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How To : Adjust Deformation networks

1. Introduction

This document describes how the networks of 2 (or more) measurement epochs can
be adjusted together to test for deformations.

The first step is always an adjustment of the measurements for each individual
epoch to remove the measurement errors. To achieve this a free network
adjustment would be sufficient, but of course one could also compute a constrained
adjustment to check if the measurements will fit on the control points.

For more information on the adjustment of networks please refer to the How To:
Combined TPS and GPS adjustment and How To: Levelling.

Please note that this is a sample. The actual settings may differ depending on
your requirements.
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How To : Adjust Deformation networks

2. Combined MOVES3 Project

Open the project with the first epoch. Save this project under a new name. Then
label the stations by adding a suffix, for example :1, to the all station names.

tations
@ Stati =
Close  Edit  Tools Help
No. Name Type X East Y North Height 1|
a1 VAL TER 106066.0579 * 458832.9495 18.5907
075 EE7 P L nearn nnnn irnman nnno PR
0o 3 650 Change Properties
o 4 003 Known terrestrial coordinates Change Status
0O s 1002 — =
O 1004 [] X East /' Narth m Fram to
o7 556 Height m From to
0 s 5853 Known GNSS/GPS coordinates
[ 552
Y2 m Fram to
O 10 551 o
O 11 651 Precision of idealisation Prefix
o 2 555 Precision XY m Suffix 1
S Ji 2‘; Precizion Height 0.0000) m Feature code
o 15 653 Update stations
O 16 559 Save as defaults
O 17 17
O 18 1
(WL 127 (o ] [cameel | [ e
O 20 12 e o oo
O 21 10 TER 106030.0000 458730.0000 1.9999
O 22 9 TER 106030.0000 458730.0000 2.00168
O 23 3 TER 106041.0000 458721.0000 2.0857
O 24 601 TER 106040.0000 458720.0000 2.0824 i

Then import the second epoch into this project using Import MOVE3 project. The
second epoch stations can be labelled by adding a suffix, for example :2.
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3.  Options Adjustment

In the General Options Adjustment tab the Level of Significance for the Shift Vector
can be set separately from the Level of Significance of the other observations.

i )

General options @

| Project | Geomeir'_fl Adjustment | MOVE3 output selection | Units | Datasnunpingl

Adjust / design [Mjustment "] [ Fitter

Phase [Free network "] [ Inner Constraint
Mz number of iterations 3 =

fterstion crteron 0.0007 m

Level of significance

General

Shift Vectar 0317 -
Corfidence level 10
Corfidence level 20
Cl criterion 0.0000 cm2
C1 criterion 1.0000 cmZAm
Additional Output | None -

oK || Cancel Help

Adjustment tab sheet.

For an early warning the Level of significance can be set to for example 0.317, this
will test the Shift Vectors at a 1 sigma level.
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4.  Options Datasnooping

In the General Options Datasnooping tab Automated Datasnooping can be
activated.

P

General options @
| Project | Geometry | Adjustment | MOVES outpus selection | Units | Datasnooping |

Waming:

Automated datasnooping should only be activated for networks with a

sufficient number of redundant observations.

fyutomated Datasnooping

F-Test madmum value 2.000

F-Test minimum value 0.250

Mazdmum number of removals 25

Mirimum Redundancy 51 %

0K || Cancel Help

Datasnooping tab sheet.

With the automated datasnooping on the rejected Shift Vectors will automatically be
removed from the adjustment in a one by one process, largest rejected Shift Vector
first. Especially in deformation analysis it is important to release Shift Vectors that
are rejected, since keeping them constrained would influence the final result.
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5. Default standard deviations

Before Adding the Shift Vectors it is important to properly set the defaults for the
standard deviations of the shift vectors. The default values are added to each added
shift vector.

-

Standard Deviations @

Standard deviations for observations | Standard deviations for stations

Temestrial Observations:

Direction 0.00010 gon 0.00002 gonkm
Distance 00010 m 1.0 ppm
Zenith Angle 0.00010 gon 0.00002 gonkm
Azimuth 0.00030 gon 0.00030 gonkm
Height Difference 0.15 mm 0.20 mm./sqrtfm)
0.00 mm.km
Shift Vector EN 0.0071 0l H 0.0010 m
Local Coordinate EM 0.0700 m H 0.0100 m
GM55/GP5 Observations:
GMNS5/5P5 Baseline 0.0020 m 0.2 ppm
GN55/GFS Coordinate 10.0000 m

Geometrical Relations:
|Ipdate Observations

Angle 0.10000 gon @ Al
Distance / colinearty 00150 m ' Al types with changed
defaults
Offsets: ) Ml with old defaults
Steel Tape measurement 0.0030 m @ MNone
Aupdliary point 0.0030
0K || Cancel Help

Standard Deviations.
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6. Adding Shift vectors

The shift vectors can be added via the View|Observations menu item Edit|Shift
vectors. Use the station name to add the shift vectors.

P =

Shift vectors @

Entered text will be ignored while comparing

[¥] Station Mame ~ From 1 To 2

|| Distance 0, 1000 m

Add as

[ K ] [ Cancel ]

In the example above :1 and :2 will be ignored when comparing station names. If the
station names match then a 3D Shift Vector will be added. The value for the shift will
be 0.

/" Observations = o)

Close Edit Tools Help
MNo. ° From To Instr Hgt  Target ... Reading Reading Reading Source o

0O 300 5532 HI_18:2 DH 1.37838 SH 10492

O 301 HI_18:2 11A:2 DH -1.40895 SH 9.018

0O 302 HI_18:2 12A2 DH -1.40817 SH 8.098

O 303 HI_18:2 556:2 DH -1.37344 SH 9.696

0O 304 HI_18:2 10:2 DH -3.66683 SH 11.741

0O 305 HI_18:2 9:2 DH -3.66364 SH 12543

O 306 HI_18:2 558:2 DH -0.80563 SH 20.659

O 308 5571 557:2 DE 0.0000 DN 0.0000 DH 0.0000

O 309 1003:1 1003:2 DE 0.0000 DN 0.0000 DH 0.0000

0O 3w 1002:1 1002:2 DE 0.0000 DN 0.0000 DH 0.0000

O 3an 1004:1 1004:2 DE 0.0000 DN 0.0000 DH 0.0000

0 312 556:1 556:2 DE 0.0000 DN 0.0000 DH 0.0000

O 313 5531 553:2 DE 0.0000 DN 0.0000 DH 0.0000

0 314 552:1 552:2 DE 0.0000 DN 0.0000 DH 0.0000

0O 3. 5511 551:2 DE 0.0000 DN 0.0000 DH 0.0000

O 316 555:1 555:2 DE 0.0000 DN 0.0000 DH 0.0000

0o =17 554:1 554:2 DE 0.0000 DN 0.0000 DH 0.0000

0 3. 558:1 558:2 DE 0.0000 DN 0.0000 DH 0.0000

O 319 101 10:2 DE 0.0000 DN 0.0000 DH 0.0000

O 3z0 g1 92 DE 0.0000 DN 0.0000 DH 0.0000

0 321 81 8:2 DE 0.0000 DN 0.0000 DH 0.0000

O 322 6:1 6:2 DE 0.0000 DN 0.0000 DH 0.0000

O 323 603:1 603:2 DE 0.0000 DN 0.0000 DH 0.0000

O 324 21 22 DE 0.0000 DN 0.0000 DH 0.0000

0O 325 1 1.2 DE 0.0000 DN 0.0000 DH 0.0000

O 326 558:1 558:2 DE 0.0000 DN 0.0000 DH 0.0000 0

0 327 1001:1 1001:2 DE 0.0000 DN 0.0000 DH 0.0000 3
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/" Observations
Close Edit Tools
MNo. ° From To Instr Hgt  Target ... Reading Reading Reading
0O 295 HI_17:2 555:2 DH -345383 SH 28791
O 296 HI_17:2 82 DH -348018 8H 29.134
O 297 HI_17:2 555B:2 DH -345135 SH 29.1719
O 298 HI_17:2 553:2 DH -1.27947 8H 47.800
0O 299 HI_17:2 b53:2 DH -1.27934 SH 47.803
0O 300 553:2 HI_18:2 DH 1.37838 SH 10492
O 30 HI_18:2 11A2 DH -1.40895 SH 9.018
0O 302 HI_18:2 1242 DH -1.40817 SH 8.098
O 303 HI_18:2 B56:2 DH -1.37344 8H 9.696
0O 304 HI_18:2 10:2 DH -3.66683 SH 11741
O 305 HI_18:2 9:2 DH -3.66364 8H 12543
O 306 HI_18:2 559:2 DH -0.80563 SH 29.659
O 307 VAL:1 VAL:2 DE 0.0000 DN 0.0000
O 309 556:1 556:2 DH 0.0000
O zw 55631 b53:2 DH 0.0000
O 3n 552:1 552:2 DH 0.0000
0O 312 551:1 551:2 DH 0.0000
0 33 555:1 555:2 DH 0.0000
0O 314 554:1 554:2 DH 0.0000
O 31 5691 559:2 DH 0.0000
O 318 10:1 10:2 DE 0.0000 DN 0.0000
O 317 a1 92 DE 0.0000 DN 0.0000
O 3. &1 82 DE 0.0000 DN 0.0000
O a1 6:1 62 DE 0.0000 DN 0.0000
O 320 21 2:2 DE 0.0000 DN 0.0000
0O 321 11 12 DE 0.0000 DN 0.0000
0 322 558:1 558:2 DH 0.0000

Here some of the points need to checked for deformation in height, while others are
to be checked for deformation in position. This requires manual changes to the
individual records.
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7. Free network adjustment

This network can be adjusted as a free network or as an inner constraint network if

you select to use the inner constraint adjustment in the Adjustment tab

P )

General options @

| Project | Geome‘tr'_.r| Adjustment | MOWE3 output selection | Units | Datasnnupingl

Adjust / design [.-“n.djustment '] [~ Fitter

Phase [Free nietwark v] [ Inner Constraint
Max number of terations 9 =

teration crteron 0.0001 m

Level of significance

Shift Vector 0317 -
Power
Corfidence level 10
Corfidence level 2D
C0 criterion 0.000 cm2
C1 criterion 1.000 cmZdm
Additional Output | None -|

[0k ]| cancel Help

General options Geometry tab

Then go to Compute| MOVE3 and adjust the free network to find errors in the

observations.

P

Select cutput project

Create report file © Feport file | HTHML - ] Ok

LCancel

C:AProjectentHow T oD efarmationE pochl and2. outl . kbl

e

Create aduzsted coordinates file : Browsze..

C:hAProjectentHowT o\DefarmationtE pochl and2. cor

Create covariance matrix file ©

C:AProjectentHowT o\DeformationEpochl and2. war

|lpdate coordinates after adjustment
Ovenwrite files

1

Fhasze |Free network
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Compute Free network

The MOVES report will give the testing results of the adjustment, allowing to identify

the points that have been affected by deformation. If the correction is bigger than

what is expected based on the standard deviation this case the shift vectors will be
rejected.

First we will show the results with automated datasnooping off.

File

# | C:\Projecten\HowTo\Deformation\Epochland2.outl.html '?'@
Edit
Mazx coord correction in last iteration 0.0000 m -
=l
TESTING
Alfa (multi dimensional) 0.6312
Alfa 0 (one dimensional) 0.0010
Alfa 0 (Shift vector) 0.3170
Beta 0.80
Critical value W-test 3.29
Critical value T-test (3 dimensional) 4.24
Critical value T-test (2 dimensional) 591
Critical value W-test (Shift vector) 1.00
Critical value T-test (3 dimensional) (Shift vector)  0.90
Critical value T-test (2 dimensional) (Shift vector)  0.98
Critical value F-test 0.98
F-test 0.454 Accepted
Chi-Square Test (99.9%)
Lower Bound 0.811
Upper Bound 1.213
Chi-Square Test 0.454 < Lower Bound
TEST SUMMARY
Record Station Target Test Factor| Red Est err
308 DH(shift) 5571 bh7:2 W-test 4.8 80 0.0054|m
7 DH(shift) 91 9:2 W-test 1.1 78 -0.0013|m
320 DH(shift) 21 2:2 W-test 1.1 81 -0.0012|m
318 DH(shift) 8:1 8:2 W-test 1.0 2 -0.0011|m
VARIANCE COMPOMNENT ANALYSIS
Variance Redundancy
Terrestrial 0.405 493.6
GNSS/GPS 1.005 44.4
Directions 0.373 133.2
Distances 0.286 139.8
Zenith angles 0.287] 148 4
Height differences 0.861 511
RNMQQURDE ranrdinata difarancas 1NNk A4 A =2

The Test Summary shows 4 rejected height shifts, the biggest is related to point
557.

After activating the automated datasnooping we get following results.

This is the most suspect one.
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7| C\Projecten\HowTo\Deformation\Epochland2.outl.html ’?‘@
File Edit
Max coord correction in last iteration 0.0000 m -
(=
TESTING
Alfa (multi dimensional) 0.6311
Alfa 0 (one dimensional) 0.0010
Alfa 0 (Shift vector) 0.3170
Beta 0.80
Critical value W-test 3.29
Critical value T-test (3 dimensional) 424
Critical value T-test (2 dimensional) 59
Critical value W-test (Shift vector) 1.00
Critical value T-test (3 dimensional) (Shift vector)  0.90
Critical value T-test (2 dimensional) (Shift vector)  0.98
Critical value F-test 0.98
F-test 0.412 Accepted
Chi-Square Test (99.9%)
Lower Bound 0811
Upper Bound 1.213
Chi-Sqguare Test 0.412 < Lower Bound
DATASNOOPING SUMMARY
Record Station Target Test| Factor| Red Est err F-test
308 DH(shift) 5571 557:2 W—test| 4.8| 80 0.0054 0.454
VARIANCE COMPONENT ANALYSIS
Variance Redundancy
Terrestrial 0.358 492 6
GNSS/GPS 1.008 444
Directions 0.373 133.2
Distances 0.286 139.8
Zenith angles 0282 148 4
Height differences 0.845 511
GNSS/GPS coordinate differences 1.005 444
Shift vector 0.089 202

MOVES3 adjustment report

In the report the Datasnooping Summary shows all rejected and removed
observations (in this case just one). To access the observation tab open the
Datasnooping items view from the Results menu. This view shows the observations
listed in the Datasnooping Summary.

n.] Datasnooping Surnmary

View Deselect Close

X5

Help

From To

Record Type
DHeight

5571 5572 W-est

Factor Redundancy F-Test

Datasnooping Summary
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Click the first item in the list to open the observation tab of the removed observation.
This observation can be deselected permanently (use CTRL-A and click Deselect to
deselect all the observations that were removed during automated datasnooping).

8. Exporting results

After the adjustment the adjusted coordinates and computed shift vectors can be
exported in a csv file

Export Shift Vectors @
Farmat: Separatar - | | Caomma - |
Length 15 Tlp

Export Adjusted Coordinates tab sheet

A B C D E F G H 1 J K L M M

i |\-"AL:1 -l 106066.1 458832.9 VAL:2 106066.1 458832.9 0.0024 -0.0043

2 |557:01:00 4.1556 557:02:00 4.1501 -0.0055 ** #
3 |556:01:00 106021 458730.3 556:02:00 106021 458730.3 0.0014 0.0045

4 553:01:00 106018.1 458723 553:02:00 106018.1 458723 -0.0026 0.0029

5 |552:01:00 106035.4 458717.4 552:02:00 106035.4 458717.4 0.0009 0.0003

6 | 551:01:00 106057.3 458707.8 551:02:00 106057.3 458707.8 -0.0012 0.0015

7 | 555:01:00 106038.5 458724.3 555:02:00 106038.5 458724.3 0.0002 0.0011

& | 554:01:00 106060.2 458715 554:02:00 106060.2 458715 -0.0006 0.0006

9 | 559:01:00 105982.2 458736.2 559:02:00 105982.2 458736.2 0.0032 -0.0013

10 10:01 1.9999 10:02 1.99%94 -0.0005

11 9:01 2.0017 9:02 2.002 0.0004

12 8:01 2.0858 8:02 2.086 0.0002

13 6:01 2.0765 6:02 2.0765 0

14 2:01 4.1477 2:02 4.1479 0.0002

15 1:01 4.1412 1:.02 4.1409 -0.0003

16 | 558:01:00 106092.3 458693.1 558:02:00 106092.3 458693.1 -0.0036 -0.0047

Exported Shift Vectors in Excel

The ** identifies the rejected shift vectors, the # indicates that the shift vectors have
been deselected, either manually or via automated datasnooping (**#).

Note that using suffix :1 etc combined with numeric point names may confuse Excel,
assuming that these are hours and minutes.

9. Constrained adjustment

If you have stable control points you can also use a constrained adjustment to check
for deformations. In this example there is just one control point in height, 557. Here
a problem is detected in this control point.
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7| C\Projecten\HowTo\Deformation\Epochland2.out?. html '?'@
File Edit
o, —
Alfa 0 (one dimensional) 0.0010 i
Alfa 0 (Shift vector) 0.3170 =]
Beta 0.80
Critical value W-test 3.29
Critical value T-test (3 dimensional) 4.24
Critical value T-test (2 dimensional) 591
Critical value W-test (Shift vector) 1.00

Critical value T-test (3 dimensional) (Shift vector)  0.90
Critical value T-test (2 dimensional) (Shift vector)  0.98
Critical value Ftest 0.98

F-test 0.411 Accepted

Chi-Square Test (99.9%)

Lower Bound 0.812
Upper Bound 1.213
Chi-Square Test 0.411 < Lower Bound

DATASNOOPING SUMMARY (2)

Record Station Target Test Factor| Red Est err F-test
308 DH(shift) 5571 5572 W-test 3.9 83 0.0043|m 0.481
59 Height B5T:2 W-test 1.5 80 0.0054|m 0.453
VARIANCE COMPOMNENT ANALYSIS

Variance Redundancy
Terrestrial 0.358 493.0
GNSS/IGPS 1.003 445
Directions 0.373 133.2
Distances 0.287| 139.8
Zenith angles 0.282 148.4
Height differences 0.845 511
GNSS/GPS coordinate differences 1.003 445
Known coordinates 0.188 15
Shift vector 0.089 206
PROJECTION AND ELLIPSOID CONSTANTS
Projection |RD(met correctiearid) (RD(incl. correction arid)) | | i

It is most likely that in in the second epoch the adaptor (6 mm) was not used at point
557. When just comparing the results of the adjusted heights based on the control
point 557 may conclude that all points levelled may have been shifted up for 6 mm,
where the problem is in the control height.
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