windows)

File Edit View Help
MARKER: CUTO
REC: TRIMBLE NETRS
IT:

el E[e%) e @B » 0]

ORI=35°43'08.2231" 138°27'02.1209" 404.8966m

AVE=E:54.0068m 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

2008/05/15 05:16:31.5 GPST ]

Lat/LonjHeight

~ Rover SNR (dBHz)
Solution: FIX

35% 43’ 08.2300"

t'
\‘e

i

N

E:  138°2702.1531"
H

N

£

8 21

with RTKLIB ver2.4.2
Copyright (€) 2007-2013 by T Takass

2730 06 07 09 15
(1) T+19.55 (2) T+20.4s

All rights raserved. @

Option:

Time Span (GPST)

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

File Edit View Help
i eurefp.asiit:2101
Mountpoint 1D

Coruna

Ajaccio

10 GPST : 35°43'08.2301" 138°2702.1530" 408.9318m

17 GPST Connect Time:  0d 00:00:10

Stream Type Opt Cmd bytes bps
Y = s s [

(1) ou

(2) Outgu

(3) Output

start 20120101 [ 00:00 5 2
End 20120601 E 2359 [
Ity 241 « Ho. D

FTP Login
anonymous

Local Directory
< \ ¥producti®ew

fip: feddis. gsf.nasa.gov/gps/products %W igs %W %D.sp3.2

i¥product¥

Alicante
Albacete

1004(1), 1006{15), 1008(50), 1012(1}, 1033(50)
1(1),3(20), 18(2), 19(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), 13(1),22(10),23(10),24(10),53(10)
1004(1), 1006(10}, 1008(10)

RTCM 2.3
RTCM 2.1
RTCM 2.3
Thessaloniki RTCM 3.0

Belfast RTCM 3.1 1004(1), 1006{15), 1008(15),1012(1)
Bellmunt_de_Segarra RTCM 3.0 1004(1), 1005(5), 1008(3)
BOR.

3 ), 9 {(
NFRIPSRCBROWS
BORR Borflanc] R 16
BRSTD Brest RTCM 3.0 1004(1), 1006(15), 1008(15), 1012(1)
BSCNO Besancon ATCM 3.0 1004(1), 1006(15), 1008(15)
BUCUD Bucharest RTCM 3.0 1004(1), 1006(10), 1008(10), 1012(1), 1013120}, 1020(3(
Budapest RTCM 3.0 1004(1), 1006(10}, 1008(10), 1012(1), 1013(10)
Caceres RTCM 2.3 1(1),3(10), 18(1), 13(1),23(10),24(10),55(10)
Cagliari RTCM 2.1 1(3),3(50), 16(50), 18(1), 19(1), 31(3)
Cantabria RTCM 3.1 1004(1),1006(15}, 1008(15), 1012(1), 1015120}, 1020(1:
Cantabria RTCM 2.3 1(1),3(10), 18(1), 19(1)

Almeria

[source table received

Time End (GPST)
2012/01/01 %00:00:00 % 2012/01/01 %23:59:59 %

RINEX OBS ?

OK=0 No_File=0 Skip=153 Error=0 (Time=0.35)

? ? Interval [_|Unit
[18:00:00 2] (20120113 [ omsmss 2] 0~ s
RTCM, RCV RAW or RINEX 0857

:¥data¥ % %t %o %n0. %eyo
RINEX OFS: Base Station
D:¥proj¥geonet_test%b%n* 120

¥ ¥ tidb¥uti¥strmon¥log¥TSK220130219% log
Output Directory

’E¥DmJ¥DDD,DESt¥nnEx

Al rights reserved. 3l

STRSVR
with RTKLIB ver2 42
Copyright (€) 2007-2013 by T Takam

Aldghzoeved. o)

RTKPOST
with RTKLIB ver2.4.2
Copyright (C) 2007-2013 by T Takasu

All rights reserved (]

[7]¥ ¥ tab¥utiffstrmon¥log¥TEK2201302190. gnav

D:¥proj¥ppp_test%r %n0.pos
EE
;

Flot... View. .. To KML. Options... Execute Exit I

¥ i¥rtidib¥util¥strmon¥log¥TSK2201302190. hnav

¥i¥rtib¥util¥strmon¥log¥TSK 2201302190, qnav

¥ :¥rtidib¥utiféstrmon¥log¥TSK2201302190. Inav

r thlib¥uti¥strmon¥log¥TSK2201302190.sbs

Nirip Browser
with RTKLIB ver2 42

Copyright (C) 2007-2013 by T.Takas
All sights seserved.

RTKNAVI
with RTKLIB ver2.42

Copyright (C) 2007-2013 by T.Takasu
All rights reserved.

RTKGET
with RTKLIB ver2.4.2

Copyrizht (C) 2007-2013 by T.Tekasu

All rights reserved.

(o<
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RTKLIB: Z2{E#HR—k

, T—Bryt—o _
i GPSZE | GLONASS & GPS GLONASS | ION/UTC | 777 SBAS _ Z 0t
BRlT—2 | BAT—2 | IO AUR | TTA)R | INGA—4 53R Ayt—
RTCMv.2.3 | Type 18,19 | Type 18,19 | Type 17 ; - Type 3, 22 - Tyff 1'69'
Type 1005,
RTCMv3.1 | TYRER902 | TYRe 2010, 1 ype 1019 | Type 1020 ] 1006, 1007, - ol
1008, 1033
NovAtel
RANGEB, | RANGEB, GLO- ) RAWWAAS- )
OEMA/V/6, | g ANGECMPB|RANGECMPB [RAWEPHEMB| po L eviERisp | 'ONUTCB FRAMEB
OEMStar
NovAtel RGEB,
OEM3 i - REPB - IONB, UTCB - FRMB -
NovAtel ID#20,
Superstar ID#23 - ID#22 - - - ID#67 i1
L”E‘AL'\’_'% UBX ] UBX ] UBX ] UBX ]
’ RXM-RAW RXM-SFRB RXM-SFRB RXM-SFRB
LEA-ST
Hemisphere
Crescent, bin 96 - bin 95 - bin 94 - bin 80 -
Eclipse
SkyTraq msg 0xDD ) msg OxEOQ ) msg OxEOQ ) ) msg 0xDC
S1315F (221) (224) (224) (220)
[R¥LIF*T,I*RL|[R*LIFFL,I*R], [~~],[::],[RD],
(GRIL/GREIS)  [[*p],[D*],[*d]|[*p],[D*],[*d], [gd] ’ [GD] QZSS Data,
[E*],[*ELIF*] [ [E*],[*E],[F*] Galileo Data
Furuno
G\L;v;o I msg 0x08 - msg 0x24 - msg 0x26 - msg 0x03 msg 0x20
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RTKLIB ver. 2.4.1 Manual )

Draft 2011-01-27
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1  Overview. 1

2 System

3 Instructions 1
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32 Real-time with RTKNAVL 5
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34 Post-Pr Analysis with RTKPOST 2
35 Configure Positioning Options for RTKNAVI and RTKPOST ..... 27
36  Convert Receiver Raw Data to RINEX with RTKCONV ..o 39
37 View and Plot Solutions and Observation Data with RTKPLOT .. 42
38  NTRIP Source Table Browser. 5
35 Use Console APs of RTKLIB 54

4 Develop and Link user AP with RTKLIB. 55

Appendix A Console AP Commands 56
Al RTKRCV 56
A2  RNXRTKP. 59
A3 POSIKML 61
A4 CONVEIN 62
A5 STR2STR 65

Appendix B File Formats 66
B1 lionis olution File 66
B2 SBASLogFl 69
B3 Solution Status File 0
B4 C on Fil 2

Appendix C Library APIs (. Program Interfa

Copyright (C) 2007-2010 by T. Takasu. All rights reserved.

rtklib_2.4.2/doc/manual_2.4.2.pdf

TPl RE X BE TYOT—0 D1ED AT I

| 4[> | [ + [ http:/www.rtklib.comyrtidib_support htm ¢ [Q- Google | O~ %~

Overview | Release Notes | Support | Documents | References | Portingto BB | To Do | Statistics Ml

RTKLIB: Support Information

update2011/03/05

Inguiry

Please send e-mail to the following address for inquiry. (replace (a) by @)

rtklib_support(a)gpspp.sakurane jp

Bug and Known Problem List
No.64 A half hour offset of time-tag in converted RINEX OBS files (CONVBIN ver.2.4.0)

In some environment, the time-tags in RINEX OBS files have a half hour (30 minutes) offset to proper values.

Due to a problem on converting internal ime struct to calendar datetime by using standard Clibrary localtime{). The localtime{) returns daylight
time flag as the member tm_isdst in struct tm if the daylight saving time applied. The current version assumes the time-shif s fust an hour. The
half-hour shift did not be sidered. It will be fixed in (v24.1) (2011/03/05)

No.63 POS2KML always returns read error (POS2KML ver. 2.4.0)

POS2KML always returns "file read error”. Any Google Earth KML file is not generated.

Due to the same bug as No.55. Apply the patch riklib 2.4.0 pd.
release (v.24.1). 2011/02/24)

For NMEA, it still remains the problem same as No.59. It wil be fixed in next

No.62 Sol1-Sol2 difference mode plot does not indicate proper values (RTKPLOT ver2.4.0)

After reading solution 1 and solution 2 with RTKPLOT and pushing [1-2] button to show the difference between the solutions, the plots indicate
inproper values in "Gnd Trk" display mode.

It will be fixed in

Duetoabugin (v24.1). (2011/02/04)
No.61 AP running as a TCP server stops if a TCP client stops (RTKNAVI, STRSVR, RTKRCV, STR2STR ver.2.4.0)

In case that an output or log stream type of AP is set as "TCP server” and TCP clients connect to the AP, the AP stops if one of the TCP clients stops
caused by some errors.

In current version, a i i as blocking-mode ‘buffer is full, "write’ or "send" APIblocks the TCP server. If the
TCP client ding the socket with losing the socket, the TCP server 1d stops due i It will be imp in the
next release (v.2.4.1) by using non-blockis Until se, restart the AP in such situation. (2011/01/23)

No.60 50 Hz or higher rate observation data are not properly analyized (RTKPOST, RTKPOST_MKL, RNX2RTKP ver2.4.0)

With 50 Hz or higher rate observation data, the analysis sometimes failed caused b

of time-tags in th data.

Current version (v.2.4.0) does not support the analysis of 50 Hz or higher ion data. Under
(2011/01/23)

the next version (v.24.1).

No.59 NMEA solution data can not be read and displayed (RTKPLOT ver2.4.0)

In case of reading NMEA solution data by RTKPLOT, RTKPLOT always shows the error message 'no solution data :
solution data.

* and never displays the

Dueto a bugin sre/solution.c. It will be fixed in the next version (v.2.4.1). Wait for a while. (2011/01/23)
No.58 RTKNAVI crashs due to MKL library (RTKNAVI ver.2.4.0)
In some environments, RTKNAVI crashs due to MKL library used for fast matrix computation.

Use non-MKL version RTKNAVI (rtknavi_nomkl exe) in the patch 1
Sho meahlom AN10A1 AT

ib 2.

0_p9.zip instead of original rtknavi.exe for the envi having

http://www.rtklib.com
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RTKLIB/5IRE (1)

e RTKPLOT #2 &)

¢« UTFAZ2—FE{T: r
File - Open Obs Data...

seminar_2015¥samplel¥
javadl 201102030000.0bs

JAVAD DELTASZ{E #
Acknowledgment:

Sample data were captured by JAVAD DELTA receiver provided by JAXA
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RTKLIB{5IZE (2)

ﬁ. D: ¥pm]¥semlnar¥5ample1¥]avad1 201102030000.nav..

Eile Edit Wiew Help

ST -, o-- 1 [ FET I P S v ] X
+ .

E@ o = = =t
3 o= STS— —
= | o=
é = - =+t " o EEI 9
e o w me———— [ - =f .
g e - fe= — | : Cycle-Slip
Hw‘:: e - hod .
ﬁ* e e 4 R | : Parity
L - ¥
ﬁ ; e - Unknown
{ P
4= = e
#EID | H_ T .- :
Gnn: GPS %4.“. - - e S
Rnn: GLO o 2 # == e
i %-—-« el [ b i [ fomar
Enn: GAL |15 g * e S
= e e e —— E fiof e e
Jnn: QZS % E‘%" n = -+ " - :
1nn: SBAS 5] e oy sy
Egi)—-—-»—-—- - - e s | . o ——
R10 o el I S ———
- = I o
E% s T e S e
SR i s
s p e RS i rire e s e g s
R13 = . [ AN N —
2l e e v e A
R21 £
] e o e e el TITAYR
T (e ——————— | |
o =i} P o ama ®
El L il s Nestai : Toe
E% T e T ] 2 . .
0000 03: UU Oa:00 09:00 llUU 15:00 13:00 2100 5% unhealthy
|[1]2011f02f0300:00 00,000 GPST @ M=19 MS5AT=19 SMRE==>45 =35 =30 =25 <25
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RTKLIB/5IRE (3)

¥4 Dr¥proj¥seminar¥samplel¥javadl_201102030000.naV. . EE
File Edit Wiew Help i
gz o [FEE] o ]t [ee o « » [T ] X G
e} . E #
A}
F ———— - H'-.
¥2 D:r¥proj¥seminar¥samplel¥javadl_201102020000.nav... EE
File Edit View Help | at
wim e [N [0 =]- ot oo = o » ] I X 5 P 1 il be e
0 N ool - gl < b < - < - - - e
= m
I Y il e T e P i
09:00 12:00 15:00 18:00 21:00
AT=19 PDOP=1.4HDOP=0.8 VDOF=1.1

AJRBETE M KR UDOP

|[1]2011,|’02f0300:00:00.000 GPST : N=19 N5AT=19 SNR.=>=45 =35 30 =25 <25
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RTKLIBf5! %8 (4

P ] o

Time Format h:m:s GPST =
Show Statistics  |OFF -
Cyde-Slip LLI Flag
Parity Unknown  |OM
Ephemeris 0OmM
Elevation Mask (=) |0

Elev Mask Patern |OFF
Hide Low Satelite |OFF

Maximum DOP 30

atellite System
¥ G5 v GO0 v Galleo

V¥ Qzss ¥ sBAS [~ Comp

RTKPLOT - Options

Error Bar [Cirde IDFF vI
Direction Arrow IDFF "I

IMarkﬂ_ine - I
Iz - I

Tahoma 8pt J

IDN "I
IDN vI
IDN vI
IDN "I
IDFF "I
|2 vI

¥-Range (+/-)

RT Buffer Size |432IJU
Origin IAuerage P "I

A

Lat/Lon/Hgt b, 066263470 |1

QC Command ch +gc +sym H Tep plot

Exduded Sats I

BT —2%E

AL fEA T3y HBEA T3y
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RTKLIB5!

(5)

¢ RTKCONVZE1T

* )\j] _\\_90) nXL_E
seminar_2015¥sample3¥

oemv_201010150000.gps

e "Convert...

HELAT

e RINEXT—#HHEER

e "Process..."7]

* RTKPOST?

NIRRT

« "Options...""Ih2 T

[C]Time Start (GPST) 7 [T Time End (GPST) ? [ interval
2000/01/01 |==(00:00:00 2000/01/01 |==(00:00:00 1

RTCM, RCV RAW or RINEX OBS  ?
D:¥seminar_2015%sample 3¥oemv_201010150000.gps

O
RINEX OBS/NAV/GNAY HNAY /QNAV LNAY and SBS
D:¥seminar_2015%sample3¥oemy_201010150000,0bs

[¥] D:¥seminar_2015¥sample #¥oemv_201010150000.nav
D:¥seminar_2015%sample 3¥oemv_201010150000.gnav

D:¥seminar_2015¥sample 3¥oemv_201010150000. hnav
D:¥seminar_2015%sample3¥oemv_201010150000.gnav
D:¥seminar_2015%sample 3¥oemv_201010150000.Inav

D:¥seminar_2015%¥sample 3¥oemv_201010150000.sbs

Unit

RTKCONV

Flot... Process... Options... Conwvert Exit

#4 RTKPOST ver.2.4.2 — eSS
° _ I

[ Time Start (GPST) 7 [ Time End (GPST) ? [T interval
2000/01/01 [==00:00:00 |= |2000/01/01 |==00:00:00 |= |0

RIMEX OBS ?
D:¥seminar_2015%¥sample3%oemv_201010150000.0bs

RINEX *NAV/CLK, 5P3, IONEX or SBS/EMS

D:¥seminar_2015¥sample3¥oemy_201010150000.sbs

Solution [
D:¥seminar_2015%¥sample3¥oemy_201010150000.pos

Unit

I Flot... Miew... To KML... Options... Execute Exit |
RTKPOST
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RTKLIBfI%E (6

RTKPOST - Options
Settingl Output

Settingl |5etﬁng;| Output | Statistics | Positions | Files | Misc | Settingl | Setting2 Output |51_3ﬁsﬁcs | positions | Files | Misc |

Positioning Mode |M -l Solution Format Latf'Lc'aneif_Jht -

Frequencies IL 1+H2 ﬂ Cutput Header Processing Options IDN ;"DN ;I

Solution Type ICDmI:uinEd J Time Format / # of Dedmals Iww gzgs GPST  w “3

Elevation Mask (%) / SNR Mask (dbHz) |15 Jo Latitude / Longitude Format |ddd ddddddd |
Rec Dynamics/Earth Tides Correction Field Separator

Ionosphere Correction IEraadmst vI Datum/Height IWGSB4 _"Gendetl_l

Troposphere Correction ISaasEmuinen Geoid Model Internal J
satellite Ephemeris/Clock Broadcast j Solution for Static Mode All j

Exduded Satellites (PRN ...) NMEA Interval (s) RMC/GGA, GSA/GSV |0 o
I¥ GPs [ GO [T Galleo [T QZ55 [T SBAS [T Compass Output Solution Status [ Debug Trace IDFF L”DFF j

Load | Save | oK | Cancel Load | Save | oK | Cancel I
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RTKLIBfIRE (7)
e "Execute""RAIT

e "Plot...""RF T

« RTKPLOTHZEj
 "Position" or "NSat"1E1R

[ Time Start (GPST) 7
2000/01/01 |=(00:00:00

[ Time End (GPST) [Finterval [ unit
200001401 |=(00:00:00 0 s |24 |H

RINEX OBS ?
D:¥seminar_2015%sample3%¥oemy_201010150000.0bs

s
- [
&0

RINEX *NAV/CLK, SP3, IONEX or SBS/EMS

D:¥seminar_2015%¥sample3%¥oemy_201010150000.sbs

Solution [7] Dir
D:¥seminar_2015%sample3%¥oemy_201010150000.pos

| (mim| done

Plot... To KML.. [ Options.. ] Execute
RTKPOST

~
Eile Edit Vi Hel
Sar ~] -t oo o o E

w(@e - = voxnw

30
E: (m = of valid Satellites
N ’
0.5 10 o —

n
N (m) Age of Differential ()

D:¥seminar_2015%sampl

D:¥seminar_2015¥sampl

s

File Edit Vi

n 2 12

H-WIe:s eS8 El] 0 X G o4&

Ratio Factor for AR Validation

02:00

02:00

Mﬂmw{mns 00:00:00 GPST-10/15 02:28:54 GPST : N=8935 B=0.0km Q= 5:8935(100.0%)

00:00
Ml}zsmmns 00:00:00 GPST-10/15 02:28:54 GPST : N=8935 B=0.0km Q= 5:3935(100.0%)

Q
00:00 00:30 : 0130
||‘£1]2010f10,’15 00:00:00 GPST-10/15 02:26:54 GPST : N=8935 B=0.0km Q= 5:3935(100.0%)

RTKPLOT (Gnd Trk)

RTKPLOT (Position)

RTKPLOT (NSat)
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RTKLIBO) E A1k

RTKPLOT %

» RTKCONV &
STRSVR &%
RTKPOST %

» NTRIPBROWS [}

* RTKNAVI %3

» RTKGET ¥
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(4)
GNSS;EI{ ) E A
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The pseudo-range (PR) is the distance from the
- T receiver antenna to the satellite antenna includin
Ps=cr=c(t -1°) ! ) &
receiver and satellite clock offsets (and other

(m) biases, such as atmospheric delays) (RINEX 2.10)
4= tS —_ T — I
® fZE t=t-r "mERZ (s)

QUM U UL DU Luu b Uiy bee |
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il 15 3L 4

#=¢ ¢ +N

(cycle)

s

EEIER:

il

{

[

l 3

g ELAE BB A
-

WX RE —NELR S

... actually being a measurement on the beat
frequency between the received carrier of
the satellite signal and a receiver-generated

reference frequency. (RINEX 2.10)
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“BISL vs #iaE KRR

- -

M

RHEAIGL (3 —AIGL)

4 FE (5% S i)

5932 a'?ﬂuﬂﬁfﬁﬁ a*ﬁ%ii;‘&’ﬁfﬁ +
(a—F) Sl EE Bt
ZEH/AX 30 cm 3 mm
TILFINR 30cm-30m 1-3cm
L = =% E (C/N0<15dBHz) {E =X (C/N0>35dBHz)
E % HAILR)yT
FoEX AT+« HETE /AR
b LA ik vy Z i (~$100) =1 (~$20,000)
YaIE 3m (H), 5 m (V) (E34) 5 mm (H), 1 cm (V) (3% LE)
(RMS) 1 m(H), 2 m (V) (DGPS) 1 cm (H), 2 cm (V) (RTK)
It FA fiix, B, ... =, i, ...
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LR REET L

(3) BE YOvy

P’ =cr
=c(t, —t7) (1) ST B
=c((t, +dt) - (t° +dT°)) + &,
¢t —t°) +c(dt —dT*) + &, (4) B BB

=(p, + 1, +T>)+c(dt. —dT*) + ¢,
=p,+e(dt, —dT )+ 17 +T7 + &

1 2) (3 4) (5) (6) QQRE®E[G
(1) (2) 3) (4 (5) (6) by | BiEH

(6) ¥ILF/INR+
TIEHME

(5) it it Bl E HE
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WX RALFRETIL (1)

ok i AR
¢ =0.t)-¢ )+ N +¢, (B0 = (to).dg =4 (1))
=(f(t +dt —t) +4,0) - (F(C +dT" -t)) + ) + N/ + 5,
=, 1)+ (A ~dT) (G~ 4 + N 2, (eycle
D) =A¢, =c(t, —t?)+c(dt, —dT*)+ A(d,, — ¢ + N;) + &,
=p, +c(dt, —dT>) -1 +T > +AB, +d; + ¢, (m)

<
e I e Wk S EIFA/N( TR MBIEIE
R FEEE. =
P'=p +c(dt —dT*)+1'+T° +¢&,
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X K ALAEET IL(2)

WX R AL/ N1 T R:
B =¢.o—do +Nf (cycle)
N, EBEETFUEXaAT4
bo :BIEHRBGIE
83 : BT 2 ¢ HAGIE
1 IE18: T
QEQ'_ dr pcoTe? enu T (Esat—>ecef d pco) e + dr pcv +d ;S)cv ddlsp ?enu

"‘dpw"'drel (m)

dr oco - Receiver Antenna Phase Center Offset

dr DCv : Receiver Antenna Phase Center Variation
gco : Satellite Antenna Phase Center Offset
pCV : Satellite Antenna Phase Center Variation

ddlsp : Site Displacement

d ow Phase Wind-up Effect

dye :Relativistic Effect
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g
s

Y s
o Pr®

s
AR

— & S nikEFfE a
t°=t, — P’ /c—dT (t%)

U (tr)rr (tr) -U (ts)rs(ts)

(2)
pr =

(3)

Iy (tr) - Rz (a)e (tr _ts))rs(ts)

e (t) — R, ((‘)eprS /e)re(t°)

" @

.\ 0o (X°Yr = Y X;)

ro(t,) —r>(t%) -

Y=y VS RHIE
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LOS (Line-of-Sight) X494
LOS R4 y LOS 0’0&

A
Vector
S
r°—r
S r S _ S _ T
€y s » Crenu = Eecef —enu®r = (ee'en’eu)
r —rr‘
—sin A cos A 0
Eccef enu =| —SIN@cosA  —singsinA  cos¢
COS@CcOSA  cosgsind  sing

HEAMA-NA:

Az = ATAN 2(e..e,)
El =arcsine,
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AREIR
— T A)R/SVIOYTRE
SRt ET ILERE
— XRBETILRE
— TILF/INR
- ZEHRHET
— TDOhEERE
— S/A (Selective Availability)
« WE-ZEHERMFEE
— DOP (Dilution of Precision)

mlTII
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GPS SIS-URE

|
|

metersh

N
I

—

N/A N/A N/A ~
I I i M SignakHin-Space User Range
Error is the difference
(i between a GPS satellite’s
6 Q01 SPS Performance Standard _ _ _ _ _ TN a0 and o ruth,
(RMS over all SPS SIS URE) projectecl g?htgﬁ slgm:e—of-signt
2008 SPS Performance Standard _ _ _ _ _ _ _
(Worst of any SPS SIS URE)
I I I h ra" e erro

1990 1992 1994 1996 1997 12001 2004 2006 2008 2009
Selective Availability (SA)

L.S.Steiner, GPS Program Update to CGSIC 2010, Sep 21, 2010

o

RMS Signal-in-Space User Range Error (URE),
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lono-Delay Error (m)  |ono-Delay (m)

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

/

10 F
AUFARTARF AN AR AN
NALAANALALY W
19
Z /\ ’\ﬁ//\p /f\_‘ \ 7\
. . \ﬁ/
Wis 1y 115 116 117 11/8 11/9

Klobuchar Model —— IGS TEC Final

11/10
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Jx-d-iﬁ E:E _\\)l/ﬂ/s%

ZTD (Zenith Total Delay) at TSKB
2009/1/1-2009/1/31 2009/7/1-2009/7/31

Tropospheric Parameters TSKB : 2009/01/01 00:00:00-2009/01/31 23:55:00 < | = I Tropospheric Parameters TSKB - 2009/07/01 00:00:00-2009/07/31 23:55:00 <|= |

23 L L L L L = e s 27 T T T T T T 1 1 1 1 ° 1 T 1T T T T T T T T T T T T _T T T 71

LIJJJlLLkIJJllLLIIJJllLLIJJJlL %) SN N U Y[R U OO o O Uy o) ot U St o U oy ot o O OO By W

2.3 2.
11 13 15 17 19 111 1/13 1715 1/17 1/19 1/21 1723 1725 1727 1/29 1/31 77375 7779 7411 7/13 /A5 /17 7719 7/21 7723 7725 7/27 7/29 7/31

—— Saastamoinen Model — Estimated by PPP
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TILFINR

GPS
7T

—

AEATTS

NovAtel
GPS-702-GG

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

3 RMS=0.22m

(m)

—fB7TF

S

Hh
I 51 R

e

u-blox ANN-MS ~ °

Code Multipath : u-blox ANN-MS-NovAtel OEMV-3 (L1)

RMS=0.73m

(m)
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DOP

GDOP, PDOP, HDOP, VDOP

GDOP = \/qee + Onn + Quu + Gt

T

S
Oee  Yen  Teu  Cet —eleny 1
PDOP = /(e + qnpy + 0 q q q q s, |
ee nn uu —
\/ Q=(HTH) 1_| Hne nn nu nt H = _er,zenu 1
HDOP = /0ge + Apn OQue Qun Quu  Gut ' :
T
S
VDOP = ./q,, Qe Gin Ot it - 1
# of satellites =5 # of satellites =7 # of satellites = 27
<y N S # s 3 e s N e
213El " 21m w0 éﬁiﬂ -
b 2
£ 4 a5 20 % £ a2 a5 2 ® ﬂ‘?éig = Qg 45 0 ®
2 @ 80 2 @ 60 Q @ i @
4 4 > 8 33 14 4 > @ S 14 % @q;ﬁi Ry % s
= m = Q m = . m
@ @ 13 28 @ 13 ] E17 @ 1l 13@ EBH
31 p 3 e 3 %11 § @ @ gm E£5 O
EN 10 s % 10 . 2:5\. 10 il E10 ¢ Zi.
1 ¢ ® (5] ¢ * lle Q3 Q1 g e é‘
@11 33_,,1] ) Ejﬂiu % O s
o 6 g o & 78 6 g 0 4 & 01 AV L) HE25 &

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

67



EH i

O

Al ER

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

100m |

RMS Error:
E:1.73m
N:2.51m
U:4.24m

10m |

1999/1/1 24hr, TSKB

2001/1/1 24hr, TSKB ]

¥ G:¥evasingle¥tskb0010.pos =| B

%g G:¥evasingle¥tskb0010_2001.pes =l

File Edit View Help

[0 - e S EMT oo 0 =
100
E-W (m) ORJ=‘_36‘1.0567098° 140.08750769° £9.034m

ot
v

»:,VE?L??E{H;T,D=2L444{T| RMS=21.514m
EEEIL
RN

Pt ot

AVE=-0,085m STD=33.820m RM5=33.814m

'és?. o
o

B
K
==

S

s.-.»
A/ 20
%:{:‘}'\Dca. -
S
oy

P

HH

-100 . IR = B 1
00:00 03:00 06:00 0%:00 12:00 15:00

File Edit View Help

T2 EEmFlw BT e o T ] 2

100
EW (m) ORI= 35,10567093° 140.08750763° 69.034m
AVE=-0.416m STD=1.976m RMS=2.019m
5
] e
50
N-5 (m) AVE=2.678m STD=3.099m RM5=4.096m
50
() sttt S e e
50
-100
U0 (m) AVE=1,257m 5TD=5.556m RMS=5.696m
50
0-..’\.—_,..4--‘-"’\\, e e e e e
-50
-100
00:00 03:00 06:00 0%:00 12:00 15:00 18:00 21:00

[[111999/01/01 00:00:00-01/01 23:59:30 GPST : N=2880 B=0.0-0.%km Q= 5:2880(100.0%)

[1]2001/01/01 00:00:00-01/01 23:59:30 GPST : N=28565 B=0.0km Q= 5:2865{100.0%)

2004/1/1 24hr, TSKB

2009/1/1 24hr, TSKB

2 G:¥evasingle¥tskb0010_2004.pos =R

%g G:¥evasingle¥tskb0010_2009.pos =|:E)

File Edit View Help
(M= [EEr(w S EHEI &«
B

EW (m)

: 3 L7}

ORI= 36.10567098° 140.08750769° £3.034m
AVE=-1.256m STD=1.191m RMS=1.731m
5

: N\MM?W& N

-10
NS (m) AVE=1.764m STD=1.788m RMS=2.512m

Zb‘."'f;\"‘w\‘\m e /""\‘ w

File Edit View Help

(12 = o =] BT ® o < > 5
10

E-W (m) ORI= 35.10567098° 140.08750769° §9.034m
AVE=-0.934m STD=0.580m RM5=1.085m
5
0
M_""ﬂ..
-5
-5 (m) AVE=1,183m 5TD=0,829m RMS =1,444m

Lal

U-D (m) AVE=-3.373m S5TD=2.574m RM5=4.243m U-D (m) AVE=-3.647m STD=1.425m RM5=3.916m
5 5
0 "’ f # % i oyt 0, .

s % x i . (WY
ey ",ﬂw\ ”M"\“"‘ / 5 "nﬁmy" Q&W\“N W\ »
M JJ N 3 L d
N ! (]
-]n.oﬂlﬂﬂ 03:00 06:00 09:00 12:00 15:00 18:00 .leﬂﬂ -]d%:uu 03:00 06:00 05:00 12:00 15:00 18:00 21:00

[1]2004/01/01 00:00:00-0 101 23:55:30 GPST : N=2832 B=0.0km Q= 5:2532(100.0%)

[1]2009/01/01 00:00:00-01/01 23:55:30 GPST : N=2880 B=0.0km Q= 5:2680(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

1 20m
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DGPS (74277L >3+ JLGPS)

o T4I77L 2% )LGPS/GNSS

4

FEAR DY

BY

LEN D

=]

TEEAE 5

— B E B 5Ll EE B+ 1E = (PRC)

— *ﬁl:

FERD L —HF~DlE

— ZEBIKELINDEREIEDEE

e DGPSH—E X
— B2 #ZHDGPS: OmniSTAR, SkyFix, StarFix
— B LDGPS: i ELRZRT (FIRE—2Y)

E|ADGPS: VHF/FM, ¥E/#HE, 1 2—2 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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ﬂ/s%/‘\p—-‘yl\

e B (BL=DlGOIZ)Skm) o
IO A)REE 0.1m
SVIOYIRE Lom 0.0 m o-tm
EBHEETILRE 1.5 m 0.2m 0.2 m
RBETILIRE 0.3m 0.1 m 0.3m
TILFINR 1.0m 1.2 m 1.0 m
S/A 0.0 m 0.0 m 0.0 m
ZEHMET 0.3m 0.3m 0.3m
UERE 2.1m 1.3 m 1.1m
HDOP/VDOP 1.5 2.5 1.5 2.5 1.5 2.5
i(;lz{RﬁM_f) 32m | 53m | 20m | 33m | 1.7m | 2.8m
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DGPS (SBAS)

=0 (L 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

P2 F:¥gpslog¥20071015¥ubx20071015_single.pos = | B
Eile Edit View Help
E L~ + e T ® KN | | S
o E-W {m) ORI= 35.87298885"% 138.358966547° 1003.860m

AVE=-0.403m 5TD=0.937m RM5=1.020m

N-5 (m) : N AVE=0.788m 5TD=1.127m RM5=1.364m

LI A
03:00 05:00 09:00 12:00 15:00 18:00 21:00
[1]2007/10/16 00:00:40-10/17 00:00:00 GPST : N=8633 B=0.0km Q= 5:3633(100.0%)

2 Fr¥gpslog¥20071015¥ubx20071015_msas.pos = | ] |-
File Edit View Help
i e <] £ I © o o [0 = 5
0 E-W (m) ORI= 35.87298355% 133.38966547° 1003.8560m

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

N-5 (m) AVE=0.025m 5TD=0.564m RMS =0, 565m

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

-10
03:00 06:00 (05:00 12:00 15:00 18:00 21:00

[1]2007/10/16 00:00:40-10/17 00:00:00 GPST : N=8637 B=0.0km Q= 4:3637(100.0%)

(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=0N)
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PPP (5 22 B2 X0 81 {31 )
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- BEMZER (BERTER)
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— LEOBIZ2NPOD (B EENERTE)

- _I%_*EﬁEi

ERCEInd:on
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X R T4YJPPP vs 3T 1Y PPP

T TAYPPP
Station: IGS CONZ
@ie gdit- y;w Help

w[1 2 i [poston ~| [EA]+H T © o o -

ORI=-36.84376628° -73.02551480° -180.653m
AVE=1,495m STD=1.388m RMS5=2.039m

{.

AVE=0.259m STD=0.359m RM5=0.,442m

&
‘;Ww‘ A

AVE=-0.008m STD=0.070m RM5=0.070m

3
% FE! ‘z‘&WMWW

i
+
06:30 06:35 06:40

*
111]20 10/02/27 06:28:00 GPST-02/27 06:45:00 GPST : N=1017 B=0.0km Q= 5:5{(0.5%) 6:1012(83.5%)

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

RZTAY’7PPP
Station: GEONET 0837

¥4 D:¥proj¥rtklib_test¥ppp¥sol2¥0827_2009.
File Edit WVWiew Help

(D2 2 |rositon ~|=[al ~|H - T @ ¢ = o | | X 5
10

"
0.

E-W (m) ORI=31.824060872" 130.599593859" 314.6565m
AVE=0.0000m 5TD=0,0084m RM5=0.0083m

0.05

) AT N N L) B e P
u.nu&ﬂ o st P T L S g i "

AVE=-0.0000m 5TD=0,0055m RM5=0.0055m

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

Sea o ML o‘ g e A
) O WL e RISV DR I BN e Ve,
0 00‘ EAAY P AN ATl W IS

-0.05

0.10
09/03 0905 03,07 09/10 09/12
[[112009/01/01 00:00:00 GPST-12/31 00:00:00 GPST : N=365 B=0.0km Q= 6:365(100.0%)

2009/1/1-2009/12/31
Interval: 1day
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FET 3743k

* RINEX (Receiver Independent Echange)
— THXAM—RIZEGNSST—2IT7M LR
— BAIBEEHT A
« RINEXZAT
— OBS: &l T—%4
— NAV: fi;ET—24, (GNAV: GLONASS, HNAV: SBAS)
- MET: R T —4%
— CLK: 7AvH57R% Jk
* RINEX/\— 3>
— 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 M (MIXED) RINEX VERSION / TYPE
20110423 090647 UTC PGM / RUN BY / DATE
MARKER NAME
MARKER NUMBER
OBSERVER / AGENCY
REC # / TYPE / VERS

ANT # / TYPE

Receiver Time Tag

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 Ll D1 S1 P2 L2 D2 S2 # / TYPES OF OBSERV
2010 . GPS TIME OF FIRST OB
2010 10 15 2 28 54.0000000 GPS TIME OF LAST OBS

Types of OBS
C,P*: Pseudorange

END OF HEADER

10 10 15 0 O O. 0000000 0 10G 6G23G16G19G21G13G 3G31S29S37
— 193%.684 45000

2 484 567 6 20849930.125 _
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 20790246.844 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. Satellite List
95730986.191 670.234 34.000

24155219.492 126936537.238 2611.234 35.000 24155223.109 Nhn, Gnn: GPS
98911564 .082 2034.727 33.000 )
21765068.656 114376223 .133 3035.375 42.000  21765071.242 nn:GLONASS
89124339.934 2365.223 38.000 Jnn: QZSS
21044041.703 110587188.461 -1456.918 45.000 21044041.797 Ep . Galileo
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: AO0,Al1,T,W
15 LEAP SECONDS
END OF HEADER
31 10 10 15 2 0 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 .000000000000E+00 -.512227416039E-08 .230000000000E+02
.432006000000E+06 .000000000000E+00
PRN Toc SV clock bias SV clock drift SV clock drift rate
IODE Crs B Delta n MO B B
Cuc e Cus sqrt (a)
Toe Cic OMEGA Cis
io0 Crc omega OMEGA DOT
IDOT Codes on L2 ch GPS Week # L2 P data flag
SV accuracy SV health TGD I0DC
TrEns_Time FiE;interval spare spare
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— BAUIBFEIZYTILEAA L
— R OREFSR T —IF R

o TJAH—TIVh:

— B 3&: NGS SP3
— £0v7%: NGS SP3 or RINEX Clock¥L 3k

- AR

— B13&: BT 2 ECEF{iLE (CoM)
- o0y GERVEERIOVINAT R
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IGS: EIFEGNSSE
@%Ci @ Data (GPS/GLONASS

Raw, Ephemeris,...) Global Data Centers
Iﬁl Iﬁl Analysis Centers (ACs) |[LEDDI5 >l0
NN CODE || NRCan IGN KASI
ol | el
A AR ESOC SIO
s —| GFZ USNO » ACC
'ﬁ' '_ﬁ' JPL MIT Products
(Satellite Orbit/Clock, Station
— e NOAA Pos/Vel, ERP, Atmos,...)
GNAACs Regional DCs
S . RNAACs Oper. DCs
Tracking Network
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1IGST O &k

IR 1Ry =& HRIRERZ (IGU) .
. T &
(1GS) (IGR) £:81E FERIE
BT ~2.5¢cm ~2.5¢cm ~3 cm ~5 cm ~100 cm
W Hsys | ~75Ps RMS | ~75ps RMS ﬁggs ~3nsRMS | ~5 ns RMS
20ps STD 25ps STD ~50ps STD 1.5nsSTD | ~¥2.5 ns STD
— s )7L )7L
LATIY 12-18 B | 17-41 B5[ | 3-9 B A A
278 #H 03,09, 15, | 03,09, 15
;.j: == ’ ’ ’ ’ ’ ’ _
R NEEHR 17 UTC 21 UTC 21 UTC
BB 154 154 154 154 =E:
Fi] fra
Y . UN
A=) i Z: 308 5% 15% 155 =k
fB: 57

(2009/8, http://igscb.jpl.nasa.gov/)
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RTKPOSTIZ kA Hi)s

* RTKPOSTIZ &4 Eijd Bl {sz
e RTKPLOTIZC&KBBIfIET Ak

e RTKCONVA T3y
e RTKPOSTA T 3>
e RTKPLOTA 7S 3V

-\//sll 1_L ( 1 )

RTKCONVIZ LA Z{E#EDO T DRINEXZE #2
RTKPLOTIZ K A &R AT —A2FEHT

Google Earth[Z XA R R R
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(6)
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RTKPOSTIZ KA EX
« RTKGETIZCKAEEREA O

« RTKPOSTIZ k&5 % B 4RI
« RTKPLOTIZKDBIGIETOVE
« RTKGETA 7L 3y

e RTKPOSTA 7L 3y

-\//sll 1_L ( 2 )

—K
RTKPLOTIZ K A &R AT —A2FEHT
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