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ABSTRACT

Systems based on Information and Communication fi@ogy have been designed to meet needs relatetieto
management of processes involved in home careitagivHowever, most products on the market todayexpensive
and there is a great need of low-cost productesaiole to all people in disadvantage (Classes DEgndhis paper
presents the Diga-Salde, a low-cost prototype phatides home care services through a main useitaDigV
Interactive interface. It takes advantage of thpuparity scheduled for the Brazilian Digital TV. Tlga-Salde has
been used on the LARIISA project, a governance aecimaking support model for public health systeraatered on
the family. To connect LARIISA and the Diga-Salde, wge LISA — LARIISA Integration System — a highkpansible
system that aims at facilitating the inclusion analusion of context providers, even if they haw ariginally been
conceived for the LARIISA interface.
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1. INTRODUCTION

This paper proposes specification of a home cav®ype system to support some activities of hoare c
services through the Diga-Saudde [1][2]. This israppsal for a low-cost system that consists of &site
that provides/receives data from a second modutigital TV application expected to be shipped ittie
Set-Top Box (STB) connected/integrated to the paerV. Main features of this prototype are: monig
of medication use; remote access to patient vigalss messages or advices sent by health profedsjaand
dynamic texts or motivational and educational vileo

It must be emphasized that the Diga-Salde platisses GINGA [10], a middleware developed for the
Brazilian Digital TV. The main feature of GINGA s interactivity, and Diga-Saude takes advantdghis
feature.

These solutions have been used within the scopfABIISA Project (Laboratoire Réseaux Intelligence
Intégration Santé Aplication) [3]. LARIISA proposesdecision-making support model for public health
management systems, where the information modeéngered on the concept of a family. Based on the
Dey’s definition of context [4], we consider healtontext as “any information that can be used to
characterize the situation of an entity in a heajtbtem. An entity can be a family member, a headignt, a
health manager, etc., that is considered relevatite interactions between a health manager arehtthh
care system in order to make decisions.”

This paper describes both an application scenanith @ prototype that illustrates how these two
components can be used in interactive applicatibosconnect the Diga-Saude to LARIISA, we use LISA



(LARIISA Integration System Architecture) [13], aghly expansible system that aims at facilitatimg t
inclusion and exclusion of new home care services.

This paper is organized as follows: Section Il diégs the Brazilian Digital TV and its features.cien
Il shows the DIGA-SAUDE application, architectussd implementation aspects. Section IV describes
LARIISA and LISA framework and the integration ofiga-Saude and LISA. Section V presents related
work. Finally, Section VI concludes the paper aistuasses future work.

2. BRAZILIAN DIGITAL TV

The impact of the new generation of television igcm more significant than the simple technological
upgrade from an analogical transmission to a digitee, or even an improved quality of image andnsou
[5]. An important component of this system is itsility to expand the functions of the system for
applications constructed on the base of a refetestandard system. Such applications are compuo#dtio
programs installed in a receiving device. New smryiare available, as electronic guides of programs
banking services (T-banking), health services (akh¢, educational services (T-learning), serviaés
government (T-government), etc. But the most ingodrtcharacteristics of the Brazilian Digital TV
technology is the interaction of the user, whiclhuldotake control of the flow of a televising progra
determining if one content must be shown or not fiecessary computational capacity to the new myste
can be integrated in the proper display deviceedicg of digital TV, a cellular, PDA etc.[6]. Theam
innovation is taking advantage of a break of a ggra in the Brazilian scenario, when a Digital T\llw
take the place of the omnipresent analog TV, noailavle in practically all residences. Figure 1gamts the
architectures of the digital TV where the Brazilsolutions/choices are highlighted.
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Figure 1. Architecture of the Brazilian Digital TV

The SBTVD-T [7][8], the Brazilian model for Digital'V, uses in the Compression Layer the H.264
video codec instead of ISDB-T's MPEG2 and an impdotunerl. DVB and ISDB also provide for other
video compression methods to be used, includingzd&fd MPEG-4, although JPEG is only a required part
of the MHEG standard. In fact, Brazil is using ISD@® terrestrial broadcasting (ISDB-T). This videon
encoded with MPEG-4 AVC (H.264) and the audio WHREG2-AAC [9]. GINGA [10] became, recently, a
recommendation H.761 of the International Telecomications Union (ITU-T). In fact, this
recommendation gives the specification of the Nk€§lentext Language (NCL) and of an NCL presentation
engine called GINGA-NCL to provide interoperabildynong multimedia application frameworks [9].

3. THE DIGA-SAUDE

The Diga-Salde [11] integrates devices used foritmamg vital signs from people that require intemes
health care. Supported by a TV set top box, thetigude allows the assessment of patients’ phystiatals

and the assessment of some types of vital sigieh, @81 body temperature, heart rate, pulse, respjredite

and also blood pressure. In addition, the Diga-8aprbvides remote access to medical services. For
instance, Diga-Saude sends messages (and progrgranmmouncements) through the television to thesyser
telling them the exact time for taking medicinekisTkind of service improves the life quality ofigbeople
with memory problems.



To capture and store vital signs from patients plaiper proposes the use of specific equipmeniigaiea
on the market), such as the set top box and med@ates (e.g. pulse oximeter, sphygmomanometeodbl
glucose meter and accelerometer sensors) thatecpfabed on the patient's body. The informatiotectéd
from these devices can then be provided (by Digad&gto health professionals.

While Diga-Salde performances the patient healthitmong process via Digital Interactive TV, it gis
to the patient good autonomy through sensors addeithe patient's body. Diga-Saude helps patients’
recovery while they are at home. For patients lzate suffered some type of surgery (e.g. postopejat
Diga-Salde assess their health status in orderavide a better recovery process and starts angetee
action by health professionals. Motivational videms a great tool that can be sent using Diga-StaniHelp
a person during his/her recovery process. Curreptigple in these situations are usually admitbekealth
facilities (with high costs). Regarding professibadvices, this system contributes to improve tbetar-
patient interaction, even the patient being inHg@sbwn residence.

Finally, the Diga-Salde increases the potentiablMGA in the health care area through its modules,
sensors and other components, and Diga-Saldeeaxszssas proof of concept for an extra set of appbins
that can be developed.

3.1 View of the Execution

The vision is based on the implementation proceisst®e environment activities of system users: pitag;
Payer Source; Home Care Company; and the patlemt®e. Figure 2 illustrates these environments, fvhic
are included in the steps that lead patients tadmitted to the home care service. Our proposettrsys
emphasizes these environments. Hospital: startpriteess to include the patient in the home canegss.
Payer Source: environment where the family memhggernment agents or healthcare plans approve the
transfer request of a patient. Home Care Compamypany that assess the risks in transferring thiergao

a home care process. Patient's home: environmeptewhll activities related to the home care process
happen, starting when patient leaves the hospitilthe patient’s total recovery.

Figure 2. Environments in the process of home care

The Diga-Saulde is a proposed system that congist®anodules. There is a web module and a Digital
TV module that embeds features to support the iieByperformed in the two environments: Home Care
Company and Patient's Home. Figure 3 illustrates\arview of the Diga-Saude.
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Figure 3. Overview of Diga-Saude

» The Diga-Saude TV is a Digital TV application thaill be embedded in the STB connected to the
patient's TV. The Diga-Saude TV application willpport home care services through the following
features: supporting management of medicines, viexpimessages and advises, displaying health tips,
and monitoring vital signs. Management of medioiteurs by receiving automatic reminders that are
sent by this module (Diga-Saude TV) at the mombat the medicine should be used. Displaying of
health tips will depend of a broadband connectmreteive video and text stored in the the Digag®au
Web module. Monitoring of vital signs happens inipgs previously scheduled in the Home Care Plan.



* The Diga-Saude Web is the module that enablesysters to send information to health professioress,
well as receiving data generated by patients. Tata denerated by patients are: vital signs, mdditat
use status and the situation of messages to igewtiether they have been read or not. The data
transmission is performed through an Internet chhridanagement of administrative information that
encompasses other elements of business is perfdmntids module. The Diga-Saude Web module also
assists the end-to-end process of monitoring pati@mce the creation of a treatment until the @hit).

3.2 Diga-Saude Architecture

Figure 4 shows the architecture based in layetseoDiga-Saude. Because Diga-Saude has two modiudes,
are partially independents, figure 4 shows thectitre that best aligns with a client-server model.
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Figure 4. Diga-Salde’s architecture diagram

* The first layer (Layer I) has the Graphic User tfaees (GUI) of both system modules. The GraphierUs
Interface of Diga-Salde Web runs in Web browserd aan be developed with the following
technologies: Java, Java Server Faces and RichRacas be accessed from a Web browser instalhed o
any computer with Internet access. In the Diga-8aiM, the GUI runs on a patient’'s TV, and it willeu
the component GINGA-J or GINGA-NCL (for building aphical user interfaces based on Java
programming language). Both interfaces accessebmurces available in their respective businessday

* In the second layer are all features offered bytitga-Salde. The business layer of the Diga-Saude W
accesses the third layer via HTTP using componeritien in the Java language. The business layer of
Diga-Saude TV accesses the third layer via web@esvThis module uses the channel return component
to establish the communication. To meet all featutet build the whole system, both modules have
business rules written in Java.

* The third layer is the Persistent Data layer. AlDiga-Saude’s system data is stored at this lalbis
layer has components to access the database, atgechvailable to the second layer. This layer has
components written in Java language — these comp®raecess data through the use of an object-
relational framework like Hibernate. This layer alsontains the DBMS of the Diga-Saude (e.g.
PostgreSQL).

3.3 Implementation Aspects of the Prototype

This section describes the implementation aspe€tshe Diga-Saude prototype. The prototype is
implemented with three distinct variants. Althougdt fully integrated, they proved some conceptateel to
the proposal, and they evaluate the complexitysiigiGINGA in the context of home care systems.sThu
each variant is created in a different phases.

In the first phase, we have implemented the firgéractive application of the Diga-Saude. In this
application we present the API AI3D proposal (Imggpn APl among devices used in the Diga-Saude),
created exclusively for this system. This prope@siis the integration and communication of the senand
middleware components to enable portability of Biga-Salde to another middleware if required. To



implement the graphic interface user, we use thet ¥dchnology based on the Java-TV that is spécifie
the middleware GINGA and MHP. The Xlets are usedtie development of DTV applications based on the
Java programming language, which is object-oriemedable, mature, and widespread in the market.

In the second phase we have analyzed the use sdrsein the proposed system. The Diga-Saude has a
special characteristic - it checks patients’ véigins. The STB performs this task within the Digai&e. It is
required to integrate the sensors to the systenchwiequires the use of libraries or APIs (Applioat
Programming Interface) of third parties. Thesedlitas convert the signal generated by the sensorain
signal understandable by the system. They are ginaritten in the C programming language.

The GINGA-NCL is based on the LUA language, and@RGA-J is based on the Java language. Both
of them are APIs that access components writteharC programming language. For the test here gemho
we use the Java version. Using this version of GANBntributes to the use of libraries also writteith the
Java language. Using GINGA-NCL has the restrictafnusing only libraries written in C language.
Furthermore, there are no sensors that use thelabiduage. However, there are no restrictions ingialso
the GINGA-NCL in implementations of the Diga-Sauda perform a test with a sensor (to replace the
simulator) we uses the pulse oximeter CMS-P20stilted in figure 5, which is used to check viighs:
pulse and SPO2 — Blood Oxygen Saturation. Aftaingst, we found out that the use of sensors igital
TV system is feasible and could be implemented.

Figure 5. Pulse and SPO2 sensors Figure 6. Medicine list on a Digital TV application

Figure 6 illustrates the navigation menu of Moclflgan online wireframe tool), and displays in teé |
corner a hypothetical TV. At the center of this Bva screen that contains the medicine list thatia¢o be
taken by the patient.

4. LARIISA PROTOTYPE

LARIISA is a project that makes use of intelligesystems for helping decision-making in the arepudflic
health governance. It uses mobile devices, embedygsigms, and also the set top box appliance of the
Brazilian System of Digital Television- SBTVD asntext providers and, in its first version, LARIIS/es

the Ceara Digital Belt [12] as the communicatiofiastructure. LARIISA is also designed to providealth
professionals with an intelligent governance framthat will support them in decision-making preses,
concerning the basic health care network from trezilan Unified Health System (SUS).

The LARIISA Project aims at researching and devielp@ framework that uses information primarily
collected from and sent to the families. Once pssed by knowledge management mechanisms, this
information will guide health professionals in tHecision-making process. With this purpose, LARIISA
collects real-time information from Digital TV sttp boxes and mobile devices - providing furthenents
that improve the quality of the decision-makingqass.

LARIISA runs over the Ceara Digital Belt in additito other existing communication links, like WiMax
WiFi e GPRS and it is based on inference systemswiorks with ontologies adjusted for model context
information.

For instance, let's consider a health agents’ wadn being dynamically changed (in other words, a
context-aware work plan). Or, as another exampéalth managers taking decisions based on real-time
information, enabling proactive actions.



LISA [13] is a solution to integrate context proeid, like Diga-Salde, to the LARIISA framework. AIS
was designed to address some system integratioesisprivileging expansibility, flexibility and fdity to
connect/disconnect context providers even if thayehnot originally been conceived for interfacinghw
LARIISA. Figure 7 depicts LISA’s architecture:
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Figure 7. LARIISA prototype

LISA’s main objective is to enable the connectiohcontext providers to LARIISA, regardless of
software or hardware platform. Taking into accoll8A purpose, context information is delivered weiti
changes in their protocol, format or any furtheerpguisite, considering the difficulties of any obas in
embedded systems.

Another LISA’s objective is to define a way to réafe the access of the context providers, offetiregn
a single interface to LARIISA (Figure 7). After gatmn of the file transfer-based integration modelntext
providers are supposed to write to a file thatndarstandable by the LARIISA framework.

Shared databases would hardly be a reasonableechsiice context providers are not known a priori.
Including new context metadata (and context prasentvery accommodating nature) would require
adjustments in the database. In addition to beirar@rone, this strategy is far from scalable.

Remote Procedure Call would not be a good choieetduts synchronous and blocking characteristics,
and it would also strongly impact on LARIISA’s oadirperformance. Someone could argue that it is no
longer accurate to say that RPC applications acegsarily bound to synchronous interactions, cenisid
that it is now possible to simulate degrees of elyonicity (e.g., DCE threads). However, such choic
would make application development more difficutice complex programming must be done to handle
multiple simultaneous calls.

Due to all the above “misdemeanors” of the altéweasolutions, Messaging has been appointed the
integration model that best suits LARIISA’s requients. Being loosely coupled (minimizes dependency
among applications), minimally invasive, mostly agyronous (again, one could point out that mesgagin
can be synchronous as well — but we just don't lfakthis feature in it) and reliable, Messagingnbs
together all characteristics required by LARIISAadne single solution. Figure 8 and 9 show the meisha
used to integrate Diga-Saude to LISA Architecture.
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Figure 8. Integration Mechanism from Diga-Saudel®A (1)
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Figure 9. Integration Mechanism from Diga-Saudel®A (2)



5. RELATED WORKS

There are various types of interactive applicaticngh as: health services, information, commuiunat
entertainment, government programs, educationletiie case of health services, they may be cladsis
T-Health or T-Care. The first one covers all segsicelated to health and well-being, delivered exetuted
on the TV screen. The second service, that is blofestudy of this paper, is a special variant efi@alth
that covers the communication services that linfkepés to health professionals through applicatibased
on Digital TV to support the activities of home €4t 4].

The T-Care, which joins these two interrelated tegnDigital TV and Home Care, has the purpose of
making use of technology to provide healthcareisesvto the society. These two areas together reortfie
opinion of Barra [15], in other words, they linkmputing and health to enhance the health scieiceagh
the use of new technologies, created by the masetee the man. However, in the Brazilian home ,care
there are few T-Health solutions and no specifiuttans for T-Care. Unlike what happened in other
countries that have few researchers and compan#sdesigned some systems: Philips Motiva [16], the
U.S.; the MHhomecare [17], in Italy; and the PANABHEYV [19], created in Greece and tested in the
England. The applications more easily spread irziBase not based on Digital TV and they meet armss
model focused on an administrative scope of theehcane process.

The Interactive Digital TV allows the creation oflaage number of services of interest to our sggiet
among whom the area of interactive applicationshimme care, for example, the Philips Motiva [16heT
PHPhomecare [17] and Panaceia-TV [19] and Glow{2@js

The ideas and discussions raised in these studies the basis for the preparation of our propoEad
Diga-Saude, a support system for home care senbiesed on Interactive Digital TV and Internet
technologies. He has the same scope of work mesttiam the differential, as well as having intereeti
services - monitoring of vital signs, health tipglanessaging for patients - already present ineglaork,
propose service support service monitoring and cagidin administration. The latter was not founéiy of
the related work. The panaceia-ITV suggests somgthiong those lines, but it does not automatesgba
this process, as with GlowCaps, which possessdardo support this service, but is not based o &md
is not sold to the Brazilian public.

From the above, we emphasize again the importah88ga-Saude in the context of home health care,
especially the interactivity characteristic of fhegest GINGA. This interactivity adds to the Di§atide a
particularly unique and highly advantageous toltbme care system in Brazil. Thus, use of theseurese
to increase the quality of life (especially of elgigpeople), is one of the benefits that most reachith our
proposal. Especially because people has alreadyusteg the TV as a form of entertainment.

6. CONCLUSION

The main difference between the Brazilian Digits model and others DTV standards is that the Bieazil
model was developed with interactivity features][22]. One feature is the interaction of the TV ysehich
could take control of the flow of a televising pram, determining if one content may be shown or not
Because of this, the impact of the Brazilian Digit& should be much more significant than the sienpl
exchange of an analogical system of transmissiodifital transmission. And Digital TV is much maditen
set top boxes that improve the quality of image sodnd. New services could be made available igh t
advent of Digital TV, as banking services, servioégovernment, in especial the educational andtthea
services [2] [23].

This paper describes the Diga-Saude, a low-codbtyme that provides home care services, and shows
its integration on the LARIISA, a decision-makingpport model for public health systems centeredhen
family. These solutions of home health care, dgyedoin the context of the GINGA CDN project, were
supported by the RNP.

Health systems worldwide have to deal with a carttachanging environment, but they are not
responding satisfactorily to these situations. \&f@ssociety has been built its healthcare systemtered in
hospitals, but the needs now are being convertéantdies’ houses. It turns out that traditionabl®cannot
handle this new scenario. It is precisely in tluersrio that the LARIISA Project may represent eagi@m
shift in health access for the whole society. ThazBian model of Digital TV/Set-top box is contelaed



strategically to serve as a terminal access irL#iRlISA, considering that Digital TV/Set-top box Nvbe
soon delivered to the households in Brazil. By ddihis, LARIISA will allow the less privileged clasn
Ceard to have access to context-aware servicetedieapplications for health carérro! Fonte de
referéncia ndo encontradal23].
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