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focusing on specific features of the sensor datsny
sensors (with overlapping sensing area and able to
1. Introduction communicate with each other through a network), and

. . different types of sensors (to take advantagefofimation
Noticeable developments have lately been achieved o only available in other modalities).

designing automated multimodal smart processes to It is our belief that in modern surveillance apations,

increase security in every-day life of people. Aese satisfactory performance will not be achieved bsirale

de\;ﬁlog)r?er!ts fcotr;]tlnue, prgper f mfrgstrucci:tur(;;dt andalgorithm, but rather by a combination of intercected
methodologies for Ihe aggregation of various dera algorithms. Our framework is centered on the shared

will inevitably arise, such as the huge amount attadand memory paradigm, the use of which allows for logsel

pomputatlon, becpme more |mp0rtant.'ln this resease coupled asynchronous communication between multiple
introduce a multimodal framework with support fon a processing components. This decoupling is realtsit
automatic surveillance application. The novelty thé in time and space

attempt resides in the modalities to gnderpin data The framework (figure 1) enhances the data handiing
manipulation as a natura! process but still keepjmg using a document centered approach to tuple spabes.
overall perform.ance at h|gh. Ievels.. At the applmat. shared memory in the current design of the framkwor
Ie_ve[, the typ.|cal compIeX|ty. behind t.he €METgING takes the form of XML data spaces. All the datat@ed
distributed multlmoda! systems is reduced in adpanent in XML documents and these are subsequently reddiye
manner through muIﬂmogjaI frameworks that han.dl.mda the data consumers following specific XML querigéhis

on different abstractlon levels . and _efficiently uggests a more human-modeled alternative to store,
acco.mmoldate. constituent  technologies. - The prOposecfetrieve and process data. XML Schema [2] is used t
specifications includes the use of shared memoagesp validate each existing XML document prior to extiag
(XML data Space_s) and sma_rt document-centered gbnte the meaningful information. Furthermore, the bindgta
based data querying mechanisms (XQl_Jery formal Iaxg}@u can be easily interchanged via XML documents after
[1])'.WE? also report on the use Of.th's _framewcmkan converting it using XML MIME protocol. For the
application on aggression detection in train cormpents. implementation, we use Xerces [7] for parsing XMes

) using DOM/SAX parsers.
2. Overview of thework In addition, the framework also consists of a skt o
The challenge to build reliable, robust and scalabl software tools to monitor the state of registersatessing
automated surveillance systems has interested igecur components, to log different type of events andieébug
people ever since the first human operated suaveidt  the flow of data given any running application @t
faciliies came into operation. Moreover, since the The framework specifications fully comply with the
bombings in London and Madrid in 2005, research inrequirements of data manipulation in a multi data
methods to detect potentially unsafe situationgublic ~ producer/consumer context where the availabilitydafa
places has taken flight. is time-dependent and some connections might be
Given the size and complexity of the sensing temporarily interrupted.
environment surveillance systems have to cope with, Depending on the type of application to be builttop
including the unpredictable behavior of people ratting of the multimodal framework, a routing algorithnshaeen
in this environment, current automated surveillance designed to manage the data transfers among existin
systems typically employ diverse algorithms (each shared memories on different physical networks.sThi
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capability is highly required commonly for multimald space and do not require real time attention arel ar
applications that involve distinct wireless devices typically triggered by the results of primary moetsl For
Considering the study case of an automatic suareié example, the object detection primary module fudats
application, this capability allows wireless dedeich as  from the cameras and detects a stationary objeus T
PDAs or mobile phones equipped with video camera totriggers the suspicious object secondary modulg tha
communicate with the system core and to send usefulqueries the objects history from the XML tuple spac
video data. determine the risk of the object.

For training and testing the algorithms, we conedct
some experiments inside a Dutch international train
BeNelLux train compartments are already equippedh wit
cameras and we have used these pre-installed cantera
capture video. The scenarios for the recordingsluad a
number of hired actors and train conductors playing
specific (normal as well as unusual) scenarios. WAed
four cameras and four microphones in the compatisiten
capture these scenarios. The data was used astnput
surveillance application built on top of the franoetu

The unusual scenarios we asked the actors to allaiy f
the category of the behaviors we want our systedetect,
namely: fighting (including aggression towards the
conductor and disturbance of peace), graffiti and

The framework specifications solely emphasize the vandalism, begging and sickness. The modules used f
presence and role of all its components throughktiexj the framework to detect this behavior include face
technologies and standards and not on the implertient  recognition component, gesture recognition comptnen
details. Several proposed technologies presentrtaite face detection component, facial expression recogni
degree of freedom in some functional aspects fer th component [4], and emotion recognition from speech
implementation phase. Although the multimodal component [5].
framework has been designed by taking into conatier
the further development of an automatic surveikanc
oriented application, it can be adopted as basisafty
kind of complex multimodal system involving many

mulimodal applications
processing modules
XML query engine
XML data space
security protocol
routing (optional)
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Figure 1: The multimodal framework diagram.
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