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1. INTRODUCTION

One of the prime objectives of disaster responseagement is to gain control
of the disaster situation as rapidly as possiblesedvations have shown that
coordination and communication between responsendeduring disasters is
essential for gaining control of the situation, Bubften inadequate in past disasters
(Auf der Heide, 1989) and often suffers from upliscadifficulties. Examples were
the September Mattack in New York in 2001 (BBC News, 2002) and éxplosion
on the premises of a professional firework assemsibdy which completely destroyed
or severely damaged some 480 houses and some Hlthsedium sized enterprises
in the town of Enschede in the Netherlands in 2@xsting, 2001).

The different teams involved in disaster responet anly have their own
specialties, responsibility and (hierarchical) seap authority, they frequently differ
in their ways of working. The Enschede disastepaase, for example, involved
several fire brigades (also from neighboring areas® controlling police teams,
crisis coordination teams and medical emergencyices teams, which moreover
received assistance from across the border in Gerniéis scenario illustrates the
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fact that a disaster response process has to iedias a complex and multifaceted
distributed system involving many teams and reqggirsophisticated coordination
and communication facilities.

Disaster response needs to be dynamic and adalithes to cope with a range
of events, from near disasters to very large-saeteal disasters involving a chain of
rapidly escalating accidents. It also has to cojfité wynamic (rescue) processes.
Previous disasters have shown, on one hand, thay ofkduty rescue services staff
spontaneously volunteers at the site of the actidére inability to coordinate the
many off-duty volunteers was explicitly identifies a problem in a report on the
New York September fdisaster. To make best use of these extra resuttee
volunteers need to be identified, coordinated aeplayed effectively within team
structures. On the other hand, communication ihinagire may be severely
damaged or congested at the scene of the diskisterever, due to the advancement
of Information and Communication Technology (ICTgveral communication
alternatives may be available, e.g. GSM, UMTS,esgrial and satellite links, and
including ad-hoc or rapidly deployable networks @klffs and Bostian, 2002). These
(rapidly deployable) communication infrastructueesd alternatives are valuable in
disaster response (Doarn et al., 2004).

A major challenge in medical emergency services disdster response is how
to improve the management process using ICT. Famele, how to select
dynamically the computing and network resourcermdtives (which possibly are
scarcely available at a scene of a disaster) thatthmwith the coordination and
communication needs of the medical emergency asths response teams.

This chapter explores the potential of mobile telém services to support
medical emergency and disaster response, in partitiaddresses the requirements
of the communication support for medical emergeorcgisaster response teams.

Requirements of telematic services for disastggaese have been investigated
for example in Meissner (2002). In this chapter, degive the requirements using
Enterprise Models. We apply a primarily top-dowrpmagach using the notion of
viewpoints introduced in the ODP (Open Distributecessing) framework (Blair
and Stefani, 1998). We start with Enterprise modies their emphasis on
justification purposes. Particularly, we describke t models using generic
organizational notions like tasks, roles and tearnich are responsible for the tasks,
and agents who act in certain roles to perforntdbks. These Enterprise models are
inspired by the educational models describe in Wi®002) and the model for
healthcare processes described in Luzi (1997). Heiglthcare model however
defines a guideline-oriented conceptual model adltheare units for workflow
formulations of healthcare processes and healthpraeess reengineering. Instead of
addressing the details of tasks and inter taskioek relevant for workflow and
process reengineering, we focus on the (refinedjeling of teams and agents. This
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focus meets our objective to derive the requiremehtelematic services that match
the communication needs in disaster response. Haweeaders interested in
disaster management information systems and toajsaonsult FEMA (2001).

Furthermore, the Enterprise models have been $padif a way to capture the
invariants of healthcare and disaster responseepses and for this reason it can be
viewed as a generic meta-model in the context @amriented technology (Holz et
al., 2001). We therefore believe that our model banspecialized for different
disaster specialties. We validate our Enterpriselet®oby applying them to derive
the requirements for emergency services of thettalena team trial of the European
project MobiHealth (Jones et al., 2004).

The Enterprise models proposed also separate retgmonsible for the tasks
from the agents assigned to those roles. This agparof functional entities from
the physical entities has the advantage that maesbe virtually (and immediately)
moved to the scene of the disaster without the rieedansport all agents to the
scene. This is a simple form of an augmented yealivironment (Azuma, 1997;
Milgram and Kishino, 1994). It brings on-site réglat the scene of the disaster into
the scope of command and control of off-site team®am members. In emergency
services, trauma specialists (i.e. agents) at canéers may retain their established
way of working as much as possible if augmentedityerrings the scene of
accidents to their scope of monitoring and conffbiis property is essential for the
acceptance of ICT deployment as added value service example if compared to
the deployment of significant different ways of wioig.

The remainder of the chapter is organized asvialla’he next section discusses
the Enterprise models. For validation of the modeigeral issues of healthcare and
disaster scenarios are presented in Section 3o8ektiscusses the requirements for
the telematic support which can be derived fromrttoelels and which conforms to
the scenarios. Finally, Section 5 provides the kaicn of this chapter.

2. ENTERPRISE MODEL

This section describes the Enterprise models fagier response and healthcare
processes (in particular, emergency services). \We the Unified Modeling
Language (UML) (Booch et al., 2001) to expressehmsdels. First, we analyze the
considered processes from an organizational efgergrerspective to achieve a
generic model which can cope with a broad rangenoérgency or disaster events.
Then, we refine the model further to reveal evemc#fic modeling details like the
dependencies between modeled entities which inatmms are distributed in the
augmented reality environment, for example Body aAfdetworks (BANSs) of
patients’ vital sign sensors in emergency eventsidd et al., 2004) or BANs of
firefighters in disaster response (Meissner et2802). In the context of the ODP



TELEMATIC REQUIREMENTS FOR EMERGENCY AND DISASTER R ESPONSE 5

framework, this means that the refined models msspeoperties of a Computational
viewpoint model. Further elaboration of these dejeecies will in turn reveal the
requirements of the communication support for emecy services or disaster
response (cf. requirements for ODP Engineering p@nt model).

2.1. Task Structure

In this chapter, a healthcare process is vieweaasrkflow of objective-driven
tasks aimed to improve or to restore a patientrglitmn and, conversely, a task is an
embodiment of healthcare activities (Luzi et a8917). Similarly, disaster response is
viewed as a workflow of objective-driven tasks aihte control disasters.

In a typical healthcare scenario, we can distirtgbistween diagnostic tasks and
treatment tasks (Hobsley, 1979). Moreover, differdgiagnostic approaches can be
applied in healthcare. The selected approach diyronfjluences the diagnostic task
and the breakdown of this task. In the differendi@ignosis approach, a diagnosis is
labelled in terms of the pathological disease. Tike of diseases matching the
symptoms and signs in a previous diagnostic stagett be narrowed-down, for
example using additional tests. This may eventualiyl to the cause. On the other
hand, in the working diagnostic approach, a diagnds labelled in terms of
symptoms and signs. Refinement is then soughtdardo determine the subsequent
activities. A sequence or a partial order of diagiwoactivities refines the diagnosis
towards the etiological or pathological cause. &mice for a certain approach
depends amongst others on the medical specialty.

If the diagnostic hypothesis is confirmed, a treatitrtask may be initiated. This
task may also be decomposed into several subtasks,treatment planning,
execution and evaluation. These (sub-) tasks aen athronologically intertwined
with the diagnostic tasks, since the validity afiagnosis may need to be monitored
continuously as this validity affects the treatmantl moreover patient illness may
develop in other directions.

Similar structure of tasks can be identified fosaditer management. Disaster
response has to be prepared in a planning phasas(ei preparedness in FEMA
(2001)). Intertwined tasks across different disast@nagement phases have been
identified by Auf der Heide (1989), since disastare different and traditional
division of activities and resources of routine egemcy management are often
unsuitable.

Hierarchical Task Structure:

An Enterprise model which can cope with hierarclhjcatructured tasks is
needed for the modelling of diagnostic processesctwlapply the differential
approach and also for the modeling of inter- anttaiorganizational disaster
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response processes. Moreover, if the model alsocope with partially ordered
tasks, it will also be suitable for diagnostic wiak approaches. The need to cope
with both kinds of structuring of tasks has beeenidfied in other domains, e.g. in
task-oriented educational processes (Widya et2802) and enterprise models of
telecommunication network architectures (Yated.atl897). Accordingly, we reuse
those task structures to model healthcare taskeelsas scalable disaster response
tasks (Figure 1). For clarity of the figures, meth@nd attributes of classes are not
shown in the UML class diagrams.

Figure 1 shows that @sk is either aleaf-task or a true compositional
aggregation of tasks. The aggregated tasks ardramesl by the association class
compositional-constraint, which for example represents the constraints ba t
permitted partial order of these tasks, on theratic narrowing of the differential
approach or on the decomposition of the medicaaibje of the encapsulating task.

A

compositional-
[T constraint Legenda
’ leaf-task ‘ ’ sub-task ‘

| = association D = class of modeled entity

4 = compositional

aggregation .
ogreg: - D = association class constraining
the association

FL\ = specialization

Figure 1 Healthcare and disaster response task structure

The model can cope with arbitrarily deeply nestedks, including flatly
structured tasks. The hierarchical depth of a tskcture not only depends on the
complexity of the task modelled, it also dependstiom task context such as the
urgency of the task. The following citation illustes the need for a flat,
monolithically structured task, which contains egtaset of activities in a complex
medical emergency scenario (Argyle, 1996):

“In dealing with the trauma victim, the physicianush treat as he or she gathers
information. The approach cannot be routine "takestory, do an exam, order some
tests, make a diagnosis, then treat the patieetapeutic interventions must be made
"on the fly," before the full evaluation can be qieted. .......... For example, the
combination of low blood pressure, unilaterally gesed breath sounds, and respiratory
distress triggers a response from the physiciarchést tube is placed immediately,
rather than waiting until an x-ray can "prove" thiagnosis."

The flexibility of the model in respect of the haechy and the intertwining of
tasks makes the model suitable for disaster managetasks. These tasks have to
cope dynamically with a range of scenarios, scaldfim near accidents to large
disasters involving chains of accidents, for whichency may also be essential.
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Refined Healthcare Task Structure:

In the context of healthcare, laaf-task embodies the work-item activities
associated with the care of a patient's health,efcample observation, interview,
preparation, treatment or hypothesis validationviies. An activity of a task may
require resources such as oxygen saturation, EQ@ks kdood pressure data
(modelled by clasgesource and its components in the refined model of tasksve
in Figure 2 and Figure 4, respectively). It mayoalequire (logistical) facilities such
as an operating theatre or an intensive care adi@isgfacility). From the perspective
of a medical specialty, a patient is a subject Whigceives care of the specialty at a
reference point (i.e. a particular time and loaaticA component of leaf-task is
thereforecare-receiver, which has to be assigned tpatient by the association class
patients’-schedule, which contains the reference point.

The model also reveals the modelling strength of LUMompositional
aggregations, for instance if the treatment taginigperation, the instantiation of the
leaf task components guide to plan a facility (ae.operation theatre). On the other
hand, if the association clagatients’ schedule is not properly implemented by
corresponding data flow diagrams or medical prdgagoatients scheduling will be
sensitive to human assignment mistakes like aut#itn mismatch between a task
and a scheduled patient. Therefore, the clastgents’ schedule needs to be
dependent (in UML sense) on scheduling policieschvhiefer to medical protocols
(e.g. provide patients with identification labetbeck the labels before treatment and
check patients’ name) or authentication protoctig (dependence is not shown in
the figure).

In a firefighting scenarioresources of on-site firefighters’ tasks may represent
resident register information, building or site resgndfacility may represent tools
such as voice conference or e-messaging applisation command and control
guidance from an off-site command and control ae(teé Meissner et al., 2002).
Disaster respondeaf-tasks do not posses @re-receiver component, but instead a
deliverable component (not shown in the figure) which représeesults of a task in
an information system sense. For example, firgfighteports which may further be
used as resources of consecutive tasks (i.e. askiga an association class to a
consecutiveleaf-task). On the other handiesources of off-site leaf-tasks in a
firefighting scenario may represent live video sligf the site of the fire, processed
read-outs of on-site sensors measuring gas compemigs$ions or casualty statistics.
Without being present at the scene of the accidletoff-site assisting or controlling
team members, which depends on remotely locatediress, may therefore extend
their scope of assistance and control onto theesoéthe accident in the augmented
reality environment.
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Figure 2 Leaf task structure and patient-task assignment

2.2. Task — Team Structure

As with educational tasks (Widya et al., 2002),adtsr management or
healthcare tasks are organized and performed bytsigeting in certain roles and in
these roles these agents are responsible for gks.tén healthcare, the classe
represents a medical role (e.g. an expert in anesis) and eventually has to be
assigned to aagent on duty (e.g. an anaesthetist on duty). In thegased role, this
agent has the responsibility to perform a certagdical task with the authorization
rights associated to the role (representedhitiorization in Figure 3). In disaster
response, these assignments and authorization sead to be specified or updated
dynamically during disaster response, due to tfferént conditions of disasters and
pre-planned activities of tasks in disaster pregraess process may be unsuitable
(Auf der Heide, 1989). One may view this issue asogerlapping of phases, the
disaster preparedness and the disaster response.

compositional- division- | o __ o ____
constraint constraint H
T T 1
E E [ }-----{ collaboration
task ! ' team
<...-.
’ leaf-task ‘ ’ sub-task ‘ ’ sub-team ‘ ’ role ‘

: role
agent

Figure 3 Task — Team structure for healthcare processksdianster response
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Since complementary roles can split responsibiidy a task, especially for
complex and aggregated tasks, we introduce thes atasm either as aole or a
compositionally aggregated team. The aggregationoisstrained in a multi-way
manner by the association cladwision-constraint. In healthcare for example,
division-constraint may impose how a medical assistant role relatéseaole being
assisted and specify e.g. whether an assistanstéuesist at a point of care has the
right to place a chest tube in a trauma case wheroff-site anaesthetist is at the
hospital. In disaster managemeidiyision-constraint may impose the use of a
common frequency band and radio technology to enabmmunication between
teams of different disciplines (e.g. fire brigagmlice, medical teams). Add-on
guidelines or policies for coordination and comneation may also be incorporated
in this association class, for example the prefeset of communication tools and
technology.

In large-scale accidents furthermore, several teawag perform the same task
regime concurrently, for example in disasters wremumber of rescue teams are
deployed and where each team follow the same rasgime and policies (the black
dashed arrow in Figure 3 models this property).

2.3. Team-Team Structure

The association classllaboration (piggybacked in grey in Figure 3), which is a
refined part of task-team structures, specifies beams are related to one another.
Amongst others it represents the coordination aminecunication aspects between
teams as is imposed by the association aagson-constraint (dashed arrow in the
figure). For example, the provisioning of a BAN dmporating communication
devices tuned on a specific frequency band or eéeltechnology as imposed or
prioritized bydivision-constraint. The grey-colored UML construct also models the
breakdown of the (multiparty) association classsion-constraint into the simpler
association classllaboration.

Due to the nested structure of teanwlaboration also represents the intra-team
coordination and communication, e.g. referring teégcue protocols that should be
used between an on-site agent at a point of cateaaroff-site agent at the control
center, e.g. as illustrated earlier by the heatthcase involving the on-site assistant
anaesthetist and the off-site anaesthetist. Thes dicility of a leaf-task (Figure 2)
represents the agreed communication tool, includingonfiguration setting.

2.4. Task Resource and BANs

The resources of sk represent for example ECGs in emergency services o
chemical emission graphs in firefighting. Theseoweses typically depend on the
context of the task, for example, the objectiveéhaf task (e.g. validate cardiac arrest
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or validate rescuer safety) and indirectly the melgponsible for the task. Since roles
are conceptual modelling entities and the agemtgyasd to these roles may be
located remotely from the roles, assistant ages®cated with the roles have to be
appointed to perform assisting activities. Accogiin we distinguish between
(functional) activities related to the selectiontask resources (i.e. the selection of
the vital signs (e.g. ECGs) and their quality) @hd (physical) activities related to
the acquisition of the required data (i.e. the ct@a, attachment and the calibration
of the (physical) vital sign sensing devices, ¢ selection of a high sensitive 3
leads ECG set in emergency services or the sategfiohemical emission sensors in
firefighting). In the healthcare context, the classiia is task resource oriented and
the classnedium is device oriented (Figure 4).

At task resource level, the association clasgia-BAN-attachments models the
assignments of a relevant and coherent set of mledata (i.e. aggregation of
medium entities, incl. their quality) to the resource gmment of a task (Figure 4).
This assignment has to be in line with the auttatidn rights of the role
(dependence to classithorization represented by the dashed arrow in the figure).
The classnedia-BAN-attachments also specify the relations between the media, for
example, the priorities and the synchronizatiomieen the vital signs in emergency
services or chemical emission measurement dateefighting.

Analogously,device-BAN-attachments represent the correspondence of devices
(e.g. vital sign sensors) to the (medical) dataresgnted by the classedium.
Especially relevant in healthcare, permissionsttiach these devices also depend on
the authorization rights of the role.

In a firefighting scenario, a two levels BAN assigents as proposed here can be
used to equip a firefighter with emission sensorsrtable an off-site member of the
fire brigade to monitor fire exhaust for safetytloé rescuers.

Both association classes are isomorphically comgedio guarantee the
correspondence between the devices and the vigak femission readings, resp.).
Although a one-to-one association may model tlimi@phism, we use two strongly
connected homomorphisms to capture the dynamitisese attachments, the ripple-
up of device attachments to the task resource [gvgl in case that the request for a
device has been communicated out of band via aio alnnel to the agent that
attached the devices) and the ripple-down of médinadia selections and
attachments in case assignment has been initidtéakla level (via amedia-BAN
attachments attribute), respectively.

The previously discussed separation of task-lewmel acquisition-level issues
also provides a richer set of implementation ogiona distributed environment of
asymmetrical resource means with respect to wselesmmunication and
computational processing resources. It enableséetection of (device/acquisition-
level) communication alternatives available durdigaster response that matches as
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closely as possible with the (task-level) facilggecification, e.g. “use (and when
needed hand-off to) an high fidelity voice confeenfacility” (grey colored
construct in Figure 2 and cf. Hesselman (2003))is Tdeparation is moreover
common in healthcare standardization, which distisiges between physical devices
and virtual devices (Norgall, 2000).
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Figure 4 BAN based task resources and the assignmeneslassask- and device-levels

3. TELEMATIC NEEDS IN EMERGENCY AND RESCUE SERVICE S

To validate the benefits of the Enterprise modeisthie derivation of the
requirements for the telematic system, we examimeesof the issues in distributed
management of disasters, in particular using thpegance from the firework
disaster. We also analyze the trauma team scevelitbin the Netherlands and used
in the project MobiHealth (Jones et al., 2004).sTjtioject conducts healthcare trials
to asses use of next generation wireless netwarttsreobile BANs for in- and out-
door healthcare.

3.1. Trauma Team Scenario

If a road accident happens, the Ambulance Cooridinat Dispatch Centre
receives a request for ambulance assistance anct®ra regional ambulance
service which serves that particular area. Thigiserdispatches an ambulance to the
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scene of the accident with an “ambulance team’apédmedics on board. After a first
assessment of the situation, the paramedics majese@ssistance from a mobile
trauma team at a hospital and when considered sagesiembers of this team (e.g.
an anaesthetist or a traumatologist) may travéiéascene in a second ambulance. In
this scenario, we identify three sets of actors: platient, the paramedics, and the
members of the trauma team (at the HealthCare €eatd in the second
ambulance).

Bi-directional audio-visual conversation facilitiegll be needed between the
trauma team members and the paramedic or patighegioint of care. Moreover,
upstream data transfer facilities will also be rezktb convey vital signs of patients
to the HealthCare Centre. On the other hand, londWwédth downstream messaging
services are required for command and control @& thultimedia devices of
paramedic headset, for example to move or zoomranplic’s headset camera
towards the patient or the scene of the accidentelieve the paramedics from
burdening activities.

3.2. Disaster Scenario

The management of the firework disaster in Enschiedéhe Netherlands
mentioned earlier did not only involve teams offatiént specialties (fire brigades,
police, emergency services and coordination teaitnalso operated within a layered
organisational structure involving local, regioaald national teams (Oosting, 2001).
However, the regional and national teams had ditiiig role in the disaster
response. In this response, the national policm eployed mobile communication
units on the scene of the accident and local tela@mefited from their experience
with large-scale coordination and control.

The disaster initially started with harmless loakifires at the premise of the
professional firework assembly site, but it evohdedmatically with two consecutive
demolishing explosions. Before the explosions, rganeent of the disaster operated
adequately in terms of coordination and commurocatiThe Alarm & Dispatch
Centre responded immediately by dispatching fitdfitgg units, informed the Police
Dispatch Room and the Ambulance Coordination & Bisp Centre. The on-site fire
brigade officer and the ambulance paramedic cdyregp-scaled the disaster
management by requests for assistance, howevee, umaware of the danger due to
a lack of crucial premise-risk information.

Slow response of the Alarm & Dispatch Centre tostically up-scale the
disaster response within half an hour after thdaskpns hampered efficient control,
amongst others because afterwards the center beadmottleneck overloaded by
public requests for help and also requests frordoff rescue volunteers asking for
information and instructions. Moreover, outcallffia of the center was jammed
amongst the burst public traffic in the public commitation infrastructure. For
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example, resulting in a late on-site deploymenhobile communication units, while
the national emergency network that interconneatsortant instances did not span
over the site of the accident, which required aless infrastructure connected to the
fixed emergency network.

In hospitals, first aid and medical trauma teamsevepiickly operational (e.g. 6
operating rooms were operational within half anfothis due to the many off-duty
staff that were alarmed by radio and television ::&willetins, telephone calls from
colleagues and also by the visibility of the disadtself, the explosions and the large
wreath of smoke. However, these teams passivelyfaarriving patients and were
unaware of what could be expected and how longtorbstand by after the burst of
incoming patients. Even the hospital disaster mamemt plan was instantiated on
own initiative by the hospital without having reeed the request to do so by the
Ambulance Coordination & Dispatch Centre. Relevéggdback information for
these medical teams came scarcely from news agemyécally not under the scope
of control of the crises coordination team untives@l hours after the explosion. The
very seriously injured patients who arrived by pea cars or the patients who
arrived by ambulance were treated adequately irordaoce with the common
working practices. However, the more serious casesngst the many other patients
who came individually using all available doorstiter chaotically the hospital were
invisibly drowned within the large group of minirhatraumatized patients.

Experience from management of this firework disaseveals the following
communication oriented needs:

+ facilities for controlled deployment of off-dutyseue volunteers in a distributed
environment;

 facilities for distributed inter and intra team edioation and communication, off-
and on-site, e.g. to acquire for an overview of shigation to improve efficient
control and to enable up-scaling and also dowrirsgal the disaster response;

» facilities to improve time-to-control of disasteituastions in the envisioned
augmented reality environment;

4. TELEMATIC SUPPORT REQUIREMENTS

This section describes the derivation of the remuents for the telematic system
to support distributed disaster response. It maadygresses the requirements that
originate from the Enterprise models discussedezaih particular, the UML classes
which associate entities that are possibly remoi@tated, e.g. teams and agents,
devices and task resources. Healthcare processbe isetting of the trauma team
scenario will be used as a vehicle to better ilatst the derivation and to extract
concrete scenario specific requirements. Resulthawever valid for several other
rescue processes as indicated in a later section.
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On the other hand, feasibility of the requiremedépends on the capability
constraints of the underlying ICT infrastructuracls as the constraints of a (public)
wireless infrastructure and the limitation of BARsources. This section therefore
starts with a brief description of the infrastruetu

4.1. Application Environment

Figure 5 shows the Computational or Engineeringellesomponents of the
healthcare system instantiated in a setting fortth@ma team scenario. The MBUs
(Mobile Base Units) are the gateways between patidBAN vital sign sensing
devices or the audio-video headset devices of @ranpedic BAN and a secure
networked infrastructure deployed on top of thelijpuwired and wireless network
infrastructure, such as the Internet and a prosid8PRS or UMTS infrastructure.
The Surrogate Server (Dokovsky et al., 2003) intatismes as a high-level secure
gateway between the HealthCare Centre node attaohadvired network and the
BANSs. Besides controlling secure interconnectidns server among others bridges
the performance hicks of the wireless communicasiervices, as surrogate objects
representing BANs run on this server.

reality of
responsible
agent

Healthcare T
Centre

Monitor &

Control

Surrogate Server
(secure gateway)

wireless or wired

augmented
reality

N
i \‘ i/ explicit
TR \ | binding by
. | means of
1 telematics
\

¥ N iy I

Y infrastructure ,/ I

sensors- | Ppatient BAN paramedic BAN |
frontend Head (medical) |

St v reality at
point of I
care
v

Figure 5 Mobile and wireless environment of the traumacas

In this setting, we observe the disjoint realittégshe HealthCare Centre and at
the point of care. Secure mobile and wireless tatenservices bind the two realities
onto an augmented reality, enabling availabilityitél signs measured at the point
of care at the HealthCare Centre.

The requirements for this distributed system derivieom the (refined)
Enterprise model, in particular the associationss®g media-BAN-attachments,
device-BAN-attachments and (team to teampollaboration can be categorized
amongst others into the following kinds:
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» Control-plane requirements.e. the requirements associated to the set-ugheof
bindings of the agent-to-agent communication ardrémote monitoring of vital
signs (or other types of monitored data in othecwe scenarios) that bridge the
spatial gap between location of the role and trsm@ated agent. This explicit
binding involves the following issues:

o how to find the peer entity in the (wireless) disited environment: e.g.
naming & addressing and discovery (or registratissyes;

o how to align the intentions: e.g. (negotiationuesrelated to the readiness or
willingness to set-up a binding;

o how to align the capability of the bindings: eigedotiation) issues related to
the type and the quality of service of the bindithgt matches to the
requirements of the applications;

» Usage-plane requirementise. the requirements associated to the useedfitiding
in respect of the coordination and communicatiotivities in the application
domain.

4.2. Control-plane Requirements

Some of the requirements for the BAN that are daset to the set-up of the
augmented reality environment by an explicit bigdiof the remote point of care
reality towards the scope of control of the ofesiigent are the following:

Naming & Addressing:

For a UML association class to specify which instdions of class entities are
associated, the instantiations have to be unigigelytifiable and addressable in the
augmented reality environment. Accordingly, a devievel BAN needs to be
identifiable and addressable in the (wireless) peétwenvironment. Since a
healthcare BAN discussed here is centrally corgdoly an MBU, which also acts as
a gateway, this MBU in turn needs to be addressabthe wireless environment.
Furthermore, if the devices attached to the BANdn&ebe addressed individually
and remotely, they have to have a unique addre®iparticular environment. For
example, if a camera head-mounted on a paramedibeaddressed and controlled
remotely, the paramedic will not be burdened byuests for adjustments of the
camera settings. Moreover, each ECG channel oflé-imad ECG setting has to be
identified individually for correct interpretatidoy the responsible agents. Therefore,
the data acquisition front-end of the devices needse addressed uniquely within a
centrally controlled BAN, including each of the anals of this front-end.

Plug-and-Play Ripple-up:
If the MBU as a gateway is powered off, the BAN dtsl components are
unknown in the networked environment. The MBU stgrtshould therefore contain
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a push mechanism (e.g. embodied by an announceregistration protocol) to
enable its discovery in the augmented reality emvirent.

Quality of Service mechanisms and multi-protocostegns may be further
included to enable capability alignment within thetwork and the selection of
available infrastructure technology (e.g. telephaadiotelephony, GSM, UMTS) in
case some of the systems ceased operation aficasiet.

Adaptable Communication:

In outdoor cases, communication resources aredlpiscarce. Amount, quality
and coherence of the data to be exchanged havattthiwith the limitations of the
communication channel capability. Set up of taibeaand adaptable telematic
services is typically required in these environreetat better cope with bandwidth
limitations and variations in communication errdike data loss and channel
dropouts. Buffers, data prioritising, synchronieati mechanisms and data
acknowledgements may be needed in these enviroemémtluding hand-off
mechanisms to communication channels matching abk objective if alternative
technologies are available at the scene (see aisoeR2).

4.3. Usage-plane Requirements

Although retrieval services in the form of a tighttoupled query-response
mechanism satisfy remote monitoring applicationr&NBntermittent availability and
the way task resources are acquired (i.e. indiragl collaboration of off-site and
on-site agents), we prefer a less tightly couplegmanism to retrieve BAN data.

Upstream Push Mechanism:

Dependence ofnedia-BAN-attachments to device-BAN-attachments requires a
push mechanism, such as a plug-and-play or a aak-imechanism, which enables
the visualization (remote monitoring) of vital sggrfor which a medical agent has
attached corresponding sensors at a remote poicaref However, the agents may
also communicate some vital sign data via an aadicideo channel, e.g. patients’
facial colour description as a trend vital signioain oxygenation (cyanosis).

Additionally, a (block-based) streaming protocolyniie needed to upstream sets
of coherent continuous-time vital signs or multin@edata. This also generates the
need for several preservation mechanisms like (6ntkevent) synchronization, data
priority and data accuracy when using layered cesgon.

Downstream Messaging Mechanism:

Dependence of device-BAN-attachments to media-BAN-attachments also
requires a messaging method that ripples downhbiee for a specific task resource
to the MBU to alert a medical agent or a patienthet remote point of care to
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attached a corresponding sensor or to forward figroation setting to a sensor or
actuator device. Remote camera control describéierealso emerges from this
dependence.

Conversational Communication:

The requirements for the BAN in respect of the taaftaboration or patient to
team communication depend on the healthcare comde®SM based channel often
satisfies the requirements for communication betwaeparamedic and a trauma
specialist in the trauma case. On the other hasrjersation between a patient and a
specialist may need better fidelity. In chaotic stressful situations, high fidelity
audio channels help patients to calm down or beswgad, video channels may
improve these conversations further.

4.4. Refined Trauma Team Scenario Requirements

The scenario described in the previous sectionstisws the interactivity of the
communication between the remotely located agemtkiding the transfer of the
clinical patient data to the healthcare centresTheans that the data transfers are
often dependent on one another and transfer dét@ysfore should not exceed the
boundaries given by human factor studies. This tcaims the audio-video
communication quality in the wireless environmenglso constrains the quality of
the vital signs which can be transferred. For eXaman accurate 12 leads over-
sampled ECG set already requires a 64 kbits/s UMhi&nel (approximately, 8
time-slots of GPRS Coding Schema 1) for real-timemunication.

Moreover, several types of vital signs for emergenservices are
interdependent, together they form a unit of intetgtion due to the typical indirect
way of measuring patient condition. For examplgjganation of the brain is usually
estimated from oxygen saturation (O2sat) measuradiagertip surface by beaming
for blood colour, respiration rate including a CQ®CO2) measurement,
temperature, blood pressure and heart rate or EE&umements. However, as a first
indication (trend sign) of oxygenation the patisrféicial colour is observed for signs
of cyanosis. In the estimation of brain oxygenatiealidity of the measured O2sat
depends on the patient’s temperature. Moreovert mate as a trend sign of ECG
has a higher priority than ECG. So the latter maydtopped or deferred in case of
communication dips. The previously mentioned \&ighs are typical for emergency
services (Leisch and Orphanoudakis, 1999; GagkentbXiao, 1997).

Some other vital signs can be communicated by #ranpedics to the trauma
team at the HealthCare Centre via audio or videanwcéls, for example pupil
reaction, facial colour and also the (Glasgow Cotr@)ma score. Other important
information for a remotely located trauma teamtil gictures or video of the scene
of the accident to give an indication of patienttendition from the damage of the
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vehicle and the patient’s positions in the vehiclemday, polaroid pictures are taken
and are handed over on the patient’'s arrival at rbspital A&E department.
Wireless transfer of these types of informatiomfrthe scene will enable teams and
facilities to be prepared before patient’s arriald thus improve time to treatment
of the patient on arrival at the hospital.

4.5. Disaster Scenario Requirements

Requirements for telematic support to facilitate tissues identified in the
disaster scenario analysed are:

» Volunteering off-duty but on-site rescuers havebéoidentified immediately (i.e.
assigned as agents) and deployed in teams to neskaube of their availability.
Uniquely addressable BANs that include telematicvises for example with
electronic registration services facilitate theldgment of these rescuers;

» Distributed intra and inter team coordination amnmunication is crucial in
disaster control. Telematic services, mobile BANisensors and communicating
devices and network infrastructure (incl. ad-hooeless and possibly supported
by mobile base stations) may facilitate this aspédie telematic support
requirements related to the two levels of BAN assignt discussed for the trauma
team case is also suitable for distributed contrdhe case that an on-site rescuer
carries devices controlled and monitored by off-s#am members;

» Modelling separation of roles and agents enablesiterroles to be assigned to off-
site agents. For example, an augmented reality@mwient enables the leader of
the crises coordination team to visually receiveimpression of the accident
including statistic data while the person (e.qg.rfeeyor of Enschede) is delayed in
the traffic jam which often occurs in early stagéslisasters.

* Dynamic improvement or fine-tuning of coordinaticend communication
guidelines in up-scaling disasters may benefit froomprehensive enterprise
models. Association classes and dependencies engplang through of new
instructions towards roles or agents in the tearanthy.

These telematic support requirements are simildhéorequirements in the trauma

team scenario case.

5. CONCLUSIONS

To achieve full control of disaster situations apidly as possible is a prime
objective of disaster response. This chapter dssmusthe telematic service
requirements for a mobile and wireless environnwrBANS incorporating mobile
devices (e.g. medical and multimedia devices) fpett and to improve distributed
disaster response in respect of time to controkef@mple. These requirements are
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derived using a primarily top-down approach in-limith the ODP viewpoints
framework.

The developed and proposed Enterprise models @apghg organisational
invariants of healthcare processes in UML compmsiti constructs in terms of roles,
agents and tasks. This chapter emphasizes the lingdel roles and agents instead
of tasks and task relations because neither praoeesgineering nor developing an
information system for disaster management or heafe is in the scope of the
work. The modelling separation of roles and agesteals the opportunities to
apply telematic services because roles could lpgattiked virtually to a point of care
(or rescue) while some of the associated agentsinem off-site at the command
and control or healthcare center, yielding a sinmfplen of an augmented reality
environment. Further, the hierarchical structure tafks and teams, flexibly
constrained by association classes in the modeglnfiscalable scenarios like disaster
management and moreover, it retains, as much asbpmscurrent ways of working
of specialized teams.

The elaborated requirements of the trauma teamascemand the examined
requirements for the more general disaster scenahow the feasibility and added
value of the mobile and wireless environment torionp rescue and emergency
services. However, the derived requirements andcépabilities of the underlying
mobile and wireless infrastructure seem to havenmmaishing characteristics.
Provided (wireless) communication channels arencdigymmetrical configured with
a higher downstream bandwidth, but the addresspticapions often require high
bandwidth upstream channels. Moreover, the appicsttypically fetch data sets
from the mobile devices, which have limited resesrand are intermittently online.
Internet protocols, which apply the client-servargaigm with typically a thin client
and heavy server, could not be used in a straigh$fidd manner in this inverted
producer-consumer problem. A challenge for futurerkwis amongst others the
further development of a generic BAN which can Ipmcsalized for different
specialties and the Internet protocol stack for shpport of scalable multimedia
services in networks comprising different techn@sg including mechanisms to
automatically discover alternative computing orwmk resources and select an
alternative that matches with the task objective.
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