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An Introduction to RTKLIB open
source GNSS processing software

Ryan Ruddick and John Dawson
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Overview

* |ntroduction and Installation of RTKLIB.

Post-Processing Tutorial

e Observation Data Quality.
* Single Point Post-Processing.
* Precise Post-Positioning.
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What is RTKLIB?

* An open source package for GNSS Positioning.

* Developed by 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 Aps on Windows and CUI Aps on Linux.

* Freely distributed from www.rtklib.com under a BSD license.
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Potential Uses of RTKLIB
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Installation of RTKLIB

 The current release is v2.4.3 (rtklib_2.4.3.zip)

* Copy file from provided thumb-drive or from github and unzip
to a directory (eg. Program Files).

* Double click the rtklib_2.4.3 directory and you will find:
bin\  (contains the executables)
doc\ (contains the user manual)

* To begin, double click the executable rtklaunch.exe.
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RTKLIB Apps
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Post-Processing Tutorial
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Example Data

* Niue Tide Gauge
e 24 hours static observation
 GPS L1+L2

* niut0880.160
* niut0880.16n
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Observation Data Quality (RTKPLOT) (1)

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.
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Visual Analysis Includes:

» Satellite Availability

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

[1]2014;‘05;‘2023:59:ED.DDDGPST N=15N5AT=15 SMR: 45

A QC summary file is also available through a TEQC analysis.

"%, Land Information £eica .
&/ New Zealand @:Trlmble‘., ’

Toita te whenua Geosystems

Sponsors: |



FIG/IAG/UN-GGIM- AP/UN-ICG/NZIS Technical Seminar
Reference Frame in Practice
Christchurch, New Zealand, 1-2 May 2016

@9 .
g INLNS UN-GGIM-AP

kY P e \
gy ) J
/ § >

Observation Data Quality (RTKPLOT) (2)

LN RTKPLOT ver.2.4.3 b8
Eile Edit Wiew Windows Help
Open Salukion-1. . Chrl+5 ] + - & 1 @ o= - AL F I« niut0880.160
Open Solution-2. .. Cerl+-Alt+5
Open Map Image.. .
Open Map Path...
Open Sky Image. ..
Browse Solutions. .. Ctrl+E
Open Obs Data.,, <swh
Cpen Nav Data... Chrl+H
Open Elev Mask. ..
Wisibiliy Analysis. ..
E— . Observation data
Save # of SatsfDOP. ..
Save AZIEL/SMRIMP...
Save Elew Mask...
Conneck Chrl+T .
Disconnech Chtl+0 nlut0880. 16n
Conneckion Setkings. ..
Reload Chrl+R
Clear Chrl+3
Exit Chrl+Q
u]
£
23155 23156 2357 2358 2359 a0:00 o001 a0z 00:03 00:04 a0:0 NaVigation data
| 1950/01 05 23:57:36 GPST

Sponsors: !i/

% Land Information
New Zealand

Toitd te whenua

L—»"’w" & Trimble. 10

Geosystems



FIG/IAG/UN-GGIM- AP/UN-ICG/NZIS Technical Seminar
Reference Frame in Practice
Christchurch, New Zealand, 1-2 May 2016

Observation Data Quality (RTKPLOT) (3)

Satellite Availability

[ ] [ ] Z:\Users\ryan\Documents\data\16088\niut0880.16d
File Edit Yiew MWindows Help
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SNR and Multipath (L1)

File Edit Yiew Windows Help

Z:\Users\ryan\Documents\data\16088\niut0880.16d

M - 'EILI llan et ® = o oo e

[u]
Multipath (m)

0
an
&0

40

2100

0
Hu) 03:00 06:00 09:00 - 12:00 18:00

[1]2016f03,f28 00:00:00 GPST-03/28 23:59:30 GPST | EP=2380 N=£5872 OB5=L1/2 L2 L2/ L1,I'E| 2016/03(28 08:12:17 GPST

[1]2016,!’03128 00:00:00 GPST-03/23 23:52:30 GPST | EP=2880 N=65872 SHR=,, 45,

..35..‘30...25| 2016/03(28 12:12:35 GPST
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RTKPOST

RTKPOST is a post-processing application that computes positioning solutions
by various modes including single-point, DGNSS, kinematic, static and PPP.

Single-Point Positioning Example

e Standard positioning mode using L1 Pseudorange only.

Objectives

* Introduce GNSS post-processing using RTKPOST.
* Plot the results using RTKPLOT.
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Single Point Positioning — Options (RTKPOST)

* Import data and execute processing.

Setting 1
& Options
I~ Time Start (GPSTY ¢ | TimeEnd (GPST)  © I Interval [ Unie Settingl | Settingz | Output | Statistics | Positio

|2|:u:u:|x|:|1x|:|1 juu:uu:nn ill |2|:u:u:|x|:|1x|:|1 jnn:nn:nn ﬂ ||:| A |24 H

Positioning Mode

RIME® OBS ¢
IZ:'I,LIsers'l,ryan'l,Du:uu:uments'l,data'l,1EuEISS'I,niutEISSEI.1En:| Observation File
RINEX OBS: Base Station

Frequencies | Filker Tvpe

Elevation Mask ) [ SMR Mask {dEHz) |1|:| vI

I Rec Dynamics [ Earth Tides Correction IOFF j |5.;.|i.;| j
RIMEY MaY/CLE, SP3, FCE, IOMEX, SBS/EMS or RTCM B 2 = Ianasphere Carrection IBru:uau:Iu:ast j
IZ:'I,LIsers'l,ryan'l,Du:uu:uments'l,data'l,1EuEISS'I,niutEISSEI.16n Navigation File Troposphere Correction ISaastamDinen j
I Satelite Ephemeris)Clock, IBrDadcast j
| [T sat peul™ | Rec Peu I PRI Rejecdl” | RAIM FOEIT | DEGar:
I j J Excluded Satelites (+PRM: Included) I
Solution [ Dirl J W ars [ ao I Gallea I ozss I seas [ EBeibou
IZ:'I,Llsers'l,ryan'l,Du:u:uments'l,data'l,1EuDSS'I,niutDSBD_single.st jJ ey
Load... Save. ., (] 4 Zancel

O = ¥ -

T —
I

Flat... | Yiew, ., | To EML... QQUDD{- a0 Eﬂe | Exit

(B,
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Single Point Positioning — Plotting Results (RTKPLOT)

e RTKPLOT can be used to display the solution per epoch.

o0 e Z:\Users\ryan\Documentsdata} 16088\niut0880_L1.pos [ NON Z:\Users\ryan\Documents\data\16088\niut0880_single.pos
I Find S Read.. | Option.., Close Flle Edit Wiew Windows Help
% program : RTEPOST wer.Z.4.3 bd = .."..|T 2 IGndTrk vI |p||_|_ vl - — }: ® o & s o« @ H ® 5
% inp file : Z:\Usersiryan‘\Documentsidata‘le058'vnintc0380, 164 b
% inp file : Z:\Users\ryan‘\Documents‘data‘le058'vnintc0380, 16n
% obs start : 2016703728 00:00:00.0 GPST (weeklS20 G6400.05)
% obs end : Z016/03/28 23:59:30.0 GPAT (weekl§90 172770.0s) ’——--T—~~
% pos mode : single » . ~
% elev mask : 10.0 deg
% ionos opt : broadcast
% Cropo opt @ sSaastamoinen
% pphemeris : broadcast
S
% (lat/lon/height=W:354/ellipsoidal,Q=1:fix,2:float,3:5bas,4:dyps, 5:single, G:ppp, na=#
% GPAET latitude(d'™) longitude(d'™) height(m) 0 ns sdn{m)
2016703728 000 -19 03 10.97845 -16%9 55 14.31895 41,7279 5 10 3.5082
2016703728 000 -19 03 10.97041 -16% 55 14.31620 41,2158 5 10 3.51085
2016/03/28 000 -19 03 10.95182 -169 55 14.32376 40,7426 5 10 3.51358
2016703728 000 -19 03 10.93085 -169 55 14.32642 40,2945 5 10 3.5161
2016703728 000 -19 03 10.96605 -16%9 55 14.31260 41,3207 5 10 3.5187
2016/03/28 000 -19 03 10.98779 -169 55 14.32320 40,7788 5 10 3.5212
2016703728 000 -19 03 10.93283 -169 55 14.31291 41,5010 5 10 3.5238
2016703728 000 -19 03 10.96841 -16% 55 14.30076 42,9595 5 10 3.5264
2016/03/28 000 -19 03 10.99227 -169 55 14.33142 41.8662 5 10 3.5289
2016703728 000 -19 03 10.97354 -169 55 14.33392 41,1253 5 10 3.5314
2016703728 000 -19 03 10.97997 -169 55 14.30762 41,1892 5 10 3.5339
Z016/03/28 000 -19 03 10.98362 -169 55 14.33030 40,4177 5 10 3.5364
2016703728 000 -19 03 10.97031 -16% 55 14.33254 41,4353 5 10 3.5389
2016703728 000 -19 03 10.96435 -169 55 14.32813 40,2563 5 10 3.5413
Z016/03/28 000 -19 03 10.97472 -169 55 14.32589 41,4575 5 10 3.5437
2016703728 000 -19 03 10.97057 -169 55 14.32013 41,3052 5 10 3.5461
FN1AMNT 78 nnn_ -1q aaerd —1A4 14 27067 T 2
im
—

[1]2016,!'03,!'28 00:00:00 GPST-03/28 23:59:30 GPST : N=2880 B=0.0km Q= %:2850{100.0%)
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Standard Positioning v Precise Positioning

Standard Positioning Precise Positioning
(code based) (carrier based)

Observables Pseudorange Carrier + Pseudorange
Receiver Noise 30cm 3 mm

Multipath 30cmto30m 1to3cm

Sensitivity High Low

Discontinuity No Slip Cycle-Slip

Ambiguity - Estimated / Resolved
Receiver Low Cost (Single Freq.) Expensive (Dual Freq.)
Accuracy 3 m (Horizontal) 5 mm (Horizontal)
(RMS) 5 m (Vertical) 10 mm (Vertical)
Application Navigation, Timing ... Surveying, Mapping ...

Table adapted from GNSS Precise Positioning with RTKLIB: Part 2, IPNT-J Seminar, Tokyo, April 26, 2011
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Static Post-Processing (RTKPOST)

The static positioning mode processes a baseline between a known reference
point (base) and a static antenna (rover).

Requires:

e Reference station data with reliable coordaintes.
* Precise satellite orbits.
e Antenna information.

Objectives

* Configure RTKPOST for precise positioning.

* Find reference station data and coordinates from a global data centre.
 Download precise satellite orbits (RTKGET).
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Reference Station Data

HE-N-EN
| G S NTERMNATIOMAL
GNSS SERVICE |
®

gery ©2016 NASA, TerraMetrics ' Terms l Use
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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 ~2.5cm 17—-41 hours at17 UTCdaily 15 min
Final ~2.5cm 12 — 18 days every Thursday 15 min

o ftp://cddis.gsfc.nasa.gov/gps/products/
sponsors: (] kend infermation ficar o pimble :
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RTKGET

* Used to download IGS products, such as satellite and clock
information as well as observation data.

@ RTKGET v.2.4.3 b8
I.ﬁ.LL ~||oBs x| Time Span (GPsT) stations (1) &[] Ja =lfepH =] Time Span (aRsT) Stations (0) A | . |
N | e B i 71 = A fanan <
165 065, H Skart |2|315,ru3123 il||J|:|.n|:| —7 =1 Start |2|:|16;|:|3;28 il||:n:|.|:n:| ﬂ?
1G5_OBS_HR. End |zoiejosizs < [zaisa = End [2016/03/28 = [23:50 = 7
IMGER_OES | ;|| I— | =l =l
1G5E_OES Intw |24H ~| ho. |n Inky |24H vI Ma, |n
1655 _0BS
E51_OBS FTP Login ™ Passward FTP Login ™ Password
ggi:ggg:gﬁﬁ Iannnymnus Iuser@ b Iann:nn':.fmn:nus Iuser@
(351_0OB5_02£5_3H V¥ Skip Existing Files ¥ Skip Existing Files
v IInzip/Uncompact Files ¥ UnzipfUncompact Files
¥ Lacal Direckors, ¢ ¥ Lacal Direckors, 7
MEEx_EPH_COD
IZ:'I,Llsers'l,r';.fan'l,Dcu:uments'l,data'l,lEuIIIBB j | MGSEX EPH TUM ;Iz:'I,LIsers'l,r':.fan'l,Dncuments'l,data'l,IEDBB j |
S s
ftp:ficddis. gsfo.nasa, gov)igpsdata) daily) 56y fenf%eyd | s %ond, %ovd, 2 Ftp: ) fcddis. gsfc.nasa. gow/gps/products e figs2ew seh, sp3. £
Z:\UsersiryanDocumentsidatal, 1 6085 Z:\UserstreaniDocumentstdatal 16083
B - -
Cpkions, ., Download Files... Log... Cptions. .. Test... Download Eit

%7 Land Information £e¢'ca .
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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.

* ftp.igs.org/pub/station/general/igs08.atx

P e S
3 T =-—L2APC (0.1159 m)
- "\ =—L1 APC (0.0854 m)

‘—’7"—/ ~<—ARP (0.0000m)

0.3794 m

Land Information £eica .
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Static Post-Processing — Options (RTKPOST)

Setting 1

@ Options
I~ Time Start (GPSTY ¢ | TimeEnd (GPST)  © I Interval [ Unie Settingl | Settingz | Output | Statistics | Posiions | Fles | Misc |
|2|:u:u:|x|:|1x|:|1 juu:uu:nn ﬂ |2|:u:u:|x|:|1x|:|1 jnn:nn:nn ﬂ ||:| A |24 H e o " IStatic =]
RIS (L1858 .Sy i @ B8 Frequencies | Filker Type [tz =]combinec ¥] | *
IZ:'I,LIsers'l,ryan'l,Du:uu:uments'l,data'l,1EuEISS'I,niutEISSEI.1En:| jJ Elevation Mask (%) { SNR, Mask (dHz) m
RIMEX OBS: Base Station Py & B _ _ _ b
IZ:'l,Llsers'l,ryan'l,Du:ucuments'l,data'l,16088'l,niumEISSEI.16 1 Base Data jJ Rec Dynarics [ Earth Tides Correction IOFF jIS':'"'j j *
RIMEX MAY/CLE, SP3, FCE, IONEY, SESJEMS or RTC EE E = Ionosphere Correction 2 |IDnD-FrEE LC |
IZ:'I,LIsers'l,ryan'l,Du:uu:uments'l,data'l,1EuEISS'I,niutEISSEI.16n jJ Troposphere Correction * IEstimatE ZTD j
IZ:'I,Llsers'l,ryan'l,Du:u:uments'l,data'l,lﬁﬂﬂﬂﬁ,igslﬂgﬂl.sp3( 2 ) Precise Orbit jJ Satellite Ephemeris/Clock, % IF‘recise j

.
| | J [T sat peul™ | Rec Peu I PRI Rejecdl” | RAIM FOEIT | DEGar:
I j J Excluded Satelites (+PRM: Included) I
Solution [ Dirl J W ars [ ao I Gallea I ozss I seas [ EBeibou
IZ:'I,Llsers'l,ryan'l,Du:ucuments'l,data'l,1EuDSS'I,niutDSBDJ::recise.st jJ ey
Load... Save. ., (] 4 Zancel

[0 = done ¥ -

ER..

Flot. .. | View, ., | To KML,.. Oplions, .. Execuke | Exit
N
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Static Post-Processing - Options (RTKPOST)

Setting 2 Output
Seftingl  Settna2 | Output | Statistics | Postions | Eles | Misc | Settingl | Settingz  Output | Statistics | Positions | Fles | misc |
Inkeger Ambiguity Res (GPSGLOJEDS) IContileON jION j Salukion Format ILat,l'Lon,l'Height j
Min Ratio ko Fix Ambiguity |3 Cukput HeaderfProcessing Options QM j ION j
Min Confidence [ Max FCE to Fix Amb |0.9999 IEI.25 Time Format f # of Decimals hhimm:ss GPST "I |3
Min Lock | Elevation () ko Fix Amb ID IEI Latitude | Longitude Format ddd mm ss, 555 j
Min Fix | Elewation () ko Hold Amb |1D ID Field Separator |
Outage to Reset Amb/Slip Thres (m) [5 [o.050 Datum/Height |wGsas  ~||Flipsoidal > |
Max Age of DiFf (5) { Sync Solution ISD.D ION j Geoid Model IInternaI j
Reject Threshold of GDOP{Innoy fm) I30,0 ISD.D Solution for Static Mods & ISingIe j
Max # of AR Iter/# of Filter Iter |1 |1 MMES Inkerval (=) RMC{GGEE, GEfESY ID ID
I™ Baseline Lenath Constraint (m) fo.000 fo.oo0 Output Solution Status § Debug Trace forr  xllorr 7]
Load... | Save. .. | oK | Cancel Load... | Save... | oK | Cancel
Positions Files
[ ] Options
Settingl | Settingz | Output | Statistics  Positions | Files | Misc | Settingl | Settingz | Output | Statistics | Postions  Files | Misc |
Rover Satellite/Receiver Antenna PCY File ANTEX[MGS PCY B =2
ILat,l'Lon,l'Height (deqinm) j | k IZ:H,Users'l,ryan'l,Documents'l,data'l,igslilﬁ.atx
Jo0.000000000 f.000000000 Jeazsaer ezes J
V¥ Antenna Tvpe (*: Auko) Delka-EfMiL {m) zenid Data File
* [+ ~|jp.0oo0  Jo.oooo  o.00d0 J
Base staton DCE Diaka File =]
LatfLonfHeight (drmsjim) j | J
% -19 04 35.487760 [1esss537.458620  [pa.6991 EQP Data File =
I Antenna Type (*: Auto) Delta-EfMU {m) J
COTL BLQ File =
TRMS9800,00  MOME ~|jo.0000 Jo.oo00  jo.0000
all o
Station Position File Ionosphere Data File
! 2 -] | |
Load... | Save. .. | [o]4 | Cancel Load... Save.., Ok Cancel
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Comparison of Solutions (RTKPLOT)

e @ Z:\Users\ryan\Documents\data\16088\niut0880_precise_all.pos ® @ Z:\Users\ryan\Documents\data)16088\niut0880_precise_all.pos
File Edit Wiew Windows Help File Edit Wiew Windows Help
| el
------ |T2|GndTrk'l AL T+ v =+ T ® 5 o o + & e ......|T2|Positionv[p|mv[+vMI@Qaa.@@ X 58
0,005
E-W {m)
0,000
RTKLIB Static -0.005
-5 )
."v
Qe 0,000
B
AUSPOS *...° 0.00%
U-D {m)
0,000
1 mm
—
ag:o0 03:00 0600 09:00 1z2:00 15:00 15:00 21:00
[1]2016,!'03,!'28 00:00:00 GPST-03/28 23:59:30 GPST : N=2881 B=2.7km Q= So1{0.0%:) [1]2016.!'03,!'28 00:00:00 GPST-03/28 23:59:30 GPST : N=2581 B=2.7km Q= S1{0.0%:)

T T R T R T

NIUT (RTKLIB) -19°03’10.79414” £ 1 mm -169°55’14.34912” £+ 3 mm 37.6594 m £+ 3 mm
NIUT (AUSPQOS) -19°03’10.79419” £ 6 mm -169°55’14.34923” £ 5 mm 37.6515 m+ 11 mm
AN 3 mm AE 2 mm AU 8 mm
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