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Abstract —LARIISA framework is an intelligent system
to support decision making in public health governace.
It uses context-aware concept, ontology and persoha
tracking technologies. LARIISA is able to perceivethe
status of emergency epidemiological and adapt it$ein
real time to a risk situation. For instance, while
registering the trajectory followed by the mobile @vice,
it allows health agents to create multimedia docunmds
(e.g. photo, audio, video), which are connected tan
enriched description of the user context (e.g. weagr,
location and date). This paper presents the LARIISA
cloud computing version, LARIISA's second rendition
whose main aim is to provide a software platform
enabling the “facilities-like” offering of healthcare infra-
structure, middleware and applications. It will alo
provide features to facilitate the description, puliication,
discovery and integration of both public and privae
healthcare software systems in an open way,
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|.INTRODUCTION

Governance is an umbrella term connoting a serfes o
loosely related trends in public administration gnablic
policy management organizations whose purpose is to
leverage the available knowledge (in a community, f
example) to improve the administrative performazice the
democratization of local decision-making procesdest
example, urban governance aims at promoting a closer
relationship of civil society with the public orgaations for
the improvement of the welfare on big cities [1[R] The
concept of governance is also being used by intiemeal
organizations such as the World Bank and the United
Nations, to name but two.

These organizations are developing projects coirggrn
the practice of governance in developing counttigsng at
fostering the participation of the entire socieiythe public
management. This practice calls for an open govemym
with participation channels; demands strong pastrips
with other public institutions and the private sectand a
permanent and virtuous integration of the goverrtmath
the citizen. Also, abiding by ethical conduct u$ual
motivates the administration itself and encouragesbers
of civil society to participate in the process adcil
development.

Among the problems of information management, in
health area, we can observe how difficult it is far
significant part of the managers to act on decisi@king
processes along the three level of government. €T hee
different reasons to these difficulties, such asltdw level
of coverage of the information; the delay betweée t
collection of information and its subsequent analyand
the low reliability of this information.

LARIISA is an intelligent system to support decisio
making in public health governance. It uses cortewdre
concept, ontology and personal tracking technokgie
LARIISA is able to perceive the status of emergency
epidemiological and adapt itself in real time toriak
situation. This paper presents the LARIISA's cloud
computing version, LARIISA's second rendition, wlos
main aim is to provide a software platform enablthg
“facilities-like” offering of healthcare infra-stoture,
middleware and applications. It will also providafures to
facilitate the description, publication, discovergnd
integration of both public and private healthcaodtvgare
systems in an open way,

This paper is organized as follows: Section Il diéss
the objectives of the LARIISA’s cloud computing sien.
Section 1l discusses a little bit about the coivmware,



ontology and personal tracking concepts. Section IV
presents the LARIISA prototype. The Section V shdkes
new version. Section VI presents related work. Ikna
Section VII concludes the paper and discussesdutork.

[I.PURPOSE OHLARIISA” S CLOUD COMPUTING

LARIISA is an intelligent platform to support deicis
making in public health governance [4][5][6]. It &ble to
perceive the status of emergency epidemiologicdlatapt
itself in real time to a risk situation. In order obtaining
information about the family health, this applicati uses
digital TV and mobile phone applications due maitadythe
presence of numerous devices at home and the atwess
several communication networks. While registeridwe t
trajectory followed by the mobile device, it allowealth
agents to create multimedia documents (e.g. platdio,
video), which are connected to an enriched desonipof
the user context (e.g. weather, location and date).

In this context, we intend to use the features
proposed by a personal tracking-based applicatioretify
and troubleshoot an epidemiological problem or cetew
outbreaks of dengue, for example.

Several studies have presented proposals higimgght
the importance of health networks and their systemi
integration, since no entity or organization alooan
provide for the integrality of the healthcare seed,
because of the interdependence that exists betesmtities
and organizations.

We believe that the application of techniques and
methods of data integration combined with cloud potimg
infrastructure can afford unquestionable benefis the
systemic integration in the health sector and palgrly for
integrating applications in the field of electrogiovernance
for the healthcare sector. Moreover, a solutionetasn
cloud environment will provide scalability and the
necessary elasticity for these systems, which edgttainly
operate on huge amounts of data.

In addition to the areas dfta integration andcloud
computing, there are two other research areas that we deem
important: analytic visualization and description logic.
While the former is necessary to provide technidoeslata
visualization analytically - since the data amotot be
integrated is too large and complex — the lattéowad to
verify of the consistency of the generated knowéedg
settling any possible contradictions involving inf@tion
from heterogeneous sources.

The main objective of this project is to provide a
software platform that allows the publication ammkbo data
integration related to public health into an enmim@nt of
cloud computing. This platform will consist of many
different services that will provide the required
functionalities for describing, publishing, discowg and
integrating open data. We defineopen data as all data
having their description defined by a common vodtatyu
stated through domain ontology.

[1l. CONTEXT-AWARE SCENARIO

A. Context-awareness

Information could be captured revealing where tber us or
what the user is doing, and then this informationld be
used to offer personalized services and informai@ontext

is this type of information, which characterizesitation
and can be used by decision-making applications.
Applications that use this type of information aramed
context-aware applications [7]. Therefore, a ceinteodel
defines types, names, properties and attributéiseoéntities
involved in context-aware applications, such asrgjsend
other mobile devices. The model attempts to predict
representation, search, exchange and interopeyaluofi
context information among applications. A well dgsd
model is the key to any context-aware system [8].

Aiming in assisting users in their day-to-day tastantext-
aware applications have been using elements ofuiibics
systems to obtain users context information. A &mp
example is the use of sensors that detect the roesef
people and automatically trigger lighting to an iemwment,
according to the people location and time.

A context, to be represented, needs to be modegled b
some technique.

B. Ontologies

The traditional information recovery on the web sloe
not reflect the data semantic, their relationshipsl the
knowledge that they represent. To have a sustanabl
growth, it is needed to adequately manage this inuegs of
information. Semantic Web helps computing devices t
understand the meaning of information stored/traech
over the Internet [10].

Building a semantic web application needs the @eat
and implementation of technology standards to déstab
semantic concepts that make possible sharing irsftom
between two or more systems. It is necessary tatere
mechanisms that describe data and represent theiagof
shared meanings. One of these mechanisms is dafgied
ontologies.

Using ontologies, especially in the Computer Saéenc
area, makes possible the communication betweeerelift
people and computer systems that participate insdme
knowledge field - but not necessarily share theesborm of
conception about the elements of this domain.

An important reason to use ontologies is the gamsof
reliability surrounding vocabulary concepts or laages
that are used in certain environments. Thus, uSngal
representation acquired with this application, @écdmes
possible automation of consistency verificationnagating
environments more reliable [11][12].



C. Personal Tracking Knowledge Management, Normative, Clinical-
Epidemiological, Administrative and Shared Manageme
(MONTEIRO 2009). Therefore, the prototype preserited
this paper implements LARIISA’s components, apmyin
them to the scenario of decision-making to the robruf
dengue epidemics in the Ceara State.

There are several applications that use conteztew!
data to provide enriched information, like for exde) the
proximity of people or objects in the photo, therrent
temperature, date, annotations, etc.. They ara oféained
from sensors in mobile devices, from users or fthenweb.

With this associated information, context-awareligpfions B S ————————— e
can better suggest actions or new information tb the ; e o Mahing ot for b i Goterien AolEabions -
decision making processes [13] [14]. meledae Lsysm an:ayana ,;,,mm @:;e:
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decision making in healthcare environments, subsdlby
the information captured in the context of famili€sst of
all, the user trajectory is registered by using@iS sensor
of the device, as presented in [13] (figure 1). M/hi i T Sloba et
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context-aware applications for aiding decision-mgkiin
the healthcare sector. LARIISA posits that a health

system can be well represented through five diffevéews: Figure 4: Lariisa Global health context model:



This platform works with real-time information and
comprises inference systems based in ontology moties
context-oriented, providing higher adaptability tie
decision-making applications existing in Brazilian
healthcare network. The current healthcare netwisrk
divided into five levels: Primary Care Networkgalknown
as Family Health); specialized Ambulatory Care Nety
Hospital Network; Urgency and Emergency; Mental lHea
Since LARIISA proposes to integrate the five levaiove,
it tends to grow very large and its architecturplanned to
accommodate this growth. The present project makesof
LARIISA’s context-oriented capabilities, particllarthe
applications aimed at the Primary Care Network, anare
specifically, the infant-marten health area.

V. LARIISA” S CLOUD COMPUTINGVERSION

Figure 5 presents the LARIISA scenario that usesquel
tracking technology. The LARIISA Framework (figur2s3
and 4) will play a very important function in caitehng and
treating information related to health.

LARIISA will be used as a software platform
containing many services oriented to the publislihgpen
data, which will allow its future integration witthata from
other data sources.

Another objective of this platform is to allow the
building of mash-up applications, which will be abio
make use of others services provided by the piatfor
particularly services that enable the integratibdata from
different sources. Additionally, there will be arted
services for data visualization and decision suppor

Altogether, in order to address the different sask
proposed by LARIISA, we have to answer questionsnfr
different domains. For didactical purposes, weetisthese
concerns below.

A. Data Base

P_DB1. Which is the percussion of the usage of the

cloud computing in the process of data integratidm?

integrate data in a cloud environment creates many
opportunities and challenges and to understandethes

questions is very important to formulate the rigbiution.

P_DB2. How shall be specified a procespublish
governmental open data through the framework ofM3€
Linked Data? Particularly, we will detail this pess for the
case of the public health information system;

P_DB3. How shall be defined the requirernefur
services for publication and integration of goveemtal
open data in cloud environment? In this problem;llwe
analyze the requirements of the applications tdebesloped
in cloud environment, trying to identify which imgpetion
services are necessary to support these applisation
Moreover, we’ll investigate how publishing servisd®uld
be orchestrated to support the process presentetthein
problem P_DB1.

P_CC1. How shall be specified a cloudhiéecture of
applications or services for publication and inédigm of
the governmental data? This problem should dedi thie
level of service that applications will be made italde by
the clouds and the interface of this level with lgneel of the
data storage service.

bP_CC2. How the data bases of governmental
applications must be mapped to the data model stgapby
cloud infrastructure? The mapping should take adoount
the heterogeneity of the data models of existingress.
This problem must also define the sending data htodée
clouds.

<diagnosis_id=0023821992>, <lat=53°45' 48.6429">,

<lon=W 38° 36' 28.7434">, <loc_name=Av.F, 126-298- | patientristory (sus id)
Conj. Ceara, Fortaleza— CE>, <date=March 2nd,
2013>, <time=17:00h>, <heart_rate=110bpms>,
<body_temp=40°C>, <blood_pressure=140/90>,
<symptoms=A, B, C>, <sus_id=209968974640021>

Send diagnosis data to the Lariisa Database
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Fig. 5. Lariisa’s Personal Tracking Scenario

B. Cloud Computing

P_CC3. How shall be published governmental data,
particularly data relating to healthcare, accordmgrotocol
security and access control? The definition of fgristocol
should consider the dissemination of data withire th
parameters of health ethics. This problem shouftheehe
security model of the data sent to the cloud, ahne t
verification protocols of the right of access toeth
information.

P_CC4. The resources ticketing usage of the cldegsnds
directly on the need and the allocation of thesoueces,
then how can be understood the processing andvdhatme
requirements to budget the usage of clouds? Theamirof
service is also defined by these requirements fa t
publication of the data has a level of availabiltypected.
The processing and storage requirements must ktefriounn
the existing data volume and the need for avaitgbdf
services publication.



VI.RELATED WORKS

Existing processes for patients' vital data coitectequire a
great deal of labor work to collect, input and gmel the
information. These processes are usually slow anor-e
prone, introducing a latency that prevents reaétidata
accessibility. This scenario restrains the clinid@lgnostics
and monitoring capabilities. In [15] is proposesiodution to
automate this process by using sensors attacherigtng
medical equipment that are inter-connected to exgha
service. The proposal is based on the conceptstility u
computing and wireless sensor networks. The inftiona
becomes available in the cloud from where it can be
processed by expert systems and/or distributed edical
staff. The proof-of-concept design applies commodit
computing integrated to legacy medical devicesueng
cost-effectiveness and simple integration.

In [16] Online personal health record (PHR)
enables patients to manage their own medical recioréh
centralized way, which greatly facilitates the atye, access
and sharing of personal health data. It proposem\el
framework for access control to PHRs within cloud
computing environment. To enable fine-grained and
scalable access control for PHRs, we leveragebatéi
based encryption (ABE) techniques to encrypt each
patients PHR data. To reduce the key distribution
complexity, we divide the system into multiple setyu
domains, where each domain manages only a subské of
users. In this way, each patient has full contk@rdher own
privacy, and the key management complexity is reduc
dramatically. Our proposed scheme is also flexiiol¢hat it
supports efficient and on-demand revocation of aseess
rights, and break-glass access under emergencgrszen

VII.CONCLUSION

The decision-making process in health governance
systems is a constant challenge, whether in urbanasio,
where human resources and infrastructure availdbl@ot
accompany the growing demand, or in rural areagrevh
management is aggravated due to precariousness of
contingent communication, etc.

The LARIISA project is a rich environment for
developing context-aware decision-making applicegjo
aimed at fostering governance public health systerhis
paper presented the LARIISA 2.0 version, a comprat
model named Cloud LARIISA. The main objective of
Cloud LARIISA is to provide a software platform tha
allows publishing services and integrating datatesl to
public health in a cloud computing environment. sThi
platform is composed of several services that prtivide
the functionality needed to describe, publish, aier, and
integrate data openly.

Although the contextual knowledge and the real-time
information are key ingredients for the intelligent

governance of health systems, in practice, thesenat
always available at the time health managers nbeth,t
resulting in making decisions “in the dark” or evére
refraining to take actions. A direct consequencethis
inefficient usage of resources applied and / ok la¢
treatment / control of health problem (e.g., andepiic).
The situation becomes even more complex when thihhe
governance decisions seek for synergy with theityeaf
the “last mile” in the health system: the familieBhe
decentralization promoted by this new health papadi
focused on families, naturally, makes the decismaking
process and the application of knowledge in healtba
even harder.

A cornerstone for the establishment of governasce
to adopt information technology as a mechanismiitova
the publication and distribution of information tall
segments of society. Economic factors have led o a
increase in the infrastructure and facilities faowpding
computing as a service, in an elastic way, i.equgh cloud
computing, where companies and individuals can rent
computing capacity and storage, rather than malange
capital investments required for the constructiow @he
provision of installing large-scale computing. Taes
services are typically hosted in data centers,gusimared
hardware for processing and storage. Of courseydclo
computing emerges as an appropriated response tetds
of handling large volumes of data that need to floegssed,
integrated and available for users and applicatidrgs
way, cloud computing is the ideal candidate to supthe
applications development for electronic govern.

Promoting electronic governance has as main agenda
to provide citizens with a transparent view of the
information generated and managed by public agencie
Thus, the first step in this direction is to prawichethods
and techniques to publish and integrate differeatad
sources from these agencies in order to provideiqua
insight to its users.
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