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* |Introduction

e |ssues for Multi-GNSS Data Processing
— Standard Data Formats
— Time/Coordinate Systems
— Satellite/Receiver Dependent Biases

e Multi-GNSS Implementation in RTKLIB
e Future Plan
e Summary
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31 (+1)
GLONASS 23 (+3) 24 (+3) 24 (+3) 24 (+3)
Galileo 0 12 27 (+3) 27 (+3)
Compass 5 12 30 35
QZSS 1 3 3 3
IRNSS 0 7 7 7
SBAS 7 11 11 11
Total 67 101 134 139
13 Planned GNSS Signal Frequencies
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(Y.Yang, COMPASS: View on Compatlb//lty and Interoperab///ty 2009)
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Only GPS GPS+GLONASS+Galileo+QZSS

We can obtain many benefits by using many GNSSs. However,
we must handle complicated data with many signals.



Issues for Multi-GNSS

Data Processing
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LJsd d rorma L [
Raw OBSdata 2.11 2.11 211 2.11
RINEX2 Broadcast EPH 2.11 2.11 2.12 No No No 2.11
SBAS Message - - - - - - 2.12

Raw OBSdata 3.00 3.00 3.00 No No No 3.00
RINEX3 BroadcastEPH 3.00 3.00 3.00 No No No 3.00
Precise Clock 3.00 3.00 No No No No No

Raw OBS data ? ? ? ? ? ? ?
BINEX
Broadcast EPH ? ? ? ? ? ? ?
SP3  Precise EPH/CLK 3c 3c 3c 3c 3c No No
EMS SBAS Message - - - - - - 2.0

ANTEX  Antenna PCV 1.3 1.3 1.4 1.4 1.4 1.4 1.4
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DGPS Corr.

RTCM 2 Raw OBSdata 2.3 2.3 No No No No No
Broadcast EPH 2.3 2.3 No No No No No

Raw OBS data 3.1 3.1 No No No No 3.1
Broadcast EPH 3.1 3.1 No No No No No

Precise EPH  Draft Draft No No No No No

Precise CLK  Draft Draft No No No No No

SBAS * DGPS Corr. C C No No No No C
* RTCA/D0O-229C

RTCM 3

Issue: Lack of standard data formats especially for newly
coming GNSSs.



Time/Coordinate Systems
“aws | mesmn | cootmesrin
GPS GPS Time WGS84
GLONASS GLONASS Time PZ90.01
Galileo Galileo System Time GTRF
QZSS QZSS Time JGS
Compass ? ?
IRNSS ? ?
SBAS Own System Time Own Coordinate System

Issue: How to get transformation parameters between
different systems especially for time systems?
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Inter-code bias (DCB) in satellites
— TGD, P1-P2, P1-C1, P2-C2, C1-C5, ...
Inter-system bias in receivers

— Receivers may introduce biases even in the same code

Inter-channel bias for GLONASS
— Receiver dependent bias due to FDMA

Half or quarter cycle phase-shift

— Between phase observables based on different code

Issue: How to handle such biases in processing the mixture
of data from different GNSSs?
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Multi-GNSS Implementation
in RTKLIB



DTIKIID
NITNLID

* Open Source Program
Package for GNSS Positioning

— Whole source codes are freely
available

— License: GPLv3
— >10,000 downloads (Total)

e Portable Library + Several APs
— ANSI C + socket/pthread ...

— Portable command-line APs
— GUI APs for Windows

# RTKLIB: An Open Source Program Package for RTK-GPS
IPAL Rl Em BE Jesv-—o O LED AT
4 e || 4@ b gpepp sekura e jolrtklibrkdib.btm

Overview | Belese Notes | Support | Dogyents | Releenge

Date Binary AP Package for Windows Full Package with Source Programs
(10.7MB) [Z3AMH)
2. B0.6MB)
122 [33.5MH)
Over i W
RTKLIR isan . ortable program library and
1 applic :

(5] Positioning models
SEAS [DGPS corre

ingle point positi

(8) Ca ed and co
®OTF

based relative pesitioning

esolution
nput
A input/output
1 data/navigation me

tpul

Protocol) library

N7)RTCM 23 and 3,
The GUl and con command line) APs of RTKLIB includes:

LAVT)
sas (RTKPOST, KNXZRTEF)
THSVR)

lution and ob:

s Motes for

RTK) ser uppar
and dala mwessa;
m

upported reced
a and navigation
e oor 55

s supy
License

RTELIR is distributr

GPLVA liense )

http://www.rtklib.com
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Brief History

e 2006/4 v.0.0.0 First version for RTK+C Programming lecture
e 2007/1 v.1.0.0 Simple post processing AP for KGPS

e 2007/3 v.1.1.0 Add windows GUI AP

e 2008/7 v.2.1.0 Add APs, support medium-range

e 2009/1 v.2.2.0 Add real-time AP, support NTRIP
Distributed as Open Source S/W

e 2009/5 v.2.2.1 Support RTCM, NRTK, several receivers
e 2009/9 v.2.2.2 Fix bugs, provide English manual

e 2009/12 v.2.3.0 Support GLONASS

e 2010/8 v.2.4.0 Support PPP, RINEX 3
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Standard and precise positioning algorithms with:
— GPS, GLONASS, SBAS (and Galileo, QZSS)

Various positioning modes:
— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP

Supports many formats/protocols and receivers:

— RINEX 2, RINEX 3, RTCM v.2, RTCM v.3, NTRIP 1.0,
NMEAO183, SP3, RINEX CLK, ANTEX, NGS PCYV, ...

— NovAtel, Hemisphere, u-blox, SkyTragq, ...

External communication via:
— Serial, TCP/IP, NTRIP and file streams

16
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 Released on August 8, 2010
* New Features:

— PPP-Kinematic or PPP-Static mode for both of real-time
and post-processing

— Long baseline RTK up to 1,000 km

— Supports RTCM v.3 MT1057-1068 (SSR) for real-time orbit
and clock corrections

— Supports RINEX 3.0 for multi-GNSS processing
— Ready to support new GNSS (QZSS, Galileo, ...)
— Real-time and remote visualization by RTKPLOT
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RINEX
Version mmmm =
2.10,11,12
3.00 o o o o* - - o -

RINEX Navigation Messages (NAV)
. CLK
Version | GLO | GAL | Qzss |comp|IRnss | sBAs
I A R

I —— ——
2.10,11,12 N G L * J* - _ H _
3.00 N N N N * . _ N  C**

* extension, ** read only, - not supported
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Type: Signal (GNSS) Type: Signal (GNSS)

L1C - L1C/A,E1C (GPS,GLO,GAL,QZS,SBS)L2Y : L2Y (GPS)

L1P : L1P (GPS,GLO) L2M - L2M (GPS)

LIW - L1 Z-track (GPS) L2N : L2codeless (GPS)

L1Y - L1Y (GPS) L51 : L5/E5al (GPS,GAL,QZS,SBS)
LIM - LIM (GPS) L5Q : L5/E5aQ (GPS,GAL,QZS,SBS)
LIN : Llcodeless (GPS) L5X : L5/E5al+Q (GPS,GAL,QZS,SBS)
L1S : L1C(D) (GPS,QZS) L71 : ES5bI (GAL)

L1L : L1C(P) (GPS,QZS) L7Q : E5bQ (GAL)

L1E : L1-SAIF (Qzs) * L7X - E5bI+Q (GAL)

L1A : E1A (GAL) L6A : EG6A (GAL)

L1B : EI1B (GAL) L6B - EG6B (GAL)

L1X - E1B+C,L1C(D+P) (GAL,QZS) L6C : E6C (GAL)

L1Z - E1A+B+C (GAL) L6X : E6B+C (GAL)

L2C : L2C/A (GPS,GLO) L6Z : E6A+B+C (GAL)

L2D : L2 L1C/A-(P2-P1) (GPS) L6S : LEX-S (Qzs) *

L2S : L2C(M) (GPS,QZS) L6L - LEX-L (Qzs) *

L2L - L2C(L) (GPS,QZS) L81 : E5(atb)l (GAL)

L2X - L2C(M+L) (GPS,QzS) L8Q : E5(at+b)Q (GAL)

L2P : L2P (GPS,GLO) L8X : E5(a+b)1+Q (GAL)

L2W - L2 Z-track (GPS
() *: Extensions for QZSS
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e Time System
— Internally handle time based on GPST
— Estimate inter-system time offset for single/PPP mode
— Need careful treatment for ephemeris computation

e Coordinate System

— No need for explicit transformation based on ITRF

e Satellite/Receiver Dependent Bias
— Incorporate of CODE DCB (P1-P2, P1-C1) for GPS
— Estimate inter-channel bias for GLONASS-RTK
— Need more experience for other GNSSs

D
D
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0601
0837
0369
0579
0586
0241
0324
0174
3023
0905

DDD vasidla
rFrrr WwWilkll

C
Repeatability after
Linear Fitting (mm)
EEW NS U-D
6.5 3.4 10.7
4.4 29 10.8
3.3 2.4 8.1
3.1 2.2 8.6
4.4 3.1 9.4
3.3 2.3 8.4
3.6 2.4 8.8
3.7 2.7 8.9
3.3 2.7 7.8
3.7 2.8 8.1
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GEONET2110: 2009/1/1-12/31

# D:¥pr0}¥rﬂ(lib_test¥ppp¥so|3¥211D_2009.p05m (E=HECE

File Edit View Help
..... FERD - BEME R K ]
ORI=36,106114495% 140.087190439° 70.3232m

0.10
E _W AVE=-0.0000m 5TD=0.0030m RMS=0.0030m

0.00 W.«w‘mw&«\t.w"%‘ﬁw.‘M’6j£a&-¢¢“\,:’m€«ﬂa“f'mﬂt':w&"fo“ﬁvwﬂ{ P et

P

0.05

-0.05

-0.10

ll 0.05 N-S

I 0.00 MW,’MW'WWmWWstWMMMW

AVE=-0.0000m 5TD=0.0023m RM5=0.0023m

-0.05
-0.10

U D AVE=-0.0000m STD=0.0074m RM5=0.0074m | ||
0.05

¢ ot e Cariga Frooa o i s e
0,00 g it PO g S P Wl 3,50 e e A e i

HER A S S ST
-0.05
0.10
03/08 05/17 u?,fzs
00.0%

Ll [[1]2009/01/01 00:00:00 GPST-12/31 00:00:00 GPST : N=365 B=0.0km Q

STD E/N/U: 302374mm
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KM3=U.U545m

CLK20

AVE=-U.UUS /M 510=0.U343m

[ ]
NovAtel, 2010/10/1 -10/14 1Hz with GSOC/DLR

{m) S AVE=-0.0246m STD=0.0560m RM3=0.0612m
D[UMJ AVE=-0.0035m STD=0.1156m RMS=0.1157m

’ 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00
W (m) ORI=35.872988986° 138.38960545%° 1003.9071m
AVE=0.0164m STD=0.0385m RMS=0.0418m
{m} AVE=-0.0352m STD=0.0349m RM3=0.0496m
(m) AVE=-0.0063m STD=0.0844m RMS=0.0846m

12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00

RMS E/N/U:4.9,5.6,10.1 cm
° [ ) o \Jy [

8 8 & o &8 & & &4 &8 &8 § & 4 &8 &8 & o4 & &8 & &4 & 8 @ o
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. STD=0.7,0.9,2.3 ¢

= STD=1.6,1.3,3.0 cm FIX=98.8% .. STD=1.1,1.5,3.6 cm Fl

.~ January 1-7,2009 BL=471.2 km | July 1-7, 2009 :iz

00 0.0 M o APyt Ao s oot
! 1
-0.1 -01
-0.2 -0.2
N-5 (m) AVE=-0.0015m 5TD=0.0091m RMS5=0.0092m N-5 (m) AVE=-0.0022m STD=0.0127m RM5=0.0129m
0.1 0.1
0.0
-0.1
0.2 -0.2
U-D (m) AVE=-0.0081m 5TD=0.0227m RM5=0.0241m U-D (m) AVE=0.0073m STD=0.0377m RMS=0.03Bf1-m

m FIX=99.8% ., STD=1.1,1.3,3.8 cm FIX=99.0%

0.2

E-W (m) ORI=44.433686068° 143 —-— ORI=44.433686068° 143.224179125" 54.5733m
0.1 AVE=-0.0040m STD= -— ° m AVE=0.0011m STD=0.0105m RM5=0.0105m
0.0 " A g g ot 0] AP N A Y b

0.1 -0.1
0.2 -0.2
N-S (m) AVE=-0.0028m STD=0.0129m RMS=0.0132m N-S (m) AVE=-0.0026m STD=0.0148m RMS=0.0150m
0.1
0.1
-0.2 .
AVE=-0.0079m 5TD=0.0296m RMS=0.0307m U-D (m) AVE=0.0128m $TD=0.0362m RM5=0.038m
i 0.1) [ : ok e . N
0.0 ﬁ# g & ¥ i ‘ i N -' i !
: FUATE 7 't i
b -0.1 :






EL IR Dal
ruture neiease

e v.2.4.1: End of 2010

— Minor version-up to fix problems and bugs

e v.2.5.0: Spring or Summer 2011
— Restructure of internal data structure
— Add formal support for QZSS (and Galileo)
— Add single-frequency PPP
— Improvement of PPP and Long-baseline RTK
— Add several formats and receivers
— S/W receiver module
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 SDR Receiver Module for RTKLIB
— FFT-based parallel correlator for acquisition
— S/W correlator for code/phase tracking
— Navigation data decoder

e L1C/A, L1C for GPS/Galileo/QZSS and L1 GLONASS
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 |ntroduction of Multi-GNSS

e |ssues for Multi-GNSS Data Processing
— Lack of standard format for newly coming GNSSs
— Time/coordinate systems
— Satellite/receiver dependent biases

 Multi-GNSS Implementation in RTKLIB
— Features in latest version
— Supported formats
— Future release plan
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