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Abstract. Information is an essential component for better emergency
response. Although a lot of information being available at various places during
any kind of emergency, many emergency responders (ERs) use only a limited
amount of the available information. The reason for this is that the available
information heterogeneously distributed, in different formats, and ERs are
unable to get access to the relevant information. Moreover, without having
access to the needed information, many emergency responders are not able to
obtain a sufficient understanding of the emergency situation. Consequently, a lot
of time is being used to search for the needed information and poor decisions
may be made. Therefore, in this paper, our research focuses on bringing the
available heterogeneously dispersed information together to improve the infor-
mation accessibility for ERs. In this study, we present an approach for inte-
gration of heterogeneous databases in the Semantic Web context using a
Model-driven data integration approach based on an information model. We
propose an architecture using the Enterprise Services Bus (ESB) and web ser-
vice technologies for facilitating knowledge sharing and data exchange between
different ERs. Based on the proposed architecture, we developed a system
prototype and presented it with an indoor fire emergency response scenario.
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Mule ESB � Enterprise-Service-Bus (ESB) � Data mapping � Service-Oriented
Architecture (SOA) � Human-Centered Design (HCD) � Model-Driven
Architecture (MDA)

1 Introduction

Recently, many countries have been impacted by various natural and man-made dis-
asters which caused immense damage [1]. If we consider fire emergency, it has become
one of the major challenges in today’s world that causes loss of lives and devastating
impacts on infrastructures and economies. In 2014, all over the world, almost 28 million
fire emergencies occurred with a total of 21000 fatalities and losses of 110 billion US$
worldwide [2]. According to the Center of Fire Statistics of CTIF report [2],
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the second largest fire emergency occurrence type is in structures i.e., in buildings. If we
consider Norway as a case, the fire statistics for the year 2015 shows that, in total, 2717
building fire emergencies were occurred and caused 35 fatalities [3]. Almost four billion
NOK economic damage were paid for the year 2014 [4].

Generally, to mitigate the emergency impacts and damages, a complex network of
emergency responders (ERs) from different emergency response organizations (EROs)
such as fire and rescue service, police service, health care service, and municipality
personnel work together in teams for managing emergency efficiently. During emer-
gency response, these involved ERs collaborate and coordinate by share right infor-
mation to the right person at the right time to obtain a common operational picture, to
make decisions, and to perform tasks such as protecting the life of the people, reducing
the property damage, extinguishing the fire, rerouting the traffic, aiding victims,
transporting the victims to nearest hospitals, supporting emotionally affected victims at
the operational level [5, 6]. The example information that is exchanged among different
ERs could be victim information, information about location and condition of the
victim, resource information, building information, information about hazardous goods
inside the building and information about victims’ medical condition and so on.
However, one of the key challenges faced by involved ERs is often lacking adequate
information [7].

According to the Utøya incident report [8] and Statens havarikommisjon for
transport (SHT) report [9], one of the key challenges for the involved ERs during the
Utøya disaster and fire in the Gudvangatunnel was not having access to the adequate
information. Consequently, 77 fatalities occurred in Utøya disaster and 23 were seri-
ously injured, while 5 were severely injured due to smoke in the Gudvangatunnel
emergency. So, from both these reports it is evident that ERs did not access appropriate
information in a timely manner. As a result, the information flows were broken down
and it was difficult to make timely decisions during emergency response [1, 9].

Another challenge that ERs encounter is that even though the needed emergency
related data is available, it is difficult for ERs to access it as the data is heterogeneous
and distributed at various places [10]. However, to solve this problem, a data inte-
gration framework was proposed by authors of this paper and can be sound in [11]. In
addition, another challenge is that misunderstanding between ERs is caused due to
semantic differences of distributed data [12, 13]. Moreover, the involved ERs do not
use common terminology for representing same thing. This semantic inconsistency data
make ERs’ decision making process slow, thereby, results in inefficient emergency
management. However, to solve the semantic inconsistency problem, an information
model was developed by authors of this paper and can be found in [14]. Apart from
them, in this paper, we focus on the process of connecting existing data sources with
the developed information model. So, the research question is formulated as: “How to
connect the existing data sources with the developed information model?”

The purpose of addressing this research question is to provide a holistic way for
improving access to the needed/relevant information for enabling the data exchange
and knowledge sharing among different emergency responders who are at both onsite
and off-site i.e., at Control and Command Center. The rest of the paper is organized as
follows. Section 2 presents background for the emergency management operations and
information access challenges, current ICT tools that are in use in Norway. Section 3
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presents the proposed framework for understanding the data source handling process,
and Sect. 4 presents the results of data source handling development and implemen-
tation. Literature review and the results are discussed in Sect. 5. Finally, conclusion
part summarizes the lessons learned from this research and discusses directions for
future research in Sect. 6.

2 Data Integration for Emergency Management

In this section background to emergency response operations and existing ICT tools
used by ERs in Norway are presented. After that, we discuss the challenges that ERs
face during emergency response. In this paper, information needs of involved ERs who
are at emergency site are handled.

2.1 Emergency Management Operations in Norway

As mentioned in earlier paragraphs, when emergency occurs, lot of information is
generated at diverse sources. Despite the rapid development of Information and
Communication Technology (ICT), the data is manually collected by the ERs at the
emergency site [6, 15].

To deal with emergency, at first, one Crew Manager (CM) and two Smoke Divers
(SDs) from the fire and rescue service go to the emergency site immediately after
receiving the emergency fire alarm or call from either the Command and Control
Center (110) or from the emergency location. After reaching the site, they evaluate the
situation by collecting the information manually from those who are at the emergency
scene (either from victims or from witnesses or from the owner of the place). The
collected information could be about number of people, fire location, fire cause, access
routes, building map, hazardous goods and so on. This manually collected information
is then passed to the fire chief with a hand-held device such as either mobile or
walkie-talkie to make him obtain the overview of the situation and to make decisions.
The CM acts as an On-Scene Commander (OSC) until the Fire Chief (FC) arrives at the
emergency site. The FC arrives at the emergency location only if he thinks that the
emergency is not minimal and will create major impact.

When the FC arrives at the emergency site he/she takes over the OSC responsi-
bilities from the CM and acts as an OSC until ERs from police services and ambulance
services arrive to the scene. However, in the Agder region of Norway, all EROs are so
far using their own customized information systems [16]. So, collected information is
manually documented first on a paper and then in a Microsoft word document by fire
personnel. This electronic report is called a situational report which is stored in their
information systems. This report is accessible only internally and not available for other
emergency organizations. When police staff arrives at the emergency site, leader of the
police takes over the OSC responsibilities from the FC and acts as an OSC. The OSC
makes all the decisions at the emergency site and guides other EROs such as fire and
protection services, ambulance services, and municipality staff. A conceptual model of
data exchange and knowledge sharing among different ERs is shown clearly in Fig. 1.
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The tasks of each organization are documented in Table 1. In addition, based on the
fire and rescue protection report [17] and police services book [18] the conceptual
model (Fig. 1) for various ERs information communication is formulated. In this
conceptual model, the data exchange and knowledge sharing among ERs of each
individual organization is being sketched. Information communication between ERs of
each emergency organization may have similar characteristics and requirements and the
shown information flows, however, are bidirectional.

Fig. 1. A conceptual model of emergency organizational partners’ information communications.

Table 1. Involved emergency organizations and their tasks during fire emergency response.

Emergency
organization

Tasks at emergency site

Fire protection
service

– Extinguishing the fires
– Saving lives, averting danger and limiting damage
– Evacuating victims from the buildings

Police service – Saving lives, averting danger and limiting damage
– Maintain peace, order and security on site
– Assist with salvage of cargo so far, the service and circumstances
warrant

– Issue death notification of accidents, Disasters and criminal acts
– Register fatalities, injured and missing
– Investigation
– Distributing information with media and others

Health care service – Provide first-aid
– Transportation of victims to health centers

Municipality
personnel

– Noting down the details of incoming victims
– Informing details about saved victims to police
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When the OSC commander receives information such as fire and victims’ infor-
mation from the FC and victim transportation information from ambulance service
chief, he or she notes downs this information manually and shares that information with
other operational staff and Control and Command Center (CC) personnel (112). When
the CC staff receive this information, he or she manually stores the received infor-
mation in their information systems in the form of a Microsoft word document. This
document will be available and accessible only internally.

A similar information storage process is done by the health care (113) and munic-
ipality staff as well. Despite each emergency organization being equipped with
advanced information technologies to support their emergency response activities, the
stored information is not accessed by other EROs. Due to this limitation, ERs often have
out-of-date information. In such case, they cannot make right decisions and cannot
manage the emergency efficiently. In addition, lack of sufficient on-site information for
the ERs might be due to not upgrading the off-site information systems as well.

In Norway, different ERs from police, health and fire services use different ter-
minology for representing the same words (semantic heterogeneity), thereby creating
uncertainties in collaboration and communication [19]. In addition, due to syntactic,
schematic heterogeneity, the involved ERs face challenges at emergency site. More-
over, large amounts of information from various ERs make it difficult to orient
themselves during emergency response. Therefore, information must be provided
quickly, actively and periodically, to ensure that everyone takes accurate and relevant
information, thereby enhancing the emergency management operations effectively.
This can be achieved only by enabling the semantic, syntactic and schematic inter-
operability between different systems.

2.2 ICT Solutions Used by Emergency Responders in Norway

In Norway, the following ICT systems are mainly have been used for emergency
management. Those ICT systems are: (1) A crisis incident management (CIM) tool
used by the police and municipality staff, (2) LOCUS used by the fire and rescue
service, and the health service, (3) BRIS used by the fire and rescue service, and
(4) VISION BOSS used by the fire and rescue service.

• CIM: It is a software program for crisis management support, produced by One
Voice AS, a company delivering crisis management solutions for a variety of
organizations. It supports aspects of crisis management such as quality assurance,
risk and vulnerability analyses, emergency planning, training, and evaluation. The
purpose of this tool is to notify police personnel when major incidents occur. It
supports notification and alerting of personnel through distribution lists for sending
messages by email, SMS, and phone. The system provides the receiver with several
response alternatives which are logged, so that the sender of a message can keep
track on the status of each alerted individual [20, 21]. It is currently used by many
organizations that the police collaborate closely with, among others, the Directorate
for Civil Protection and Emergency Planning (DSB), The Norwegian Civil Defense,
and all Norwegian municipalities and county governors.
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• LOCUS: It is a company delivering mission-critical solutions and products to the
fire and rescue service as well as to the health service, among others (e.g. transport
and logistics, security service companies). The solutions are designed to reduce time
constraints through being a tool for the emergency agencies to make the right
decisions in relation to resource allocation. The LOCUS’ solutions are directed
towards use by the 110 and 113 emergency call centrals (TransFire for the fire and
rescue service and TransMed for the health service) and mobile devices installed in
vehicles for the tactical personnel (TransMobile 7). The detailed information about
the solutions can be found in [21].

• BRIS: It is a reporting system with an overview of the missions that the fire and
rescue handle. All assignments that got recorded in 110 control project management
tool are automatically transferred to the BRIS. This facilitates the reporting of
employees of fire and rescue services. The data collected via the BRIS, should
provide a better basis for carrying out preventative work, and to develop fire and
rescue service at local, regional and national levels. This tool is mainly used during
emergency recovery [22].

• VISION BOSS: It is a project management tool which is used by the 110 operators
for creating incident reports. These reports are made available both during and after
an emergency event. This tool also includes crew-lists with contact details and their
competence information. It also contains information about resources such as
vehicles and equipment content [23].

The drawbacks of these above-mentioned ICT tools are that they do not give
automatic real-time information from the emergency site to provide awareness of the
situation. They do not support the ERs who are facing operational problems in accessing
information from various sources. So, the vision of a common emergency response
system with common terminology available for all emergency stakeholders in Norway is
still not available [16]. Therefore, in this work we proposed a data integration frame-
work and implemented a prototype to realize efficient timely information access.

3 A Proposed Data Integration Framework

Before proposing and developing any kind of information system, as per the
Human-Centered Design (HCD) approach [24], it is necessary to understand the
domain in which the system is being used. So, we considered the emergency man-
agement domain and particularly, the response phase.

3.1 Emergency Scenario

We used an indoor fire emergency (i.e., in educational building) as a use-case for
domain analysis which was as follows.

“Imagine there is a big fire in the university building. This fire emergency happens
in building A at the University of Agder Grimstad campus. There are 100 persons stuck
inside the university. From these people, 10 persons are vulnerable (vulnerable are old
people, children, pregnant, allergic to smoke and heat, physically-challenged person).
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These vulnerable people cannot reach the exit quickly and are spread over the whole
building. Visitors are also there and stuck inside the building. They are not aware of the
evacuation procedures and exit routes to escape. After lot of people self-evacuated, 50
victims are still trapped in each floor in the university building. As the university
building has several floors, at least 10 victims got stuck inside each room. However,
first responders are unaware of total number of victims, the number of persons inside
each floor of the building and their exact location to get an overview of the situation
and to evacuate them”.

The detailed emergency scenario description can be found in our previous
research [25]. To deal with this kind of emergency situation, ERs should have access to
different university’s information systems in order to know how many people are still
inside the building and also their location. However, in reality, the data resides in
several systems and ERs do not have access to these systems. In addition, the ERs
cannot get a unified view of the several systems’ data. Therefore, there is a need of a
way of integrating and handling data from different sources with different formats via a
unified system is essential.

Furthermore, with the help of this scenario, information needs of various ERs were
identified. After identifying the information needs, a data integration framework was
proposed. To develop an information system, the authors of this paper could not get
access to different EROs’ databases and applications due to security and privacy bar-
riers. Therefore, for data integration, different applications and databases of University
of Agder (UiA) have been used as a proof-of-concept to provide a holistic way to
access the relevant information in a timely-manner.

3.2 Information Requirements and Model

Information is the content of the communication that takes place within the framework
of emergency response. The following information is essential to obtain situational
awareness and for decision making. The information requirements are about who,
where, when, what, and how. Here, who means the information related to the involved
people and organizations. Where means, the information related to the location of the
emergency. When is, the information related to the date and time of the emergency.
What means, the information related to the type of the event, needed resources (ma-
terial) and what kind of activities should be involved. How means the information
related to the cause of the event and performing tasks. The detailed description of the
acquired information needs and the developed information model can be found in our
previous research [14, 25].

3.3 Data Integration Framework

Based on the proposed reference architecture for emergency management operations a
data integration framework was proposed which can be seen in [17]. The proposed
framework consists of three components i.e., the first part is data sources handling
component, the second part is semantic model component, and the last one is infor-
mation presentation component.
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• The data source handling component handles different applications or data sources
of different EROs such as fire and protection services, police services, ambulance
services and municipality.

• The semantic model component represents the key concepts in the emergency
response domain and their semantic relationship. By using this semantic model, a
centralized database (CDB) will be developed. This CDB is an instance of the
developed semantic data model. The input data for the CDB is provided by the data
source handling layer which fetches data from the different EROs’ databases and
stores in CDB.

• In information provisioning component, the data which is stored in CDB is pro-
vided to ERs on a web-application for supporting different purposes such as getting
overview of the situation, for decision making, setting up the shelters, and arranging
ambulances for transporting victims. The acquisition and availability of the needed
data supports ERs in managing the emergency efficiently and effectively.

4 System Implementation

In this section, we present the results of data source handling development and
implementation part of the proposed framework.

4.1 Data Sources

As mentioned in the previous section, we consider fire in a university building use case
as a proof of concept for handling existing data sources.

The reason for selecting the university building as a use case is that, university
consists of several floors, blocks (buildings) and several people. If any emergency
occurs inside the building, it is difficult for the emergency responders to locate the
victim’s location as they are wide spread in the entire area. To fulfil the
above-mentioned information needs of the ERs, we considered a semantically-enhanced
mediator-based data integration approach for handling data sources in Enterprise Ser-
vice Bus (ESB). The detailed description of the mediator based data integration
approach can be found in [27]. The six different applications that used are: FS system,
SAP portal, Syllabus system, UiA system, Sensor database and Cisco Prime Infras-
tructure Application. The description of each system is given in Table 2.

4.2 System Description

During implementation, we used connectors to provide access to the above-mentioned
data sources such as FS, SAP, Syllabus, UiA and Cisco Prime Infrastructure application
(Cisco PIA). This can be seen in Fig. 2. For the schematic mapping from the local
databases, we have used mule ESB. Mule ESB is an open source lightweight integration
framework that combines messaging, web services, data transformation, and intelligent
routing to reliably connect and coordinate the interaction of significant numbers of
diverse applications across extended enterprises with transactional integrity [53].
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Table 2. Used data sources for data integration [26]

Used applications Description

FS system It contains information related to students who have registered to
the courses and program at the university

SAP portal It contains information related to the full time and part time
employees

Syllabus system It contains information related to the time plan of the scheduled
courses

UiA system It contains information related to university building
information, resources information and hazardous material
information

Sensor database It contains information related to the smoke, fire, and
temperature inside the room

Cisco Prime
Infrastructure application

It contains information related to the connected users over Wi-Fi

Fig. 2. A data integration prototype for fire emergency management.
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In our system development, a message flow was implemented to specify how a
service request is to be parsed in the system. Mule uses message flows to plug together
a series of message processors. The typical message flow has a message source (usually
connectors), which accepts messages from an external source (e.g., databases or
applications or third party APIs) either via standard protocol i.e., HTTP and triggers the
execution of the flow. It also typically includes a series of message processors which
transforms (i.e., convert message payload data to a format that another application can
understand), filters, and enriches messages. The message flow for the implementation
included an HTTP endpoint component as message source, which made the flow
available as an HTTP service. In addition, there are two types of endpoint-based
connectors i.e., inbound endpoints and outbound endpoints in mule ESB. Here,
inbound endpoints serve as a message source for a flow and outbound endpoints send
information to the external systems (i.e., web services or files or databases). The final
prototype implementation in mule ESB can be seen in Fig. 3.

In Mule ESB, HTTP endpoint connector was used in collaboration with the Simple
Object Access Protocol (SOAP) component, where the service was configured with an
appropriate jetty transport representing the different operations that could be invoked
on the service bus. The SOAP component would make the service available for
cross-computer communication. Transformers and jetty transport were being used to
perform data conversion (i.e., from JSON to Object) and to expose Mule Services over
HTTP using a Jetty HTTP server. Data mapper takes data in a specific format and
outputs the same data in the format of our choice. Therefore, we have used this
component to resolve semantic heterogeneity. Data Sense uses message metadata to
facilitate application design. With this functionality, Anypoint Studio proactively
acquires information such as data type and structure, to prescribe how to accurately
map or use this data in your application.

Fig. 3. The final implementation in Mule ESB
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4.3 Data Mapping

To integrate the data from different databases, we first developed a meta-model which
can be found in our previous research [25]. The reason for developing the meta-model
was, when the data are stored in individual databases, then these databases are simple
and good enough to handle queries against them. But, when it comes to integrate these
individual databases into different systems or vice versa, there will be problems with
mapping different database structures due to mismatch in naming domain concepts. For
an example, user name in one data can be named as “user_name”, but in another
database, it can be named as “u_name” or “u_id”. It is obvious that these concepts
have the same semantic i.e., information about the user_name. But syntactically, they
are different. This difference is not easy for a human-being to recognize the similarity
when they are from different organizations. Moreover, it is also not an easy task for a
machine to integrate. Therefore, resolving semantic heterogeneity not only helps
machines understand the domain concepts, but also give users a unified way to access
distributed data.

After developing the meta-model, few rules were made. These rules were then used
to make query plan for retrieving data from stored data sources. To retrieve data, we
used local schemas and global schema. Local schemas are the schemas that were used
to extract data from local databases i.e., FS, SAP, Cisco, Syllabus and so on. Global
schema is the schema that was used to extract data from centralized data warehouse.
The extracted data from local databases are mapped with developed meta-model (on-
tology) that we used and stored in the centralized database i.e., cloud infrastructure.

An example meta-data mapping from local databases to centralized database is as
follows. Victim_ID in meta-model (CDB) = User_name in FS, U_name in SAP and
U_ID in Cisco; v_status in meta-model = status in FS, P_status in SAP; Device_type
in meta-model = d_id in Cisco; Network_id in meta-model = Accesspoint_ID; Net-
work_name in meta-model = AP_location in Cisco.

To demonstrate the use of the prototype system, an example case is considered i.e.,
if ERs request the following information on the GUI: “the persons and their location
inside the building during fire emergency which occurred between 9 to 10 am”. To
present this information, first a global schema was created and then local schemas.
Here, queries against the database were made by using Structured Query Language
(SQL). The rules (query plan) that used to extract data from local databases and store
them in CDB and present on GUI are as follows.

• A Student is identified with username in the FS and in the Cisco database
(user_name in FS = u_id in Cisco).

• An Employee is identified with username in the SAP and in the Cisco database
(u_id in Cisco = u_name in SAP).

• The Student location should be matched with the location of any registered course
(if he/she is registered to any course) (if u_id in Cisco = user_name in FS; then
course_id of connected user in FS = c_id in Syllabus; r_location in
cisco = room_location in syllabus).

250 V. Nunavath and A. Prinz



• The Employee location should be matched with the location of any teaching course
(if he/she teaches any course) (u_id in Cisco = u_name in SAP; course_name in
SAP = coursename in Syllabus; r_location in cisco = room_location in syllabus).

• If an employee is not teaching any course, then the location of the employee should
be matched with the employee’s office (r_location in Cisco = room-location in
SAP).

If a victim is connected to the Cisco network with several devices, and these
devices are shown at two different locations at the same time, then we choose the
victim’s location based on the following criteria. However, in this criterion, first we
check what kind of devices and how many are connected to Cisco network with one
username. (we assume that the user is always connected to wi-fi with two devices i.e.,
mobile and laptop and carries mobile phone with him/her). If user is connected to wi-fi
with two devices to Cisco network, then we check the location of the connected mobile
and laptop as follows.

For employee:

• First, we check the location of the connected devices (in Cisco db). If both the
connected devices’ location (in Cisco db) is matching with location of employee’s
office room (in SAP db) then we assume that the user is at office room and show that
information on the GUI.

• If the connected laptop’s and mobile phone’s location is not matched with
employee’s office room location, then check whether this employee has any class to
teach at that time (in Syllabus db). If employee has class to teach and both devices’
location is matched with teaching room location, then we consider teaching room’s
location information and show it on the GUI.

• If the connected laptop’s location matched with office room’s location and mobile
phone location matched with teaching room location, then check whether this
employee has any class to teach at that time (in Syllabus db). If employee has class
and mobile phone location is matched with teaching room location, then we con-
sider location of the mobile phone and show it on GUI.

• If both connected laptop’s and mobile phone’s location is not matched with
employee location, then we check whether laptop’s and mobile phone’s location is
moving from one place to other. If yes, then we consider the location of both
devices’ information and show it on the GUI.

• If the connected laptop’s location is matched with employees’ office room and
mobile phone’s location is in other location, then we check whether mobile phone’s
location is moving from one place to other. If yes, then we consider the mobile
phone’s location information and show it on the GUI.

For student:

• If student is connected the cisco network with laptop and mobile, then check the
location of the laptop and mobile. Now, check whether this student has any classes
to attend. If yes, then check whether the student’s mobile phone and laptop’s
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location is matching with course class room’s location. If yes, then show the course
class room’s location on GUI.

• If student is connected to the cisco network with laptop and mobile, then check the
location of the laptop and mobile. Now check whether this student has any classes
to attend. If not, then show the current location of student on GUI.

• If student is connected to the cisco network with laptop and mobile, then check the
location of the laptop and mobile. Now check whether this student has any classes
to attend. If yes, then check whether the student’s laptop’s location is matching with
course class room’s location. If no, then check whether the mobile is matching with
course class room’s location. If yes, then show location of mobile on GUI.

• If student is connected to the cisco network with laptop and mobile, then check the
location of the laptop and mobile. Now check whether this student has any classes
to attend. If yes, then check whether the student’s laptop’s location is matching with
course class room’s location. If no, then check whether the mobile is moving from
one place to other. If yes, then show location of mobile on GUI.

In Fig. 3, the used components in the message flow perform the following actions.

– HTTP: It is a connector which can send and receive HTTP and HTTPS requests
given a selected host, port, address. With this connector, we can choose the methods
such as GET, POST, DELETE. In addition, this connector can be configured to
listen for incoming HTTP requests that can be expected to reach a given HTTP
address.

– Set Payload: This is a transformer which is used to set the payload. The payload can
be a string or a mule expression. Here, mule expression is a language which can be
used to access and evaluate the data in the payload to filter, route, or otherwise act
upon the different parts of the Mule message object.

– Local Schemas- It is a database connector which connects to all databases sepa-
rately and queries data as local schemas into a flow.

– Migrate data from local databases to centralized database – It transforms message
i.e., transforms data structure and format to produce the output Salesforce connector
expects.

– Centralized database – It is a Salesforce connector used as outbound connector
which connects with Salesforce cloud, and performs an operation to push data into
Salesforce according to the developed meta-model.

– Logger: It is a component reference which is used to log messages such as error
messages, status notifications, or exceptions.

– JSON to Object: It is a transformer which converts a JSON encoded object graph to
a java object.

– Data mapper: It is a tool to query and transform data inside Mule. Data transfor-
mation can be done graphically mapping the fields by dragging and dropping them
inside the mule.

– Error Handling: In mule, if faults occur, they are referred to as exceptions. When
an activity in the Mule instance fails, Mule throws an exception. To manage these
exceptions, Mule allows to configure exception strategies [28].
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5 Discussion and Related Work

Emergency response operations depend on the availability of relevant information in
order to support search and rescue tasks and decision-making at the emergency site and
at the Command and Control Center [29]. Data from diverse sources are an essential
input for the ERs’ decision making and situational awareness. However, to make
relevant information available and accessible for ERs during emergency response is
challenging as the data reside in different sources and these sources belong to different
organizations. Consequently, getting access to those organizational data sources is
difficult due to technological, political and organizational barriers. In addition, these
organizations mostly use different terminology (semantics) for managing/storing their
data. Utilization of such data during emergency response turns into a manual and
intensive work for ERs in order to make it understandable to one another.

During the last years, researchers have proposed and developed various information
systems by using different integration approaches to solve syntactic, schematic and
semantic heterogeneity problems. Casado et al. [30], proposed and developed a data
interoperability software solution for cross-border collaboration. The main goal of their
work was to translate emergency related terms and symbols from one language to other
language with the help of a common and modular ontology called EMERGency in case
of a border fire. In addition, also to translate emergency related symbols from one
country to other country. For data interoperability, service-oriented architecture has
been used for solving mediation issues. In addition, in this project, semantic mapping
for different predefined information artefacts, information representations and lan-
guages between countries in Europe was focused. However, if their work is compared
with our work, semantic mapping of the incident information was left out.

Balogh et al. [31], proposed to use an agent-based infrastructure for supporting
interoperability as part of the SECRICOM project. The data sources that were used for
integration were not EROs’ data sources. Moreover, the authors have used agent-based
integration approach and did not look into the semantic differences of the data sources.

Fahland et al. [32], developed a prototype system called HUODINI for the flexible
integration and visualization of heterogeneous data sources for disaster management.
HUODINI collects information from several freely available data sources on the web,
such as news feeds, personal blogs, tagged images, and seismo-graphic information.
However, in their work, textual and multimedia data was integrated. Moreover, the
developed and used ontology provides only event and object related information. The
other information such as where, when, how and who are left out.

Romanowski et al. [33], implemented a web-based decision support tool for
emergency managers by using data fusion, data mining and data integration techniques.
The purpose of this developed system was to build scenarios based on the integrated
data (historical data). However, in their work, the authors did not look into the semantic
differences of the data sources.

Ashish et al. [34], developed an information system that provides integrated access
to a wide variety of information sources. With this developed system, both previous
data and real-time information are integrated. However, the purpose of the developed
system was to provide information related to the location such as maps of the location
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and facility, floor plans of buildings in the area, hazardous material location infor-
mation, and other potentially useful information such as work schedules and shift
timing information. Moreover, real-time sensor data such as surveillance cameras in a
building at the incident site also made available to the fire brigades. However, in their
work, the authors look into the geospatial aspects, but neglects the deep semantics of
the emergency.

Li et al. [10], proposed and implemented a decision support system by integrating
diverse EROs data sources to enable the collaborative information sharing among
community-based NGOs, public, and private organizations within a community.
However, we consider the used point-to point integration approach as not scalable, that
means, when the number of applications increases, the complexity of the whole system
increase. In addition, any change in one application will make the whole system
change. Moreover, new connection between the that application and others need to be
reestablished. This can result in high maintenance costs and a lack of flexibility when it
becomes necessary to make changes [35].

Mecella et al. [36], proposed and developed a 2 layer peer to peer service-oriented
software infrastructure to support decision making during emergency situations. It
provides a decentralized, event-driven information integration environment. In this
project, task analysis technique called Hierarchical Task Analysis was used to identify
the task requirements for various emergency scenarios. However, the developed
solution partially solves semantic mapping of the geo-data, but neglects deep semantics
of the emergency.

Alamdar et al. [37] integrated geospatial data of different sensor databases and used
for a flood use-case and Lezcano et al. [38], proposed an archetype approach for inte-
grating different sensor data sources for solving semantic heterogeneity. However, both
these solutions, tried to solve semantic heterogeneity of different type of sensor data.

In [39–43], the authors integrated different spatial data sources for providing spatial
data to the emergency responders, Kou et al. [44], proposed a heterogeneous data
integration framework for providing video and audio data. However, to our knowledge,
this framework has not yet been developed and tested with a use-case.

Raman et al. [45], proposed and developed a web-based disaster management
system called CEMAS for providing resource related information to the emergency
responders. The information provision was done by integrating different data sources.
The main objective of their system is to provide emergency alert about surrounding
area via SMS or email to the emergency responders in case of natural disasters.

Christman et al. [46], proposed a methodology to integrate tactical level informa-
tion integration from two systems i.e., Civil Information Management (CIM), and Data
Processing System (DPS). For data interoperability, a data exchange format called
National Information Exchange Model (NIEM) was used. However, the used NIEM
data model solves semantic heterogeneity partially when compared to our solution.

Subik et al. [47], provides multi-disciplinary rescue teams with an integrated and
intelligent communication and information system for efficient data sharing and
emergency process management before, during and after major incidents. Their
developed system allows mapping internal onto an external data structures and vice
versa for achieving technical and syntactical interoperability. However, their work
completely neglects the semantic one.
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SINTEF [48], proposed and built a middleware which allows data, system and
network interoperability for multi-agency emergency collaboration and decision-
making. In their project, multimedia information has been integrated by using SOA
paradigm and web services technology. For requirement analysis, participatory design
methodology and ethnographic studies were being used. In addition, they use EDXL
standard for information exchange. This project provides data from the social media to
the involved ERs for situational awareness social-media data integration. However, in
their work, semantic mapping was done on unstructured data i.e., social media data.
Whereas in our solution, semantic heterogeneity of structured data of existing systems
is solved.

Apisakmontri [49], proposed and developed an ontology to integrate different
humanitarian aid information and disaster management systems However, in their work,
semantic mapping was done on unstructured data i.e., social media data. Whereas in our
solution, semantic heterogeneity of structured data of existing systems is solved.

Erskine et al. [50], used a hybrid approach for aggregating data from social net-
works for natural disasters. Here, hybrid approach means utilizing automated data
mining tools and crowdsourcing to optimize the information. However, in this study,
solving semantic heterogeneity aspect was not considered.

Careem et al. [51] developed a software application called SAHANA for managing
resources and information in disaster response, but does not address the semantic
integration of content.

Although various information systems have been developed by introducing novel
ideas to provide information to the emergency responders in order to improve emer-
gency management, there are still gaps: (1) deep analysis of the semantics of the
technological/man-made emergency domain and (2) disseminating the needed/relevant
information to the involved ERs at the right time to the right person at the right time.
So, we presented a methodology and developed a prototype. The novelty of our
methodology lies in providing functionality for more data usage in terms of on-the-fly
integration of different data sources and analysis.

Here, on-the fly data integration means, for example, after the emergency occur-
rence, the involved ERs realize that extra information is available at the emergency site
for example, information related to victim and resources inside the building. The
involved ERs could think that they can use this extra available information in their
search and rescue operations. Although this information is available at the emergency
site, involved ERs do not have access to that kind of information. In such a scenario,
ERs could consider our implementation part, particularly the domain analysis aspect.
Here, the domain analysis aspect is nothing but knowing the involved stakeholders,
their information needs and so on in advance in case of an emergency.

If 90% of the emergency domain analysis is done before the emergency occurrence
for all types of emergencies, then it is easy for the involved stakeholders to manage the
emergency. Here 90% of the analysis is nothing but partially who (analysis on who
should involve from organizations), partially how (performing tasks depending on the
emergency type), where (location of the emergency), partially what (needed resources
and activities depending on the emergency type). However, some information is gen-
erated just before the emergency i.e., when (date and time of the emergency). In
addition, some information is generated during the emergency i.e., partial information
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of who (involved victims) and is not known by the ERs before the emergency. So, after
the emergency, including this extra information in the developed system is not that
difficult as the ERs get to know about the emergency situation and the needed infor-
mation. This is because the implementation is something that can be automatized or
modularized.

If we compare our solution with the commercial tools e.g. CIM [20], Esri’s ArcMap
[54], Map info [55], WebEOC [56], Crisis Commander [57] and so on, they typically
have all-in-one approach i.e., in these developed tools, the information is taken in from
other sources and claim that the data belongs to them at the end. Consequently, again
poor access to the needed information. Furthermore, since these systems are com-
mercial, it is not clear to us whether the semantic consistency issue has been taken in to
consideration in the development of these systems. If we consider our work as whole,
we find out that Xchangecore [52] is related to our work. It is an open source system
developed by XchangeCore Community. Xchangecore is widely used in USA for
supporting data orchestration for emergency management. This system is based on
international data exchange standards such as Common Alerting Protocol (CAP),
Emergency Data Exchange Language – Distribution Element (EDXL-DE), and
Emergency Data Exchange Language – Resource Management (EDXL-RM). One of
the components of this solution is similar to our solution i.e., information interoper-
ability for providing real-time information. In this system, data sharing agreements are
made in advance for accessing the information and for sharing. To use Xchangecore, a
complex installation process is involved. Moreover, to integrate any other application
to the Xchangecore, a connector has to be implemented, which can not be done by
non-programmer. Furthermore, guidance is required to understand the whole systems
and components. However, in our solution, different data get linked easily with the
information model to present an holistic overview. In addition, all our interviews with
ERs revealed that the domain analysis part can be done in advance i.e., for all kind of
emergencies where ERs can be prepared.

6 Conclusions

In this paper, the authors studied a process for bringing inter-agency data together as a
potential source for providing real-time information for emergency management. Based
on an indoor fire emergency case study, the issues, information and functional
requirements regarding access, dissemination and usage of data from existing data
sources for managing emergency were identified. To address the investigated chal-
lenges and requirements, a data integration framework was proposed by using
Model-driven data integration and a prototype was developed. This data integration
framework consists of three components. (1) the data source handling component,
(2) the semantic model component, and (3) the information presentation component.
The implementation was done based on an approach called semantically-enhanced
mediator-based data integration. Based on the presented approach, a prototype is
developed by integrating existing data sources with the developed information model in
real-time to support ERs for situational awareness and for decision-making.
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In conclusion, having information from various places through mediator-based data
integration approach would give more efficient access to the information during
emergency management. The presented approach would also provide improvement in
inter-agencies’ knowledge sharing and data exchange through providing more
automation in the interaction among organizations involved in emergency manage-
ment. As future work, we plan to evaluate the prototype and the methodology with a
questionnaire based survey and prototype demonstration workshop session with vari-
ous ERs to get their feedback and recommendations for further improvements.
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