Operatlonal Aspects of GNSS CORS
What is a GNSS CORS system used for ?

Neil Ashcroft, Asia Pacific GNSS Reference Station Manager
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What is a GNSS CORS system used for ?
Basics...

What are Global Navigation Satellite Systems used for ?
= Positioning

= Navigation
= Timing

What about a Continuous Operating Reference Station ?
» Characteristics

» Fixed location — Permanent power, remote communications

» Taking observations every epoch (20Hz — 30 Second)

= Complete Skyview (0 degrees — 15 degrees — 90 degrees)
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What is a GNSS CORS system used for ?
Primary Purpose ?

Will be based upon most urgent need...

...and will be application specific.

Enabling a Digital Reality to support informed decisions
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What is a GNSS CORS system used for ?
Applications

Science
» Geodynamics — Plate Tectonics

Atmospherics — Weather

Geodesy — Earth Shape, Reference Frame

Climate Change — Sea Level Rise
Positioning
= Mapping

COST BENEFIT

» (Cadastral — Land Management, Boundary determination
= Construction & Engineering, Machine Control

= Navigation
= Asset Collection
» |ntelligent Transportation
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What is a GNSS CORS system used for ?
CORS Data Products

» Messages, Single Base, Network
Solution (VRS, FKP,MAC)

! Post-Processin
E g
= RINEX Formats

Real Time
$
= RTCM Formats, v2.x, v3.x, MSM <<< 5

Content
= Epoch Rates 9
= Elevation Mask €
= Signals (£ ]

= Auxiliary Sensors (Meteo, Tilt)
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What is a GNSS CORS system used for ?
Worldwide CORS Sites

http://geodesy.unr.edu/NGLStationPages/gpsnetmap/GPSNetMap.html
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Geodynamics :
Computing Plate Velocities

ITRF2014 horizontal velocity field

o B 1200 {go° 24070 2007
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Geodynamics

Plate Velocities HAZARD MAPPING
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Geodynamics
Active volcanos

HAZARD MAPPING
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Hazard Mapping

Probabilistic Seismic Hazard Assessment for
Pacific Island Countries

Y. Rong
FM Global, Norwood, M4, USA (formerly at ATR Worldwide, Boston, M4, USA)

"~ J. Park & D. Duggan
AIR Worldwide, San Francisce, CA, USA ] 5 WCEE

M. Mahdyiar LsBcA 2012
AIR Worldwide, Boston, MA, USA

: P.Bamm'n

SUMMARY:

A fully ilistic earthquake hazard assessment study was camried out for fifteen Pacific Island Countries
(PICs): Cook Islands, Fiji, Kiribati, Republic of Ma:shallylslands Federated States of Micronesia, Nauru, Miue, [
" Palan, Papua New Guinea, Samoa, Solomon Islands, Timor-Leste Tonga, Tovaln and Vamuatu. A regional
selmnmymudelwashummsedonhlstomalmdmmmalemhquahacml , subduction zome
seqmentation and plate motion information, geodetic data, and available data on crustal . We nsed different |
ground motion prediction ions to account for different types of akes. The effect of site conditions on
ground motion was modeled based on shear wave velocities derived microzonation studies and high-
resolution topographic slope data. A comparison of our findings with those of earlier studies, such as GSHAP,
*-., shows similarities, and in some cases, sigmificant differences. The seismic hazard maps developed here havea 8

q:ahalmsduhonthansadequateforl seismic risk studi es and building code applications. :

Keywords: Probabilistic seismic hazard a ssessment (PSHA), Pacific Islands, seismicity model, ground motion

1. INTRODUCTION

Auslralia Many ofthe PICs are located closeto one ofthe most adive subduction zomes inthe world and are
prone to high seismic risk. Since the year 2000, fifeen eatthquakes of moment magnitude (M,) grester &
than or equalto 7.5 have occurred in the region, with four having M, »8.0. The complicated tectonics
andthe high seismicity ofthe region are due mainlyto the inferaction of four major plates (Figure 1), &
the Pacific, Fhilippine Sea, Sunda, and Australia plates. The Fhilippine Sea plde subductsto the west
under the Sunda plate at a rate of about 100 mmjyear, and the Australia plae subduds to the noth
beneath the Sunda plate at a rate of about 70-80 mmyfyear. The convergence between the Anstralia and
Pacific plaies results in a shortening & the subduction plate boundaries along Papua New Guinea, the
Solomon Islands, Vanuatu, Fiji and Tonga. The convergence rate is about 60-70 mm/year & the Tonga
trench, and about 100 mm/year a cther trenches.

Ref : Probabilistic Seismic Hazard Assessment for Pacific Island Countries
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https://www.researchgate.net/publication/267267867_Probabilistic_Seismic_Hazard_Assessment_for_Pacific_Island_Countries

Hazard Mapping
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Predicted strain rate field (black arrows) for Papua New Guinea and Solomon
Islands region (left panel), and for the Vanuatu, Fiji, and Tonga region (right panel).
The beach-balls show the focal mechanisms of historical earthquakes: green refers
to earthquakes with , which are shown only for non-subduction areas; blue refers
to earthquakes with 6.0. The red lines illustrate curvilinear grids and the thin pink
lines illustrate the subduction zones and faults.

Ref : Probabilistic Seismic Hazard Assessment for Pacific Island Countries
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https://www.researchgate.net/publication/267267867_Probabilistic_Seismic_Hazard_Assessment_for_Pacific_Island_Countries

Hazard Mapping
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Hazard Map of free surface PGA, including site conditions, with 10% probability of
exceedance in 50 years (475-year mean return period) for some of the Pacific Island

Countries.

Ref : Probabilistic Seismic Hazard Assessment for Pacific Island Countries
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https://www.researchgate.net/publication/267267867_Probabilistic_Seismic_Hazard_Assessment_for_Pacific_Island_Countries

GNSS Meteorology

PWV
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The real-time PWV (with
latency of 1~2 minutes)

Shows analysis rainfall
from https://www.imocwx.
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_NOAA NCEP Product Forecast FH=12

GNSS PWV products are
compared with

product is used for com/rdam/rd0_jp.htm

multiple organizations

for weather forecast
service.
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analysis/forecast field of
PWYV in numerical weather
prediction system (NOAA
NCEP GFS)

NOAA : National Oceanic and Atmospheric Administration
NCEP : National Centre for Environmental Prediction
GFS : Global Forecast System
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https://www.imocwx.com/rdam/rd0_jp.htm
https://www.imocwx.com/rdam/rd0_jp.htm
https://www.emc.ncep.noaa.gov/index.php?branch=GFS
https://www.emc.ncep.noaa.gov/index.php?branch=GFS
https://www.gps-solutions.com/

GNSS Meteorology ;3;,,.,,,,,,—, Inc.
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Trve Real-time Product N Sw 110

The maps show flow of conversion from GNSS ZTD (zenith tropospheric delay) to PWV (precipitable
water vapor). ZTD has contribution from pressure and thus the map (1) has strong constrain with
topography, while PWV map (8) has much less effect of altitude and has information on water vapor
distribution.
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https://www.gps-solutions.com/

Positioning
Support SBAS
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PROCESSING AND CORRECTION

Image: Courtesy of Geoscience Australia
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Positioning
Support SBAS

Image: Courtesy of Geoscience Australia
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Positioning
Support SBAS

Image: Courtesy of Geoscience Australia
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December 26, 2004: Tsunami Devastates Indonesia
and Many Other Countries

Magnitude of Mw 9.1-9.3
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Disaster Management
Before...
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Disaster Management
...After
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...After
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Disaster Management
Reinstatement begins
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...After
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Re-instating Ground Control Points
.to recover boundaries R T
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Re-instating Boundaries
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...Precision ?
Pole on a tilt
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Positioning
From the air...Fixed wing

= Digital
= Lidar

= Bathymetric

Forard Pancwonals
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Positioning
Bathymetric Data
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Positioning
Drivers (Benefits) - Sea Level rise & Coastal Change
Data sources: CSIRO, 2015; NOAA, 2016

= Global warming and sea-level b
rise

" = Trend based on tide gauges

— Satellite measurements

= Average 2,3 cm annually

= Precipitation increases

= More and more intensive weather
phenomena’s

Cumulative sea level change (inches)

= Ground-water levels change

(water supply, irrigation and L L
Sallnlty Changes) 1880 1900 1920 1940 1960 1980 2000 2020
Year
= National borders and territorial Need to continuously monitor land
waters change as the sea-level and environmental change in the
rises coastal areas
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Positioning
Need a shallow water Bathy Chart ?

Costa Concordia

Isola del Gigilo

Reef at 8 meters depth
~A3th of January 2012
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Positioning
From the air...UAV’s

= Digital
= Lidar
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Positioning
Mobile Mapping

Leica P20 Z+F 9012 Velodyne Imagery
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Positioning
Mobile Mapping
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Positioning
Mobile Mapping
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Positioning
Machine Control

Dozers Graders Drill Rigs
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Positioning
Precision Agriculture

FARMING ACCURALY ——

PRECISION VALUE
GNSS L1 - GPSGonass

JE O TS 1O s, 15 sy

GNSS 1112 - GPS/Glonass

15 om Lposs 1 oos, 15 i

GNSS L1M2 - GPS/'Glonass/ ToreaStae
4 e 2ok

RIK-2¢m
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Positioning
Traditional Surveying
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Positioning

Tunnelling
United h-, 1986 : Used GPS to derive local Datum
Kingdom

Days of occupation

Fance

» Total length: 57.8km

» Undersea tunnel length: 37.9km

= Misclosure : Horizontal 325mm Vertical 80mm
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SMART SMART SMART
Lighting Charging Services



Intelligent Transport
Connected Vehicles

GNSS only ONE sensor in solution.

Provides overall P05|t|onal mtegrlty
48 ‘v\ " )
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Cost Benefits
Economic Report by Allen Consulting

(‘ ,_q

ACIL ALLEN

CONSULTING

Key Findings:
The report estimates that in 2012, augmented GNSS had delivered cost savings
to the surveying and land management sector of between $30 million and $45

rmullion.

These savings are projected to increase to between $100 million to $150
million by 2020. These estimates are based on conservative assumptions on the
rate of development of CORS networks.
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http://www.ignss.org/LinkClick.aspx?fileticket=8/OX44UyLhk%3D&tabid=56
http://www.ignss.org/LinkClick.aspx?fileticket=8/OX44UyLhk%3D&tabid=56
http://www.ignss.org/LinkClick.aspx?fileticket=8/OX44UyLhk%3D&tabid=56
http://www.ignss.org/LinkClick.aspx?fileticket=8/OX44UyLhk%3D&tabid=56
http://www.ignss.org/LinkClick.aspx?fileticket=8/OX44UyLhk%3D&tabid=56
http://www.ignss.org/LinkClick.aspx?fileticket=8/OX44UyLhk%3D&tabid=56

What is a GNSS CORS system used for ?
Summary...

A CORS system defines and
monitors the National Reference
Frame.

By accessing the derived
products, realization of true
National coordinates can be
transferred into the field.

Everything is therefore
positioned relative to a single
reference.
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Building Monumentation
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Building Monumentation

Stake out
= Clearance
= Drilling

= ...Drilling

» |nstalling
Casing

* [nserting
steel pipes

= Grouting

= Attaching
adaptor
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Building Monumentation
...finished product
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Reference Station Antennae
LHCP AR20

The “left-handed” antenna = LHCP (left-hand-circular-polarised)

* The idea*:
= Measurement of reflected signal

= Determination of distance to
reflective surface

* Reference: Monitoring Coastal Sea Level Using Reflected GNSS Signals; Johan S. LLofgren, RClidiger Haas, Jan M. Johansson
008 — 2011)
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Thank You - Vinaka vaka levu

Any Questions ?
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