ISSN : 0974 - 7451 Volume 7 Issue 8

Snviconmental Science

Trade Science Ine. Ao Tudéan W
== Epvironmental Polley Analysis

ESAIJ, 7(8), 2012 [279-287]

Framework of a real-time mobile GIS as early warning mechanism
for epidemics

L.0.Omotosho*, C.O.Akanbi, D.O.Oladeji, M.A.lbrahim
Department of | nfor mation and Communication Technology, Osun Sate Univer sity, Osogbo, (NI GERIA)
E-mail: inedune@yahoo.com
Received: 5" April, 2012 ; Accepted: 8" August, 2012

ABSTRACT KEYWORDS
Health iswealth. Good health is one of the most essential necessities after Geographic information
the basics: food shelter and clothing. Diseases are a threat to individuals’ systems (GIS);
enjoyment of good health. Epidemics or communicable disease however Surveillance;
threaten communities, disrupting day-to-day activities, plummeting or to- Real-time data processing;
tally incapacitating man-power and directly or indirectly affecting the Mobile computing;
economy of such a society. The Federal Ministry of Health has targets Epidemics.

some twenty-one priority diseases in the Integrated Disease Surveillance
and Response (IDSR) system for eradication one of whichisCholera. How-
ever, Choleraoutbreaks in Nigeriawere at their peak last year (2010). The
influx of varioustechnol ogies and technological know-how within the coun-
try the application of information technology in Nigeriais obviously not
yet near world standard, particularly in the IDSR implementation. This pa-
per presents aframework with aGI S core that incorporates other technolo-
gies such as mobile computing to fast track the collation of epidemicrelated
data for prediction and management purposes. As a result of the ubiqui-
tousness of Java-enabled phone (Java based applications) and the wide-
spread integration of Global Positioning Systems (GPSs) into such phones,
Location-based services can be used to enhance the ease of use and use-
fulness of data gathered by public health officials carrying out active sur-
veillance. The componentsof the framework include adesktop server appli-
cation, alongside an automated SM S gateway for notification to the popu-
lace, amobile client applicationwith capabilitiesto servein different capaci-
ties both public health workers and individual public users.

© 2012 Trade Sciencelnc. - INDIA

BACKGROUND joyment of good health. Epidemicsor communicable

disease however threaten communities, disrupting day-

Good hedthiswealth. Good healthisoneof the  to-day activities, plummeting or totally incapacitating
most essentia necessitiesafter thebasics: food, shelter  man-power and directly or indirectly affecting the
and clothing. Diseasesareathreat toindividuals’ en-  economy of such a society. An epidemic of aninfec-
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tiousdiseaseisapublic health problem characterized
by the occurrence of an unusual high number of cases
of such disease expected for agiven placeand time.
Infectiousdiseasesfall into two broad epidemic cat-
egoriesbased on variousfactors such asspread rate or
affected areasor individuas: potentid and emergency
state epidemics.Various threshol dshave been placed
by the Federd Ministry of Health to monitor outbresks
of thetwenty priority diseases. For example Threshold
consideredin outbresksare:
a. Actionthreshold—5/100,000
b. Epidemic threshold CSM 15/100,000, r/f, cholera
and yellow fever—1/100,000

Activesurvellanceisagood gpproach tothisprob-
lem, that iswhether or not thereisan epidemic continu-
ousdatagathering sysemsshould beinplace. Thisdata
can beuseful over timein the management of epidem-
ics. The Center for Disease Control and the Council of
Saeand Territorid EpidemiologistsintheUnited Sates
definesSurvelllanceas:

“... ongoing systematic collection, analysis, and in-
terpretation of health data essential to the planning,
implementation, and evaluation of public health prac-
tice, closdly integrated with thetimely dissemination of
thesedatato thosewho need to know. Thefina link in
thesurvelllance chainisthe gpplication of thesedatato
prevention and control”.

Thisdefinition encompassesthetotality of atrue
surveillance system, in asurveillance system early
warning or “timely dissemination” of data is very criti-
cal asit goesalong way to determine the number of
casualties sl vageablein the event of an occurrence.
TheMulti Disciplinary Committee on Epidemic Early
Warning Mechanismfor Nigeriadefinesearly warn-
ing (anational priority for any country) asthe provi-
sion of timely and effectiveinformation through inten-
sfiedingtitutionsthat alowsindividualsexposedtoa
hazard to take action to avoid or reducetherisk and
preparefor effective response.

Anearly warning mechanism should helpinthefore-
cast of impending events, be ableto processand dis-
seminateof warningsto stakeholdersandaidinthecar-
rying out of appropriate actions. The presented frame-
work amsat delivering these services. Theframework
design aso sought to provideafunctiond society based
early detection and reporting system.
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Thesurveillance performed on epidemicsin any
country should not berestricted to any part of the defi-
nition. Several toolshave been employed successfully
invariouscountriesfor the prediction and management
of epidemics. Oneof such toolsis Geographicinfor-
mation System (GIS) that isacomputer-based system
that dlowsusto study natural and man-made phenom-
enawithan explicit bearingin space’¥. GISalowsus
to enter data, manipulate or analyse dataand produce
interpretable output that may teach usabout the phe-
nomena

GIShasbeen applied previoudy to various areas
in solving human problems, such as Traffic manage-
ment!*3, Agriculture™, Population census, Banking,
Transportation, Environmental Management, HIV/
AIDSIntervention and even epidemicg®.

In many public health and epidemiology projects
Gl Shasrecently emerged asaninnovativeand impor-
tant component, sometimeseven an essentid toal. Itis
easy to determine spatid relationships between disease
occurrenceand other information that isgeo-referenced
differently fromthedisease datd®. Thisgoesto assert
that Information Technol ogy hasalot to offer the public
hedlth sector of Nigeria, the gpplication of technologies
like mobile computing, and GIS can greatly enhance
thepoor state of the surveillancesystemin Nigeria

Theuseof geographica methodsinrdationto epi-
demiology isnot new. Dr. Snow notably made use of
maps during the London Cholera outbreak of 1855.
Sincethen severa epidemiologists have made use of
variousgeographica methodsin thelr investigations of
epidemics. Epidemiology hasseenalot of contribution
initsdevelopment over timefrom GIS, as Clarke et
a™ assert with cogent examplesin their paper titled:
On Epidemiol ogy and Geographic I nfor mation Sys-
tems: AReview and Discussion of Future Directions.
Throwing light on thefunctional capabilitiesof GIS,
existing applications of GISin Epidemiology, spatia
andysispossblewith GISinrelationto epidemiol ogy,
the hardware and software requirements etc. Thispa-
per focusesonthedesign of asurvelllance systemre-
volving around aGlI S core. By making use of state-of -
the-art tools methods and techniques, thedesign re-
solves many deficienciesin statusquo systemsand pro-
videsinformation for action. We present adesign that
subgtantidly provideswaysinwhichimprovement could
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bein madein Nigeria’s approach in the war against
epidemicsparticularly the priority diseases, Cholera,
SwineFever, and Avian Influenza.

STATEMENT OF THE PROBLEM

However, according to the Nigerian IDSR policy
document (2005) by the Federal Ministry of Health,
thecurrent diseasesurvelllancesystemisdtill insengtive
asitisincapable of detecting early warning signs of
outbreaks. Theeffortsof the Federa Ministry of Hedlth
especidly during thelast choleraoutbreak werevery
laudable, however, it issaid that “prevention is better
than cure”. Some deficiencies in the IDSR implementa-
tion, abetting the systemsinsengtivity and ineffective-
nessaresummarisedinthefollowing stages.

I. Gaps at the stage of generation of early warning
mechanismsfor epidemics.

ii. Gapsatthestageof theAnaysisof theearly warn-
ingmechanismfor epidemics.

iii. Gapsat the stage of dissemination of early warning
information on epidemics.

iv. Gaps at the stage of application of early warning
mechanismsfor epidemics.

Theselapsesand gapsif not attended to could bring
the Nigerian economy to its knees as the trend is to-
wardslarger occurrencesof varying degreesdepending
onthediseasein context. A multi-disciplinary committee
on epidemic early warning mechani sms asserted that
epidemicsand diseasesare theleading causes of desth
inNigeria, stating that thetop ten “natural” disasters in
Nigeriawereexclusively epidemic. For theprevention
and management of epidemicsin 1998 WHO/AFRO,
following theresolution of the48th assembly, heldin
HarareZimbabwe, started promoting Integrated Disease
Survelllanceand Response (IDSR) for dl member state
to adopt asthemain strategy to strengthen nationa dis-
easeaurvellancesysem. Thel DSR sarvesin spear-heed-
ingthewar againg epidemicsin Nigeriaandisanintegra
part of the National Health Management Information
System (NHMIS) whichisaGlSframework controlled
by the Federa Ministry of Health. However, theimple-
mentation of thesystemisinaapol ogetic Sate.

Theresultant effect of the poor survelllancesystem
ishigh mortality, morbidity and disability, asrecorded
inthe2010 Choleraoutbreaks. The 2010 Choleraepi-
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demicisreported according to UNICEF to beNigeria’s
highest casd oad sofar (at 38,173 cases, including 1,555
deaths asof October 2010). Thismay beunrelated to
thefact that our home, planet earthisevolving and our
climateischanging. Ford et d briefly highlighted thisin
their work, Using Satellite Imagery of Environmen-
tal Changesto Predict Infectious Disease Outbreaks.
Itisimportant to notethat the Chol eraepidemic earlier
referred to, usudly intermsof origin hasalottodowith
environmental changes (seasonal and related to pres-
ence or bloom of Vibrio cholerae in water bodies)
whichisoneof thereasonstheuseof remotesensingis
very gpplicable. Thisisanindicationthat thetrend may
be downwardsin the surveillance capabilities of the
systemson ground, thisisinferred sincean effectively
functiond surveillance systemwith an early mechanism
would have aided the management of the outbreak and
reduced mortdity relativeto previousoutbreaks.

REVIEW OF RELATED WORK AND
EXISTINGSYSTEMS

Somerdated literaturefromwhich our framework
buildsarereviewed inthissection.Systemswith smilar
structure and framework are presented in thefollow-
ingworks.

Implementinginter net Gl Swith javabased client/
server environment

Thework Babu (2002) describestheuse of Java
Virtual Machineand Servletsin Web serversinacli-
ent-Server architecturefor an Internet GIS. TheInter-
action between servlets and appletsin thedesignis
showninFigurel.

Hetwork Haet mackns

Chient rachne

i|:| el:l i)

Figure 1. Servlet- Applet communicetion

Serviet conlainer

Figurel: Server-applet communicationinaninternet GIS
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Real-time mobile GI S prototype: Design, ar chi-
tecture, and usability study

In the paper by Aslabhan?, the design proposediis
aserver-client network application in which mobile
phonesareused to aserver viatheinternet. This paper
proposesareda-timemobile GlSarchitecturethat inte-
gratesaGlSwithahydrologica model. Thearchitec-
tureisshownin Figure 2 below

Radlo
B S L A ——
Fle

Figure?2: Project ar chitecture (Source: Real-timemobile
Gl Sprototype: Design, ar chitecture, and usability study)

== |

The author speculates that the use of Location-
Based Services can be introduced to the GIS proto-
type on J2M E mobile phones. Location-based services
areakey feature of our framework. Inour design, GPSs
areused dually; for reporting/gathering of dataand in-
formation presentation that isfor exampleof nearest
health facilitiesor inallocation of resourcesasneed to
manage the outbreak.

PROPOSED FRAMEWORK

To create asatisfying design and to put forward a
wholesomeframework that encompassesthe basi csof
afunctiond disease surveillance system and goesonto
make use of available state-of-the-art technology. The
design eliminates one of the major problemswhich
prompted theWorld Health Organisation’s recommen-
dation of anintegrated approach whichisthat: Nationd
Surveillancedataon infectiousdiseasesisusually col-
lected by programmes under different authorities, in-
cluding the ministry of health, and theministry of agyri-
culture. Inaddition, academic or researchingtitutesmay
conduct specific surveillanceactivitieswhiletheprivate
sector and nongovernmentd organizations (NGOs) may
alsorunsurveillance systemsin their areaof interest.
Withinthe health sector, multiple surveillance systems
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maly operatein parallel, sometimesin completeinde-
pendence. Thisproblem can be exacerbated by thein-
fluence of trong outside donorswho may support spe-
cificsurveillanceand control programmes. Our design
however, isbased on asinglemega-network which acts
for the whole nation rather than for individual
endeavours.

Featur esof theframework

Datagathering: Thedesignistoinclude adatabank
of information onthevariouspriority diseasesamongst
other categoriesof datademographic and users’ con-
tact information. Thiswould include datarelevant to
ading the system in making predictions, for example,
from past records of occurrencesand rate of spreadin
aparticular areamodel s have been devel oped that can
beused for andysisof such data. Thesystemtakesinto
cognizancetheneed for expert knowledgeon various
diseases. In other not to fore-stall the usability of the
system for various diseases as said of some surveil-
lance systemsin the country™ thedesignisfor asys-
tem that is not disease-specific but allows for
expansibility; diseases can be added to the database
and updates can be made.

Fuzzy Logic alongside Mathematical Modelsas
which have been tested and implemented in other coun-
trieslike South AfricaGraemeet d® andin thework
of Claudial®. Themodels proposed are adoptedto aid
intheprediction.

Remote-sensing: Asrigorously discussedinthear-
ticles Remote Sensing for disease preventionin Ni-
geria by Mariel J.* and Using Satellite Images of
Environmental Changes to Predict Infectious Dis-
ease Outbreaks”, remotely sensed data have been
used in prediction modelsfor choleraand can adso be
used for other epidemics depending on the nature of
the disease. Thisdesign integrates the use of remote
sensinginepidemiologica survelllance.

Notification: Just liketheroutine (weekly or monthly)
reportson probabl e occurrences, real-time occurrences
areddiveredthroughApplication notificationsor through
Short Message Service (SMS) thisistargeted at deci-
son-makers, hedthworkers, andindividuasthat isthe
generd populace.

Analysisfor decision-making: Thisisthefunction
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performed by the GIS core.

Visual presentation: Thedisplay of resultsof andys's
isinsuch away that prioritiesareaor critical zonesare
easi |y recognised and decisions can be made faster.

FRAMEWORK ARCHITECTURE

Theframework architectureis presentedin Figure
3beow:

Thedesignisaclient-server architecturethedients
inthiscaseinclude both PCsand mobiledevices, and
to achieving real-timedatadelivery alot of attention
was paid to the source of spatia dataand the optimiz-
ing of such existing database. The objectivesaretomini-
mizethe processtime and to improvethe dataaccu-
racy. For thisreason MySQL istherecommended Re-
lationd Database management System (RDBMYS), apart
fromthisMySQL isalso afreeRDBMS.
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283

—== Epvironmental Poliey Analysis

HARDWAREAND SOFTWARE
REQUIREMENTS

Toolsfor development of the system
Open-sour cegeogr aphicinformation systems

There arevarious Open source GISinthe market
now with fast-growing support communitieswhich have
been used in the depl oyment of similar systems. Some
examples of Open Source GIS are uDIG GRASS,
gvSIG OpenJUMP, and Quantum GIS For examplein
Spain, gvSIG has been used severaly and varioudy by
thegovernment to solvevarious problemsin different
sectors some of which are similar to the framework
being proposed and devel oped. For the purpose of the
framework and the need to have ascal ableand light-
weight system, either of OpenJUMP or Quantum GIS
arerecommended. The GIS core being developedis
showninFigure4.
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Figure3: Diagrammaticillustration of system design

NetBeans: Java development environment

ThisIntegrated development Environment (IDE) is
the pop of development environmentsin Java, exten-

siblefor devel opment on variousplatforms. Java™ ME
Platform SDK 3.0, Through thisversatile IDE the ap-
plication can be deployed to various phonesthrough
variousplatformssuchas
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Componentsof thedesign

Mobileclient application: MIDlets packaged to-
gether to givevariousfunctionsto the usersof the ser-
vicethat connectsto aservlet to obtain variousforms
of datathrough theinternet or through an intranet de-
pending on the user i.e. mobile users can accessthe
dataserver either ashedth workersreporting cases of
an outbreak, or search for information on diseasesand
hedlthfacilitiesasan ordinary user.

GlISserver: TheGISserver carriesout analysison
the datagathered from various sources, mobile phones
and remote sensing. Coupled with resultsfrom previ-
ous data gathered the GIS server cues the Surveil-
lance Desktop Application (at action or epidemic
threshol ds) that send alerts from an attached mobile
devicewithout any physica or direct humaninterven-
tion. Open-source Gl Sapplicationsare preferablefor
ead er customisation, andinteroperability with custom
software and database.

Database server: Works in tandem with the GIS
Server and acts as a reservoir for past data and a
share-point for databei ng continuously gathered. The

Snoivonmentaf Science (=

Figure4: Interfaceof Gl Sdevelopment environment: Quantum GIS.

datagatheredisused in simulation alongsideremotely
sensed datato predict possible outbreaks. The Loca-
tion based datagathered through GPSshelpsimprove
on the prediction model employed based on thework
of Graemeet '@,

Custom-designed surveillance desktop applica-
tion: A Java-based gpplication integrated withthe GIS
Server providing aninterfacefor onward transmission
tolargescreenvisud display unitsinthe stations (health
facilities), to mobileclient applicationsand to mobile
phones (by SM'S) when necessary. In the server-cli-
ent architecture presented, thisis run on the main
server and client PCsrun similar applications. Thisis
where the number of diseasesunder surveillance may
bereviewed.

Web-I nterface/web server: A servletisuploaded ac-
bleover theinternet or intranet asthe case may be
from which requests and submissionsare made from
mobileclients. Alo, results of analysisand predictions
aremadeavailableto thegeneral public, and aninter-
national audience. Queries can also be made on this
interface.
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Figure6: Screenshot of mobileapplication in development

DISCUSSION

Currently the IDSR makes use of paper formsto
report outbreaks (DSN 001 and DSN 002). Karras et
al .9 stated that a Java-enabled wirel ess phone was
inherently deployable, portableand that minimd orien-
tation to new hardwarewas needed S nceeveryonewas
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Figure5: The NetBeansmtegrated development environment

comfortablewith entering numbers (aswell asa pha
bets) on aphone keypad and pushing the send button.

Chen et d® intheir paper titled Design of areal-
timeGIS divideMobile GISsinto two groups: system
congtruction and system utilization. Theformer concen-
trateson creatingthe GIS, such asdatacollection, data
checking, dataupdating among other aspects. Thesys-
tem utili zation aspect concentrates on the use of an ex-
isting system, for exampl e, | ocation searching, path find-
ing, and information seeking, thisison theside of the
target population. Thisdesignimplementsboth types
depending onthe user of theapplication. Therapidin-
crease in mobile phone usage as aresult of the ease
and mobility alowed by mobile phonesaccentuatesthe
advantage of integrating amobile GIS as part of the
design. According tothean estimate by the Centra In-
telligenceAgency (CI1A) World fact book, theNigerian
population was 155,215,573 peoplein 2010 and ac-
cording to the Nigerian Communication Commission
(NCC) active mobile phones usersas at 25" March,
2010, had grownto 78.5 million meaning at least 50%
of thenation’s populace can be reached directly through
mobile phones. A smplistic gpproach to design cannot
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be over-emphasised here since the variety of target
audienceexpertiseisvery wide. Mobile GIS provides
health workersthe ability to takea ong GISwiththem
intothefied, also mobile phonesalowsmaking acces-
s blenecessary information to the popul acewhen nec-
essary and useful, inred-time.

Marrying GIS and GPS for |ocation based ser-
vices enhancesthe quality of spatial and non-spatial
datafor analysisand decision making by providing an
integrated approach to disease control and surveil-
lanceat thelocd, regiona, and/or national level™. The
wide-spread integration of Globa Positioning Systems
inMobile phonesalso makesit easier toalow ustake
advantage of GIS’s capability to provide location-
based services (LBS). In the framework presented
design through the LBS, mobile devices with GPS
capabilitiescan view their location relativeto fixed
assets (health facilities), mobile assets (other users of
the application or health personnel) or to relay their
position and case report locations back to a central
server. Mobile phoneswith GPSintegrated or GPS
capabl e are getting increasingly more powerful and
cheaper. Alternatively, Cdll-IDsattached to base sta-
tion mastsin Telecommunication networksbeing used
by a mobile user can be used to estimate a mobile
device’s longitude and latitude.

Conclusion and futurework

Epidemicsif not well managed beforegrowing out
of control posealarge-scalethreat, to not individuals
only but theeconomy at large. Overtturning this prob-
lemjugt likeGIS, requiresknowledgefromvariousfidds
and varioustool seven within Information and Commu-
nication Technology (ICT).Advancement in computing
techniques and technology particularly manifested re-
cently in GIS and mobile phones can be harnessed to
further expand the capabilities of the current GIS-Epi-
demiology survelllance systemsalowing for real-time
data capture and automated dissemination of informa:
tion to gppropriate stakehol dersand hence delivering
information for action.

A prototype of the proposed framework isunder-
way in order to demonstrate thefeasibility and poten-
tid strengththisdesign could givethe Federa Ministry
of Health. Thiswould help the proper integration of
disease surveillancein the country aspreached by the

Framework of a real-time mobile GIS as early warning mechanism for epidemics
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World Health Organisation.

Inthevery near future, Cloud Computing Services
can beintegrated to add | ocation-awarefunctionalities
tothesystem. In other words, thenotificationsor alerts
for exampleareonly displayed or sent whenauserisin
certain vicinity, for examplearound aparticular area
susceptibleto the aparticular epidemic or closeto a
hedthfacility with advantageousinformationfor theuser.
Anexampleof such aserviceisavailablefrom http://
WwWw.|ocomatix.com.
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