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Precise Point Positioning

AL T i B =
EN FERGH HEEE T —

G

— % BAE




PP,
AR zg g

AN En

« PPPDIEEL - 1997~20024

SAPT

i) é i
"yl b
K -imsxiw
reLute posinoninG

4
g%

1997 : Zumberge et al. “Precise Point Positioning for the Efficient and Robust
Analysis for Large Networks,” J. Geophys. Res., 102, pp.5005-17

2002 : Yang Gao, Xiaobing Shen, “A New Method for Carrier-Phase
Based Precise Point Positioning,” Navigation: Journal of ION
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Precise point positioning (PPP) is a new positioning technology that has received increased interest from the GPS community.
Different from the traditional differential positioning technique, which requires access to observations from one or more reference
stations with known coordinates, PPP involves only a single receiver; therefore, it is easy to deploy and cost-effective. PPP is
also different from the conventional point positioning technique since it aims for decimeter- to centimeter-level positioning
accuracy using carrier-phase observations. =+=-* PPP for real-time decimeter- to centimeter-level positioning and navigation
accuracy will become possible in the near future. ==+ If the initial phase value in the receiver and satellite oscillators can be
minimized to a negligible level in the future, it will be possible to implement an ambiguity resolution procedure to fix the ambiguity
parameters to their true integer values for real-time kinematic PPP processing of centimeter level accuracy.
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@@= PPP-RTK: Precise Point Positioning Using
State-Space Representation in RTK Networks

Gerhard Wiibbena, Martin Schmitz, Andreas Bagge,

Session : LOW-COST HIGH PRECISION GNSS POSITIONING

New algorithms and methods to support high precision applications using low-cost
GNSS receivers and systems. New research results to address fundamental and
essential issues unique to low-cost GNSS positioning and mass-market applications,
such as signal processing techniques for quality carrier phase measurements, bias
identification and mitigation, new corrections and service strategies, new user
positioning models and algorithms, multi-GNSS systems (GPS, GLONASS, Galileo,
BeiDou), quality control algorithms, fast convergence and ambiguity resolution with
global PPP and PPP-RTK in wide areas. New algorithms and methods for integration
of GNSS positioning with other low-cost navigation sensors, to enhance the
availability and robustness of low-cost high precision GNSS systems in challenging
environments.

Co-chairs: Dr. Yang Gao, University of Calgary, Dr. Junesol Song, ENAC, France
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RTCM : Radio Technical Committee for Maritime Services
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agh RTCMAZ#£10403.2 3.5.12.28f
e RTCM4{Z#£10403.3 3.5.13.28f1 (W& [X10403.2& L)
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SSR = State Space Representation JX & ZEfE] &R IR

fHIET—4 verb PPPDFE%AE
Precise orbit, Satellite clock, Dual Frequency Real-Time PPP
Satellite code bias enable DF-RT-PPP (Z[&;KPPP)
RIBHZMZS: Single Frequency Real-Time PPP
Vertical TEC (VTEC) enable | ¢ pr.ppp (— &K PPP)
JRIBEEHZ A% Slant TEC (STEC), Real-Time Kinematic PPP
Troposphere, satellite phase bias enable RTK-PPP (RTKEALHBI4I)
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ke Radio Technical Committee for Maritime Services, RTCM STANDARD
10403.2, Differential GNSS(Glabal Navigation Satellite Systems) Services
@ — Version 3, RTCM Special Committee No.104, February 1, 2013,
RTCM Paper 104-2013-SC104-STD.
(GLOBAL NAVIGATION SATELLTE sveTews) Radio Technical Committee for Maritime Services, RTCM STANDARD
— 10403.3, Differential GNSS(Glabal Navigation Satellite Systems) Services
T — Version 3, RTCM Special Committee No.104, October 7, 2016,
et i RTCM Paper 141-2016-SC104-STD.

3.5.13.2 State Space — SSR Messages
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The S5E Messages are developed in three major steps:

1. The development of messages for precise orbits, satellite clocks and satellite code biases.
This 15 compatible to the basic PPP mode using IGS products. Such messages will enable real-time PPP
for dual frequency receivers: DF-RT-PPP.

2. The development of vertical TEC (VTEC) messages.
This will enable RT-PPP for single frequency receivers: SF-RT-PPP.

3. The development of slant TEC (STEC) messages, tropospheric messages and satellite phase biases
messages.

This will enable RTE-PPP.

0Ll

The current SSE. message types cover the first stage of DE-RT-PPP.
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SATELUITE POSITIONING
RESEARCH AND APPLICATION CENTER

4.1.2.2 Data Part
The data part of the L6 message includes any
sub type of multiple messages of MT 4073
o “Compact SSR,” as defined in the applicable
e T document (3). The data in each message is
Centimeter Level Augmentation Service given in state space representation (SSR) form,
s as standardized in the applicable document (2)
RTCM STANDARD 10403.2. The correction in
SSR form can be applied to precise point
positioning - real-time kinematic (PPP-RTK).

( November 5, 2018 ) E&EEE

Apnl 32018 2 Updates applicable document (3)
Replaces reference document (8) with an
updated one. Adds reference document (9)
Adds contents of section 2.3 and 2 4

20 Adds descrniption to clanfy the meamng of
nonunal validity periodin4.1.1.2 (4)

23 Changes the PPP-RTK form ETE-PPP

22

.69 Corrects ﬁscnptmﬂ of sublTame maicator 1m
Table 4.1.2-2 and 4.2.2-2

24 Adds description for user algorithm in4.1.2.2.1
28 Updates Compact SSE. signal mask in Table
4129
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L8] International Organization for Standardization
When the world agrees

Standards All about ISO Taking part Store Search Q

Standards catalogue Publications and products

#& ° Store’ Standards catalogue Browse by ICS 49 © 49,140 - 150 18197:2015

ISO 18197:2015 e

Space systems - Space based services requirements for centimetre class

positioning

Buy this standard
1S0 18197:2015 defines the requirements for the wide area centimetre Format Language
class positioning system by broadcasting augmentation data through
satellites as follows. | « PDF Englis/ v
- Centimetre class positioning Paper Englisl v

According to the progress of requirements for positioning services such as

automatic farming, mapping and others, centimetre class positioning is
very useful. CHF 1 3 8

- Wide area positioning
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CSRS-PPP
Canadian Spatial Reference System

Canada.ca | Services | Departments | Francais

Canadi
I

Natural Resources Canada

Energy v Mining/Materials v | Forests « | Earth Sciences v Hazards + Explosives « | The North +

Climate Change v

Home = Earth Sciences = Geomatics + Geodetic Reference Systems =+ Tools and Applications
= Modemized CSRS-PPP Service

Modernized CSRS-PPP Service

In order to fully support multi-GNSS data, generate ambiguity resolved PPP (PPP-AR) solutions, and move towards faster
convergence, the Canadian Geodetic Survey (CGS) transitioned to @a modemn GNSS processing engine in August 2018

What are the user benefits?

+ Height bias correction (4-5 mm)

+ Improved single frequency positioning (code & phase) solution

+ Support for RINEX v3

+ Machine-readable summary text file format allowing for easier automation

+ Capable of processing all GNSS constellations and signals (once IGS or NRCan precise products become available)

+ Improved integration with existing CGS transformation tools

+ This software upgrade is also the first step towards PPP-AR and co-operative PPP solutions allowing for faster
convergence and shorter observation requirements in the future.

F—RRSYT, Za—S—5UK
SBAS & PPP

Geoscience Australia will establish ground infrastructure to enhance accuracy to
3-5 centimetres by utilising signals from global navigation satellites across Australia.
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positioning
determining position

point positioning
single receiver positioning not using observables from any other receiver

PPP
precise point positioning
point positioning to augment precision

PPP-AR
PPP with ambiguity resolution

PPP-RTK
PPP with ambiguity resolution using external atmospheric correction

atmospheric correction
correction for atmospheric errors including ionospheric diffusion or tropospheric delay

RTK
real-time kinematic (GNSS positioning)
kinematic positioning using carrier-phase measurement in real-time



