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What is PPP?
Real-Time PPP Experiment via QZSS LEX
Real-Time PPP Client Implementation

 Preliminary Performance Evaluation
e Future Extension of QZSS LEX PPP
e Summary
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e Carrier-Based Single Positioning with GNSS
— Dm to mm-level accuracy
— No need base-station and baseline
— Global coverage world-wide
— Need precise orbit and clock

— Conventionally post-processing lel %

— Start to utilize it in real-time @ @

Base- Baseline User
Station >< X Receiver




Coi Mpad rison of RTK and RT-PPP
T e evoren | esirine
Coverage <100 km from Base Global
Accuracy 2 cm HRMS <10 cm HRMS
Convergence <30s 30 min
lonosphere Eliminated by DD Dual-Frequency
Ambiguity Fixed Float
Orbit/Clock Broadcast Precise

Communication Point To Point Satellite, Internet
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http://earthquake.usgs.gov/earthquakes Mode: Kinematic PPP + Combined, GPS
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......................................................................... 1’000km

GPS Tsunami
Monitoring System
(Currently ~20 km off-shore)

http://www.tsunamigps.com
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 Developed by IGS RTPP

Corrections to broadcast ephemeris
RTCM v.3 MT1057-1068 (SSR)

NTRIP stream via Internet

Interval: 10 s, Latency: 5-10s

Free of charge

* Provided by several ACs

— Orbit: fixed to IGU or estimated
— Clock: estimated with IGS real-time

tracking network
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NTRIP = EUREF & IGS producis > Orbils

Real-time Satellite Orbit and Clock Corrections toBroadcast
Ephemeris from IGS and EUREF Resources

EUREF's Real-fime Analysis project and the |GS Real-ime Pilot Project provide access to preciss GNSS
satellite orbits and clocks via NTRIP for test and evaluation.

1. Ephemeris Correctors in RTCM Version 3 Format

Precisa orbits and clocks can be derived fro o is. RTCM's "State Space
Regresentation’ (S8R) Working Group is in the process of

GPS User Range Accuwracy

Combined orbit and clock comctions to GLONASS Broadeast Ephemuris
GLONASS User Range Accuracy
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Real-Time PPP
Experiment via QZSS LEX
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Frequency 1278.75MHz (= Galileo E6 CS)
Bandwidth 42.0MHz

Signal Power -155.7dBW (Min)

Modulation BPSK (5) , Short-Kasami-Sequence
Spreading Short Period: 4ms, Length: 10,230 chips
Code

Long Period: 410ms, Length: 1,048,575 chips

Navigation Data 2000 bits/frame, 1 frame/s
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QZSS LEX Message
< 2000 bits / 1s >
Data Part (1695 bits)
e s
Preamble (32 bits)

PRN (8 bits) —

Message Type ID (8 bits)

Alert Flag (1 bit)
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12-19
20
21-255

Reserved

JAXA Experiment

Signal Health (35 Satellites)
Ephemeris and SV Clock (3 Satellites)

Signal Health (35 Satellites)

Fn hnmnr ic anrl Q\/ ("lr\rlz 12 Sat ” tes )
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lonosphere Correction
Reserved

GS| Experiment

Other Experiment
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e Signal Health
— 32 GPS +3 QZSS, L1, L2, L5, L1C, LEX
e Ephemeris and SV Clock
— 32 GPS + 3 QZSS satellites
— 3nd order coefficients of ECEF position and URA
— Clock bias/drift and DCB
* |onosphere Correction
— 2nd/1st order coefficients of vertical delay
— Regional coverage near Japan

14
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Message Interval (Nominal)

Effective
M B
essage roadcast Update Period

Signal Health
Ephemeris 12 s 3 min
SV Clock 12 s 3 min

lonosphere 12 s 30 min

6 min

6 min
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Real-Time PPP Client
Implementation
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* 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
JEfL W Gm BE Judw—0 OsnED s

4 + |8 hip:gpspp. sekura.ne jofrtklibrtklib.htm & | [ Q¢

Overview | Belegse s | Supgord | [ Rl B | To Do
@ RTKLIB: An Open Source Program Package for RTK-GPS

Download
Date Rl.vury.M’ Pnr'lugr For Windows Full Packagr with Saurce Programs
200901731 b 12 & (10.7MB} Rl 220 i [Z3AMB)
Z009/05/17 il i (15.3MB) = B06MB)
7 2 (214MB) Rl 220 iy (33.5M0)
r thee support information to get the latest |'|?||fh'i

HTKLIR is an npen source program packags for RTK.GPS, RTKLIR consists of a simple and portable program library and
several application programs (As) utilizing the library. The program library of RTKLIB provides:

(1) Matrix and vector functions
(2) Time and string functions

(3} Courdinates transformation and geoid model
(4} Navigation processing

(5) Pusit wodeds (tropospl b
(6] SBAS [HGPS corection

(7) Single point positioning

(8) Carrier-based and cod d relative p
¥VOTF integer ambiguity resolution

{10} Receiver raw hinary data input

(1) Positioning solution/NMEA inputioutput
(12) RINEX o e data/navigation message inp P

(13) Precise ephenseris impul

{14} Stream data communication library

(15) NTRIP (Networked Transport of RTCM via Internet Protocol) library
(16) RTE-GFS positsoning server

[17) RTCM 2.3 and 30/3.1 message handling

1 PEV)

The GUl and console (command line) Al's of RTKLIB includes:

(1) Real-time positioning (RTENAV)

2) Post-missson baseline analysas (RTKPOST, ENXZRTEF)

(3] Communication utility [STRSVR)

lution and cbservation data (RTEPLOT)
(5) RINEX converter of receiver raw data bog (RTKCONV, CONVBIN)
(6] Cther positioning utilities

All of th
the Al's

executable binary APs for Windows are included in the package as well a8 whole source programs of the library and

The meciver have: to output raw rement data of pseud Jearrivs.phase and satelli: cphemerides. NRTK (Network
RTK) service supporting RTCM 2 o7 3 can also be wsed for the base-station. Please refer Release Notes for supported receivers
and data sussages, The post-mission baseline analysis can process RINE 1211 abservation data and navigalion

miessages supported by many receivers, Future verston will support ather GNSSs such as GLONASS, Galiles or QFSS.

License

RTKLIB is distributed under CPLyA license,

http://www.rtklib.com
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R eatures
e Standard and precise positioning algorithms with:

— GPS, GLONASS, SBAS (and Galileo, QZSS)
e Various positioning modes:
— Single, SBAS, DGPS, RTK, Static, Moving-base and PPP

e Supports many formats/protocols and receivers:

— RINEX 2.2, RINEX 3.0, RTCM v.2, RTCM v.3, NTRIP 1.0,
NMEAO183, SP3, RINEX CLK, ANTEX, NGS PCYV, ...

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

e External communication via:
— Serial, TCP/IP, NTRIP and file streams
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 Released on August 8, 2010

e 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

20
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e Kalman-Filter Based Parameter Estimator
— PPP-Kinematic or PPP-Static mode

e Atmosphere Corrections:
— Only L3-LC with dual-frequency for lonosphere
— ZTD and gradient estimation with NMF

e Sold Earth Tide Model by IERS 2003 (subset)

e Satellite and Receiver Antenna PCV models
— ANTEX (IGSO5.ATX) or NGS

 Antenna Wind-up Correction for Phase

21
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Support for QZSS satellites

— Single, DGPS, RTK and PPP with QZSS

— RINEX 2.2, RINEX 3.0, SP3, ANTEX and RTCM for QZSS
Support for LEX MT 10 and 11

— LEX message handling

— Ephemeris and SV clock model

— lonosphere correction model

— Single-Frequency PPP

Support for LEX receiver proprietary message
Utility for post-processing

24
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e v.2.4.1: End of 2010

— Fix problems and bugs

I/
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e v.2.5.0: Spring or Summer 2011
— SDR front end for GPS/GLONASS/QZSS (L1)

— Support of Galileo/QZSS
— Single-Frequency PPP

— Improvement of PPP

— Add supported formats

Time (s

SDR prototype for RTKLIB 2.5.0

25



Preliminary
Performance Evaluation
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Prelim
e LEX Data for JAXA Experiment
— 2010/08/03 0:00:00-23:59:59 24H
— Generated in ground system Integration test
— LEX MT 10, 11 only corrections for GPS
— 13 Monitor Stations

 Post-processing PPP Test
— RTKPOST 2.4.0 + LEX extension
— 4 GEONET stations 30sx 24 H
e Positioning Mode
— Kinematic PPP with L1/L2 and L1 only

27



Q& HHd
6 MHd
BEMHA
LCMdd
PENHA
ECHHd
CEMHd

I :»
[ | Radiat

] :l Along-Traclk: | |
- Cross-Track

i 12K
u i 61HHd
m.u um i R1NHd

LTNMd
Mm m I 91N
- oo S THMd
m.b il -K AR
m < 1N

J >
= 21N

AH <1 w 11N
) ™ 01K

o umm | 8= G0N

O [2 SO
S i I LONHA

nu N, G0N

= SONHd

W | o O

E0NMd

n_r “ “ “ CONz

D o v o N « "N o

N fur) 1oL ﬂr. WOTJTHO] o

>
L
-

28



ikl ICV M 7~ o~
WIRLII LEA U CuU

akkanai, 2010/8/3 0:00:00-23:59:30

ORI=45,402992716° 141,750435036° 74,6650m
E-W AVE=0,0626m ST =0, 1397m RM5=0. 1530m

e Fa Y o
11 UVl

e
L

[y

) s !
0 ,“”W*“MW&*MHMMMWM M’*“'-’*’***wym. Al w"‘“"‘"w“

. N-S AVE=-0.0782m 5TD=0,1242m RM5=0. 1458m
A Bt i Ao AN

AVE=-0.0570m 5TD=0.2177m RM5=0.2250m

2
. U-D
I[. 1
';' .Hcllni :ll' i ] Wyl ! .‘rl L' b o ;I :!I t f 1L jhuil-‘ ? r 'y ‘{‘if'lli:':"!lill:lél ;
o ;"?;";"L"'#‘#*r'}*{f“f"?f‘-fi!‘"Eﬁf,ww-hﬁg'ﬁ'!“':rf?*F‘n“fﬁva'ﬁﬁw“ifﬁfiﬁ#ff‘ﬁfﬁrm""f‘u'ﬁf"‘"‘# S A ‘-”"F?‘u.
i ' gk 1

) Ilm

-2
Qd:00 03:00 0&:00 09:00 12:00 15:00 15:00 21:00

RMS E/N/U: 15.2, 14.2, 21.6 cm

29



1CVY
LLA

l

+ DI
Friment rian

Exper

January - March 2011

Evaluation of LEX PPP Performance
— Dual-freq/Single-freq PPP
— Convergence Time of PPP

— Stationary and moving receiver

Evaluation of LEX Orbit and Clock
— GPS orbit and clock
— QZSS orbit and clock

Evaluation of LEX lonospheric Correction

30



Future Extension of
QZSS LEX PPP
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Real-time PPP with multi-GNSS

— Real-time orbit and clock for all GNSS available

— Uniform time and coordinate among different GNSS
PPP-AR (ambiguity resolution)

— Satellite-side carrier-phase bias correction

— Need more precise orbit and clock (< 3 cm)
Regional precise atmospheric corrections

— STEC instead of VTEC for ionosphere

— ZTD/MF or 3D NWM for troposphere

Bandwidth Limitation vs. Target User/AP

32
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e What is PPP?

— Applications
— Real-Time PPP

RT PPP Experiment via QZSS LEX
RT PPP Client Implementation with RTKLIB
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