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High accuracy positioning for Australia

- Establishing a nation wide infrastructure for high accuracy
positioning has potential for great benefits in Australia

» Challenges: Large area and highly urbanized population
—Terrestrial communication infrastructure covers around 30%
—Dense network of reference stations necessary for RTK

* Precise point positioning (PPP) delivered by satellite

—PPP: centimetre level positioning requiring only a coarse network of
monitoring stations

— Satellite systems like the QZSS can potentially cover the whole of
Australia and its maritime jurisdictions
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Quasi-Zenith Satellite System (QZSS)

« 2010 —2018: Test Phase

« 1 HEO satellite: QZS-1 “Michibiki”
« Launched in September 2010

+ 2018-2023: GNSS Augmentation
« 3HEO and 1 GEO
+ Availability enhancement: GPS compatible
» Sub-meter performance: L1S (L1SAIF)
» Centimeter-level performance: L6 (LEX)

» 2023 onward: Independent position

Multiple satellites on the quasi-zenith
* 4 HEO and 3 GEO

orbits ©JAXA

GPS 1575.42 50
WAAS/MSAS/EGNOS/QZSS 1575.42 250
Galileo 1278.75 500
QZSS 1278.75 2000
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QZSS LEX Signal coverage

* Reliable demodulation/decoding
— Using standard patch antenna: 40° elevation
— Using geodetic grade antenna: 20° elevation
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LEX messages for Precise Point Positioning (PPP)

- PPP: centimetre level positioning using precise satellite
orbit and clocks corrections

* RTCM (Radio Technical Commission in Maritime
Services) messages is the standard for real-time PPP

- LEX messages for PPP: RTCM 3.2 State Space
Representation (SSR) messages packaged into LEX

8bits 6bits 14 bit Variable length 24bits
RTCM 3.2 Frame type

Pream. | Reserved "E;ﬁgﬁe RTCM Package CRC 1057 ~ 1062 (GPS)
1246~ 1251* {QZSS}
* Newly defined for QZ55

LEX Frame type 12

RTCM RTCM

Header TOW | WN Reserved | RS
Package 1 Package N
49 bits 20bits 13bits 256 bits
€ 1695bits >
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JAXA-CRCSI research in QZSS utilization

 Joint research project to evaluate LEX
signal capabilities in Australia

* PPP decimeter to centimeter accuracy
using globally valid corrections

* PPP tests using JAXA’s MADOCA
messages

— Static PPP: 4.1 cm (3D RMS) after 2
hours of convergence

— Kinematic PPP: 14.5 cm (3D RMS
accuracy) after 2 hours of
convergence
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Pilot Study on Australian messages for LEX

» Correction data from real-time RTCM streams
—1GS: CLK11 and IGS01
—CNES: CLK9B

* LEX message generation in Melbourne

* Transmission to QZSS Master Control Station by standard
TCP/IP commercial service

- LEX messages receiver in Australia and used in real-time
PPP
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PPP-AR using LEX messages based on CLK91

« Delay due to LEX signal transmission was around 5.6 seconds.
+ 33% of bias frames were discarded to give priority to orbits and clocks

« Comparison with PPP solutions using original streams show that these delays don’t affect
performance in a significant matter
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PPPAR through LEX: Fixed Point tests at Bundoora

B

* Real-time fixed point tests
using CNES based
messages:

* Horizontal 2DRMS: 4.9cm
* Vertical 20RMS: 11.4cm

RMIT reference station in Bundoora, VIC, Australia.

00:30 to 09:15 UTC 01:32:26 5.0cm 12.8 cm
22:00 to 04:00 UTC 03:11:58 4.6 cm 14.6 cm
23:00to 04:15 UTC 02:18:02 5.4 cm 9.8 cm
04:50 to 10:00 UTC 02:22:47 6.2 cm 12.2 cm
17:00 to 21:00 UTC 01:46:54 4.6 cm 7.0cm
18:30to 21:30 UTC 01:17:53 4.3 cm 10.0 cm
15:30 to 23:30 UTC 01:38:24 5.8cm 12.3 cm
18:00 to 23:00 UTC 01:59:03 3.5cm 12.3cm
17:30 to 23:30 UTC 02:00:53 4.2 cm 10.3 cm

PPPAR using using LEX delivered solutions
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PPPAR through LEX: Moore Park Venhicle test

oMVehicle tests performed on the
12t of November 2014

wLocation: Centennial Park,
Sydney, Australia

(NRTK from CORSH¢SW used
as reference GNSS and LEX antenna on the roof of a car
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wEvaluated PPP solutions usings
“W! - 1 Q& al!5h/ N
* RMIT corrections through LEX {
* RMIT corrections through NTRIP
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Rover path, Moore Park,
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Moore Park Vehicle test
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PPP errors during Vehicle test for MADOCA (Blue), LEX delivered RMIT (Green) and NTRIP
delivered RMIT(Black) corrections.

13:00 UTC - 59cm 11.3 cm GPS+GLO+QZSS
13:00 UTC 3:15:20 4.9 cm 13.2cm  GPS Only PPPAR
1450 UTC 1:31:06 6.3cm 13.8 cm GPS Only PPPAR
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lonoshere complements for PPP
» Long convergence times limit the practical applicability of PPP

* Precise lonospheric corrections can accelerate the convergence
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PPPAR with Coarse lonosphere

 Vertical TEC map from CODE packaged into LEX
frame

* Marginal improvements using CODE final

* No significant improvements were detected using 2-
day predicted lonospheres
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Local Slant lonospheres

- Slant TEC grid map, 1° Latitude, 2° Longitude
+ Grid size for Australia: 700 points

» 10 seconds per satellite using LEX
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- Efficient modelling of lonosphere needed
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Summary

- Satellite delivered PPP has the potential to allow high accuracy
positioning over large areas

« Joint research project between JAXA and CRCSI explored the
potential of PPP delivered by the QZSS’s LEX signal in Australia

* Delivery of corrections through LEX signal does not have significant
Impact on PPP performance

—Test performed on fixed points and Vehicles
—Horizontal accuracy was in order of 5 cm 2DRMS
—Vertical accuracy was between 10 and 15cm

- Efficient representation of lonospheric delay is needed to include
these into LEX messages

—Coarse GIM showed little to no enhancement

—Fine Slant TEC grid require too much data to cover an area the size of
Australia
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