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SUMMARY

A 3-year Erasmus Intensive Program (IP) was grahtethe EU and started up in 2011 by
the “Ecole Nationale Superieure des Ingenieurs Eegles et Techniques d’Armement”
(ENSTA) of Brest (France), in cooperation with tHdafencity Universitat Hamburg —

Universitat fur Baukunst und Metropolenentwicklun@iCU) of Hamburg (Germany) and

“Ghent University” (UGENT) of Ghent (Belgium).

This IP is the first European-wide hydrography a@y@bmatics course ever set up. All the
partner universities already have an Erasmus Mglatjreement, but there is not yet any joint
course between the partners of this IP. One ofatieevements expected from this IP is to
have as much students from hydrography and geasnaiic possible discovering their

respective expertise during the same project andkimg together as an international

multidisciplinary team. The added value of the B@an component in this IP is to have
several scientists, with various fields of expestigathered into one location for several
weeks, dedicated to giving their knowledge to stisiédrom the partner universities. Thanks
to that, this IP gives the students a unique opipdst to practice intensively in conditions

close to what their professional life will be, lwith the support of highly skilled scientists to
guide them.

All the partner universities already have such “sueament camps” in their master
curriculum, but none has one covering as manydiakldone in this IP. Indeed, in order to set
up this IP, it is mandatory to use the knowledgemfrscientists from all partner universities
because this IP implies hydrography, geomaticstlb@dpecificities on inland waters. Mixing
data from the many sensors that are used in th{snlRtibeam sonar, sidescan sonar, laser
scanners, inertial motion unit, total station anBKRGNSS), understanding the sources of
measurement errors from each of them and how teses will impact the final results, is
regarded as state of the art technics. Professioviti such knowledge are regarded as highly
desirable by public and private companies involireactivities related to hydrography and
geomatics. Furthermore this IP is thought as angpoard towards an Erasmus Mundus
project between the partners. This IP gives an dppiy to the scientists involved to work
closely with each other, compare their teachinghoas and get a better view of what the
upcoming Erasmus Mundus project will be.
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1. INTRODUCTION

The Erasmus Intensive Program (IP) concerns a lgydpbic and topographic survey
campaign around Lake Vassiviére, located in theosin department in France. Students in
hydrography and land surveying or geomatics fromer@HJniversity (Belgium), ENSTA
Bretagne (France) and HCU (Germany) participatthis program in order to increase their
multidisciplinary knowledge and to use differennsers and processing approaches in an
international context. The program is funded by Bagopean Commission, through the
ERASMUS program. Next to the gouvernmental recogmiobf the program and its financial
support, the Dutch company BOSKALIS is the sole gmrtial sponsor of this IP.

The main objective of this IP in hydrography andmatics is to make a survey of Lake

Vassiviere with a team of about 50 students froanEe, Belgium and Germany. This team
was divided in sub-groups of 5 to 6 students, wlaidh tasked to perform both bathymetric
and topographic survey works. EDF (Electricité dan€e) and the Vassiviere Lake planning
authority are the requesting parties for a higldtaded bathymetric and topographic map and
detailed 3D model of the dammed lake and its disectoundings. This map and 3D model
play a vital role in the management of the enemgyglpction based on this water reservoir and
the tourism activities on and around the lake. s ts a three year project (2011-2013),
different campaigns are planned to cover the wiaoga in high detail. The first campaign

was held from October 29th until November 11th 2011

The preparation and planning of this first campaifjthe project was a challenging task for
all three partner universities. After the recogmitof the project by the European Counsil, the
campaign was carefully prepared by the organiziadf,simplementing the expertise and
equipment of the different partners. Firstly, tmeaawas explored in order to plan the survey
activities and to preselect the areas of prioriiatgrest and the possible methods for a fast
and accurate 3D data acquisition. After the arrfathe participating students, everybody
was informed about the requirements of the campaighinitial exercises were organized to
get familiar with the available equipment. The sti$ were all assigned to a group,
combining different nationalities into one groumdaeach group was assigned to specific
areas that had to be measured. After an explorafidime areas per group, the measurements
and quality assessments of the acquired data cbatd Each group had the responsability to
deliver high quality data of the assigned areasguthe most suited acquisition equipment
and software for the quality analysis.

TSO6A - Marketing and Management of Professional&uEducation, 5962 2/9
Alain De Wulf, Timothy Nuttens, Cornelis Stal, B&¢é Wit, Nicolas Seube, Volker Boder
Erasmus Intensive Program (2011-2013) on Hydrograpld Geomatics

FIG Working Week 2012
Knowing to manage the territory, protect the enviment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



2. STUDY AREA

Lake Vassiviere is an artificial lake, located lre tLimousin department in France (Figure 1).
The lake was created in 1950, in order to increbsepotential of French hydraulic power

production. The lake is exploited by EDF (Electdaile France), Unité de Production Centre,
as a dammed water reservoir for a nearby hydraldiat of 63,7MW. The lake is managed by
the “Syndicat Mixte du Lac de Vassiviere”, the LaKassiviere authority, and also comes
under the authority of the Conservatoire du Littordne French agency for coastal

management and protection.

It is one of the largest lakes in France, covedrmund 1 000 hectares, with a depth until 35
meter, and a nominal volume of around 100 milliabic meters. By creating the dam which

forms the lake, EDF contributed to the creatioraofery active tourism area, covering 45
kilometer of lakeside and beaches. It also includesoastal footpath and many nautical
activities. With 70 000 visitors per year, the lakean important source of income for this
rural and peripheral area in France. Around the,ldkere are six fully equipped sandy
beaches and four fully equipped harbors (www.valéshcom, 2011).

During the first campaign of this project in OctobeNovember 2011, the water level

(average level of 643 m) was very low compared whtlh normal level of 650 m (coordinate

system Lambert 93 — height reference system IGN6&).clear that for further development

of the lake and the surrounding area, these watet fluctuations must be managed, in order
to avoid problems for tourism and electricity protion.
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Figure 1 Lake Vassiviere is located in the L|mouss| Department in France
(Source: Michelin, 2012)
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3. DATA ACQUISITION

The participating universities and the sponsor Beg lot of hydrographic and topographic
equipment. The students are divided into diffegmoups, containing students skilled in both
topography and bathymetry. During the campaign,dgieeips have to perform topographic
measurements on-shore, resulting in an equidiggadtof 5 by 5 meter. There was also a
special focus on the measurement of specific ohjeltectly related to the lake, like the dam,
key walls and anchor places. Moreover, the hydmlgca survey contains a series of
bathymetric measurements of the bottom of the \eike different sensors.

3.1 Hydrography

During the hydrographic data acquisition, a KonggbhEM3002 multibeam echo sounder

(MBES) is deployed. Besides, the land surveying suesaments are supplemented with
continuous laser scanning data from a Leica HDS628€r scanner, which is installed on the
stern of the bathymetric measurement boat. Thia dat contains millions of points of the

shore and interesting engineering constructiorss (@idges, dam) on the banks of the lake,
which were impossible to measure by on-shore t@ugr. The acquisition with the on-board

laser scanner is impeded by sunlight reflectiorthenwater’s surface, causing some noise in
the data.

In order to start each bathymetric survey, the aciglgarameter of the measuring instruments
has to be calibrated. However, in a small arearatdhe water outflow of the electricity
generator, where the floor of the lake is the dsgpde velocity calculations need to be
corrected. This is caused by underwater flows m ¢hd river bed, when the generator is
operational, resulting in sudden temperature deesealThe former valley of the lake was
inhabited before the construction of the lake. Mamtificial constructions are therefore
detectable from the MBES data, such as an old fiall, a house and a Roman bridge
(Figure 2). For the actual feature detection, redam and characterization, a TRITECH
seaking tow fish side scan sounder was deployed.
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3.2 On-shore topography

The topographic equipment consists of a seriestaf stations (Pentax, Trimble and Leica),
multiple GNSS sets (Trimble and AdNav) and teriaktaser scanners (Leica). The general
workflow consisted of the measurement of a serfeseference points by GNSS in RTK

mode using the French TERIA RTK network or a Bosk&alHF local reference antenna.

Thereatfter, the total stations were oriented byctsn and positioned in the Lambert93
coordinate system. A 5 by 5 meter grid of detaiinfpwas then measured using a prism
(Figure 3). Inaccessible areas like wetlands argineering constructions were measured
reflectorless or by terrestrial laser scanning.

Figure 3: Topographic measurements on the lake sher

Due to the remoteness of the lake, with the nedERIA RTK antenna at a distance of 50
km, and the morphology of the terrain, the measerdrof reference points was not always
possible around the lake and a careful selectiGuitdble areas for these points was required.
Near the end of the 2011 campaign, this issue wascome by the configuration and
construction of a local geodetic network. High aecy GNSS measurements are combined
with long range topographic angular and distancasmeements. This network will be used
and extended in the future campaigns to insurees fand reliable reference frame.

4. DATA PROCESSING

The final topographic data sets were presented egular ASCIl readable xyz-files,
complemented with a metadata file for each dataTdet students were free to choose their
own suitable software for the both the processihghe data and the quality analysis of
individual and overlapping data sets. The bathyimetta should be delivered in the .qpd-file
format. This is a native output format from Quingathymetric software. Besides,
hydrographic data processing is performed by usiags HIPS/SIPS and the bathymetric
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data management is done by using Caris Base Editarlting in ASCII-readable xyz-files as
well.

4.1 Hydrography

The raw data from both the bathymetric and topdgapcquisition had to be processed by
performing data adjustment in order to improvedhaelity of the data by removing erroneous
data and. The bathymetric data suffered from recgdroutliers, located at the nadir of the
sonar near the surface. Outliers were also cauggihysical deviations in the water column,
like air bubbles around the sensor, fluvial vegetatt the bottom of the lake or floating
sediment. The system itself also created unwanteliers by resonance and self-echoing.
After the removal of these outliers, the densitg atandard deviation of the bathymetric data
sets have been evaluated.

A DEM (digital elevation model) with a resolutioh @30 meter by 0.30 meter was calculated
by interpolating a TIN (Triangular Irregular Netwdr The redundancy of the bathymetric
data makes that the density of this meshed surakiggher than 80 soundings per cell of 30
by 30 cm.

The standard deviation of the bathymetric dataesiad 0.15 meter in the middle areas but
slightly increases near abrupt elevation deviatiaasised by walls or steep slopes at the
bottom of the lake. The data of the scan sonarete&al be processed as well. This has been
done by digitizing the altitude of the tow fish goefrforming a slant range correction. In order
to improve the quality of the side scan images,eanb pattern was first processed on a
relatively flat area, in order to calculate correctparameters for other areas.

4.2 On-shore topography

As mentioned above, the students were free totsktwan a range of software packages for
processing topographic data and analyzing the tyuadithese data. For the laser scanning
data (both the terrestrial 3D scanning and the yimag¢tric 2D scanning) Leica’s Cyclone
software is used for the removal of non-ground foiand points not belonging to civil
constructions.

The post processing of the topographic measureneesisplified by the direct measurement
of Cartesian coordinates instead of polar coordmatiowever, this processing simplification
makes it more difficult to perform data adjustmemd quality analysis. In general, the
students are making use of the following softwaretdpographic data processing and quality
analysis:

* ESRI Arcgis: 3D Spatial Analyst;

* Autodesk Civil 3D: Survey and surface manager;

* Ghent University’s own Wintopo software: TIN andidbased data processing;

« Specific software tools, individually programmed $tydents in order to deal with

their specific needs.

TSO6A - Marketing and Management of Professional&uEducation, 5962 6/9
Alain De Wulf, Timothy Nuttens, Cornelis Stal, B&¢é Wit, Nicolas Seube, Volker Boder
Erasmus Intensive Program (2011-2013) on Hydrograpld Geomatics

FIG Working Week 2012
Knowing to manage the territory, protect the enviment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



5. DATA ANALYSIS AND RESULTS

After the processing step, the density of the datavaluated using open source GIS
(Geographic Information System) software. By esshinig a data collecting database for all
the data, all participants had a permanent overoiethe progress of the measurements.

Based on the measurement data of this first yedineotampaign, some quality analyses are
performed and some comparisons between overlappatg sets are made. The quality
analysis of the data is still ongoing, so only @hresults are summarized hereunder.

First, a comparison between the topographical nreasents based on GNSS and total station
and the data from the laser scanner on the vesselde. The mean algebraic difference
between both data sets in overlapping areas isndrducm. The mean of the absolute
differences is 8.5 cm and the comparison of both dats shows a root mean square error of
approximately 11 cm. Based on the Pearson coeffigiery close to 1), the data from the
total station measurements and the laser scanneth@rvessel can be assumed to be
equivalent. Differences between both data sets naaénly due to uncertainties in the
positioning with GNSS and the set-up of the totatisn.

The performance of the different GNSS sets is alsmpared in overlapping areas. Some
areas are covered by a Trimble GNSS receiver basélde TERIA RTK network and also by
an AdNav GNSS receiver, based on a ground-baseal leference station with UHF
connection. The comparison between both measurem&niments shows a horizontal and
vertical difference within a 5 cm range.

A pair wise comparison is performed between tha dats acquired by total station, GNSS
and laser scanning in overlapping areas. In general can conclude that there are no
significant incoherence noticed when merging théadgets from all different measuring
instruments and all different student groups.

In the quality analysis of the bathymetric datalepth accuracy estimation for each area is
performed, based on the processed EM3002 datahiSagstimation, a reference base surface
in a flat area is computed from an orthogonallyigated control line with the vessel. The
resulting reference surface is then compared with digital terrain model from regular
navigated lines. This allows verifying if the presed data meet the requirements of the
bathymetric standard IHO S-44. The results from 20&1 campaign meet this IHO S-44
standard, more precise the first order requirem@HS, 1998). Besides, the results meet with
the requirement of EDF, imposing s total propagatedertainty of 15 cm for a 95%
confidence level.
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6. CONCLUSIONS

The main objective of this three year European fatassintensive Program is the production
of a highly detailed topographic map and 3D modehe Lake Vassiviere (France) and its
surroundings. These detailed 3D data sets are targdior the electricity production in the
nearby hydraulic plant and the touristic developnoéthe shore around the lake.

For this purpose, students from the three partmevewsities perform bathymetric and

topographic measurements, including a thoroughitguahalysis and quality control of these

data. This quality assessment is mainly based enctimstructed local geodetic reference
network, a calibration of the used equipment, cradglation in overlapping areas between
different sensors...

Based on the measurement data from this first ceynpia can be concluded that the resulting
maps and 3D models form a high definition accumaterey of the lake and parts of its
surrounding area. Specifically for the bathymetiépth model of the lake, the measurements
meet the requirements of the IHO S-44 standarst, dirder class.

In the following years of the Intensive Programe tmeasurements of the lake and the
surrounding area will be completed following thensaaccuracy standards.
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