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RTKLIB v.2.4.2



RTKLIB

* An Open Source Program

Package for GNSS Positioning
— Has been developed since 2006

— The latest version 2.4.2 is
distributed under BSD license

Portable APIs and Useful APs

— "All-in-one" package for Windows
— CLI APs for any environments

=,
An Open Source Program Package for GNSS Posi

TPl EE RR EE JwOI—0 DO4DED AT

« + | @ http://www.rtklib.com/ & | [@~ Google

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

Download
Version Date Binary AF Package for Windows Full Package with Source Programs
220 | 2009/01/31 (10.7MB) (23.4MB)
221 | 2009/05/17 (15.3MB) (30.6MB)
222 | 20090507 (214MB) (33.8MB)
230 | 2009/12/17 (26.7MB) (35 8MB)
240 (17.4MB) (26.5MB)
Please refer the support information to get the latest patchs,
Overview

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:
3 and ( and are 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 *

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

RINEX 210,211,212 OBS/NAV/GNAV/HNAY,

, ), }, SP3-c, ANTEX 13, and (see
Release Notes for supported RTC?

(4) Supports several GNSS receivers' proprietary messages:

and (see Release Notes for supported messages)
(6) Supports external communication via:
Serial, TCP/IP, NTRIP, local log file (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 RTOM finctinns soliution fanctions Gonrle Farth KMI_convertar

O #-

http://www.rtklib.com or
https://github.com/tomojitakasu/RTKLIB




RTKLIB: Features

Standard and precise positioning algorithms with:
— GPS, GLONASS, QZSS, Galileo, BeiDou and SBAS

Real-time and post-processing by various modes:
— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP

Supports many formats/protocols and receivers:

— RINEX 2/3, RTCM 2/3, BINEX, NTRIP 1.0, NMEAQ183, SP3,
RINEX CLK, ANTEX, NGS PCV, IONEX, RTCA-DO-229, EMS,

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

Supports real-time communication via:
— Serial, TCP/IP, NTRIP and file streams
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Appllcatlon of RTKLIB

Ing. lat. dep. len. dip. rak. slp. opn.
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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



RTK vs. PPP

RTK Real-Time PPP
Local/Regional
Coverage (< 1000km) Global
Typical 1-3 crm HRMS 2-10 cm, .much depen.dmg
Accuracy on orbit/clock quality
Effect of Ref Hard to separate ref and Less effect by distributed ref
Movement user movement stations
System Simple, Complicated,
Complexity at least one ref station need many ref stations
Latency of ~1q 5 ~ 95

Corrections

Biases Basically cancelled by DD Need careful handling

Which is better depends on AP requirement and technology level.
RTKLIB offers both. They are user-selectable by option settingsé



New Features by v.2.4.2

Galileo and BeiDou supported

Full RINEX 3 compliant, multi-signal supported
RTCM 3.2 MSM and SSR for all GNSSs supported
BINEX, NovAtel OEM®6 and NVS supported
Google Earth/Map View by RTKPLOT

Satellite visibility analysis with NORAD TLE

Data downloader AP: RTKGET added

Data format conversion by STRSVR or STR2STR
License Change: GPL v3 -> BSD 2-clause



Multi-Constellation GNSS

e 15 Q.
S/ AT . @ 3
¢ 5% 0 g0
7%/ 20w -
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15 O oS
5
2013-06-12 10:20 GPST
Visibility at Tokyo by RTKPLOT

® GPS (12)

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

# Total (39)
(EI>10deg)

10



RINEX Support

OBS Data NAV Messages E
Ver. G REJC G R E I g Met CLK :lec
210 0 0 O O O G N N - H - - _
211 0 0 O O O N G N N - H - - -
212 0 0 O O O N G N N - H - - -
300 0 0 0 0 O N N N N N N - C -
301 0 0 O 0 O N N N N N N - C -
3.02* 0 0 0 O O N N N N N N - C -

G: GPS, R: GLONASS, E: Galileo, J: QZSS, C: BeiDou, S: SBAS

* Based on draft (2012-12), O/N: RTKLIB Extension
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RTCM 3 Support

OBS Compact L1
Full Ll
Compact L1/2
Full L1/2

Ephemeris

MSM 1
2

SJoy oW

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

Antenna Info

1062

1068

1045/6%*
1091~
1092~
1093~
1094
1095
1096
1097
1240*
1241*
1242%*
1243%*
1244~%*
1245%

1005 1006 1007 1008 1033

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

* based on draft, ~ only encode

1121 *~
1122*~
1123*~
1124~%*
1125%*
1126*
1127*

1101*~
1102*~
1103*~
1104~
1105*
1106*
1107*

12



PPP Models inv.2.4.2

V.2.4.1 V.2.4.2
Satellites GPS, GLO and QZS GPS, GLO, QZS and GAL
Trobosohere Standard-Atmosphere Standard or GPT
POSP NMF + Gradient NMF or GMF + Gradient
lono-Free LC (L1-L2, L1-L5)
lonosphere lono-Free LC (L1-L2) or IONEX for single-freq
Solid Earth Tide:
. Solid Earth Tide: IERS DEHANTTIDEI.NEL'F
Tidal IERS 1996 Step 1 + Ocean Tide Loading:
Displacement Step 2 K1 radiaFI)onI IERS 2010 with BLQ
P Y Pole Tide:
IERS 2010 with IGS ERP
Amb|gt{|ty No (FLOAT) Yes with CNES Products
Resolution (Experimental)

13



MADOCA



MADOCA

Multi-GNSS Advanced Demonstration tool
for Orbit and Clock Analysis

* For real-time PPP service via QZSS LEX
— Many (potential) applications over global area

* Precise orbit/clock for multi-GNSS constellation
— Key-technology for future cm-class positioning

* Brand-new codes developed from scratch
— Optimized multi-threading design for recent CPU
— As basis of future model improvements

15



Real-Time PPP via QZSS

GPS GLONASS Galileo QZSS

M ES—-)

MADOCA

Reference Stations
(MGM-Net)

Precise Orbit/Clock PPP Users
Estimation 1o



MADOCA Architecture

Data Interfaces

Parameter Estimator

Data Interfaces

_——— == ———— -y

MGM ?: Real-Time
—>

RINEX,

MADOCA API

SP3, ERP

MGPLOT

17



Models

e Satellite Orbit Models

— EGM 2008+solid earth tide+FES2004
— Sun, Moon, Venus and Jupiter with JPL DE421
— Empirical SRP model|, ...

Measurement Models

— ZD lono-free phase+ pseudorange, 2nd-order-iono
— ZTD+gradient estimation with GPT+GMF/VMF1
— |ERS DEHANTIDEINEL+FES2004+pole tide+CMC

ECI-ECEF Coordinates Transformation
— |IAU 2000A/2006 by IAU SOFA

18



Parameter Adjustment

Offline Real-Time
Algorithm Iterated Weighted LSQ Dual-Cycle-EKF
Estimated Orbit, SRP/Emp-Acc, Clock, Position, ZTD/Grad,
Parameters Ambiguity, Bias, EOP
Measurements ZD Carrier-Phase and Peudo-range
Numerical NEQ by Cholesky Numerical Stable
Solver Factorization EKF
Clock Estimation Parameter Elimination State as White-Noise
in NEQ or Random-Walk
Integer Ambiguity Network AR Real-Time
Resolution (Ge., 2005) Network AR

19



Network AR

Dynamic baseline selection to convert ZD to DD
WL and NL DD ambiguities by rounding
Validation by confidence function and FCB

For GPS, QZSS and Galileo (no GLONASS)
_____AR-ON

T T T T T
R:1.29cm A:4.55cm C:2.73cm 3D:5.63cm ! !
m A:1.75cm C:-0. 74cm | ! !

TTTTTTTT

20



(@)
C(m)
g

~
R (m)

Offline GPS/GLO Orbit

GPS (32 sats)

SATELLITE DRBIT ERROR 16)

.4 |- AVE:.0.0018 m STD: .0.0072 m.RM5: 0.0089. m.

1 e . s S e S

3DRMS: 0.0181 m

t
.4 |- AVE:.-0.0017 m STD: 0.0108. m.RMS: 0.0110.mi..............0.... EE e R I E R e R B SR T

AVE:.-0.0002 m STD: 0.0111.m.RMS: 0.0112.m

L L I ! L ! | I
20 40 60 80 100 120 140 150 180 zoo 240 260 280 300 320 340 360

GLONW;S“(T °°§ats)

SATELLITE ORBIT ERROR (R)

T
.4 |- - AVE: OODdeSTD DOlemRMS 00137m......v SN

3DRMS: 0.0492 m

| | |
u + t
.4 |- AVE:.0.0019 m STD: 0.0369 m.RMS: 0.1

£ 2011/01/01 - 2011/12/31 (365 days), wrt IGS Final

RMS
R:0.89 cm
A:1.10cm
C:1.12cm

| 3D:1.81cm

RMS
R:1.37 cm
A:3.70cm
C:2.94cm
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10 T T T
+1| I l AVE: 0.0010 m STD: 0.0237 m RMS: 0.0237
3DRMS: 0.059
[ S

~
R (m)

- m -10 1 } t
1 AVE: -0.0019 m STD: 0.0447 m RMS: 0.0447
05

A (m)

(@)
(m)

Offline QZSS Orbit

QZSS-1 Michibiki JO1

RRRRRRRRRRRRRRRRRRR
T T

S SRS}

2011/06/04 - 2011/11/03 (153 days), 24 H-overlap

RMS
R:2.37 cm
A:4.47 cm
C:3.21 cm

~13D:5.99 cm

< OOMMMMMVWVMMW “.‘,'.’“ , J’M\N ,\lf-n KnrrinAh . VL ‘-TI - WA‘M
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Offline Galileo Orbit

Gallleo E11

SATELLITE ORBIT ERROR (E11)

3DRMS: 0.0888:m
11| R Lipe.ay

T T
AVE: -0.0008 m:STD: 0.0169 m RMS: 0.0170 m

; ;
AVE: 0.0022 m STD: 0.0821 m RMS:0.0821 m

h“"\;‘/’fpﬂv\ﬁv’,‘/ M‘Mﬂhf I\AW‘\;\'\N\W Aww at s -‘P\*"“' b Je ‘JL R e

! |
T t
AVE: -0.0013 m:STD: 0.0292 m RMS: 0.0292 m

TKME (DAYS) (T0=2012/11/02 00:00:! OO)

Gallleo E12

SATELLITE ORBIT ERROR (E12)

AVE: -0.0000 m'STD: 0.0265 m RMS! 0.0265 m
3DRMS: 0.0956:m

o - e W, A W cqudiftrmannn M b o % -
AVE: 0.0043 m =STDA 0.0870 m RMS:}0,0372 m :
ANl - arern g wfl\. P g W"o.,ﬂ,ﬂ-» : \,-A--»J O ,,\,Wm
AVE: -0.0009 m:STD: 0.0291 m RMSQ: 0.0292 m
SEVUC TP VU7 VRDE U TAROUS VSRR T SN S S UUUP TSPY T SUUSIRIE | VISP RGN WS N (DT HNUOT WYL Y K SR SRV S OOy s v APt

I L ‘ ‘ | L i i ‘ i !
10 20 60 70 80 100 110
TIME (DAYS) (T0=2012/11/02 00:00:00)

2012/11/2 - 2013/02/27 (117 days), 24H-overlap

RMS
R:1.70 cm
A:8.21 cm
C:2.92cm

1 3D: 8.88 cm

RMS
R: 2.65cm
A:8.72cm
C:2.92cm

| 3D:9.56 cm
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Real-Time PPP Test

Control and Monitor NovAtel OEMV +

QzSS M (8) Console GPS 702-GG

4 )
RAR
RER]] &=

ﬁ- NTRIP Zlimeeis /g 8
MGRTE > ”D:zm ‘ E@sae

TN e /N Caster S, o ——

RTCM MADOCA RTKLIB 2.4.2
OBS PPP Kinematic

Bz mrer =)

4 )
Na/N IGS RT e | T
ﬁ' : e SN o e e
ﬁﬁ-ﬁ Service e\ 7|
& J o

IGS/MGEX (21)

/ \ _
o —
RTKNAVI verza.2 ] 4= 1@ - e
ﬁ ﬁ |zﬂu,‘n5m 01:26:54.0 PsT| 1| BN W1 O L s I At G e e 7T
Lothone v - i i

MGM-Net (17)
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Reference Station Network

STATION POSITION

@ QZSS-MS(8) ® MGM-Net (17) @ IGS/MGEX (21)
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Test Snapshots

Control and Monitor Console Real-time PPP
of MADOCA MGRTE by RTKLIB 2.4.2
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Real-Time PPP Test Results

+0.5m > . With MADOCA Real-Time Orbit/Clock
E-W oo - - -
RMS
-0.5m~* v E: 2.51 cm
N-S e e S ™ " N:2.20 cm
" oo 10em U:7.57cm
U-D o™ e ottt | — =
ST W|th IGS Real- Tlme Orblt/CIock
E-W MWWMFWMWWMWMW S S G
RMS
| E: 6.02 cm
N-S oot S gs ot st N: 3.75 cm
e — 106m U:9.61cm

09:00 10:00 11:00 12:00 13:00 14:00 15:00 17-00 18:00 19:00 20:00 210

2013/05/20 09:00 - 21:00 (12 h), 1 Hz, only with GPS
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Real-Time Experiment
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LEX Data Format (MT12)

WAYvtE—S84F JJAXAEBRESELTAYE—S4847 12 THOEFE

B Avt—274—Tvk PPPA—H @ (TORTCM * SSR(State Space Representation) 74— whk[ZE D=,
MADOCAIZEYAERLI=7OX hE18iRT 5,
LEXAyt— DT —2ERZIE ., RTCMA Yyt —0) “Variable Length Data Message” (D&% %%
BEMLEEHTHEMT 5.
LEXAyt—T ERTCMAYE—U DBRIE, TEEDERSY,

(¥*1)RTCM (Radio Technical Commission for Maritime services)

RTCM Message

- RTCM Message #1 o | RTCM Message #2 - o RTCM Message #N -
- 1S - s C
Message ‘arizble Length Message Variable Length Message ‘Wariable Length
Preamble Reserved CRC Preamble Reserved CRC Freamble Reserved CRC
. R Length Cata Message h . i Length Data Meszage . . . Length Data Meszage .
{8bits) (Bbits) {10bits) [Variable) [24bits) | 8hits] (Bbits) [10b3) {Variable] (24bits) (8bits) (Bibits) [10b7t3) Variable] (24bits)
LEX Message l ///
Header TOW WN 55R Packet #1 53R Packet 72 . 53R Packet #N Reserved Reed-Solomon code
{49hirs) [20its) {13hits) [variable) [variable) [ariable) [Wariable) [256hits)
<« <
Data Part(1695 bits)
3 \\
LEX message(2000 bits/sec)
Preambile PRN Message Type ID Alert Flag
{32bits) (Bhits) [8bits) [1bits)
Figurel. LEX Message Structure
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MADOCA-RTKLIB-PPP Demos

* Post-Processing PPP:
— GPS, GLONASS and QZSS
— Orbit/Clock: MADOCA Rapid Products
— Interval: 30 s
— PPP kinematic mode

* Real-Time PPP:
— GPS and QZSS (no GLONASS)
— Orbit/Clock: MADOCA LEX MT12
— Interval: 1 Hz
— PPP kinematic mode
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Future Plans

* RTKLIB

— Full BeiDou support

— Full PPP-AR support

— Local ionosphere/troposphere correction with PPP
— PPP-INS-integration for mobile application

— Porting to SDR-based LEX receiver

* MADOCA
— BeiDou support
— Satellite FCB estimation for PPP-AR
— lonosphere estimation
— Local ionosphere/troposphere products
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