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ABSTRACT

When disaster strikes various agencies get involved. These organizations
require diverse information for coordination of public emergency services in
order to save lives and property. Amongst all, the effectiveness of emergency
management depends on both data sources and effectiveness of
communication flow between first responders on the field and disaster
managers in commando centers. In this process, the management of positions
of responders on the field is of critical importance. Knowing the location and
the tasks a responder is responsible for, the most appropriate information can
be selected and delivered. In this paper we survey important technology
applicable for disaster management and define system requirements for
management of moving objects and context profiles of end-users.

Keywords: Context data, database management system, decision making,
disaster management, emergency response, moving objects data.

1.0 INTRODUCTION

Emergency situation can develop anytime, anywhere and can be of unexpected
proportions. Therefore flexible management of information is especially important
to ensure timely, supportive, flexible and efficient response. Disasters are
characterized by scope of emergency. When emergency exceeds the capability of
the local resources to manage it, it becomes a disaster. Disaster is any incident,
which threatens human safety and life and/or causes damages to property
(buildings, equipment, networks, etc.) or puts in danger the environment. The
disaster can be of natural, industrial or humanitarian origin and can be classified as
lithosphere disaster (landslide, subsidence, and earthquakes), atmospheric disasters
(rain, lightning, and temperature), hydrosphere disasters (flooding, coastal erosion),
biological disasters (forest fires and wildfires) and technological disasters (oil spills,

ISSN: 1985-3157 Vol.2 No.1 Jan.-June 2008 51


mailto:S.S.BintiKamalBaharin@tudelft.nl
http://www.pdffactory.com

Journal Advanced Manufacturing Technology

transport accidents, failure of construction). Typically a disaster management
system addresses three distinct phases (Richardson, B., 1994), which are:

i Pre-Disaster (i.e. planning, mitigation, early warning, preparedness);

ii. During the Disaster (i.e. response);

Post-Disaster (i.e. recovery, relief, rescue, and rehabilitation) (Narain.
A.,2006).

This paper focuses on the response phase. The response phase cannot be isolated
from the entire risk and disaster management cycle, because response is practically
applying preparedness plans and testing mitigation measures. Response activities
aim to provide emergency assistance for victims, seek stabilizing of the emergency
situation, to reduce the probability of secondary damages and also to speed up
recovery operations. Or in other words, this stage includes the mobilization of the
necessary emergency services and first responders in the disaster area. Normally,
they may be supported by a number of secondary emergency services, such as
specialized rescue teams. So that, an optimal provision of information concerning
the context involved in disaster is an essential pre-requisite. Police, fire
departments, public health, and other organizations have to react in coordinated
manner, with needed efficiency and effectiveness. To achieve this result, intra and
inter organization coordination at various hierarchy levels are needed. During
disaster, organizations from various hierarchy levels (i.e. fire brigade department,
police department, hospital, municipality etc.) are getting involved, e.g. from
decision maker (personnel) inside the office to the emergency rescue worker that is
responsible for the activities at the disaster location (Diehl, S., and Van Der Heide,
J.,2005), (Winter, S., etal., 2005), (Zlatanova, S., 2005).

In large extends, the effectiveness of emergency management is depended on
the data that come from both 1) various existing resources such as building
layouts, accessibility maps, road networks, electrical networks, sewer systems
and so forth, and 2) dynamic data such as locations of rescue units, distances to
hospitals and other shelters, distribution and movements of pollution clouds etc.
Beside that, their work also depends on the efficiency and effectiveness of
communication flow during the disaster. Communication flow here refers to the
exchange of information between and within organizations (which is also
depended on the task schedule of each frontline personnel).

During the disaster, individuals or groups of people that are responsible for rescue
tasks on the field are known as emergency responders (ER). Decision-makers
(DM) in the office are responsible for scheduling and coordination tasks with
respect to each emergency responder's team. Practically, DM has the critical role
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to decide who the right person to be sent to the right place, at a right time and using
the fastest way. However several factors influence this process, €.g. human-based
communication, location unawareness, continuously changing positions and
context. Generally, in emergency response, the decision has to be made quickly.
Currently the decisions are mostly taken on the basis of human assessments,
estimations and conclusions. Most used resources are human reports obtained through
phone-based communication, which may slow-down the decision-making process.
Often bad location awareness could also complicate the decision-making process.
There are several systems available that can visualize positions of moving objects
but they are domain-oriented (for ambulance or police only). Moreover location
information of each ER can change unpredictably. Thus if the object (e.g. a fire
brigade truck) is moving, location data reported (and estimated) may become
invalid or outdated. Furthermore, the personal data of rescue workers such as job
skill, experienced, and expertise is also important to be known by DM to make a
right coordination in disaster management. Therefore it is also critical to know the
context of the user. The context of the user is even more important in delivery of
information. Incomplete information delivery may result in wrong decisions or
actions, but it is the same with overload of information. It may cause confusion and
increase the stress.

Among all the factors, playing role in the decision-making process, this paper
concentrates on the management of location information and user context. The
paper is organized in six sections. The next section provides a motivation
example for this research. Section three provides an overview on context-
aware technology. Section four elaborates on requirements to a system for
managing moving objects to support decision making process. Section five
concludes the discussion by outlining next steps in the research.

2.0 MOTIVATION EXAMPLE: IMPORTANCE OF LOCATION
INFORMATION AND CONTEXT INFORMATION IN
EMERGENCY RESPONSE

To illustrate the importance of location information and its relationship with
context in emergency response, let us consider the following scenario: a road
accident between a lorry and a trailer has occurred at road J had caused road
congestion (Figure 1). At the same time, an ambulance X was on the way to
save fire victim in location B, also involved within the same congestion.
Although ambulance X could use emergency siren to get route, it would not be
as fast as if no road accidents has been involved. Because a task has been
given to the ambulance X to go to location B, victims at other locations (Road J)
should wait for the next available ambulance assistant. This situation can easily
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occur if the communication and the timely presentation of the ambulance
movement are improper. If the speed and the direction of each moving object
are known, indirectly their location in any arbitrary moment will be known.
Practically, the locations can be obtained from GPS measurements (since
every car is equipped with a GPS receiver). If the current location at time=t of
each object is known, the decision-making can be adapted to the particular
situation. For example, because accident occurred on the same road
ambulance X stays, then as lifeguard, the responsible personal should provide
help to victim in need. In this case, the ambulance X should help the victims
with the same accident, and since the reaction will be very fast, it may be
critical in saving lives.

Figure 1: Car Accident in Road Highway

Unfortunately, to be able to make such adaptation, a lot of information has to be
assessed and evaluated. One of those is the context. By knowing the context in
such an incident, system can respond and provide the information required
only. Information overload is also dangerous in crisis situations. For instance
DM who has got much information is going to be more confuse especially
when making a decision. Thus analysis tool that provide information about the
context of the moving objects could be very important. For example, ‘current
situation’ or ‘status of the route’ could be considered as a context to DM to
make a decision in rescue unit scheduling. The system that give analysis
information with its reason, may contribute to the good decision making. For
example by knowing unfamiliar pattern in hierarchy network (e.g. it’s crowded
than usual) would mean that something happens (Figure 2). Thus the system
should know what to do, which will be based on the current situation, either as
a guidance or information supplying (Rahman, A.A., and Zlatanova, S., 2006).
The system could push the information directly and automatically to the user
without waiting for a request from the user. The extracted information will be
based on the context entities. Besides situation, the user’s profile, current task
or goal, each object, also can be termed as context. By using combination of all
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relevant factors that we translating to context in software usage, rescue guide
application may provide and give a map that is relevant to salvage purpose only
(of course base on the scope of their job position, or task and position at time=t
(current location)) rather than present irrelevant information that not useful.

For example in order to present a risk map, the application should can adapt the
symbol of the map used based on the user's profile or system could adapt the
type of information that more appropriate to each actors that involved in
disaster management. For instance firefighters may need information (such as
fire hydrant symbol, restricted area, etc.) presents in risk map are different
with the risk map produced to ambulance (such as hospital symbol, etc.).

For the worse case, by knowing context information, temporary relief from the
public may be given. For example in the case of car accident as describe above,
by knowing other personnel data (e.g. user's job) for each moving object
involved in certain radius, relevant information can be sent to the relevant user's
mobile device. For instance, the information about condition of victim and kind
of assistance needed can be sent to the nearest 'doctor' mobile device from
that location (Figure 3). However in this case, emotion and type of privacy
needed by the user need to be considered too. Above scenarios shows that
besides location and other parameters describing the movement, context
information could take into consideration in application design.

Figure 2: Unfamiliar Pattern of moving objects may give a sign that something
happen.
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This example clearly shows the importance of both 1) location of moving
objects and 2) context of users. Moving object information may be captured
using various techniques such as GPS receivers, network positioning for
cellular in GSM/CDMA, wireless network, Bluetooth, etc. Location
information of each moving object needs a frequent update. The more frequent
update the more accurate we can get the information. Important context
information for disaster management has to be also collected and maintained.
Parameters defining context can be defined with respect to various factors.
The next section elaborates on context in detail.

Figure 3: Context Information of Personal Data.

3.0 CONTEXT AND CONTEXT-AWARE TECHNOLOGY

According to (Dey, A K., 2001), context is any information that can be used to
characterize the situation of an entity. An Entity is a person, place, or object
that is considered relevant to the interaction between a user and an application
including the user and an application. This definition is clear where if a piece of
information can be used to characterize the situation of a participant in an
interaction, then that information is context. In disaster management, context
entities can be divided by three categories or domains (Su, J. Z., and Sauvola,
J., 2003), which are user domain (such as user's profile, people nearby, user
activity, location, and current social situations etc.), computing domain (such as
network connectivity, communication bandwidth and nearby resources e.g. fire
hydrant etc.) and environment domain (such as time, noise level, lighting,
temperature, weather, traffic control etc.). A system can be called as context-
aware if it uses a context to provide relevant information and/or services to the
user, where relevancy is depends on the user's task. Or in other words,
context-aware computing deals with the ability of computer systems to obtain
contextual knowledge in order to perform relevant tasks. There are several
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research effort aiming to integrate context in application such as Context-aware
Mobile Personal Assistant (COMPASS) (Mark, V.S., et al., 2004), Active Badge
System (Want, R., et al., 2003), (Want, R., et al., 1993), Cyberdesk (Dey, A.K.,
1998), Ektara (DeVaul, R.W., and Pentland, A.S., 2000), Mediacup (Gellersen,
H.W., et al., 1999), TEA project (Gellersen, H.W., et al., 2002), Owl Context
Service (Ebling, M., et al., 2001), Kimura System (Hansen, K.M., et al., 2001),
Solar (Chen, G., and Kotz, D., 2002), Aura project (Garlan, D., et al., 2002) and
Context Toolkit (Salber, D., et al., 1999).

The user brings the mobile device, will determine device location, and also
user's location indirectly. User has to access to the device and its functionality.
System conditions also depend on the device location. The location also defines
the current temperature, which has a great influence on the battery life.
Activities are always situated in space and time and differ for distinct user
roles. Location and time restrict certain activities influence the possibility or
meaningfulness of activities, or change their quality. Depending on the time
locations can have a different meaning, importance or accessibility.

Figure 4 outlines the possible values of context entities and their relationships.
Several context entities may give significant impact on maps visualization and
representation. For example, the role could influence the task assigned in the
instruction or command and also features presents on the map and their
symbolization. The current activity and the user role influence the map content,
map style, map graphic etc.

A simple example to describe context-aware computing is if the system know
the location of the user (through cell phone) and concert schedule, so a cell
phone will always vibrate and never ring or beep in a concert or in disaster
management, if the system of fire department know the location of the fire
workers and task schedule, so an alert messaging or (appropriate information
that related to the rescue task) will push to the only related team. Based on this
example, individual context dimensions cannot be considered independently. It
is important to analyze the different relationship among them. Most relationship
exists between the user and other context dimensions (such as the location
information and concert schedule or current task).
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Figure 4: Possible value of context entities and their relationship.
(Adapted from Reichenbacher, 2007)

4.0 SYSTEM ARCHITECTURE

An abstract architecture of information system for disaster management in
emergency response is shown in Figure 5 below. In our system architecture,
DBMS plays a critical role.

DBMS has already been moving from traditional database management
systems to spatial data base management systems. Presently, most mainstream
DBMS offer spatial data types and spatial functions usually in an object-
relational spatial extend to RDBMS (Want, R., etal., 1992). Storing spatial data and
performing spatial analysis can be completed with SQL queries.
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Additionally, integrated queries on both spatial and non-spatial parts of features can
be executed at database level. The spatial data types and spatial operations reflect
only simple two-dimensional features, though embedded in 3D space. The next step
is management of spatio-temporal data and mobile moving objects.

And Figure 6 below shows a DBMS as a central system, which provides a
common interface between the data and the various front-end programs in the
application. It also provides a central location for the whole data in the
application to reside. The figure shows an example of DBMS and various
applications that could involve in disaster. The focus of this research is
primarily on the DBMS component.
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Figure 5: Abstract Architecture of Information System for Emergency Response.
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Figure 6: DBMS as Central System in Disaster Management System.
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5.0 SYSTEM REQUIREMENTS

In this section, we discuss the requirements need for building the context-aware
moving object data management system for disaster management. We discuss
challenges to the data model, indexing techniques, analysis and visualization of
mobile moving objects with respect to a given context.

5.1 Data model

The data model is a backbone in this research. It acts as a framework and has
a potential for fostering emergency response programs by guiding data
management such as what data to be collected, formatted, stored, analyzing
etc. especially under crisis condition specifically. From previous research,
several problems in moving object database have been examined modeling and
query language such as in (Sistla A.P., et al., 1997), (Erwig, M., et al., 1999)
and (Forlizzi, L., et al., 2000). In emergency situation, each data spatial or
non-spatial must be disseminated among organization and can be utilized
rapidly by mobile technologies. However this efficiency of utilization is based
on the structure and quality of data that serves the purpose of related
organization. Thus data model provides practical template that simplify the
integration of similar data sets at different scales.

Nowadays, various innovations in mobile computing drive many applications
towards management of moving object's locations. Unfortunately, according to
(Salber, D, et al., 1999), current Database Management System (DBMS) are
not used to develop that moving object application. The reason for this is that in
databases, data is assumed to be constant unless it is explicitly modified. Thus
the management of moving object location especially in disaster is very
complex and need some extend of data model in order to manage moving
object data and combining with context data to make an appropriate decision
and analysis task. Currently various research study on moving object and
context, are done separately. Besides that, critical sets of capabilities that are
needed by moving object database applications are lacking in existing DBMS
such as moving object analysis, indexing dynamic attribute, uncertainty
management of moving object and spatio-temporal operator, etc. This kind of
issues need some proper data modeling to ensure that future application
become a complete and useful application.

5.2 Indexing and updates

Efficiency processing of queries manipulating spatial relationship relies upon
auxiliary indexing structures. The most problem faced in indexing is in update
task. Frequent update is more accurate but caused poor performance and
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increases a cost. The relationship between update, cost and accuracy can be
shown as Figure 7. Where else index maintenance is important and must be
take into account in Moving Object Database application in order to get the
information with fast. There are two main issues related to index update, which
are "when-to-update” and "how-to-update" (Ding, R., et al., 2003) that also
could be a research question here.

Each moving objects has both spatio-temporal properties that represent the
trajectory and non spatio-temporal properties represent the non-spatial data
such as ID, phone number, name etc. In order to answer the question such as
"show the nearest ambulance within 2 kilometer from location X", DBMS needs
a Moving Object Database that could be storing, updating and processing
queries trajectories of moving objects. Unfortunately, when the trajectory is
update very frequently, it would impose a serious performance and wireless-
bandwidth overhead, if not the answer to queries is not accurate at all or in
other word is outdated. Ambulance information either in the field or not, could
be known based on the speed ambulance involved (as context) in.
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Figure 7: Relationship between Update, Cost and Accuracy

5.3 Reasoning and information analysis

Currently, in emergency response, moving object information is only for
monitoring purpose and cannot be used to make analysis. This drawback gives
a problem to the emergency rescue to make a quick respond, where else in
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disaster management, quick respond is the most important thing in order to give
a high-quality care to the public (Zlatanova, S., D. et al., 2007). For example,
lack of communication between actors on the field and decision maker in the
office make the situation become worst due no monitoring device or tools that
could give a suggestion based on real time situation. Advanced function that
could be used at this moment is to get the information of distribution each
responder unit by using visualization tools. In fact there is more than
visualization that could be done by knowing the location of each responder. For
example rather than visualization tools, addition service like real-time analyzing
tools to get the shortest path based on traffic information (construction, traffic
jam, accident etc), define the number of unit for each check point (based on the
number of victims), define suitable hospital (based on victims condition),
ad-hoc decision (based on uncertainty situation such as wind direction, river
location (spatial analysis), etc) should be useful and helpful in decision making
process. The system that can reuse the information in proper manner by doing
related analysis might produce with better result. From the analysis task, a
suitable suggestion and reasoning also could be a knowledge that can help
decision making process in the future. Analyzing information could be more
value if it can integrate with context-aware technology by proving an
appropriate information to only who are really need the information based on
their profile such as task, location, device, environment etc. Indirectly it prevent
from distributed the information that are not related or not to be used by the
user.

5.4 Interpolation and extrapolation

Although traditional databases are capable to manage location information,
actually they do not enable interpolation or extrapolation . For example, the
user needs to know which police officers were within one mile from location of
emergency that occurred at 3 p.m. This kind of question can be retrieved if
object (in this case, police officers) generate an update at 3 p.m. or earlier than
that. If not then its exact whereabouts at that time are unknown. Where else in
extrapolation problem, without update data and current work schedule, any
future location has requested might impossible to retrieve. For example, user
needs to know, which police offices will be closets to a criminal location within
the next 20 minutes? These interpolation and extrapolation capabilities also be
a challenge in this research in order to make the query more real like a human
interaction each other to know about something.

5.5 Visualisation of result

Currently much of the moving objects information is visualized as row data
without processing. Various systems exist that allows dynamic display of
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moving objects. Most of the systems are also not adaptive to an elaborated
context (as explained in section 4). However, to support the decision-making
process, the systems should be able of visualizing results of analysis (overlays,
predictions) with respect to the context of the user.

6.0 FURTHER WORK

This research aims at developing of conceptual framework for managing
moving objects data and context data, which is expected to help greatly in
decision making process for emergency response system. The research
hypothesis is that a DBMS (with appropriate spatial schema, indexing
techniques and operation) can drastically improve the effective management
and analysis of moving objects. The integration of context information into the
model should provide further flexibility in querying and visualizing of data. As a
result the location awareness should be improved and enhanced with various
spatial analysis (including predictions). The ultimate goal of the research is
providing new tools for support of decision-making in disaster management.

The next steps in this research are investigate what are the information that are
really need by moving objects, what are the contexts (based on different user's
roles) that can be analyst to be a useful information to emergency response
systems and what kind of analysis (relating on user's need) that could be used
in interpolation and extrapolation function. Using this approach we believe that
the model to-be could aid and improve a decision making process especially in
emergency situation

* Is the process of obtaining a value from a graph or table that is located between major points
given, or between data points plotted. A ratio process is usually used to
obtain the value

Is the process of obtaining a value from a chart or graph that extends beyond the given data.
The "trend" of the data is extended past the last point given and an estimate

made of the value
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