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ABSTRACT

In aged society and modern life, chronic diseases and sub-health have
become more and more common. It is very urgent and challengeable to
provide medical servicesfor peoplewho have suffered from these diseases.
Compared with traditional medical service pattern, in which patient must
go to the hospital to see a doctor face to face, telemedicine and telecare
can satisfy both the patient and doctor in aremote environment. Based on
the concept of telemedicine and telecare, this paper proposed a new
solution for medical service, in which patients can monitor their own health
conditions and share medical services at home, health practitioners can
provide professional medical servicesfor patients at remote locations, and
medical organizations can analyze the regiona distribution of diseasesin
their offices. According to these results of requirement analysis, the Browse/
Server system architecture is adopted and the corresponding thematic
function modules are designed. With the integrated application of
informati on technol ogy such as sensor, communication, network, database
and geographical information system, the proposed home health
monitoring and tel ecare system, which seamlesdly linksthe patients, doctors
and medical service institutions together anytime and anywhere, is
developed. The case applications show that this system is feasible in
technique and effectivein practice. © 2013 Trade SciencelInc. - INDIA
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Withtheimprovement of living Sandard, peoplepay
more attentionsto their health. However, theincrease
of sub-health and chronic diseases are aways attack
peopl€’s health, especially in the modem life with fast
paceand in the aging popul ation society. Peopleliving
with morethan one chronic condition face particular
challenges, both medica and social, and thequality of

care servicesthat these patientsreceive should clearly
beimproved.

At present, most health monitoring and care ser-
vicearedtill afaceto faceway, which needsto bereg-
istered, queued inthe hospital and cannot prevent dis-
ease or even cannot control thehealth condition at an
early stage. So new organizational model sand techni-
cal systemsshould be provided to restrict health care
expenditure and offer appropriateandtimely care3. A
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lot of researchersaround theworld try to proposethe
concept of telemedi cine and tel ecare to sol ve thisprob-
lem. Obvioudly, it isthe gpplicationsof te ecommunica
tion andinformationtechnologiesinmedicd field, which
shareand maintain patients’ health information so as to
providethem with servicesof clinical careand health
education for medical professionalsinaremoteand
separate environment!®. However, most of thesere-
searchesdtill stay at the conceptud level sofar. A com-
plete system hasn’t been formed perfectly.

Asthedevelopment of information technol ogy such
aswirelesscommunication, wearable sensors, database
system and Geographic Information System (GIS),
advanced multi-parametric health monitoring may be
achieved“™, It makes a new breakthrough in
telemedicine. Based on the new technol ogy, ahome
health monitoring and telecare system (HHMTYS) has
been proposed inthispaper. It providesaninteractive
and cost-effectivemedical servicefor patientsintheir
own, natura environment. Therefore, without going to
hospital, patients can know their heath condition well
and get appropriate and professiona medical care ser-
viceat any time, day or night.

REQUIREMENT ANALYSISOFHHMTS

HHMTSisanintegration of medica, communica-
tionandinformationtechnology. It amstofulfill thedigi-
talization of entire processin home health monitoring
and telecare, which coversthe datadetection, acquisi-
tion, transmission, storage, management, anays's, ap-
plication and service of patient’s main physical and
mental health. Firstly, it should be ableto acquireand
tranamit themedica data, and accomplishthedatastor-
age and archiving. Secondly, it should realizethedata
modeling and autométic diagnos sof common di seases.
Thirdly, it could provide datamanagement, andysisand
sarviceinthe centra station.

DESIGN OF HHMTS

System ar chitecturedesign

Thepotentid end usersof HHMTSmainly include
patient, central station, health careworker and public
hedlth serviceindtitution. By using Browser/Server (B/

S) schema, the system combined all these objectsto-
gether organically. Asshownin Figure 1, thissystem
adoptsathree-tier architecture, including dataacquisi-
tion layer, datamanagement layer and application layer.
Thebottomtier isthefundamental layer, whichisused
for dataacquisition and transmission. Medical, non-
medical dataand spatia dataare sent through the net-
work (wired or wireless) to the central station which
services as adatabase server. The datamanagement
tier islocated in the central station. Itincludesacom-
puter-based multi-channe dataanaysisand display unit
that enablestheinterpretation, display, and storage of
therecelved data. Inthe gpplicationtier, alot of medi-
ca servicesareprovided for different userslike physi-
cian, patientsand public hedlth serviceinstitution who
areat aremotelocation.

Health records
database

Physiological
database

Figurel: Systemarchitectureof HHMTS
Design of themain function modules

Based onthe designed system architectureand sys-
tem requirements, the basic functional modulescan be
summarized asfollows(Figure?2).
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Figure2: Functional structureof HHMTS

(1) Dataacquisition and transmi ssion modul e. Patient
collect physiological databy means of portable
monitoring devices such aswearable sphygmoma-
nometer and palm type oximeter at home. These
devicescarry intelligent sensorsand Global Posi-
tioning System (GPS), which can send datato the
database server through theinternet, GPRS or wifi.
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It supports both automatic and manual dataaccess
mode. Transmiss on between the patient and hedlth
worker should bebidirectional.

(2) Personal health records module. Asan important
part of the database, electronic personal health
recordsoffer the history datato health careworker
and patient. They can be used not only to analyze
patient’s health trend, but also to provide reference
for the medi cation and treatment options.

(3) Data modeling and analysis module. With the
assistances of physiological dataanalysis model
(Classlibrariesinthe programmer), raw medical
datacould beidentified by theonlinedoctors. Busi-
nessintelligence(Bl) and association rulesarea so
used to analyze the chaotic monitoring dataso as
to extract valuableinformation about health care
and treatment.

(4) Abnorma reminding module. By setting up specia
medicd rulesand models, thissystemisabletogive
diagnodtic resultsautomatically. Petientscanreceive
abnormal reminding through text message, e-mall
or web message. Like an onlineprivatedoctor, the
automatic reminding module provides health care
knowledge and further treatment information for
patients.

(5) Hedlth service and counseling module. In addition
to theautomatic diagnosisand alert mode, health
careworker needsto do further diagnosisfor pa-
tient. And somegenerd consulting servicessuch as
online exchange, health education and health re-
ports should be provided.

(6) Regiond hedth anayssmodule. It should beable
to generate regional disease distribution map ac-
cording to the corresponding disease caselibrary
and patients|ocation information based on Gl Sand
GPS.

DEVELOPMENT ANDAPPLICATION OF
HHMTS

Development environment of the system.

Visuad C#.net and ArcEngine have been chosento
bethe programming language and GIS component re-
spectively to development the system. SQL Serveris
used asthe database management systemto provide

dataservice. Sincethe system adopts B/S schema, the
end usersdon’t have to install any other extra program
except acomputer with aninternet browser.

Data acquisition, transmission and storage

Inthe B/Sschema, server islocated at the central
dation, inwhich severd medica databasesareincluded.
Through the preset accounts, passwordsand protocol,
different userscanrealize the dataexchangewith the
server. Theusers of the system can be patient, health
careworker and public health serviceinstitution. For
an example, thesystem allows apatient to collect his
hedth dataautomaticaly or manualy. AsshowninFg-
ure 3, these data can be measured by monitoring de-
vices and then transmitted to the central station by
GPRS, wifi or other wireless communi cation ways.
Additiondly, patient can a so submit thesedataonline
manually. All thedatawould be stored inthe database
server at the central station.
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Figure3: Acquistion, transmission and storage of patient’s
health data

Modeling, analysisand application
Applicationin ECG data

Asoneof themost common chronic diseases, heart
disease hasahighincidence. Patientswith heart dis-
ease need to get specia careservices. HHMTSisjust
able to provide atwenty-four hours supervision for
them. Asshownin Figure4, it hasfour key steps: (1)
patient getsown el ectrocardiogram dataand transmits
themto thecentral station; (2) thedataareinterpreted
and automatically anayzed through the datamodel to
find out whether itisnormal or not; (3) dataare stored
inabnormal case database and physiology databasein
theserver; (4) patients, health practitionersand public
hedlth serviceingtitutions can usethe datathrough the
browser. Patient will get reminded or darmed if some-
thingisabnormal in hisher e ectrocardiogram, commu-
nicatewith his’her hedth practitionersonlineand query
hig’her historica medicd data(Figure5b).

Application in systolic pressuredata
Hypertension isanother common chronic disease,
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Figure5: History electr ocar diogram data after parsing

whichiseasily affected by the environment®. Health
careworker need to track patient’s blood pressure pe-
riodicaly so asto providediagnos sand trestment sug-
gestionsfor patients Asthestandard of thenormd value
isdifferent from patient to patient, after receiving the
data, the systemfirst judge whether the patient hasa
personal standard. Thenit comparesthemeasured data
with international or personal standard to find out
whether thedataisnormal. No matter the dataisnor-
mal or not, it would be stored in the databasewhichis
located inthecentra server (Figure6). Patient canview
theresult and cartogram (Figure 7) by accessing the
database online. The cartogramisvery helpful for pa-
tient to know the dynamic changes of the health status.
Moreover, patient woul d recel vewarning messagewhen
hig'her blood pressureisabnormal.

Figure6: Flow chart of systolic pressuredata processing
Application inregional health condition
The monitoring devicescarrying GPS module can

get their positioninformation. Asthephysiologica data
aretransmitted to the centrd station, thepositioninfor-
mationisaso sent and stored inthedatabase. Thesys-
tem associatesthe postiontablewith theaonormd table,
and then generatesdistribution layer of patientsby uti-
lizing GIS. Public hedth serviceinstitution and other
related interesting userscan draw thematic diseasedis-
tribution map by age, region and other features based
on spatia overlay andysisin GIS. Inthemap, different
rendering color representsdifferent severity. Hisograms
can aso beused to expressthedistribution of different
parameterssuch asageand sex. Figure8isan example
of the distribution map of coronary heart diseasewith
ages.

SYSTOLIC PRESSURE
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Figure7: Dynamic change and statusdiagnosisof systolic
pressure

Figure 8: An example of thematic distribution map of re-
gional health

CONCLUSON

This paper proposesanew, integrative, highly so-
phisticated and cost-effective home health monitoring
and telecare system. It can seamlessly connect patients
Stuated a homewith central station managed by hedlth
practitioners. Thevitd hedth sgnsto bemonitored may
include blood pressure, oximetry, temperature, heart
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rateand so on. Theresultsshow that the diagnosisand
management decisions provided by HHM TS are com-
parableto those madein hospital by facetoface.

In thissystem, the health monitoring devicesare
quiteimportant, especialy for aged patients. With the
development of internet of things, moreand morewear-
ableor potablemeasuring equipmentswill beavallable
inthenear future. Additionally, moreprofessond diag-
nosismode sshould be provided to adapt theimprove-
ment of new devices. Besidesthe persona health moni-
toring and care service, future study can befocused on
therel ationship between environmenta factorsand dis-
eases based on theregiona health monitoring results.
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