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Abstract—The popularity of GPS devices has led to the quick his/hers sense of determination of space, plaa,spatial

increasing of spatial data volume in the web. Althogh there
are several studies on spatial data sets, not maagal with the
temporal variation that may exist on these sets. Mz of the
approaches that implement a visual analysis of spatemporal
data still reveal limitations regarding its flexibility, usability
and, mostly, generalization. In order to improve tlese
limitations, we propose a new approach, a web-based
spatiotemporal viewer and analyzer, which is domain
independent, deals with the temporal variation, andmay be
connected to any map server that implements the WeMap
Service and Web Feature Service, specified by the p@n
Geospatial Consortium, and thus, it promotes interperability.
Furthermore, our approach includes data mining clusering
algorithms, providing an intuitive visual analysisof the results.
We performed a case study to validate the proposesblution
and the improvements in spatiotemporal visual analsis. The
results showed that the new proposed approach faitdtes the
analysis of spatiotemporal data by humans.
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mining; OGC services.

analysis, spatiotemporal;

. INTRODUCTION

The constant growth of the use of GPS-based (GIobVI

Positioning System) devices, such as smartphoriesg a
with the ease of sharing the information from sdelvices
in the internet have substantially increased thieinae of
spatiotemporal data in the web.

Such spatiotemporal data require visual and armalyti
tools in order to improve the decision-making psxe
These tools should be intuitive so that little timsespent
obtaining relevant conclusions from the analysiecpss,
such as information on predictions, recurrenceepagt and
clustering.

Visualization techniques are well known for impnoyi
the decision support process [1], once they takem@tdge
on the human skills for quickly perceiving and mpieting
visual patterns [2][3]. However, it has been argtieat the
visualization resources provided by most of thestng
geographic-based applications are not enough foiside
support systems when used solely [4].

Furthermore, spatiotemporal data
challenges for analytics. First of all, due to gemgraphical

space complexity, that requires human involvememd a
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relationships [5]. Secondly, due to the complexifythe
temporal dimension. Time flows linearly, howeveome
events that occur over time may be periodicallyuremt,
with multiple cycles, forming hierarchical struotsr that
overlap and interact with each other. Hence, tealpdata
analysis also requires human involvement [6].

It is necessary to perform analysis over data dtdme
heterogeneous and distributed data sources. Irti@udo
the complex features of spatiotemporal data, tligtence of
heterogeneous sources results in an interopeyabilit
problem. Aiming at minimizing such problem, the @pe
Geospatial Consortium (OGC) [7] proposes standéwds
heterogeneous spatial databases connectivity ssrvatich
as the Web Map Service (WMS) and the Web Feature
Service (WFS), broadly used by GIS (Geographic
Information Systems) applications.

We propose in this paper a new approach, the Ge®STA
(Geographic Spatiotemporal Analysis Tool) systerorer
to address the problem of the lack of systems thay
provide visualization and clustering techniques Ffarge
spatiotemporal datasets. GeoSTAT is a web-based
environment that implements several spatiotempdeth
isualization technique; interoperates with disitddl data
ources through OGC WMS and WFS services; and
provides several data mining clustering algorithpreposed
in the literature.

The main contribution of this work concerns the
proposal of a visual approach for the analysis of
spatiotemporal data that:

e Facilitates the exploration of the spatial and

temporal dimensions;

» Provides interoperability and domain independence;
and

* Integrates data mining algorithms into the visual
analysis.

The remainder of the paper is organized as follows.
Section 2 discusses related work. Section 3 focasethe
proposed environment. Section 4 addresses a cachg t&t

impose  seriouyalidate the proposed ideas. Finally, Section ckates the

paper and points out further work to be undertaken.
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1. RELATED WORK

There are many works based on spatial
visualization, but not many deal with the visuadiiaa of
spatiotemporal data.

Reda et al. [8] present a tool that enables theavis
exploration of the changes in dynamic social neksaver
time. It is an application focused on the domainsotial
networks visualization and it introduces a dataicitre
based on a 3D cube for the spatiotemporal visu#diza

Lu et al. [9] address a web-based system for th
visualization of historical spatiotemporal data die
metropolitan area of Washington, D.C., in the Whi&ates.
Apart from being an application based on a spedifimain,
their tool does not use georeferenced maps, deaitigthe
data visualization merely by several chart types.

He et al. [10] highlight another domain specificicst.
The authors developed a spatiotemporal data visatah
system on the domain of oceans. It is a web-bagsigm
that uses 2D and 3D maps for the spatial visuadzai he
time visualization is static (has no animationdsdd on
charts and triggered by user that chooses a rexfiorierest
in the map and a target time interval.

Chen et al. [11] implemented a tool that integrates

several visualization techniques (GIS, self-orgagiznaps,
hierarchical lists, periodical views, timeline vigwetc.) for
the criminal analysis domain. Although it is domain
specific, this tool introduces interesting functdities, like

a time slider that allows time variations of theadaver a
georeferenced 2D map with basic interactivity tolsh as
pan and zoom. In spite of using several visuabrati
techniques, the interface of the proposed apptinathay
get overloaded, making the user confused.

and big data sets, and providing mechanisms fdregialy

datgvidences.

Considering the related works that involve
spatiotemporal data visualization, most of them ressl
specific domain solutions and do not present fldikjbon
obtaining the data, forcing the user to use solbfy data
source provided by the application.

It is necessary to conceive a spatiotemporal data
visualization and analytical tool that is, mainfiexible, to

gnable the user to manipulate data obtained from

information sources that and to execute spatiaeomoral
queries over these data, according to the anatyievia;
practical, in the sense of providing an intuitiveerface,
with resources that assist the visualization analysis of
both spatial (map resources) and temporal featfofests,
map animations); and generic, by providing all #os
resources for users interested on any spatioterhaoadysis
domain.

It is then necessary to use visual analytical tdols
spatiotemporal data, together with data mining mtlyms
that will enable the discovery of implicit knowleglgThis is
the aim of the GeoSTAT system.

1. THE GEOSTAT SYSTEM

This section introduces the GeoSTAT (Geographic
Spatiotemporal Analysis Tool) system that impleraethie
visualization and analysis of spatiotemporal datailable
on heterogeneous databases. We followed the guwadanc
good spatiotemporal visual analysis systems prapdse
Andrienko et al. [14].

The GeoSTAT system is a web-based visualizatioh too
designed in three-tier architecture: Visualizati@yntrol

We have seen so far works that address spatiot@inpor,q persistence. The first two tiers contain the af our

data visualization exploring several visualizatienhniques
chosen according to specific domain. Next, we eelat
important works that propose several
visualization techniques.

Andrienko et al. [12] propose a framework basedhn
Self-Organizing Map (SOM) technique, combined with
number of interactive visualization techniques ftire
analysis of spatiotemporal data from two perspestiv
spatial distributions that vary over time; and lotae
variation profiles distributed over time. This apach
promises to be domain independent, gathering visatain
techniques based on maps to enable the data amalysi

Compieta et al. [13] focus on issues related to th
complexity of the manipulation, analysis and vigation
of spatiotemporal data sets. The authors propose
spatiotemporal data mining system based on askwtiat
rules and several techniques for the visualizataord
interpretation of georeferenced maps.

Andrienko et al. [14] argue that it is necessarpaodle
the time more effectively and list some charactiessthat

would be ideal for a good spatiotemporal data \isua

analysis system, such as treating and using bota &nd
space characteristics, being visual, exploratooglable,
collaborative, providing applicable methodologies hew
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contributions. Figure 1 shows such architecture.

spatiotemporah, The Visualization Tier

The visualization tier is responsible basically thoe user
interface. The GeoSTAT viewer was implemented based
the Google Maps API [15] and provides, in addittorthe
basic map interactivity functionalities (drag, pamom,
information and scale), options for alternatingwestn base
map types (map, satellite or terrain), and addiag tayers.
The viewer enables the visualization of several tagprs,
whether they are spatial or spatiotemporal, simelbasly,
regardless of the data source. For each map latyds,

ossible to apply an opacity level (transparenoyaltow a
better visualization of the spatial informationt i$ also
[?ossible to execute spatial and non-spatial quenies the
visible map layers. Figure 2 shows the GeoSTAT
visualization screenshot with one spatiotemporajeda
added to the map.

Figure 2 shows the presence of temporal contsylia
addition to the spatial data manipulation toolseadty
presented. For the spatiotemporal map layersyigser
offers some components such as the Temporal S(gber
component 1 in Figure 2) that allows (see comporeint
Figure 2) that allows data visualization accordingtheir
timestamps and over several possibilities of distiempo-
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Figure 1. The GeoSTAT three-tier architecture.

-ral granularities, for example: day, month or ydais also  CSV), containing information on the spatiotempdagker to
possible to apply temporal filters in order to reelthe be mined, such as the latitude, longitude and tiameig of

number of data analyzed for relevant periods (mdsmen the

records. The output format chosen was XML

intervals), and to use interactive charts (see @ymapt 2 on  (eXtensible Markup Language), containing relevant
Figure 2) to assist the analysis of the temporstributions  information over the generated clusters. An exangfla
of the data. generated cluster on the output format of the daitsing

A map layer is considered being spatiotemporat@snf module is presented in Code 1.

the moment of its inclusion in the application, theer

According to Code 1, each element of the type telis

indicates the temporal attribute of the layer. is basically composed of an identifier, the numlmdr
Still at the visualization tier it is possible teezute and instances (records) grouped (representing its tignahd

view the results of the clustering based spatiotgalpdata the cluster's spatial and temporal elements. Thatiap

mining on the spatiotemporal layers of the type WDl elements enable the visualization of the cluster on

Hence, the simultaneous visualization of a layethweal georeferenced circle format, with radius and ceipteint

data and resulting data from the data mining prsingsmay  clearly defined. The temporal elements specifytémsporal

be achieved. granularity and the value.

B. The Control Tier

The control tier is where the user requests from th
visualization layer are treated and executed. Tigs
implements the application logic and direct commation
with the data services that offer the spatial atispemporal
layers. It is responsible, mainly, for the spatiatl temporal
queries, resulting from the use of the Temporalesli and
for the execution of the spatiotemporal data mining

Inside the control tier there is a module respdasibr
the spatiotemporal data mining. This module integrahe
clustering algorithms found in the Weka data mirlibgary
[16] and is extensible for the addition of othegyaithms of
the same nature. To provide such extensibility, we
developed a communication interface that can bdlyeas
implemented for new algorithms and we establishethta
input format based on spatiotemporal points; andlata
output format for the spatiotemporal clusters. Tihput
format chosen was the Comma-Separated Values l§gshort
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Code 1. Snippet of the XML file that representeaample of a cluster

generated by the data mining module.

<cl uster>
<id>1</id>
<i nst ances>144</i nst ances>
<spati al >
<l at Cent r oi d>- 8. 253</ | at Cent roi d>
<l onCent r oi d>- 36. 964</ | onCent r oi d>
<r adi us>0. 14567</ r adi us>
</ spatial >
<t enpor al >
<granul ari t y>YEAR</ granul arity>
<val ue>2010</ val ue>
</t enporal >
</cluster>

185



GEOProcessing 2012 : The Fourth International Conference on Advanced Geographic Information Systems, Applications, and Services

GeoSTAT - Geographic Spatiotemporal Analysis Tool
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Figure 2. The GeoSTAT environment visualizatioresenshot with a spatiotemporal map layer.

C. The Persistence Tier (IBGE) to visualize the vector layers of the statésthe

: Northeast of Brazil (9 polygons), and those frora tities

The persistence tier contains GeoServer map sémaer of the Paraiba state (223 polygons),

implements the OGC WMS and WFS services [17], Through GeoSTAT we may set up a data connection to
ensuring the spatial DBMS (Database ManagemeneB8yst the web server and obtain a list of available laytor
interoperability. The servers used by the usersuin inclusion, visualization and analysis. Figure 2wh a
GeoSTAT may be easily connected, through the indtion  screenshot for adding a new data connecti®aoSTAT
of the service URL and setting an alias to betleniify it. ~ may connect to any map servers that implement OGCSW

With an established connection, the user has tli@ropo  and WFS services. In the case study we used th&edeer
perform map overlay of all the layers availablenirthe  map server.
OGC connected services.

IV. CASE STUDY Adding a map data connection x

This section presents a case study in order tdatalithe Sl s e
solution proposed in this paper.
To explore the functionalities offered by GeoSTAWE

[ oGC wMs /WS [w]

set up a web server with GeoServer version 2.&t t Name

implements the WMS and WFS services. We also used t Brimiee o s AT cson e e

PostgreSQL DBMS version 9.0.4, with the PostGIStiapa SEvr R

eXtenSion VerSion 15 example.opengis.com:8080/geoserver
The spatiotemporal data set was obtained from th SRR O B N

Brazilian National Institute for Space ResearchRE) [18].
resulting in 17,418 records.

The data set contains records of fire events dadely o e L
satellites in the state of Paraiba, located in Nugtheast
region of Brazil, during a period of five years (@32010), ) _ _ _
resulting in 17,418 records. We used spatial dataioed Figure 3. Adding a spatial data connection.
from the Brazilian Institute of Geography and Stits
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Adding a new map layer

Select a map data connection:
GeoSarver E\
Select an available layer from server connected
inpe:focos_pb_2006_2010 - focos_pb_2006_2010 EI
Layer Name (an alias}:
FIRES-PE|

) Select a column with temporal data to analyse:

—select— [l

Add layer Cancel

Figure 4. Adding a spatiotemporal map layer.

Figure 4 shows the screenshot of adding map layéues.

&
id: SE‘GE‘_35-’238165?_2'3i.‘3|f53‘_‘_‘_3\:‘50‘-¥J
( lat: -5.86

vegetacao: NzoFlorests
1A

suscet: MEDIA
prec: 135.1
ndiasschuv: 0
risca: 0.0

After presenting the "Fires" spatiotemporal layerthe

layers available from the server are obtained bg thmap, GeoSTAT displays a chart area with the distidm of
GetCapabilities request, specified in the OGC WMS such events over time (see item 2 in Figure 2Yhé&nchart

service. If a layer contains spatiotemporal ddta,user has
the option to select the attribute that contaires tdhmporal
dimension (see item 1 in Figure 4). The layer ladtes are
acquired using th®escribeFeatureType request, specified
by the OGC WFS service.

The selection of the temporal attribute is an esslen
step to perform spatiotemporal analysis. By spéwifythis
attribute, GeoSTAT provide temporal components he t
user. Otherwise the system will treat the attritagespatial
and will make available only the spatial API.

In our experiment, we used the following layersat&s
(spatial), Cities (spatial) and Fires (spatiotenapoiFigure 5
shows the GeoSTAT viewer with these layers visibléhe
map. Map layers are obtained from the servers tirdahe

area, it is possible, for example, to classify digribution
chart using nonspatial and nontemporal attribubesour
experiment, we used the vegetation attribute tcegea a
new distribution chart showing types of vegetatiover
time (see Figure 7). Then the temporal slider igbéed so
that the user may press the “play button” to stannap
animation over time (see item 1 in Figure 2).

Figure 8 presents an example of the temporal aiomat
component. There are interface components suchlags p
and pause; and a temporal slider. The objects shiowime
map are exhibited according to the specific timéndpe
played.

As the "States" and "Cities" layers include all thg
Brazilian territory and we would like to focus dmetregion

GetMap request, specified by the WMS service. We mayof fires analysis (Northeast region), we used fiedial filter

control the visibility of layers (see item 1 in kig 5). The
"checkbox" corresponds to the control of the vigjobf the
layer, whereas the "radio button" to the activestagontrol
(see item 3 in Figure 2).

to show on the map only the state of Paraiba a1@28
cities. The use of spatial filters is only possidige to the
GetFeature request specified by the OGC WFS service,
which enables to execute queries on the spatialdayhen,

Figure 6 shows the information component, which isthe user may be interested in analyzing the detefite

enabled by clicking on the visible layer, e.g., TRERES
layer. This is done through the WMS&etFeaturelnfo
requisition. The layer opacity may be changed lgkirig
on the layer name.

{@RoS IAT Gofaniic . Cpatiotande Anaveis Tobl______________

Flle‘ Layer | ]}ata‘“inin‘g |.Seﬂi;;5 ‘m;leip

Figure 5. GeoSTAT viewer with three layers visiinléghe map.
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events where the type of vegetation was "NoForest
during the year of 2008. By analyzing the dynantiart, we
can see which type of vegetation registered thehest
concentration of such events in that time peridg.
perform this operation, we first apply a spati#tefi on the
layer, in order to display in the map only the meso
associated with the vegetation type "NoForest", thed we

Temporal distribution of FIRES

Figure 7. Fire distribution chart over time, ciéied by type of vegetation.
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Temporal Coantroller

2010-07-29 07:27:00

Satellite v [

:
:

- Temporal Filter

Figure 8. Using the temporal controller

apply a temporal filter for the time period betwe@08-
01-01" and "2008-12-31". That way, we reduced #msuit
set to 4,010 records of fires to be analyzed. Hselts may
be seen in the map shown in Figure 9a.

Finally, we execute the spatiotemporal data mining
algorithms to the fire dataset aiming to find oatewant
implicit patterns. For instance, we may detect thaing a
certain period of the year, a given type of vegetais
severally affected by fires in a specific geograptagion
(cluster). This knowledge may help decision makers
study fire defense and emergency services planfing
future occurrences. We use the month granulatitygugh

(b)

Figure 9. Case Study results: (a) 4,010 fires w/igve of vegetation is
equals to "NoForest" (transactional data) duriregytbar of 2008. (b)

the density-based DBScan clustering algorithm [19],density spatiotemporal clusters generated of Ak fires (mined data).

provided by GeoSTAT, with parameters epsilon = 0.1,
minPoints = 2 and distance-type = ‘Euclidian dis&inThe
input values for the DBScan algorithm were establis
empirically. The resulting clusters can be seeRigure 9b.

with the use of simultaneous map layers regarddesbeir
origins, in a transparent way for the user.
As further work, we plan to improve GeoSTAT by

DBScan [19] is a density based cluster algorithat th incorporating a 3D viewer for spatiotemporal da#tso, the
groups fire spots using spatiotemporal neighborhoodaddition of the collaborative analysis conceptowihg

Hence, the fires occurred in a given time inteasad within
a distance specified in the epsilon parameter cuilistitute
a cluster. The "minPoint" parameter specifies hoanyn
neighbor points are necessary to obtain a clusieally, the
distance type parameter specifies the distanceiartetibe
used; in our case we are using the Euclidian distan

We validate our approach in a real scenario, and we
could the usability and effectiveness of the prepglosystem.

(1

[2]
V. CONCLUSION AND FUTURE WORK

We addressed the question of spatiotemporal [°]
visualization and analysis, highlighting its utilitn the
presence of large data sets. We also pointed tlo@itmain
limitations found in the related work.

We proposed a spatiotemporal visualization andyaisl
environment aiming to minimize the main limitaticiosind,
regarding the flexibility of the data sources, picadity of
the analysis process and generalization of the don@ur
case study has shown that the proposed solutidifisfuhe
requirements established, being valid not onlyhendomain
adopted for the case study, but also on any othe¥adhs.

We built a DBMS independent environment, following
the OGC guidelines specifying the WMS and WFS sewi
that allow the interoperability between severatadaources

(4]

(3]

6]
[
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several analysts to work in a shared and
manner is another interesting future work.

evolatipn
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