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CORS - continuoudly operating r eference stations

CORS networksplay increasingly important rolesas a vital
geospatial infrastructure, eg

The questions are “how reliable of our CORS stations?”

e Natural disastersareof a problem of global
concern and may cause significant social,
environmental and human losses

e Natural hazardsare estimated at an average
annual cost of Aus$1.25 billion in Australia

e |n addition, the Earth’s surface defor mation due to
human activities may also cause hazards

Geo-hazard and its monitoring
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e Theability to analyse and predict natural and non-natural

hazardsis of great importance

e Deformation information can be acquired through

o GPSnet CORS stationsprovide a critical geospatial
infrastructure,

e |tisof vital importanceto investigate thefeasibility to use

GPSnet to monitor and analyse regional deformation
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® GPSnet isacooperative GPS base station network
coordinated by Land Victoria

» Land Victoria, adivision of the Department of Natural
Resour ces and Environment,
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e Established in partnership with industry and academia
® Records, distributesand archives GPS data for post it

processed, accurate position deter mination only —

Major milestones

e Perceived in early 1990s

e July 1994

e December 1995 and early 1996

e 1997

e
o Ll

Major milestones

® 1999-2004 many stations established

» For mining activities, Ski site surveying
» For FORMULA 1, Grand Prix

RMIT led aresearch team & won an ARC project in 2004

® CRC-Sl established 2004

GPSnet goals
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e GPSnet primary goals:

o GPSnet secondary goals

positioning by a single GPS receiver in thefidd.

> will enable near instantaneous centimetre-level accuracy

Locations of current GPSnet Base Stations Providing Coveragein .
Rural and Regional Victoria With I ndicative 100 Km Radius
Circlesof Coverage RMIT

; Locations for Permanent GPS Base Stationsin the Mebourne .
CUC: Region With Indicative 50 Km Radius Circles of Coverage
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Victorian GPSnet

o The GPSnet usesavariety of receiversincluding Trimble,
Leicadual-frequency receivers

e Record C/A code, L1/L2 carrier phaseand Doppler datain
theRINEX format at all sites

e The GPSnet hasbeen widely used, including

e Measurementsinterval ashigh as 1 second,

Deformation Analysis process flow chart
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Solution convergence
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e Solution conver gencetests

e Chronological development

e Velocity and displacement computation
e Statistical test

® An experimental

network is used to

® |t consistsof two stationsin the GPSnet and three IGS stations

Irymple

I GS
station

TIDB (IGS)

HOB2 (1GS)

STRL(IGS)

Cann River

Solution convergence

Solution convergence L
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. . . Differences between the coordinates derived from different amount of
The relation between the RMS error of coordi natesm ITRF2000 GPSnet data and the soltion from 24 hours GPSnet deta (ITRF2000)
and the amount of data used to generate the experi mental
network sol ution
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Precision of GPSnet Solution RMIT
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e Overall, theprecision of the solution dependson thelength
of the data used.

e When the session length iscloseto 24 hours(e.g, 20+), the
precision of coordinatesis 3~5mm, and the coordinate
differences can belessthan 5mm, which meansthat the
solution becomes quite stable.

e Therefore, daily solution (24 hoursof data) can be used for
high preciseregional deformation monitoring and analysis

According to the feature and shape of the precision curves, it can be seen that
the RMS error of the solution consists of two parts.
* Oneisthe fixed error component not relating to the amount of data used;
« the other is the error which decreases with the increase of the amount of
dataused.
Using the law of error propagation, the coordinate precision of the solution can
be expressed as follows:

m=/a® +b? [F (t)

where, “m” isthe precision of the coordinates, “f(t)" isafunction of the amount
of data used and “a and "b” are the fixed error and the proportional error
coefficient respectively. Based on the result of a number of trial computations,
it isfound that f (ty can be approximately expressed byt~ | ie.

m=+a®+b*/t®
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Precision of GPSnet Solution .
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Let y=m* B=b*> X=ut® A=a’
We get thefollowing linear equation :

Y =A+BX

Take the station “ Cann River” asan example,
we get the following equations:

m, = +/19.853+1920.159/t°
m, =+/7.646 +1357.213/t°
m, =+/2.978 + 2585.786/t°

The corresponding correl aion coefficients are:
p,=08146 p,=0905  p, =0.6468
Takingalevel of significance a =0.05

We get the critical value of corrdation coefficient: P, =0.553
Since P, p, g aedl bigger than Py

the precision of solution is strongly related to amount of data.

A comparison of the “modeled” precision curve and actud precision curveis
shown in the next Figure. These two curves agree well.
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It can be seen from early formula that “m” tends towards “a” when “t” tends
towards“ 00",

This suggests that, theoretically, the precision becomes stable if the amount
of datais unlimited.

The following results can be obtained:
when t=24 hrs, {(m* -a%)/m},, <6%

Thisindicates that, in practice, the precision of 24 hrs solution is enough
stable.

Based on what is discussed above, it is concluded that 24-hour solution (or
single-day solution) can be used for high precision deformation anaysis.




Spatial relationship between GPSnet stations and geo-hazard
pointsof interest
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Spatial Relations Batween GPS Basa Stations And Selected Geohazard Features
Earthguake Epicentres, Landsiides and Faults
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e Therelationsbetween GPSnet stations and geological features

e There are more than 10 reldively large faults within Victoria and some
stations are close to faults and/landdlide sites

Deformation Analysis

Chronological developments of the Victorian GPSnet .

b= stations
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o A subnet Of Victorian GPSnet iS Ch osen GPSnet stations (date of operation) Year of operation No of Sations (Total)
) Ballarat (01/12) 1995 (1)
e Only seven base gations P y——— - 0
. . Melbourne RMIT (01/08)
e Two-year datafrqm 14 Apl’l! 2002to 14 Aprll 2004 are used p— po v
for local deformation analysis, due to various reasons el (07 . 0
e.g, some data files are not available, I (telocate n 2009 (25108
bad data format and Wt (1 00 2@
chronological data availability dueto relocation of some stations. Swan il (05/03)
. Iton (19/¢
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Deformation Analysis = Deformation Analysis =
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*Absolute and rel ative displacements of the GPSnet subnet stations
wal Significance test of absolute and relative displacements
peup
Swan Hill
Absolute displacement (mm) and velocity relative horizontal
station e significanc s’lgmr|r|\;i\::anoe
dE dN du v Vi2 otest dE, dN, test
Hor 21 | 124 | 32 | 130 65 v -6 5 x
Ballarat | 24 | 121 | 25 125 | 62 v 3 -8 <
Bl Colac 32 | 125 18 128 64 4 5 -4 x
Hamilton 35 128 16 134 67 4 8 -1 x
Hamilton Horsham | 20 | 135 | 34 | 139 70 4 7 6 x
Melbourne
Colac Walpeup 33 138 47 | 148 74 4 7 9 x
SwanHil | 27 | 131 | 45 142 T v 0 2 <
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e Theresultsof significancetest show that

e |t can beinferred that currently, thefaultsand/or landdide
body near these base stationsarerelatively stable

e However, the stability of the faultsand landside body still
needsto be continuoudy analysed in the future

Both the magnitude and direction of the absol ute displacement of &l the
base stationsin the subnet agree well with the vel ocity of approximately
7cmiyear and direction of current Augtraliatectonic motion derived
from other IGS measurements (Geoscience Australia, 2004)
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Results from the method put forward in this paper Results from other IGS measurements
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e Thispaper investigatesthe feasbility to uselocal CORS
network for geo-hazard monitoring purposes

e A number of critical issuesassociated with the suitability,
geological stability, data quality of the GPS networ ks
system, the precision and stability of the GPSnet solutions
areinvestigated using geological information.

e [or high precise positioning, it isrecommended that

e Theprecision of 3-D coordinatesderived from daily
solution (24 hour sdata) is 3~5mm

e Currently, thefaultsand/or landdide body near GPSnet
base stationsin the deformation analysis subnet are
relatively stable

e Themethodology of data processing and deformation
analysisused in the paper seemsfeasible and effective.

e |t isrecommended that geological information needsto be
taken into account when any new CORS stationsare
established.

e |tisconcluded that high-precision continuoustracking
datafrom GPSnet isa very valuable asset and can provide
atechnically-advanced and cost-effective geoscientific
infrastructurefor deformation monitoring analysis

e Several relevant issuesare under investigation
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