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Introduction

• Surface positioning technology has evolved providing…

– Positioning on a global basis

– Improved accuracy and reliability

• Precise Point Positioning (PPP) has been used since 2000

• PPP with Ambiguity Resolution 

– Better position accuracy

– Rapid Re-convergence

• Addition of future GNSS constellations
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Infrastructure Improvements
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Infrastructure Improvements

• Entire reference station upgraded over 18 
month period

– New receivers = better GNSS measurement 
quality

– New geodetic antennas = better GNSS 
measurement quality

– Ability to track all GNSS constellations

• Further development of Veripos Orbit and 
Clock Determination System

– To develop PPP-AR capability
– More accurate orbit and clock corrections
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OCDS Product Quality

• Not just monitoring the quality but identifying issues
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PPP Service Improvement
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Apex2 Service

• A consequence of the PPP-AR development has resulted 
in improvement of PPP service

• Improvements to the infrastructure

• Better quality of PPP corrections

• Refinements to the Apex2 user algorithm

• Improved initial convergence
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Apex2 Service Performance (09th Apr 2012)
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Apex2 Service Performance (29th Dec 2014)
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Apex2 Service Performance Over Time

Abz Monitor Site

<5cm

<12cm



MTS DP Conference 2015

PPP-AR Technology
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PPP-AR…what is it?

• Extension of Precise Point Positioning

• Provide a dataset to enable PPP with Ambiguity Resolution on a global basis

• Ambiguity Resolution requires additional bias parameters to be computed and broadcast

• Use with Orbit & Clock corrections used in regular (float) PPP

• Enables horizontal accuracy of a few cm

• Supports rapid re-convergence, in many cases instant
– Satellite specific ionosphere delays used as constraints in AR process

• Broadcast begun in 2nd December 2014 for final validation
– Actively being used in land market since March 2015
– Integration and testing in marine environment ongoing
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PPP-AR Service Data

• Enabling ambiguity resolution requires the 
following

– Satellite orbit corrections
– Satellite clock corrections
– Satellite hardware biases of code observations
– Satellite hardware biases of carrier phase 

observations

• Data estimated in real-time by the Veripos orbit 
and clock determination algorithms

• Code biases very stable

• Phase biases stable but occasionally need reset 
– Due to SV observability in tracking network
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PPP-AR Service Performance
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Apex2 Service Performance (29th Dec 2014)
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PPP-AR Service Performance (29th Dec 2014)
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Service Performance Over Time

Abz Monitor Site

<5cm

<12cm

3cm

8cm
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PPP-AR Position Solution – Monitoring Network
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Dynamic Performance

• Dynamic trials in urban setting

• Testing on vehicle

• Positions compared against a 
truth system

– Post-processed INS-GNSS
– Tightly-coupled

• PPP-AR (red) re-converges much 
quicker than PPP (green)
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PPP-AR Re-Convergence
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PPP-AR…Position Re-Convergence

• Cold-start or initial convergence is similar for PPP and PPP-AR

• Any break in GNSS observations results in loss of position

• On re-acquisition of GNSS observations

– PPP solution is typically re-set and repeat cold-start process

– PPP-AR solution can instantaneously re-converge to previous position accuracy

• Fast re-convergence is achieved if satellite specific line-of-sight ionospheric delays are 
estimated at all times

• These delays are then applied after re-acquiring satellites as a constraint to fix the carrier 
phase ambiguities instantly
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Re-Convergence After 5-sec Outage

• Full GNSS & correction signal 
outage

• 5-second break in data

• Static data

• Different firmware versions 
with improvements to Apex2

15-min 30-min
Apex2 (6.510)

PPP-AR (6.600)

Apex2 (6.600)
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Re-Convergence After 30-sec Outage
15-min 30-min

Apex2 (6.510)

PPP-AR (6.600)

Apex2 (6.600)

• Full GNSS & correction signal 
outage

• 30-second break in data

• Static data

• Different firmware versions 
with improvements to Apex2
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2 minute gaps
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Multi-Constellation



MTS DP Conference 2015

Multi-Constellation

• New constellations are introduced, consisting of satellites that can broadcast state 
of the art signals on the widest range of frequencies

– Now quickly becoming operational

• Some of the highlights of changes are:

– Additional satellites

– More frequencies

– Additional civilian signals

– Signals with higher power level

– Interoperable signals (pro and con)
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Satellite Status
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Additional Satellites

• Today: 72 satellites. Up to 56 GPS & GLONASS - typically 30% visible (16 in average)

• Benefits of more satellites:

– Further reduction in convergence time

• Though benefits tail of beyond 20-30 satellites

– Improved satellite count, and position availability, in masked & scintillated environments

• Improves solution stability & availability

– Option to create calculate position individual constellations or different combinations of 
constellations (independence & redundancy)

• Enables diversity & independence
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PPP Convergence

GPS GPS+GLOGPS+BDS GPS+GLO+BDS
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Challenges for MC

• GPS and GLONASS mature and well understood
– Systems are modernizing with new signals and frequencies

• Galileo is well defined
– Just lacking satellites and system being set to healthy
– Still to gain experience using the system

• BeiDou
– 15 satellites available (4 MEO, 6 IGSO, 5 GEO)
– On latest satellites launched in July 2015

• B1 open signal has migrating and signal modulation changed
– GEO and IGSO orbit modelling – new to precise positioning
– Still to gain experience using the system
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Conclusions

PPP-AR has the following main benefits for users…

• Improved final accuracy

• Final accuracy is achieved faster than with PPP

• Global solution

• Immediate recovery from short (minutes) of GNSS data outage

• Further improvements with Multi-Constellation
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