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Abstract

Health information systems, like other information systems, store huge amount
of spatial data in various forms distributed over databases of responsible agencies.
Turning such data into useful geographic information is needed in order to support
insightful and timely decision making especially for controlling epidemic diseases such
as dengue fever. Therefore, this research focuses con designing and implementing a
spatial data warehouse and developing an interactive mapping application as a
prototype system to support spatial decision makings. The clinical data relating to
dengue cases as well as public health resources obtained from the Kamphaeng Phet
Provincial Health Office were used as a case study. The snowflake schema model was
adopted for denormalizing data from various data sources into the data warehouse.
The system interface was implernented as a web application. It provides tools for the
interactive analysis of multidimensional data with various eranularities through
inferactive maps and charts, which helps to fadlitate effective monitoring and
controlling of the disease outbreaks. The system was implemented using open-source
software including PostereSOL/PostGIS Leaflet and Highcharts. The result of the
system’s satisfaction evaluation by sample users shows they satisfied using the system
at the highest level in terms of performance and utility (X = 4.58), design (X = 4.35)
and user satisfaction (X = 4.83),
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Abstract

Healfit information systems, like other information systems, sfore huge amount of spafiai
data in various forms distribuied over databases of responsible agendies. Turning such
data into useful geographic information is needed in order fo support insightful and timely
declslon making especially for conbrolling epidemic disedses sueh as dengue fever.
Therefore, this study focuses on designing and implementing a spafial dafa warehouse and
developing an interactive mappidg application as a profotype sysiem. The clinical data
relating to dengue cases as well as public haslth rasources oblained from the Kamphaeng
Phet frovincial Health Office were Used as a case study. The snowflake schemia model
was adopted for denormalizing data from varlous data sources infe the data warehouse.
The system interface was implemented as a web application. [t provides tools for the
interactive analysis of multidimensional data with various granularities through maps and
charts, which helps fo facilitate effective monitoring 2nd controlling of the disease
oulbreaks. The sysfem was implemented using open-source sofiware  including
PostgreSQL/PosiGIS and Leaflet.

Keywords: Spatial data warehouse, géographic information system (GIS), dengue fever,

online mapping

1.  Introduction
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Health information system (HIS) is a huge system that healifh-relaled records are
assoclated with a location in one form or another. Thus, there are many health-related
studies utifizing GIS fools for visualizing data on the map and performing spatial analysis to
support data interprefation and decision-making [1]. HIS' in Thailand has reached a
milesione that it can collect clinical data from most healthcare facilities throughout the
counlry into dala centers of warehouses [2]. However, the usage of such data i mainly
focused on adminislative reports. For example, the national vector-borne diseases
prevention and control program under the ministry of public healih (MOPH) publishes
weekly reporls on dengue fever cases in forms of data tables and grapﬁs. Stalic maps
showing case densily are alse provided bulit is difficutt to compare such picture maps
across areas within a period. The geographical aspect has left unimportant so it is difficult
to represent and analyse some phenomena on a2 map. Hence, the Integration of
geographic information in a health data warehouse becomes sssential to the process of
epidemiologic surveiltance and decision making.

Research relaled fo spalial data warehausing for public heelih has been scarce.
However, basic issues can consult from a number of work. For example, Cembalo et al. [3]
designed a data warehouse using spatial enline analytical processing (SOLAP) approach
and develop a decision support application for epidemiology domain. Derbal ef al. {4}
propese a data warehouse mode! as a snowfleke scherma by integrating the gecgraphic
objact of roads fo support soad risk analysis. Park and Hwang [5] designed a spatial data
warchouse based on srowflake schema and implemenied a pilot system to estimate the
fargeted marketing area from spatial analysis of the cusfomers' purchasing power.

This research aitempls to incorporate gesgraphic informaiion into data waretouse
fo facilitate spatial query and analysis on dengue faver data. The conidbutions of this work
are (1) design of the SDW that infegrates health information wilh spatial componénis and
{2) development of a geospatial decision support profotype based on the SDW fo support
dengue disease analysis, control and surveillance through inferactive maps and charis.

This paper is organized as follows. Seclion 2 presenis the deslgn of the proposed
SDW and section 3 presents the architecture of the profotype sysiem. [n section 4, we
present the developed system with sample gueries and reports. This paper ends with a

conclusion and discussion on fufure issues.
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2. Conceplual design of spatial data warehouse

The SDW for suppoiing the dengue fever surveillance was designed based on
snowflake schema as given in Figure 1. The choice of fact and dimension tables was
driven by the input dataset and the requirements on the querying reports. The made
contains a central fact of the patient records. The dimension tables of the schema are
fime, pafient, disease type, healthcare facllity, and age range. The patient record loaded
into the fact table is normalized according to the administrative levels, which are province,
district (Amphor}, sub-district {Tambon), and village. Fach level cenizins its geographic
boundary, stored as a polygon in the Well-Known Binary (WK} representalion, and its
administrative code and name and the administrative name of the former levels to expedite
the query procgssing. The patient dimension has further information on occupation,
nationalily, education and house, which causes branches of the schema. The healthcare
facility and house dimension also contain the spaiial objects stored as poinis. This
snowhfzke schema with spatial componenis can fadiiitate cartographic visualization and
spatial analysis. The tive dimension represents a perod of temporal information thiough a
hierarchy {day, week, month, and year), Our model eontains a farge fact table linking a set
of dimensions by foreign keys. The fact also stored individual information necessary for the
analysis and repor‘t such as mordality, age and gender. In addition, we added the
population dimension to allow reports On cases per population.  With  inereasing
requirements of public healily studies on spalial decision making by using geographic

information, this concept can suppori analysis on spaticfenporal tasks.

3. Architfecture of the system prototype

The overvisw of the system architecture presents in Figure 2. The data sources of the
system are the dalabase of healthcare facilities. In Thailand, MOPH regulates that all
health records of each healthcare fadilities have fo transfer fo the national HIS (NHISY with
the supervision of administrative health offices. Thus, this study obiained a sample datasel
from the Kamphaeng Phet provircial health office which has records of patients with
dengue fever from all supervised heafthcare facilities. The datasel containing patient
records between 2013 and 2014 were used in the profolype. The dalaset was exteacled,

transformed, and loaded (ETL) info the designed SDW. The profolype system was
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developed using open-sourced software focls. The SDW was implemented using
PostgreSQL with PostGIS extersion which has spatial functions for storing spalial objects
and facilitating complex spatial queries. We use Apache as an applicétion server {o serve
our web application. The web application has a user-friendly intedace that allows the user
io quickly observe the data in several aspecls using maps, chars, and tables. We use
L eaflet, opén-source JavaScript library, for creating inferactive maps and use Highcharis,

also JavaScript library, for building dyramic charts.
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Figure 2 Overall architecture of the system prototype
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4. implementation of the system profotype

Functionaliies of our prololype systems are presented through the following
interfaces. Three categories of users are considéred: unregistered users, healih officers or
decision-makers, and administrators. The main page of the application is shown in Figure
2{a). Unregistered users can imteractively interrogate the number of dengue cases on the
map acfoss different years and administrative granularities. No authentication is required
since the syslem provides only stafistical data of dengue cases without individual
information. The user may hover over on the map fo find a chart of monthly case
summaries (Figure 2(0)). This cartographic visuzlization allows users quickly realize the

siluafion of the dengue disease as well as historical data on a specific arga.

[,

{a) Main page {b) Map with a chart report

Figure 3 The interface of the prototype system

Decision-makers and administrators require login fo make a detail analysis.on. patient
dala. Before running any report, the dedsion maker must define iwo querying paramelers:
a time period and an administeative [evel. Three types of reporis are predefined: data {able,
analytiéal chari, and classification repor. The data lable report summarizes population,
dengue cases, dengue death cases, and case rates per 100,000 population. The analytical
chart allows the user to observe dengue cases and rates by interrogaling on the inferactive
choropleth map with the hisforical data on the synchronized chards presenting the number

of cases, case accumulation, and the case rate per 100,000 population.
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The classification report adds querying parameters on disease types, health care
fypes, and patient location. The dengue disease fypes are dengue fever {DF}, dengle
hemerrhagic fever (DHF}, and dengue sheck syndrome (DSS). Figuré 4 shows the query
result for the DHF cases in Tamben Nai Muang, Muang, Kamphaeng Phet during Jan 15—
Jun 30™ 2013, which consists of a choroplelh map, a chart of the monthly number of DHF
cases, and a stack chart represents gender and age range of the DHF cases. This study
adopted the types of healihcare facilities given by MOPH [2} Figure 5 presents the
querying result of the dengue cases for health promotion hospilals in Prankratal District

hovering over the Tha Mai health promotion hospital for more details of cases.

i
x
2
g
¥

Conbr} 8o O bmera

P, Tn e

Figure 4 A classification report based on dengue disease types
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Figure 5 A classification repert based on healtheare facility types
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The profolype also provides a classification report based on the tocation of pafients.
On the map, the user has options to show or hide layers, which are heat map, the location
of patients, and the location of healthcare facililes in case the location of patients is
unknoven. Figure 6{a) presents a heat map of all dengue cases reporled in Kamphaeng
Phet in 2013. The user can change values of intensity and radius for caleulating heat map
to represent data density of each area appropriately. Besides, the user can interactively
examine each peint location to ebfain details of each patient, which wilt benefit individual
case investigation. ‘

Only administrator can petform tasks that allow mzinlaining ihe SDW. He can update
the information slored in dimension fables and verify the validity of the data through the

interface. The adminisirator can download data from the data sources via the ETL script.

{a) Heat map (b) Points and individual information

Figure 8 A classification report hased on the location of patients

5. Conclusion

This paper presents the desfgn of a spatial data warehouse and the implementation of
spatial decision supporting system in order io improve the surveillance and analysis of
dengue fever epidémic. The conceplual design of the SDW is based on the snowiflake
schema consisting of bath spatial and non-spatial dimensions at different granularities. For
a better analysis and exploitation, the system presents the resuits on ihe map and chars,
which allow interactive interogation of the dafa. The implementation of the protofype

utilizes all open-source software tools. Nevertheless, some issues remain to be addressed
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in fulure research. (1) The eapability of the application could be enriched; for example, the
map should automatically roll-up and drill-down fo show aggregate cases affer zoom. (2}
There is no measure in this SDW design due o the requirement of individual information.
Thus, if the systeni requires only aggregation of cases, the patient dimension could be
removed and a measure, i.e., the number of paf@ents, should be added fo the fact instead.
And (3} the current profotype does not link to the existing HIS. Therefore, there is & need

to modify the ETL process to pull data from the data sources acourately.
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