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An introduction to RTKLIB open
source GNSS processing software
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Resources

RTKLIB homepage http://www.rtklib.com

* GIT repository https://github.com/tomojitakasu/RTKLIB/

* Windows binaries https://github.com/tomojitakasu/RTKLIB bin

e Tutorial files ftp://ftp.ga.gov.au/geodesy-
outgoing/gnss/pub/RFIP 2018/
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What is RTKLIB?

* An open source package for GNSS positioning and analysis.

 Developed my Mr Tomoji Takasu of the Tokyo University of
Marine Science and Technology.

e Support for multi-GNSS.

* Positioning modes for both real-time and post-processing.
* Supports standard formats and protocols.

 GUI and CUI on Windows and CUI on Linux.

* Freely distributed from www.rtklib.com under a BSD license.
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Use Case — Static Post-Processing

* RTKPOST
* RTKPLOT

[ JON ] Z:\Users\ryan\Documents\data) 16088\niut0880_L1.pos

[ Frd | % Read.. | Option.. | Close

program : RTHPOST wver.2.4.3 b8

inp file : Z:\Users‘ryan‘\Documentsidata\l6088\niut0880. l6d
inp file : Z:\Users\ryan‘\Documents\datalls088'niutls80.16n
obs start : 2016/03/28 00:00:00.0 GPST (weeklB90 86400.0s)
obs end : Z016/03/28 23:59:30.0 GPST (weeklS890 172770.0s)
pos mode : single

elev mask : 10.0 deg

ionos opt : broadcast

tropo opt : saastamoinen

ephemeris : broadcast

A A AT A A AT

oy

2016/03/28 00:07:00.000 -15 03 10.57472 -169 55 14.32589 41.4575
Z016/03/26 00:07:30.000 -1% 03 10.97057 -169 55 14.32013 41.3052
PAIAMIIZR ON-NS=NN ANN =19 N3 10 GR274 -1A9 55 14 37067 a1 a3a7

1o 3.5437
10 3.5461
1N 3 saas

»

Y
% (lat/lon/height=WG5584/ellipsoidal ,Q=1:fix,2:float,3:sbas,4:dgps, 5:single, 6:ppp na=#§
% GPST laticude(d'”)  longitude(d'") height(m) 0 ns sdn(m)
2016/03/258 00:00:00.000 -19 03 10.97845 -169 55 14.31895 41.7279 5 10 3.5082
2016/03/26 00:00:30.000 -19 03 10.97041 -169 55 14.31620 41.2188 5 10 3.5108
2016/03/26 00:01:00.000 -19 03 10.96182 -169 55 14.32376 40.7426 5 10 3.5135
2016/03/258 00:01:30.000 -19 03 10.98085 -169 55 14.32642 40.259458 5 10 3.5161
2016/03/26 00:02:00.000 -19 03 10.96608 -169 55 14.31260 41.3207 5 10 3.5187
2016/03/26 00:02:30.000 -19 03 10.96779 -169 55 14.32320 40.7788 5§ 10 3.5212
2016/03/268 00:03:00.000 -19 03 10.98283 -169 55 14.31291 41.5010 5 10 3.5238
2016/03/26 00:03:30.000 -19 03 10.96841 -169 55 14.30076 42.9595 5 10 3.5264
2016/03/26 00:04:00.000 -19 03 10.99227 -169 55 14.33142 4l.8662 5 10  3.5289
2016/03/268 00:04:30.000 -19 03 10.97354 -169 55 14.33392 41.1253 5 10 3.5314
2016/03/26 00:05:00.000 -19 03 10.97997 -169 55 14.30762 4l.1892 5 10 3.5339
2016/03/26 00:05:30.000 -19 03 10.98362 -169 55 14.33030 40.4177 5 10 3.5364
2016/03/258 00:06:00.000 -19 03 10.97031 -169 55 14.33254 41.4383 5 10 3.5389
2016/03/26 00:06:30.000 -19 03 10.964358 -169 55 14.32813 40,2563 5 10 3.5413

5

5

5

\[1]2016/03/28 00:00:00 GPST-03/28 23:59:30 GPST : N=2860 B=0.0km Q= 5:2560(100.0%)
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Use Case — Kinematic Processing

Floating Tide Gauge
e RTKPOST in Kinematic mode.
e RTKPLOT to view the results.

EW (m)

G i

0.02

sea ice GPS station : ) .
A : ‘
.04
seaice
tide gauge
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Use Case — Observation Data Quality

RTKPLOT can be used to assess the quality of RINEX observation
data and to assist in planning the ideal time to undertake a GNSS
occupation.

Visual analysis includes:

e Satellite availability

e Dilution of Precision (DOP)
e Signal to Noise ratio (SNR)
* Multipath

[1]2014/08/20 23:59:30.000 GPST : N=15 NSAT=15 SNR=,..45.
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Installation of RTKLib (Windows)

If you would like to follow the tutorial please download the latest
RTKLib Windows binary files from:

https://github.com/tomojitakasu/RTKLIB bin/archive/master.zip

To open unzip and open the RTKLIB_bin-master directory.
bin\ (contains the executables)

To begin, double click on the executable rtklaunch.exe.
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Post processing tutorial
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Tutorial Scenario (1)

Task: Generate Geocentric Datum of Australia 2020 (GDA2020) coordinates for the
survey mark CA16.

Steps

1) Using RTKLib process a short baseline between CA16 and the Continuously
Operating Reference Station MENA.

2) Using SNAP combine a GDA2020 SINEX file with the processed baseline to obtain
GDA2020 coordinates.
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Tutorial Scenario (2)
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Required Files

Observation Data (*.*0)

* ¢alb0670.170 (campaign/rover station)
* mena0670.170 (reference/base station)

Navigation Data (*.*n)
* brdc0670.17n (broadcast)

Precise Satellite Orbits (*.*sp3)
* igs19393.s5p3

Antenna Phase Centre Model (*.*atx)

* igsl4.atx

Sponsors: c@g & Trimble
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Reference Station Data
T O

INTERNATIONAL

IGS GNSS SERVICE
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Precise Satellite Orbits

Type Accuracy Latency Updates Sample
Interval

Broadcast ~100 cm Real-time daily
Ultra-Rapid ~5cm Real-time at 03,09,15,21 15 min
(predicted half) UTC

Ultra-Rapid ~3.cm 3 -9 hours at 03,09,15,21 15 min
(observed half) UTC

Rapid ~2.5¢cm 17—-41 hours at17 UTCdaily 15 min
Final ~2.5cm 12 — 18 days every Thursday 15 min

ftp://cddis.gsfc.nasa.gov/gps/products/

Sponsors: i : omfrrlmble Istanbul, Turkey 4-5 May 2018 16
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RTKGET
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RTKGET can be used to download IGS products, such as reference
station data, satellite orbits, clock files and Earth orientation

param eters.
® RTKGET v.2.4.3 b8 |
sl v|[oss =] Time span (GPsT) stations (1) A | | [ep ] Time Span (GPsT) stations (0) A | .|
o start [2016/03/28 ghu:m E ? start [2016/03/28 §i|m:nn E’l?
LGEES_%:R End [2016/03/28 ;llza:ag =7 End |2016/03/28 ;IIZS’EQ =
1GSE_OBS Ity [240 ~] o, fo Intv [24H ~| MNo. o
1G55_OBS -
G51_0B5 FTP Login I Password FTP Login I Password
g:gg:gﬁi |annnn,.rmms |mer@ Imnnvmnus |u5¢f@
GSI_OB5_QZ5_3H ¥ skip Existing Files ¥ skip Existing Files

lZ:'l,LIsers'q,ryan'l,Ducmmnts’l,data'l,lEuElﬂi

ftp:ffcddis. gsfc.nasa. govfapsfdatajdailyf % %en/ %y d{%s%nl. Yoyd. 2

GEX_EPH_COD
GEX EPH TUM

W UnzipfUncompact Files
[v Local Direckory, 7

llz:‘lUsers'l,rvm'l,DocumtsidatauﬁDBa

ftp:/cddis.gsfc.nasa.gov)ops/products/%:W/igs%WeD.5p3.2

Z:\UsersiryaniDocuments)datal 16088

Z:\UsersiryaniDocumentsidatal 1 6088

Sponsors: @ @>Trimble

Geosystems

Files. ..

Download

Cpkions. .. Test...

Istanbul, Turkey 4-5 May 2018

17



FIG/IAG/UN ICG/HKMO Technical Seminar
Reference Frames in Practice -

Reference Frames, Kinematics and Dynamic Datums

Antenna Phase Centre Variation Models

 The antenna PCis the part of the antenna that receives the signal.

* Due to manufacturing differences and satellite geometry PC’s vary between
antennas.

* Robotic antenna calibrations are available that provide models to correct
for the PC variation.

e ftp://ftp.igs.org/pub/station/general/igs14.atx

-— L2 APC (0.1159 m)
-—L1 APC (0.0854 m)

“—‘ ~—ARP (0.0000m)

03794 m

)

I
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Questions?
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Data

* Rover station: CA16

* Base station: MENA

e Dates: 08/03/2017 (DOY067, GPS Week 19393)
07/03/2018 (DOY066, GPS Week 19913)

* 24 hours static observation

* GPSL1+L2

Base Station Coordinates

MENA (DOY 067 2017) -4611310.958 £+ 11 mm  2583118.192 £+ 11 mm  -3558095.376 + 14 mm
MENA (DOY 066 2018) -4611310.955+ 11 mm  2583118.193 £+ 11 mm  -3558095.379 £ 13 mm
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Static Post-Processing — Options (RTKPOST)

* Import data, set up processing configuration and execute

processing.
Setting 1

' IZI Time Start {GPST] ? IZI Time End {GPST'}I 2 (] ngcg_fy_al [ | Unit
|2n|:qu|:|1 j01 |=j00:00:00 | Iznnum j01 | o0: :00:00 uu = [0 |24 14
RINEX DE@ ? *& B

| c:\Research_\Work_2018\FIG2018\ca150670, 170 Observation File ~

RINEX 0B9CHaze Staton> @

Ci\Rezearch_Work_2018'FIG2018'\menals 70, 170 Observation File~ E]
RINEX *NAV/CLK, SP3, IONEX or SBS/EMS =l |

C:\Research_Work_2018\FIG2018%brdc0670. 17n Navigation File ~
I:.‘Researm_w::rk_ZDIB‘FIGZ]lBhgs193193.51:»3 Precise Orbits ~

Solution [7] O |
Ci\Research_Work_2018'\FIG2018\ca 160670, pos

o=
I

[ ot

“ View. .. ][ To KML. ..

Sethngllsettu-;ggl Output| Stats | Positions | Fies | *“ESC|

Positioning Mode *[Sﬁﬁc ']
Frequencies [ Filter Type *[L1+2 t_][Cmnbinec v]
Elevation Mask (%) / SNR Mask (dBHz) 5 - | ———
Rec Dynamics [ Earth Tides Correction [DFF r][DFF - ] %k
Ionosphere Correction [E!madmst > ] %
Troposphere Correction [saasmmmaq - ]*
Satelite Ephemeris/Clock |Precise v| %
[JsatPcy [ JRecPcy [ Phwindup [ |Reject Ed [T RAIM FDE
Exduded Satelites {+PRN: Induded)

*[#ers [[elo [Deallee [Tlgzss [F]sBas O BeiDou

[iosie JCsmvee ) [ o ][ conad |

1954 N
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Observation Data Quality

Satellite Visibility

[112017/03/08 00:00:00 GPST-03/08 21:53:30 GPST : EP=2640 N=27531 083=L1/2 L2 L1/2]

e b‘g:g[‘]‘ miewsimm e P

03:00 osm0
[112017/03/08 00:00:00 GPST-03/08 21:59:30 GPST : EP=2640 N=27531 0B5=L1/2 __ L2 L1/2| 2017/03/08 12:16:50 GPST

Istanbul, Turkey 4-5 May 2018 22
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Observation Data Quality

Number of Satellites and DOP SNR, Multipath, Elevation

7 CoResearch Work 2018\F1G2018\ca160670.17..
IF“.E Edt View Help

" . e
=)

SNR (dBHZ)

—07)

M
Ly
T
o
(o]}
[=1
wy
fri]
i
o
=
o
=
=
wi
w
o
H#

[1]2017/03/08 00:00:00 GPST-03/08 21:59:30 GPST : EP=2640 N=27531 5MR=,..45,

0l
00:00 03:00 03:00 12:00
[1]2017/03/08 00:00:00 GPST-03/08 21:59:30 GPST : EP=2540 N=27531 NSAT = © POOP HDOP VDOP

~1 A ]
" (R -
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tions (RTPOST)

Static Post-Processing — Op

Setting 2

Output

? -

Integer Ambiguity Res (GPS/GLO/MBDS)  |[Conti EON - ;! on o« *
Min Ratio to Fix Ambiguity 3

Min Confidence [Max FCB to Fix Amb  [0.9993 | 0.25
Min Lock / Elevation (%) to Fix Amb u} i}

Min Fix | Elevation (<) to Hold Amb 10 o

Outage to Reset Amb/Slip Thres {m) 5
Max Age of Diff {5} / Sync Solution

Reject Threshold of GDOFP fInnov (m)
MNumber of Filter Iteration 1

0.050

30.0 |on

30.0 30.0

[ | Baseline Length Constraint (m) |0.000 |[IJ.EIIJD

[Load,.. ][ Save... ] [

Output | Stats | Positions | Files | Misc |

Solution Format

|EMU-Baseline
Output Header Processing Options ’aﬂ

Time Format / # of Deamals

Latitude / Longitude Format ddd. ddddddd

Field Separator
DatumHeight
Geoid Model

|wesas | Blipsoidal - |
iInhernaI

Solution for Static Mode [Aﬂ

teryal (s} RMC/GGA, GRA/GSY |0

Output Selution Status / Debug Trace | OFF

Sponsors: <

[oad [ save | |

Bl

Stats

Positions

\ekernation,

7/
e
alp :-“’\%
“1CG
1_ "‘_ = .9
O’

se\WE Sy,
i \s,,ap
7 2

[ = =
| Settingl| Settng2 | Output| Stats | positions | Fies | Misc |

7
(o)
'QEE!/\EN \v.o- 1954

Measurement Errors (1-sigma)
CodefCarrier-Phase Error Ratio L1/1.2

100.0 100.0

Carrier-Phase Error a-+b/sinEl (m)
Carrier-Phase ErrorBaseling (mj/10km)
Daoppler Frequency (Hz)

Process Moises {1-sigma/sqrt(s))
Receiver Accel HorizfVertical (m/fs2)

0.003

0.000

0.003

10,000

1.00E+01 1.00E4+01
CarrierPhase Bias (cyde)
Vertical Ionaspheric Delay {m)/10km)

1.00E-04

1.00E-03
1.00E-04

Zenith Tropaspheric Delay (m)
Satellite Clock Stability (s/s)

[ Load... ]l_gave.., I [ oK

!Latﬂ.on,ﬂHeight {degjm) - |

|=0.000000000 {|0.000000000
[#] Antenna Type (*: Auto)
TRM57871,00

Base Station

|xiv/z-ECEF fm) - [
-4511310,9584 2583118, 1924 -3558095.3761
Antenna Type (: Auto) Deltz-E/MU (m)

ASHT01245E_M » 0.0000 00000 0.0000

|| -6335367.6285
DeltaEMU {m)
- 0.0000  0.0000

Station Position File

B ]

|| cancel |

| load.. || save.. | | oK !

Istanbul, Turkey 4-5 May 2018
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Static Post-Processing — Options (RTKPOST)

\Ox_elnﬂ fl-o,]e/ E\

Files Misc
J | Settingl | Setting2 | Output| Stats | Positions|  Eles [ setting2 | Setting2| Output| Stats | Positions| Fies | Msc
| a8 Time Interpolation of Base Station Data [E}F-F v]
_ * [ DGRS/DGNSS Corrections (sBas |
c:\,qfesearmTWurk_zma\.FIqulsugsH.atx * E] S N B s
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Plot (RTKPLOT)
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Comparison of Solutions (RTKPLOT)

DOY 067 2017
Pom(coAZ) [ Xm v zm
CA16 (RTKLIB) -4613300.916 £ 4 mm 2580586.721 £ 4 mm -3557416.539 £ 3 mm
CA16 (AUSPOS) -4613300.917+ 11 mm 2580586.721 £+ 11 mm  -3557416.542 + 14 mm
AX1 mm AY O mm AZ 3 mm
DOY 066 2018
o (coAZ) [ Xm v zm
CA16 (RTKLIB) -4613300.918 + 10 mm  2580586.720 + 8 mm -3557416.535 £+ 8 mm
CA16 (AUSPOS) -4613300.918+ 11 mm 2580586.723 £+ 11 mm  -3557416.544 + 13 mm
AX 0 mm AY 3 mm AZ 9 mm

Sponsors: i : omfrrlmble Istanbul, Turkey 4-5 May 2018 27

Geosystems



FIG/IAG/UN ICG/HKMO Technical Seminar
Reference Frames in Practice -

Reference Frames, Kinematics and Dynamic Datums

Questions?
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Overview

* |Introduction and installation of RTKLIB.

Tutorial

* Files required for post-processing
* Looking at observation data quality
e Baseline post-processing
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Static Post-Processing — Options (RTPOST)

Options

SettingZ| Output | Stats | Positions | Fles | Mc |

Integer Ambiguity Res (GPS/GLO) [continuay | o -| %
Settlng 2 Min Ratio to Fix Ambiguity 3
Min Confidence {Max FCB to Fix Amb  |0,9993 0,25
Min Lock / Elevation {*) to Fix Amb ] i
Min Fixx | Elevation (%) to Hald Amb |10 [
Outage to Reset Amb/Slip Thres {m) 5 0.050
Max Age of Diff (s) [ Sync Solution 30.0 |C|N - |
Reject Threshold of GDOF fInnov (m) 30.0 30.0
MNumber of Filter Iteration 1
[ Baseline Length Constraint (m) iD.OD'J |[D.E|-JD
| Lead.. || save.. | |
Output

Solution Format

Output Header Processing Options

Time Format [ # of Deamals

Latitude / Longitude Format | ddd. ddddddd

Field Separataor

DatumHeight
Genid Model

ilnhernal

|wesae | Blipsoidal - |

Solution for Static Mode [_Aﬂ

terval (s} RMC/GGA, GSA/GSY |0

Output Solution Status / Debug Trace | OFF

[T e |
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Measurement Errors (1-sigma)
CodefCarrier-Phase Error Rato L1112 100.0 100.0

Carrier-Phase Error a-+b/singl (m) 0,003 0.003

Carrier-Phase Error/Baseline {m/10km) 0,000

Daoppler Frequency (Hz) 10.000

Process Moises {1-sigma/sqrt(s))
Receiver Accel HorizfVertical (m/fs2)

CarrierPhase Bias (cyde)
Vertical Ionaspheric Delay {m)/10km)

1L0O0OE+01 1.00E+01
1.00E-04

1.00E-03
1.00E-04

Zenith Tropaspheric Delay (m)
Satellite Clock Stability (s/s)
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|347v/z-ECEF (m) -] [

-4511310.9534 2583118.1924
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