the power of g 2% Land Information
.
where J N Seiad

drives NZ's success  /f

LINZ Technical Tour -
Geodetic recovery
from the Canterbury

CEI S ELGS

Nic Donnelly | Technical Manager Geodesy

5 May 2016

This presentation covers key points of the live demonstration of geodetic tools
carried out during the FIG Technical Tour of LINZ.
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- Two demonstrations: Landonline and PositioNZ-
PP

- Show how geodetic coordinates can be generated
after an earthquake by both surveyors and LINZ

- Show the deformation model in action

Two demonstrations are summarised in these slides. The first is a
demonstration of the Landonline adjustment software, in particular how the
deformation model is used to combined observations made at different times
within an earthquake sequence. The second is a demonstration of the
PositioNZ-PP service, an online GNSS processing service provided by LINZ.
In particular, the demonstration shows how it can be used after an earthquake
to calculate post-earthquake coordinates.
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Demo 1:

Landonline

The first demonstration uses the Landonline system.



Landonline Adjustment Observations Grid

& Landonline - Maintain Network - [CMN_S02a - Manage Adjustment]
& File Edit Search MapView Map Utilities Maintenance Window Help

Setup

Run Id 725350 Satus  [Bxecuied Run Date Tme  [09 May 2016 152024 Search
Survey Number SdErntWa | 87  MNew Adust
Method [General geodetic network mart | Coordinate System [NZGD 2000 | Edt Method
Description [ Test earthauake defomation Add Obs.
Observations ‘ Nodes |

Fiter Exclude by [ Al Vectors =l Fiter OK? by (None) -

From Node Code From Node To Node Code To Node Survey Number foae Cadastral Class _ Status Length Exc_EvMul__ Res StdResOK? ___ Meas Type Equipment Type /
WG WIGICORS _ BDTP SS48S0 17878 NPCIO00E CLC Post Seo refommat 05 Seo 2010 00:00.00 _ Yector Dffersnce DXYZ)_(None] Athortative 28961 1000 0271 639VervBad Meassed GPS

MQZG McQuesns Valey BDTP SS 4850 17878 NPC10008_CCC_Post_Sep_refomnat 05 Sep 2010 00:00:00 Yector Difference (XYZ) (None) Auhortative 16787 1000 1737 1463VeryBad Measuwed GPS

WIG1 WIGICORS  BDTP SS48S0 17878 2013CCC-SCIRT GNSS Benchmark Network Re-Survey] 30 Jun 2013 12:00:00 Jector Diference CrZ) (None) Auhortstive  2896[ 1000 0502 326VeyBad Measuwed GPS

MazG McQueens Valey BDTP SS48S0 17878 2013.10.14- EMS4 Replacing BOTP 2602012131700 Yector Dfference (XYZ) (None) Aghortative  16787[ 1000 0641 387VeryBad Measured GPS

. 8
Eror Mutipher Aooly | Amend Obs...| Remove Obs | Sot Obs... | View Detais..|

View Map | View Repon| Authorse. | [ Run Adust | Copy Adust | Deleteadust|  Cear | ok | cance |

Performs the adjustment run

Landonline is the system that manages New Zealand'’s titles, cadastral and
geodetic data. One of the modules within Landonline available to LINZ internal
users, “Maintain Network”, uses the least squares technique to calculate
coordinates for survey marks (nodes). In this series of slides, we show how
Landonline is able to combine observations that have been affected by
different earthquakes to calculate a consistent set of coordinates. The
“‘Manage Adjustment” function within the “Maintain Network” module has an
“Observations” and a “Nodes” tab. We start with the Observations tab.

A very simple least squares adjustment has been set up, consisting of 4 GNSS
vectors (dX,dY,dZ) and three marks. Two of the marks are Continuously
Operating Reference Stations (CORS), the third is a passive control mark we
are coordinating. This is real data collected by geodetic surveyors working
under contract to LINZ and/or the Christchurch City Council. Take particular
note of the date column (red box). Christchurch has been impacted by 5
significant earthquakes on the following dates: 4 September 2010, 22
February 2011, 13 June 2011, 23 December 2011 and 14 February 2016. So
we have two vectors observed after the first earthquake and another two
observed after the fourth earthquake. The survey mark would have been in a
different position in 2013 than it was in 2010, so we might expect problems
when combining these observations.




Landonline Adjustment Nodes Grid

22 Landonline - Maintain Network - [CMN_502a - Manage Adjustment] [E=8 o =]
& File Edit Sesrch MspView Map Utiities Maintenance Window Help - [&]x
Setwp

Runld pr25950 Status  [Frecuted Run Date Time ﬁmyzmsmmzt Search .
Survey Number | SdE U Wg | B7  MNew Adust
Method [General geodetic network mart =] Coordnate System [NZGD 2000 =] Edt Method.
Descrgtion rrasem.akeﬂdmmm Add Obs:
Fiter Constraints by [ (Mone) - Fiter Rejectedby | A Nodes =

[Node Code Name Mark Puposs [SOCProp [Order  SOC Stat [ Corstrait | Change Rejected [ V Change H Max Ace _ Vesical Acc]

WIGT _WIG1CORS _{None) B ) i Fixed 3 Dimensional  T1 3 1 ]

MQZG McQueens Valley (None) I3 0 ~ Fed 3 Dimensional r

BDTP 55485017878  (None) I3 3 12 Free s [~ 02 005 003

Constraint =] ooy | Sot Nodes...| View Detais..|

View Map... | View Repon..| Auorse. | RunAdust | Copydust | Deetesdust| Cer | Ok | caxcel |
Performs the adjustment run

Y

Moving to the Nodes tab, we see the three marks. There are two CORS

(WIG1 and MQZG) and the mark we are coordinating (BDTP). We hold the
two CORS fixed.




Landonline Adjustment Spatial Window

zg Landonline - Maintain Network - [CCL_S01 - Spatial Window] = ]_@J
Mo
i AR W = =

7 ADJUSTMENT PREVIEW: Nodes ‘ i

. A

[ ADJUSTMENT PREVIEW: Line : R‘...‘ 44

¥ ADJUSTMENT PREVIEW: Link "‘-‘ ‘ ~.‘

¥ ADJUSTMENT: Vectors t"gﬂ'§

¥ ADJUSTMENT: Nodes ‘ a

¥ Registered Survey Plan Refs ;«v‘b % - s

IV Approved Survey Plan Refs. ::";-,:--

" e [/ K VAR i iy

¥ Live Parcels-Al 'z' P ’

e I RN /
Ready Y

Looking at the adjustment spatially, we see the vectors (blue lines), fixed

marks (small blue circles) and the mark to be coordinated (small brown circle

with number over the top).




Landonline Adjustment Residuals without
Deformation Model

Z Landonline - Maintain Network - [CMN_S02a - Manage Adjustment]

o |[@ &)
2 File Edit Search MapView Mop Utilities Maintensnce Window Help NEE
Runld (725950 Satus  [Erecuted Run Date Tme 09 May 2016 15:20:24 Search_._ |
Survey Number | Isuaru—uwg [ s.?l Mew Adjust
Method [General geodetic network maint =] Coordnate System |NZGD 2000 | Edt Method
Description [ Test earthauake defomation Add Obs.
Obsarvations Mougl
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MazG McQueens Valey BDTP $54850 17878 NPC10008_CCC_Post_Sep_refomat 09 Sep 2010 00:00:00 Vector Diference (XY2) (Mone) Ashotative 16787 1 1463Very Bad Measured GPS
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Performs the adjustment run

We run the adjustment and examine the results. In particular, we notice that
the Standard Error of Unit Weight (SEUW) is 8.7. We normally expect this to
be about 1. We also notice that the residuals (“Res” column) are quite large —
up to 17cm. This is much larger than we would normally expect for geodetic
GNSS data. Given that the data is in Christchurch, and was observed at
different points in the earthquake sequence, we conclude that it is likely that
the mark has moved between the 2010 and 2013 observations.



Applying the Deformation Model 1

25 CMN_S01b - Edit Adjustment Method Parameters [E=% EcR ==
Adustment Detais
Adustment Method [Seneral geodetic network maint
Software Wzs«m.c Adustment Software
Adustment Type  [Geodetic
Status [uthortative
Description r-mi ‘geodetic network maintenance
Adustment Coefficents
[Coefficiert Code _Description Defauk Valve New Valve
BRSW BRSW Bearing swing optons BY_CRDSYS SET 00
BSCV BSCV Bearng swng convergence tolerance (arcsec) 1
cnvG CNVG Coordnate convergence tolerance (m) 0.0001
CRLF CRLF DOS repot format (CR+LF line teminator) yes
0 ‘norng
IDEFM Defomation model defintion LINZDEF NZ2KDFO4 20000 = | I
FNAD FNAD Free net adustment no
usT LIST Log file isting options summary nodes residuals parameters
MXCH MXCH Maximum allowed coordnate change 1000
MXT MXIT Masimum terations 10
MXND MXND Max number of nodes 10000
MX0B MXOB Max rumber of cbs 50000
NOCD NOCD Inhibit generation of new coordinates o
0P TF OPTF Override matrx optimisation no
oPTT OPTT Parameter threshokd for matrx optimisation 50
RACV RACV Ref frame transiation convergence tolerance () 0.001
RCCL RCCL Calculate refraction coefficiert o
RCVL RCVL Defauit refraction coefficent 0075
RFCL RFCL Reference frame calculation options
RFCO RFCO Oveide refeence frame coordnate systems o
RPCV RPCV Ref frame scale/rot convergence tolerance fppm) 1
SPEC SPEC Accuracy test speciications
VENU VENU Vector emors as ENU components yes
Lo |

Landonline has the capability to incorporate a deformation model into an
adjustment — which is in fact a requirement for adjustments being carried out
to generate coordinates in terms of New Zealand Geodetic Datum 2000
(NZGD2000 is New Zealand’s local reference frame). However, for the
purposes of the demonstration, the deformation model had been turned off

(set to “none”).



Applying the Deformation Model 2
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f .3
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)
no
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We now turn the deformation model on (by removing the value “none” so that
the deformation model gets applied) and re-run the adjustment.




Landonline Adjustment Residuals with
Deformation Model
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Ready

Cancel |

We notice a significant improvement in the adjustment results. The SEUW has
reduced from 8.7 to 1.62 and the largest residual from 17cm to 4cm. The
deformation model is not perfect so it is likely that at least part of the remaining
residual is due to uncertainties in the deformation model. However, the level of
accuracy now being achieved is adequate for many spatial applications.

This demonstration has shown that by using a deformation model, data
collected at various times in the earthquake sequence (or before the
earthquake sequence started) can be used to generate accurate NZGD2000
coordinates. While this demonstration has used Landonline, there is free
software called SNAP that can be used by non-Landonline users

http://www.linz.govt.nz/data/geodetic-services/download-geodetic-
software/snap-concord-downloads
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PositioNZ-PP - GNSS Post-processing service

Step 3/4: Edit RINEX file metadata
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The second demonstration uses the PositioNZ-PP online GNSS processing

system.
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PositioNZ-PP - GNSS Post-processing

service

Step 1/4: Setup job

Use this form to submit GPS RINEX data for processing by the LINZ PositioNZ online GPS processing service. For

more information about this service see the help.

NZ) does not provide a warranty o

Note: Land Information New Zealand

ICe. Ir
this service, or tne accura

indefinitely by LINZ f

Please enter your email address. This will be used to send results to you

The title of the processing job will be used to refer to the job in correspondence
Email Address
my_name@myaddress.com
Processing Job Title
Test
Next >>

If you are experiencing difficulties or would like to submit feedback on the PositioNZ-PP service you may contact LINZ by

« emailing us at crm_geodetic@linz govt nz = with “PositioNZ-PP Issue” or "PositioNZ-PP Feedback” in the subject line, or

» calling customer support: 0800 665 463

PositioNZ-PP is an online GNSS post-processing service operated by Land
Information New Zealand. It’s purpose is to provide global International
Terrestrial Reference Frame (ITRF) and local NZGD2000 coordinates by
processing a RINEX file submitted by the user with data from three nearby
CORS. In the wake of an earthquake, the service can be used to calculate
post-earthquake coordinates where and when the user requires them, rather
than waiting for LINZ to provide updated control. In this series of slides, we
show how PositioNZ-PP could be used to calculate coordinates after the 14
February 2016 earthquake in Christchurch. This earthquake did not
significantly impact any of the CORS. If they had been impacted, the CORS
coordinates would need to be updated by LINZ prior to the user generating
their own control using PositioNZ-PP. Currently the PositioNZ-PP service only
works using data collected in New Zealand.

The service is located at http://www.linz.govt.nz/positionzpp

In Step 1, the user enters an email address and job name.
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PositioNZ-PP - GNSS Post-processing

service

Step 2/4: Select RINEX files

RINE

Select RINEX files

Filename Size Status
ERCW0490.160 1 MB =
+ Add files 1MB 0%

Select your RINEX files here then click Next to upload them

<< Back | Next >> | Cancel

In Step 2, the user uploads their RINEX data. The minimum length of data is 1
hour, although 4 hours is recommended for more accurate results, given that
some of the reference stations could be up to 100km away.



PositioNZ-PP - GNSS Post-processing

service

Step 3/4: Edit RINEX file metadata

extracted from the RINEX head

Z-PP will only accept "official" ar

na types. You can remove files that were

Uploaded RINEX file: ERCW0490.160 details.
Remove file from job

Station Name
ERCW
The value in the RINEX file is: ERCW
Antenna/radome type
TRMR8_GNSS v
The value in the RINEX file is: TRMR8_GNSS
Antenna height (metres, max 4dp)
1.6280
The value in the RINEX file is: 1.6280
<< Back | Next>> | Cancel

€, and antenna neignt) IS

In Step 3, the service reports on the key metadata it has read from the RINEX
file header. Any of this information can be changed at this stage. It is important
that the antenna height and type are both correct, or there will be errors in the
vertical coordinate. The antenna height is the height from the ground mark to
the Antenna Reference Point (ARP).
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PositioNZ-PP - GNSS Post-processing

service

Step 4/4: Confirm job details and submit for processing
Please confirm the following details and then click Submit Job for Processing otherwise click Back to amend the job

Email Address :my_name@myaddress.com
Job Title :Test

Filename : ERCW0490.160

Station name :ERCW

Antenna height :1.6280

Antenna Type :TRMR8_GNSS

<< Back | Submit Job for Processing | Cancel

In Step 4, there is an opportunity to check that the supplied information is
correct, before the job is submitted. Once submitted, it will typically take 2-5
minutes for results to be returned, although the time can be longer if there are
a large number of jobs already in the queue.
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PositioNZ-PP =3
Results and
Geodetic Database

ERCW: Mark details

MARK IDENTIFICATION

it rew Country: New Zealand
; Land District
Name: IT VII SO 11487 POSN 20111223
PIN G D 4 7a00s TopoS0 sheet: BX24
Altematives: | ey f— 5180045.000

1575882.010

NZGD 2000 COORDINATES
Order: 4

Latitude: 43¢ 31' 55.73415" §
17247 Gnasay ghorsed Sdkz0le
Ellipsoidal height (m): 17.786 Reference: tec Lontro! ietur

°  Paositions

Circuit
Mount Pleasant Circui

Convergence
-0° 01' 03"

Input data
File : ERCW0490.160

Mark :ERCW
Antenna  :TRMR8_GNSS (changed to TRMR8_GNSS NONE)

Receiver :TRIMBLE NETRS
Antenna height: 1.628 m
Orbit type: Final

Final Coordinates

Epoch coordinates - defined at the observation epoch (decimal year 2016.13)

ITRF2008 XYZ (m) 1 -4593921.1492 588371.9411 -4370563.8455
ITRF96 XYZ (m) 1 -4593921.1427 588371.9155 -4370563.8734
ITRF2008 lon/lat/hgt 1 172.701508453 -43.532144476 17.7288
ITRF96 lon/lat/hgt : 172.701508757 -43.532144719  17.7410

NZGD2000 coordinates - defined at nominal epoch 2000.0
Deformation model version:

NZGD2000 lon/lat/hgt (DMS): 17242 05.45481 E 433155.736455  17.7412
NZGD2000 lon/lat/hgt  :172.701515225 -43.532149013  17.7412
NZTM2000 east/north  : 1575882.0006 _ 5180044.9327

PLEATM2000 east/north  :[397944.4608  806488.8676 |

NZVD2009 height 5.5306

The results are sent via email, as shown on the right-hand side of the slide.
Several different coordinates are provided, but the one we are interested in is
the Mt Pleasant Meridional Circuit (PLEATM2000) coordinate. We can
compare these with the existing coordinates in the Geodetic Database
http://apps.linz.govt.nz/gdb/ (left-hand side of slide).

The coordinates differ by 2cm in the easting and 7cm in the northing,
indicating that the mark has moved during the 14 February 2016 earthquake.
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Key Points

o Data collected at different times in a deforming
region can be combined using a deformation
model to generate consistent coordinates

o Users can collect their own GNSS data and
submit it using the PositioNZ-PP online
processing service after an earthquake, to
generate control where and when they need it

In summary, the presence of significant deformation (earthquake-related or
otherwise) is a reality for many parts of New Zealand. Managing this
deformation requires a deformation model to be incorporated into coordinate-
generation tools. Examples of such tools are the Landonline system, used by
LINZ to generate coordinates, and PositioNZ-PP, which may be used by
external users to generate accurate coordinates.
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Useful websites o B

o Geodetic database: http://apps.linz.govt.nz/gdb/

o« SNAP least squares adjustment software:
http://www.linz.govt.nz/data/geodetic-
services/download-geodetic-software/snap-
concord-downloads

e PositioNZ-PP:
http://www.linz.govt.nz/positionzpp
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