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ABSTRACT:

The world of Geographic Information (GI) Sciences lthanged. Today, many of the elements of Digitathg meaning as a multi-
resolution, three-dimensional representation of glamet, are not only available but also used daylyhundreds of millions of
people worldwide thanks to innovative ways to oiganand present the data and rapid technologicabraments. 3D
Geobrowsers can provide higher usability and imteriy that can facilitate exchange and dissenigmabf spatial information
among stakeholders and government agencies. Howeoeiding access to harmonized data is only a §irsp towards providing
adequate support to environmental management, wraduires development of analysis and spatio-teaipdata models
functionalities. Many environmental analyses, engnitoring a sequence of earthquakes epicentre®ran, a forest fire, spread of
pollutant etc., cannot be performed without considethe evolution, over time, of geographic featurAdditionally today's
sensing technologies provide frequently updatedaGtelatively reduced costs, coming from environtaksensors, satellite etc.
This forces the Gl community to reconsider curigats models, taking into account time as one ofrthim variables.

BRISEIDE - BRIdging SErvices, Information and Data Earrope is a Pilot B, funded by the ICT Policy Supgemgramme (or
ICT PSP), tries to bridge the aforementioned gafhlding on top of existing SDIs in order to prdeiusers with more complete
and adequate data and processing tools capablanmlenthe time dimension. BRISEIDE develops spatialysis WPSs and
integrates them within existing open source franr&aioSpatio-temporal processing services are expaisethe web and are made
available through compatible WebGIS applications.

Open Geospatial Consortium Web Services, alreadyeraadilable by relevant INSPIRE-related EU projeetgosing standard
services such as WMS, WCS and WFS, can be usedotadpraccess to relevant geodatabases, enrichezh wheded, with
information, extracted from heterogeneous, distedwser operational databases. In addition tq ithisrder to achieve optimality
geo-processing functionalities distribution, standized services capable to extract data of inter@stbe provided to ensure spatio-
temporal information ingestion, querying, procegswisualization and value added processing. Spatilysis and Spatio-temporal
web processing services (WPS) are exposed via #ie amd are made available integrating them withiistieg open source
frameworks through compatible WebGIS applications

1. INTRODUCTION BRISEIDE - BRIdging SErvices, Information and Data for
_ Europe is a Pilot B, funded by the ICT Policy Support
1.1 General Overview Programme (or ICT PSP), tries to bridge the aford¢imeed

o . . o ) gap, by building on top of existing SDIs in order grovide
Civil Protection operators and Public Administraipengaged | sers with more complete and adequate data anckgsiog
in urban planning, resource and environmental memegt, (5ols capable to handle the time dimension. BRISEIDE
clearly need spatio-temporal processing of Gl t@psut  geyelops spatial analysis WPSs and integrates ththin
decision-making. Natural disaster monitoring andigation is existing open source frameworks. Spatio-temporatgssing

characterized by frequently updated repositoriesvels as by  ggrvices are exposed via the web and are madeableail
provision of dynamic data. For these stakeholdeisghable to through compatible WebGIS applications.

access to the most up-to-date information is ctucia

Today, many of the elements of Digital Earth, megnas a
multi-resolution, three-dimensional representatibthe planet,
are not only available but also used daily by heddr of
millions of people worldwide thanks to innovativeayg to

1.2 Motivation

Many environmental analyses cannot be performedhowit
considering the evolution, over time, of geograpfeatures.

organize and present the data and rapid technalogic Examples of these are monitoring the evolution séquence of

advancements. 3D Geobrowsers can provide highdrilinga
and interactivity that can facilitate exchange aissemination
of spatial information among stakeholders and guwvent
agencies. However providing access to harmonizéal idanly
a first step towards providing adequate support
environmental management, which requires developnaén
analysis and spatio-temporal data models functitesl

earthquake epicenters, forecasting the path of amst
monitoring the advancement of a forest fire, priaic the
spread of pollutant across a given area.

In the perspective of the hugely populated Europ&in

taenvisioned by INSPIRE, it's necessary to filter gebgraphic

resources that not only refer to a given spatiedtion, but also



match both the temporal coverage of interest ardteémporal
resolution suitable to the application purposes.

This should lead the GI community to reconsideranir data
models, taking into account time as one of the naaimables.
Analysis of spatio-temporal data is especially k&mging. It
requires tools for representation and manipulatbrll three
aspects of the data: thematic (values of attrijutesporal and
spatial. Due to increased speed, space, and geapghigplays
modern computers offer new opportunities to propedualize
the temporal variation of spatially referenced data

However within most GIS systems and, more recentishin
most SDIs, time as variable is only partially colesed or not
taken into account. Furthermore current OGC starsddednot
provide consistent support for time with only fetarglards
considering time as a variable (e.g. GML).

For this
data/metadata models to be able to benefit frorarimdition

available at high refresh rate (e.g. from sensassjyell as to be

able to analyse evolution of phenomena over time.
The first aim
developed in the context of previous
initiatives (e.g. eContentPlus projects), to impralescription
of geodata with the possibility of expressing artted
temporal information related to observations ad aelon the
observed phenomena, together with information edlato
temporal resolution. The second is to build on afpsuch
extended model, and in line with recommendatiosnfithe
aforementioned study by JRC, developing values adgatio-
temporal online services. These include both sergapable to
provide both basic reasoning over time (e.g. capatd
understand how a period within a search can becaded to
time information within a feature) as well as madvanced
services, required for instance for offline/onlin@rmonization
of temporal information.

1.3 Related Works

The world of Geographic Information (Gl) Science lchanged
Maps are increasingly conceived as useful tools “fdsual
thinking”, i.e. for the analysis of spatially retat data in the
context of problem solving and decision making. filil this
role, the maps should not only be properly desigaszbrding
to cartographic principles. What the users reatigchare highly
interactive, dynamic map displays that are linkedvarious
additional instruments supporting these creativdivities
(MacEachren 1994, MacEachren and Kraak 1997).
Evolving research on space-time representatiorfd@sed on
a number of specifc areas, including; (i) the amgl of space
and time, (ii) development of efficient and robsgiace-time
database models and languages, (iii) inexactnedssealing
issues, (iv) graphical user interfaces and quernymipation,
and (v) indexing techniques for space-time databébraham
and Roddick 1999, Sellis 1999).

In the INSPIRE Metadata Implementation Rules (Ver§ipn
dated 26 October 2007), four elements of tempafatination
are defined:

- The time period covered by the content of the
resource (also called the temporal extent of the
resource)

- The date of publication of the resource

- The date of last revision of the resource if the
resource has been revised

- The date of creation of the resource if it has bexn
revised.

A geo-object or feature in general consists of etspeelated to
a given theme, geometry, topology and time. Howewoeay

is to extend the current metadata etwod
INSPIRE-relatedeasier process with the Virtual Globes tool (Webl2910).

GIS systems do not deal with all these aspectsligguell. The
temporal dimension in fact is certainly an impottaspect of
almost all phenomena of the real world. Howeveabases as
well as GIS systems, traditionally deliver onlyreagshot of the
real world condition. As result several authors éhalearly
stated the need data models that allow handlingroporal data
(Snodgrass and Ahn, 1985, Tansel et al. 1993)

Time is a dimension analogous to any of the spdifaénsions.
Like space, time has geometry and topology. A p@intime
occupies a position that can be identified in fefatto a
temporal reference system. Distance can be measuUrdike
space, however, time has a single dimension — teahpo
reference systems are analogous to the linear erefiery
systems that are used to describe spatial posaiosome kinds
of applications.

reason BRISEIDE proposes to extend currenwith Virtual Globes, the analyst is able to intéragth the

encounter and examine the event at a spatial amgotel scale,
not possible with previous tools. The ability todadther
geophysical data to the model simulations, suckaathquake
locations and webcams views is greatly increaselaamuch

Displaying of geophysical data in Virtual Globes mew
becoming more common place and the next transisoto
display near-real-time data from multiple data sear(Webley,
2008). The visualization of geophysical data inrfdimensions
(x, y, z and t) was a time-consuming process wilcommon
interface for different data sets.

Within this context, temporal aspects play a majole at
multiple levels, especially when considering somey k
applications that involve dynamic phenomena. Ineortb
improve the definition of time-related metadatamsoauthors
have proposed a set of six recommendations (DekR&GS3).
Several other studies have proposed to manage tahgmies
of data sets, and have discussed the need for atatad
extensions in the temporal domain (Bordogna e2aD9).

2. PROJECT'S DESCRIPTION
2.1 Objectives of BRIESEIDE

BRISEIDE (BRIdging SErvices, Information and Data for
Europe) aims at delivering:

- An extension to current data models, developeth@n
context of previous/ongoing EU INSPIRE related prtgee.g.
in the context of GMES, eContentPlus), to incluaeetias one
of the main variables time-aware;

- Application (e.g. Civil Protection) based on the
integration of existing, user operational inforroati

- Value added services for spatio-temporal data
management, authoring, processing, analysis anstaittve
visualization.
In particular the services delivered by the projeitt be tested
in several operational pilots whereby operators time
environmental risk management and civil protectioea will be
able access to services available. The pilots imiblve data
providers, technology partners and, most imponaniinal
users.
Considering the spatio-temporal dimension the corityleof
the services and representation of results incréeBRESEIDE
services deliver Geo-Visual Analytics (GVA) funataities
through OGC-compliant services (e.g. WPS or WCP&)able
of identifying relevant data or information pattesthin a vast
information flow made of multidimensional time-vary
geographical data coming from databases, as welfran
sensors.



2.2 Framework for advanced interactive visualization aml
Analysis.

The availability of Gl has significantly increaseder the last
few years. Typically operators have to refer toextremely
wide range of heterogeneous multi-source, multiedisional,
time-varying information sources, today digital @iclude,
among others, high-resolution satellite imagesitalignaps,
LIDAR data sets,
environmental sensor monitoring systems. The maia gas
therefore to develop a platform for GVA capablestsure the
convergence of several tools for visualization, lgsis and
synthesis of GeoData.

The framework developed provides seamless integratf
computational and visual techniques. For instaraeyisual

2.3 Spatio-temporal data management.

Considering time extension in the geographical ds¢h
increases the dimension of the space domain oanladysis. It
is possible to consider three issues related tongn@agement of
temporal information in spatial domain. The firsd the
possibility to retrieve information based on tengor
information of the dataset, the second involve dapability to

real-time data being captured bymanage temporal information in order to generatdyais and

process and, the last involve the capability topsymepresent
the temporal dimension in a useful manner.

The possibility to retrieve or query data set basedtime
properties is a fundamental requirement of the BRI&EI
framework. This involves an extension on the mdtda
implementation rules which define the four aboventioaed

overview may be based on some preliminary datacategories. However these categories don't allowotopletely

transformations appropriate to the given data aadk.t
Interactive focusing, selecting, and filtering able used to
isolate data associated to certain hypothesis,hwbiuild then
be passed to an analysis engine with informed pete&am
settings. In this way the software platform can used to
provide support to understanding of
relationships among information spaces and diftedatasets,
for instance to define the most appropriate evéaonabutes or
to plot an emergency plan.

The system proposed is based on an articulatedpeiste level
Service-Oriented Architecture designed to provide the
functionalities required to access, manage andesslarge sets
of multi-dimensional GIS and satellite data throu@ieC —
OpenGIS Consortium compliant web services. The sysfeal
is to deliver a web-based 3D and OGC compliant Eoiut
capable to provide
information through the support of several web ises/such as

WMS, WFS, WCS, and WPS, and provide a strong sugport

operators looking for decision support through afeal
environment for analysis that integrates computatioand
visual techniques. The entire application has lEamreloped on
Java with the client application extending the WokWind
APIs. The client is based on World Wind softwaterdry is
used to ensure 3D Geo-Visualization and it makesaislava
Web Start technology to facilitate the deploymemtctent
applications.

PROVINCIA AUTONOMA
DITRENTO

Figure 1. The image of the system where the ussruroently
accesses satellite imaging, real-time sensor irdtan, GIS
vector layer within a single environment

The web services developed can provide access ttplau
types of content such as imagery, vector infornmatand
processing functionalities through multiples sessic
Furthermore, servers can also provide access &bacatalogue
where the user can perform searches and find #heofi all
available services.

interoperable access to geomaph

considering the whole spectrum of temporal infoiorat

For instance if we consider the derived data seh s a change
detection layer generated using two land use (ieastson we
should be able to retrieve the information considethe time
interval of the analysis. Another example is theéenmlogical

complex spatialor fire propagation foreseen, we should be ableditect the

data based on data and foreseen time (12, 36,.48 h)

In case of Sensor Observation Services (SOS)pbssible to
connect the system with the data sensor and dké&x based on
time. The system allows accessing real-time infoionawithin
the very same 3D environment. The information orergv
sensor, corresponding to the same sensing stadigmesented
in a compound 3D pie and displayed after the uskscts the
corresponding 3D sector of interest.

W ceosiousen vio slel e
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Figure 2. Sensor measurements data visualization

In terms of data analysis the Time is an importaartable to
consider: time is related to the availability eSources such as
emergency vehicles or evacuation plan. Furtherrtmothe time
dimension are related the foreseen analysis angagadion
model used by civil protection agency.

An important aim of BRISEIDE project is to deploy pessing
services in order to relate the time and spatiaiedision in
order to perform analysis useful for civil protectiagencies.
These analysis here taken in account are focusadeapatio-
temporal data in order to monitoring the state ok t
environment and to foresee some potential dangesituegions.
The last issue related to Spatio-temporal analgsthe useful
visualization of the results. The most common Jiga#on is
done by a series of dynamic maps which represeng\blution
of some phenomena during the time; this way isulsefd very
intuitive but in some most articulated cases is pagsible to



use it. Furthermore considering the first issue tinerd above
it should be possible to identify and groups adl ingle maps
that compose the dynamic one with specific inforamtbout
the time properties.

In some other cases it should be possible to repteshe time
information such a layer properties (i. e. diffdrealour for two
different routing path with estimated time of patbvered).
Some foresee layer can be visualized such as isoebr

3 Fm e —
Figure3. Isochrones lines for path covered timesfarteresting
point.

However, in many other cases this simple visuabmaare not
enough and it is to use more complex diagrams deroto
visualize the analysis results and
understanding more difficult.
GeoVisual Analytics (GVA) is a discipline that comés the
benefits of data mining and information visualipatiwithin a
geospatial context. GVA is capable to provide iraged
visualization, filtering and reasoning solutionsbitter support
operators looking for design decision support [Drids et al.
2009]. Through GVA tools, users can typical acquirgual
cues that can help them formulate a set of vialidats. The
possibility to provide the potentiality of GVA with web-based
3D geo-browsers is a central issue in the usabitfy
Geographic Information (Gl) and in better underdiag of
Geographic-dependent phenomena.

2.4 The Provincia Autonoma of Trento (PAT) pilot

BRISEIDE project Deploys operational pilots,
environmental risk management and civil protectiarea,

whereby operators can access the services avatlaiolegh an

interactive web-based 3D client capable to allownagement,

authoring, interaction, filtering with existing @athrough the
orchestration of the available services. Involveslae-chain of
stakeholders to validate the pilots technical, pizgtional and

legal feasibility.

One of these Pilot is located in Autonomous ProwiatTrento

(Italy) and specifically through the Civil Protedati®epartment.
The services deployed in the context of BRISEIDE halused

to better plan and coordinate response to emerggeraiused by
hydrogeological disturbances. In fact To prevestutbances it
is essential to know their position, their movemaetchanisms,
causing factors and possible land reclamation works

The process includes monitoring, forecast and assa#t of

disturbances and it is performed by the Geoloditat through

IT tools based on GI. During this phase the urenidy the risk

level and the evolution of the disturbance to asséshe

deformation patterns are within a normal trend brthiey
represent a risk for local population.

More specifically the pilot envisaged for the patjéocuses on
a concept of interoperable management of multigesers
within a landslide monitoring scenario. In fact rantly the
geological unit has installed a number of monitgraystems,
using different technologies, both in terms of pbgkhardware
(sensors) and in terms of data acquisition software

Figure4. Example of monitoring system in an
hydrogeological disturbance

rem 0

In this case the temporal dimension is very impartzecause
based on time analysis of the displacement thenalareshold
will be setting.

The pilot is related to all the three central isguehe spatio-
temporal management analysed in this paper.

In first the information have to be retrieved angeded both

this can make thstarting from geometric position of the measurensgstem and

both on time information contained in the time asgriFor these
reasons all the measurement systems have to expeiselata
through a standard interface in order to make y#siconnect
them to the system and visualize the information.

The second issue is related to the time based sigaiy the
data, the most important is to correlate the rdlinféth the
displacement, for this reasons it should be posdiblaccess to
simple statistical operator, such as correlatiod process the
cumulative rainfall with the displacement.

Another important process should be to create is@atement
maps starting from the time series of the measunesndo do
this an operator access to data and request theseiaheed also
searching by time. Then by a simple process tramstbe SOS
data into geographic features such as GML. Therpitghe
features to the system and by another procesgaoitging the

in  the data using an appropriate algorithm. The last stépbe the

publication of the final map into the system and theation of
the metadata.

The system allows to combine different elementancessing
functionalities to create complex simulations invery user

friendly way. The different processing functioniakt are made
available through the network by a federation odcessing
services. Each processing unit is representediigck box that
receives data and provides an output as a resit#t cdmputing

Data
Retriving

S5052GML

Publish

Interpolati
WMS on

Export Data

Figure5. Process workflow to generate a displacémeap



wﬁigureé. dFéE)h geﬁg"fated §i5rting from SOS.
The information visualization comprises the podibito
visualize both the data exposed such as Open Gédspab
services both the measurements recorded by thetoniogi

system. These involve the capability to create lgapnd
diagrams based on the historical series.

3. CONCLUSION

In this paper we presented the first phase of thlepioject
BRISEIDE. Aim of the project will be to develop sos®rvices
specially focused on Spatio-Temporal dimension fdseilt of
the project will be deployed in 9 different Pilotaling with
different scenarios related to the civil protectidhemes
(flooding, hydrogeological disturbance, landslidi&.)e The
work has identified three principal issue relatedtémporal
dimension in the GEO-spatial domain.

The first concerns the meta information descrilileytemporal
properties of the data; some extension to the summdel are
needed in order to consider some lacks which dalidw a
complete explanation of the different typologies tifne

properties.

The second is related to the process functionslitieolving the
time dimension. In particular we have to considér thkat

functions that put in relation the time dimensioithvthe spatial
one. This mean to consider both the time as a radmi for
instance the time to cover a path, both the tima é&smporal
series considering the change in some other oksmmvduring
the time.

The last issue is the visualization of the resultsch involve
considering, in case of 3D spatial representatitre 4"

dimension.
representations of the temporal analysis througi ®ols.
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