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Abstract

Currently in the UK fire tenders carry computer terminals stored with static information such
as building locations, fire hydrants and building plans. However, when the first responders
arrive at the site of a fire, they have very limited access to the real time dynamic information
such as environmental conditions within the buildings, status of the causalities, resource
requirements and the locations of various hazards. These limitations make the dynamic
decision making tasks of the first responders difficult and challenging. This paper explores
how integrated dynamic information can be provided to the first responders in the UK Fire
and Rescue Service (FRS) to overcome such challenges. After conducting extensive
interviews with fire fighters and observing fire emergency response operations, this study
identifies the information requirements of the first responders. Subsequently these
requirements are classified against the identified responsibilities of the core members in the
first responder hierarchy. Highlighting the drawbacks of currently implemented emergency
response systems in UK, this study explores sharing of integrated information among the first
responders in the UK FRS. Finally, this paper outlines the progress made in the development
of software prototypes representing an information system capable of integrating and sharing
the desired information among core members of the first responder hierarchy.

Introduction

Fire has been categorized as one of the major global disasters. In 2006, as a result of fire,
3,245 civilians and 106 firefighters lost there lives in the United States (The Overall Fire
Picture — 2006, 2006). Similarly, in Germany, approximately 550 civilians and 18 fire fighter
deaths have been recorded due to 210,000 yearly fire incidents (Bretschneider et al., 2006).
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According to the statistics published by the UK Home Office, every year there are more than
40,000 accidental house fires in England, resulting in average deaths of 285 and 9,000 burn
injuries (Yang and Frederick, 2004).

Fire Emergency Response — The UK Scenario

It is evident that almost all the FRSs in the UK use the services of information systems,
embedded with various technologies to support their decision making (Computerized
Equipment, 2007; Fire Service Manual, 1999; Introduction to the Incident Command System,
2007; Yang, 2007). But initial investigations of literature, documentation, observations and
further the interviews with fire fighting experts, reveal that the current procedures and
practices of the UK FRSs failed to provide the expected level of support in decision making
during the response phase of a fire. One such classical failure in decision making is the recent
deaths of four fire fighters in Warwickshire (BBC News 24, 2007). These findings suggest
that most of the decision support tools available for the UK fire brigades are either
insufficient or incompatible.

The above identified failures and raises the issue of, why the systems are not capable of
supporting the decision making during a fire emergency. Literature reveals that most of the
available and ongoing information system development projects in the UK FRSs do not focus
on supporting its first responders during the response phase of a fire(Yang and Frederick,
2004, Yang, 2007), but focus on supporting the command & control rooms. Although there
are a few FRSs which are capable of supporting decision making up at the incident site, such
systems only carry static information (Computerized Equipment, 2007). Therefore these
systems do not support the dynamic decision making requirements of the fire ground officers
(Yang, 2007).

Similarly significant work done in other parts of the world, in relation to supporting the first
responders of a fire emergency (Jiang et al., 2004, Bretschneider et al.2006; Wilson et al.,
2005) recognized the importance of providing real time information to the first responders.
But none of these research efforts described the importance of sharing information among
important members of the first responder hierarchy. Rather than sharing information among
different members of the first responders these solutions only addressed the information needs
of different specific members in isolation (Prasanna et al., 2007).

As an initial step towards overcoming above identified limitations, this study attempts to:
= Explore the information requirements of selected core members in the UK firefighter
hierarchy.
= Explore how to present and share information among fire fighter during the response
phase of a fire.
With these objectives this study aims to support the system designers to develop information
systems capable of managing the response phase of a fire emergency. Ultimately the
findings of this study will help to improve the end-user trust towards using information
systems in their emergency response operations.

Requirements Collected on the Response Phase of a Fire Emergency

Initial explorations of the literature related to the UK fire fighter first responder hierarchy,
and observations made on the first responder operational activates led identification of four
important members in the first responder hierarchy, namely : Incident Commanders, Sector
Commanders, Breathing Apparatus (BA) Commanders or Entry Control Officers, BA
Wearers or Front Line Fire fighters. Apart from these core members, other job roles are
considered to be commonly introduced mainly to maintain the appropriate span of control,
simply so that they will reduce both mental and physical workload of the core members.
Therefore any support system available or to be proposed in the future should essentially look
after the needs of above core designations. Initial investigations led to the assumption that if



any system is able to see to the requirements of above members, it would be easily adopted to
assist any other supporting role in the fire and rescue hierarchy. These explorations further
revealed that the requirements of other members of the hierarchy are a subset generated from
the combined requirements of the identified core members. (Fire service manual, 1999)

Interviews conducted with the domain experts reveal that currently in the UK these important
job roles struggle to make decisions due to the fact that they face greater challenges in
acquiring information and sharing acquired information among themselves in a coordinated
manner during fire emergency response operations.

Later, interviews carried out with subject matter experts, selected among the above identified
job roles in the first responder hierarchy, led us to a successful elicitation of dynamic
information requirements during a fire emergency. The accuracy these information
requirements were strengthened by triangulating against the procedure and policy documents
and the findings of the observations made during fire and rescue operational activity.
Triangulated information requirements were later classified against each individual job role.

After such triangulation, the information requirements of different job roles in the fire fighter
hierarchy are summarized as below.

Information Requirements of a BA Wearer

The information requirements of the front line Breathing Apparatus (BA) Wearers included
essential management information requirements such as:

= information on the immediate surrounding of the fire fighter,

= information on the fire fighter’s body health,

= information on causalities,

= overall contextual information on the sector they are operating in,

= information on the assigned tasks and resources.
Further their requirements revealed needs for real time alarms such as:

= out of range alarms,

= health alarms,

= evacuation alarms,

= out of route alarms relevant to an individual BA wearer

= environmental alarms on possible back draughts or flashovers.
The findings also highlighted several information needs of the BA wearers which are
considered as essential to lead them to higher levels of situation awareness (SA) (Endsely et
al., 2003). These higher level SA requirements can be described as:

= search and rescue root options,

= real time navigation support,

= alternative root options due to contextual change.

Information Requirements for Breathing Apparatus (BA) Commanders

It was evident that BA Commanders essentially have the same requirements to those of the
BA Wearer. But it is important that information of all the BA Wearers should reach the
appropriate BA Commander. In addition, findings highlighted several additional management
information requirements such as:

= evacuation status of the BA wearers,

= current BA hierarchy and assigned profiles of the BA wearers,

= tasks assigned for a BA Commander,

= assigned resources and new resource requests,

= completed search and rescue efforts,

= status of the search and rescue efforts currently in progress.
Further the BA commander information needs include several real time alarms identified as
additional alarms to that of BA Wearers:

= evacuation failure alarms,



= alarms due to unexpected root changes of the BA wearers,

= duty assignment alarms.
Apart from above additional requirements the findings also revealed several new
requirements of BA commanders could lead them to higher SA:

= automated safety whistle,

= search and rescue mission planning options,

= BA team building options,

= resource allocation and request options.
These were identified as new decision support requirements of the BA Commanders in
addition to that of BA Wearers.

Information Requirements for Sector Commanders

The findings showed that almost all the management information and other real time alarm
requirements of a sector commander are similar to that of a BA commander. However their
requirements expand to cover the respective sector of an individual sector commander. In
addition the findings revealed, context forecast, determination of ventilation locations as
novel higher level decision support requirement of the sector commanders.

Information Requirements for Incident Commanders

In addition to the sector commander requirements expanded across all the sectors of an
incident, the information requirements of an incident commander include an incident
summary report as a new management information requirement. This is a detail periodic
report capable of providing overall status of the incident, inclusive of information such as
number of causality being rescued, injuries, deaths, tactical mode changes, sector details, etc.
Furthermore, the information requirements of incidents commanders also include new
requirements of real time alarms such as resource request delay and duty assignment. In
addition information to rank causality at the incident was identified as a unique higher level
SA need for the incident commanders. The findings also indicated essential information
requirements to improve situation awareness of the Incident Commanders to make the initial
risk assessment as soon as they arrive on the site of an incident.

Information Systems Architecture for Fire Emergency Response

Based on the findings of the specific requirements of individual core members of the first
responder hierarchy, and considering their nature of the operational conditions and
responsibilities, this study proposes a conceptual information systems architecture (ISA). This
ISA represents the coordination of information sharing and presentation of identified
information needs of individual members of the first responder hierarchy. As shown in the
Figure 1, this ISA identifies the importance of having a tailor made application component
designed to suite the unique information requirements of each end-user. Consisting of four
layers of interdependent application components this ISA recognized the importance of
information sharing among different members and therefore proposes appropriate system
information flows among each application component. Further the proposed ISA highlights
the increasing complexity and content of the information, as when it reaches high layers of the
architecture.

Based on the needs of the defined application components, efforts are being made to develop
software interfaces capable of delivering the information needs to each identified member.
These human computer interfaces aim to demonstrate an information system embedded with
the functions of each application component. At present development of interfaces capable of
demonstrating the functionality of the application component representing the top most layer
of the above defined conceptual ISA are completed. Further, the developed prototype
interfaces representing the Incident Commander Application Component were presented to a
larger group of incident commanders and their feedback was obtained for further
improvement. These feedback sessions resulted in positive signs from fire fighters towards



the interfaces. Further it highlighted enthusiasm among prospective end-users indicating they
had trust towards information systems to support their decision making. Surprisingly this the
was opposite to our previous observations as at the beginning of this study when fire fighters
believed training was the only mode of support available for their decision making during an
emergency.

Figure 1: Conceptual Information Systems Architecture for Fire Emergency Response
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Prototype of System Functionality

Methodology

This study selected GUI Design Studio Ver.2 as the interface development tool. GUI Design
Studio is a graphical user interface design tool for Microsoft Windows environment which is
used to create demonstration prototypes rapidly without any coding or scripting. It is an ideal
tool for creating presentations to users and stakeholders to verify requirements and designs to
explore alternatives and to evaluate different usage scenarios. After evaluating other similar
tools, GUI Design Studio Ver.2 was selected due to its powerful interfaces, rapid
development and easy to use capabilities.

Structure of the Prototype

It has been identified that regardless of the domain needs, it is common among the teams who
operate in stressful time critical operations to perceive, interpret, and exchange large amounts
of frequently ambiguous information in order to develop and maintain the SA needed for
successful decision-making performance (Riley et al. 2006). Considering the importance of
maintaining improved SA in time critical operations such as a fire emergency response, these
interfaces aim to provide the on arrival situation awareness requirements of an Incident
Commander at three increasing levels of knowledge (Endsely et al., 2003): LevellSA:
Perception, Level2SA: Comprehension and Level3SA: Projection.

Levell SA — Perception.

The first step in achieving SA is to perceive the status, attributes, and dynamics of relevant
elements in the environment. Perception of environmental elements is fundamental and
essential. A lack of basic perception on important information can easily lead to form an
inaccurate picture of the situation. Therefore interfaces looking after Level 1 SA will reduce
the risk of formation of an inaccurate picture of the incident.

Level 2 S A — Comprehension.



Comprehension of the situation is based on the synthesis of independent Level 1 elements.
Level 2 SA goes beyond simply being aware of the elements that are present, to include an
understanding of the significance of those elements in the light of one’s goals. The operators
put together Level 1 data to form a holistic picture of the environment, including a
comprehension of the significance of objects and events. Therefore interfaces capable of
looking after level 2 SA, adopt techniques to provide a holistic picture of an environment by
integrating levell SA information

Level 3 SA - Projection.

It is the ability to project ahead the elements in the environment, at least in the very near term
that forms the third and highest level of situation awareness. This is achieved through
knowledge of the status and dynamics of the elements and a comprehension of the situation
(both Level 1 and Level 2 SA). Therefore an interface capable of looking after level 3 SA will
need to be sophisticated to forecast or predict the elements in the incident environment.

An Example of Prototype Showing the System Functionality

As an example of representing interfaces at the top most layer of the defined ISA, consider
the functionality of interfaces on initial risk assessment for an incident commander. Initial
Risk Assessment for an incident commander is identified as one of the crucial tasks during a
fire emergency response. Therefore software interfaces supporting initial risk assessment for
incident commanders are considered to be important among other interfaces.

Figure 2: Levell Information: Perception.
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Interfaces to present Level 1 SA Information: Perception

As shown in Figure 2 this interface presents the Level 1SA Information for the incident

commander. With this level of information, incident commanders are able to dynamically

access summaries of the prevailing situation of an incident across eight different categories of

information:

= Context Summary: information related to dynamic and static contextual parameters.

= Casualty Summary: dynamic information related the identified casualties.

= Resources Within : information related to the material resources available within an
incident.

= Surround Summary: information related to incident surrounding.

= Weather: dynamic information related to weather in the vicinity of an incident.

= Material Resource :— dynamic and static information on physical resources belonging to

FRS which is onsite and expected to arrive.

= Human Resource : dynamic and static information related to allocated fire officers who
are on site and expected to arrive.

= Water Resource: information on available water resources belonging to FRS or others.

Under each category of information, the incident commanders will be able to receive a basic
perception of a variety of parameters. For example the, Context Summary provides an overall
perception on the important parameters such as Temperature, Flame levels, Smoke Levels,
Carbon Monoxide Levels. Further, the context summary is also capable of providing the
summarized Hazmat information. As shown, information on the context summary, casualty
summary and resources within are capable of providing information across all the floor levels
of the incident structure. Further the incident commanders are able to acquire more detail
information on each of these categories according to his or her preference by clicking on top
of each element of information.

Figure3: Level 2 Information: Comprehension.

Interfaces to present Level 2 SA Information: Comprehension

The interface shown in the Figure 3 illustrates the comprehension of previously perceived
information at the level 1 SA. This interface is capable of integrating static building layout
information with graphically represented dynamic information such as temperature, smoke,
carbon monoxide and flame to form a comprehensive picture of the incident. Using different
shades of colors this interface illustrates the level of propagation of temperature, smoke,
flame and carbon monoxide. Further by using appropriate Marks and Numbers this interface
is capable of locating the hazmat and resource information. Therefore, rather than presenting
information with letters and numbers as in levell, the dynamic information can be
meaningfully integrated with static information using graphical presentations to improve the
SA of the incident commanders. Further this interface is embedded with the drill down
capability, where additional details on each element shown in the picture could be obtained by



clicking on the respective area or icon. For example by clicking on the icon representing LPG
gas, an incident commander may able to obtain the detail information such as quantity,
storage details and other hazmat data.

Figure4: Level 2 Information: Comprehension.
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In addition to the above, Figure 4 represents an interface which is also capable of showing the
comprehension of the previously perceived information at the level 1 SA. Specifically this
interface shows the comprehension of the level 1 information corresponding to the Surround
Information of an incident. By integrating this with graphical map data, it is capable of
providing an overall picture of the incident surroundings. By graphically superimposing
levell information on to a map, it displays information on nearest: buildings, outside hazards,
hospitals and police stations near to the vicinity of an incident. It also provides the location of
the incident building with directions to its fire assembly points.

Interfaces to present Level 3 SA Information: Projection

With the level 3 information, the interface shown in the Figure. 5 provides a higher level of
situation awareness to an incident commander to make accurate predictions on certain
environmental parameters. This particular interface displays the variation of temperature over
a period of time selected by the incident commander. It is capable of providing the actual and
predicted temperature at equal time intervals. At the end of its time scale the graph shows the
predicted temperature of the next time interval. This type of interface can provide valuable
decision making support for incident commanders to help them make difficult predictions
with confidence.

Figure 5: Level 3 Information: Projection




Conclusions and Future Work

As an initial step of fulfilling the limitations related to the onsite decision making support of
front line fire fighters of the UK FRSs , this study explored the information requirements of
selected core members in the UK firefighter hierarchy,. It then explored how to present and
share information among fire fighter during the response phase of a fire. Previous information
systems development efforts supporting fire emergency only addressed the information needs
of different members in the fire fighter hierarchy in isolation. Therefore this particular study
is unique as it has proposed a conceptual information system architecture recognizing the
importance of sharing information among different members of first responder hierarchy.
Further this study focused on combining real time contextual data with previously stored
static scenarios to provide a higher level of situation awareness in the fire fighters. In
addition, the software prototypes developed are significant as they are capable of displaying
information requirements to the incident commanders to help carry out the initial risk
assessment, which is considered to be one of the most cognitively demanding tasks during
emergency response. Further these interfaces represent the functionality of an information
system which is capable of supporting the decision making of fire fighters during the response
phase of a fire emergency.

As the next phase of this study, the interfaces which have been already developed will
undergo an iterative improvement process until they are capable of presenting the
comprehensive dynamic information requirements of the end users. Parallel to such iteration,
similar process will be adopted to develop the interfaces representing the job roles of Sector
Commander, BA Commander and BA wearer. With the exploration of ideas and early
feedback from the end users, these annotated prototypes will form the basis of specifications
for the future implementation of the real-time software modules capable of looking after the
information requirements of the first responders during the emergency response phase of a
fire emergency.
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