
 

1 

PART I: REPORT OF THE COMPLETED YEAR 

3. Activity report 

3.1 Information related to the research plan  

 

WP1 milestone 1: Integration of data  
Data integration has continued to expand. This year, SLF and Permasense have continued to integrate 
thousands of sensors and we have seen two new GSN instances opened by EPFL-LTE and APUNCH. 
 
Several hundred million data points are now available through GSN and this is increasing steadily. The 
overall number of instances has dropped due to the development of a user authentication system. This 
has meant that the 4 operational instances which SLF previously ran, have now been reduced to one. 
The operational instances within SwissEx are as follows: 
Å SwissEx general (hosted by SLF) ï http://montblanc.slf.ch 
Å LTE ï http://ltepc.epfl.ch 
Å APUNCH ï http://ifu-apunch.ethz.ch:22001/ 
Å PermaSense ï http://data.permasense.ch 

 
Integration will continue next year, and as the infrastructure becomes mode advanced, we expect to get 
more interest from the partners. 
 
Innovative data acquisition and data management systems for non-streaming data have been 
developed and tested under the RECORD project. Most of RECORDôs non-streaming data is now 
regularly fed into the Wiki, such as sensor data from piezometers and soil data.  
 
WP1 milestone 2: Baseline SwissEx data infrastructure completion  
 
In year 1, we reported that we had completed the basic data infrastructure and were starting to move to 
more advanced features. Indeed, we have integrated many more advanced features, but at the same 
time, the infrastructure has been made more reliable. The SLF instance for example, has remained 
reliably functioning for the past 6 months. These changes to the base infrastructure make the system 
useable for long term data storage. 
 
There were 2 major goals within the computer science side of this milestone: to provide a working 
version of GSN and to develop a working metadata recording interface. These goals have been 
achieved through the following methods. 
 

 To provide each project partner with GSN functionality, LSIR has continued to provide technical 
support for the partners: monitoring their requirements and organizing development schedules 
through weekly GSN meetings. LSIR will maintain these levels of support over the next two 
years.  

 For metadata management, SLF and LSIR defined a metadata structure in the pilot phase and 
first year of SwissEx. In collaboration with project partners, this schema was extended to 
generalise it for all applications. This system has been consistently re-enforced and new 
extensions such as bulk uploading and exporting of metadata as well as project management 
have been added. We are now in the early stages of looking at metadata-data integration. 

 Concurrently, EAWAG, together with the University of Twente, have been developing a storage 
system for manually sampled data using the same technologies as the metadata infrastructure. 
Some metadata-data integration is already available within this system, though the system as a 
whole will be generalised and integrated with the metadata storage structure in the third year of 
SwissEx, to provide a fully integrated data mining system.  

 
Demos and workshops describing the benefits of the infrastructure have motivated various SwissEx 
partners to plan, implement or extend their usage of the infrastructure. These events will be continued in 
year 3. 
 
In the field, intensive field campaigns have been carried out in many places, most notably at 
Wannengrat, the river Thur and in La Fouly. These datasets are publicly available and will be more 
widely publicised as their documentation is expanded. A significant proportion of these datasets have 
been created using SensorScope and Permasense wireless sensor networks and the corresponding 
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deployments have been an integral part of the further development of these systems. Both systems are 
now extremely reliable and expandable. Though SwissEx cannot take all of the credit for Permasense, 
the SensorScope system is directly attributable to SwissEx development and all code within the system 
is available open-source. SwissEx has a large pool of SensorScope stations which we will continue to 
upgrade over the course of SwissEx. This pool of stations is available for loan and is in widespread use 
within CCES projects. In spring 2010 five Permasense motes for monitoring groundwater were installed 
in addition to SensorScope stations to complete the online monitoring concept at the RECORD test 
sites. This exchange of technology within SwissEx partners forms the first deployment of Permasense 
technologies outside the Permasense project and the first application of Permasense technology for 
purposes other than permafrost measurement. 
 
WP1 milestone 3: Advanced infrastructure development completion 
Implementation of the advanced infrastructure components have so far focused on automated 
monitoring and data security and integration.  
 
A key focus of SwissEx is to be able to provide a fully documented dataset. This is a very time 
consuming process for the scientist, so a number of tools have been implemented to simplify it. 
 
An extremely flexible processing and notification tool provides scientists with the opportunity to monitor 
their sensors based on any criteria they wish for. The user is then notified via email (or twitter if desired). 
This system is in widespread usage and has already saved multiple instances of sensor downtime. This 
system may also be used to write metadata to the wiki, hence providing a data quality monitoring 
application. As yet, this has not been implemented operationally. 
 
A structure has also been implemented within GSN for assistance in 'data cleaning' by selecting the 
points visually. This structure is currently a prototype and will be used in the development of advanced 
algorithms for this process. 
 
The separate components of SwissEx (the wiki, GSN, 3

rd
 party processing tools etc.) provide 

automation of many of the tasks currently carried out by specialist database managers, however they 
can be used to even greater effect by integrating the functionalities into a single system. SLF have been 
working to bring the data into the wiki via an R programming language interface. This has been used to 
provide some initial plots of simultaneously queried data and metadata, but will be developed into a full-
scale query interface. Concurrently, to be able to jointly query (streamed) sensor data with sampling 
data EAWAG started a subproject to develop a specific query language which can query over different 
data bases combining data and meta data. These two techniques combined will provide a powerful tool 
for the fusion of all types of data. 
 
It is planned that the R wiki interface will be used for collaborative processing within SwissEx Science. 
This interface provides the 'ad-hoc' processing tool, whereas R is also now integrated into GSN for 
streaming data processing. 
 
Advanced capabilities are also being added to a number of hardware projects within SwissEx. The 
SensorScope system is beginning to benefit from a collaboration of several groups at EPFL to provide 
data compression. As data transfer is the most power-consuming process in a wireless sensor network, 
data compression means that the station can use significantly less power. SensorScope are still on 
course for the release of the 3

rd
 generation network in year 3.  

 
WP2 milestone 1: Comparison of SensorMap vs. IKA GIS interface 
The collaboration between LSIR and Microsoft Research was successfully completed, and has provided 
SensorMap as an interface for SwissEx data. For this task, LSIR integrated GSN with SensorMap and 
Microsoft Research reflected the needs of environmental scientists for the SensorMap visualizations. 
GSN virtual sensors may be either manually or automatically registered within SensorMap. Once 
registered, when the user selects a sensor, SensorMap queries GSN and is provided with the requested 
data for display/download. The collaboration with Microsoft Research is now over, so no further 
developments are foreseen for SensorMap. 
 
Data can also now be accessed via the IKA interface, although the GSN GML interface needs to be 
developed further to provide more than just the latest data point. Whilst SensorMap provided a publicly 
accessible interface, GeoVITe provides a GIS interface with the consequence that access must be 
limited to the ETH domain (due to SwissTopo regulations). GeoVITe approaches data from the 
cartography perspective, where sensor data is 'metadata' and map based data is 'data'. The advantage 
for the sensor user is that geographic information about the sensors is immediately available (distance 
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from the nearest water source etc.) and it has the potential to be able to plot and process spatial 
information much better than any other system. 
 
WP3 milestone 1: SensorScope 2

nd
 Generation Network  

The SensorScope 2
nd

 generation network was completed and deployed before the 1
st
 year report. Since 

this time, the system has been deployed and proven in many different deployments: 

 Wannengrat 

 La Fouly 

 Burkina Faso 

 ClimAtscope 

 BigLink 

 TRAMM 

 Mountland 

 Biochange 
 

The stations were built to a high quality and generally worked well. There were some problems with 
stations losing sensors or sensors spontaneously consuming too much power. 
 
The system has now been entirely redesigned for a significant upgrade to the system (v2.3) which will 
become available in October 2010. 
 
WP3 milestone 2: Setup of Calibration and Measurement Team  
A team for calibration and measurement has been formed. The responsible group for soil and 
groundwater sensors organized a Workshop with focus on cross calibration of  Decagonôs soil- and 
groundwater sensors in January 2010. The interplay of Decagonôs soil and groundwater sensors with 
Sensor-Scope and Campbell loggers and transmitters has been investigated in detail and cross 
validated with other standard soil sensors such as Trimble TDR. Guidelines of calibration have been 
developed by Eawag together with WSL and ETHZ. A Workshop with focus on Decagonsô soil- and 
groundwater sensors was held at ETHZ in January 2010. During this workshop, experiments focused 
on the interplay of Decagons soil and groundwater sensors with Sensor-Scope and Campbell loggers 
and transmitters. Moreover, cross-calibration with other soil moisture sensors like the Trible TDR has 
been performed. At the RECORD test sites, water quality sensors, total-dissolved gas pressure probes 
and on-site mass spectrometers were developed, calibrated and tested. Instrument design has been 
improved so that first field deployments for preliminary field campaigns could be conducted. At SLF, 
work is currently taking place to calibrate and compare infra-red surface temperature sensors in an 
experiment at Weissfluhjoch. EPFL DISAL have done initial work for the wind tunnel calibration of Davis  
wind sensors. This was the work of a Masters project. 

 
WP3 milestone 3: Long distance communication links  
In year 1, SensorScope increased the inter-node communication system to 1.5km. Greater distances 
have also been achieved using the same technology under ideal environmental conditions. It is not 
planned to try to increase the distance further, especially as the third generation master stations will 
only be externally distinguishable from the slave station by a second solar panel and will cost less than 
1kCHF more than a slave station. 
 
An initial long distance wifi link was set up by SLF for communication of the RADAR data from 
Brämabüehl to SLF. This functioned reliably for the whole deployment so far and is now being extended 
around the corner in order to retrieve sonic anemometer data from Wannengrat. In August 2010, SLF 
set up a wifi hotspot and took this to La Fouly: a research field where no telephone access is available. 
The entire valley was successfully covered with a wifi hotspot, attached to a 3G data connection from 
the ridge above the valley. The hotspot was brought back as it was running on a generator. Once it has 
been attached to a solar panel and a bug in Windows connections is fixed, it will be available for long-
term usage. 
 
The PermaSense and APUNCH team continued on the collaborative operation of joint networking 
infrastructure in Zermatt. In addition to the leased line from Zermatt to Trockener Steg and Klein 
Matterhorn and the distribution network to the PermaSense field site on the Hoernliridge set up in the 
previous year and additional link to Randa has been set up in collaboration with the CCES COGEAR 
and nano-tera.ch X-Sense projects. 
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WP3 milestone 4: Permasense 2
nd

 Generation Network  
The PermaSense project has been successfully developing a second generation wireless sensor net-
working system targeted for environmental monitoring in extreme environments. The system is made up 
of simple, battery powered sensor nodes, a more powerful base station including webcam and weather 
station as well as a solar power supply. The base station can be connected to the internet using a 
number of different options (GPRS, WLAN, satellite links). The sensors currently used for monitoring 
permafrost on two sites in the Swiss Alps are temperatures, crack meters, pressure sensors and a set 
of resistivity measurements. The system is ideally suited for long term monitoring in hazardous and 
remote areas and is built for reliability, including disconnected operation in case of a subsystem failure. 
In case of a failure of part of the network, the base station or the data server, all sensor data is retained 
on backup memory contained in every node. The key technology herein is developed in partnership with 
the NCCR MICS PermaSense project. In the last year the system components have been further 
refined and now form an easy to use, quick to deploy and reliable means for wireless environmental 
monitoring. All PermaSense data is currently fed in to GSN database servers making it compatible to 
the Swiss Experiment infrastructure. 

 
Based on the preliminary discussion with the RECORD project in the first year a set of PermaSense 
wireless sensors and base station have been set up on the RECORD field site at Thur. The system 
consists of a number of wireless sensor nodes with custom built multiplexing boards and 4 Decagon soil 
moisture sensors each that are submerged in wells provided by RECORD. Together with a Base 
Station, Webcam and Wireless LAN link the measurement data is fed into a GSN database server at 
ETH Zurich: http://data.permasense.ch 
 
The material used on the RECORD field site as well as the development overhead for customization of 
the sensor multiplexers has been made available pro bono by the NCCR MICS project PermaSense.   
 
The PermaSense project hosted an L1/L2 GPS receiver over the summer 2010 for a measurement 
campaign of the COGEAR project. Furthermore consulting work as well as joint field work has been 
undertaken with said project. 
 
A high-resolution camera (Nikon D300 SLR) has been developed for usage in remote locations for very 
high fidelity imaging. Initial image analysis/processing work has been done with EPFL/LCAV (S. 
Susstrunk). 
   
 
WP3 milestone 5: Hydromon self organising wireless network  
The Hydromon network and its corresponding analysis system are now complete. 

 
WP3 milestone 6: SensorScope 3

rd
  Generation Network  

Plans are significantly developed for the SensorScope 3
rd

 generation network. This will build on an 
already stable and flexible environment already available within the current systems. 
 
WP3 milestone 7: SensorScope extreme environment test deployment on Wannengrat  
The SensorScope stations were deployed on Wannengrat between November 2009 and May 2010. 
This deployment was much more successful than the 1

st
 generation deployment and the stations 

survived the extreme conditions very well. The stations sometimes suffered the unfortunate problem 
that when something in a specific sensor broke, the entire station became unavailable, but apart from 
this, their performance was very good. Some stations survived the winter with no problems.  
 
An extension system was built by SLF for the stations where snow heights exceeded 1.5m. Three 
stations were hit by avalanches and survived surprisingly well. Less than 100CHF in damages were 
caused to each and in all cases, the station continued transmitting data from within the avalanche debris 
until the battery voltage dropped too low (several days). 
 
Extreme environment testing of the latest generation of SensorScope stations will take place in winter 
2010/2011. 
 
WP3 milestone 8: Completion of RADAR, LIDAR and Disdrometer and development of DTS 
 
DTS: 
After the installation and instrumentation of the last monitoring wells, loggers and field sites were 
maintained and data were downloaded in regular periods. For the detailed investigation of infiltration 
rates in the river bed a high-resolution vertical temperature profiler was developed based on distributed 
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temperature sensing (DTS).The main activity and innovation of the second year was data collection in 
an array of vertical profilers. Groundwater exfiltration areas in the side channels were further 
investigated during different hydrological situations by lateral DTS measurements combined with other 
temperature methods and tracer tests. 
 
LIDAR: 
LIDAR development and deployment was completed in year 1. 
 
RADAR: 
Both the simple X-Band RADAR of ETHZ-HWRM and the Dual Polarised X-Band RADAR of EPFL-LTE 
were deployed in the second year. After initial problems, HWRM were able to collect some data before, 
unfortunately, the radar was struck by lightening. HWRM's other tasks are now being completed based 
on MeteoSwiss C-Band RADAR data. EPFL-LTE deployed their radar in October 2009 and it has 
remained deployed ever since, sending 40GB of data back to SLF over the SwissEx long distance wifi 
link. Once the data reaches SLF, interesting periods are selected for transfer back to EPFL where 
further processing is carried out. These data, along with the data from 3 Parsivel disdrometers set up in 

a gradient for calibration of the radar, are made publicly available in GSN at http://ltepc3.epfl.ch. The 

RADAR will remain deployed in Davos until spring 2011. 
 
 
WP3 Milestone 8: SensorScope deployment  
Many SensorScope deployments have taken place in year 2. These deployments are discussed in WP3 
Milestone 7 and WP4 milestone 1. Early deployments were very successful, though the continued use 
of the stations took its toll on many sensors. This has been followed very closely by the SensorScope 
team and many investigations and laboratory experiments based on this have lead to both software and 
hardware improvements. Upgrades to the SwissEx pool of SensorScope stations will profit from these 
improvements, meaning that the stations do not become obsolete. 
 
WP3 Milestone 8: LIDAR field campaign and development  
Completed in year 1. 
 
WP4 milestone 1: Integration of CCES projects into the SwissEx infrastructure  
 
BigLink were again provided with SensorScope stations this year. Streaming data from the Damma area 
was included into GSN in the first year and automated email updates/warnings will be implemented on 
this data in early year 3. Once the sampled data infrastructure is completely integrated with the rest of 
the infrastructure, we should be able to fully support BigLink. 
 
TRAMM Rufiberg were provided with a SensorScope station in year 2. Data from the Rüdlingen release 
has been integrated into GSN, though more effort is required from the TRAMM project to integrate more 
TRAMM metadata. 
 
Mountland Davos is fully supported with both a SensorScope station and significant integration into both 
GSN and the metadata wiki. Plans are underway to significantly support Mountland Valais in an 
intensive year of measurements next year as well as integrating much of their long-term data into GSN 
and the wiki. Mountland Jura have their own SensorScope stations, and initial steps are being made to 
integrate both these data and the locally logged data early in year 3. 
 
Selected streaming data collected by HWRM within the APUNCH project have been integrated into the 
SwissEx portal through the acquisition of a GSN server. The server is presently used by HWRM to 
collect and process APUNCH field and experimental data. Subsequently, these data are selectively 
transferred to the SwissEx platform. 
Streaming images from the X-Band radar were interrupted on 26 May 2010 when lightning damaged the 
X-Band radar. Since then the X-Band radar is in repair, leading to a considerable data loss. 
Nevertheless, calibration techniques are currently explored with data from the C-Band radar of 
MeteoSuisse, in order to make available in due time not only images but also quantitative estimates . 
 
 
 
 
 
 
 

http://ltepc3.epfl.ch/
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Figure 1: Screen shot of real-time precipitation maps from the X-Band radar on Kleinmatterhorn. 

At Eawag, a data model has been developed and implemented for the RECORD-project to provide (i) 
data streaming into GSN (e.g. DTS, Sensor-Scope and Permasense station) and (ii) traceable linkage 
offering joint queries of data and meta data derived by manual sampling, manual sensing, automatic 
sensing, and streaming sensor data. This has resulted in 800+ Wiki pages providing views and access 
to the data by location, time, observer and type.  
 
Majolica have so far shown no interest in integrating their data into the infrastructure. 
 
The PermaSense team has closely worked with EPFL/SLF on the definition of a suitable data handling 
architecture. Jointly a number of technical issues  w.r.t GSN and data management have been handled. 
Due to the late availability of suitable prototype solutions for data mapping and raw value conversion 
based on EPFL/SLFôs wiki infrastructure the PermaSense project had to implement a custom, 
configuration file and GSN based solution. This solution is currently successfully used in the operational 
PermaSense data handling system for 4 field sites. 

 
Deviation from the workplan: A custom solution to suffice the data handling requirements of 
PermaSense has been sought. Possible re-integration with the current Swiss Experiment 
infrastructure (wiki) is currently being investigated. 
 
 
WP4 milestone 2: Precipitation measurement campaign in alpine terrain  

La Fouly deployment 

The La Fouly (VS, Dranses catchment) deployment was designed to provide a comprehensive dataset 
pertaining to hydrologic response in a steep alpine watershed. This study is mainly relevant for flood, 
debris-flow and landslide warning. After the two first field campaigns that took place in 2008 (May to No-
vember) and 2009 (May to November), the 2010 campaign is composed of 16 third generation Sen-
sorScope stations that collect meteorological and soil data and river water level sensors (pressure and 
ultrasound). Real time data are available through the SwissEx infrastructure. In addition, discharge 
measurements were carried out on a weekly basis using the salt dilution method to derive a stage-
discharge relationship for this alpine catchment. During the 2010 campaign, wind slope will also be stu-
died using a surface energy balance station, wind tower and wind profiles. 

The ongoing campaign will provide data from several locations within the catchment and a 3D hydrolog-
ical model will be used. The river flow modeling is important to water budget calculations.  

Analysis of the La Fouly data is being carried out simultaneous to the measurements. A paper present-
ing the spatial and temporal variability based on this preliminary analysis has been published. 

 

 
Figure 2: Discharge components at La Fouly  
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Figure 3: 2010 SensorScope station in La Fouly 

Burkina Faso deployment 

15 second generation SensorScope stations in a small watershed near the village of Tambarga (Burkina 
Faso) have been installed in April 2009. This deployment is continuing and real-time SensorScope data 
can be seen on: http://sensorscope.epfl.ch/climaps/ (not yet integrated into the SwissEx data infrastruc-
ture). Studies in this field campaign will address the increasingly prevalent phenomenon in semi-arid 
West Africa of more irregular rains accompanied by a flashier or more quickly responding drainage sys-
tem. Both rural farmers and local technicians show interest in incorporating the information we produce 
into their activities. 

 

 
Figure 4: SensorScope station in Burkina Faso 

 

A second precipitation measurement campaign is being held in the Matter valley. Information on this is 
shown in WP4 milestone 3. 

 

 

 

WP4 milestone 3: Vispa catchment measurement campaign  
During the second year the APUNCH project proceeded with the deployment of the 13 SensorScope 
stations for research purposes in the Vispa catchment. After extensive testing of the 13 SensorScope 
stations during the first year, the sensors were installed on hill slopes above Zermatt in order to 
investigate precipitation gradients in function of altitude during the second year. The 6 reference meteo 
stations were maintained at their original locations in the Vispa valley. Data are collected through the 
HWRM server and selectively uploaded to the SwissEx GSN server (see WP4 milestone 1). 
 
WP4 milestone 4: Wiki and GSN workshops  
A GSN workshop was held at SLF in June 2010. This workshop was very successful, bringing together 
all of the key developers and users from within SwissEx as well as participation by EDF, DERI, the 
University of Twente and the University of Tasmania. Presentations can be found here: 

http://www.swiss-experiment.ch/index.php/GSN:Conference. No wiki workshop was held 

this year, as although many developments were underway, nothing was presentable in a workshop. It is 
planned that a workshop will be announced at the Latsis Symposium.  
 
WP4 milestone 5: Creation of a pool of SensorScope Stations for multiple use in campaigns of 
the participating CCES projects 
The pool of SensorScope stations was created and deployed successfully in 2009 and 2010. It must be 
stressed that an individual from the projects MUST take responsibility for the stations during the 

http://sensorscope.epfl.ch/climaps/
http://www.swiss-experiment.ch/index.php/GSN:Conference
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deployment as SwissEx cannot support the time required to visit all of the deployments whenever there 
is a problem as well as supporting both the Wannengrat and La Fouly deployments. 
 
It is planned that the stations will undergo a rolling period of upgrades over the winter of 2010/11, so 
only a small proportion of the stations will be deployed. 
 
WP5 Milestone 1: End of each education ócampaignô 

 
After a successful pilot period in 2008 involving 10 schools and 1200+ students, climAtscope concen-
trated on nationalisation of the project. To enable this, sponsorship was sought and received from 
Swisscom. The climAtscope website (http://eflum.epfl.ch/climatscope) and pedagogical notebooks were 
developed and translated into German and collaborations with GLOBE and European project were fina-
lized. Integration with the rest of the SwissEx data infrastructure will take place in year 3. 
In early 2010, three permanent reference stations (new SensorScope stations) were erected (Sion, Zu-
rich and Lausanne). These stations will be used for education in the coming year and will be supple-
mented by three more stations which can be loaned to schools for 6 month periods. One or two more 
loan stations will be purchased next year. Education projects took place in three schools during 2010, 
an additional three workshops have been held for teachers and climAtscope has participated in three 
exhibitions: La science ça m'intéresse, Informatica '09 and Base Camp. 
In 2010, ClimAtscope, SISMO at school and GLOBE have became involved in a European Environmen-
tal Education project (O3E). O3E (http://o3e.geoazur.eu/) aims to develop synergies with France and 
Italy in the area of environmental education (seismology, hydrology and climate).  

Over the course of the 2nd year, collaboration between the SwissEx EE programs (SISMO at school, 
GLOBEé) was developed and reinforced. These programmes are integrated particularly well. 

 

http://eflum.epfl.ch/climatscope
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Deliverables: 

 

Deliverables WSL/SLF Lehning:  
 

Deliverable  Collabo-
rating 
institu-
tions  

Deliverable type  Due month  Milestone WP  

Infrastructure for retrieving 
TRAMM and BigLink stream-
ing data  

LSIR  Software, Sup-
port  

3  WP4.1  4  

 
Deliverable complete, though continual improvements are being made 
 
BigLink and TRAMM data were integrated in year 1. This infrastructure is however continually being improved. 
These improvements are described throughout this document. 
 
Deliverable: 
BigLink and TRAMM data can be found at http://montblanc.slf.ch 
 

Control and publishing of me-
tadata  

LSIR  Publication  6  WP1.2  1  

 
Deliverable complete, though continual improvements are being made 
 
An infrastructure for publishing metadata using Web 2.0 technologies was implemented in year 1 and published 
in two conference papers (Dawes et al. 2009, X et al 2010). The integration of this infrastructure with the rest of 
the data is currently being implemented in several ways:  

The data are being integrated with the metadata (see data fusion section of EAWAG deliverables) 

Location based project management tasks have been integrated into the metadata 

The metadata has been made dynamically searchable. See Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: the metadata is now dynamically searchable 
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Deliverables:  

Michel S., Salehi A., Luo L., Dawes N., Aberer K., Barrenetxea G., Bavay M., Kansal A., Kumar K.A., 
Nath S., Parlange M., Tansley S., Van Ingen C., Zhao F., Zhou Y. Environmental Monitoring 2.0 ; 
Proceedings of ICDE 2009 (demonstration track) 

Dawes N., Kumar K.A., Michel S., Aberer K., Lehning M.: Sensor Metadata Management and its Appli-
cation in Large-Scale Environmental Research ; Proc. 4th IEEE International Conference on e-Science. 
December 2008 

 

Sensorscope Station for Da-
vos Schools  

LCAV  Hardware  8  WP5.1  5  

 
Deliverable in progress. 

 
Sensorscope stations are available for use by the schools, but as yet we still have not managed to coordinate a 
programme for their use with the teachers of the schools. 
 
 
 
 

Data infrastructure for Mount-
land, Maiolica and APUNCH 
streaming data  

LSIR  Software, Sup-
port  

12 - 36  WP4.1  4  

Deliverable in progress. 

 
APUNCH streaming data was integrated into the infrastructure during year 2. The imminent release of GSN 
gridded data storage capabilities will provide a method of storing the radar data. For more information, see the 
APUNCH deliverables. 
 
Stillberg Mountland data is significantly integrated, as can be seen from the metadata and GSN screenshots. 
Plans are being made with A. Rigling and M. Dobbertin for the integration of data from Valais as well as the pro-
vision of a significant number of SensorScope stations. Work will soon start with A. Buttler and K. Gavazov to 
ensure the integration of data from the Jura. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: A GSN screenshot showing the Mountland Davos measurement locations. One location is shown per 

logger file. 
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Figure 7: A wiki metadata screenshot showing the measurement locations. 

 
Deliverables:  

Mountland data can be found at http://montblanc.slf.ch 
APUNCH data can be found at http://ifu-apunch.ethz.ch:22001 

 
 

Generic model interface  LSIR  Software  24  WP1.3  1  

 
Deliverable complete 
 

A new web interface for starting, stopping and retrieving the results of simulations has been implemented. This 
web interface is described below. 

 

The interface is composed of three sections: input data, simulation control and output. Input data is composed of 
three parts: stations, filters and interpolations. Users select the data to be used for the simulation. The user can 
also set filters for the data. Measurements can be accumulated, averaged, and cleaned before being sent to the 
simulation model. In addition, spatial interpolations can be specified. The filters and interpolations use MeteoIO 
features. General simulation parameters can be set in the control section and results are shown as maps in the 
output section for the different layers, as shown in Figure 8. 
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Figure 8: The control interface of for model integration in GSN. This shows a GeoTop simulation. 

 

Communication with the physical models: a new web services interface has been implemented for fetching the 
input sensor data for the simulations from the MeteoIO library (developed by WSL). This new web service inter-
face is called A3DwebService and it is described below. 

 

URL: http://<GSN server host>:<GSN port>/services/A3DWebService?wsdl 

Input 

data 

Control 

Output 
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We have also finished the implementation of the integration of Alpine3D and Geotop physical models with GSN 
(see Fig. 1). We have experimentally verified the simulation scenarios with Alpine3D based on real-time and 
archived results. For this purpose, a new special-purpose virtual sensor has been implemented, namely Al-
pine3DVirtualSensor. 

 

The Alpine3DVirtualSensor: 

1. Dispatches simulations using ssh. 

2. Receives the termination status of simulation. 

3. Repeats simulations if failed. 

4. Accounts for no response at all. 

5. Fetches the results of simulations with scp. 

6. It works for both Alpine3D and Geotop.  

 

The sequence diagram of the communication of the Alpine3DVirtualSensor with the MeteoIO library (i.e. the 
physical model) is llustrated in Fig. 1 below. 

 

getLatestMeteoData(), for retrieving the latest sensor data for all attributes of a particular sensor.  

1.getSensorInfo(), for retrieving sensor monitoring attributes.  

2.getMeteoData(), for retrieving the sensor data from a particular sensor for a specified time period.  

3.getMeteoDataMeasurement(), for retrieving the sensor data for a particular attribute from a particular sen-

sor for a specified time period. 

4.getSensorLocation(), for retrieving the location of a particular sensor.  

5.getLatestMeteoDataMeasurement(), for retrieving the latest sensor data for a particular attribute of a par-

ticular sensor. 

6.getSensors(), for retrieving the names of the registered sensors.  
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:A3DVirtualSensor

:Alpine3D

{Check whether enough 

data exists to start 

Alpine3D simulation}

start(simulation, parameters)

getData(sensor, fromDate, toDate)

Interpolation of data and call 

of various modules (snowpack, 

snowdrift, runoff, etc) to 

calculate timestep.

finishedTimeStep(TIMESTEP, STATUS)

getData(sensor, fromDate, toDate)

Interpolation of data and call 

of various modules (snowpack, 

snowdrift, runoff, etc) to 

calculate timestep.

finishedTimeStep(TIMESTEP=FINAL, STATUS=OK)

Loop: timestep 

calculation until 

completion

getResults(simulation)

 
 

Figure 9: Sequence diagram of the interaction of GSN and Alpine3D/Geotop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10:  The La Fouly sensor deployment. 
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Three screenshots of the output of the simulations of the Alpine3D physical model (run through the system de-
scribed above) employing the sensor data from the La Fouly deployment (illustrated in Fig. 2) are depicted in 
Fig. 3. 

 

 

 

 
 

Figure 11: Visualizations of the output of the simulations by the physical models. 

 
A new http call for retrieving the sensor data in GML format is supported is now also supported in GSN. GSN is 
therefore able to feed sensor data to any other physical models that require sensor data in a standard format. 

Deliverable: 

The generic web service can be found in every version of GSN. The MeteoIO plugin is available from WSL/SLF 
and will be made publicly available soon and linked from the wiki. 
 

Paper on dense spatially and 
temporally distributed mea-
surements on Wannengrat 

EFLUM, 
LCAV 

Publication 24 WP3.7 3 

 
Deliverable complete 
 
Two papers were produced on how the Wannengrat SensorScope measurements could be used together with 
the measurements of the larger scale network and dense measurements of snow deposition from the laser 
scanner in order to understand the mid-scale snow transport mechanisms 
 
Deliverable: 
 

 ̧ T. Grunewald, M. Schirmer, R. Mott, and M. Lehning: Spatial and temporal variability of snow depth 
and ablation rates in a small mountain catchment; The Cryosphere, 4, 215-225, 2010 

 ̧ R. Mott, M. Schirmer, M. Bavay, T. Grunewald, and M. Lehning: Understanding snow-transport 
processes shaping the mountain snow-cover; The Cryosphere; In review. 

 
 

Calibration of SensorScope 
meteorological instruments 

LCAV, 
EFLUM 

Web Publication 24 WP3.2 3 

 
Deliverable in progress. 

 
EPFL DISAL have performed a calibration of the SensorScope anemometers with the help of EPFL LCAV. The 
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results of this are available in an internal Masters report: 
 

 ̧ E. Pauline, S. Eulalie: 'Automatic Calibration Methods for Sensor Networks'; Design Project 2010: 
Environmental Sciences and Engineering Programme, 2010. 

 
A comparison of infra-red sensors is currently taking place at SLF Weissfluhjoch research fieldsite, Davos. 
 
As yet, no web publications are available. 
 

Paper on characterisation of 
annotations on a data model 

LSIR Publication 36 WP1.3 1 

 

Deliverable in progress. 

 
Work is progressing on this task. We are currently working on generic algorithms for the characterisation of bad 
data, automatically creating metadata and annotating the data. This work has had the effect of enabling better 
integration of metadata and data. 
 

Meteoswiss and BAFU data LSIR Data online 48 WP1.1 1 

 
Deliverable in progress. 

 
Some static BAFU data is already integrated. Work on getting real-time BAFU and Meteoswiss data online will 
take place in year 3/4. 
 

Infrastructure workshops LSIR, 
EAWAG 

Workshop 6, 18, 36 WP4.4 4 

 
Deliverable in progress. 

 
A GSN workshop was successfully held in Davos in June 2010. This workshop brought together key developers 
and users from both within SwissEx as well as from EDF, University of Twente, University of Tasmania, and 
DERI. 
A wiki/GSN workshop for all users will be announced soon. 
 

Integration of all data into the 
infrastructure 

All Data online 48 WP1.1 1 

 
Deliverable in progress. 

 
The integration of data into the infrastructure is a continuous process, which is progressing at a great pace. 
There are already more than 80 million data points in the SLF GSN database and large amounts of data in the 
Permasense, APUNCH, LTE, RECORD and LSIR GSN databases. SLF are now using the SwissEx 
infrastructure as their main storage and distribution method for all experimental data and as the main distribution 
method of IMIS data for all academic users. Significant integration of data and metadata is expected in the 
coming year. 
 
Deliverable:  
Data and metadata can be accessed via the SwissEx wiki. This portal is being rapidly transformed into the 
central point for data access. 
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Deliverables EPFL/EFLUM Parlange:  

 

Deliverable  Collaborat-
ing institu-
tions  

Deliverable type  Due 
month  

Milestone WP  

SensorScope station for cli-
mate EE programme  

 LCAV  Hardware  6 WP5.1 5  

 
Deliverable complete, though continual improvements are being made 
 
In early 2010, three permanent reference stations (2

nd
 Generation SensorScope stations) were erected (Sion, 

Zurich and Lausanne). These stations will be used for the education programme in the coming year and will be 
supplemented by three more stations which can be loaned to schools for 6 month periods. More information can 
be found on the ClimaAtscope website (http://eflum.epfl.ch/climatscope). 
 

LIDAR, SODAR, Sensor-
Scope field campaign 

LCAV Data and publica-
tion 

12 WP3.8 3 

 
Deliverable complete, though work on this subject continues. 
 

The 2010 La Fouly (VS) campaign was designed to study the spatial variability of meteorological variables and 
soil properties. Data and metadata collected from the 16 SensorScope stations were published on the web and 
made available to the public (http://sensorscope.epfl.ch/climaps/ - Soon to be integrated into the SwissEx infra-
structure). In this context metadata plays a very important role in that it allows users (scientists, students, deci-
sion makers, etc) to picture the data source in terms of location and sensor type. Data will also therefore, be 
made available on the SwissEx infrastructure. Indeed, some of these stations have already been integrated into 
the SwissEx infrastructure, others will be integrated once the permissions have been sorted out. The ongoing 
data analysis is showing significant spatial variations for any given variable. 

The Burkina Faso deployment is ongoing. 15 second generation SensorScope stations have been installed in a 
semi-arid small catchment in West Africa. Further information can be found under this link: 
http://eflum.epfl.ch/research/burkina.en.php. This data will also be integrated into the SwissEx infrastructure. 

Deliverable: 

F. Ingelrest, G. Barrenetxea, G. Schaefer, M. Vetterli, O. Couach and M. Parlange, SensorScope: Application-
Specific Sensor Network for Environmental Monitoring, ACM Transactions on Sensor Networks, Vol. 6, Nr. 
2, pp. 1-32, 2010. 

Couach, O., Luyet, V., Ristori, P., Parlange, M., Barrenetxea, G., Ingelrest, F., Vetterli, M., Aberer, K.: SensorS-
cope: a New Environmental Monitoring System. Example of Application in an Alpine Environment; Envi-
ronmental Modelling & Software Special Issue ñSensors and Environmentò, 2009 

Nadeau D. F., Brutsaert W., Parlange M. B., Bou-Zeid E., Barrenetxea G., Couach O., Boldi M.-O., Selker J. S., 
Vetterli M.: Estimation of urban sensible heat flux using a dense wireless network of observations ; Envi-
ronmental Fluid Mechanics,Volume 9, Number 6, 635-653, 2009. 

 

Testing of SensorScope sta-
tions (part of calibration 
programme) 

LCAV, 
WSL/SLF, 
EAWAG 

Web publication 24 WP3.2 3 

 
Deliverable in progress. 

 
La Fouly, Burkina Faso, Wannengrat, the CCES project deployments and climAtscope deployments have been 
all used to both test and calibrate new generation of SensorScope stations. These deployments were mostly 
successful. The failures have been recognised and taken account of in the design of the 3

rd
 Generation Sen-

sorScope stations. 

 

http://eflum.epfl.ch/climatscope
http://sensorscope.epfl.ch/climaps/
http://eflum.epfl.ch/research/burkina.en.php
http://www.springerlink.com/content/1567-7419/9/6/
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Deliverable: 

All metadata on the deployments has been registered into the SwissEx wiki. For an example, see 
http://www.swiss-experiment.ch/index.php/Wannengrat:Home 

 

Precipitation measurement 
campaign  

LCAV, 
HWRM, 
WSL/SLF, 
LSIR 

Publication 24 WP4.2 4 

 
Deliverable complete 
 
A publication based on the 2009 La Fouly deployment and especially the 12 SensorScope stations measuring, 
among other, precipitation has been published. 
 
Deliverable: 

F. Ingelrest, G. Barrenetxea, G. Schaefer, M. Vetterli, O. Couach and M. Parlange, SensorScope: Application-
Specific Sensor Network for Environmental Monitoring, ACM Transactions on Sensor Networks, Vol. 6, Nr. 
2, pp. 1-32, 2010. 

Couach, O., Luyet, V., Ristori, P., Parlange, M., Barrenetxea, G., Ingelrest, F., Vetterli, M., Aberer, K.: SensorS-
cope: a New Environmental Monitoring System. Example of Application in an Alpine Environment; Envi-
ronmental Modelling & Software Special Issue ñSensors and Environmentò, 2009 

 

Mobile radar field campaign  LTE, 
WSL/SLF 

Hardware 6-48 WP3.8 3 

See EPFL-LTE section 

 

Disdrometer prototype dep-
loyment  

LTE, ISIM  Hardware 18 WP3.8 3 

See EPFL-LTE section 
 

Generalized climate EE pro-
gramme in Valais  

LSIR, 
GLOBE, 
LCAV, SED 

Common website 48 WP5.1  5  

 
Deliverable in progress 
 
The generalised climate environmental programme in Valais, ClimAtscope, was successfully developed during 
2008 and 2009. In year 2, efforts have concentrated on nationalising this programme. 
 
Integration of these programmes into the SwissEx wiki will take place in year 3. 
 

SwissEx EE programme LSIR, 
GLOBE, 
LCAV, SED 

Common website 48 WP5.1 5 

 

Deliverable in progress. 

 

After a successful pilot period in 2008, climAtscope concentrated on nationalisation of the project. In order to 
prepare for the nationalisation, sponsorship has been sought from Swisscom, the climAtscope website 
(http://eflum.epfl.ch/climatscope) and pedagogical notebooks were improved and translated into German and 
collaborations with GLOBE and the EU FP7 project O3E were finalized.  
 
In early 2010, three permanent reference stations (new SensorScope stations) were erected (Sion, Zurich and 
Lausanne). These stations will be used for education in the coming year and will be supplemented by three more 
stations which can be loaned to schools for 6 month periods. One or two more loan stations will be purchased 
next year.  

http://eflum.epfl.ch/climatscope
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Three workshops were held for teachers January ï September 2010 and climAtscope participated in three exhi-
bitions: La science ça m'intéresse, Informatica '09 and Base Camp.  
 
During the second year of SwissEx, the collaborations and coordination with  SwissEx EE partners (GLOBE, 
SED, SLF, é) were reinforced. For more information, see:  http://www.swiss-
experiment.ch/index.php/SwisScope:Home   
 
 

Paper on large scale inter-
disciplinary deployment in 
Valais 

All institu-
tions 

Publication 48 WP1.3 1 

Not yet started 

 

Coordination and develop-
ment of international net-
work for Environmental Edu-
cation. 

SED, 
GLOBE, 
LCAV  

International net-
work 

12  WP5.1  5  

 
Deliverable complete 
 

The SwissEx environmental education programs have been involved in the European O3E program 
(http://o3e.geoazur.eu/). SwissEx took the lead of the meteorological part of this project. SensorScope stations, a 
Swiss technology, have been set up in France. Meteorological education books are being written currently. 

 

Example deliverable: 

Luyet. V. : The O3E project, EGU 2010, Vienna, Austria, 2010. 

 

http://www.swiss-experiment.ch/index.php/SwisScope:Home
http://www.swiss-experiment.ch/index.php/SwisScope:Home
http://o3e.geoazur.eu/
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Deliverables EPFL/LSIR Aberer:  
 

Deliverable  Collaborat-
ing institu-
tions  

Deliverable 
type  

Due month  Milestone WP  

GSN operation SLF  Software, 
Support  

1- 48 WP1.2  1 

 

Deliverable in progress. 

 

We have successfully made GSN operational for several SwissEx partners. By the end of year 1, data from the 
sensors deployed by WSL/SLF, ETHZ/TIK, and EAWAG were already being collected through GSN. This usage 
has been extended to encompass many more sensors and users. In spring 2009, LTE assisted both EPFL/LTE 
and ETHZ/HWRM in setting up GSN to aquire and store their data.  

 

The GSN software has been continually updated and now constitutes a stable, advanced platform, capable not 
only of acquiring and storing data, but also of providing notifications, processing data, providing data to third-
party software and many other functions. 

 

A significant development in GSN came in August 2010, when the user authentication system was integrated. 
This authentication system allows data owners to maintain control of access rights to their own data. All requests 
and acknowledgments are handled directly by GSN. 

 

Development and support of GSN will continue at least until the end of the project. 

 

Deliverable: 

http://www.swiss-experiment.ch/index.php/GSN:Home 

 

Control and publishing 
of metadata  

SLF, EA-
WAG  

Software, 
Support  

18  WP1.2  1  

 
Deliverable complete, though continual improvements are being made 
 
The main development of SwissEx wiki system was completed in the first year of SwissEx, though improvements 
have been continually carried out, particularly in the past 6 months. All partners involved in metadata develop-
ment are now looking at the fusion of streaming data, sampled data and metadata. Examples of the early stages 
of this can be seen within the SwissEx metadata system. 
 
Deliverable: 
http://www.swiss-experiment.ch/index.php/Fieldsite:Home 
 

Operational data exploi-
tation software  

SLF Software 18 WP2.1  2  

 
Deliverable complete, though continual improvements are being made 
 
The integration of SensorMap with GSN was completed (http://sensormap.org). SensorMap is capable of dis-
playing not only sensor data (via GSN instances owned by the SwissEx partners), but also the associated meta-
data from the wiki server. This allows users to query the sensor and retrieve real time sensor information through 
interaction with the map. This work was demonstrated at the Microsoft all hands meeting in Redmond, March 
2008. 
 

Long term data and me-
tadata management 

All institu-
tions  

Publication  48 WP4.3  4  

 
Deliverable in progress. 

 
Further development of tools for long term data and metadata management 
In June 2009, LSIR made a long term plan for software developments, targeting for both SwissEx and MICS 
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projects. This includes model-based sensor data compression, efficient data access, optimization in data-stream 
processing and storage, and controlling data quality using complex model-based data representation.  
For long-term metadata management, we have provided two dedicated servers for managing the metadata in the 
SwissEx wiki system as well as one full-time developer for this task. We will keep these resources for the meta-
data management until at least the end of SwissEx project. 
 
Deliverables: 

Michel S., Salehi A., Luo L., Dawes N., Aberer K., Barrenetxea G., Bavay M., Kansal A., Kumar K.A., Nath S., 
Parlange M., Tansley S., Van Ingen C., Zhao F., Zhou Y. Environmental Monitoring 2.0 ; Proceedings of ICDE 
2009 (demonstration track) 

Dawes N., Kumar K.A., Michel S., Aberer K., Lehning M.: Sensor Metadata Management and its Application 
in Large-Scale Environmental Research ; Proc. 4th IEEE International Conference on e-Science. December 
2008 
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Deliverables ETHZ/TIK Thiele:  
 

Deliverable  Collaborating 
institutions  

Deliverable 
type  

Due 
month  

Milestone WP  

PermaSense 2
nd

 Generation 
Network 

Uni Basel, 
Uni Zurich 

Hardware, 
Software 

12 WP3.4  3 

Deliverable Completed 
 
The second generation sensor network hard- and software is now available. Sample quantities are available to 
project partners from stock. Larger quantities can be produced upon request. http://www.permasense.ch  
 

Deployment and operation of 
high alpine field sites  

Uni Basel, 
Uni Zurich 

Deployment, 
Support, 
Operation  

1-48 WP3.4 3 

Deliverable in progress 
 
The PermaSense project has extended its field sites to a total of 4 (Matterhorn, Jungfraujoch, Thur and Dirru-
horn) that are in constant long-term operation. Furthermore, two locations are currently operated as WLAN relay 
sites in cooperation with APUNCH/COGEAR. 
 

Integration of PermaSense into 
the Swiss Experiment Data In-
frastructure  

SLF, LSIR, 
Uni Zurich 

Hardware  24 WP4.1 4 

Deliverable completed, though work is continuing 
 
Due to late availability of a suitable data conversion and data mapping solution from the Swiss Ex consortium 
partners the PermaSense project had to devise a separate solution. This setup of two GSN servers and a num-
ber of configuration files allows for an easy and quick change management, data channel mapping and raw val-
ue conversion that was mission critical for a number of users of the field campaign data generated over the past 
few years. 
 

Tech transfer of PermaSense 
technology to other Swiss Ex-
periment projects  

Uni Basel, 
Uni Zurich 

Software, 
Support  

24  WP3.4 3 

Deliverable Completed 
 
The PermaSense project has collaborated intensively with RECORD, COGEAR and APUNCH projects w.r.t. 
sensor technology, communication infrastructure, system management and monitoring as well as joint field work.  
 

Organization of a summer re-
search institute in conjunction 
with a technical workshop on 
long-term remote sensing  

 Uni Zurich Workshop 24  WP5 5 

This activity is planned for 2011/2012. 
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Deliverables EPFL/LCAV Vetterli:  
 

Deliverable  Collaborating 
institutions  

Deliverable 
type  

Due month  Milestone WP  

Paper on Sensorscope 
1st Generation Expe-
riences and Results 

EFLUM Publication 4 WP3.1 3 

Deliverable Completed 
 
Several papers have been published in the proceedings of major communication conferences (IPSN, EWSN, 
and Sensys) as well as a journal paper (ACM Transactions on Sensor Networks) describing the 1

st
 generation 

Sensorscope system. 
 
Deliverables: 
F. Ingelrest, G. Barrenetxea, G. Schaefer, M. Vetterli, O. Couach and M. Parlange, SensorScope: Application-
Specific Sensor Network for Environmental Monitoring, ACM Transactions on Sensor Networks, Vol. 6, Nr. 
2, pp. 1-32, 2010. 

Couach, O., Luyet, V., Ristori, P., Parlange, M., Barrenetxea, G., Ingelrest, F., Vetterli, M., Aberer, K.: SensorS-
cope: a New Environmental Monitoring System. Example of Application in an Alpine Environment; Envi-
ronmental Modelling & Software Special Issue ñSensors and Environmentò, 2009 

 
 

SensorScope 2
nd

 Genera-
tion  

 Hardware / 
Software 

3 WP3.1 3 

Deliverable completed 
 
Sensorscope aims to provide a completely robust, autonomous, reliable, and flexible environmental monitoring 
system. This measurement system is based on autonomous wireless sensing stations that automatically organ-
ize into a sensor network monitoring its environment. 
 
Sensorscope 2

nd
 generation has already been fully developed and has been used in multiple Swiss Experiment 

deployments (see first year report for more details).  
 
Although this 2

nd
 generation considerably outperformed Sensorscope 1

st
 generation in flexibility, reliability, and 

ease of installation, there are still some issues that need to be resolved. Last winterôs deployment showed that 
sensors are still the weak point of the system: a malfunctioning sensor can damage the complete sensing sta-
tion, either by preventing the communication between the station and other sensors, or by depleting the station 
energy due to an anomalous high-power consumption. 
 
Based on the results and experiences from 2

nd
 generation, we are currently working towards the 3

rd
 generation of 

sensing stations. By capitalizing on the experience gathered during previous deployments, we will improve the 
robustness, flexibility, and portability of the system.  
 
Deliverable:  
The SwissEx SensorScope pool. 
 

Develop sensor commu-
nication protocol (sensor 
bus) 

 Software 1-6 WP3.1 3 

To increase station flexibility, a new station-to-sensor protocol has been successfully integrated in the Sensors-
cope system. This protocol allows for plug-and-play sensors: that is, sensors can be directly connected to any 
station without the need for a priori configuration. To add a sensor to a station, the user just has to plug that sen-
sor into the chain of already installed sensors. Stations can be equipped with up to 16 of the same kind of sen-
sor, for a total of up to 50 sensors connected simultaneously to a station. 
This protocol has been developed keeping flexibility in mind: new sensors need to be integrated into the system 
(see deliverables) while still being compatible with previous sensors. When new sensors are made available they 
can be immediately plugged into a previously installed station without any further modification.  
 
Deliverable: 
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Software is available online (soon to be linked to the SwissEx wiki) and installed in the SwissEx SensorScope 
station pool. 
 

New mechanical design 
for SensorScope (includ-
ing housing, connectors, 
frame) 

 Hardware 1-6 WP3.6 3 

Deliverable Completed 
 
Stations have been re-designed from the ground up to be deployed quickly and easily by two persons on all 
types of terrains. They are built around an aluminum pole anchored into a base, such that they can be installed 
on slopes while still standing upright.  
All sensors include a watertight connection box which allows to daisy chain different sensors in a single station.  
 
Deliverable: 
The SwissEx SensorScope station pool.  
 

Energy Efficient Colla-
borative Routing Algo-
rithms 

DISAL Software 3-24 WP3.6 3 

Deliverable Completed 
 
Efficient multi-hop communication protocols have already been developed to reduce the power consumption of 
sensing stations.  A multi-hop protocol allows stations to be placed further away from a GPRS enabled station 
and communicate over a low-power radio chip. Data packets are then forwarded along a chain of stations, from 
the stations to the GPRS, enabling data gathering over a wide area with only one GPRS connection. This proto-
col has already been tested in multiple SwissEx deployments. 
 
We have also studied the use of environmental data correlation to reduce the amount of data sent through the 
network. Rather than transmitting every sample of a data stream, the goal of a compression technique for wire-
less sensor networks is to transmit only the most vital bits of information. Consequently, a stringent requirement 
is to be able, either at the sink or at the server, to exactly reproduce, or to reproduce within some accuracy, the 
original data stream from the least amount of information possible. In addition to compression, these techniques 
can also provide important indications about the quality of the measurement data (a great difference between the 
predicted value and the real measurement is likely to be due to a sensor malfunction) and protection against lost 
data packets (we can always use the predicted value if the real measurement was lost). 
 

We have theoretically analyzed various local prediction algorithms such as least mean squares prediction or 

time-series forecasting, and studied their application to the resource-constrained environment of wireless sensor 

networks. Using these time-based prediction algorithms, we exploit the temporal correlation of meteorological 

phenomena for data validation. Particularly, we considered the problem of energy-aware compression in envi-

ronmental WSNs, and presented a Rate-Distortion metric for WSNs that makes it possible to faithfully compare a 

number of strategies for data compression in sensor networks. Taking a practical approach, we have noticed 

through real deployments that compression offers a reduction in transmission energy consumption of an order of 

magnitude. 

In particular, we have seen that when packet loss is not a problem, it is best to adopt a ñkeep it simpleò philoso-
phy, especially for lossy compression. Simple threshold compression is surprisingly robust across a variety of 
data types. 
 
In lossy environments, however, our results show that one approach doesnôt necessarily prevail for all data 
types. We have introduced a formulation of least squares fitting for WSNs that is more robust against losses than 
other schemes, across 8 out of 10 environmental measurements in our study. This is not however, a miracle 
cure. Signals with particularly high variance still present a challenge in these lossy environments. Effectively 
compressing these types of signals will be the subject of future work. 
 

Our results have led to a publication currently in review (H. Miller et al., In Prep). 

 
The spatial distribution of physical processes has proven to be too computationally expensive and energy con-
suming for sensor network to capture. Existing models fail to capture the spatial correlation or are just restricted 
to the closest stations inside the communication range (neighbors). Moreover, we have realized that the number 
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of stations and locations are usually dictated by client constraints (particularly interesting locations, proximity to 
previously deployed systems such as automatic watering, accessibility, crop type...). 
 
Deliverable: 
The software is available online (soon to be linked into the SwissEx wiki) and installed in the SwissEx SensorS-
cope station pool. 
 

Long-Range Communica-
tion Module 

 Hardware / 
Software 

6-18 WP3.3 3 

Deliverable completed, but work continuing 
 
Stations have been equipped with external radio antennae which provide a communication range of up to 1.5 km 
with a clear line of sight. In the presence of obstacles (e.g., buildings, trees, rocks), the typical range is around a 
few hundred meters. In combination with a multi-hop routing protocol, this allows a small network to cover a wide 
area. 
These external antennae could be complemented with a long-range mid-power radio module (such as the DIGI 
XBee pro) that allows up to a 35Km transmission range (line of sight). However, these radio modules considera-
bly increase power consumption and require specific routing algorithms. A prototype including such a long-range 
radio is currently under development. 
 
Deliverable: 
External radio antennae integrated into the SwissEx SensorScope station pool. 
 

Routing Algorithms for 
Long Range Communica-
tion 

DISAL Software 6-18 WP3.3 3 

See previous deliverable. 
 

Develop Camera System 
for SensorScope 

 Hardware / 
Software 

6-48 WP3.6 3 

Deliverable in progress 
 
A stand-alone, low-power camera for environmental monitoring is subject to rather demanding challenges: poten-
tially harsh environmental conditions, low data rate for communication (a maximum of 53.6 Kbits/s can be 
achieved with GPRS), and severe energy limitations (rechargeable battery coupled to a solar panel). 
 
We have already designed and prototyped a standalone low-power GSM camera for remote image acquisition. 
This camera is very easy to install, and just needs to be plugged into an existing Sensorscope station. Moreover, 
its low-power consumption, lightweight, and local storage facilities (support for SD card) makes this camera a 
highly suitable tool for wireless sensor networks.  
 
We are currently testing the functionality of this service in two remote and difficult-to-access SwissEx deploy-
ments: Burkina Faso (for water management purposes) and in La Fouly, Valais, Switzerland (for landslide study 
and detection). 
 
This camera is the first step of an ongoing development and comes with some limitations: it requires its own 
GSM connection (SIM card), provides limited flexibility (impossible to change any of its components), and uses 
simple compression algorithms (JPEG). We are already working on designing the next generation of camera, to 
solve these issues and to lower even more the energy consumption.  
 
Transmission of images through wireless sensor networks will require the adaption of current routing algorithms, 
designed to transmit a small amount of data (environmental measurements), for larger amounts of data. Using 
the prototypes developed in previous task, the goal is to transmit the captured image though the wireless net-
work and remove the need for an additional GSM module card per camera. Image transmission shifts the para-
digm of sensor network communication from regular and small data transmissions to occasional and large 
amounts of data communications. To deliver images under the severe energy constraints of wireless sensor 
networks (e.g., nodes operating on batteries and a solar panel), multi-terminal source coding has an important 
role as it can cut the rate to the theoretical lower limit. 
 
We have recently shown that the broadcast nature of wireless communication in sensor networks provides a free 
gossip mechanism which can be used to simplify encoding/decoding and reduce transmission power. Using this 
broadcast advantage, we have designed a new practical distributed image coding scheme which imitates the 
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ping-pong game between multiple cameras and has a successive approximation structure. It also offers a poten-
tial energy saving over conventional distributed coding. This ping-pong distributed coding idea provides the theo-
retical foundation for a new class of distributed image coding method in wireless scenarios. This work has al-
ready resulted in a paper publication (Z. Chen et al., In Prep), and we are currently working on the journal ver-
sion (Z. Chen et al., In Prep). 
 
We have also designed a new distributed image coding scheme which exploits the broadcast nature of wireless 
communication in sensor networks. By overhearing the data transmitted by other nodes / stations, this algorithm 
simplifies encoding/decoding and reduces transmission power, and therefore offering a potential energy saving 
over conventional distributed coding. This distributed coding idea provides the theoretical foundation for a new 
class of distributed image coding method in wireless scenarios. This work has already resulted in a paper publi-
cation (Z. Chen et al., 2010), and we are currently working on the journal version (Z. Chen et al., In Prep). 
 
The next steps in the development of a complete remote acquisition system are: 

    Add an event detection system to lower the consumption of the system. The implementation of a strategy 
for detecting the relevant events that must be captured by the camera will allow to reduce the use the 
processor module (Colibri PXA270, consumption over 500mW) and the data transmission. 

    Improve the camera resolution. 

    Design and develop a better image-encoding scheme. 
 
Deliverable: 
One SensorScope camera currently undergoing field tests in La Fouly. 
 
Publication: 
Chen Z. , Barrenetxea G.  and Vetterli M.: Distributed Successive Approximation Coding using Broadcast 
Advantage: The Two-Encoder Case. Proc. 48th Annual Allerton Conference on Communication, Control, and 
Computing, 2010. 
 

New Sensors in SensorS-
cope (Disdrometer, Snow 
Depth) 

EFLUM, EA-
WAG, WSL/SLF 

Hardware / 
Software 

6-48 WP3.6 3 

Several sensors have already been integrated into the Sensorscope measurement system: 
 

 Snow depth: two different snow depth sensors have been integrated. A high-end mid-consumption sen-
sor (SR50A from Campbell Scientific) and a low-end low-consumption sensor (MaxSonar from Max-
Botix). Initial performance tests have already been conducted between these two sensors. 
 

 Water level: using the MaxSonar sensor (low-consumption), an exhaustive study has been performed 
during ñLa Foulyò deployment by comparing the performance of this sensor with a high-end water pres-
sure sensor. 
  

 Anemometer: in collaboration with EPFL/DISAL, we are currently working on the integration of a hot wire 
anemometer. This new sensor will allow acquiring high rate and high accuracy wind speed measure-
ments while maintaining a low-power consumption. 
 

 Universal SDI12 interface: any SDI 12 sensor can be now easily plugged into the system. 

 

Deliverable: 

Sensors available for sale from SensorScope Sàrl. 
 

SensorScope Stations for 
all CCES projects 

WSL/SLF Hardware, 
Support 

8 WP4.5 4 

The manufacturing of Sensorscope stations has been transferred to an external company (Sensorscope SARL) 
under EPFL license. This company has already provided the 27 stations to create the pool used in multiple cam-
paigns of the participating projects. These have been purchased with SwissEx funds. 
 
Deliverable:  
The SwissEx SensorScope station pool. 
 

SensorScope Testbed in 
Wannengrat 

WSL/SLF Support 8-20 WP3.7 3 
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Significant support was provided to the Wannengrat deployment in the winter 2009/2010. This has resulted in a 
good dataset available publicly on http://montblanc.slf.ch. WSL/SLF have written several papers on this deploy-
ment (see WSL/SLF deliverables). 
 

http://montblanc.slf.ch/
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Deliverables EAWAG Schirmer:  

 

Deliverable  Collaborating 
institutions  

Deliverable type  Due month  Milestone WP  

Control and publish-
ing of non-streaming 
data   

WSL/SLF, 
LSIR  

Software, Publica-
tion  

18  WP1.2 1 

 
Deliverable complete  

Full-scale measurements started in 2008 and were continued in 2009 and 2010. Intensive tests of the Sensor-
Scope stations were successful, resulting in a continuous record of data. In spring 2010 five Permasense motes 
for monitoring groundwater were installed in addition to SensorScope stations to complete the online monitoring 
concept at the RECORD test sites.  

In a close collaboration with SwissEx partners, innovative data acquisition and data management systems were 
built according to RECORDôs specific needs. A project specific data model for RECORD was developed further, 
allowing combined queries of data and metadata in one single step. As an interface, the Wiki platform was fur-
ther developed for the entry of sampled data. This platform will be generalised in year 3 and integrated with the 
rest of the SwissEx infrastructure. 

Most of RECORDôs non-streaming, automatically logged data, such as sensor data from piezometers and soil 
data, is regularly manually entered into the Wiki. Since manual data correction is needed, publishing of data is 
often slightly delayed. Additionally, manually sampled data - which is mostly analyzed in the lab - is published in 
the Wiki, e.g. water quality data such as inorganic hydrochemistry, organic hydrochemistry, micropollutants, and 
ecological data. 

Currently, the following sensors can feed streaming data into RECORD's GSN instance:  

Sensorscope stations (2 meteo stations, 2 combined soil and groundwater monitoring stations, 3 groundwater 
monitoring stations) 

Permasense stations (5 groundwater monitoring stations) 

Campbell reference meteo station 

Cameras (visible and infrared, including remote controlled change of sampling frequency) 

DTS (fibre-optic based distributed temperature sensing) 

The number of online sensors was increased in year two by implementing, testing and adapting strategies de-
veloped together with our SwissEx partners (see www.swiss-experiment.ch/index.php/Record:Home, 
http://www.permasense.ch/Tech and http://data.permasense.ch/topology.html#topology). 

During the winter period 2009/2010 (October-May), both RECORD/Sensorscope meteo stations were moved 
and included into a wireless sensor network at the Wannengrat near Davos (test site of a SwissEx partner). 

The coordination with the cantons of Thurgau and Zurich regarding technical details has led to a close coopera-
tion, sharing both data and infrastructure, and will be continued in the future. 

Summary: 

Instrumentation of a monitoring-well field at the restored and canalized-river site is completed 

Continuous operation of the full-scale measurement system throughout 2009 and 2010 

Further deployment of individual adapted sensors (together with Permasense) is in progress 

Deliverable: 

Many data integrated into a software system at http://www.swiss-experiment.ch/index.php/Record:Home and a 
publication: 
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Wombacher A, Schneider P (2010) Observation Centric Data Model. Proc. 21st DEXA Conference, Bilbao, 
Spain. 

 

Fusion of streaming 
data with sampled 
data   

LSIR, 
WSL/SLF 

Publication  36 WP1.3 1  

 

Deliverable in progress. 

To be able to jointly query (streamed) sensor data with manually sampled data we started a subproject to de-
velop a specific query language which can query over different databases combining data and metadata. As a 
first step, a specific query language was developed in a master thesis finished in 2010 (master thesis Reinier 
deLange, Uni Twente/NL). 

These studies are proceeding according to the workplan. This work package is not foreseen to be finished in the 
reporting period. We made good progress on this topic and are ahead of the timetable. However, the query lan-
guage has to be tested in more detail, further adapted and developed to make it applicable for normal users. 

Following another line of investigation, WSL/SLF have provided initial interfaces for querying data based on 
simple queries of the metadata. This means that, on querying a specific station, all the latest data (or eventually 
any data) can be returned for each of its sensors and plotted in a generic R programming language wiki exten-
sion. Simultaneously, all the metadata (e.g. invalid data periods or observations) are also returned and fused 
with the data in the plot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Data and metadata fused within the SwissEx wiki. 
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This approach will be developed further in year 3, where a joint approach, using the best of both EAWAG and 
SLF's work will be formulated. 

 

Development of distri-
buted temperature 
sensing (DTS) applica-
tions for groundwater 
systems  

  Software, Publica-
tion 

24 WP3.8 3 

 
Deliverable complete 
 

After installation and instrumentation of the last monitoring wells, loggers and field sites were maintained and 
data were downloaded in regular periods. For the detailed investigation of infiltration rates in the river bed a high-
resolution vertical temperature profiler was developed based on distributed temperature sensing (DTS). The 
main activity and innovation of the second year was data collection in an array of vertical profilers. Groundwater 
exfiltration areas in the side channels were further investigated during different hydrological situations by lateral 
DTS measurements combined with other temperature methods and tracer tests. 

Installation of a 3-D array of vertical temperature profilers (DTS) is completed 

Operation and analysis of DTS data is performed 

Velocity of 3-D river water infiltration from vertical temperature profiles of the river bed is completed 

Identification of exfiltration areas in the side channels from lateral measurements was performed 

DTS operated in online mode producing continuous data streams 

Deliverable: 

Data acquisition directly from the DTS is available through GSN. A publication is also available: 
 
Vogt T, Schneider P, Hahn-Woernle L, Cirpka OA.: Estimation of Seepages Rates in a Losing Stream by Fi-
ber-Optic High-Resolution Vertical Temperature Profiling ; Journal of Hydrology 380, 154ï164 (2010). 

 

Setup of calibration 
and measurement 
team ï development of 
test calibration and 
validation procedures 
(EAWAG competence: 
soil and groundwater 
sensors)  

HWRM, EF-
LUM, 
WSL/SLF, 
LCAV  

Guidelines, report  12, 24  WP3.2 3  

 

Deliverable in progress. 

A team for calibration and measurement has been formed. The responsible group for soil and groundwater sen-
sors organized a workshop focusing on cross calibration of Decagonôs soil and groundwater sensors (details see 
WP 3.2a) in January 2010. The interplay of Decagonôs soil and groundwater sensors with SensorScope and 
Campbell loggers and transmitters has been investigated in detail and cross validated with other standard soil 
sensors such as the Trimble TDR. Guidelines for calibration have been developed together with WSL and ETHZ. 

This study is slightly delayed according to the workplan (for details see last report of the previous period). A re-
port on the calibration and validation of Decagons soil sensors is in preparation. 

 

Soil and groundwater 
sensor installation, 
calibration and main-
tenance workshops  

WSL/SLF  Workshop, ma-
nual  

12, 24 WP3.2, 4.4 3, 4 

 
Deliverable in progress. 
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So far, the main progress on this deliverable is as follows: 
10.12.2009 Meeting with SensorScope and SwissEx partners at EPFL focusing on adaptive sampling in surface 
water and groundwater 
12-13.01.2010 Workshop on soil sensor calibration (focus on Decagon sensors) and cross-validation of different 
soil sensor-logger units held at ETHZ 

 
 

Development, calibra-
tion and testing of wa-
ter quality sensors, 
total-dissolved gas 
pressure probes and 
on-site mass spectro-
meters 

 Sensor develop-
ment 

18 WP3.2, 4.4  4 

 
Deliverable complete, though continual improvements are being made 
 
Water quality sensors, total-dissolved gas pressure probes and on-site mass spectrometers were developed, 
calibrated and tested. Instrument design was improved so that first field deployments for preliminary field cam-
paigns could be conducted. 
The main points for the deliverable were as follows: 

A measurement procedure for field application was completed. 

First field campaign was started.  
 
 

Data infrastructure for 
RECORD  

LSIR  Software, support 3 WP4.1  4 

 
Deliverable complete, though continual improvements are being made 

A data model has been developed and implemented providing: 

data streaming into GSN (e.g. DTS, SensorScope and Permasense station)  

traceable linkage offering joint queries of data and metadata derived by manual sampling, manual sensing, au-
tomatic sensing, and streaming sensor data.  

This results in 800+ Wiki pages providing views and access to the data by location, time, observer and type. Ad-
ditionally, a data graph tool (software) and error detection and error handling procedures are under development 
in cooperation with A. Wombacher from the database group at University of Twente/NL. 

Deliverable: 

Data are available at http://www.swiss-experiment.ch/index.php/Record:Home and at http://data.permasense.ch 

 

SensorScope station 
deployment and soil 
sensor calibration for 
APUNCH 

HWRM, 
LCAV, 
WSL/SLF 

Deployment 48 WP4.1 4 

 

Deliverable in progress. 

 

The APUNCH project did not need support from EAWAG for the deployment of the SensorScope stations at the 
APUNCH site. Instead, EAWAG and HWRM-ETHZ will compare different soil sensors in a joint test campaign 
this winter. Sensorscope stations will therefore be deployed, tested and cross-calibrated at the ETHZ campus. 

 

 

 

Calibrate SensorSco-
pe non-meteorological 

LCAV, WSL-
SLF 

Web publication 24 WP3.2 3 
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sensors 

 

Deliverable in progress. 

A workshop focusing on Decagonsô soil- and groundwater sensors was held at ETHZ in January 2010. During 
this workshop, experiments focused on the interplay of Decagons soil and groundwater sensors with SensorS-
cope and Campbell loggers and transmitters. Cross-calibration with other soil moisture sensors like Trimble TDR 
was performed. 

The studies are slightly delayed according to the workplan (for details see last report of the previous period). A 
report on the calibration and validation of Decagons soil sensors (as used in SensorScope) is in preparation. 
 
A soil moisture sensor calibration and comparison workshop was held in March 2010 at ETH Zurich. Decagon 
sensors from HWRM-ETH, IAC-ETH and EAWAG were calibrated in reference material and the accuracy of the 
sensors was compared. The results of the experiment are currently being published by IAC-ETH. Following this 
publication, the results may be published on the wiki. 
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Deliverables ETHZ/HWRM Burlando:  
 

Deliverable  Collaborating 
institutions  

Deliverable 
type  

Due month  Milestone WP  

Data infrastructure for 
APUNCH data  

LSIR  Software, Re-
port 

48  WP4.1  4  

 
Deliverable in progress. 

 
Pre-processed HWRM-APUNCH data are continually integrated into the Swiss Experiment platform using a 
server located at HWRM. The device meets the requirements to make selected HWRM-APUNCH data available 
to Swiss Experiment for the entire project duration. The following selective data were broadcast during the first 
year: 
 

Continuous daily averages from the 6 reference stations (since the first installation) 

Daily averages from the 13 SensorScope stations for deployment periods 

Daily precipitation maps based on the X-Band radar observations (for the functional period) 
 
The following problems still remain: 

During the 2010 deployment the distance between some SensorScope stations was too long for automatic data 
streaming. Accordingly, data from these stations have to be downloaded manually and will be imported into the 
SwissEx site after each manual download. 
 
Deliverable: 
Data can be found at http://ifu-apunch.ethz.ch:22001 
 

Prototypes of sensors for 
embedded measurements 
of sediment transport 

ISIM Hardware, 
Publication 

24  WP4.1  4  

 
Deliverable complete 
 
The following deliverables have been completed: 

ñRadio tracers for sediment particle monitoringò (in Meier, 2009a) 

ñObservations of incipient motion and flow conditions in field experimentsò (in Meier, 2009b).  
 

The two publications illustrate the use of RFID technology for monitoring of sediment displacement in mountain 
streams. 
 
Deliverables: 

Meier, S.: Particles transport during floods in a steep mountain stream ï a tracer experiment. MSc Thesis, 
Environmental engineering, ETH Zürich (P. Burlando, ETH Zürich; D. Rickenmann, WSL). 2009b. 

Meier, S.: Tagging pebbles with passive integrated transponders (PIT) based on radio frequency identifi-
cation (RFID). MSc Thesis, ETH Zürich (P. Burlando, ETH Zürich; D. Rickenmann, WSL). 2009a. 

 

Calibration of X-Band ra-
dar 

LTE  Methodology 
Publication  

18-24, 
24-30  

WP4.1  
WP4.2 

4  

 
Deliverable in progress. 

 
Preliminary results of the calibration of the radar were obtained in the second year of activity of APUNCH, how-
ever, these are not yet sufficient to release quantitative precipitation assessment.  
 
Further developments of the calibration will be obtained once a critical mass of events of various types have 
been jointly observed by both the radar and a large number of raingauges on the ground. The Intensive Observa-
tion Periods planned for the summer field campaign of 2010 will thus provide a considerable advance in joint 
data availability and insights in the radar calibration and validation. 
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Rainfall field estimation 
from combination of radar 
and raingauge observa-
tions 

LTE  Methodology 
Publication 

24-30, 
30 - 36  

WP4.1  
WP4.2 

4  

 
Deliverable in progress. 

 
Because of the delays in the calibration of the X-band radar due to the insufficient amount of collected rainfall 
maps, we preliminarily investigated the agreement between C-band radar maps (corrected MeteoSwiss radar 
data) and rain gauge observations (A. Fardel, MSc Thesis, 2009, see publications). The results showed a dis-
agreement between the sensors as large as 25%. A new gauge-based method for radar map correction has 
been developed, which allows the error to be decreased to approx. 7%. More systematic investigations will be 
carried out in order to further validate this method. 
 

Installation of GPS station 
for water vapor tomogra-
phy 

LSIR, WSL/SLF Hardware 18-24 WP4.1  
WP4.2 

4 

 
Deliverable complete, though continual improvements are being made 
 
The analysis and mitigation of biases in the tomographic reconstruction has continued in the past year (Donat 
Perler, Project GANUWE) demonstrating the need to better constrain the tomography. Constraining can either be 
improved by more sophisticated pseudo-observations or by increasing the density of the measurement network. 
More work has been put into the latter approach. In addition to the densification, the effect of designing a meas-
urement network rather than placing the stations randomly has been investigated and put into practice. 
 
Deliverable: 
Hardware as detailed above. This hardware will be described in the SwissEx wiki soon. 
 

Deployment of APUNCH 
reference raingauges 

 Hardware 12 WP4.1  
WP4.2 

4 

 
Deliverable complete 
 
Within the APUNCH project, HWRM collected precipitation data for a second consecutive year, using 6 high 
quality raingauges that were installed in the first year of the APUNCH project. During the first year all 6 stations 
were tested and calibrated. The locations of the 6 deployments in the Vispa valley are: 1) Saas-Balen 2) Stalden 
3) St. Niklausen 4) Zermatt 5) Randa and 6) Trockener Steg. 
Furthermore, the 13 SensorScope stations were deployed at hill slope locations above the village of Zermatt. 
The 13 SensorScope stations will be deployed, according to project requirements, at different locations during 
the 2010 planned intensive observation periods. 
 
Deliverable: 
Hardware as detailed above. Data and metadata from these stations are provided in the SwissEx infrastructure. 
 

Procedure for inference 
and scaling properties of 
precipitation data 

 Methodology 
Publication 

18-24 
24-30 

WP1.1, 
WP4.1 

1,4 

 
Deliverable in progress. 

 
A PhD candidate was employed on 1 September 2009 to investigate this topic during the next three years within 
the context of the SNF funded project SCALP (in turn embedded in the APUNCH project). 
 

Installation of sediment 
transport experimental 
site (Riedbach) 

 Test site 18 WP4.1 4 

 
Deliverable complete 
 
At the site of Riedbach in the Matter valley (canton Valais), an array of geophone sensors (Rickenmann et al., 
2010) was put into operation in autumn 2008 at a water intake in cooperation with the hydropower company 
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"Mattmark AG". Geophone measurements were obtained during the summer 2009. In addition, a submerged 
ultrasonic device was tested in the settling basin of the water intake; despite some scatter of the readings, the 
measurements allow to roughly estimate the volume of the deposited fine sediment. 
 
Deliverable: 
Hardware as detailed above.  
 

Sediment transport expe-
riments 

 Methodology 
Publication 

18, 24 WP4.1, 
WP4.3 

4 

 
Deliverable complete 
 
Using the RFID (Radio Frequency Identification) technique, a tracer study with sediment particles was made dur-
ing the summer 2009 in the Erlenbach (Meier, 2009a, 2009b). Initial tests were made in the Riedbach stream, 
with a stationary RFID antenna placed along the bottom of the water intake structure. In the WSL's hydraulic 
laboratory, flume tests were performed to find the optimal configuration of a stationary RFID antenna to be em-
ployed both in the Erlenbach and the Riedbach streams in summer 2010 (Schneider et al., 2010). 
 
Deliverables: 

Meier, S.: Particles transport during floods in a steep mountain stream ï a tracer experiment. MSc Thesis, 
Environmental engineering, ETH Zürich (P. Burlando, ETH Zürich; D. Rickenmann, WSL). 2009b. 

Meier, S.: Tagging pebbles with passive integrated transponders (PIT) based on radio frequency identifi-
cation (RFID). MSc Thesis, ETH Zürich (P. Burlando, ETH Zürich; D. Rickenmann, WSL). 2009a. 

 

Rainfall data disaggrega-
tion techniques 

 Methodology 
Publication 

18-24, 
24-30 

WP4.1, 
WP4.2 

4 

 
Deliverable in progress. 

 
A PhD candidate started on 1 September 2009 to investigate this topic during the next three years (same candi-
date as for ñprocedure for inference and scaling properties of precipitation dataò). 
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Deliverables ETHZ/IKA Hurni:  
 

Deliverable  Collaborating 
institutions  

Deliverable type  Due 
month  

Milestone WP  

GIS based interface: Collection 
of proprietary GIS specific 
schemas and database do-
mains, provided by the project 
partners  

All partners Schema pool  1-6 WP2.3, 4.1  1, 4  

 

Deliverable Complete 

IKA has collected, organized and provided support for the generation of database schemas of existing research 
data as required by the Swiss Experiment partners. Schemas are available from WSL/SLF (Wannengrat sensor 
data), SED (seismic stations, event data) and IKA (swisstopo datasets). Due to the close collaboration with the 
COGEAR project, database schemas are also available from a number of COGEAR partners such as IGT (bore-
holes), EngGeol (cracks, soil temperature sensors at Randa), PRS (LiDAR data), LMS (boreholes) and IMAC 
(vibration recordings). Examples of PostgreSQL schemas collected in cooperation with the COGEAR project can 
be found at http://swissgear.ethz.ch/deliverables/schemapool/. 

 

As the majority of project partners have the task of integrating their data in the GSN (Global Sensor Network) 
environment, it was also decided to accept GSN generated schemas as an alternative to the creation of Post-
greSQL database schemas. With the development of the GML export plugin for GSN by IKA, it is now possible to 
extract the schemas (and data) on demand from GSN instances.  Therefore, the schemas are available automat-
ically when GSN instances are deployed by project partners.  

 

Deliverable: 

Examples of PostgreSQL schemas collected in cooperation with the COGEAR project can be found at 
http://swissgear.ethz.ch/deliverables/schemapool/, though these are now automatically extracted from GSN. 

 

GIS based interface: Unification 
of the schemas and database 
domains, planning a distributed 
GIS model using Web Services  

 Support  6-12 WP1.2 , 4.1 1, 4 

 

Deliverable complete. 

The schemas collected in Task 1 were analysed for the integration process. The result of the analysis was that 
the schemas were highly heterogeneous and a common schema is not practical for use by all project partners. 
On one hand, a common schema would be too complex to be useful for the individual domains covered by 
project partners and as consequence they will use only a very small subset. On the other hand, the project part-
ners need to have the freedom for schema extensibility and schema evolution, which is hardly possible with a 
fixed common schema. Based on the above analysis, IKA proposed an unification at the GIS application level. 
Therefore, a distributed GIS-based model using Web Services was planned. This model is based on the CO-

GEAR Web Service Infrastructure and allows the integration of data and metadata in a common environment. 

Moreover, IKA created testbeds for the project partners and combined them in an additional testbed as proof of 

concept for the interinstitutional interoperability (see the figures included in the first year report).  

GIS based interface: Descrip-
tion of a Web Service Interface 
for sensor metadata  

 Report 12 WP1.2, 4.1 1, 4 

 

Deliverable complete. 

The Web Service Interface for sensor metadata (and data) is GML (Geographic Markup Language). GML is an 
XML-based geospatial standard that can be used to bridge the gap between GSN and spatial web services. 

 

Deliverable:  

A report is available at: 
http://swissgear.ethz.ch/deliverables/reports/swissex_description_web_service_interface.pdf 

http://swissgear.ethz.ch/deliverables/schemapool/
http://swissgear.ethz.ch/deliverables/schemapool/
http://swissgear.ethz.ch/deliverables/reports/swissex_description_web_service_interface.pdf
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GIS based interface: Implemen-
tation of a Web Service Inter-
face for available sensor meta-
data of the project partners 

 Software 12-18 WP1.2, 4.1 1, 4 

 

Deliverable complete. 

 

The Web Service Interface was implemented ahead of plan due to the close interconnection with the other 
tasks, once it was clear that only a GML based interface can provide the unification and interoperability amongst 
the partners. In order to enable interoperability with GSN instances, IKA developed an export functionality for 
GSN allowing export of dynamic sensor metadata and data on demand as GML. The code is integrated in the 
GSN repository. 

The implementation work performed in this task was required to support the proof-of-concept required for task 2. 
In collaboration with the COGEAR project, IKA tested the correct deployment of GML export in GSN by tempora-
rily installing a GSN server (see fig. 13), it enhanced the testbeds for the metadata and data of the individual 
partners (some examples in fig. 14, 15, 16, 17 and 18) and combined them in a global testbed for both SwissEx 
and COGEAR projects that proves the inter-institutional interoperability (see fig. 19).  

 

 
Figure 13: IKA GSN test server 
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Figure 14: WSL/SLF testbed combined with swisstopo data provided by IKA (c) swisstopo (5704 000 000) 

 

 
Figure 15: EngGeol testbed combined with swisstopo data provided by IKA (c) swisstopo (5704 000 000) 
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Figure 16: LMS testbed combined with swisstopo data provided by IKA (c) swisstopo (5704 000 000) 

 

 
Figure 17: IGT testbed combined with swisstopo data provided by IKA (c) swisstopo (5704 000 000) 

 


