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ADOPTING GGMATLAB FOR ANALYSIS
AND VISUALISATION OF THE BERNESE GPS
SOFTWARE OUTPUT

Marcin Zajac

Wroctaw University of Environmental and Life Sciences

Abstract. Output of Bernese GPS Software for repeatable (i.e.: geodynamic) GPS sur-
veys contains both movement and accuracy parameters. The GGMatlab modules, created
for GAMIT/GLOBK (MiT), implement the movement visualization and trend analysis.
This work presents the concept and usage of GGMatlab for Bernese GPS Software. It de-
scribes the data conversion procedures and provides several trend analysis examples.
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1. INTRODUCTION

A precise geodynamical positioning can only be achieved using appropriate meas-
urement techniques (i.e. GPS, gravimetrics) and advanced computation tools. Bernese
GPS Software is the most popular package for this purpose in Europe. It can be used
both for determining positions and, in long lasting campaigns, velocities. Although the
package writes its output (i.e.: coordinates, RMS, velocities) into a cleanly structured
text file, bare digits (no matter how well ordered) will never become more communica-
tive than their visualisation. Unfortunately Bernese GPS Software does not do visualisa-
tion and the feature must be sought for elsewhere. A suitable tool for this purpose is
(Matlab® -based) GGMatlab[1] written for GAMIT\GLOBK Analysis Software (MIT).
GGMatlab holds two independent programs:

e velview — for velocity (of a point) visualisation.
e tsview — for time series visualisation and analysis.

In order to visualise a Bernese GPS Software output, the output needs to be con-
verted into the format expected by GGMatlab. To do so, one must cross-match the
GGMatlab input against the Bernese output.
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78 M. Zajac

2. DETERMINING THE GGMATLAB INPUT FORMAT

GGMatlab supports two file formats for input, one for velview and one for tsview.

2.1. Velview file format

There are no filename requirements except the extension, which must be *.vel. The
format implies two lines of heading: one for the column names, second for the reference
units. The lines that follow are data and that data is arranged into the following col-
umns:

1. latitude (decimal)

2. longitude (decimal).

3. Eastbound velocity component

4. Northbound velocity component.
5. Eastbound velocity adjustment

6. Northbound velocity adjustments.
7. RMS (1)

8. RMS (2)

9.

RHO (the correlation factor between E and N velocity components).
... The remaining columns hold analogous data for the height component.
The Last column is reserved for station names.

Example of file below (Fig. 1).

e
Bk Ll Fomst ok Pomog
SUMMARY VELOCITY ESTIMATES FROM GLOBK wver 5,11 =
Long. Lat, E & N Rate E & N adj. E &N +- RHO H Rate +- SITE
(deqg) {dag) Ly ) Cremn e ) mem e ) Crem/yr)
17,073 52,277 15.97 5.38 0.10 0.57 0.14 0.16 -0.369 a9 0,05 BORL_GPS™
16,437  50.213 14,76 7.58  14.76 7.58 0,47 0.44 0,029 0.10 2.00 PUST_GFS
16,144 50,510 16,72 =5.,17 16.72 =317 Q.49 0.45 -0.022 12.34 1.99 TURO_GPS
1 50.617 16,25 -3.99 16.25 -3.9% 0.49 0.45 -0,025 1.13 1.95 ZOLE_GPS
15, 50.494 14 .67 5.05 14.67 §.05 1187 0.54 -0.034 8.02 2_37 SUPI_GPS
1 50,646 13.82 -0.84 13,82 -0.B4 0.48 0.45 -0,057 0.46 1.96
1 50,736 14,80 -5.56 14,80 -5.58 Q.65 O.68 -0.065 0.71 2.86
1 49,731 14,91  -5.00 14,91 -5.00 0,47 0.43 -0.017 2.56 1.92
1 49,703 17.13 379 1713 5,79 0,47 0.42 -0.012 1.68 1,87
1 47,067 18,27 -4.60 0.72 0.13 0.29 0.24 0,329 0.20 0.
1 50.504 1532 =577 16.32 =5.27 0.49 0.45 -0.020 9.68 £
1 50,548 16.40 4,91 16.40 -4.91 0.4%9 0.45 -0,015 5.97 1.93 LIBS_GPS
1 50.637 16,31 3.97 156.31 3.97 0.50 0.45 -0.028 0.97 1.95 SKAL_GPS
1 50,453 1577 -4.96 LT =4.96 0.5 0.46 -0.006 =1.53 1.99 ZEBI_GPS
1 49,914 15.65 4,87 -1.20 -0.17 0,55 0.50 0,016 1.34 2.08 GOPE_GPS
1 49,144 17.00 4,64 0.17 0.06 0.51 0.34 0.018 0.93 0.18 WTZR_GPS

Ly o

Fig. 1. velview file example
Rys. 1. Format pliku velview
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2.2. tsview file format

tsview requres three input files named as follows:

e mb <STNM> <SOL>.datl,
e mb <STNM> <SOL>.dat2,
e mb <STNM> <SOL>.dat3,

Where <STNM> denotes the name of the measured point and <SOL> identifies to
the measurement method (usually GPS). There are three input files each devoted to a
different spatial component:

e *_datl is for north
e * dat2 is for east
e * dat3 is for the height component.

Every file contains exactly 2 lines of heading. The first is the name of the applica-
tion that has produced the output. The second identifies the spatial component the file
pertains to (one of: X,Y,Z) as well as states its mean value and mean integer value. Data
rows follow the heading lines. The data is divided among the following columns:

e  Measurement year (decimal).
e Value of the respective coordinate component (reduced by the aforementioned
integer mean).
e RMS.
Example of file below (Fig. 2).

B robs_B 1 _ G itz - ot akeiik =il
ik Edycla Fomat  widdk  Pomoc

CRD-coV data from Bernese analysys imported by Tsber2gam =
BORL to E solution 1 + 641455.8969 m

1996.6575 0.8966 0.0001

1996, 6603 0.8966 00,0001

1996.6658 0.8965 0.0001

1996.6685 0.8964 0.0001

1996.6712 0.8964 0.0001

1996.6740 0.8963 0.0001

1997 . 6603 0.8%44 0,0015

1997 .6630 0.8979 0.0009

1998.7178 0.8969 0.0003

1998.7205 0.8975 0.0004

1999.6959 0.8998 0.0003

1999.6986 0.8976 00,0003

2000.6740 0.8977 0,0003

2001.6877 0.8971 0.0003

2002.7041 0.8964 0.0002

2003 .5849 0.8965 0.0002

2004 .6822 0.8973 0,0002

=

KE | £

Fig. 2. tsview file example
Rys. 2. Format pliku tsview
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3. BER2GAM CONVERSION SOFTWARE. FILE READING
AND GATHERING DATA

As mentioned before the output from Bernese GPS Software is clean and well struc-
tured, i.e.: data are sorted by category and stored in independent sections. Point position
components are collated in one block with their RMS, and similarly, velocities and their
RMS are stored in different data block. Of course, the extraction of the time series (vel-
view) will take longer proportionally to number of files taken for conversion. The Ber-
nese GPS Software example output is shown below (Fig. 3).

B SUDETTZ10UT - Notatik =il xl
R Ldvcie Fomat widdk Pomos
LONGITUBE 17 4 1807859 17 4 1B.073677  -0.0567 0, 0007 4. 0007 0.6 0, 0007 =
1 eemR I 3902808, 6361 3002808, 4821 0,0440 0. 0003
¥ 1166609, 8231 1196909, 7765 -0, 0466 0. 0002
z 454800, 3112 ABB45%0. 3285 0.0174 0, i
HELGHT 590, 7870 550, 8185 0.0315 0. 0005 0. 0005 0.6
LATITUDE 50 18 13.384535 50 18 13.384288  -0.0107 0.0002 0.000L 93,7 0.0001 93,7
LONGITUDE 17 2 57.5214%6 17 2 57.%0@555  =0.0872 0.0001 2.0002 0.4 0. 0002
1 WROC 12217TMDOL x ZBESTSL. 4277 SHEISTS1.4237 Q.00 0. 0004
¥ 1177249, 8257 1177249, 6421 0,002 0. 0002
2 494160%,1568 4841605, 1675 . 0081 0. 0004
HELGHT 180, 7969 160.8031 0.0062 0.0005 0,0005 1.1
LATITUDE 1 6 47,73593% 51 B 47.735705% 0. 0052 0. 0002 €. 0001, Q6,2 0.0t a6, 3
LonGITUDE A7 F 43.336428 17 3 43.337097  0.0430 0. 00 G000 -0.6 0. 0002
1 wWiZA 14201M010  ® 407550, 6740 4075580, 6741 =0. 0008 0. 0002
¥ 931853, 6709 931853.6712 0, 0003 0. 0001
r 4801565, 0599 4801568, 0624 0.002% 0, 0003 J
METGHT 66, 0297 656, 0311 0. 0014 0. 0003 0.0003 0.4
LATITUDE 49 8 39.11062% 49 8 39.110606  0.0021 0. 0002 0.0001 101.9 0.0001 101.8
LONGITUBE 12 52 44067724 12 52 44067745  0.0004 0, 0001 0. 0002 0.2 0. 0092
1 staz " 3B63630.4976 3863630, 5837 0,066 0. 0004
¥ 1187507, 4287 1187507, 3852 0. 0430 0. 0002
z 4917632, F060 AUL7632, 761 0.0401 0. 0004
HEIGHT 2%6,3211 256, 3962 0.0751 0. 000% 0.000% 0.8
LATITUDE 50 46 13,615383 50 4% 13.614456  -0.0086 0. 0003 0.0002 4.8 00002 4.7
omGITUeE 17 5 6323101 17 5§ 6319715 -0.0661 0. 0002 ¢.0003 0.7 0. 0303

o8

STATION VELOCITIES IN MM/YEAR CONCERNING ZERC VELOCITY FLELD AND APHIORI FIELD

MM STATION #IL FLG i EME vy EME BME Lear Mg
v RME VE RMS vu RMS VAZI-DEG-AMI

1 porl 12205M002 15 W 17,40 .4 16.10 S.0F &.24 .03 G4
14,44 0,04 20, 50 .03 0. 7T 0.01 0.07

=17.40 0.4 16,10 G.03 g.24 .03 o.04

14,48 0.4 20,50 0.03 -0.77 0.00 0.07

1 TRZE 19 W 18,53 0,04 17,02 0.0 10,27 .03 0.04
16,08 0.05 21.78 0. -0 0l .0l .08

18,39 0,04 17,02 a0 10.27 0.03 0.04

16,048 0.05 i1.78 Rl =001 G0 .08

1 BRAD 14 w -16.09 R 16,353 0.4 8. 0.04 0.04
1392 0,05 20,46 g.04 .00 0.0 0,09

=16.09 0. 04 16.53 .04 8.5 .04 0.04

13.92 0.05 20,48 0,04 0.00 0.01 .09

1 RUDN 1% w o <1750 [l 16.51 .04 9.9 .03 0.4
1%.43 0.05 21.00 0.04 =0.01 9.01 0.08

I 6% oo 5 ; 635 o e

Fig. 3. Bernese output file
Rys. 3. Plik wynikowy Bernese

4. DATA VALIDATION AND PREPARE FOR WRITE

The next stage of conversion is data validation. For the velocity data it is simple
comparison between the number of stations found in the velocity data block and coordi-
nate data block. Data validation for time series is slightly more complicated. The first
step is acquiring the measurement epoch. By convention the epoch is embedded into the
file name, failing that (file renamed), the epoch can be read from the file body.

The second step of the data validation is determining the number of available sam-
ples. If there are not enough epochs (at least 5) [2] for a given point, the point is ig-
nored. The last stage of the validation is, for each given point, removing redundant
measurement entries (i.e.: two or more from the same day) and sorting them against the
timestamp.

Acta Sci. Pol.
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5. GGMATLAB ANALYSIS

As mentioned before, GGMatlab includes two programs, one for the velocity visu-
alisation, and the other for the time series analysis.

5.1. VELVIEW

Velocities and directions expressed numerically (in a text file) do not offer much of
a readable view of the geodynamics found in a given area. It is perhaps feasible to draw
conclusions from up to four data samples, above that however; one needs some sort of
visualisation tool e.g.: velview.

In principle, velview produces a velocity vector field, i.e.: graphical vectors depict-
ing the velocity value, direction and RMS (at head of arrow). The vectors are scaled (the
legend below the drawing indicates the scale). In addition to the velocity field, it is also
possible to add more data to the visualisation:

e Secondary velocity field (from subsequent years).
e Linear objects —rivers, borders, faults etc.
e Point objects — cities, earthquakes, etc.

This data can be imported from auxiliary files. The data must include B, L coordi-

nates and may include additional data (i.e. earthquake magnitudes)

The velview’s GUI (Graphical User Interface) has the Load Options panel featuring;
e SigLimit - limits velocity uncertainties.
e  Error Scaling — custom multiplier of the original (input) sigmas.
e Confidence Int - changes the confidence intervals for the error ellipses and vertical
velocity error bars.
e Arrow Length — scaling the vector lengths relative to the screen size (millimetre
vector value produces a millimetre long vector on the screen).
e Arrow Head Size — scaling of the arrow head.
e Display — sets the contents of the figure: Three checkboxes:
o N-—Toggle site names.
o H- Toggle horizontal velocities.
oV —Toggle vertical velocities.

The GUI also includes:
e Pan Buttons — these four buttons pan the view by half the width or height respec-
tively.
Zoom Buttons — there are two kind of zoom buttons:
The first acts like the normal Matlab® zoom.
The second, Vec Zoom In and Vec Zoom Out preserves the vector lengths.
Redraw Button — redraws the plot with the current options.
Profile Buttons — velview allows evaluating and drawing terrain profiles. There are
two ways of picking a new profile line:
o By typing the azimuth of the profile line.
o By actually drawing the line on the plot.

Geodesia et Descriptio Terrarum 5(1-2) 2006
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When the profile line is in place, one needs to choose the area for the new profile to
cover. The stations included by the area will be tagged with yellow circles. Promptly
thereafter the second plot window opens showing the profile line and selected stations.
There are several options for this plot. These are:

o Point identification.
o Point deletion.
o Function fit.
o Save.
e Offset row — removes the offset between the primary and secondary velocity fields.
e Alignment row — computes the offsets between the primary and secondary velocity
fields.
e  RmDups — removes duplicate site names.
e Stats — computes the velocity differences between the nearby points in the current
view.

Velocity field and profile line examples are presented on Figures 4 and 5.

L S5
CRIVeV ry
ICE Qb el sy
CEQIVel xy
CEQ2VEl =y

Load Optians  Horiz Vet '
sig Limit meniyr [T 2 T8

20 mmiyr, N L
i e CATL - i, i SSCMS i
2414 2416 2418 242 2422 2424

Fig. 4. velview visualisation example
Rys. 4. Przyktad wizualizacji velview
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Wmean -3.60 + 0.0d mmfyr;, WRMS 1.1 mmiyr, NRMS 608, 17 sites
_ Linear 0.032 + 0.002 (mmifyrphm; WRMS 0.8 mmiyr, NRMS  4.46Azimuth 53.96 deg

To— 2
1o Deiste I % -dl[
n il :
File[TERT profoat B ® & RIS - L
e [Sachob Lo a© 10 '_".'.—r)r* ——— - = o —— = e =
Aifgraotens | 2 ' -~
EE] < _14f . . ' . ! A
I i “mean 1905+ 004 mansau'ﬁMS Yo mmf}rl??\lRMS ‘I@lﬂ: 17 sites e
SS(100,10) / Lincar -0.142 + 0.002 (mmfr)km: WRMS 0.8 mmifyr, NEBMS  3.00Azimuth -30.04 deg
I— - ["— T ' ! ' ! !
I é‘aﬁL O----_"ﬂ-p_-_ ox .
E TR
E T
i =
e e 1
Alona Track i ==
URHS 0,8 NRMS 3,04 | & i
FOMO 5,08+ 0,18| &

FONi =18+ 0,07 e

L L e 4. ook arh
F“‘gé 1-?3‘: ggi? Bumean Toz - o mmiy-Rams & memieArns £z 17 il 0
CE 5 Tl;a" 61 Linear 0.033 + 0.004 (mm/yr¥km; WRMS 1.6 mmiyr, NRMS  4.46

o

URHS 0,3 MRMS 1,30 &
FLND 38,98 018 T =
FOL 4.5 07| T

FONZ -3,85+- 0,32| E 2 & i
FCHZ -9.45— 081 | = | < B

URHE 1.1 NRMS 2,57 2 s e I

F Lz gt 2L L B L E Ty .

g e e 20 30 40 50 50 70 80 a0 100
FING 422+ 150 DR Distance along Profite (km)

Fig. 5. Profile line visualisation example
Rys. 5. Przyktad wykresu profili

5.2. tsview

For each point, tsview will draw three separate plots (one per a coordinate compo-
nent). Each plot depicts the location versus time. Each point can be further analysed in
respect to its (movement) trend. The result depends on the selected options:

e Type of the detrend function with the following available:

o Logarithmic.

o Exponent.

o Sine (Annual & Semi-annual).

o Cosine (Annual & Semi-annual).

e Linear only resid — when this check-box is checked, the estimated sine and cosine,
exponent and logarithm coefficients are not removed from the data.

e Real sigma — when chosen, the algorithm assumes that the noise process is the first
order Gauss Markov process. The time series residuals to the fit to the data are av-
eraged over increasingly longer intervals.

e Automatic outlier rejection — removes outliers that do not satisfy the given crite-
rion.

Error rejection — rejects/ignores high RMS rate entries.

Append breakpoints — a breakpoint marks the time of an event (i.e. an earthquake
or displacement). Given an appropriate configuration, breakpoints can be used to
recalculate the trend characteristics starting from specific events.

Geodesia et Descriptio Terrarum 5(1-2) 2006
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The remaining tsview options bear no influence on the detrend process. They allow
appending auxiliary data and modify the view or data that is being displayed. These
options are:

e Average — displays the average of time series residuals over the given interval (in
days).
Append data from an additional station.
Zoom in and out of the selected area of the plot.
Watch the selected time span.
Save detrend results.
Print the detrend plot and results.
Examples of a trend line including numerical results are presented on Figure 6.
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Fig. 6. Example of tsview analysys
Rys. 6. Przyktad analizy tsview

6. CONCLUSIONS

Since there is no visualisation and analysis tool specifically tailored for Bernese
GPS Software, it has been difficult to present and process its output. This paper proves
that with a negligible effort of writing a simple data converter, Bernese can gain a new,
powerful visualisation and analysis tool. What is also important, both GGMAtlab and
ber2gam are open source tools and hence can be modified for individual purposes.
GGMatlab can be downloaded from the GAMIT/GLOBK website — http://www-
gpsg.mit.edu/~tah/GGMatlab/.
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Ber2Gam has been implemented based on MATLAB ® (licence no.: 101979),
within the processing time grant awarded by Wroclaw Centre for Networking and Su-
percomputing.
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ZASTOSOWANIE MODULOW PROGRAMOWYCH GGMATLAB
DO WIZUALIZACJI I ANALIZ WYNIKOW OPRACOWANIA SIECI GPS
ZA POMOCA BERNESE GPS SOFTWARE

Streszczenie: Pliki wynikowe programu Bernese GPS Software z obliczen z wielu epok
pomiarowych GPS zawieraja parametry ruchu oraz ich doktadnosci. Moduly GGMatlab,
napisane dla srodowiska GAMIT/GLOBK (MiT), maja mozliwos¢ wizualizacji ruchu
oraz analizy trendu. Praca ta prezentuje mozliwosci wykorzystania modutow GGMatlab
dla wynikow uzyskanych ze srodowiska Bernese. Przedstawiono takze algorytm konwer-
sji danych oraz przytoczono przyktady opracowania danych.

Stowa kluczowe: wizualizacja predkosci, modele trendu ruchu, konwersja danych
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