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Abstract. This work presents a context-aware applicatiorhéalth management system (SISA,
in Portuguese). It integrates the epidemiologigaldf of LARIISA project, an intelligent
platform to support decision making in public heajbvernance. The SISA uses context-aware
computing, a technology based on rules of decistorg GINGA, the middleware for the
Brazilian digital TV system, for obtaining informat about the family health. A prototype of
this system was applied to check the increase mjukein the state of Ceara, Brazil. The SISA
is able to perceive the status of emergency epwmlegical and adapt itself in real time to a risk
situation. This way, the system can direct thethezdre worker to verify and troubleshoot an
epidemiological problem or detect new outbreakdarfgue, for example. The epidemiological
map visualized by the health managers (doctorsetees of health, state government, etc..)
can contribute to decision-making in a fast anctieffit manner.
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1. INTRODOCTION

The combat against dengue has particular importimmgaublic health because the disease
can affect a large number of people in a shortogeof time, whereas its transmission vector,
Aedes aegypti, complete their development cycl® an 7 days, depending on the climatic
conditions. Dengue is often expressed in the fofnemidemics, which may lead to a large
number of deaths. According to the Ministry of Heatlengue is now undoubtedly the object of
greatest public health campaign in Brazil. FromQ&8 2005, the World Health Organization
(WHO) reported approximately four million casesdeingue in Brazil alone. In 2011, only the
State of Ceara - Brazil were confirmed 58 deatbmfdengue [1], when a record number since
records began 20 years ago. A study by Brandeisedsity, USA, showed that dengue cost
about two billion dollars a year for the Americ&y, [divided between spending on treatment
(hospital costs) and combating mosquito.Costs Hertteatment of dengue can be minimized
with a system of efficient decision making in réiate. In this sense, the current studies and
international experiences have shown that in agcetffe care network, 65% to 75% of dengue
cases can be solved even in primary care [3].

The Information Technology and Communication (IC&%, well as the expansion and
advancement of the Internet through its abilityréanote monitoring and interaction with
patients, can significantly help doctors and healtitkers in developing actions more agile.
This is possible with remote monitoring systemstdhied in homes and can be used to collect
and transmit information about the health of familgmbers. This information would be sent to
health professionals, in order to provide improvetaeto the coordination of actions and
effectiveness of the detection /treatment remowisg#ases [5].



This scenario fit into the context-aware applicasi¢6] that exploit the dynamic context of
its users, by capturing the user's context impyicéither by sensors or ontological associations
based on predetermined rules. A context-aware myst@ble to adapt dynamically, providing a
personalized service to the user.

This paper specifies the deployment scenario S#8Aing to promote integration with the
project LARISSA - Laboratory of Intelligent Netwarland Integrated Health [5], in Portuguese,
but specifically the epidemiological field, eg, dele. The SISA is a pilot project in the state of
Ceard, whose purpose is to enable the intelliggogernance in decision making in healthcare
environments, subsidized by the information captunethe context of families. Thus, we used

the model of Brazilian Digital TV and Digital Be@eara State, serving as proof of concept to
the field of epidemiological project LARIISA.

In this sense, the SISA can contribute directlyh® National Program Dengue Control -
PNCD [7] as well as being a complement to integkaith domain epidemiological project
LARIISA, giving managers more agile and personalizesponses, compared to the current

epidemiological situation.
2. LARIISA

The LARIISA [8] aims to research and developmentaofplatform able to provide
intelligence governance in decision making in Heaiformation collected from / sent priority
of residencies throughout the state of Ceard, ldndlly efficient mechanisms knowledge
management. Characterized by real-time informati@ems and inference based on a model of
ontologies, the platform is oriented context, whgikies applications greater adaptability of
decision making to the reality in question, in tbise, the area of health. For this purpose, the
LARIISA provides a series of goals, among themtheeconstruction of Applications in Health,
which among other objectives, to support decisioaking and analysis and creation of
ontologies in the field of epidemiology based ofoimation real-time and increased quality of
information captured by various sources, includthgir own citizens through applications
TVDi, considering this is the only communicatiorgugment present in over 98% of Brazilian

homes [9], and development in this area is thaSiis& works.

3. SISA

SISA is an acronym for Health System Adapted-totexin Health Management, in
Portuguese, component-based framework LARIISA. Bliggem supports decision making and
focuses on the idea of improving the quality ofvmys provided by health workers in cases of
fighting epidemiological crises, especially denglie.meet the needs of the key players in the
system architecture of the SISA is divided intethmain modules;

* TV Module: Provider Context used to capture information fréamilias.Trata is an
interactive application, linked to the campaignaiagt dengue. This application enables
the filling of information (epidemiological data)ich will be used by the Web module;

« Mobile Module: This module is expected to be the interface ugduehlth workers with
the system. It allows, through the use of mobildats (mobile phone, PDA, tablet,
etc.)., Consultation schedule of visits to be caeld in the homes; receive notifications



of urgency, and act as a provider of context bex#uslows entering data observed in
site visits;

* Mobile Module: This module is expected to be the interface ugeuelth workers with
the system. Allows It, through the use of mobilevides (mobile phone, PDA, tablet,
etc.).., Consultation schedule of visits to be Gmteld in the homes; receive notifications
of urgency, and act as a provider of context bexduallows entering date Observed in
site visits;

The SISA DTV technology uses through an interacdipplication that enables citizens to
indicate symptoms of family members; these symptears characterize cases of suspected
dengue. The data captured by the interactive agipit is sent to the remote module SISA,
which will be aggregated, enriched with knowledgmtared and saved in a database. In
addition, these data will be exported following @msntic representation that is based on
ontologies for application of inference rules assed.

The resulting decisions are forwarded to the lewélperformance, being the primary
Agent Community Health - ACH, since it maintainsedt contact with the community. At the
governance level of health, the SISA adds on aespiological map observed of the region
suspected dengue. In case of a negative findieg gfter a visit from a health worker), the
system removes the epidemiological map marking,apdsitive case confirmed by the ACH,
the system dials confirmation of dengue casesla#id tespective classification levels of care.

If there are many cases identified in a given negtbe system is able to generate alerts
decision-making to combat on-site (i.e ,sendindthe®orkers to the site), for the acquisition of
drugs, among other management operations (i.etimneaf an emergency unit to combat the
epidemic).

The architecture of the SISA (Figure 1) is basedaariient-server model divided into
three layers (Vision, Model and Data).
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Figure 1. Logical Architecture SISA



The TV module consists of an application of Intéxec Digital TV, created in Ginga-NCL,
which will be transmitted via data carousel, alavith audio and video campaign to combat
dengué.

The Web Module uses current web development technologies: Java, Server Faces (JSF),
Rich Faces, Jfree Chart, Entities, Hibernate / JB#&tabase PostGres. To implement the
inference engine was used with JBoss Drools rulésew in the format DRL. Below is shown
the business rule that assesses the climate cdotextl decision making of "Citizen" in this
context and based SISA can direct the agent todheest health site

Rule
"Deslocar Agente mais préximo a localidade do usuario com potencial foco de dengue”

when
$u:UsuarioFinal(
contextoLocal.elementoDoContexto.elementoEspacial.clima.SkyConditions == ' raining')
UsuarioFinal( contextoGlobalDeSaude.elementoDoContexto.elementoEspacial.elementoEs
pacialTemporal.indicelnfestacaoPredial >= 1)
UsuarioFinal( contextoGlobalDeSaude.elementoDoContexto.elementoEspacial.elementoEs
pacialTemporal.indicelnfestacaoPredial <= 3.9) $m:Mensagem()

$s:ServicoEnvioDeMensagem()
$agenteSaudeMaisProximo: AgenteSaude()

then

$agenteSaudeMaisProximo

$m.setConteudo(

"Visitar Endereco ("+ contextoLocal.elementoDoContexto.elementoEspacial.endereco+"),
local com chuva e IIP alta!");

$s.enviarSms($m, $agenteSaudeMaisProximo.getNumeroCelular())

end

rule
"Deslocar Agente mais préximo a localidade do usuario com potencial foco de dengue”
when
$u:UsuarioFinal(
contextoLocal.elementoDoContexto.elementoEspacial.clima.SkyConditions ==
raining')UsuarioFinal( contextoGlobalDeSaude.elementoDoContexto.elementoEspacial
.elementoEspacialTemporal.indicelnfestacaoPredial >= 1)
UsuarioFinal( contextoGlobalDeSaude.elementoDoContexto.elementoEspacial.eleme
ntoEspacialTemporal.indicelnfestacaoPredial <= 3.9)
$m:Mensagem()
$s:ServicoEnvioDeMensagem()
$agenteSaudeMaisProximo: AgenteSaude()

then

$agenteSaudeMaisProximo
$m.setConteudo(

! The video used in the application was obtainddATASUS site, which provides and authorizes the
use of educational videos dengue campaign.



"Visitar Endereco

chuva e IIP alta!" );
$s.enviarSms($m, $agenteSaudeMaisProximo.getNumeroCelular())

end

("+ contextoLocal.elementoDoContexto.elementoEspacial.endereco+"), local com

TheModule Mébile provides context responsible for data collectitforimed by health
workers, this module has two basic components imetged with WAP and JAVA ME (JME).
The access to WAP-based component occurs via HiFeygh the use of any mobile device
(mobile phone, PDA, tablet etc.).. The componenVAAVE is used to enable the receipt of
notifications of urgency, it also depends on thenmet to facilitate the integration, ikemote
Method Invocatioh(RMI), the web module. Below the figure 2, 3 and 4 illustrates the initial

results of the respective modules.
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Figure 3. Web module displaying epidemiological map of Fortaleza / CE for

managers

2 RMI This is a feature of Java technology that éembommunication between objects, located in

distributed applications, running on different uat machines.
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Figure 4. Interface do Module Maébile.

So SISA uses technology TVD, through an interacéipplication that enables citizens to
indicate symptoms of the members of your familyttban characterize cases of suspected
dengue. Considering the communication infrastrectirDigital Belt, the data captured by the
interactive application is sent to the remote medilSISA, which will be aggregated, enriched
and saved to a conventional database, and aretedpimilowing a semantic representation
based on ontologies for the application of infeeendes associated. The resulting decisions are
then forwarded to the levels of performance, aed@bmmunity Health Agent - ACH atendo as
the primary actor, since the health agent maintdirext contact with the community.

At the governance level of health, the SISA addspmlemiological map of the region
observed with suspected dengue identified. In odsenegative finding (e.g. after a visit from a
health worker), the system draws the map markerepidtkmiological in a positive case, this is
confirmed by ACH, the system dials the case of icom@tion dengue and its corresponding risk
rating. If there are many cases identified in agivegion, the system is able to generate alerts
decision-making to combat on-site (e.g. sendindtiheeorkers to the site), for the purchase of
medicines, among other operations managementgation of an emergency unit to combat
the epidemic).

4. RELATED WORK

Context-aware services have been developed basegttide technologies and
adaptation to the context, with the goal of impngvihe quality of systems of public health
care. While it is clear that there are solutiorat firopose the use of context-aware technologies
to the health care system (e.g. Healthcare Systgtf$)[11] [12], to our knowledge is still
incipient existence of approaches to support datisiaking context-aware to the governance
of public health systems.

In [10], the authors present a Context-Aware Irdégg System Services (CASIS) that
allows building applications capable of high-levéécision-making adaptation based on
information collected by the system. In [12], thetleors propose a system for context
management based on ontologies (Context Managesystem - CMS), which enables you to
define contextual terms of use in medical areastumm, in [11] the authors describe an
architecture for context-aware health systems fed¢uen the ability to monitor patients
remotely. However, the prototype described in #ritcle is based on semantic mechanisms of



knowledge management and inference based on OWIlal SWRL rules, which seek to
provide mechanisms to aid decision making at lacdl global levels.

The main difference of this prototype compared xtisteng work is that it considers
specific requirements for decision-making contexgee systems in health governance.
Furthermore, this prototype was specified usingrttoglel as a basis KTA [15] (see [14] the
framework LARIISA), reducing the gap between theogamsses of creation / transfer of
knowledge and actions of maintenance of public theanother innovative aspect of this
prototype compared to existing platforms is thatdtchitecture is designed on the Brazilian
Digital TV model [13] and middleware Ginga, withettommunication infrastructure of the
Digital Belt base [16].

CONCLUSION

The SISA uses simple devices for interfacing (selhthphone, etc.). Between the agent
and the endemic LARIISA. The use of technology T&ploring the most of its features, such
as ubiquity, so as to maximize its use aggregaargice like t-health, can enrich the system
with context-aware computing. The development dftert-aware applications are typically
challenging and apply them to DTV technology bece® e even greater challenge.

The SISA demonstrated its viability and relevaneecombating dengue, and may
contribute in national policies such as the Nafiorln to Combat Dengue (PNCD) [7].
Furthermore, we expect the use of SISA on a muoetascope for diseases like dengue,
considering that the activities to combat dengue @imilar to those used to combat other
epidemics

REFERENCE

reference[1l] SESA Secretaria da Salude do EstadoCeara Informe Semanal Dengue —
2011: Semana epidemiologica 46. Fortaleza, novembro ti&20

[2] BRASIL, Ministério da Saude. Dengue: Gastos com a doenga chegam a dois bilhGes de
ddlares. Portal de noticia, 10/02/2011.

[B]PINTO, Solange Pereir® Papel da Atencéo Basica no Controle da Dengue. Informe
da Atencdo Basica N.50. Ministério da Saude. Ang pX 1-2ISSN 1806-1192, Brasilia,
Jan/Fev.2009.

[4] OMS - Organizagdo Mundial de Saudgidemic and Pandemic Alert and Response:
DengueNet Global surveillance of dengue and derwemorrhagic fever (DHF). Geneva,
Switzerland, 2006.

[5] OLIVEIRA, A.M.B. LARA, LAboratério Redes de Computadores & Inteligérria
artificial . Projeto de Estagio pos-doutoral na Universidagldttawal. CNPQ, Ministerio de
C&T do Brasil. 2009.

[6] DEY, A.; ABOWD, G. Towards a Better Understanding of Context and Contet-
Awareness In: Workshop on the what, who, where, when and howootext-awareness, CHI,
Abril 2000.

[7] BRASIL, Ministério da Saude. Fundacdo Naciodal SaudePrograma Nacional de
Controle da Dengue — PNCDFundacdo Nacional de Saude. Brasilia, 2002.



[8] OLIVEIRA, A.M.B., Et al. A Context-Aware Framework for Healthcare Governance
Decision-Making Systems: A model based on the Brdizin Digital TV . In. CRIFPE, centre
de recherche interuniversitaire sur la formation lat profession enseignantélniversité de
Montréal, Canad4, 2010

[9] CETIC.BR. Centro de Estudos Sobre as Tecnatodéalnformacéo e da Comunicagat
Domicilios e Usuarios 2009 — Total BrasilA- Propor¢cdo de Domicilios que Possuem
Equipamentos TIC. Disponivel em: < http://www.cdtrtusuarios/tic/2009-total-brasil/rel-
geral-00.htm>

[10] W. Jih, C. Huang, and J.Y. Hs@ontext life cycle management in smart space
environments In ICPS09-AUPC2009, July 2009, London, UK, pA.4t.

[11] J. H. Jahnke, Y. Bychkov, D. Dahlem and L. Keme,“Implicit, Context-Aware
Computing for Health Care”,http://www.ics.uci.edu/lopes/bspcO4documentshiatpdf, 2004.

[12] T. Gu, Z. Kwok, K. K. Koh, and H. K. Puné. Mobile Framework Supporting Ontology
Processing and Reasoningd?roc. of the 2nd Workshop RSPSI - Ubicomp '0Q2Austria.

[13] M. Oliveira, M. Tonieto, J. Faustino, and C.Moura Filho.Pirambu Digital: a Social
Inclusion Project using IT. IFIP 12TS IX World Carence in Computing on Education.
PortoAlegre (Br), 2009

[14] Oliveira M., Andrade O.M., Hairon C.G., MouRaC, Fernandes S., Bringel J., Gensel J.,
Martin H., Sicotte C., Denis J-lA Context-Aware Framework for Health Care Governan@
Decision-Making Systems A model based on the Brazilian Digital TV. SecolitEE
Workshop on Interdisciplinary Research on E-heSkhvices and Systems (IREHSS).

[15] I.D. Graham, J. Logan, M.B. Harrison, S.E.a88, J. Tetroe, W. Caswell, and N.
Robinson Lost in Knowledge Translation: Time for a Map? Journal of Continuing Education
in the Health Professions, Volume 26, 2006, pp243—

[16] Cinturdo Digital — Governo do Estado do Ceardjvailable at:
http://www.ceara.gov.br/portal_govce/ceara/govepr@étos-estruturantesl/cinturao
digital,2010



