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Abstract. This position paper highlights current problems linked to
the aspects of the multi-agency collaboration during disaster response.
The coordination and cooperation depend on the information sharing
and use which must face up to interoperability, access rights, and quality
problems. The research project aims at providing an assessment of information impact on the disaster response in order to support the decisionmaking about what information shared or what quality of data used to
improve the response efficiency. Our research approach propose to combine an information system able to integrate heterogeneous data and a
simulation system to assess different strategies of information sharing,
dissemination and use. A knowledge base is used as a bridge between
information system and simulation system. This knowledge base allows
for designing dynamically a simulation according to open data and for
managing the own knowledge and information known by each agent.
Key words: multi-agent based simulation system, semantic, disaster
response, information management

1 Introduction
The disaster response corresponds to the emergency crisis management and aims
at acting to limit injuries, loss of life and damage to property and the environment [1]. This objective cannot be reached efficiently without the collaboration
of multi-agency. This collaboration is the main issue of Disaster response. The
collaboration has two aspects: the coordination and the cooperation [2]. The
coordination is the act of managing interdependencies between activities performed to achieve a goal [3]. The three components of the coordination are
activities which correspond to the goal decomposition, actors who are selected
to be assigned to an activity, and interdependency which must be managed [3].
The cooperation is defined as joint pursuit of agreed-on goal(s) in a manner corresponding to a shared understanding about contributions and payoffs [2]. Here,
the cooperation intervenes in the resource sharing to achieve response activities
and in the information sharing to obtain a better view of the crisis situation.
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Information and communication technologies play a key role to support the
collaboration during disaster response by providing solutions of collaboration
and cooperation. On the one hand, planning mechanisms allow for organizing
actors, activities and resources by taking into account the different interdependencies. On the other hand, the use of semantic technologies through ontologies
provides a support for a shared understanding. Several systems have been developed in order to facilitate the collaboration and assess different strategies of
collaboration and communication between the different agencies. However, the
problem of communication and information sharing intervenes at different levels: Community, Agency and Individual [4]. For the community, the problems
concern mainly inter-organizational interdependencies and collaboration procedures where appears a lack of standardization and interoperability due to the
need of collaboration between heterogeneous systems. For the level of agencies,
the organizational procedures are focused on vertical sharing (means a sharing
according to the hierarchical agency structure) of information whose access depends on responsibilities, privacy, security and authentication. For individual
level, the execution of a task is influenced by the uncertainty and the time pressure related to the crisis situation. In this situation, each individual is confronted
to information access limit, misinterpretation of information due to their quality
and the difficulty in determining what information should be shared. [5] claims
that Sharing and dissemination of information is both crucial and problematic.
Among the different problems of information sharing, there is a lack of common vocabulary, and a lack of information about the scale of the disaster which
conducts to an imprecise information. Moreover, another aspect of the importance of information for the victims is presented. A lack of updated information
can increase fear, stress and other emotions of the victims. The sharing and
dissemination of information is the heart of the response where the decisionmaking about the type, the quantity, and the quality of information is crucial.
This decision-making during the response is difficult due to the time pressure
of the situation. That is why, it is necessary to be prepared in order to make
efficient decision about information sharing during the response. Consequently,
this paper presents an approach based on a simulation system and a semantic
geographic information system to support the preparation of decision-making
about information sharing during a disaster situation. Through the combination of a simulation system and an information system, different strategies for
the use, the dissemination and the sharing of information can be applied during a disaster response situation. The analysis of simulation results for different
strategies aims at identifying the most suitable data to use, the most suitable
information to share and disseminate. Section 2 presents works related to the
problematic aspects of such a system.

2 Related work
The problematic to create a system which supports the decision-making preparation about information sharing during a disaster situation, has two problematic
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aspects. The first aspect concerns the requirements in information sharing and
the second corresponds to the evaluation of the different strategies on the disaster
response. The two followings section deals with these aspects.
2.1 Information sharing
Several systems have been developed to facilitate the information sharing during
the response. The project Disaster 2.0 offers a web platform where a description
of situation needs can be deposed and stored thanks to the use of an ontology.
This ontology aims at facilitating the research of specific needs for an agency
to bring solutions to the needs corresponding to its capacity [6]. This type of
information exchange provides an overview of situation needs and facilitate the
management of these response needs. The paper [7] presents the ontology Einsim which aims at providing a simulation model allowing the combination with
other response systems. The use of this ontology facilitates the reuse of information coming from response systems. Many common vocabularies have been
developed to provide a common understanding and facilitate the cooperation.
The management of a crisis (MOAC) vocabulary allows the description of humanitarian activities related to a crisis situation [8]. These activities can be
specified by the three questions: Who? What? Where? Emergel ontology [9] has
been developed during a European project to facilitate the collaboration between
European country through a common language including a specification of pictograms. This ontology provides vocabulary to describe an emergency situation,
mainly caused by natural disaster or by the collision of vehicles. Ontologies have
been used to provide a common vocabulary allowing a common understanding
for the cooperation and facilitating the information exchange. The advantage of
ontology is to provide a structured storage of information which can be understood by humans and machines. Ontologies have also a flexibility advantage to
combine them or merge them, thanks to matching techniques.
2.2 Strategy Evaluation
The preparation by assessing different strategies aims at determining the most
suitable decision. This process is generally computed by a simulation system
on different crisis situations using the strategy applications and result assesses
for each strategy. The simulator Simgenis has been used to test two organizational strategies (centralized or distributed) and two communication modes
(traditional paper or electronic forms) to evaluate their impact on the efficiency
of the rescue process [11]. Thanks to this approach, they have identified that the
electronic mode of communication reduces delays and victims losses. But the
most interesting is that the most suitable organizational strategy depends on
the relation between the number of victims and rescuers. Thus, the assessment
of the response efficiency is computed according to the total number of victims,
initial state of the victims and the total number of rescuers (e.g. doctors, firefighters, and nurses). The Drillsim platform [10] focuses on assessing the impact
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of information technologies (IT) solution used during the disaster response to
show that the use of appropriate IT solutions improve the response. IT solutions are mainly sensors and communication infrastructure including video and
audio sensors, people counters, built-in RFID technology, power line, ethernet,
and wireless communications. The assessment of the response efficiency depends
on the evacuation speed and the number of injuries. The survey [12] presents a
framework allowing to assess a response plan and the decision-making of agents
by statistical results data according to the crisis incident and its executing plan.
The assessment of the response plan can also compute through the use of an
ontology and a reasoner to check the consistency of the response plan applied
during the simulation [13]. The multi-agent based simulation is the main technology used to test different strategies and assess its impact. Among this related
work, two main goals are identified. The first is the evaluation of response plans
which are mainly applied in a situation of evacuation and only few of them
are interested in the aspect of collaboration through organizational strategies
or through the consistency of plans. The second is based on the aspect of information, one is focused on the use of information technologies which provide
information about the situation and another is focused on communication ways.
However, no simulation systems allow for assessing the impact of information
sharing and dissemination.

3 Problem statement
Through the study of the related work, from our knowledge the use of ontologies
for data interoperability and multi-agent based simulation appears as two technologies relevant for the creation of a system able to support decision-making
about the information sharing and dissemination.
But we were not able to identify a system that supports the decision-making
about information sharing and dissemination during the disaster response. This
can be explained because of the information sharing is a first domain of research
that is still facing up to problematic of interoperability and uncertainty of data.
Regarding the second domain, the multi-agent simulation deals with problems of
large scale simulation, realistic and generic model design, and intelligent agent
for information processing. These two research problems must be addressed in
the context of disaster response including the following aspects: The cooperation requires the management of information through a common vocabulary
to facilitate the interoperability, the management of different data sources with
different access rights, different quality and provenance. The coordination is influenced by the information, and requires the management of interdependencies
between the different tasks, actors and resource in order to respond efficiently.
The impact of information on the tasks execution and behavior of victims must
be assessed. The information sharing intervenes in the cooperation and impacts
the coordination. That is why, the assessment of information impact requires to
take into account the cooperation and the coordination aspect, to show how the
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information contributes to an efficient response. The simulation of disaster response can illustrate problems which have been solved thanks to the information
sharing. According to [4], this information will reinforce peoples motivation for
sharing information and thus, reduce the problem of reluctance to share information with other agencies. Moreover, [4] claims At the national level, authorities
and laws can stimulate inter-organizational information sharing by implementing institutional mechanisms that dictate organizational policies and guidelines.
Thanks to the proof of good practice in the information sharing providing by
the simulation system, new laws can be created to improve and stimulate the
information sharing during the disaster response. Thus, the creation of a system
proving the importance of information sharing and identifying good practices in
information sharing can generate new decision-making about that and improve
the response efficiency. However, the creation of such a system requires to solve
sub-problems. The heterogeneous data integration must be managed because of
the need to integrate a diversity of systems for the cooperation between agencies.
The simulation model must be designed to simulate the coordination during the
disaster response according to the known information. The assessment of simulation results is required to determine the impact of information sharing on the
response efficiency.
Heterogeneous data integration and management The heterogeneous
data gather different types of information, different sources, and different format.
The geographic information about the real world are required to build a realistic
environment of simulation in the sense of a representation of the real world. The
integration of this data type is generally done by the integration of geographical
map [10], and the use of a geographic information system [14], [15]. The second
type of data are the information data stored by all agencies which intervene in
the response. This type of information can be information about resources (e.g.
equipment, humanitarian resources), action plan, shelter plan, information about
population, etc. Each agency has generally its own system to manage its data,
which leads to a diversity of storage way and a difficulty for the interoperability.
The ontology is generally used to facilitate the interoperability, but the different
approaches to integrate data into ontology are generally specific to a format or
a way of storage (e.g. GML2RDF [16], R2RML [17], specific connectors for each
agency [18]). There is a lack in automatic integration of heterogeneous data in
an ontological form. Filling in this lack can facilitate the integration of a new
collaborator and its data into a collaborative system without the need to create
a new connector or mediator to incorporate its data. The purpose of the information communication according to certain criteria to assess its impact on the
response, implies also the integration of information about the data provenance
and quality.
Simulation model The simulation model for disaster response must be able
to manage large-scale simulation and requires the generation of crisis scenario
[12]. Two main types of actor models are necessary: one for the victims and one
for the responders [11] which have not the same behavior during the disaster
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response. The simulation model must manage their interactions between them
and with the environment and the potential problems that they could give rise.
All these problems are limits for the simulation application.
Simulation assessment The assessment of the simulation aims at supporting
the decision-making about the information sharing and dissemination during the
response. That implies to allow the information communication according to certain criteria and observe the impact of this information on the response efficiency.
The assessment requires to link the known information with their particularity
to the actions or behavior resulting from the agent decision. A statistical study
of the information communication impact would allow the different response
agencies to decide what information is suitable to communicate and share.

4 Research approach
The approach to solve these issues of and its sub-problems previously presented, combines information management techniques and simulation techniques
through the use of a knowledge base to provide flexibility for the simulation system, facilitating the integration and the management of data.
Heterogeneous data integration and management The integration of heterogeneous data has two main goals. The first goal is to allow a collaborative
preparation by allowing the integration of information from different agencies
with a right management to respect the information membership. The second
goal is to use open data to create the simulation components dynamically. A majority of open data are available on csv and shapefile format or other schema-less
format providing a table form which is problematic for a semantic integration.
In order to integrate these types of file, we have developed an automatic process based on natural language processing, geographic tools and semantic web
[19]. Thanks to this work, it is easy to integrate semantically information from
all open data of a city as the different buildings, streets, quarters, fire station,
hospitals, city alarm, etc. These types of file provide, first of all, the location,
but sometimes also, information as the different services of a hospital and the
number of beds for each service. Another example of information from this file is
the location of the fire station, the number of professional firemen and the number of voluntary firemen or a building with the number of people inside. All of
this information extracted semantically will be used to generate the environment
of the simulation and its agent population. This approach is called knowledgecentric design because the simulation design is managed by the content of the
knowledge base. This research problem is a part of the semantic geographic information system (SemGIS) project that manages data quality [20]. The simulation
will be based on multi-agent because of the disaster response is a complex system where evolve entities with many interactions. In this case, the multi-agent
based simulation is suitable because it consists in the entities and their interactions modeling to generate the emergence of the complex system. The modelling
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of agents and their interactions will be managed by an ontology about disaster
response which will describe the organizational structure of actors and their interactions. The representation of the two types of actors will be managed by two
types of agents: behavior agents for the victims whose actions will be influenced
by their emotions, and intelligent agents for responders who will make a decision
of action according to their action plan and the situation information that they
have access through the use of the knowledge base.
Plan of assessment A use case based on a flood situation in the city of Cologne
in Germany is preparing to incorporate plan of the different responder and open
data of the city into the knowledge base. Through this use case, a sufficient
set of experiments will be led with different input parameters concerning the
information sharing and communication. The result of each simulation through
the follow-up of variables will be analysed according to the input parameter in
order to identify the impact of information on the response efficiency.

5 Conclusion
The proposed approach aims at supporting the preparation for decision-making
about the information sharing and dissemination during a disaster response to
improve the response efficiency. The planned approach uses semantic technologies to integrate and manage information necessary for the simulation of disaster response. The management of agents with different knowledge and different
information access can allow for assessing the impact of information or its quality on the response efficiency. This impact assessment allows for determining a
certain data quality requirement to use during a disaster response or essential
information which needs to be shared to obtain a best efficiency.
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