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Abstract

The design of an emergency response system tailored to epidemicsin urban aressindude five main
agpects the assessment of reguirements, datamodeling, general system architecture, software
architecture, and physicd configuraions. Geogragphic informetion sysem playsthe centrd rolein
uch asystem because it is the best gpproach to rediize the system objectives on epidemic emergency
reyponses. The key functions of data collection, management, visudization, analys's, and information
disssmination can be effectively implemented using acombination of GIS and sate- of-the-art Web
technology.

Introduction

In 2003, the SARS epidemic shocked China and the world. It exposed the severe problemsin
coordinating information from different agenciesin the adminidrative hierarchy and acrossthe
geographic regions. The nead for operationd systems that can integrate information and assst

decison support for hedth emergency situations became imminent. The Centrd government as well

as somedity governments funded severa projects to develop computer systems for epidemic response.
Thispaper isariginated from oneof these projects We will focus our discussion on the design and
implementation of the datamode and the system architecture.  Subsequent reparts have four parts.
Part one discusses the system requirements and objectives, followed by the data modding in part two.
Part three describes the systemn architectures from the generd, software and hardware perspectives.
Part four presents selected applications of the sysem in Hefd ity.

System Requirement and Objectives

Asthefirg gep in deveoping the system, we identified the core requirements and objectivesthe
system seeks to meet, which include four aspects: (1) Data collection and transmission; (2) Information
integration and management; (3) Datavisudization and andys's (4) Information dissemingtion and
operation management. These requirements and objects provide the basis for data modding and
sydemdesign.

The system should firgt be able to callect dynamic data through the urban public information network
and the government management network. Typica categories of datato be collected indude generd
epidemic Situation, epidemic control and prevention, locd epidemic Situation, gpidemic Stugtionsin
other dities, and indructions from upper level management. Data from different sources should then
be integrated for further andyss Non-spatia data should be geo-coded o that they can be used
together with spatid data Metadata should be provided to fadilitate efficient dataintegration. A



combination of visudizationand Satistica andysswill be used to identify spetia and tempord

patterns of the epidemic. Visudization todls reguired indude thematic maps and statigtica graphics
such as box plat, sem-and-lesf plot, QQ plot, and conditiond plots. In addition to traditiona
methods of point pattern andyd's, such as quadrat andys's and nearest neighbor andys's, key usars
expressed strong desire to use newer methods based on patid autocorrelaion andysisand

Poi ssonbased methods such as those developed by Besag, Newel, and Kulldorff. Results from these
andysss will then trangmitted to the decison makers through the dissemination sysem, who develop

the operationd instructions and send them out to the fidd officars

Data Modding

Object-oriented gpproach is adopted for datamodding.  Use-case andyssis conducted to develop the
goplication scenario which is subsequently used to identify the data objects and their rdaionships.

As Geographic Information System has been recognized as the main framework for esteblishing the
ovedl sysem, datamodding is dso spetialy oriented. Basad on the use-case andys's, weidentify

the geographic features and associated attributes as well asthe non-spatia data objects. The latter
involves operationd and management data which resulted in more than two hundred tables.  Linkages
for the two types of data objects are established through geocoding and key items (primary and friend
keys). Operationd rules and attribute domains are dso spedified using the UML modeding toal.

After severd rounds of user feedback, the data object diagram istrandaed into the data schema,

sarving as acondgent framework for datainput and management.

Layer Names Contents Usage Types Main Attributes
Topography 1:10000 topogragphy map Background| Raster None
Trangportation Urban trangportation network Background| Lines FtrID,Name
Rivers River sysem Background| Lines FtrID,Name
Lakes Lakes and other areal water |Background| Polygons | FtrID,Name
bodies
City, Didrict (County),
Administrative Sub-digtrict (JeDao, Zhen), i
. . Andyss | Poygons | FtrlD,Name,GISID,Code
Regions QuarantinedAress. Eachas
asepardelayer
Hosoitds All types of hogpitds Andyss | Points FtrID,Name,GISID,Code
Inspection Locations of ingpection teams Andyss
ye Points FtrID,Name,GISID,Code
Teams
Hedlth check points & bus
Check Points daions, ports, airports, and Andyss | Points FtrID,Name,GISID,Code
tran detions
Locations of eementary and
Schools Andyds | Points FtrID,Name,GISID,Code
highschodls ¥
Designated Locations required specia . .
i ] Andyss | Points FtrID,Name,GISID,Code
Locetions atentions
Public Activity Such as parks and public . .
Andyss | Points FtrID,Name,GISID,Code

Spaces

suares




Quarantined

Separaion zones Andyds | Points FtrID,Name,GISID,Code
Locaions ys

Table 1. A brief description of the basic spatid data

Table 1isabrief description of the basic spatia data setsin the system.  Except for the topography
layer, dl of the layers are vector data sets with four required attributes: Fegture ID (FirID), Name,
GISID, and Code. The GISID isaunique ID for each feature and the Code stores the coding assgned
toit.

A large number of the data sets are management and operation oriented. They are not collected with

explicit spatial information. Examples include epidemic conditions, hospital resources, treatment data,
hedth survey, resdent / non resident movement (in and out of the dity) deta, and records of operationd

commands. There are more two hundred tables. They are connected to the patia data sets through

geo-coding.

Fgure 1isadaamodd for hospitd emergency resources. It illustrates how the management and
operationa data sets are constructed.

AntiSars_Hospital AntiSars_HT_CodeTable
EEHospitallD : INT HosptialTypeName : VARCHAR(100)
COL_13 : VARCHAR(50) EflHospitalTypeCode : INT
GISID : VARCHAR(20)
Address : VARCHAR(200) /1 ¥ <<PK>>TC_AntiSars_HT_CodeTable()

Phone : VARCHAR(20)
ContactPerson : VARCHAR(20)
DistrictCode : VARCHAR(10)

Contain : INT
EEApplyUnitiD : INT
EfMaintainApplyUnitiD : INT AntiSars_HE_CodeTable
FiiHospitalTypeCode : INT HEName : VARCHAR(50)

- L :
<<PK>> PK_AntiSars_Hospital() EET D VAREAREY

¥ <<FK>> FK_AntiSars_Hospital_ApplyUnitiD() R 9
| M<<FK>> FK:AntiSars:HospilaI:MaimainApplyUnitID() [l <<PK>> TC_AntiSars_HE_CodeTable(

[®<<FK>> FK_AntiSars_Hospital_HospitalTypeCode()
1

1
i
q A I AntiSars_HospitalResource
iS itall
AntiSars_ApplyUnit R Count: INT
BHApplyUNitiD : INT o
ApplyUnitName : VARCHAR(100) IKHospita‘llD CINT
GISID : VARCHAR(20) EEHECode VARCHAR(4)
Address : VARCHAR(200) s EIT
Telephone : VARCHAR(20) 1 0.* |k AppIyUnillD CINT
ContactPeopleName : VARCHAR(20) .
B';:?c"eD K |r|\1NTT #<<PK>> PK_AntiSars_HospitalResource()
ype: :_z<<FK>> FK_AntiSars_HospitalResource_HospitallD()
o N . ‘ '<<FK>> FK_AntiSars_HospitalResource_HECode()
[SE<<PK>> TC_AntiSars_Applyunit( W<<FK>> FK_AntiSars_HospitalResource_ApplyUnitID()

Fgure 1. The data modd for hospitd emergency resources.

SystemArchitecture

The hedlth emergency response system indudes five layers, corresponding with different groups of
users. From the bottom to the top, they are the network communication layer, data collection layer,
data management layer, decison support layer, and information dissemination layer. At the layers of
network communication and data callection, information specidists and automatic surveillance devices



collect data and tranamit them to the data management layer. There database specidists perform data
integration and such processing tasks as editing and geocoding.  Thisisaso where database
adminigtrators manage user accounts and usagerights. Once data are dean and ready, they are made
avalable to decison support layer where high levd andysts would conduct geoprocessing, ddidticd
andyss smulaion, and processmodding.  Thematic mapsand satistica chartsaswell asreports
will be generated and distributed to the proper user groups.  Fgure 2 illustrates the generd

architecture of thisfive layer sygem.
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Figure 2. The generd architectures of the emergency response sysem.

Thiscomplex system isinherently adistributed system. It is organized as three network subsystems,
as depicted in figure 3: the digitd government network, the decision support service network, and the
digitd city nework.  The government network connects various agendies that provide both dataand
services.  The decision support sarvice network mainly connects the dements for performing data
integration and andyss. The city network is the main channd for collecting certain monitoring data
and for dissmination of informationto the generd public.
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Fgure 3. The physicd configuration of the network sysems. The internd and externd networks
arefilter through a secured layer.

The software system that supports the operationsis dso highly complex.  There arefive main goups
DBMS, GIS, satigticd andys's system, ontology server, and sysem software.  In additiontothe
generd tasksfor managing and andlyzing data using DBMS, GIS, and datigticd system, we need the
ontology server to integrate data from different sources and we need system software such as

gpplication server (TomCat), XML packages, and the .NET framework to enable the sysem.  Further,
spedid functionsfor analyzing spatid patterns and performing surveillance are incorporated to the



system askey dementsfor decison support.
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Figure 4. The software architecture for the emergency response system.
Applications

The SARS Emergency Response System was developed for Hefe City, Anhui Province. The
aforementioned software system wias deve oped through intensive gpplication programming using
ESRI’s GIS software in combination with a number of Web devel opment tools such as Tomeat and
JavaScript. Figure 5 is a screen cgpture showing how the ingpection and tracing data can be
dynamicdly digolay on the Web browser. Likewise, Figure 6 shows aso red time information on
resdent movements into and out of the city.  Similarly, the number of patients under trestment and the
corresponding hospital information can be displayed reedily, as shown infigure 7.
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Fgure 5. Dynamic mgpping of hedth investigation and tracing.



Figure 7. The number of patients currently under trestment is shown on the map. Corresponding
information about hospitd resources can be retrieved and utilizaion can be andyzed.

Summary

We briefly reported the design and implementation of an urban epidemic repponse system.  Thecore
philosophy is GIS-centric.  Geographic information system plays the centrd role in data collection,
management, andys's and information dissemination.  Although alarge amount of data were
collected without explicit spetia information, the inherert spatid atributes of the mgority of data
make it possble to integrate them with patid data through geocoding. The pilot sysem developed
for Heife dity was effective and wel recaived by decison makers aswell as urban resdents People
seemed to be satisfied even with Smple map displays of red timedatia. Much of the potentia of
spatid datidicd anays's has yet to be redized. One of the mgor probleminimplementing such the



sysemin Chineseis geo-coding, asthereis no common addressreference framework in place,
resuiting in ad- hoc solutions, which are expensive and difficult to update.
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