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ACTIVITY OF THE FIG WORKING GROUP 6.1 ON DEFORMATIO N
MEASUREMENTS — PROGRESS REPORT 2006-2008

Adam CHRZANOWSK} and Cecilia WHITAKER

Canadian Centre for Geodetic Engineering, Universit New Brunswick
Metropolitan Water District of Southern Califorfia

Abstract: International symposia organized by FIG Working Gr®.1 provide international
forum for the exchange of information on developtaesf new techniques and methods for
monitoring and analysis of structural and grountbeation. International Task Forces are
established to solve specific problems that aratified by researchers and users of the new
methods and techniques. Currently, the followingKigorces are active:

Task Force 6.1.3: Optimal Use of Interferometriathgtic Aperture Radar (INSAR);

Task Force 6.1.4: Monitoring and Analysis of Cydleformations and Structural
Vibrations;

Task Force 6.1.5: Remote Engineering Surveys watteBtrial Laser Scanning techniques;

Task Force 6.1.6: Geodetic Engineering in CrusedbbDnation Studies;

Task Force 6.1.7: Continuum Mechanics as a Supgodeformation Monitoring.
A summary of progress reports submitted by the TFaskes is presented.

Key words: monitoring techniques, INSAR, laser scanners,tinaom mechanics, FEM,
crustal deformations, cyclic deformation,
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GEODESY & ENGINEERING -DEFORMATION STUDIES
AT LARGE SCALES FROM A GEODETIC VIEWPOINT

Chris RIZOS
School of Surveying & Spatial Information Systehfe University of New South Wales

Abstract: Geodesy is the foundations of Surveying and Mappifeg Geodesy is also a criti-
cal geoscience discipline. Geodesy's contributionglobal change studies, crustal dynamics,
seismological and volcanic research, sea levelmseocean circulation, mass transport in the
atmosphere, oceans and solid earth, are well kraowdnincreasingly important. The Interna-
tional Association of Geodesy (IAG) has developete& component of its activities known
as the Global Geodetic Observing System (GGOS). &@flfies the work of the various
IAG Services (the IGS, IVS, ILRS, IDS, etc) and tbemmissions. However GGOS is not
just about global scale observing and analysisesysi there will also be local components.
Deformation due to ground subsidence, coastlingi@no landslide hazards, building struc-
tural monitoring, etc., using a range of technadsgis hence an important part of GGOS. In
addition, increasing development of GNSS technelgand methodologies promise im-
proved positioning performance for all users, idahg geodesy and precise deformation ap-
plications. One important initiative is the estabtnent of real time products and services
from the Internationa GNSS Service (IGS). Manylefse developments in modern geodesy
will impact on sister disciplines represented by BHG. This paper will discuss developments
in the IAG, and within geodesy in general, and teetdnem to the work of FIG Working
Group 6.1 and IAG Sub-Commission 4.2.

Key words: Geodesy, IGS, IAG, GGOS, GNSS, deformation.
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DEFORMATION MONITORING THROUGH
MULTI-PLATFORM INTEGRATION

Eric DAVIS, Scott MARSIC and William ROADARMEL

Pinnacle Technologies, Inc.

Abstract: GPS, Tilt and INSAR measurement technologies alehshortcomings that limit
their application in deformation monitoring progctProper integration of all three measure-
ment types allows many of these shortcomings tmitigated and provides stable, high accu-
racy and high precision measurements of groundsernd structure motion.

The performance regime of each technology is wstlildished. GPS is ideal where absolute
measurements are needed, where all three axestwimaoe of interest, and when long term
accuracy of results is a key requirement. InSARdpecially applicable where large areas
need to be covered, ground instrumentation is prvely expensive, and deformation rates
fall within its lower, yet respectable, resolutibmits. Tilt is the only technology capable of
both medium and very high precision measuremenitiseogéarth surface or structures.

Each of these technologies has several weakndssesitist be addressed for their successful
and accurate deployment. For example, GPS sieesetatively expensive and require open

sky. Tilt becomes impractical for monitoring ardaiger than several square kilometers and
loses its precision advantage over long periodsrd. Since tilt measures the gradient of the
deformation, instrument layout requires speciardatbn and may compromise results if not

implemented correctly. INSAR provides line of digieasurements rather than the full mo-

tion vector and is often limited in accuracy byiabte atmospheric and ground conditions.

Integrating the different technologies, by usindgad@iom one set of tools to constrain the
analysis of another, takes advantages of theiregtie strengths while partially cancelling

the weaknesses. The result is a more robust andae monitoring system that can meet
design goals previously unattainable or attainaloly at very high cost. The paper outlines
the integration methods and provides examples esdelsystems using real data. Finally, an
automated system is introduced that performs daadity control and presents the results in
an easy to understand format.

Key words: GPS, Tiltmeter, Tilt, INSAR, Integration, Defortiman Monitoring
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DESIGN AND ANALYSIS OF MULTI-SENSOR
DEFORMATION DETECTION SYSTEMS

Anna SZOSTAK-CHRZANOWSKI, Adam CHRZANOWSKI,
Nianwu DENG, and Maciej BAZANOWSKI

Canadian Centre for Geodetic Engineering, Univgrsit New Brunswick

Abstract: Recent world-wide catastrophic failures of cividamatural structures dramatically
increase the demand for fully automated, reliatéwe continuous monitoring of structural and
ground deformation. To satisfy the requirements,optimal combination of geodetic and
geotechnical/structural instrumentation is sougtihe development of multi-sensor deforma-
tion detection systems. The design of the systeons fve based on the integrated analysis in
which geometrical analysis is combined with detaeistic modelling and prediction of de-
formations. Geodetic robotic total stations, GN8&hiques augmented by pseudo-satellites,
and micro-machined sensors based on the micror@eethanical systems (MEMS) tech-
nology, are the main components of multi-sensotesys being developed at the Canadian
Centre for Geodetic Engineering. Deformation DedectSystem software suite for fully
automated data acquisition and data processingosisgihe systems. The design and physical
interpretation of the integrated monitoring survays based on the finite element method.

Key words: deformation monitoring, FEM, deterministic mod®j, multi-sensor systems
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COMBINED TECHNIQUES FOR THE STABILITY
CONTROL OF HISTORICAL STRUCTURES

Alberto GUARNIERI, Nicola MILAN, Antonio VETTORE
CIRGEO - Interdepartment Research Center for Gems)dtniversity of Padua

Abstract: The demand for high-definition surveys within cudtu heritage-related projects
represents one of the main factors which promdteduse of laser scanning technology. By
measuring millions of points within relatively slhdime periods, terrestrial laser scanners al-
lows to derive complete and very detailed 3D model®gal objects from acquired point clouds.
These features drew in recent years the interestiveyors, engineers, architects and archae-
ologists towards the laser scanning technique @svatuable surveying mean for 3D modeling
of sites and artifacts of cultural heritage. A widgiety of objects, e.g., small pieces of pottery,
statues, buildings, and large areas of archaealogites, have been scanned and modeled for
various purposes like preservation, reconstrucsargy, and museum exhibitions. However, the
use of TLS systems for stability control is stillesearch field not much investigated.

In the view of insight investigation on this top&three-years project has been established in
order to evaluate the use of multiple surveyingntegues for the stability control of a complex
historical structure. To this aim, terrestrial laseanning (TLS), total station (TS), deflectome-
ters and photogrammetry are being employed faisatést on the Anatomy Theatre, one of the
oldest, most important and best-known historicaétimal” buildings. Located inside tiea-
lazzo del Bq'the building seat of the University of Padua, Theatre was built in 1594 as first
permanent structure of its kind and substitutedtlier temporary theatres which were set up
when necessary. The main goal of this work is tdwhe stability over the time of this kind of
structure, given the inherent organic decay oftbeden parts.

So far four consecutive surveys of the Theatre Heeen carried out with a Leica laser scan-
ner (HDS 3000) and a Leica Total Station. In thetfone the historical structure has been
fully measured in order to derive a complete 3D eladited for FEM analysis; then, accord-
ing to a six months time span, three further suswegre performed for stability check.

In this paper we present the results obtained fileenrepeated surveys and highlight issues
and difficulties related to the laser scanningmuausual geometry such as the one provided
by the Anatomy Theatre of the University of Padua.

Key words: stability control, terrestrial laser scanning, 8iddeling
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DAM MONITORING USING COMBINED
TERRESTRIAL IMAGING SYSTEMS

Jodo BOAVIDA, Adriano OLIVEIRA and Luis BORGES

Artescan — Digitalizacdo Tridimensional, Lda.

Abstract: Thousands of registered large concrete and embantlshaens have now more than
five decades of operation and age related probl&tnactural safety condition assessment is
the main aim of dam monitoring activities and aa®n for authorities. Laser scanners com-
bined with digital calibrated reflex cameras previdccurate and very dense 3D numerical
models as well as spatially continuous high-resmiuRGB information of the objects under
study. These combined terrestrial imaging systedidg) provide a huge amount of geomet-
ric and radiometric well structured data in a shgetiod of time. A 3D scanning company,
Artescan, and a research organization (LNEC, LabdeaNacional de Engenharia Civil, in
Portugal) have been, since 2003, developing positiononitoring methodologies for em-
bankment dams and assisted visual inspection melingids for concrete dams. Interesting
results have been achieved in what concerns puasiteccuracy, system reliability and cost-
effectiveness of this approach to enhance dam oramgt capabilities. This paper presents
different examples of the developed methodologseapplied to dam monitoring.

Key words: Structural safety assessment, monitoring, lasanrsng, digital calibrated cam-
eras, combined terrestrial imaging systems, viswsglection, positional accuracy, reliability.
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POINT ATTITUDE DETERMINATION USING INCLINOMETER AND
GPS FOR HIGH RISE BUILDING MONITORING PROJECTS

Joél VAN CRANENBROECK, Vincent LUF, Jean Xiaojing L and Chris RIZO%

Leica Geosystems AG Heerbrugg
Leica Geosystems Ltd Hong Ko?ng
University of New South Walés

Abstract: Traditionally structural response of high-rise din due to severe conditions has
been measured using accelerometers only.

The new generation of dual axis digital inclinomedad a loose integration with GPS-RTK
receiver can bring a better answer for those wharderested in monitoring such structure.

An inclinometer provides an absolute dual-axis imation measurements referring to the
main gravity vertical. GPS-RTK offers direct relegi displacement measurements for dy-
namic monitoring, but it has its own limitationsh& measurement accuracy can be affected
by multi-path and are influenced directly by théeite constellation geometry. Moreover the
altitude delivered by GPS needs to be expressad arthometric reference frame.

In this paper a new technique will be described tises the correlation signals directly de-
tected from a GPS-RTK receiver and an high accunatanometer to produce an optimal un-
biased estimation of the point attitude (dx, dy, r#,pitch and azimuth) variation.

The methodology consists of Fast Fourier Transf#RT), a filtering technique, and velocity
linear trend estimation from both GPS and inclinteneneasurements.

Several types of datasets have been tested froipregot deployed on high-rise towers and
the results will be presented.

Because of redundancy within the loosely integr&&$5-RTK and inclinometer system, the
authors opinion is that a much more robust qualggurance in monitoring structural defor-
mation for high-rise building can be achieved pguime way for new applications as well.

Key words: high-rise building, monitoring, point attitudeciinometer, GPS.
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IMPORTANCE OF LOCAL TIES FOR THE ITRF

Zuheir ALTAMIMI
Institut Géographique National

Abstract: The key-element of the construction of the Inteowatl Terrestrial Reference
Frame (ITRF) is the availability of co-locationestwhere two or more space geodesy instru-
ments are operating and where differential cootdméocal ties) between the measuring ref-
erence points of these instruments are determihleel.very existence of the ITRF relies on
the availability and quality of local ties in coelation sites as well as the number and distribu-
tion of these sites over the globe. In this prestéont we review the current status of co-
location sites of the 4 techniques contributinghte® ITRF: VLBI, SLR, GPS and DORIS. Af-
ter recalling the usage of local ties in the ITR¥nbination, we will evaluate the impact of
their errors on the ITRF quality and reliability a®ll as on its datum definition and mainly
its physical parameters, namely the origin andsttade. Based on the results of the ITRF2005
combination and other analysis, we will isolatel@cation site where discrepancies between
terrestrial surveys and space geodesy estimatesgaiéicant.

Key words: Reference Frames, Combination, Local Survey, ITRF
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CHALLENGES OF INTER-TECHNIQUE TIE SURVEYS —
AN ENGINEERING PERSPECTIVE

Hansjorg KUTTERER, Harald VENNEGEERTS, Jens-Andéd-PENHOLZ
and Hans NEUNER

Geodetic Institute, Leibniz University of Hannover

Abstract: The determination of terrestrial and celestialnefiee frames is based on the com-
bination of space-geodetic techniques such as Meng Baseline Interferometry (VLBI), the
Global Positioning System (GPS) and Satellite L&®nging (SLR). Today, impressive re-
sults for the determination of the site coordinaies already reached globally in the range of
a few millimetres. For the inter-technique combimat collocation sites are maintained which
provide at least two different space-geodetic tephes. The actual connection of the respec-
tive techniques is based on local surveys which igpical task of engineering geodesy. In
order to provide highly precise and reliable lages, both scientific and technical issues have
to be treated considering the available surveyaatrology.

The goal of this paper is to show both the possésland challenges of inter-technique tie
determination from an engineering viewpoint. Thegentation is divided into three parts.
First, the state of the art of local tie surveysliscussed. Some shortcomings of the present-
day strategies are indicated. Second, the relesensors and systems are presented including
high-end instrumentation such as laser trackerdas®t scanners. Third, a more comprehen-
sive dynamical monitoring approach is outlined dmtussed regarding instrumentation and
data analysis which can provide high-quality la@aproducts.

Key words: Reference frames, local ties, engineering geqdastrology
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INDIRECT DETERMINATION OF THE INVARIANT REFERENCE
POINT (IVP) OF SLR AND VLBI OBSERVING SYSTEMS

Alexander R. WOODS

Geoscience Australia

Abstract: The integrity and strengths of multi-technique detrial reference frames such as
ITRF2005 depend on the precisely measured and &sguelocal tie connections between
space geodetic observing systems at co-locatedwatsdes. Australia has several geodetic
observatories, which together host the full varietyspace geodetic techniques, including
GPS, GLONASS, DORIS, SLR and VLBI. The observatiamederence point of large geo-
detic observing systems, such as SLR and VLBl garerally inaccessible. Therefore, Geo-
science Australia developed an indirect measureaggmtoach, using terrestrial observations,
to precisely determine the invariant reference p@wP) of SLR and VLBI telescopes. The
indirect IVP determination technique involves aorigus process of three-dimensional circle
fitting to the coordinates of targets observed ba s$tructure during rotational sequences
about each of the systems’ independent axes (@rguth and elevation). Geoscience Austra-
lia routinely measures millimetre accurate conmetibetween survey monuments and geo-
detic observing systems at co-located observat@iesss Australia. The IVP derivation
technique continues to be refined, looking to aatdar further un-modelled systematic er-
rors.

Key words: local tie, indirect method, invariant point (IVBLR, VLBI
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TERRESTRIAL SURVEYING APPLIED TO LARGE VLBI TELE-
SCOPES AND ECCENTRICITY VECTORS MONITORING

Pierguido SART}, Claudio ABBONDANZA and Luca VITTUART

Istituto Nazionale di Astrofisica — Istituto di Radstronomid
Universita di Bologna — DISTART

Abstract: Large VLBI telescopes undergo gravitational defdrames which affect both geo-
detic and astronomic observations as well as therederence point (RP) position (i.e. the
reference point which is directly linked to andetatined by the physics of the VLBI obser-
vations). As a consequence, the accuracy of edciytvectors determined with high preci-
sion terrestrial observations strictly depends lengossibility of univocally define the geo-
detic instrument’s RP to be surveyed and estimaseathnique dependent effects (e.g. gravita-
tional and thermal deformations for VLBI, phasetoewariations for GPS, etc) bias RP posi-
tions and weaken and corrupt the information coetiin the eccentricity. The impact on
combined geodetic products is remarkable; a prdp@nition of space geodetic instruments’
RP must therefore account for possible biasesioalify its theoretical position. Whether the
problem must be directly addressed by each teckrigecific Service is still an open issue.
Indirect approaches based on high precision tei@ésibservations have proved to be addi-
tional, accurate and independent tools for detangiand monitoring the eccentricities at co-
location sites. Nevertheless, a deeper and rigaraestigation on RP location’s variations is
at least as important and it is nowadays fundarh@ntaach space geodetic instrument.

To this respect, we are presenting the investigation VLBI telescope’s RP position that
were carried out at Medicina and Noto (ltaly) oe #2 m antennas: trilateration, triangulation
and laser scanning observations were applied ambiced to monitor the gravitational de-
formations which affect the telescope’s structure & derive an elevation dependent correc-
tion function for radio signal path.

Key words: local tie, indirect method, terrestrial observas, reference point, laser scanning
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AN EVALUATION OF METHODS FOR THE IDENTIFICATION OF
VARIANCE CHANGES IN DEFORMATION ANALYSIS

Hans NEUNER

Geodetic Institute, Leibniz University of Hanover

Abstract: An important aim of structural deformation analyisiso obtain parameters for the
reaction strength and delay of the monitored simectbased on continuous observations of
the deformation and the acting loads. This tageisormed using specific tools of time series
analysis. The used functions assume the statignapitto the 2 order of the observed phe-
nomena. As a consequence the parameters are estifnam the entire available data set.
However, the analysis of the structures’ defornmabehaviour due to loads exhibiting an ir-
regular pattern, i.e., traffic or wind, requiresnare thorough consideration of this assump-
tion. Its violation may lead to biased estimatiohshe parameters.

The present paper deals with methods for the ifieaiion of variance changes in the re-
corded time series. Based on the detected chamgesam adapt the estimation model by in-
troducing different system parameters correspontingach segment of the time series with
homogeneous variance. The assessed identificatethoas use different approaches. The
first one uses a statistical test, with a test @dlased on the cumulative sum of squares. In the
second method the configuration of the change-pasnéstimated.

In order to avoid influences due to changes ofmtigan, the time series are first decomposed
using a Wavelet-Transform. The variance homogerddityndividual spectral components of
time series is analysed at the level of the waedefficients.

First, the theoretic concepts of the two methoasistroduced. The second part is dedicated
to the assessment of the performance of these detiased on simulated signals and on real
data recorded at a wind energy plant and a veltitaridge.

Key words: variance homogeneity, change points, deformatiwalysis
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AUTOMATED ANALYSIS AND EVALUATION OF TECHNICAL SUR-
VEYING PROCESSES WITH KNOWLEDGE-BASED SYSTEMS

Andreas EICHHORNand Klaus CHMELINA

Institute of Geodesy and Geophysics, Engineeringd€sy, Vienna University of Technolbgy
GEODATA Ziviltechnikerges. mBH

Abstract: In this paper the application of knowledge-basestesys for the analysis and
evaluation of geodetic measurements is describéw: flrst part gives a nontechnical
overview over existing software products like Geodind current research activities (e.g.
TUNCONSTRUCT, KASIP) with special focuses on tummgl and natural disaster
management. The second part of the paper deseribase study from technical surveying in
detail: the knowledge-based evaluation of the ¢yali free stationing on construction sites
(e.g. tunnel sites). One main goal of the knowledgsed approach is to automate the time
consuming daily process of manually checking Idtdaiasets by human experts. The paper
shows the development of the knowledge-based sysiaging from knowledge acquisition
over knowledge analysis and representation upeicdftware prototype. A practical example
is presented which indicates the capability ofsixstem even to reproduce the often intuitive
ratings of human experts.

Key words: Technical surveying, free stationing, knowledgesdx system, quality assess-
ment
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BAYESIAN ESTIMATION IN DAM MONITORING NETWORKS

Jodo CASACA, Pedro MATEUS and Jodo COELHO
National Laboratory for Civil Engineering

Abstract: A Bayesian estimator with informative prior distitibns (a multi-normal and an
inverted gamma distribution), adequate to displaa@nestimation at dam monitoring net-
works, is presented. The hyper-parameters of tioe gistributions are obtained by Bayesian
empirical methods with non-informative priors. Tierformances of the Bayes estimator and
the classical generalized lest squares estimagoc@npared using two measurements of the
horizontal monitoring network of a concrete gravigm: the Penha Garcia dam (Portugal). In
order to test the robustness of the two estimatposs errors are added to one of the meas-
ured horizontal directions: the Bayes estimator@sao be significantly more robust than the
generalized least squares estimator.

Key words: Bayes estimator, hyper-parameter, informativerpri
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COMPARISON OF MONTE CARLO AND FUZZY TECHNIQUES
IN UNCERTAINTY MODELLING

Ingo NEUMANN, Hamza ALKHATIB and Hansjorg KUTTERER
Geodetic Institute, Leibniz University of Hannover

Abstract: The standard reference in uncertainty modellingngineering and mathematical
science is the “Guide to the Expression of Uncetyain Measurement (GUM)”. GUM
groups the occurring uncertain quantities into “@yp” and “Type B”. Uncertainties of
“Type A” are determined with the classical statistimethods, while “Type B” is subject to
other uncertainties like experience with and knalgé about an instrument. GUM proposes
to describe both types of uncertainty with randamargities. For this reason, all occurring
uncertainties can be treated in a stochastic frasrlewsing variances and covariances. Our
comparative study focuses on the description antherpropagation of the uncertainties of
“Type B”.

Monte Carlo Techniques provide a powerful toolaketinto consideration, that the uncertain
quantities of “Type B” are not normal distributeahly. They allow computing variances, co-
variances and confidence regions for the parametersterest with respect to triangular,
trapezoidal, uniform and normal distributions iralgy to the guidelines of GUM.

But in the last years new mathematical techniquexevintroduced as an alternative evalua-
tion to handle with uncertainties of “Type B”. Thalows to distinguish between “Type A”
and “Type B” uncertainties within the propagaticogess of the uncertainties to the parame-
ters of interest. Whereas the uncertainties of €I'yyj are modelled in a stochastic frame-
work, the uncertainties of “Type B” were treatedhwinterval and fuzzy techniques.

In this study both approaches shall be criticalyzeal and compared to each other. The ap-
plied procedure is outlined showing both, the tigeaoxd a numerical example for the evalua-
tion of uncertainties in an application for las@rsaing.

Key words: Monte Carlo Techniques, Fuzzy Techniques, GUM

Corresponding author contacts

Ingo NEUMANN

neumann@gih.uni-hannover.de
Geodetic Institute, Leibniz University of Hannover
Germany

16



easu('\ﬂ% 13th FIG Symposium on Deformation Measurement and Analysis
U %es 4th IAG Symposium on Geodesy for Geotechnical and Structural Engineering
ot

ne c
LNEC, LISBON 2008 May 12-15

COMPARATIVE TESTING AND ANALYSIS OF RTS VERSUS GPS
FOR STRUCTURAL MONITORING USING CALIBRATION MEAS-
UREMENTS UPON SINUSOIDAL EXCITATION

Vassilis GIKAS and Stamatis DASKALAKIS
Laboratory of General Geodesy, School of Rural 8ndveying Engineering, NTUA

Abstract: In the past, conventional and satellite surveyirgghods have been used to moni-
tor the dynamic behavior of oscillating engineerstigictures. However, only very recently, a
thorough examination of their capabilities and tations in terms of positioning quality
measures has been attempted.

This paper presents an experimentally based apptoathe study and cross-examination of
the modal characteristics of GPS and Robotic T8tations (RTS) used for structural moni-
toring applications. Dynamic deformations of ayfutontrolled sinusoidal form were pro-
duced using an oscillating source, on which an orp@se built metallic brace adapter at-
tached to hold the reflector and the GPS antefifee GPS and RTS were set to record data
at sampling rates up to 20 Hz and 6 Hz respectiv@lyotal of 100 sets of experiments were
performed to simulate the harmonic motions of kn@mmplitude and frequency values rang-
ing from+1 cm to£5 cm and from 0.1 Hz to 2 Hz respectively, whiclverzothe dominant
frequency spectrum of most major flexible strucsure

Data spectral analysis techniques were employarapute the parameters (frequency, am-
plitude) of motion of the oscillating prism and t68&S antenna using the recorded positions.
Data analysis was based on two processing methgigslo Under the first scenario, the
nominal signal is considered unknown, and therefiie residuals between the observed sig-
nal and its least squares estimates reflect thegwae of the measuring sensors. The second
scenario simulates a natural system with known enoparameters. In this case, is assessed
the ability of the sensors to reproduce the non{imaginal) signal.

Key words: GPS, RTS, Dynamic Deformation, Monitoring, Fldgilstructures
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STRUCTURAL DEFORMATION MONITORING ANALYSIS USING
GEODETIC TECHNIQUES AFTER THE EARTHQUAKE AT
BOLU PASS OF TRANSPORT EUROPEAN MOTORWAY

Esra TEKDAL, Rahmi Nurhan CHK and Tevfik AYAN
ITU, Civil Engineering Faculty, Division of Geodesy

Abstract: The Bolu viaduct I, viaduct Il and the tunnel ar@art of the Bolu mountain pro-
ject that is located in the north central TurkepeTproject which is a part of the Transport
European Motorway (TEM) aims to improve the tranggiton conditions in the western part
of Bolu.

The crustal movements that come out as a reselahquakes are the main cause of the de-
formations in engineering structures. Turkey hdsray history about the earthquakes, be-
cause one of the most active faults, the North élieat Fault (NAF), is crossing over Turkey.
Especially in 1999, the earthquakes that happemeduse of the movements in the NAF
cause damages on many engineering structures.

The earthquake that happened iff' NMbvember 1999, cause serious damage to the Balu Vi
ducts and tunnel which were under construction. ddmaged viaduct, viaduct | was nearly
complete and the the viaduct Il was in its fourmlatconstruction stage when the second
earthquake (12 November earthquake) struck Turkey.

The aim of this study is to investigate the defations (rotation, bending and torsion), oc-
curred on structures (especially the viaduct Il)tred Bolu pass of 114 km long Ankara-
istanbul motorway, after '7August Marmara and 2 November Diizce earthquakes.

Key words: earthquake, deformation, viaduct.
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DEVELOPMENTS TOWARDS A LOW -COST GNSS BASED SENSOR
NETWORK FOR THE MONITORING OF LANDSLIDES

J. GUNTHER, O. HEUNECKE, S. PINK and S. SCHUHBACK
Institute of Geodesy, University of the Bundesviétnich

Abstract: Great advances in the recognition of landslide® Hmen made in the last few years.
Exclusive integrated monitoring systems with eavigrning capabilities are available, but for
economical reasons they are not used on broad #d¢dlee same time the worldwide number of
localities with an urgent need for monitoring simg noticeably. The GNSS monitoring system
under development aims to fill this gap. The clmgjée is to have a flexible GNSS low-cost
equipment available which records movements onstittace of the slide slope. Finally, this
component can be seen only as a part of a combysteim and should be used parallel together
with other measuring devices. Here the conceptwireless sensor networks is incorporated in
the ideas. In particular the following charact@&sstvere stated for the system’s design:

- application of low-cost GNSS sensor technology;

- WLAN-Communication between the sensor knots (wsgl@ata transmission on site);

- autonomous power supply of the sensor knots itfietas

- flexibility of the analysis through options of neeal time processing;

- possibilities for remote maintenance and requetit@tystem;

- separation between data recording and evaluatiso-@alled “dual system”);

- possibility of inco-operation of existing (proofgzhwerful) program tools;

- open system to integrate other sensors resp. addyeted to other sensors.
The developed GNSS monitoring system bases onvedaation of phase measurements over
a certain time interval. These data are autométieadalysed in an appended processing and
then be available for further evaluations (espécidde time series analysis). With the ex-
pected movement rates and necessary advance wémexy this understanding of “near real
time” normally represents no restriction to theeimted use in a early warning system. Some
further details of the system’s hard- and softwamd some gained results so far will be de-
picted. The system is already in use in two re$egrajects in the alpine region.

Key words: Monitoring Instrumentation and Techniques, GNS&j)sor Networks
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ANALYSIS OF DEFORMATIONS IN THE
AUSTRIAN REFERENCE NETWORK

Michaela HABERLER-WEBERand Robert WEBER

Engineering Geodesy, Institute of Geodesy and Gsigs) Vienna University of Technology
Advanced Geodesy, Institute of Geodesy and Geashysenna University of Technoldgy

Abstract: The Austrian federal reference network has a veng ftradition. Due to historical
measurement methods, instruments, network desidrotirer influencing factors (e.g. diffi-
cult measurement conditions in mountainous regjadesiormations occurred in the develop-
ment of the reference network. Nowadays, GNSS meawents allow for establishing homo-
geneous networks, even for larger regions. Whefopeing GNSS measurements the main
drawback is the calculation of parameters to tiamsfthe ITRF coordinates into the local da-
tum. Due to the historical development, the defdiona in the official reference network can
be regarded as local systematic effects, which atabe covered by regional transformation
parameters.

A comparison of points, which are determined onkmon both systems, can detect these de-
formations. The GNSS data for the comparison wassomed within the setup of several re-
gional GNSS permanent station networks in Austrige aim of the study is to find groups of
points with a similar behaviour of deformations.eTresulting local deformation patterns
within the federal network can help to improve #oeuracy within the transformation process
by overlaying the regional transformation paranseteith local polynomial corrections, com-
pensating the deformations of the official networkis can lead to accuracies in the horizon-
tal component of 2 — 3 cm for the transformed oinstead of up to 10 cm without a com-
pensation of the deformations.

Key words: GNSS, deformations, federal network.
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NAVD88 ORTHOMETRIC HEIGHT DETERMINATION UTILIZING
THE CALIFORNIA REAL TIME GPS NETWORK AND
VARIED OCCUPATION TIME INTERVALS

Cecilia WHITAKER"*, Yehuda BOCK* and Gregory A. HELMER*

Metropolitan Water District (MWD) Scripps Orbit and Permanent Array Center (SOPAC)
RBF Consulting , California Spatial Reference Center (CSRC)

Abstract: The California Spatial Reference Center (CSRQ)pllaboration with the Scripps Orbit
and Permanent Array Center (SOPAC) at Universit¢alffornia, San Diego, has completed nu-
merous height modernization projects followingstendards and specifications defined for the Na-
tional Height Modernization Program, by the NatidBaodetic Survey. The continued demand for
height modernization survey data, combined withaadgs in GPS processing and wireless data
communication, led to the subject project utilizihg capability of the California Real-time Net-
work (CRTN). This continuous GPS (CGPS) networlizes real-time 1Hz data streams flowing
through the SOPAC archive from more than 80-staiiloisouthern California.

The precursor to this project included testing application of modern real-time GNSS surveying
methods to high-precision geodesy, and to obtiicatidata needed to analyze a proposed accuracy
model for the national geoid. These purposes vwea@ngplished by collecting data to establish GPS-
derived North American Vertical Datum of 1988 (NAS®) orthometric heights on about 46 passive
stations (National Geodetic Survey (NGS) first olmnchmarks) in Southern California. This observa-
tion campaign was also part of a demonstratioedbthe viability of using the CRTN for National
Height Modernization surveys. The GPS observatiere collected in 2 five-hour sessions while con-
nected to the CRTN server through a PDA cellulanptwith the Geodetics RTD Rover software. Ob-
servations and 1 Hz positions were computed imstantisly (once per second) and stored at the server
using Inverse Instantaneous Network RTKTM procechme streamed to the PDA. Single-epoch posi-
tion statistics were computed at the server amihgistatistics were computed on the PDA.

From this prior campaign we found that using theT8BIRo collect and adjust the 3D solu-
tions (but specifically the height component), final result was actually determined in much
shorter time intervals than the specified 5 hotlitss second project was designed to deter-
mine whether we could define new specificatione¢grally shorter occupation times) for
achieving orthometric heights in a more econommalcess. A timelier and economically
feasible method is needed for quick and accuraighheecovery after seismic events in
southern California. This paper discusses our rfigsli

Key words: height modernization; GPS real time network; icaitheight recovery
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OVERVIEW OF FIBRE OPTIC SENSING APPLICATIONS
TO STRUCTURAL HEALTH MONITORING

Daniele INAUDI and Branko GLISIC
SMARTEC SA

Abstract: Fibre optic sensors have proven to be ideal tracesdufor structural monitoring.
Being durable, stable and insensitive to exterediupbations, they are particularly interesting
for the long-term health assessment of civil anokgehnical structures.

Many different fibre optic sensor technologies exisd offer a wide range of performances
and suitability for different applications. The magidely used sensing techniques include
point sensors (Fibre Bragg Gratings and Fabry-Petetferometers), long-gauge sensors
(SOFO) and distributed sensors (Raman and Brillsoaitering sensors).

These sensing technologies are now widely usedutine application for health monitoring
of structures such as bridges, buildings, monumeatsels, dams, dykes, pipelines, land-
slides and many others.

This contribution reviews these systems and tedyies and presents some significant appli-
cation examples, in particular to Bridges, Buildin@Geostructures and Pipelines.

Key words: fibre optic sensors, structural health monitoring
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AUSCULTATION AND MONITORING IN REAL TIME

Carles FONFRIA, Gabriel TORRELLO and Joan NAVARRO
AL-TOP TOPOGRAFIA

Abstract: The auscultation project was created for executibthe work necessary for the
high speed train (AVE) to enter in the railway statSants in the city of Barcelona, Spain.

This location, a priori, made the execution of westremely difficult. That is why the aus-
cultation and monitoring project needed to be pentw.

The points which raised particularly serious diffices as described in what follows:

1) the location of the station

2) the location of the prisms

3) obstructed field of vision

4) frequency of the trains (600 per day)
5) the weather

6) the temperature gradient

7) communications,

etc. etc..

Key words: monitoring, real time, total station, tunnel
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3-DEMON MONITORING PLATFORM:
EXAMPLES OF APPLICATIONS IN STRUCTURAL
AND GEOTECHNICAL MONITORING PROJECTS

Luca MANETTI, Daniele INAUDI and Branko GLISIC
SMARTEC SA

Abstract: The 3DeMoN (3-Dimentional Deformation Monitoring tMerk) monitoring plat-
form integrates conventional monitoring devices aadsors (e.g. GPS receivers, Laser dis-
tance meters, Dataloggers, etc.) with lowest paeeniconductors, wireless communication,
advanced database systems and Internet, with tine¢oaprovide a unified management and
view of remote monitoring data. The open hardwar@ software architecture of the system
allows expanding its applicability to many domairequiring the remote management of a
network of different data acquisition devices.

This contribution presents the monitoring platfoamwell as some relevant monitoring pro-
jects where the 3DeMoN system was successfullyieghpin particular landslide monitoring
applications as well as roof deflection monitorinduildings will be presented.

Key words: GPS, laser distance meter, landslides monitostrgctural monitoring.
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GAMMA'’'S PORTABLE RADAR INTERFEROMETER

Charles WERNER, Tazio STROZZI, Andreas WIESMANNd dasrs WEGMULLER
Gamma Remote Sensing AG

Abstract: Satellite interferometry has been used extensigelground-motion monitoring with good
success. In the case of landslides, for exameedprne SAR interferometry has a good poteatial t
get an overview on the slope stability. Furthermnalatively slow, temporally uniform movements can
be quantitatively monitored from space. The resalseved caught the interest of wider potentiat us
communities. The assessment of user requiremenigedhnevertheless, that some user needs were
clearly not met. The role of a space-borne INSARraslement in a landslide or rock fall warning sys
tem is constrained by the specific space-borne iBraiging geometry, the typical multiple-week repeat-
interval, and uncertainties in the data availgbiMost of these limitations can be overcome witkra
restrial system. Major advantages of a terresygiem are that it can be used more specificattyciai-

tor landslides, rock falls, or infrastructure. M@asents are taken at intervals as required arabrutit-
tated by an orbital configuration. The informatierreadily available and not dependent on satellite
downlink and distribution networks. With this inmdiGAMMA developed a ground-based radar inter-
ferometer. Unlike other comparable instrumentsdisthot use a synthetic aperture to attain a good a
muth resolution, but it is a real aperture rad#dr @imeter long antennas. The antennas are mamged
tripod. An image is taken line by line while ratgtthe antennas around a vertical axis.

Phase differences between successive images atfuoine the same viewpoint are used to deter-
mine line-of-sight displacements. The instrumemrates at Ku-Band at a wavelength of 17.4 mm,
and has a measurement sensitivity better than 1Rhase differences between simultaneous acqui-
sitions by the two receiving antennas are usedltulate the precise look angle relative to thebas
line, permitting derivation of the surface topodmapAdjusting the baseline is used to tune the
height sensitivity versus phase unwrapping comiylexi

The instrument is portable and can be operated aitery if necessary. The installation efforetsr
tively small and individual measurements can bertak less than 15 minutes. Typically, multiple
measurements are taken to reduce the errors réatedlerogeneous atmospheric path delays. Fur-
thermore, the measurement interval must be longgtreo that the movement of interest resultsen lin
of-sight displacements larger than 1 mm. In the oaaster moving targets as the Tessina landstide
the Rhone glacier the velocity field and the sertapography could be measured in a single day.

The focus of our contribution is on the presentatd the design, measurement principles and
characteristics of GAMMA'’s novel Portable Radaefgrometer.

Key words. Ground-based Radar Interferometer, deformatiomsmements, topographic
measurements, instrument design and characteristics
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TOPOGRAPHIC MONITORING OF A WATER TANK IN THE WIDEN -
ING WORKS OF EIXO NORTE-SUL HIGHWAY IN LISBON

Jodo HENRIQUESand Ana Paula FALCAD

Gedide, Empresa de Servicos Topogréaficos
Departamento de Engenharia Civil e Arquitecturastituto Superior Técnico

Abstract: A monitoring necessity for a water tank in Lisbaigmated in the widening work
of the Eixo Norte-Sul highway, which involved exesion near the tank. The water tank is a
83 m x 43 m, 7 m-high (with only 1 m above grougdel) structure with two independent
cells, built in different phases, separated byrai@or which gives access to both cells.
According to the project programme and scope, Xoawation works would be followed by
the construction of two supporting walls, in orttestabilize the embankment and the tank.
As the excavation could affect the tank’'s safety &ime water supply service, the owner
(EPAL — Empresa Portuguesa de Aguas Livres) anértigoyer (EP — Estradas de Portugal)
agreed on the installation of a topographic momitpsystem.

The installed system, operating since April 2085camposed of horizontal and vertical dis-
placement determination sub-systems. Used equipmelodes a TCA2003 total station and
a NA2002 optical level. The least square method weasl in the adjustments of the observa-
tions to compute displacements. The system was leongmted with geotechnical instru-
ments, such as tiltmeters, inclinometers and faseters.

This paper describes the processes in the topagrapbnitoring of the water tank, and
stresses the importance of the installed systerae.ude of the sub-system for vertical dis-
placement determination as a warning system is falsesed. Due to the complexity of the
works and an unexpected behaviour of the structheejntegration of the results of the to-
pographic monitoring with the geotechnical instrumsewas critical in the analysis, under-
standing and validation of the results.

Finally we conclude that topographic monitoring tenused as an important decision tool to
avoid possibly large financial losses and asswedmntinuity of the water supply service.

Key words: topographic monitoring.
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MONITORING PLANIMETRIC DISPLACEMENTS
IN CONCRETE DAMS

Anténio TAVARES DE CASTROand Maria Jodo HENRIQUI’—ES

Monitoring Division, National Laboratory for CiviEngineering'
Applied Geodetic Division, National Laboratory #ivil Engineering

Abstract: Structural safety control of concrete dams is basdtie analysis of the response
of structure, characterized by the evolution ofesal variables representative of its behav-
iour. Among these variables are absolute and velatisplacements of points of the structure
and of the foundation, uplift and flow rates in foendation, and deformations and stresses in
the concrete.

In particular, the analysis of the displacementyasy important, because they reflect the
structural global behaviour of the dam. Therefonenitoring plans of concrete dams usually
consider the measurement of displacements of poiritge structure and of its foundation.

In the more important concrete dams, displacemaei@surement involves the simultaneous
use of different methods, such as rockmeters, denduand applied geodesy. For the meas-
urement of planimetric displacements, two methaasHong been applied: one uses pendu-
lums, placed inside the structure; the other makesof applied geodesy.

These monitoring methods are complementary, angistaa many Portuguese large concrete
dams since the 1940’s. Pendulums have the advaotdgging more precise and, nowadays,
can easily be included in automatic data acquisitigstems. Geodetic methods can give in-
formation not only on the dam but also on the faimh and surrounding terrain. Because
they are more expensive, geodetic campaigns aré egs frequent, but are very important
for the validation of the pendulums readings.

In this paper a comparison between these two mstlsohade using the monitoring data of
some Portuguese concrete dams and some considerakiout the LNEC experience on their
use are presented.

Key words: Concrete dam monitoring, applied Geodesy, platiméisplacement.
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COMPARISON BETWEEN GEODETIC TECHNOLOGY AND PLUMB
LINES IN MONITORING OF DISPLACEMENTS ON ITAIPU DAM

Fernando Cesar Dias RIBEIRQardel Aparecido FAZAN Nicola PACILEO NETTO,
Denizar BLITZKOW, Edvaldo Simées da FONSECA JUNI§Rorge Pimentel CINTRA
Ademar Sérgio FIORINIand Claudio Porchetto NEVES

Polytechnic School, Universitf Sdo Paulo, Departmeaf Transportation Engineerirlg
Itaipu Binacionaf

Abstract: ITAIPU is the World largest dam regarding energgduction and the second in
power installation. ITAIPU hydro-electrical powelapt is situated in the Southwest of Brazil
on the Parana River, which forms the border witrafaay. The generation of electrical en-
ergy began in 1981. One of the aspects for theuatiah of dams’ safety is the displacement
of its structures, which has to be monitored aralyaed in different ways. In this case, dif-
ferent techniques and methods, appropriate fodifferent types of the structures, have to be
applied. At ITAIPU Dam the measurements of disptaest are performed by plumb lines
and also by geodetic observations using a highigpoecTotal Station based on a network of
7 stable pillars downstream the dam. A total ofoPect points are visualized. Polytechnic
School of the University of Sdo Paulo (EPUSP) tigtoits Laboratory of Topography and
Geodesy (LTG), Department of Transportation Enginge- PTR, has addressed the atten-
tion recently to use GPS as an alternative for tooing the pillars and the dam. The purpose
of this paper is to describe the methodology usgardcess the GPS observations and to pre-
sent the displacements in some object points WG&® and plumb lines readings are coinci-
dent.

Key words: Monitoring of dams, geodetic methods, plumb ljf@BS.
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MONITORING AND DEFORMATION ASPECTS OF
LARGE CONCRETE FACE ROCKFILL DAMS

Anna SZOSTAK-CHRZANOWSKI, Michel MASSIERA and Nianwu DENG

Canadian Centre for Geodetic Engineering, Universit New Brunswick
Faculté d’'ingénierie (génie civil), Université deohktorf

Abstract: Safety of Concrete Face Rockfill Dams (CFRDs) ddgeon the proper design,
construction, and monitoring of actual behaviourimy the construction and during the op-
eration of the structure. Geotechnical and geodetinitoring may provide information on
the state of deformation and provide a warningesysin case of an abnormal behaviour of
the dam. CFRDs undergo deformations during thamstaction and during a reservoir fill-
ing. During construction, the rockfill settles acmimpacts until the end-of-construction stage.
During impounding, the rockfill deforms under thexter pressure. The upstream concrete
face deforms as a result of the rockfill deformatidhe displacements of the concrete face
during the reservoir filling should not exceed thaximum allowed values in order to main-
tain the structural integrity of the concrete falbeie to the uncertainty of the model parame-
ters, careful monitoring of the dam and its surdings are required in order to verify and
enhance the model. The paper presents a study mgingoring results and FEM analysis of
behaviour of the Shibuya Dam in P. R. China, tllesa(233 m) concrete face rockfill dam in
the world.

Key words: concrete face rockfill dam, deformation analysiste element method, monitoring.
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MONITORING AND DEFORMATION ANALYSIS OF ROCK BLOCKS

Stefan CACQ and Bernard KONTNY
Wroctaw University of Environmental and Life Scesdnstitute of Geodesy and Geoinformatics

Abstract: Mass movements of sandstone rock blocks in theeldiountains National Park
(SW Poland) generate threat for intensive toudsviy there.

In the 70'ties of the 20 Century a monitoring and measurement system hers et up for
monitoring and quantitative assessment of this pimamon. In the result of long-term satel-
lite GPS and geodetic (Total Station, precise lengl surveys and relative measurements
with crack gauges spatial displacement vectors la@en determined for points located on
these rock blocks as well as their relative movemealculated.

These results have been used to calculate def@madéirameters (translation, rotation, shear
strain) of the analysed rock blocks.

This research has been described on the example ahost mobile part of the Szczeliniec
Massif in the largest rock crack “Piekielko”(Littleell).

Key words: deformation, mass movements, monitoring and nreasent system
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DETECTION OF LANDSLIDE PRONE AREAS ON THE
BASIS OF GEOLOGICAL, GEOMORPHOLOGICAL INVESTIGA-
TIONS, A CASE STUDY

Gabor UJVARL, Gyula MENTES and Barbara THEILEN-WILLIGE

Geodetic and Geophysical Research Institute oHilmegarian Academy of Scientes
Technical University of Berlin, Institute of Apgli&eosciences, Department of Hydrology
and Bureau of Applied Geoscientific Remote Sefsing

Abstract: Relationships between regional tectonics, subserfauctures and mass move-
ments were investigated on the high loess bankefiter Danube at Dunaf6ldvar based on
remote sensing data, gravity and tilt measuremerite. geological and morpho-tectonic
situations of the test site were examined by evmloaf LANDSAT ETM, ENVISAT, ERS
and SRTM data. On the basis of C-band SRTM datarded during the 11 day Shuttle Ra-
dar Topographic Mission in February 2000, morphoimehaps (e.g.: hillshade, slope, as-
pect) were derived. SRTM data, representing tharraeflective surface such as vegetation,
man-made features or bare earth are availablehatizontal spatial resolution of 90 meters
(averaged from 30 by 30 meters) at vertical incr@sef 1 metre. For image processing the
ENVI software and ArcGIS 9.1 by ESRI including Argdio tools were used. The basement
structure under the high loess bank and its sudiogs were revealed by gravimetric meas-
urements. Our tilt measurement results indicaté ttia movements are the consequence of
erosion and undercutting caused by the Danube wadtko slow loss of the base support of
the high loess bank. The Danube’s course at Duhaddlwas pre-determined by tectonic
events in addition to subsequent undercutting wisaggested that the detected surface
movements are indirectly related to the regionztiteics.

Key words: geology, geomorphology, gravimetry, high bankgdislide, remote sensing.
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USE OF GEOID, LEVELING AND GPS FOR
VERTICAL DEFORMATION MONITORING

J. CATALAQO!, C. CATITA! and R. SANTOS

Universidade de Lisboa, IDL, LATTEX
Instituto Politécnico de Befa

Abstract: Faial island on the Azores archipelago have bbhenstibject of several tectonic-
volcanic events as the Capelinhos eruption and meeently the 1998 IWb6.1 Pico-Faial
earthquake. For this reason, from 1937 to 2006ratgeodetic surveys have been performed
including relative and absolute gravity measuresieazimuthal and zenithal observations
and more recently, GPS observations. A high pr@cigieoid model has been recently devel-
oped for Azores area with an estimated accuraayimgrfrom 2 to 4 cm on Faial. This geoid
model was used to integrate into a common vertef@rence the old trigonometric heights
and the most recent GPS height data. Therefore/ethieal deformation time series on some
geodetic vertices of Faial, over more than 60 yaais 8 surveys, was assessed. On the first
period 1937-1987 it was verified a subsidence envtbst side of the island with a maximum
of 1.7 m at Faja vertice and a maximum uplift drfh.on the north caldera. The coseismic
vertical deformation due to the 1998 earthquake exsduated showing the subsidence of
0.13 m on the summit caldera. In the following peri1998-2006 an uplift of the volcanic
edifice was determined with a maximum value of @rf@6n the summit. The estimated verti-
cal deformation is the result of persistent tecta@md volcanic activity on Faial and surround-
ing area confirmed by intense seismic activityhaligh irregular in time, registered in this
period. In this paper, the usefulness of an acewgabid model to integrate old geodetic data
with GPS data is evaluated and the resulting \@rtieformation time series accuracy as-
sessed from independent geodetic data.

Key words: vertical monitoring, geoid, GPS, Faial.
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DERIVATION OF ENGINEERING-RELEVANT DEFORMATION PA-
RAMETERS FROM REPEATED SURVEYS OF
SURFACE-LIKE CONSTRUCTIONS

Athanasios DERMANIS
Department of Geodesy and Surveying, Aristotle ésity of Thessaloniki

Abstract: The deformation of a surface-like construction soaplicated problem in the de-
formation analysis of Riemannian manifolds. Theevaht mathematical theory and a rela-
tively simple solution algorithm are developed, ethallow the computation of invariant de-
formation parameters from coordinate displacemehisolated control points. The computed
parameters are the dilatation and maximum sheainsit each surface point as well as varia-
tions in curvatures related to the surface bendlifge required interpolation of coordinate
displacements over the whole surface is realizeéiter finite element methods or by sto-
chastic interpolation, i.e. prediction where digglkments are modeled as spatially correlated
random variables.

Key words: engineering deformation, shear strain, dilatation
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AN INNOVATIVE MATHEMATICAL SOLUTION FOR A
TIME-EFFICIENT IVS REFERENCE POINT DETERMINATION

Michael LOSLERand Maria HENNES
Geodetic Institute of Universitat Karlsruhe (TH)

Abstract: The perfecting of the local ties between differefiservation methods (GPS,

VLBI, etc.) improves the quality of the ITRF considbly. The IVS reference point of a

VLBI radiotelescope is defined as the intersecbetween the azimuth and elevation axis or,
if they do not intersect, the intersection of tight angle projection from the elevation axis
onto the azimuth axis. In the past, these axes baee estimated by fitting 3d-circles, e.g.
[Eschelbach, 2002] or [Dawson et al., 2006]. The&@&quisition for the determination of the

circles requires that the telescope has to be matedclearly defined positions, so that the
basic station process (data gathering for thenisititelescope task) is disturbed.

In this paper we present an alternative mathematicadel, which computes the reference

point without circle fitting. This algorithm doe®nneed observations from predefined tele-

scope positions and therefore the station’s doventtan be reduced. The parameter estima-
tion of this non-linear-problem is realized in twteps. At first we are using the Levenberg-

Marquardt-Algorithm for a pre-evaluation to findabte approximate values [Madsen et al.,

2004], which we use for the main least-square-mivdalsecond step.

Key words: local tie, reference point determination, mathecahmodel.
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PRACTICAL ADVANTAGES OF USING THE MECHANICS OF
CONTINUUM TO ANALYSE DEFORMATIONS
OBTAINED FROM GEODETIC SURVEY

Milan TALICH
Research Institute of Geodesy, Topography and Geaphy

Abstract: The paper demonstrates why applying of the thebgoatinuum is useful to de-
formation analyses obtained from repeated positisnavey in geodesy. The mechanics of
continuum may be applied as basis of communicatioig the multidisciplinar approach to
geodetic and geotechnic monitoring. It serves atsa technological and scientific communi-
cation basis between geodesists and specialigithef professions as geotechnics, geophys-
ics, building engineers etc.

The independency of resulting deformation paramsetem@pplied coordinate frame is shown,
too. It is not necessary to try to find any coruis of placing the survey network in the coor-
dinate system but the calculation should be adjuatefree network. Then errors originated
from erroneous pre-requisites about stability ainsoselected points that are taken during
normal calculation as stable (in the stable pasuch location) will be completely eliminated.
When compared to the sole listening of displacem#éms procedure enables to present de-
formation parameters in much more objective way sexves as a tool to demonstrate the
relatively geodynamical trends of the territorygunestion.

Key words: deformation analysis, displacement vectors, meichaf continuum
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INVESTIGATION OF DYNAMIC THERMAL EFFECTS WITH
NON-PARAMETRIC AND PARAMETRIC DEFORMATION MODELS

Andreas EICHHORN, Johannes FABIANKOWITSCH, MichabBlaBERLER-WEBER and
Alexander REITERER

Institute of Geodesy and Geophysics, Engineerirad€gy, Vienna University of Technology

Abstract: The Viennese theatre “Etablissement Ronacher” wasded in 1871 and is one of
the oldest theatres in Vienna. Since 1987 thedibtgilding is integrated in the “Vereinigte
Bihnen Wien” cooperation and serves for the prasemnt of musicals. Increasing numbers of
spectators and the necessity for modernisatiomeirifrastructure require a complete reha-
bilitation which started in 2006 and will be approately finished in spring 2008. The stabil-
ity control of the theatre demands a permanent ggochonitoring for the whole construction
process. Especially the theatre ceiling over theiemce hall is affected by significant me-
chanical and thermal loads.

The first part of the paper contains a short dpon of construction process, permanent
monitoring system for the ceiling (based on tachetmmeasurements) and the strategy for
automated alerting via e-mail or SMS. It is showat the monitoring system is able to detect
displacements with min. 2-3/10 mm in real-time.ri#iability is only limited by occasional
energy blackouts caused by the construction company

The second part of the paper deals with the ingaStin of the displacements in selected ma-
terial points. A special focus is set on the quaation of thermal effects caused by changes
of the temperature gradient between roof trussaamitorium. It is shown that as well non-
parametric models (e.g. Neural Networks, Fuzzy Méshetc.) as parametric models (e.g.
analogous spring-damp-systems identified by Kalfiigering) are suitable to quantify and
predict the deformation behaviour. Advantages dsadyantages of the different applications
are discussed.

Key words: Theatre ceiling, monitoring, thermal deformationsn- and parametric models
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INVESTIGATION OF DIFFERENT POSSIBLE AGENCIES
CAUSING LANDSLIDES ON THE HIGH LOESS BANK OF
THE RIVER DANUBE AT DUNAFOLDVAR, HUNGARY

Gyula MENTES
Geodetic and Geophysical Research Institute oHilnegarian Academy of Sciences

Abstract: There are high, steep loess banks along the Riaeuli® in Hungary. Landslides, on
this area, cause a lot of damages resulting inresdueman casualties, property losses and envi-
ronmental degradation. Monitoring the surface dispinents of a slope and other geophysical, geo-
logical, hydrological, meteorological, etc. phenoméy a multi-sensor measurement system can
provide valuable information about the causes afftslope movements and can serve as a basis
for development of a knowledge-based, early warsystem.

Dunafoldvar is a small town which is partly situbten the high loess bank of the River Danube and a
lot of houses are built also at the foot of thegsteank. A number of landslides caused damages here
That was the reason for establishment of a testirathis town to investigate the connections betwe
different effects and movements of the high bankefwork of points for GPS, field gravimetric
measurements, precise levelling was establishegieznty repeated GPS and levelling measurements
have been carried out since 2001. The gravimeteasarements were executed two times first in
2003 than in 2005. Two biaxial borehole tiltmetsese installed on the test area. One was placed on
the top and the other at the foot of the high b&hk.tiltmeters have been operating since Jun&,.200
A vertical borehole extensometer was also instétlechonitoring the vertical movements of the high
bank. The water level of the Danube, the predpitatnd the temperature were also recorded.

The results of the measurements carried out bet@@@hand 2006 showed that the test site is iti “res
between abrupt landslides. The horizontal displaotsrof the geodetic benchmarks measured by GPS
are within the error range of this technique. Tieeipe levelling showed a very small charactetittio

south direction but the tilt values were also endbnfidence interval of 95% probability level. Tdua-
tinuous titt measurements showed a permanent 3B\ with a rate of 50.6 prad/year at the top and
SSE tilt with a rate of 3prad/year at the footefhigh bank. These tilts are of tectonic origroating

to our investigations. The continuous tilt measamsishowed also that the high frequency variatibns
the water level of the Danube have no influenctherigh bank movements. Only the very high and
slow, long-lasting changes in the water level calmservable tilt changes. The influence of the pre-
cipitation was also investigated.

Key words: high bank, landslides, precipitation, tectonieztical extensometer, water level.
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MONITORING OF A LARGE SLIDE AND SLOPE
RECLAMATION IN A FORMER OPEN-PIT MINE

Marek ZALESKY!, Jan ZALESKY, Pavel KUKLIK® and Pavel HANEK

Department of Geotechnics
Department of Mechanits
Department of Special Geodésy
Czech Technical University in Prague, Faculty ofiiEngineering

Abstract: The unstable area has been observed since 2003isdgtbf coupled geotechnical
and geodetic monitoring. A long anchored pile vizalilt in 2007 to stabilise the upper part of
the area. In the lower part a huge stabilisatioba@mkment on the internal waste dump is un-
der construction. The existing monitoring was eatshin 2007 in order to prove efficiency
of remedial measures and decreasing rate of slapements. The embankment is instru-
mented and monitored with respect to its conswacphases. According to our information,
this method of prolonging geotechnical measurentiaas in a rising embankment will be
used for the first time in the Czech Republic. i gathered results will be used for reverse
analysis through a numeric model, which will beilmalted and updated with use of the last
measured data, including oriented stress measutsnmeiine subsoil.

Key words: monitoring, numeric analysis, slope stabilitycleenation.
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DEFORMATION MONITORING AT AN INDUSTRIAL SITE
USING COMBINED DGPS AND TOTAL STATION DATA

Axel EBELING!, Robert RADOVANOVIC and Bill TESKEY

Department of Geomatics Engineering, Schulich SabfoBngineering,University of Calgary
Principal, Sarpi Ltd?

Abstract: A large deformation monitoring network has beeneobed in three epochs. Het-
erogeneous data were collected on two unstableeslopar a cooling water pond for a large
coal-fired electric power generation plant. Theehegeneous data consist of horizontal direc-
tions, horizontal distances and trigonometric hedjfferences derived from total station ob-
servations and azimuths, distances and ellipsbieight differences derived from DGPS ob-
servations. A separate network adjustment is pesddrfor each epoch to integrate the het-
erogeneous data and obtain local coordinates attations. Then, a Multi-Parameter Trans-
formation is applied to compare coordinates betwsgnchs. In the MPT method, a three-
dimensional similarity transformation (three ratas, three translations, and a scale factor) is
used to relate observations or derived observatems coordinates) from different measure-
ment epochs. A global best fit will yield three-@insional differences of all stations between
measurement epochs. Statistical Verification oséheifferences allows us to distinguish be-
tween apparent movements due to random observatiors and actual deformations. Fur-
thermore, a priori knowledge of the unknown transfation parameters can be utilized to
strengthen the solution.

In the paper, the integration of heterogeneous waithe described. However, the focus will
be on the mathematical model applied to deterntieetiiree-dimensional movements from
the coordinates of each epoch. Results (transfawmatrameters and movements of the sta-
tions) will be presented for the analyses of akéhepochs.

Key words: deformation monitoring, heterogeneous data, Mdirameter-Transformation
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QUANTITATIVE ASSESSMENT ON THE INFLUENCE
OF RAINFALL ON KUTLUGUN LANDSLIDE

Temel BAYRAK
Department of Geodesy and Photogrammetry, Engingéfaculty, Aksaray University

Abstract: Seasonal heavy rainfall is the most active metegioal factor that can be threat-
ens the stability of landslides. In this papertlwnbasis of the rainfall-related behavior of the
Kutlugiin landslide by analyzing the precisely aedigdically observed 3D GPS data, a
method was developed to quantitatively assessftbet ®f rainfall on Kutlugiin landslide.
This paper describes mathematical and statistinattsire of the model regarding intensive
rainfall being the most important one of the cawsdbrces for translational slide. The model
includes computations of 3D displacements, andaimgall effect parameter that shows the
geometric reflection of the effect of rainfall oaipt movements. Defining and calculating
causative relationship analyzed the relationshipvéen the rainfall and rainfall-induced 3D
displacements of landslides. Finally, acceleraéfiacts of intensive rainfall on the Kutlugiin
landslide were investigated. Results indicated thiafall-induced 3D displacements of Kut-
luglin landslide show good correlation with the etifee rainfall.

Key words: Kutlugiin landslide, translational slide, rairfadtiuced 3D displacements, Kal-
man-Filter
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SUBSIDENCE AND UPLIFT AT WASSENBERG, GERMANY
DUE TO COAL MINING USING PERSISTENT
SCATTERER INTERFEROMETRY

Miguel CARO CUENCA and Ramon F. HANSSEN
Delft Institute of Earth Observation and Space &yst, Delft University of Technology

Abstract: The town of Wassenberg is situated in western @agnelose to the border with
the Netherlands. Black coal mining activity in thi®a (district of Erkelenz) started in 1914
and stopped in 1997. Until 1997, this caused seéinsid of up to 3 meters in the period
1953-1997. When mining operations ceased, the agairof the mine also stopped causing
ground water to invade the empty space. Once a@hezhthe lower bound of the overburden,
this resulted in surface uplift. In particular, $teongest movement was detected during 2001
to 2004, with an estimate of 8 to 9 cm uplift. Tdeophysical structure of the region made the
uplift to be discontinuous in space. In fact, Wasszg is crossed by the Meinweg fault creat-
ing a natural limit to the mining subsidence andsazutive uplifting. The goal of this paper
is to present results of the study and analystiiefland movement using Persistent Scatterer
Interferometry, PSI. The employed time series sthih 1992 and continued until 2007, cov-

ering both periods of subsidence and uplift. Theadgere acquired by the satellites ERS1/2
and Envisat.

Key words: INSAR, Persistent Scatterer Interferometry, defatron, coal mining
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PS-INSAR MEASUREMENT OF GROUND SUBSIDENCE IN GRA-
NADA AREA (BETIC CORDILLERA, SPAIN)

Joaquim J. SOUSAAntonio M. RUIZ, Ramon F. HANSSERN Zbigniew PERSK]
Luisa BASTOS, Antonio J. Gl and Jests GALINDO-ZALDIVAR

Observatdrio Astronémico da Universidade do Pbrto
Departamento de Ingenieria Cartografica, Geodesktogrametria, Universidad de J&én
Institute of Earth Observation and Space Systeralt Dniversity of Technoloéy
Faculty of Earth Sciences, University of Silésia
Departamento de Geodinamica, Universidad de Granada

Abstract: Differential SAR interferometry (DINSAR) is an aihative technique to obtain
measurements of the surface displacement provioitigr spatial resolution and comparable
accuracy while being less time consuming than cotweal surveying methods. However,
spatial and temporal decorrelation and atmosplegical contributions in repeat-pass SAR
interferometry often hamper the accurate measureafesurface displacements in SAR inter-
ferograms. The Persistent Scatterer Interferom(@s8}) technique, developed at Delft Tech-
nical University (The Netherlands) and based onRB& IMI Permanent Scatterer Interfer-
ometry technique, allow us to measure deformatigh wncertainties of one millimeter per
year, interpreting time-series of interferometricapes at coherent point scatterers. In the
framework of two CAT-1 ESA projects, in this papee analyse two time-series of 32 ERS-
1/2 and 22 ENVISAT ASAR acquisitions of the Gran&a@ain, located at the central sector of
the Betic Cordillera (southern Spain), covering pleeiod from 1992 to 2005. This is the first
time that the PSI technique is applied to derivepldicement information in this southern
Iberia region. This technique is very useful foe thnalysis of subsidence in urban areas,
where angular structures produce efficient reflectbat dominate the background scattering.
After this first data processing, several subsigeacas have been detected in the southern
part of Granada city and nearby villages. At themmaot, some investigations are being car-
ried out in order to find the relationship betweaba detected deformation and the tectonic
deformation present in the area.

Key words: INSAR, Persistent Scatterer Interferometry, Gdanaubsidence, deformation
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PSINSAR DETECTION OF GROUND MOTION
IN THE LISBON REGION

Sandra HELEN® Afonso LOUREIRG, Jodo FOngCA Jodo MATOS, Jodo CARVA-
LHO®, Geraint COOKSLEY, Ana Paula FALCA®and Alessandro FERRETI

Instituto de Engenharia de Estruturas, Territori€enstrucéo — Instituto Superior Técnico
Faculdade de Ciéncias da Universidade do Porto
Instituto Nacional de Engenharia, Tecnologia e bgac’
Altamira — Informatiof
TeleRilevamento Europa

Abstract: We present evidence of ground motion detected ¢haaound Lisbon with Radar
Interferometry (Permanent Scatterers Technique In$*8R). The work was done in the
scope of GMES Terrafirma project, and two datasét8S| data were used, with different
orbital tracks. The first, provided by Tele Rilevamio Europa, is a standard TRE's PSINSAR
processing chain H1 map of the Lisbon area. It totlee period from 1992 to 2003 and uses
55 Synthetic Aperture Radar Scenes from the ES@llsas ERS1/2 (orbital track 452, de-
scending pass). The second set of data spans ttloel 1€92-2006 and was provided by Al-
tamira Information: it consists of (1) a standaRNSH1 product map of the area to the South
of Lisbon, and (2) the result of running the SPNdiaen resolution processor for the Lisbon
area and northwards. The Altamira maps were pralustng 100 SAR scenes from both
ERS1/2 and ENVISAT satellites (orbital track 228sdending pass). The delivered psinsar
maps give, for the spanned period, the mean vgl@citthe line of sight of the satellite) and
velocity time series for over 500.000 points in #rea. The psinsar maps were interpolated,
detrended, contrast-enhanced, and compared witlpedageological features, soil classes,
aeromagnetic and gravimetric data. In-situ CGPSlawelling data were integrated to vali-
date the technique. At a regional scale, the reshibw a correlation between deep geological
features inferred from geophysical techniques asielerived velocity patterns. At a more
local scale, the main results are the detecticancdrea of ground subsidence (~6Kmz2) in the
centre of Lisbon, and of another area affected lbges movement in the north of Lisbon,
close to the main highway.

Key words: Radar Interferometry, Permanent Scatterers, lnsgmound motion.
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USING SMALL BASELINE INTERFEROMETRIC SAR TO MAP
NONLINEAR GROUND MOTION IN NORTHERN TIBET

Zhenhong L}, Paul CROSS and Yanxiong LIJ

COMET, Department of Civil, Environmental and GetmE&ngineering,
University College Londdn
Ocean Geomatics Center, the First Institute of Goggaphy,
State Oceanic Administration in China

Abstract: Interferometric SAR (INSAR) techniques utilize thease differences in complex
(magnitude and phase) Synthetic Aperture Radar |S#Rges acquired in similar geometric
conditions, but at two different epochs, to measieecomponent of the surface displacement
(i.e. range changes) in the radar line of sighheosatellite with sub-centimetre precision and
tens-of metres horizontal spatial resolution ovéarge region (e.g. 100 km x 100 km). With
its global coverage and all-weather imaging caigbinSAR has been already revolutioniz-
ing our ability to image the Earth’s surface ane &volution of its shape over time, which in
turn has led to many new insights into geophysacal engineering processes, such as volca-
noes, earthquakes, landslides and mining actilityhis study, we used Small Baseline (SB)
INSAR time series technique to map ground motioManthern Tibet using ENVISAT im-
ages acquired during the period between 2003 afd. 26 order to minimise the effects of
baseline decorrelation, a subset of possible pailsperpendicular baseline (i.e. orbital sepa-
ration) less than 400 m was chosen in the SB In8AR series analysis. Preliminary results
reveal a nonlinear ground motion spreading oveiSekd x 2.7 km region: the studying area
was relatively stable during the period 2003 torthddle of 2004, whilst it has exhibited an
uplift of about 7 cm since the middle of 2004.

Key words: INSAR, small baseline, time series, nonlineaougd motion.
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CONTRIBUTION OF THE APPLIED GEODESY TO THE PREVENTI ON
OF ACCIDENTS AND TO THE REHABILITATION OF FILL STRU CTURES

Antonio VEIGA PINTO and Maria Jodo HENRIQUES
National Laboratory for Civil Engineering

Abstract: The wide range of materials used in the constroctib embankments leads to
highly differentiated structural behaviours and stimes to accidents. Therefore, namely in
higher hazard works, such as dams, it is necessargriodically assess their safety.

That assessment is done by site visits, to perfasaal inspections, and the reading of certain

guantities. Those variables are not to exceedinergdues, which are related with the behav-
iour models predicted in the design.

Applied Geodesy plays a significant part in the saeament of surface displacements. The
visual inspections are a complement to the dataimdd in those measurements, as zones of
differential settlements, deviation, fissures, ksaetc.

This paper presents the contribution of the Appliebdesy to detect the causes of accident
in two embankment structures, as well as to thésiers adopted for their rehabilitation.

Key words: Applied Geodesy, embankment dam, fill structalieplacement, accident, reha-
bilitation.
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HORIZONTAL DEFLECTION ANALYSIS OF A LARGE EARTHEN
DAM BY MEANS OF GEODETIC AND GEOTECHNICAL METHODS

Vassilis GIKAS and Michael SAKELARIOU

Laboratory of General Geodesy, School of Rural &ndveying Engineering, NTUA
Laboratory of Structural Mechanics and Technical®éo School of Rural
and Surveying Engineering, NTEA

Abstract: Earthfill dams are subject to external loads thdtice deformations to the structure
and the foundations. The self-weight of a dam #&mdréservoir water pressure are primarily
responsible for the increase of stresses withird#re body, which in time result in horizontal

and vertical displacements, mostly of a permankatacter. In this gradually evolving proc-

ess, the dam geometry characteristics, the typeadérials and their geotechnical properties
play a key role in the geometrical changes in cond@urrent techniques which are used to
study the dynamic behavior of dams are based distgtal analysis of recorded displace-

ments, as well as on predicted deformations deffired numerical modeling of physical pa-

rameters, such as external loads and construdgareet features.

The paper compares actually measured horizontalrmations resulted from a continuous
geodetic monitoring record of the dam behaviouhwithumerical back analysis. The geodetic
data originate from a continuous, long-standind?$>years) monitoring program of the dam
and the surrounding area. The geotechnical modadliihe dam is implemented usifigSoif’
software, which adheres to the finite element neethtumerical simulation was carried out in
two-dimensional plane-strain conditions. The coredustresses and displacements refer to
certain stages (construction, filling and opergtionthe lifetime of the dam, whereas, in this
study, emphasis is given on horizontal displaceme2wmparisons of the computed deforma-
tions from the FEM analysis with those obtainedrfrthe geodetic monitoring record for a
large number of control points established on the dody revealed a very good agreement.
These findings are of great importance considetiag in the long-standing history of the
dam different monitoring techniques (terrestriad aatellite) were implemented, the observa-
tion schemes varied and a large number of obsewens involved.

Key words: dam deformations, finite element method, geodatmitoring

Corresponding author contacts

Vassilis GIKAS

vgikas@central.ntua.gr
School of Rural and Surveying Engineering, Natioredhnical University of Athens
Greece

48



Aﬁ“eag\ﬂm% 13th FIG Symposium on Deformation Measurement and Analysis

eS 4th IAG Symposium on Geodesy for Geotechnical and Structural Engineering
\(\aﬂ%

e c
LNEC, LISBON 2008 May 12-15

DAM CREST SETTLEMENT, RESERVOIR LEVEL FLUCTUATIONS
AND RAINFALL: EVIDENCE FOR A CAUSATIVE RELATIONSHIP
FOR THE KREMASTA DAM GREECE

Stella PYTHAROUL{? and Stathis STIROS

Geodesy Laboratory, Dept. of Civil Engineering, sity of Patras
Dept. of Civil Engineering, University of Strathdé/

Abstract: Crest settlements of the Kremasta Dam (Greece)pbtiee highest (160.3m high)
earthfill dams in Europe, were analysed in comlmatvith the elevation of the reservoir
level and the rainfall height for the period 196@0603. Using an analytical approach based
on the optimization of the correlation coefficiemd a high-pass filter (threshold correlation)
we determined critical values of three parametersefvoir level, rate of increase of the res-
ervoir level and rainfall) which, if all at the santime exceeded, the rate of the settlements of
the crest is increased significantly. This ressiiimportant, especially in view of plans for in-
crease of the reservoir level to the design valuask never accomplished since the construc-
tion of the dam in 1965 because of the threat ofeiased leakage already approaching safety
limits.

Key words: Kremasta, earthfill, dam, crest, settlementssmesr, rainfall, threshold correla-
tion

Corresponding author contacts

Stella PYTHAROULI

stella.pytharouli@strath.ac.uk
University of Strathclyde
Scotland, UK

49



Aﬁ“eag\ﬂm% 13th FIG Symposium on Deformation Measurement and Analysis

4th IAG Symposium on Geodesy for Geotechnical and Structural Engineering

e LNEC, LISBON 2008 May 12-15

SLOPE STABILITY MONITORING USING SPACE-BORNE
REPEAT-PASS SAR INTERFEROMETRY

Urs WEGMULLER', Charles WERNER Tazio STROZZ, Andreas WIESMANN,
and Hugo RAETZ®

Gamma Remote Sensing AG
Federal Office for the Environment

Abstract: Over the last years slope stability monitoring wipace-borne interferometric
SAR techniques reached some maturity. For manyelgiopes the knowledge on the stabil-
ity is quite minimal. Consequently, a novel methpadentially providing such information is
well received even if there are limitations to agplicability. This even more so, as space-
borne SAR interferometry benefits from the alre@dkysting SAR data archives covering
more than 15 years. The two main categories ofteeganerated are “land slide surveys”, i.e.
products which are primarily used to identify unkmslope instabilities and to get informa-
tion on the activity of known land-slides and “lafide monitoring”, intended to get quantita-
tive information on the movements of specific ldits.

Based on examples potential and limitations of S#&Rrferometric techniques, including dif-
ferential interferometry (DINSAR) and Persistena®erer Interferometry (PSI) will be dis-
cussed. Landslide survey and monitoring resultainet over different parts of Switzerland
will be presented. In some cases the results doeeildblidated with auxiliary information and
in other cases an independent interferometric arsmyonducted using alternative data over
the same area gave additional confidence in thétres

Considering the high costs related to landslide pirap and in particular the difficulties in
the detection of the active, slow, and dormantspaftiandslide, especially over urban areas,
the use of a SAR interferometry based approachpoaitively impact on the hazard mitiga-
tion activities of local and regional authoritiess a next step the monitoring of the actual
movements using SAR interferometric techniquesdtda implemented in the risk manage-
ment.

Key words: Differential SAR Interferometry, Persistent Seatr Interferometry, land mo-
tion, landslides inventory, deformation monitoring.
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GPS/INS/PL/TLS INTEGRATION SUPPORTING NAVIGATION
OF GEOPHYSICAL SENSORS FOR UNEXPLODED
ORDNANCE DETECTION AND DISCRIMINATION

Dorota A. GREJNER-BRZEZINSKA Charles K. TOTH Hongxing SUN and Chris RIZO%

Satellite Positioning and Inertial Navigation (SBINaboratory, The Ohio State University
Center for Mapping, The Ohio State University
School of Surveying & Spatial Information Systefme University of New South Wales

Abstract: Reliable and precise navigation technology is ésddor robust detection and discrimi-
nation of unexploded ordnance (UXO) in a wide raoigield conditions. The detection and reme-
diation of munitions and explosives-of-concern (MECone of the Department of Defense (DoD)
most pressing environmental problems. The MEC cleniaation and remediation using current
technologies is often unreliable, due mainly toitiability of current technology to detect all MEC
and to discriminate between MEC and non-hazardensj which is mainly due to the lack of pre-
cise relative navigation in the area. Thus, the gioiie research presented here is to desigmand i
plement a high-accuracy navigation device baseshwti-sensor integration, that can address the
stringent requirements of a man-portable geopHysiegping/imaging system in open and im-
peded environments, to lower the cost of remedhatp improving the geolocation accuracy of
MEC discrimination and thus, eliminating the exd¢mraof non-hazardous objects.
The proposed design of the system is based orgtredfuple-integration” of GPS, IMU, terres-
trial RF system — pseudolite (PL), and terrestaaér scanning (TLS) to support high-accuracy
navigation for a non-contact mapping system inowerienvironments. The proposed design inte-
grates PL and GPS signals together with INS and mke&surements to deliver an optimal multi-
sensor positioning solution in a tight integratimodel that will not interfere with magnetic and
electromagnetic geophysical sensors. The key mmvaponent of the proposed multi-sensor sys-
tem is a terrestrial laser scanner that can proxedg high positioning accuracy in a local frame,
and thus can support a GPS/INS/PL-based navigsygiam to achieve both absolute and relative
high positioning accuracy in impeded environmentge proposed fundamental positioning con-
cept is hierarchical, with three main levels ofipaising:

» Absolute or global positioning in open areasr(auily using GPS/IMU integration).

* Relative medium-range positioning under canopiesther obstructions will be ac-
complished with the PL/IMU technology.

* Relative short-range positioning, where extrentegh relative positioning accuracy
is required, will be realized by employing TLS taology in a local reference frame.

This paper will address the concept design of yiséesn, the algorithmic approach to sensor
integration with a special emphasis on TLS intagratvith GSP/IMU/PL, and the prelimi-
nary performance assessment based on simulatidneahdata.

Key words: multi-sensor integration, georegistration and ieeimg instrumentation
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MEASURED SETTLEMENTS OF THE
PESNICA HIGH EMBANKMENT

Pavel ZVANUT
ZAG - Slovenian National Building and Civil Enginag Institute, Ljubljana

Abstract: As a part of the National Motorway Construction gfeonme, a large number of
high embankments founded on soft soil have bedhibulovenia. One of them, the Pesnica
high embankment, is located on the motorway sec@entilj - Pesnica, close to the city of
Maribor. The height of the embankment varies betw@eand 8 m. The embankment had to
be built on very compressible subsoil, with a logabng capacity and low permeability, so it
was necessary, in the design, to provide adequassumes to increase the stability and the
consolidation rate of this subsoil.

A system for geotechnical monitoring of the embaekimand the subsoil beneath it, whose
aim was to monitor the performance of the embanknvess established. Two methods were
used to obtain settlement profiles at various looatalong the embankment. As well as con-
ventional settlement plates, which were installechamerous transverse profiles along the
embankment, two measuring tubes were installed@iof the embankment cross-sections in
order to be able to measure settlements using @stgdic profile gauge (HPG).

The results of a comparison of settlement developrae two different profiles where the
HPG was used are presented. It can be seen thdévie®bpment of soil settlement at the two
selected profiles was very different, which is doesequence of the heterogeneity and differ-
ent compressibility of the soil beneath the embaekmit was also shown that the values of
the settlements measured by HPG were very sinblathése observed on the settlement
plates, which were located very close to the méaguubes.

The use of a measuring tube and a HPG, which datesterfere with the construction works,
has proved to be an excellent practical solutiarthis case the results consist of not just a
single settlement (as in the case when a settlepiatd is used), but every time a measure-
ment is made a complete settlement profile is abthi

Key words: geotechnics, field measurements, settlementsaskmbents.
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FOUR DIMENSIONAL MONITORING OF DEFORMATION
AS DEDUCED FROM REPEATED GPS CAMPAIGNS

Yoichiro FUJII, and Yohei SHINDE
Nippo, Co.Ltd

Abstract: Recent development of GPS performance enables @ppty four dimensional
monitoring of ground deformation or any other eegiring structure with precision of ~3 mm
in horizontal positioning and ~10 mm in verticatetenination. We demonstrate two examples
of deformation deduced from repeated GPS campaldresone is the ground subsidence moni-
toring inside Kawasaki city in Japan, and the otkehe subsidence of viaduct along the high
speed railway during construction work in TaiwawnilBof these two cases, we performed out
continuous GPS observation more than 12 hours bByfckquency receiver. The observed data
are analyzed both with aid of Bernese Ver4.2 anahiGder10.1 software. Finally three dimen-
sional positioning are deduced referring to the #&fions located in and around the respective
countries.

Repeated GPS campaigns had been performed dutingafg~March every year from 2003 to
2007 inside Kawasaki citianagawéaPrefecture in Japan, arder to realize practical GPS/Leveling
employing the latest geoid model. Traditional Bedeveling was also repeated. We can compare
two kinds of results of orthometric height chargee is obtained from GPS and the other from level-
ing. We recognize that discrepancies among theseldanot exceed overl5mm/year. Also we de-
duce horizontal displacement vector and find sicguift trend of northward movement at some
bench marks which are distributed on the groungbst remarkable subsidence.

The Taiwan High Speed Railway of 350km length wasstructed by the Taiwan High Speed
Rail Corporation. We carried out various kinds eduested surveys, and paid much attention
on the ground subsidence along the rail way. Theated GPS campaigns were carried out to
investigate viaduct deformation caused by the giosubsidence in March and September,
2004, respectively. We find viaduct subsidenceGxim/year at the most that is the same trend
obtained from repeated precise leveling performedhe viaduct, and also horizontal move-
ment of 2~3cm directed westward on the viaductrdutihe respective period. This fact is con-
firmed from the results obtained by applicationtwb kinds of software Bernese Ver4.2 and
Gamit Ver10.1 though we have some small discreparaiinong them.

Key words: campaigns, four-dimensional monitoring, grountbdeation.
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DAM DEFORMATION ANALYSIS USING THE
PARTIAL LEAST-SQUARES METHOD

Nianwu DENG, Jian-Guo WANG, and Anna SZOSTAK-CHRZANOWSKI

School of Water Resource and Hydropower, Wuhandssity*
Department of Earth and Space Science and EngimgeYork University
Canadian Centre for Geodetic Engineering, Universit New Brunswick

Abstract: Main problem in data analysis is a constructiormathematical models relating
environmental variables and patterns of deformatinritase of the dam environmental vari-
ables are temperature, water level in a reseretar, The most commonly used method of
data analysis is statistical modelling of the datee partial least-squares regression (PLSR) is
a statistical method which finds a linear modelcdésg some predicted variables in terms
of other observable variables. The partial leasiases regression (PLSR) is a multivariate
statistical algorithm, which can overcome somehefshortcomings of other approaches, for
instance, the multiple correlation among indepehd@niables. PLSR methodology is pre-
sented on the example of an earth dam locatedninadeChina. A three dimensional defor-
mation analysis for a single point on the dam idgrmed. The analysis consists of a data fit-
ting, deformation prediction, and contribution as& of individual factors. The presented in
the paper research shows that PLSR results arenel@iele and have the better integrity than
the other methods.

Key words: dam deformation monitoring, data analysis, phl#iast-squares regression, pre-
diction.
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MONITORING STATIC DEFORMATION OF THE
BULK DAM IN THE EAST SLOVAKIA

Vladimir SEDLAK, Milo§ JEENY, Marian MESAROS and Imrich DUFINEC
University of Security Management in KoSice

Abstract: Deformations on buildings and structures due to aweight, water pressure, inner

temperature, contraction, atmospheric temperatngdeearth consolidation occur. Especially,
it is necessary to embark on monitoring and anadysif deformation effects and movements
of any sizeable dams and water basins and so wemiref their prospective catastrophic ef-
fects into environment.

The paper is centred on stability of the rock-di@im of the water basin Pod Bukovcom near
KoSice in the East Slovak RegioFhe purposes of the dam are to supply industriazémfar
cooling up of metallurgical blast furnace equipmehtompany U.S. Steel KoSice in case of
its emergency. Actual stray terrestrial geodetid &PS measurements were not construed on
a level of terms of present scientific analyse @fiodmation surveys. Results and analyses of
geodetic measurements on the rock-fill dam willupelergone by to test-statistics, the model
of stability or prospective movement of the rodkdiam with time prediction.

The paper outputs are incorporated into GIS ar@rimdtion system of U.S. Steel KoSice.

Key words: Rock-fill dam, deformation survey, test-statistiGIS, GPS observations, terres-
trial geodetic measurements.
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STUDY OF LAND SUBSIDENCE AND GROUND FISSURE ACTIVI-
TIES IN XIAN CITY W ITH INSAR

Chaoying ZHAG?, Xiaoli DING?, Qin ZHANG, Zhiwei LI*, Yongqi CHEN and Zhong LY

The Hong Kong Polytechnic University
Chang’an Universit§
U.S. Geological Survéy

Abstract: Land subsidence and ground fissure activities Hmeen a serious geo-hazard in
Xran city, China. The land subsidence startedhim 1960s and has affected a large area in
the city. The ground fissures associated withldinel subsidence have caused damages to a
large number of buildings, bridges and other stmes. Differential SAR interferometry
(DINSAR) technique is applied to monitor the pheeom of land subsidence since 1992.
Special interferogram filtering and phase unwragptgorithms are used in processing the
data. Leveling and GPS measurements are usedittateabnd calibrate the INSAR results.
Three main subsidence stages during 1992 to 2@0feaealed based on the DINSAR results.
High correlation with uncontrolled ground water dtawal and city development can be
seen from the results.

Key words: Land subsidence, ground fissures, DINSAR, GR$development
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GPS NETWORK FOR LOCAL DEFORMATION MONITORING
IN THE ATLAS MOUNTAINS OF MOROCCO

A.J. GILY, M.C. DE LACY?, A.M. RUIZY, J. GALINDO-ZALDIVAR?, P. AYARZA®
A. TEIXELL* F. ALVAREZ-LOBATO®, M.L. ARBOLEYA* A. KCHIKACHS
M. AMRHAR®, M. CHARROULF, R. CARBONELL’ and E. TESORN
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Departamento de Geodinamica, Universidad de Grahada
Departamento de Geologia, Facultad de Cienciasyemsidad de Salamanta
Departament de Geologia, Universitat Autdbnoma dec@and'
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Département de Géologie, Faculté des Scienceschnitpies Fés-Saiss, Université Sidi Mo-

hammed Ben Abdellh

“Instituto de Ciencias de la Tierra ‘Jaume Almei@SIC

Abstract: The Atlas Mountains of Morocco have been the tas§several geophysical studies:
gravity, refraction and MT surveys carried out dgrihe 80’s and 90’s have helped to establish
some of the main characteristics of this intracemital orogen, such as its overall structure and
modest crustal thickness. Later studies, basedroat@wal geology, higher resolution gravity
surveying and multidisciplinary potential field meslihg indicated that the High Atlas crust is
too thin to support its topography and that a neactintribution is required. An astenospheric
upwelling, which triggered the Eocene-to-recenagtinagmatic activity was then proposed as
the main cause of its topography. Crustal thickmeggpens to be the key to establish the posi-
tion of the lithosphere-astenosphere boundary lagetore, to asses the real contribution of the
mantle to the topography and accordingly the aaipéft. In the frame of a multidisciplinary
project covering the described issues, a non-peena@PS network have been established
around the Ouarzazate Basin and surveyed forrstdifne in September 2007. This network is
aimed to control the recent vertical and horizontavements that affect the area in an attempt
to constrain the current deformation rates in thlasAsystem.

Key words: crustal deformation, active tectonic, GPS netwétkas mountains
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STABILITY OF HISTORICAL BUILDINGS

Jan ZALESKY, Jaromir PROCHAZKA Tomas JIRIKOVSKY and Jan SALAK

Department of Geotechnits
Department of Special Geodésy
Faculty of Civil Engineering, Czech Technical Umsry in Prague

Abstract: The main objective of the project “Stability of tusical buildings” supported by
the Czech Science Fund is to develop a methodalbggpmplex stability analysis of histori-
cal buildings. The analysis is based both on aeckwarch started before the year 2000 and
visual inspections. Different sets of long-term sw@wa&ments as surveying, structural monitor-
ing and geotechnical measurements are performegdtteer input data for assessment of the
technical state of buildings and their interactwith the subsoil. The project is executed in
the Prague Castle area, a part of the Czech cuheraage, because of different structures
selected for application and verification of theveleped methodology, as well as previous
activities of the team members there.

The project will be described in brief and the waysnstrumentation, monitoring and its re-
sults will be discussed. Combination of line-wisdsoil deformation measurement together
with sensitive geodetical methods and GPS apptinatare used for assessment of long-term
structural behaviour followed by structural numeriodelling.

Key words: monitoring, differential settlement, tilting,
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MONITORING THE DEFLECTIONS OF LARGE
SUSPENSION BRIDGES IN THE UK BY GPS

Gethin ROBERTS Chris BROWN, Chris ATKINS', and Xiaolin MENG

The University of Nottingham
Brunel University of West Londdn

Abstract: The use of GPS for monitoring the deflections ofdéasuspension bridges in the
UK has been under research at the University ofilNgitam and Brunel University for over a

decade. The following paper details the main owstratm this work, focusing on the ability

of GPS to measure the deflections to the orderfefvamillimetres, as well as measuring the
fundamental frequencies of the bridges.

Key words: GPS, deflection monitoring.
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CONCEPT FOR RISK ASSESSMENT AND MONITORING OF THE
UPPER BIO BIO REGION IN CENTRAL CHILE STRUCTURES

Wolfgang NIEMEIER and Bjorn RIEDEL
Institut of Geodesy and Photgrammetry, Technicavehsity Braunschweig

Abstract: Two major dams have recently been constructeddasep supply within a tectoni-
cally active area in central Chile. These damsd&®and Pange) are filled by the river Bio
Bio, which gives the complete region its name. Tdiiea has been affected recently by a
M=6.1 earthquake in Dec 31, 2006, located at 1(bkfow Ralco's dam, and is related to ei-
ther the Liquinnofqui fault zone or by induced saity. It has been affected also by in-
creased activity of the Callaqui volcano (at 12r&) km distance) since 1992. Furthermore,
heavy rainfall in the past years caused severdlihgp affecting the towns and cities along
the rivers course including the capital of the oegi

The main objective of this project is to make rsksessment, based on a detailed GIS-
supported documentation and analysis of the egistituation in terms of historic records of
events, structural geology, surface structure @oguhy), existing vegetation and the hydro-
logical regime. Here optical remote sensing datilb&iused extensively.

Parallel the actual ground displacements will baitaced by advanced DINSAR techniques, using
TerraSAR-X radar data, rigorously combined withetiseries of GPS-observations. Additional in-
formation will be collected from seismometer recrdater level observations and rain fall
measurements. In addition, a permanent monitoririgeodams, mainly based on total stations,
has to be set-up. This more local system will bmtegral part of the outer monitoring system.

Based on all this information the identification toifjgering parameters for surface deforma-
tions and damages should be possible. As final atepn-parametric model, based on Fuzzy
and/or KNN techniques, will be developed, wherekihewn information is used to describe the
behaviour of this complex system and — hopefultydefine critical situations.

By this approach a first version of an early wagnystem for this area could be established.

Key words: risk assessment, natural hazard, INSAR and GRSyrated monitoring.
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STUDY OF A LONG-TERM BEHAVIOR OF LARGE
EARTH DAM COMBINING MONITORING AND
FINITE ELEMENT ANALYSIS RESULTS

Anna SZOSTAK-CHRZANOWSK), Adam CHRZANOWSK!, Michel MASSIERA,
Maciej BAZANOWSKI, and Cecilia WHITAKER

Canadian Centre for Geodetic Engineering, Universit New Brunswick
Faculté d’ingénierie (génie civil), Université deohkttorf
Metropolitan Water District of Southern Califorriia

Abstract: Sensitive structures such as large earth damsreegantinuous and real time in-
formation on their stability, particularly when thare located in tectonically active zones.
The results from automated monitoring surveys, wbempared with the predicted regular
behavior of the structures, give information on #ffects of seismic disturbances and may
trigger a warning alarm if irregular behavior exdieg a threshold value is detected. Defor-
mations of an earth or rockfill dam start occurrtging the construction of the dam. After
the construction of the dam is completed, the carable movements of the crest and the
body of the dam can develop during the first fdliaf the reservoir. Later, the rate of defor-
mations decreases in time, with the exception aitians associated with the periodic varia-
tions of the level of the reservoir and, in seisoaes, with the tectonic activity. The dams
located in the seismically active areas are buth whe material, which allow for a dam to be
more adaptable to the changes of loading conditibhe deformation process can be simu-
lated using, for example, the finite element metHdde to the uncertainty of the model pa-
rameters, careful monitoring of the dam and itsaurdings are required in order to verify
and enhance the model. This paper presents ansenallylong term deformations of West
Dam of Diamond Valley Lake (DVL) Project in Califua, U.S.A.

Key words: large earth dam, deformation analysis, finiteredat method, monitoring.
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GEODETIC MONITORING OF THE THERA (SANTORINI) CALDER A

Stathis STIRO% Panos A. PSIMOULIS George VOUGIOUKALAKIS,
Villy KONTOGIANNI %, Stella PYTHAROULY, Michalis FYTIKAS',
Grant T. FARMER and Andrew V. NEWMAN

Geodesy Lab., Dept. Of Civil Engineering, Patrasversity*
Institute of Geology and Mineral Exploration (IGME
Dept. Of Civil Engineering, University of Strathdé
Dept. of Geology, Thessaloniki UniverSity
Georgia Institute of Technology, School of Eartld #&tmospheric Sciences

Abstract: The Santorini (Thera) volcano caldera in the sautiAegean, is part of a well de-
veloped volcanic system, partly submerged and fanfiauthe eruption which buried the pre-
historic town of Akrotiri about 3500 yrs ago. Thislcanic system is very active and small-

scale eruptions occurred till the"26entury.

Since 1985 there have been efforts at a systemati@illance of the volcano using geodetic
techniques in order to identify periods of tectomgmatic unrest, pour some light in the

mechanism of deformation and even predict futuoptsons.

Analysis of a geodetic, EDM radial monitoring netlweevealed a small-scale (up to 10cm length

changes and up to 2*PGstrain) non-uniform inflation of the north part e caldera between

1994-2003. Between 1985-1988 centimeter-scalecaertiovements were also observed along a
leveling traverse following a zone of recent magmand hydrothermal activity in the Nea
Kammeni Islet, at the central part of the caldaral especially close to a site where an up to

60-70cm transient coastal uplift occurred in 1386s inferred from non-instrumental data.

In late-spring 2006, with UNAVCO field support, atwork 18 GPS stations has been estab-
lished. Most stations coincide with triangulatiolat®ns and cover the whole of the non-
submerged part of the caldera. In addition, caitirs GPS recording stations have also been
established in the northern part of the calderalilRmary analysis of the latter revealed no
significant coordinate changes, most-likely indiegtthat for the moment the volcano is in a

state of dormancy.
Key words: Volcano, Thera, geodetic surveillance, EDM, GRfi@ns
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HORIZONTAL MOVEMENTS OF THE TECTONIC UNITS OF
EUROPE BASED ON DATA OF EPN SERVICE

Bernard KONTNY and Roman BEDNAREK

Institute of Geodesy and Geoinformatics
Wroclaw University of Environmental and Life Sciesic

Abstract: Contemporary geodynamic investigations on a glaindl regional scale are being
realized by network of permanent GNSS stationsidigied all over the Earth. The Continen-
tal EPN (EUREF Permanent Network) is a Europeawart of 200 permanent stations and
the main assignment of EPN is the maintenance &HBB. One from many available prod-
ucts as part of project “EPN Coordinate Time SeAeslysis Special Project” are compo-
nents of the velocity vectors of EPN stations. @halysis, interpretation and visualization of
motion velocity vectors of permanent stations canubed for different interdisciplinary re-

search, especially for locally geodynamic investages. The main aim of the elaboration was

to find a correlation between velocity fields of NEP
stations and the tectonics of Europe. Based ogebe
logical maps, major tectonic structures have beasn d
tinguished. For each unit the continuous velocgydf

has been developed by means of kriging's method of
interpolation. Moreover, to establish the areashof
mogenous changes, the k-means method of cluster
analysis technique was used. One of the reseaaghst

- was to find the answer to the question about poisgib

to determine average velocity vector of motiondach
tectonic unit, which will be illustrating mobilitgf the
whole tectonic structure.

Key words: tectonics of Europe, EUREF Permanent

Network, geodynamic researches, cluster analysrizdntal movements.
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AN INTEGRATED MONITORING SYSTEM FOR THE MONUMEN-
TAL WALLS OF AMELIA

Donatella DOMINICE, Guido FASTELLINF, Fabio RADICIONfand Aurelio STOPPINI

DAU, University of L’Aquila, Italy
DICA, University of Perugia, Ital§y

Abstract: The ancient town of Amelia (Umbria, central Itaig)surrounded by monumental
walls built by Italic civilization between VI and/Icentury BC. The walls of Amelia have an
exceptional historical and architectonic interege do their particular construction made of
very large limestone blocks cut in polygonal shagesembled with no cement. Recently, a
part of the walls has been interested by seriquststral problems culminating in a local col-
lapse. Consequently, a series of restorationrti@ve been undertaken by the regional au-
thorities, and the walls have been put under canimothis frame, the Department of Civil
and Environmental Engineering of the Perugia Umsigr(DICA) has designed and set up an
integrated monitoring system for the Amelia wafisdlving various techniques (GPS, high
accuracy total stations, close-range photogramméisger scanning, deformation sensors),
which is now starting to operate. The system isgiesl to employ such different techniques
and sensors in synergy, taking advantage by tHerelift features of each one. The work
analyses the design of the integrated multi-sesgstem, the selection criteria of instruments
and sensors, the setting up of the system andkfierted results.

Key words: historical buildings, deformations, multi-sensaonitoring.
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RECOVERY OF SENSOR PLATFORM TRAJECTORY FROM
LIDAR DATA USING REFERENCE SURFACES

Charles K. TOTH, Dorota A. GREJNER-BRZEZINSKA and Young-Jin LEE

Center for Mapping, The Ohio State University
Satellite Positioning and Inertial Navigation (SBINaboratory, The Ohio State Universfty

Abstract: Even though terrain-based navigation has beenfasggars to navigate airborne plat-
forms, a continuous exchange of precise geolocatformation between the imaging and naviga-
tion modules to improve the overall error calilmatis a novel idea, which should significantly in-
crease the system'’s fault tolerance in a variegjtoétions, including terrestrial systems. Prédgent
the navigation solutions are predominantly based @PS or integrated GPS/IMU systems, sup-
porting typically a single imaging sensor, with feedback between the sensory data processing
filters. Most of the research in terrain-based getion proposes the use of optical measurements
from airborne imagery, although the concept of @xpl LIDAR-based terrain navigation is also
reported. Recent technological advances in imaggmgors improved the potential for obtaining
feedback from image data for navigation, as in geigher spatial sampling and positioning accu-
racy can be achieved.

This paper is concerned with obtaining navigatiatadrom LIDAR and presents a trajectory re-
covery method based on LIDAR data using referesicait surface models. Under normal circum-
stances, the coordinates of LIDAR points are caledl from position and attitude, provided by the
GPS/INS navigation solution, boresight parameteta/&en navigation and imaging sensors, scan
angles and laser range measurements. If GPS sagedtsst, the coordinates of LIDAR points can
be still computed using an INS-only solution; olosgly, with growing errors in time. If reference
surface data exists, it can be used for recovti@giDAR sensor trajectory as long as the INS dif
under a certain threshold. This task is similasudace matching, except 1) the quality of onesgta

is strongly location-dependent, and 2) by usingptiveary laser data and reference surface, the sen-
sor trajectory is estimated. To assess the perfarenaf the proposed method both simulated and
actual LIDAR data was used and an analysis oredigility of the method is provided.

Key words: terrain-based navigation, LIDAR (airborne lasearming), surface matching,
multi-sensor integration.
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STRUCTURAL DEFORMATION OF THE HIGH-SPEED LINE (HSL)
INFRASTRUCTURE IN THE NETHERLANDS; OBSERVATIONS US-
ING SATELLITE RADAR INTERFEROMETRY

Mahmut ARIKAN and Ramon F. HANSSEN
Delft Institute of Earth Observation and Space &yst, Delft University of Technology

Abstract: HSL Zuid (High-Speed Line South) is a dedicate® kih high-speed rail line,
forming part of a new route between Antwerp, Betgiand Amsterdam. Construction began
in 2000, and major engineering projects include ey 7.2km Leiderdorp-Hazerswoude
tunnel under the Groene Hart (Green Heart) opentcpbetween the country's four largest
cities, Amsterdam, Rotterdam, Den Haag and Utrédbtth of this tunnel, a section of the
line near Rijpwetering, containing the sharpesvewn the entire route, experienced signifi-
cant structural deformation during the constructitage due to ground instability, and 800 m
of the line had to be rebuilt. Local in situ swseshow that up to 15 mm of horizontal de-
formation occurred after 2003. Here we investigatether local deformation of this kind can
be observed by satellite radar interferometry, gisinfine-tuned processing approach dedi-
cated for this application. We report on the pracedollowed, on the constraints in the pa-
rameter estimation and the obtained level of pi@tiand reliability. The combination of a
forward model to simulate radar observations framiiu measured displacements and an in-
verse model using the satellite data to estima&ealiplacements will be presented.

Key words: INSAR, Persistent Scatterer Interferometry, strrad deformation, infrastructure
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EXPERIMENTAL STUDIES ON MONITORING GROUND DEFORMA-
TIONS WITH CORNER REFLECTOR INSAR

Xiaoli DING?, Jiangping LONG, Rong XIANG', Zhiwei LI*, Eric FUNG,
Vitus CHAN?, Qiang CHEN, Peter DAMOAH-AFARI, Guangcai FEN&and Zu ZHONG

The Hong Kong Polytechnic University
Civil Engineering and Development Department, Goweent of HKSAR
U.S. Geological Survéy

Abstract: Six corner reflectors (CR) installed on a hillsislepe and on reclaimed land in
Hong Kong are used as point targets in our interfatric synthetic aperture radar (INSAR)
experiments to study ground motions related toldimelslide and ground settlement. Eight
ESA ENVISAT SAR images spanning from February 2@08Vay 2007 are used in the

study. The Least-square AMBIguity Decorrelation dstment method (LAMBDA) that was

originally developed for phase ambiguity resolutintGPS positioning is used for phase un-
wrapping in processing the INSAR data. The zenmtpdspheric delays determined with 12
continuous GPS stations in Hong Kong are useddrsthdy to determine and correct for the
tropospheric delays to the INSAR measurements. Bwghr and periodic deformation models
are tested in the study. The study demonstrategshibaCRINSAR method provides accurate

results in monitoring ground motions.

Key words: INSAR, corner reflector INSAR, ground motions
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MONITORING DEFORMATION OF WATER DEFENSE STRUCTURES
USING SATELLITE RADAR INTERFEROMETRY

Ramon F. HANSSEN and Freek J. VAN LEIJEN
Delft Institute of Earth Observation and Spacet&@ws, Delft University of Technology

Abstract: The majority of the Dutch population is living cand reclaimed from the sea, be-
low the high water levels of the sea, large rivend lakes. Seventy percent of the gross na-
tional product is earned in these vulnerable ar€herefore, the safety of the water defense
systems (WDS) is of paramount importance to suddaitth society. Failure can have catas-
trophic humanitarian and socio-economic consequgeendee primary water defense systems
form a protection against flooding from the sea, ithain rivers, and the large lakes, for which
failure would have dramatic consequences. Monitptire status of WDS is particularly dif-
ficult, partly because of their large extent: 170®9 in the Netherlands. Inspection methods
rely largely on expert observers, who perform yeanhnual (visual) inspections, a method
that has been unchanged since the centuries. Qoarsig such observations are infrequent,
subjective and qualitative. Here we show that Begetadar interferometry, using a new
methodology derived from earlier results on peesistscatterer interferometry, is able to de-
tect more than 90% of the primary water barriemiad the main open waters of the Nether-
lands; the Waddenzee and the 1Jsselmeer. Thege$ultv that it is possible to derive milli-
meter scale deformation and to assess whetherutes dike structure remains intact after
strong storms.

Key words:
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MEASURING DEFORMATION AND TOPOGRAPHY
WITH A PORTABLE RADAR INTERFEROMETER

Andreas WIESMANN, Charles WERNER, Tazio STROZZ| &hd WEGMULLER
Gamma Remote Sensing AG

Abstract: After a short description of GAMMA'’s novel portabiadar interferometer we re-
port the results of surface topography and grountien measurements over the Rhone gla-
cier in Switzerland and the Tessina landslideatylt

The Terrestrial Interferometric Radar was deployeerlooking the Rhone Glacier in September
and October 2007 for a series of measurementsatoatg the feasibility of using a ground-based
real-aperture interferometric radar for remote sensf glaciers. Comparisons of the phase be-
tween successive images acquired from the sam@ueirtwere used to determine displacements
on the order of a fraction of a wavelength. In¢hee of this Ku-band instrument, operating at a
wavelength of 17.4 mm, the measurement sensii&vibetter than 1mm. Multiple images of the
Rhone glacier where acquired over a 6 hour pehiteferometric post-processing of these data
yielded LOS velocity estimates on the order of 4/hm(35 m/year). The interferograms have
good coherence even over several hours. We alsoredgsimultaneous interferometric image
pairs with a vertical baseline of 25 cm. We deritregl surface topography from the interferomet-
ric phase by calculating the precise angle of B8 kelative to the baseline. Rapid simultaneous
acquisition of the image pair eliminates interfestrit decorrelation due to surface change
and phase errors due to tropospheric variability ground motion. Our results are in good
agreement with the topographic maps and photogramerdata.

Another set of measurements was taken at the Eelsidslide in Northern Italy. Small parts
of this landslide moved so rapidly that distin@rs of the deformation were already evident
after 15 minutes. Multiple measurements were takesughout the day to map and monitor
the movement. Over the short intervals considdneccbherence was high except for the for-
ested parts where the vegetation decorrelatedidhalsThe effect of the relatively strong at-
mospheric path delay distortions could be signifibareduced by stacking the individual ob-
servations. Overall the instrument showed a vetigfaatory potential.

Key words. Ground-based Radar Interferometer, deformatiomsmements, topographic
measurements, landslides, glacier motion, gla@érmae change.
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EXTRACTION OF DEFORMATION SIGNALS OF A SLOPE
WITH KALMAN FILTERING TECHNIQUE

XF He', YQ Chef, ZG Jid and XH Zhod

Institute of Satellite Navigation & Spatial Infortien System, Hohai University
The Hong Kong Polytechnic University
The First Research Institute of Oceanography

Abstract: This paper discusses the methodology to extraabroheition signals from the
monitoring measurements of a slope with Kalmareriitty technique. A first order Markoff
process is used as the dynamic model to desciipdadement rate of a monitoring point. The
method was used to process the measurements e€j sibpe at a hydropower station in
south-west China. The results show that the acgusaderived deformation parameters is
significantly improved.

Key words: Kalman filtering; deformation analysis; slope.
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OPTIMAL DESIGN OF DEFORMATION MONITORING
NETWORKS BY USING PSO ALGORITHM

Mevlut YETKIN, Cevat INAL and Cemal Ozer YIGIT
Department of Geodetic and Photogrammetric EngimgeiUniversity of Selcuk

Abstract: Geodetic deformation monitoring networks has tosbficient in terms of preci-
sion, reliability and strength, sensitivity and tddence, before monumenting and gathering
survey data, a geodetic network must be designedeiet some quality criteria. Mathemati-
cally, optimal design of a geodetic network implegimizing or maximizing a target func-
tion that denotes the quality of the network. Qlzedly/, a network can be optimized using the
trial and error method and analytical methods sasHinear programming, quadratic pro-
gramming or some optimization problems can be sblwe generalized or iterative general-
ized inverses. Optimization problems may also bgesoby intelligent optimization tech-
niques such as genetic algorithms, simulated amgeahd particle swarm intelligence (PSO)
algorithm.

In this paper, we dealt with optimization problefngeodetic networks. A GPS network was
optimized by using PSO algorithm in the sense ithaill satisfy good precision and high re-
liability requirements. According to our result§S® algorithm can be used as a tool for opti-
mizing a geodetic network.

Keywords: GPS network - optimization - PSO algorithm - netikvquality criteria - artificial
intelligence - swarm intelligence.

Corresponding author contacts

Meviut YETKIN

myetkin@selcuk.edu.tr
Department of Geodetic and Photogrammetric EngingefBelcuk University
Turkey

73



Aﬁ“eag\ﬂm% 13th FIG Symposium on Deformation Measurement and Analysis

4th IAG Symposium on Geodesy for Geotechnical and Structural Engineering

e LNEC, LISBON 2008 May 12-15

SMOOTHING GNSS TIME SERIES WITH
ASYMMETRIC MOVING AVERAGES

José Nuno LIMA and Jodo CASACA
National Laboratory for Civil Engineering

Abstract: There is an increasing trend to apply GNSS contisuabservation of short base-

lines to the monitoring of engineering works, sashbridges and dams, for their structural
analysis and safety control. In the case of lamyas] one important application of the GNSS
continuous observation is the establishment ofyeadrning systems that demand accurate,
frequently updated information and where the amsalgtthe baseline time series, in order to
separate signal from noise is mandatory. The pppesents a study on the performance of
linear filters of the asymmetric moving average (AMype to smooth baseline time series.
The transfer function of the AMA is adopted as abething criterion to define an adequate
order for the AMA, in face of the spectral dendiiyiction of the baseline time series. One
series of measurements of a short test baselirffer{@2materialized in the campus of the Na-
tional Laboratory for Civil Engineering, is usedaasexample of the proposed strategy.

Key words: Moving average, Noise, Signal, Spectral density.
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PROCESSING METHODOLOGY FOR THE
COMPUTATION OF AFREF SOLUTIONS

R.M.S. FERNANDES, H. FARAH and A.Z.A. COMBRINK

UBI, CGUL, IDL*
RCMRD - Regional Centre for Mapping of Resource®ivelopment
HartRAO - Hartebeesthoek Radio Astronomy Obseryator

Abstract: The goal of this manuscript is to describe the wdtfogies and steps used to pro-
duce the first realization of the AFREF (Africanf®&ence Frame) solution, called AFREFO8.
AFREF is an effort carried out by the internatiooammunity, in particular the African coun-
tries, to establish a continental reference system basis for national reference networks.
AFREFO08 is being realized by simultaneously com@maeurate positions of an extended set
of GNSS (Global Navigation Satellite Systems) disited by the entire African continent.
The positions are referred to the latest realiradibI TRS (International Terrestrial Reference
System), ITRF2005, by aligning the continental soluinto this global frame at a defined
epoch.

The solution for the AFREF network needs to bedixe a certain epoch in order to be the
backbone system that will allow every country talize its national system fully and directly
consistent with the national realizations produlbgdhe neighbouring countries. To respect
the dynamics due to the existence of several tectdocks, AFREFO08 is fixed to the Nubia
plate and the differential motions with respecthis block for stations located in different
plates have been accurately modelled.

We discuss here the theoretical issues involvedtlamdesults obtained, which are based on
the combination of two individual solutions proddaesing two different software packages.

Key words: AFREF, Reference Frames, Tectonic Plates
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GNSS RTK NOISE REDUCTION IN POSITION DOMAIN USING
CAUSAL FIR FILTERING FOR GEOTECHNICAL AND
STRUCTURAL ENGINEERING APPLICATIONS

Joél VAN CRANENBROECK
Leica Geosystems AG Heerbrugg

ABSTRACT. There is no doubt that GPS/GNSS has introducedragtive change in the way
we are handling structural monitoring operatiorf®rérange GPS/GNSS positioning can today
rivals in term of precision with the traditionalagketic technology based on Total Stations.

While today the GNSS receivers can process thergdigen at highest rate such 20 Hz than
before, it has all been a concern to reduce thdgtrasise inherent of the observations con-
taminated by atmosphere turbulence, inaccurateésoriformation etc, and to take advantage
of most data we can collect to do so.

Applying an appropriated causal Finite Impulse Resg filter directly on the position do-
main (coordinates) guarantees a noise reducti@naeind 35%. On the same time the charac-
teristic of the sample distribution is tested tswe the filter can be reset in case of even
small and abrupt changes.

After comparing the merit of a conventional Kalnfdter with the performance of a causal
FIR filter, Leica Geosystems has opted and decideshplement such filter in both his Leica
GNSS Spider positioning software and in the LeitdSS QC software.

The author will review the characteristic of thigefi implementation, the different parameters
that can be set and the resulting performancesiferett projects using dual frequency
GNSS receivers and the new single frequency L&&4X901 receiver in real time as well as
in near real time or post-processing mode. Theltesibtained show remarkable perform-
ances in noise attenuation and therefore open #yetavgive more credit to the use of GNSS
technology for geotechnical and structural engimeespplication as well.

Key words: GPS, GNSS, reference Station network, deformati@mitoring, geotechnical
and structural monitoring, Leica GNSS Spider, RTGMK, FIR, filtering, smoothing, data
snooping.
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MODELLING THE BEHAVIOUR OF A LARGE
SPAN GLULAM BEAM OF ATLANTICO PAVILLION

Maria Jodo HENRIQUE'S Pedro Belé MATEUS Pedro PALMA and Helena CRUZ

Applied Geodetic Division, National Laboratory #ivil Engineering
Lisbon Universit§
Timber Structures Division, National Laboratory #ivil Engineering

Astract: Atlantico Pavilion, designed for the world fair EXP8 in Lisbon, is a multi-purpose
hall created to receive an audience up to 16,500lpelt is a remarkable structure. From the
outside it resembles a futuristic spaceship. Bisttiie inner timber roof structure which turns
it in one of the most emblematic buildings of itack

The Pavilion has one of the largest glued lamindgimther (glulam) structures in the world,
with arches from 52 to 115 m in span. This struegupports the arched roof and it is fixed to
the concrete foundations by means of pinned joints.

Since 2000 the National Laboratory for Civil Engén@g is responsible for following up the
glulam structure. The monitoring includes: periodisual inspections, continuous measure-
ments of moisture content of the timber and ofd&ad environmental conditions relevant to
the structure, and the determination of horizoatal vertical displacements by geodetic sur-
veying methods.

Vertical displacements of one of the beams, functbthe influence of several parameters,
are modelled. The model is calibrated using datmfthe last measurements campaigns. The
paper describes the Pavilion glulam structure ntloaitoring system and presents the results

as well as the numerical solution of a linear mgdsing Matlab) for estimation of vertical
displacements.

Key words: geodetic monitoring, vertical displacement, ghlstructure, model.
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EVALUATION OF THE CONVENTIONAL SURVEYING EQUIPMENT
APPLIED TO DEFORMATION ANALYSIS OF HERITAGE BUILD-
INGS. A CASE STUDY: THE TOWER OF SANTA MARIA LABLA NCA
CHURCH IN AGONCILLO (LA RIOJA, SPAIN)

José Manuel VALLE MELON, Alvaro RODRIGUEZ MIRANDAmal
Pablo PEREZ VIDIELLA

Laboratorio de Documentacion Geomeétrica del Patmimoo Universidad del Pais
Vasco-Euskal Herriko Unibertsitatea

Abstract: A typical feature of heritage buildings’ is themagility which is displayed by
means of several pathologies such as wall slomiogyexities or cracks. Although there are
some model projects on monitoring, they are uswallylosed in big restoration works whose
budgets are ample enough to accommodate the crsepEfor these cases, most of the
churches, palaces or castles which makes up otihgagage, have to share the limited funds
assigned to their maintenance where the geodetigsas are just a luxury it can not afford.

In this paper, it is reported a case study caroetat Santa Maria la Blanca church (Agon-
cillo, Spain) which shows significant deformatiof®r two years, a number of field cam-
paigns are being observed exclusively with conesati surveying equipment and bench-
marks.

Of course, it is not intended to perform a thoromgbnitoring but to answer the questions
whether the building is stable and the scale opth&sible movements. In order to accomplish
this aim, it is proposed to study the tridimenslanavements from their horizontal represen-
tation and the restriction to angular observatwhgh are the most easily controllables.

The main goal is to define a low-cost method usa$uh tool for preliminary diagnosis and to
permit optimizing the cases in which it resortsdailed geodetic studies or consolidation
works.

Key words: heritage, deformation analysis, low-cost.
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ESTIMATION OF THE VERTICAL DEFORMATIONS OF THE STY-
LOBATE OF ANCIENT TEMPLES - THE CASE OF THESEION

George D. GEORGOPOULOS and Elisavet C. TELIONI

Rural & Surveying Engineering School, Department@bography,
National Technical University of Athens

Abstract: In this paper a method is presented for the esomaif the vertical deformations
of the stylobate of ancient temples. Following tletermination of the settlements of the sty-
lobate of the temple of Ifaistos (Theseion) is présd as a case study.

The surface of the stylobate — the upper surfadgbetfemple’s crepis- is a curved one with

different transversal and longitudinal gradients.driginal shape can be derived from the un-
even heights of the columns’ lowermost drums. Sthese drums are not affected by distor-

tional features through out the centuries, theights, if measured accurately, can be used for
the determination of the original shape of the tierspstylobate. Using least squares tech-

niques the best fitting surface can be determineohg as observations in the adjustments the
measured heights if the drums. Finally the defoionat of the stylobate can be estimated

from the comparison between the estimated besufiace and the nowadays profiles of the

stylobate, determined by precise leveling.

The deformations of the Theseion stylobate aregntesl as a case study. The original curved
profiles of the four sides of the stylobate of #geseion are approximated by two different

curves (circle and a parabola), the best fittimge lis estimated. and the settlements of the
temple’s stylobate are determined..

Key words: Original geometry of ancient structures, defoliores.
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MONITORING OF TALL BUILDING’S DYNAMIC BEHAVIOUR US-
ING PRECISION INCLINATION SENSORS

Cemal Ozer YIGIT, Cevat INAL and Mevlut YETKIN
Department of Geodesy and Photogrammetry Engingetiniversity of Selcuk

Abstract: The observations made on the engineering structikeeslams, bridges, viaducts
and high buildings provide to determine whether streicture was built in accordance with
the project or not and whether it behaves reliaslpot. In the light of this information, new
information that should be considered in the asgiomp used in the project can be obtained
and some parameters can change. The dynamic parartik¢ wind, temperature, earthquake
loads especially acting on the tall buildings caieestructure move in the horizontal direction.

A high precision inclination sensor, a GPS site andanemometer were installed in order to
observe the dynamic behaviors of the 30-storey Rodos Hotel building in the horizontal
direction. The floors of the building are formedrfr a lobby, a clerestory, 4 basement floors,
an equipment floor and 26 floors with hotel roomike biaxial inclination sensors namely
Leica Nivel 220 were installed at the2and 26' floors on one of the shear-nucleus. The
GPS site was located at a place on the roof fromwie satellite view would be maximum
and the behavior of the building would be reflecatdbest, and the Young Anemometer was
installed at a most dominating place on the roafroher to measure the velocity and the direc-
tion of the wind. The horizontal movements of thelding, the velocity and the direction of
the wind are still continuously observed using Hiaxial inclination sensor and the ane-
mometer.

In this paper, there were given information abdwt installation plan of inclination sensor,
anemometer and RTK-GPS point that were installedetermine the dynamic behaviors of
the building. We dealt with monitoring strategytafl building by using inclination sensor
and RTK-GPS, the data-acquisition periods, comparsf two monitoring system and the
purposes of the study. In addition, we explainedadtyic systems and system identification
procedure related to deformation monitoring.

Key words: Monitoring of deformations-inclination sensor-®ra identification-tall building
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METROPOLITANO DE LISBOA - TERREIRO DO PACO TUNNEL:
EXTENSION OF THE BLUE LINE LISBON UNDERGROUND; GEO-
DETIC MONITORING OF AN ACCIDENT SITE

Anténio MESQUITA MACHADO
SPGO- Sociedade de Projectos e Gestao de Obras, Lda

Abstract: During the construction of the Terreiro do Pago éhgdound Station in 2001, as
part of the Blue Line expansion project, an acdid&curred in the main Blue Line tunnel, at
a curve executed partly in the silt bed of the Taguer in front of the Praca do Comércio
square.The consequential damages include somefassrect longitudinal and transverse
configuration of the tunnel rings in the curvedtpErthe main tunnel. Remedial works were
carried out, starting in 2005, under the engineedesign and supervision of TEC — Holland.

This presentation describes the geodetic solutimpdemented by SPGO, Lda, for continu-
ously monitoring the remedial and post-remedialksand induced displacements, in which
four Leica TCA2003 robotic total stations were gptinside the tunnel, distributed from one
end to the other end of the curved part of the mainel.

For this specific purpose, the curved part of thenel was divided into two “cantilever” in-
dependent parts, each controlled by two totalastati The “rigid” extremes of each “cantile-
ver” are the two outer ends of the curved and dachgagrts of the main tunnel. Two special
and common points in the middle of the tunnel,hia free ends of each “cantilever”, are
measured by both the internal and dependent tati@diss, in each observation cycle.

The commercial GeoMos software, from Leica Geosystewas applied for controlling all
the parameters of the continuous, cycle after ¢cytleasurements. However, before imple-
mentation of the whole physical and logical geaxetystem, some additional non--
commercial routines were discussed previously Wwéita Geosystems software developing
team, concerning their approval and final agreenfi@nthe logical and physical principles
described above. After this, the special routinesendesigned in Switzerland and, finally,
tested on site by the Leica Geosystems softwarelaigers.

The presentation describes the logical functiomirigciples of the implemented geodetic sys-
tem, the raw data transfer to the engineering desggin Holland, the general analysis of
booth “cantilever” object point and on site meadudésplacements and the often manually
performed adjustments, using Epoch Suite software.

Key words: Monitoring, Automatic monitoring, GeoMos, Ter@ido Pacgo, Lisbon Under-
ground, Epoch Suite, SPGO, Leica Geosystems
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DETERMINING DISPLACEMENTS ON TUNNEL BY
GEODETIC AND 3D FINITE ELEMENT METHODS

Mualla YALCINKAYA *, Burak SATIR and Mehmet AKKOSE

Department of Geodesy and Photogrammeétry
Department of Civil Engineerifig
Engineering Faculty, Karadeniz Technical University

Abstract: Temporary and permanent effects occur on majoineegng buildings and their
environments such as dam, bridge, tunnel, viadodttawer. These effects generally occur
because of the physical properties of the landwigight of the building, active external bur-
den and other similar effects. This results in daftion on both buildings and their envi-
ronments. The observation of the deformation orinesging buildings is necessary in terms
of socio-economic perspective because of the higitsoof the buildings and the importance
of their usage.

In this study, an attempt was made to determinel#&iermations occurred on Arhavi Tunnel,

constructed on Eastern Black Sea Coastal Statenldighby using geodetic measures and 3D
Finite Element Method (3D-FEM). The results fronttbonodels were compared and inter-

preted. The directions and the values of the tude&rmations determined by both models
seem to be the same and compatible with each d@feenparing both results had done more
realistic assessments.

Key words: Tunnel deformation, Finite Element Method (FEKdgodetic method
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CHECKING OF CRANE RAILS BY TERRESTRIAL
LASER SCANNING TECHNOLOGY

Tomas KREMEN?, Bronislav KOS,KA}, Jiif POSPI'SIE’, Peter KYRINOV(?,
Jana HALEKOVA? and Alojz KOPACIK?

Department of Special Geodesy, Faculty of Civilieagring, Czech Technical
University in Pragué
Department of Surveying, Faculty of Civil EnginegtiSlovak University of
Technology in Bratislava

Abstract: Measuring crane rails is one of important applaagiin the engineering geodesy.
At present, crane rails are most frequently meabswith using theodolites, levelling instru-
ments and total stations. Another possibility faasuring crane rails is using terrestrial laser
scanning. Technology of the terrestrial laser stanaffers several advantages in comparison
with commonly used processes. One of the mostfgigni advantages is fast data collection
and high density of the detailed points measurethercrane rails. Although this technology
does not achieve such accuracy for the individwahty as when using the exact classical
procedures, the final accuracy of this method cariuly compared with the other methods
thanks to the point density and knowledge of steghe measured crane rails.

The paper presents experimental using of the Bsamning technology for the static check of
the crane rail placed in the engine room of theewabwer plant in Gatikovo (the Slovak
Republic) with the Leica HDS 3000. The measurec dae processed in the PointClouder
software by means of fitting geometric primitivégcuracy of the final data is judged by the
accuracy analysis and also by comparison withekalts of the classical method. The results
are compared with the allowable deviation statethenISO 12488-1 norm and the STN 73
5130 state norm. Relevant precautionary measuregdtfication of the crane rails are taken
on the basis of this comparison.

Key words: terrestrial laser scanner, accuracy, geometrarmpeaters of crane ralil,
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MONITORING OF LOCK CHAMBER DYNAMIC DEFORMATION

Bronislav KOSKA, Tomas KREMEN', Jii POSPISIL, Peter KYRINOV(?
and Jana HALCKOVA?

Department of Special Geodesy, Faculty of Civilikaegring,
Czech Technical University in Prague
Department of Surveying, Faculty of Civil Enginegri
Slovak University of Technology in Bratisldva

Abstract: Measuring deformations is an important part of ggizdvorks during carrying out
and supervising of various engineering projectssMesed methods currently used for meas-
uring deformations are methods using the totaiostatand GNSS technologies. An interest-
ing possibility in the area of measuring deformadias the laser scanning technology. This
technology does not reach such accuracy for theitheéal points as in case of the exact total
stations or of the long-term GNSS observation bwverruns this drawback in measuring
speed, point density and complexity of surface mc®his technology can be even used for
monitoring of dynamics processes because of itg lvigth measuring speed.

Experimental using of the laser scanning technolegymonitoring of areal dynamic defor-
mations of the lower lock chamber with huge sizeéd@7% 21.95 meter is presented in the pa-
per. The process of lock chamber filling and emmyis monitored by the laser scanning sys-
tem Leica HDS 3000. Various interpretations of aecgfidata are considered and the data ac-
curacy is analyzed. The results are compared wélhrésults of electronic measuring system
which is placed in the inner area of the lock chamtoor. The electronic system measures
relative deformation at 56 points.

Key words: deformations, accuracy, laser scanning, lock dderdigital terrain model.
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USE OF A POINT CLOUD CO-REGISTRATION ALGORITHM
FOR DEFORMATION MEASURING

O. MONSERRAT, M. CROSETTO and B. PUCCI
Institute of Geomatics, Castelldefels

Abstract: During last few years the use of Terrestrial L&Seanner has increased notably in

different application fields, like architecture,odegy and geodesy. This paper will be focused
in the use of TLS data for deformation measureraadtmonitoring purposes which concerns
both engineering geology and geodesy. The authilirpnapose a new approach for deforma-

tion measurement which fully takes advantage offth® data characteristics. The procedure
is based on the point cloud matching algorithm t&apiare 3D Surface Matching proposed
by Gruen and Akca (ISPRS Journal, 2005, 59, 15)-Ti## paper will be focused on a com-

bined use of both Surface and Curve Matching fqrowe the matching results and as a con-
sequence the deformation measurement precision.

The paper will start with a brief summary of thatetof the art. Then the authors will describe
the proposed procedure. The last part of the walkbe focused on experimental results
(validation exercise) and will be followed by camsibns.

Key words: Terrestrial Laser Scanner, Point Cloud Matchibgformation measurement,
precision, curve matching.
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DEFORMATION MONITORING BASED ON TERRESTRIAL
LASER SCANNER POINT CLOUD REGISTRATION

Lefteris TOURNAS and Maria TSAKIRI
School of Rural and Surveying Engineering, Natiofethnical University of Athens

Abstract: Deflection monitoring of structures requires spgati@asurement techniques that are
have reliable, accurate, low-cost and easy toliasten. While a number of techniques possess
these characteristics, many require the use oét&mghich may be disadvantageous in some cir-
cumstances, especially when the structure is isaitide to operators. Terrestrial laser scanning
has already been recognised as a useful technijuageformation detection and monitoring.
However, general practice for deformation monitgvith laser scanners still requires use of tar-
gets. A methodology for measuring structural de&drom, based on the acquisition of two terres-
trial laser point clouds from a deforming objecthaiut the use of targets, has been developed and
presented in this paper. At different data collectpochs, the position and orientation of the ac-
quired scans are not the same. Therefore, the dimb gouds should be transformed to a global
reference system to enable comparison and heneetom of deformation information. For this
purpose, a number of stationary control pointsttan the surrounding area of the object are
used. These points are identified automaticallypbatographs taken during laser scanner data
acquisition from a high resolution CCD camera medrn the scanner device. The position and
orientation of the camera relative to the referesggtem of the laser scanner are estimated
through appropriate calibration in a high accureaytrol field. Since there is no one-to-one cor-
respondence between the pixels of the photograptihenrelevant point cloud, the position of a
pixel on the object surface is estimated by intlatmm. In this way, pixel coordinates are related
to object X,Y,Z coordinates and control points iifedd on the photographs can be transformed
to object points on the relevant point clouds. gislrese control points, the parameters of a rigid
body transformation relating both point clouds barestimated. The comparison of the two point
clouds is then possible by transforming the seqmiat cloud to the reference system of the first
point cloud. The paper also describes the apmicaif the above methodology in laboratory ex-
periments for the monitoring of deformations oteral heritage structures under stress caused by
controlled motion. The laboratory experiments hbeen performed on a model of an ancient
temple which undergoes controlled stress by ah@aake table. The results of these experiments
are presented.

Key words: terrestrial laser scanning, deformation, poioud registration
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DEFORMATION ANALYSIS WITH 3D LASER SCANNING

Frank GIELSDORE Lothar GRUENDIG and Ivo MILEV*
Technet GmbH Technical University Berlin

Abstract: Modeling of deformation processes and deriving atteristic parameters from meas-
urements are one of the main tasks of engineenmgysng. The currently used deformation models are
based on a discretization of the relevant objegdiryt marks. The positions of these marks are-dete
mined at definite times. Positional changes arleiae in order to derive deformations.

Prerequisite for this procedure is the existenceadks on the object which can be aimed at. If
such points are not available they have to beemnlasging targets.

In addition it has to be known in advance whererdeitions might appear before measuring the first e
och. If deformation appears in regions which whet®bserved these deformations are not detectable.

In the paper a technology is described which wesesstrial laser scanning for observing deforma-
tion objects.

Instead of points, object inherent planes and hesitional changes are derived and used as ob-
servations. Point targets on the object are neitbeessary for the transformation of scanner sta-
tions nor for the deformation analysis itself. W@anner stations can be chosen arbitrarily and
they don't have to be identical between the epochs.

Also a priori knowledge of where deformations h&wvée expected is redundant. Deformations
are detected where they appear.

The analytical procedure is structured in the stBfzse detection and plane matching, intercon-
nected transformation of the scanner station witienindividual epochs and inter-epochal match-
ing based on statistical significance.

The plane detection procedure works automaticatyarately for each individual scan. The
process is controlled by stochastic parametershwénie derived from the accuracy of the point
cloud of the scanner. The stochastic parameteesrdiee the degree of abstraction of the plane
detection process. Dependent on the project condithe matching is performed in a fully auto-
mated or semi automated way. Result of the matghingess is information about topological
identities between planes of different scans. Tldvidual scans are transformed into a unique
datum by an interconnected transformation basemiemtical planes. The comparison between
epochs is based on the same model of matchingve@rdannected transformation.

Key words: Terrestrial Laser scanning for engineering sungtg surveying, data process-
ing, deformation analysis
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IDENTIFICATION OF MULTIPLE OSCILLATION FREQUENCIES
WITH GPS, BASED ON EXPERIMENTAL EVIDENCE AND
ANALYSIS IN THE FREQUENCY AND THE TIME DOMAIN

Panos PSIMOULIS Stella PYTHAROUL? and Stathis STIROS

Geodesy Lab., Dept. Of Civil Engineering, Patrasvdrsity*
Dept. Of Civil Engineering, University of Strathd#

Abstract: A serious limitation in the use of GPS in the momitg of important structures like
bridges, and especially in the identification @ittmodal frequencies, is whether this geodetissen
can identify more than one modal frequencies. dieroto contribute in the solution of this problem,
we made a large number of experiments with a liosaitlator of predetermined characteristics and
with three degrees of freedom and max displacengnts 3.4cm. A GPS receiver was mounted
on the sliding mass most remote from the geneeaidrwas recording in kinematic mode simul-
taneously with another receiver in nearby, stab&tion, both sampling at 20Hz rate.
Experiments were made with different excitatiomgfrencies, up to 4Hz, either constant or
linearly increasing from 0.05 to 4Hz. Recorded @ispments were analyzed in both the fre-
quency and the time domain using least-squareswavelet- based software, suitable the
spectral analysis of short and non-equi-spaced s&nies.

In the steady part of the oscillations with constxcitation frequencies, computed frequen-
cies were practically equal with the input ones. the transient part of the oscillations, exci-
tation frequencies as well as modal frequencie®vaecurately identified, but the amplitude
of the latter was smaller, as expected. Howevethe case of very small oscillation ampli-
tudes, high (>2Hz) modal frequencies differ by a% from the real values. These results
are very promising for they were obtained from aigna few seconds long and with very
small amplitude.

The conclusion is therefore that GPS can identifytiple frequencies, including transient
and modal ones in normal structures, especiallexible ones in which the oscillation am-
plitude is larger than those tested and leadshiglzer signal-to noise value.

Key words: GPS, monitoring, multi-degree of freedom osadilat frequency, spectral analy-
sis, time domain analysis
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DETECTION OF DEFORMATIONS AND OUTLIERS IN
REAL-TIME GPS MEASURMENTS BY KALMAN
FILTER MODEL WITH SHAPING FILTER

Lihua LI and Heiner KUHLMANN
Institute for Geodesy and Geoinformation, Universit Bonn

Abstract: Landslide hazard is one of the most important @tazards. In order to reduce
any loss of lives and economic damages it is necg$s develop an early warning system for
landslides. It is a challenging and complex topicévelop an early warning system for land-
slides because the landslide hazard is caused bhyaiiateraction of various factors. To de-
velop the deformation monitoring and the analysisleh are one of the most significant parts
providing an important basis for identifying a latide. GPS is a useful tool to obtain the
real-time observations of landslides. The main t@fsthe GPS real-time series analysis is to
separate the measurement deviations from the adigmms and to detect the point deforma-
tion epochs with less time delay.

As we know, Kalman filter is a key tool to procéise real-time deformation series but it re-
qguires white noise. Because the GPS observatiotisavhigh sampling rate are correlated,
the kalman filter model with a shaping filter ispdipd. In order to monitor and control the
quality of the GPS observation series, a new metffosimultaneously detecting deforma-
tions and outliers is put forward. The deformatio outlier have similarities as well as dif-
ferences so that they can be detected and dissimggdiisimultaneously. How to determine the
state vector value when outlier and deformatioruodg discussed in detail in this paper. An
application to the GPS static and kinematic tim@esaedlemonstrates that the method proposed
can detect the deformation epochs with less timayd&his method is suitable for analysing
the time series and making the right decision wdheflormations occur.

Key words: kalman filter outliers deformation detection
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MONITORING THE DEFORMATIONS OF A
MOTORWAY VIADUCT USING KINEMATIC GPS

Gethin ROBERTS Chris BROWN, and Oluropo OGUNDIPE

The University of Nottingham
Brunel University of West Londdn

Abstract: The use of GPS for monitoring the deformations deflections of large sus-
pended bridges has been shown to be a viable Dw following paper details initial trials
carried out by the researchers in the UK, invesitigathe use of GPS to measure the long
term deformations and short term deflections ofiawct carrying six lanes of motorway.
The paper outlines the configuration of a numbenectivers placed on the structure, as well
as provisional results, showing the feasibilityGR®S for such monitoring.

Key words: GPS, deflection monitoring, deformation monitayin
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HOW FAR COULD GPS GO IN MONITORING
STRUCTURAL RESPONSE TO WIND EVENTS?

Chris RIZOS, Xiaojing LI* 2 Linlin GE*, Akihito YOSHIDA? and YukioTAMURA?

University of New South Walés
Tokyo Polytechnic Universfty

Abstract: Two techniques have been applied increasingly éemeyears for monitoring the
response of tall buildings to wind: the traditiorzmicelerometer and GPS. The focus of this
paper is to study how the two sensors performivelab each other, and in particular the
value of GPS measurements in improving wind effiectelling. The test site is a 192m high
office tower in downtown Sydney (with a height &2n to the tip of the spire). It is 45 levels
above ground and has 20m of underground levelswasdcompleted at the end of 2004.

Accelerometers and anemometers have been instafiagtie tower since 2005, and in 2006
GPS was added to the monitoring system. Data fioeetreference stations in the SydNET
GPS CORS network have been analysed together waithftbm the GPS rover on the tower,
forming baselines of 1.5km, 5km and 20km in lendtHarge wind event was captured by the
system on the 7th September 2006. The analysisatilis on the dynamic response to wind
events derived from displacement measured usieg tBiPS reference stations, how to validate
GPS-derived dynamic response with accelerometerisunements, and how to separate the
static and quasi-static components from the GPSuneaents. The full picture of structural
response to wind will be established by combintmgdtatic and quasi-static components with
the validated dynamic component, which will be cangol to wind effect modelling. Wind
response of the structural mass motion will be miedavith measured wind speed and direc-
tion data from the anemometers by means of a fre;yueéependent transfer function.

It has been demonstrated that the dynamic resmintaaed from both GPS and accelerometers
agree well with each other. The full-scale struattwundamental mode is the 0.25Hz for the NS
direction and 0.29Hz for the EW direction, withiratftortional frequency of 0.41Hz. It is encour-
aging that results using the GPS reference statikan away from the rover also captured the
0.25Hz signal very clearly. Such information offestsuctural engineers the opportunity to
refine their FEM analysis and develop models mepgasentive of the real structure.

Key words: structural deformation, GPS, accelerometer, veifieict modelling.
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DEFORMATION MONITORING USING A NEW KIND OF OPTICAL
3D MEASUREMENT SYSTEM: COMPONENTS AND PERSPECTIVES

Alexander REITERER Martin LEHMANN?, Milosh MILJANOVIC?, Haider ALE, Gerhard
PAAR®, Uwe EGLY?, Thomas EITER Heribert KAHMEN

Institute of Geodesy and Geophysics, Vienna Urityas$ Technologl
Institute of Information Systems, Vienna Universitffechnolog¥
Institute of Digital Image Processing, JoanneumeResh Graz3.

Abstract: High accuracy 3D representation and monitoring lgects is an increasing field
both in science and industrial applications. Umaav many tasks like monitoring of building
deformations or displacements were solved by meaastificial targets on the objects of in-
terest. Meanwhile mature optical 3D measuremertinigoes are available. Such image-
based systems can perform their measurements etleoutvtargeting. They use the texture
on the object surface to find "interesting pointgiich can replace the artificial targets. Ex-
ample for a monitoring task is the stability cohiaring the whole construction process of
engineering buildings like bridges, high-rise binlgs, dams, etc. This paper gives an over-
view of a new type of optical 3D measurement sysaeh its components. It uses learning-
based object recognition techniques to searchetevant areas to collect robust interest point
candidates to be long-term tracked to provide ardedtion database. The task of deforma-
tion analysis is on one hand based on a traditigeatietic deformation analysis process and
on the other hand on a new developed proceduredcdiformation assessment. The main
goal of this development is to measure, analyser@atpret object deformations by means of
a highly automated process. We focus on key funaticomponents, development stage and
perspectives of the developed system.

Key words: Image-Based Measurement System, Deformation Arglimage-Assisted Total
Station, Knowledge-Based System, Learning.
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MONITORING A DEEP-SEATED MASS MOVEMENT
USING A LARGE STRAIN ROSETTE

Helmut WOSCHITZ and Fritz K. BRUNNER
Engineering Geodesy and Measurement Systems, Guigersity of Technology

Abstract: The monitoring results of the landslide Gradenb#alstria by GPS suggest that
the motion of the deep-seated mass movement isrikrm but rather intermittent, i.e., peri-
ods of accelerated motions are followed by quiesperniods. However, GPS surveys are not
sufficiently precise to allow for a detailed stuafythis pattern of motions. Therefore, we are
developing a strain rosette for in-situ measuremehtiocal distance changes. It consists of
three embedded extensometers with a separationentation of 120°. The sensors are long
gauge (5 m) fibre optical interferometers of SOkpet(low coherence interferometer) yield-
ing a precision of 2 um for length changes. Theesaensors can be used for dynamic meas-
urements with a precision of about 0.05 um with gamg rates of 1 kHz. The concept and
design of the strain rosette are presented asasdlhe results obtained at a test installation.
First results of the strain rosette embedded inlahdslide mass highlight the capability of
this new measurement system under field conditions.

Key words: large fiber optic strain rosette, monitoring andislide
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FUSION OF GEODETIC AND MEMS SENSORS FOR INTEGRATED
MONITORING AND ANALYSIS OF DEFORMATIONS

Lee DANISCH, Adam CHRZANOWSK1, Jason BOND
Tarek ABDOUN?, and Victoria BENNETT

Measurand Inc.
Canadian Centre for Geodetic Engineefing
Rensselaer Polytechnic Instittite

Abstract: Automated shape-measuring arrays of micro-machsstors based on micro-
electromechanical systems (MEMS) technology arelokepof three-dimensional deformation
measurements with sub-centimetre accuracy overadwendred metres. The MEMS sensors
are placed either in boreholes in ground deformasinidies or along walls and other struc-
tural elements. Due to their low cost and high aacy MEMS sensors successfully replace
conventional electro-mechanical geotechnical ims&muts in many applications in geotechni-
cal, mining, and structural engineering. The fusstdrMEMS sensors with automated geo-
detic positioning instruments (e.g. GPS, robotialtstations) supplies information on both
relative deformation and absolute displacementh vaterence to a selected coordinate sys-
tem. Thus the fusion of the two technologies sugspdill the information needed for the de-
termination of the strain field and rigid body mowents of the deformable object. This paper
illustrates some installation details and fieldadBitom autonomous shape-sensing arrays us-
ing hundreds of MEMS sensors. Recent data fromnamous and fully automated GPS
measurements and installation details of largeesaatonomous surveying equipment are also
presented. All of these systems can take advamtbg&reless communication methods inte-
grated with internet delivery. A simple fusion oBMIS and GPS data is shown for a labora-
tory setup, and concepts for more complex comlmnatof field equipment and field data are
proposed.

Key words: integrated monitoring, MEMS sensors, deforma#oalysis.
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NEW DIGITAL CRACK-MONITORING SYSTEM FOR
OBJECTIVE DOCUMENTATION OF THE WIDTH OF
CRACKS IN CONCRETE STRUCTURES

Wolfgang NIEMEIER, Bjérn RIEDEL, Clive S. FRASER Helmut NEUSS$,
Rafael STRATMANN and Eberhard ZIEMAND

Technical University Braunschwelg
Melbourne University
City of Diisseldorf

Abstract: The width of cracks is one of the major sourcegfairmation for civil engineers
for stability assessment and damage detection nérete structures. Up to now only very
simple devices are used for this task, where thi staortage is lack of real documentation
and the subjective estimation of the width value.

During the past years a completely new instrumeat developed for this task based on digi-
tal image processing. By constant illumination atdble camera parameters the crack is
documented objectively and with high precision.

More complex is the processing software, where damoroaches are realised: A modified fly-
fisher algorithm to follow the crack progress andasure the width in numerous cross sec-
tions and a correlative concept, which allows ttedeine a combined value for the width.

For documentation of numerous cracks at real sirastthe location of these cracks have to
be determined as well. For this georeferencing tdaksical geodetic approaches as well as
modern concepts are going to be applied.

Within this presentation the basic concepts ofrtee instrument, the underlying algorithms
of the software solution and practical examplespaesented.

Key words: optical measuring device, crack monitoring, @bitage processing.
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THE CONCEPT OF NETWORK ROBUSTNESS BASED ON STRAIN
ANALOGY AS SEEN IN THE LIGHT OF CONTINUUM MECHANICS

Wiktor GAMBIN?, Zenon PARZYSKI? and Witold PROSZXSKI?

Faculty of Mechatronics, Warsaw University of Teulogy
Faculty of Geodesy and Cartography, Warsaw Univgisi Technolog§

Abstract: . The Vantek concept of network robustness to observatiosggesrors, being a
merger of the reliability and strain analysis,ngédstigated with respect to basic assumptions
and the resulting requirements of continuum medsariihe main objective of the study is to
precisely determine to what extent the strain apatman be applied to robustness analysis of
geodetic networks and to provide explanations timgwome more light on this analogy. The
following aspects are considered:

- structure of a network and nature of geodeticol&ions as non-material links between
the network nodes;

- the influence of the reference conditions upooppgation of the effects of observation
gross error through a network (free networks, tipdietworks);

- methods of finding the elements of the strairsten
- practical usefulness of the robustness indicevatuation of the network’s quality.
The theoretical considerations are illustrated withple numerical examples.

Key words: network robustness, observation gross errorstirearm mechanics, displace-
ment field, strain tensor.
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SPLIT ESTIMATION OF PARAMETERS
IN FUNCTIONAL GEODETIC MODELS

Zbigniew WISNIEWSKI
Institute of Geodesy

Abstract: The method of estimation presented in the papbased on the assumption that
every measurement result can be a realization effaom two different, random variables
(differing each other in expected values). Supppdinthe functional modeV =x - AX is

split into two competitive onew, =x—-AX, and vz =x-AX, that concern the same
vector of observatior (A is a common coefficient matrix/, and v ; are competitive resid-
ual vectors X, and X ; - competitive parameter vectors, respectively).

The proposed estimation process is based on theigeg of crossing (mutual) weighting of
competitive residuals,; andvg (concerning the same observatigr). That important rule

is realized with such convex weigh functiomg, (v5) and wg(v, Xhat (for 9, =vz =V, ):

sup w, (vVz) = minwg(v,) and  sup wg(v,) = minw,(vz). According to the above
‘vﬁ‘sﬁv Va IVa| <3, v

principle and referring toM-estimation theory, the following optimisation plein:
. 2 . 2 -

min E V5iW, (Vg), Min E VW, (V,: ), was formulated and solved in the paper.

X, - ai a( ,8|) X5 - Bi ,8( m)

The proposed method is essential extensidvi-estimation class. However, its practical applicati
are not restricted to robust estimation of parame¥t¢X , estimator) extended with estimator
X s that concerns outliers. The presented methotheatso applied to a joint adjustment of two

observation sets measured in two, different epobifferences between competitive estimates
X, and X s indicate displacements of network points. The papesents some basic, numerical

examples that illustrate principles of the spliireation in functional geodetic models.
Key words: M-estimation, split estimation.
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GEODETIC APPLICATION OF R-ESTIMATION:
LEVELLING NETWORK EXAMPLES

Robert DUCHNOWSKI
Institute of Geodesy

Abstract: The paper presents geodetic application of R-estmaProposed method con-

cerns estimation of differences between parameietwo, functional models. Such estima-

tion seems very useful in many geodetic problergswehen observations are disturbed with
gross errors or when differences mentioned ardatisments of geodetic network points. The
paper presents general solutions of R-estimatidrit bocuses special attention on its geodetic
applications. In particular, it concerns levellingtworks. The proposed estimation method,
thanks to its properties, can be applied, for edampto monitoring

of reference mark stability. The paper presenttiquéar solution of such problem, based on
R-estimation principle. Theoretical derivations amalysis are illustrated with some numeri-
cal examples.

Key words: R-estimation, levelling network, reference mabdity.
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COMPARING A UNIVARIATE TIME SERIES APPROACH WITH
NEURAL NETWORKS TO PREDICT DEFORMATION OF SOIL MASS

G. BOURMAS and M. TSAKIRI
School of Surveying Engineering, National Technlidaiversity of Athens

Abstract: The deforming soil mass of two major lignite mine<reece is being monitored
by conventional underground and surface methodsgeha inclinometers, total station sur-
veying using control targets and differential GRile the inclinometer data can indicate the
early stages of the landslide process, they praititke information about regressive and pro-
gressive movements of the soil mass under considerd hus, the effective monitoring of
mine benches is based solely on surveying datas phper describes two different ap-
proaches for the detailed analysis of data to ptetle deformation rate of the soil mass. In
the first approach, univariate time series analigissed to transform the deformation rate of
each survey target into an appropriate ARIMA modéle stochastic function that is gener-
ated follows the process which created the undeglgiata. Thus, the short term prediction of
future deformation rates is quite feasible. Thenramnitation of this approach is the white
noise which is generated when dealing with low degtion rates. The second approach is
implemented through neural networks. Two typeseativorks, a feed forward and a recurrent
network are described. After their basic trainimggedure, both networks are able to map the
inputs (relative distance of total station to sying targets, date and time of measurement) to
the output, i.e. the deformation rate of a seriesharacteristic survey targets. The latter ap-
proach has an advantage over the former, as iistakanalyze the low deformation rate data
that cannot be handled by time series approachesetkr, the processing performed over
the data sets is not totally controlled as in fheetseries case. Both approaches are imple-
mented through in-house developed open source a@fwhich is capable of running on all

major operating systems. The paper, finally, prissesults from both processing approaches
using real data from the lignite mines.

Key words: prediction, deformations, time series, neuraivogks, open source software .
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THE CONCEPTION OF MONITORING THE SUPERFICIAL DEFOR-
MATION LOCATED ON THE UNSTABLE
FOUNDATION WITH THE USAGE OF GPS TECHNOLOGY

Waldemar KAMNSKI
Institute of Geodesy, University of Warmia and igan Olsztyn

Abstract: The deformation measurement, including the Eartfasa deformation, is present
problem in the modern engineering geodesy. The tmmg of deformation located on the
unstable foundation and assigned in unstable mefersystem is especially important prob-
lem. The unstable foundation is defined as surthae can be influenced by movements to-
gether with the engineering objects located o lite problem of deformation assigning is
still present because a lot of building investmexts situated at city centres, next to existing
buildings. The earth works aiming at creation af éxample underground multi-storey car
parks, can cause the movements of area surrouti@riguilding area (including the local ref-

erence system) and at the same time can influencth® existing buildings causing the
strains and mutual displacements.

In this paper the conception of monitoring Earthface deformation located on the unstable
foundation with usage of GPS technology is preskniée formulas solving the problem in-
cluding the accuracy analysis defined by the cavee matrix were derived. The empirical
tests were made. The interpretation of interestesylts coming from the tests encourages to
conduct further and more detailed theoretical angigcal analyses.

Key words: superficial deformation, unstable reference syst8PS, adjustment.
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GROUND RUPTURES AND SEISMIC FAULTING AT DEPTH: THE
CASE OF THE KALAMATA, GREECE, 1986 EARTHQUAKES

Stathis STIROS Villy KONTOGIANNI*, Panos PSIMOULISand Stella PYTHAROUIA

Geodesy Lab., Dept. Of Civil Engineering, Patrasvérsity*
Dept. Of Civil Engineering, University of Strathd#

Abstract: The 1986, Ms=5.8 Kalamata (S. Greece) earthqualeona of the most destruc-
tive but least studied earthquakes in Greece idat$te30 years. Based on the limited avail-
able seismological data and certain discontinuoum®mground ruptures, this event was as-
signed to a normal fault cutting through to thefsce and correlating with a major range-
front fault.

A refinement of this fault model was attempted loa basis of an elastic dislocation analysis
of pre-seismic and post-seismic leveling data. &ldeta reveal that the 1986 earthquake re-
flects reactivation of a segmented, blind normaltfgpart of a major broad left-stepping fault
zone associated with several earthquakes durinda#te200 years; a result consistent with
seismological evidence (clustered aftershocks,raiesef very shallow aftershocks and wave-
form complexities). Widespread minor surface rupsuassociated with the 1986 earthquake
are not regarded as tectonic, shear fracturesaextensional (secondary) fractures produced
by the very strong ground motion produced by tlagteiuake in intensively pre-fractured
rocks, while seismic accelerations were amplifietiigh gradient slopes (topography effect).
Still, the differences between these models ardlsara some years ago would have been
dismissed as noise in the data used.

Key words: earthquake, Kalamata, fault model, levelling datastic dislocation analysis
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APPLICATION OF GEOGRAPHICAL INFORMATION SYSTEM IN
DEFORMATION STUDIES OF FORMER COAL MINING GROUNDS

Jan BLACHOWSKI
Wroclaw University of Technology, Faculty of MiniEggineering

Abstract: Geographical Information Systems (GIS) are useptannd surface deformation studies
on a growing scale because of their potential tollea manage and process vast amounts of various
spatial and non-spatial (attributive) data. Georimiation system for former underground hard coal
mines in the Walbrzych area located in SW Polarsdbieen developed in the Institute of Mining
Engineering at the Wroclaw University of TechnolagyPoland. All the mining operations in this
coal basin were, almost simultaneously, shut dowvthe late 90'ties of the ?O:entury because of
complicated geological and mining conditions. Lagign coal mining caused significant deforma-
tions of the ground surface and damage to buildamgkinfrastructure there. The present-day state
of ground surface deformations associated withespient liquidation of abandoned underground
mine workings and deterioration of old, shallownimg voids is unknown.

The GIS has been developed to perform severalifunsctFirstly, store and manage available
data including: geological, mining, geodetic, togdnical, spatial development and other infor-
mation. Secondly, perform spatial and temporalyseal and aid interpretations of subsidence
studies results. The system’s database has beigmetbso accommodate input datasets coming
from many sources and in various data formatstiteture has been described and the main GIS
functions applied, such as data correlation, gecgssing or graphical (including 3D) visualisa-
tions, have been demonstrated. Results of inttialies realised with the aid of GIS concern the
final stages of coal extraction (1980’s and 1991i$jvo out of four mines located in the centre of
the basin (the City of Walbrzych). Using digitatiseformation and basing on the results of peri-
odic national and local (performed by mining segsiclevelling surveys, analyses of mining in-
duced ground surface deformations in heterogengeolsgical environment have been carried
out. These results show direct relationship, irce@nd time, between subsidence and method of
coal extraction used. In addition probable inflleeiné tectonic faults on ground behaviour has
been found. This must be, however, confirmed bthéurstudies on larger sets of geodetic data.
In the paper results of example analyses have dieen and applications of GIS in interpretation
and visualisation of these results have also beesepted. Further research plans focus on per-
forming satellite GPS observations and acquirindRSages as sources of information to study
deformation of the whole basin after the end of egtmaction.

Key words: GIS, spatial analyses, deformation, mining greaund
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INTRODUCTION AND ANALYSIS OF COMMONLY USED
NON-PARAMETRIC MODELS OF DAM DEFORMATION IN CHINA

Nianwu DENG" 2 Jian-Guo WANG, Anna SZOSTAK-CHRZANOWSKF,
and Yun ZHANG®

State Key Laboratory of Water Resources and Hydsepdngineering Science, Wuhan Uni-
versity, China

Department of Earth and Space Science and Engimge¥ork University, Canada
Canadian Centre for Geodetic Engineering, Universit New Brunswick, Canatla

Abstract: Dam deformation analysis is an important part ohdafety monitoring. Generally
dynamic models of dam deformation analysis inclygi@ametric models and non-parametric
models. In China, large amount of research aawith data analysis is in developing new
non-parametric models such as stepwise regresSiBj), partial least-squares (PLS) regres-
sion, artificial neural network (ANN), time seri€ES), and grey system (GS). The methods
have been applied in dam deformation analysis,r@we showed good results in modelling
and predicting deformatiohe principles and merits of above listed non-pataim methods
are discussed.

Key words: deformation analysis, non-parametric model, dammitoring..
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SPECIAL MARKING OF 3D NETWORKS’ POINTS FOR THE MONI -
TORING OF MODERN CONSTRUCTIONS

Evangelia LAMBROU, George PANTAZIS and Konstantind&KOLITSAS
National Technical University of Athens

Abstract: In order to monitor deformations of modern conginns a local 3D network was
usually being established at the surrounding afgheoconstruction. The centering error of
the used instruments and targets is a random evioch causes significant errors in the de-
termination of the x, y, z coordinates of the netd®points.

In order to assure precise centering for both tis¢rument and the targets, not only for the
accessible but also for the inaccessible pointsadotype way of marking the network’s
points is being implied.

A special semi-permanent portable metallic stardwi{g 1) is manufactured for marking the
accessible points. This stand provides forced unsént centering. It is light enough to carry
it, it accelerates and facilitates the centering keweling of the instrument as well as it elimi-
nates the time needed for the measurements.

The stand is described in details and the laboyatbecks in
order to certificate the suitability of its use atie provided
accuracy are being analyzed.

For the inaccessible points special targets ofstrthl geodesy
were used. The targets were put in permanent atiaals
(photo 2), which were also manufactured.

Useful conclusions were drawn when using theseispb®ark-
ings for a 3D network, which was established fa thonitor-
ing of a new football stadium.

Two measurement phases were carried out.

The first one with the stadium being empty andsbeond one | ;
when it was crowded (about 32000 people) durinmr@ificant  Photo 1 Photo 2
football game.

Key words: centering, point marking, geodetic control netvgyrknonitoring modern con-
structions.
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APPLICATION OF DEFORMATION ANALYSIS
AND ITS NEW POSSIBILITIES

Milan TALICH and Jan HAVRLANT
Research Institute of Geodesy, Topography and Geafhy

Abstract: The XML Web Application to on-line calculation okefibrmations derived from
repeated geodetic plane survey using Internetgsribeed in this paper. Parameters of defor-
mation field (strain tensors, total dilatation)nadratic network, covering the whole result
obtained at individual points of the network in gtien are derived and described. Vectors of
displacement from repeated - and in several phalsesrved - results obtained at individual
points of this network are given as input valudse €alculation is based on the theory of me-
chanics of continuum and its basic prerequisitthés homogeneity of the tested territory in
guestion.

Using proper calculation method to obtain the righgrpretation of results is not the only one
important thing, but its representation form aslwhd this fact is also given in this paper.
Deformation analysis uses Web Map Services (WMS)sagraphic representation of calcu-
lated results in the GIS format. Such services len&drming on-line of defined thematic

maps in Internet viewer shown in its viewer frontadabtained from servers with WMS by
user. Thus no geographic data are needed by usezdte GIS of his own.

Results may be reproduced and observed on a digitain model. This makes better evalua-
tion and analysis possible and takes spatial ogladf given terrain in consideration, too. The
application includes export of results to a seaeformats to further using, e.g. as the KML
format to Google Earth programme.

Several programmes applied to practical processingepeated geodetic surveys indicate
possibility of reproduction and demonstrate charafemechanics of continuum to deforma-
tion analyses. Such application is at disposal @éordgistered as on-line calculation using
Internet to all interested persons.

Key words: deformation analysis, undermined localities, XMMMS, displacement vectors,
digital terrain model
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REDUCTION OF THE DIMENSIONALITY OF HYPERSPECTRAL
DATA FOR THE CLASSIFICATION OF AGRICULTURAL SCENES

Claudionor Ribeiro da SILVA Jorge Antdnio Silva CENTENGand
Selma Regina Aranha RIBEIRO

Federal University of Pararta
State University of Ponta Grossa

Abstract: Recent advances in sensor technology opened nesibpities for remote sensing.
For example, the appearance of sensor higher Epatisspectral resolution. In terms of spec-
tral resolution, the number of available bandseased significantly, resulting in hyperspec-
tral sensors. Hyperspectral remote sensing imagestearacterized by the division of the
electromagnetic spectrum in a great number of maspectral bands, which enable greater
detail of spectral variation of targets. High dire®mality demands special attention in the
classification process. The main problem causethbyincrease of the dimensionality is the
reduction of the efficiency of the classifiers. Siproblem is known as the Hughes phenome-
non. The occurrence of the Hughes phenomenon sedaoy the exaggerated increase of the
dimensions of the variance covariance matrix (iaseeof the dimensionality), compared to
the limited number of available training samples. &result, recent approaches focus reduc-
tion of the dimensionality. In this paper, a metluddeature selection from hyperspectral im-
ages is presented. The proposed method, based uséhof the Genetic Algorithms, is evalu-
ated with a AVIRIS data set and the results arepared to the results of other algorithms
(Sequential Forward Selection and Sequential Baakw&lection), recognized as techniques
for reduction of dimensionality. A Genetic Algomthcan be described as a global search
technique for optimization purposes inspired bynbgural evolutionary process. The experi-
ments show that Genetic Algorithms based reduatethod can be used to reduce the di-
mensionality within image classification in remsgnsing.

Key words: Hyperspectral Image; Reduction of the DimensibyilalGenetic Algorithms.
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INTEGRATED SOFTWARE FOR LOCAL GEODETIC MONITORING

Sotirios CHALIMOURDAS, Konstantinos LAKAKIS and Paskevas SAVVAIDIS
Laboratory of Geodesy & Geomatics, Aristotle Unsigr of Thessaloniki

Abstract: The present paper describes a complete softwaleagador local geodetic moni-
toring applications. The last five years LaboratofyGeodesy & Geomatics has been devel-
oping this software based to theoretical and prakknowledge of major engineering pro-
jects. The modules of the package refer to simge@draphical problems, geodetic networks
analysis, general deformation monitoring and spedcianel monitoring. The software at-
tempts to present a reliable, automated and usgrdly answer to everyday needs for moni-
toring of structures and landslides geometry, nyathiring construction. The key object of
this paper is the integrated confrontation of thebjem, starting from the planning of the
geodetic control networks and ending with processind managing of data and development
user-friendly results, having always in mind a nrdiscipline users group.

Key words: software, local deformation monitoring, enginegrgeodesy.
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DEEP, SUB-SURFACE DEFORMATION MEASUREMENTS OB-
TAINED USING COMBINED GEOMECHANICAL
MODELING AND INVERSION TECHNIQUES WITH
SURFACE MICRO-DEFORMATION MEASUREMENTS

William ROADARMEL, Scott MARSIC, Jing DU and EricAVIS
Pinnacle Technologies, Inc.

Abstract: The use of micro-deformation measurements (movesnentthe order of 10e-6
meters or 0.01 millimeters) to monitor productievgterflooding, steamflooding, and waste
injections in oilfields has grown extensively ovhe past decade. A revolution in the sensi-
tivity, accuracy, and cost of micro-deformation s®@@ments has not only produced the abil-
ity to report smaller and more accurate numberg iy now also combine these high sensi-
tivity deformation measurements with advanced ditally techniques and geomechanical
models into a whole new class of sub-surface sothiaeacterization tools.

This paper describes the successful combinatiomiofo-deformation observations with in-
version-based analytical techniques to back-caeuleamote, sub-surface deformation pa-
rameters. These calculations are based solely tiporcharacteristics of the deformation
field, generated at depth, and propagated throbghearth. This deformation field is pre-
cisely characterized at the surface with a stratdlyi deployed array of high-resolution tilt-
meters. These tilt responses are then fed intonabmed geomechanical model/inversion
routine to locate and characterize the deformadmurces at depth. The inversion approach,
simulation runs, and a recent successful applinatican oilfield environment are presented
and discussed.

Key words: Tilt, Tiltmeters, Deformation Monitoring, Inversi, Source Mechanics
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SOFTWARE TO OPTIMIZE SURVEYING NETWORKS

Antonio Sim&es SILVA, Henrique Lima BAIAG and Veronica Maria Costa ROMZO

Universidade Federal de Vicosa
Universidade Federal de Pernambdco

Abstract: This paper shows the implementation of a softwaiagithe language Java, to ap-
ply the concepts of optimization of surveying monitg networks and to propitiate the user
the interaction possibility with the program, inwi® optimize a two dimensional surveying
network according to the analysis of the criterigprecision, in that it should look for the
minimum variance for each point of the network aglibbility criteria to evaluate the number
of redundancy and with this the influence of thenders in the adjusted parameters. The
software is capable to perform the adjustment efahservations using least squares method
of groups of horizontal coordinates, distancesmatiis and angular observations. It opti-
mizes through the change of observations of thevorst with increment of observations or if

it is the case reduction of these.

The concept of reliability of a surveying netwoskrelated to the capacity that this has to detect
blunders such small as possible. And this can biiated through the numbers of redundancies.
The sum of the partial redundancies of the obsensbf a surveying network indicates the de-
gree of freedom of the network. Therefore each @dddundant observation increases in a unit
the sum of the partial redundancies, independettteobbservation. In this work is intended to
apply the idea of the more homogeneous the valute gartial redundancies, more reliable the
network is considered. In other words, it is lookedto minimize F, such that F = (Rm?ri$
minimum. Through that minimization of the sum of $guares of the partial redundancies a bet-
ter distribution of values is sought reducing tir@ant of unreliable observations.

It was obtained software capable to improve a stingenetwork suggesting observations to
improve the precision and the redundancy of tharpaters and observations of the network.
The software uses the least squares method usrapiiroach of observation equation. In the
aspect of the reliability it uses the concept afuredancy matrix. To each change of the ob-
servations of the network the precision and rednogaf the parameters are recomputed,
warning whenever some essential observation irconeputation of the network be excluded.
Some tests have been done and it evidenced thaottveare reached its objective.

Key words: optimization, redundancy number, network
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A WEB-BASED SYSTEM FOR DEFORMATION MONITORING

Bill TESKEY, Axel EBELING and Jacky Chun Kit CHOW
Department of Geomatics Engineering, Schulich SobioEngineering, University of Calgary

Abstract: In late 2006, a new three-year NSERC (Natural Seemnd Engineering Research
Council of Canada) CRD (Collaborative Research Baedelopment) project on “Intelligent
Structural Monitoring” was begun in the DepartmeftGeomatics Engineering, Schulich
School of Engineering at the University of CalgaFiis research project is a collaboration of
industry and university partners. The industry pers are Sarpi Ltd. (Dr. Robert Radovano-
vic, NSERC CRD Co-Investigator) and Terramatic Trexdbgies Inc. (Bill Lovse, NSERC
CRD Co-Investigator). The university partners ame Bill Teskey (Principal Investigator),
Dr. Naser EI-Sheimy (Co-Investigator), and Axel i (Project Manager). The first objec-
tive of the “Intelligent Structural Monitoring” NSEEC CRD Project is to develop new, more
efficient, and more reliable methods for deformatinonitoring. The second objective is to
develop a web-based system for deformation mongori

This paper will deal with the development and aggtion of the web-based system for de-
formation monitoring. In Summer 2007, the firstsien of the web-based system was ready
for launch. The system allows for on-site analggisriginal and repeated observations, with
these observations coming from total stations, ipeelevelling equipment, GPS/GNSS satel-
lite receivers, terrestrial laser scanners, orroseasors. From the analysis of these observa-
tions, three-dimensional movements can be detednihesting of the system was carried out
in Fall 2007 after original and repeated observstiwere available from the Turtle Mountain

/ Frank Slide Deformation Monitoring Project.

Key words: web-based system, deformation monitoring

Corresponding author contacts

Bill TESKEY
wteskey@ucalgary.ca

Department of Geomatics Engineering, Schulich Stlbdngineering, University of Cal-
gary, Calgary, Alberta

Canada

110



Aﬁ“eag\ﬂm% 13th FIG Symposium on Deformation Measurement and Analysis

4th IAG Symposium on Geodesy for Geotechnical and Structural Engineering

LNEC, LISBON 2008 May 12-15

ARTIFICIAL INTELLIGENCE METHODS
IN DEFORMATION ANALYSIS

Piotr GRZEMPOWSKI and Stefan CACD

Institute of Geodesy and Geoinformatics, Wroctavivelsity of
Environmental and Life Sciences

Abstract: In the paper application of selected artificialelfigence methods in analysis
of ground surface deformations are presented. Timeskods have been used to classify sub-
regions taking into consideration displacementgorscof discrete points of the object, geo-
logical, geotechnical and ground water conditiond ather potential factors influencing de-
formations of the ground surface. Examples ofiaréf intelligence methods used for predict-
ing displacements have also been shown. Two var@inthe displacement-potential cause of
displacement relation models have been develop®s far the whole area under study and
separate models for selected (designated) suba®gio the article results of computations
using artificial intelligence methods and methogslitionally used in deformation analysis
have been compared. The research object descritbe, area of Wroclaw city located in the
Middle Odra Fault Zone in SW Poland.

Key words: deformations, artificial intelligence methods
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TESTING: AN APPLICATION FOR MOTORIZED TACHEOMETERS

Pedro MATEUS
Lisbon University

Abstract: The measurement of the observables is affectedobgruation errors, which arise
from several causes, such as the measurement eeptiptine operative methods, the atmos-
pheric conditions, and the operator’s skill. Expade has shown that developing observing
procedures and performing tests to control thergaring or right after the measurements is
not only a reasonable procedure to minimize thecefof the errors but might also have a
high economic impact.

The tacheometer (i.e., total station) Leica TCA200i8h automatic target recognition (ATR),
has an ATR accuracy that can reach levels simdam&anual pointing. For this reason, in
some of the high precision geodetic monitoring ays, were angle and distances are meas-
ured, TCA2003, along with the onboard softwhktenitoring, can be applied. This software,
also from Leica, was designed to perform repeatgdnaatic measurements to predefined
points. But, after the first campaign, it becameiobs that the lack of control on the data was
leading to longer measurement periods because tiak¢o be repeated several times, only
way to be able to, latter, reject those measuresréiat clearly include errors. To avoid long
periods of observations and the uncertainty omgtradity of the data, it would be important to
include the control of errors during the measurdsien

TCA2003 belongs to the Leica instruments familyt tten be loaded with software applica-
tions developed by the user, according to his nekkis paper presents an application called
Testing developed using the programming language GeoBARIQ Leica. Although it has
some similarities with the applicatiodonitoring, the onboard softwar&estinghas some
very unique properties since it can perform testseal time, to validate the data measured,
and alerts the observer whenever it detects am,ealowing the user to undertake the most
adequate procedure. The paper describes the liomsadf softwaréeMonitoring, when applied

in very specific applications, the solution usedtopass the shortcomings - the development
of a new onboard softwar€esting— and the main features of this one.

Key words: Tacheometer, Leica TCA2003, application, measergm
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LOW COST MOBILE MAPPING SYSTEM FOR URBAN SURVEYS

Sérgio MADEIRA"? José GONCALVESand Luisa BASTOS

Faculty of Science — University of Parto
University of Tras-os-Montes e Alto Dodro

Abstract: This article describes a low cost terrestrial MetMapping System (MMS), de-
veloped at the University of Porto, that can bedusea wide range of urban GIS data acquisi-
tion (like traffic signs, infrastructures inventorgublicity, road marks, etc.), as well as in
highway or railway inventory. It incorporates aedit geo-referencing system with a single
frequency GPS receiver board and two progressive €dlour video cameras with 640x480
resolution as remote sensors. The image acquisietem works independently so it can be
used with any direct georeferencing system. Theersysallows for the association of a posi-
tion and attitude to each digital frame capturedheyvideo cameras. Several calibration steps
have to be overcome before the system is prepardd the survey operations, namely cam-
era calibration, relative orientation between camexnd determination of rotation and coor-
dinate offset between vehicle and cameras refertracees. Procedures were developed in
order to guarantee the perfect synchronization éetwdirect geo-referencing data and image
data. A user friendly software tool was createdltow for an easy object coordinate extrac-
tion either in auto mode, where the conjugate coatds are obtained using image correla-
tion techniques, or in manual mode. Tools for @it integration with previously existent
databases and communication with other GIS platsorrare developed as well. Several sur-
veying experiments are described in the paper.videogrammetry system implemented is a
low cost system that can achieve accuracy, inivelatositioning, of a few decimetres. The
overall accuracy depends mainly on the direct deoracing system used.

Key words: Mobile Mapping System, Digital Photogrammetry,rtéation, Camera Calibra-
tion, etc.
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ESTABLISHMENT OF THE GHANA'S
GEODETIC REFERENCE NETWORK

Yaw POKU-GYAMFI and Torben SCHULER
Institute of Geodesy and Navigation, University FEnich

Abstract: The first phase of a nationwide Geodetic Referévewvork covering about forty
percent of Ghana has been completed. This incltitedstablishment of three permanent sta-
tions out of which one is to function as an IGS/AHRstation. The network included, in addi-
tion to the three permanent stations, eighteerr stlagions, well distributed in and around the
Golden Triangle of Ghana, which serve as pointdegfarture for the user community. This
demand-driven project under the Land Administrafyoject of Ghana introduces the adop-
tion of the International Terrestrial Referencerr@aITRF) in replacement of the War Office
Ellipsoid and the Clarke 1880 Ellipsoid which haeen used over the years. The concurrent
running of the two ellipsoids sometimes createdfusion in the mapping system and it is
therefore relieving to adopt the ITRF system. Tlieasion necessitated the computation of
the Transformation Parameters from the two oldesgstinto the new geocentric coordinate
system.

This paper explains how the geocentric coordinafethe stations were calculated and ad-
justed using GTCE and NEADS, modules of the PreBNSS Suite, a scientific software
developed at the Institute of Geodesy and NavigaitEN) of the University FAF-Munich
in Germany. The DITON module of the PrePos GNS$eSuas used to determine the Trans-
formation Parameters as well.

Key words: Geocentric coordinates, Transformation ParameRaference Network.
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REAL TIME AND POST-PROCESSING MONITORING SOLUTIONS
WITH THE NEW LEICA GMX901 L1 GPS RECEIVER

Joel VAN CRANENBROECK and lan BENNEWITH
Leica Geosystems AG, Heerbrugg

Abstract: With the promises of new GNSS constellations suiciGALILEO and BEIDOU,
the whole GNSS industry is now mobilizing to rekeasulti-frequency, multi-constellation
GNSS receivers and antenna.

On the other hands the responsible of monitoriregets are looking for affordable low cost
GPS L1 receiver but with still high accuracy penfiances. It has been requested many time
by the professional of such projects to have f@iven budget as much sensors they can.
Multi-switch antenna based receiver solution haankeetrial to reduce the cost of an installa-
tion based on GNSS monitoring with the inconventéat the results are not synchronised in
time and the communication link between the anteramal the multi-switch device restricted
to short ranges.

Leica Geosystems AG Switzerland has released alowwost L1 GPS equipment with an-
tenna and receiver integrated into a smart moum. deica GNSS Spider software handled
already only L1 measurement processing in bothtneed and post-processing mode.

The authors will introduce the characteristicsha$ thew equipment as well as the results ob-
tained on a monitoring project hold in the areaad3outh African open pit mine where the
Leica GMX901 has been engaged for a trial. Perfoces in Real Time and in Post-
Processing will be presented to justify the largeeptial of this new solution.

For large project area and for sub-tropical regiwhere the ionosphere tends to restrict the range
of the baselines, a network of dual frequency GM&®ivers can be used as a frame where a
large number of single L1 GPS receivers can beokfiie ionosphere and troposphere mitigation
deduced by the network solution. Leica GNSS Spsdéware has now also implemented that
possibility and the authors will elaborate on theiv feature with some practical examples.

Key words: GPS L1, deformation monitoring, GPS Network, @ssing, filtering
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USE OF GPS BASED DRIFTERS IN THE STUDY
OF COASTAL CURRENTS

Luisa BASTOS and Jorge SILVA

CIIMAR — University of Portd
Hydrographic Instituté

Abstract: One of the goals of project NICC is the spatiallgsia of the Northwest Iberian
Coastal Current. With that purpose, dedicated lgatblased drifters were deployed with the
possibility to acquire information about its tray and velocity and transmit it via GSM.

In order to evaluate also the estuarine/oceanaaten, those drifters were lunched inside the
Douro estuary and monitored on their track allvitasy to the ocean.

The drifter design allowed one to guarantee thatrtfain driving effect is the current al-
though also the wind and other meteorological dion should be taken into account when
analysing the trajectories.

Several experiments were done, in different tideddt@mns, and under different runoff forc-
ing. The results obtained allow us to conclude thatlocal surface current pattern, derived
from the drifters monitoring, is compatible withethnformation obtained with an ADCP
moored in the neighbourhood on the inner shelf.

The analysis of the free trajectories of the dr#ften the different campaigns allowed us to
draw some conclusions about the characteristitheotstuarine flow, the effects of bathym-
etry and the transitions between inner and midfshel

The use of the drifters has shown to be appropfatehe definition of the Coastal Current
Field. The velocities and evolutionary patternsegded were in agreement with the observa-
tion from the fixed ADCP station.

Key words: Coastal currents, drifters, estuarine flow, GRSBCP.
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