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The issue of improved situation awareness is a key concern for military agencies, promising to
deliver strategic advantages in a variety of conflict and non-conflict scenarios. Improved situation
awareness can benefit operational effectiveness by facilitating the planning process, improving the
quality and timeliness of decisions, and providing better feedback regarding the strategic con-
sequences of military actions. In this paper, we aim to show how a combination of semantic techno-
logies and user interface design initiatives can be used to improve situation awareness in a simulated
humanitarian relief scenario. We describe the development of a technical demonstrator system, the
AKTiveSA TDS, which integrates a variety of knowledge technologies and visualization com-
ponents within the context of a unitary application framework. We also describe our approach
to scenario development, knowledge acquisition, ontology engineering and system design. Some
specific problems encountered during system development are discussed, e.g. the performance over-
heads associated with rules-based processing, and potential solution strategies for these problems
are presented alongside a description of future development activities.
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INTRODUCTION

Situation awareness is a critical success factor in all military
operations. Even when the operational context is not directly
adversarial, as is the case in most humanitarian and peace-
keeping operations, awareness of the temporal unfolding of
events, the strategic displacement of military assets and the
ability to anticipate the actions of other (sometimes compet-
ing) agencies, all serve to underpin the successful realization
of operational objectives. The need for improved situation
awareness is particularly important when one considers the
increasingly sophisticated technological backdrop against
which military operations are typically undertaken. The
advent of network-enabled capabilities (NEC) and the
growth of the internet as a medium for information dissemina-
tion, affords great opportunities for situation awareness, but it
also presents some relatively new and distinct challenges. One
challenge relates to the need to distinguish relevant infor-
mation from background noise (the concern here is that
highly relevant information may be swamped by less relevant

information). Another relates to the need to carefully filter
incoming information streams based on the knowledge and
information requirements of different information consumers.
Further worries relate to the rate of information dissemination
in today’s media-intensive environment. The concern here is
that the dynamics of the situation picture may result in the
differential prioritization of problem-solving goals. When
goal switching is mandated by changing operational commit-
ments then different subsets of information will need to be
dynamically integrated or aggregated to support changing situa-
tion awareness concerns.

Some of the challenges to situation awareness in military
contexts can, we argue, be addressed by a combination of
semantic technologies and advanced modes of information
visualization and user interaction. Semantic technologies, as
developed in the context of the Semantic Web initiative [1]
promise to provide a platform for information exchange and
knowledge-oriented processing that meets many of the
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requirements of an enabling technology underpinning
improved situation awareness. Ontologies provide a foun-
dation for semantic interpretation and information fusion
processes, while query languages, such as RDQL [2] and
SPARQL [3], facilitate information search and retrieval in a
manner that is specifically oriented to an agent’s ongoing
information needs and concerns. Semantically-enriched infor-
mation also supports a variety of reasoning and inferential pro-
cesses, and these have the potential to assist the user with
respect to information triage and the execution of knowledge-
intensive tasks. Above all we see semantic technologies as
providing a mechanism for representing task-relevant infor-
mation requirements, and for enabling rapid access to relevant
information content in large-scale, distributed information
environments. In essence, we see semantic technologies as
providing the basis for semantic annotation schemes that can
be used to facilitate adaptive modes of information aggrega-
tion in support of goal-relevant processing, a critical element
of enhanced situation awareness [4].

User interfaces can also influence situation awareness. Not
only is the user interface the primary medium for information
transfer, and therefore the basis for initial stages of situation
awareness (i.e. the level of perceptual processing, in Endlsey’s
[5] tripartite model), the features of the display device can also
exert a significant effect on the depth to which situation-
relevant information items are processed by human end-users
[6]. In addition to these concerns, the user interface often
serves as an important adjunct to temporally extended bouts
of problem-solving activity: the user interface affords a
number of opportunities for end-user interaction with a
system and this permits a user to progressively restructure
information content to better suit their idiosyncratic perceptual
and cognitive capabilities. This strategy has much in common
with the notion of ‘epistemic action’ in which a problem-
solving agent initiates actions to restructure the problem-
solving environment in a manner that simplifies subsequent
problem-solving operations [7].

This paper describes a Technical Demonstrator System
(TDS), developed as part of the Data and Information
Fusion Defence Technology Centre (DIF DTC) Phase I AKTi-
veSA project at the University of Southampton. The TDS
(hereafter referred to as the AKTiveSA TDS) attempts to
highlight the role played by semantic and visualization
technologies in enhancing situation awareness in a simulated
humanitarian relief scenario. The description of system
capabilities presented here extends earlier characterizations
of a prototype system which was described by Smart
et al. [8,9].

2. OPERATIONAL CONTEXT

In order to provide a context for knowledge engineering and
technology development, we surveyed a variety of operational

contexts as a precursor to scenario development (Section 3).
We selected humanitarian/disaster relief operations [10]
primarily because they entail the exploitation of information
resources that subtend the civil and military information
domains. There is often a need in these operational contexts
to integrate heterogeneous information content, much of
which may be distributed in large-scale, open-access, infor-
mation environments, such as the World Wide Web
(WWW). This provides a suitable context for Semantic Web
technologies because such technologies were developed to
support information access and integration in precisely these
types of information environment.

Another reason for the choice of operational context relates
to the focus of current military engagements. Since the end of
the Cold War period armed forces have been increasingly
involved in humanitarian and disaster relief efforts. The
United Nations High Commissioner for Refugees [11] has
identified a number of reasons for this, including:

(1) Military factors. Humanitarian actions may be under-
taken as part of an effort to secure the good will of
the population within which a force is operating.

(i1) Institutional factors. Military forces may be tasked
with peace support and relief operations because
there is a need to foster the impression that they are
active during periods of low threat.

(iii) Political factors. Military involvement may be encou-
raged as part of a public relations effort directed
towards constituencies in the sending state.

The trend towards increasing military involvement in
humanitarian affairs is generally seen as undesirable by
humanitarian agencies, who regard the use of military
assets as threatening to compromise the neutrality and impar-
tiality of humanitarian actors. Nevertheless, the value of mili-
tary forces in at least some aspects of humanitarian relief
operations is widely accepted. For example, military agencies
often have the capability to help secure an enabling envi-
ronment in which humanitarian activities can take place in
relative safety; they may also have the practical means to
assist in the delivery of aid efforts, e.g. the rapid deploy-
ment of large numbers of personnel, equipment, logistics
and supplies.

The nature of the cooperation between humanitarian and
military agencies may assume a variety of forms. For
example, the mandate of the United Nations (UN) peace
keeping force in Afghanistan—the International Security
Assistance Force (ISAF')—includes support to UN-
sanctioned humanitarian and recovery efforts and it has a
Civil-Military Cooperation group to perform this function.
There are few limits on information exchange between ISAF
and humanitarian agencies in Afghanistan; however, in
general, the free exchange of information between military

"http:/www.nato.int/ISAF/
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and humanitarian agencies is fraught with difficulties. The
military cannot, for example, disclose classified information
to humanitarian agencies, whereas humanitarian relief organ-
izations are reluctant to share information that may look like
‘intelligence’ and thus threaten the security of their staff and
operations in the field [12]. In general, the Inter-Agency
Standing Committee identifies a number of types of infor-
mation that may be shared between military and humanitarian
agencies [13]. These include:

(i) Security information. Information relevant to the
security situation in the area of operations.

(i1) Humanitarian locations. The coordinates of humani-
tarian staff and facilities inside the theatre-of-
operations.

(iii)) Humanitarian activities. The plans and intentions of
humanitarian actors (this aims at avoiding accidental
strikes on humanitarian workers).

(iv) Mine action activities. Information relevant to mine
action activities.

(v) Population movements. Information about major
movements of civilians.

(vi) Military relief activities. Information about the relief
efforts undertaken by military agencies.

(vii) Post-strike Information. Information on strike
locations and explosive munitions used during mili-
tary campaigns (this assists with the prioritization
and planning of humanitarian relief and mine action/
UXO activities).

(viii) Transport infrastructure information. The integrity of
roads and bridges and other transport routes.

(ix) Communication infrastructure. e.g. the best location
for radio repeaters.

Such information serves as a useful point of departure for
knowledge engineering (Section 4) because it indicates the
types of information that may need to be processed in the
context of humanitarian operations.”

3. SCENARIO SPECIFICATION

To further ground knowledge engineering and technical devel-
opment activities, we developed a domain scenario within the
scope of humanitarian/disaster relief operations [14]. The
scenario is set in Afghanistan and features a number of huma-
nitarian events; most notably an earthquake and a flood event,
occurring against the backdrop of ongoing military conflict
(Fig. 1).

In constructing the scenario we developed a storyboard of
scenario events and used Google Earth,® in conjunction with

*Mine action activities and post-strike information in fact constitute a focal
point for knowledge modelling in the DIF DTC Phase II SEMIOTIKS cluster
project, a successor to the AKTiveSA initiative.

*http:/earth.google.com/

the Keyhole Markup Language (KML?) to depict the situation
picture at various points in the scenario timeline (Fig. 1). The
representational capabilities of KML, in conjunction with the
Google Earth client, proved invaluable in terms of rapidly
creating a scenario storyboard within a complex, interactive
3-D environment. Furthermore, by exploiting the ability to
incrementally modify KML data over a network, we were
able to represent the time-variant dynamics of scenario
elements (e.g. the movement of specific platforms), thereby
providing a visually compelling and interactive walkthrough
of the entire scenario storyboard. This technique was useful
in terms of presenting the scenario to military stakeholders
and also proved invaluable in terms of prototyping some
of the later visualization and interactive capabilities of the
AKTiveSA TDS.

4. ONTOLOGY ENGINEERING

The exploitation of domain knowledge in the current project,
in conjunction with the use of semantic technologies, necessi-
tated an analysis of the knowledge infrastructure for humani-
tarian and disaster relief operations. This was subsumed within
a large-scale ontology engineering initiative that drew on
state-of-the-art approaches to knowledge elicitation [15, 16],
knowledge modelling [17] and knowledge representation [18].

4.1. Ontology development

Due to the complexity of the conceptual infrastructure of the
problem domain (subsuming domains as diverse as military
technology, humanitarian aid missions and meteorology) we
required significant input from stakeholder communities, par-
ticularly UK military agencies, as the basis for initial knowl-
edge capture and subsequent knowledge validation. Our
approach to ontology development in the context of the
current initiative assumed the form of a tripartite scheme in
which the outputs of earlier phases were progressively
refined and formalized in subsequent phases.

4.1.1. Knowledge acquisition

Our approach to knowledge acquisition was largely based
around a number of knowledge elicitation sessions with mili-
tary Subject Matter Experts (SMEs) at the Royal School of
Artillery and the Land Warfare Centre. Knowledge capture
assumed the form of direct observation of military planning
activities and also entailed the use of interview techniques
with subsequent protocol analysis of the interview transcripts.
We also relied on a variety of knowledge acquisition tech-
niques, such as laddered grids and process maps [15, 16] to
organize and structure knowledge gleaned from a variety of

“KML is an XML-compliant language used to represent geographic data
within an Earth Browser, such as Google Earth, Google Maps, or Google
Maps for mobile (http:/earth.google.com/kml/).
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The AKTiveSA domain scenario is set in Afghanistan in the
year 2002. US and UK forces have been deployed in
Afghanistan to conduct strategic operations against the
Taliban regime. Following a successful air campaign and
land-based assault, the Taliban have been overthrown and
major conflict operations have been concluded. Despite this,
pockets of resistance remain in the southern and western
regions of Afghanistan and the risk of both terrorist attacks
against the local civilian population and assaults on coalition
forces remains high. Thus far, the occurrence of such
incidents has been largely restricted to the Kandahar,
QOruzgan, Zabul, Helmand and Farah provinces. US and UK
ground forces have been deployed in-theatre both in the
north and south of Afghanistan, and these units continue to
undertake strategic operations against Taliban insurgents,
largely within the provinces of Kandahar and Oruzgan.
These operations are backed up by Close Air Support
(CAS) and air strikes against strategic targets in Kandahar.
Ground forces have also been tasked with peace support,
counter-terrorism and humanitarian relief activities in the
occupied areas, mostly in the eastern provinces. In addition,
the United Nations (UN) has deployed an International
Security Assistance Force (ISAF) to assist with peace
support operations.

The ongoing military conflict has created a refugee crisis in
which many local residents have moved east to leave
Afghanistan via the Pakistan border. Following the closure
of this border a number of Internally Displaced Person (IDP)
camps have been established in the east of the country and
these continue to receive new inhabitants from both conflict
zones and areas affected by military conflict. Humanitarian
aid organizations are assisted in their duties by military units
who provide both logistical support and security for aid
distribution.

At 12:10 hours on 29th March 2002, seismometer readings
indicate the occurrence of a large earthquake in the region
of the Baghlan/Bamyan border region. Information about the
earthquake is provided by the National Earthquake
Information Center (NEIC), who indicate the magnitude and
location (epicentre and hypocentre) of the Earthquake. This
initial information is subsequently corroborated by other
seismic monitoring centres. The location and magnitude of
the earthquake indicate a medium intensity earthquake with
associated structural damage and possible civilian
casualties. Information from the Global Disaster Alert and
Coordination System (GDACS) provides a characterization
of the earthquake and also indicates its likely humanitarian
impact.

In addition to the devastation caused by the earthquake in
the immediate vicinity (mostly mediated by the collapse of
buildings in local settlements) the magnitude of the
earthquake is sufficient to cause the Band Sultan dam,
located north of Ghazni, to collapse and cause massive
inundation of the surrounding region. The resulting flood,
exacerbated by the accumulation of water from melted snow
in the dam reservoir, is responsible for the destruction of
hundreds of houses, the death of at least 1000 people and
the displacement of many more.

In response to the earthquake, US-led coalition and ISAF
forces, in concert with humanitarian aid organizations, aim
to provide humanitarian assistance to the afflicted region.
The immediate humanitarian response assumes the form of
food, shelter and medical aid provision. Military units are
also tasked with search and rescue operations in the
flooded region, the transport of aid supplies and the
provision of security for humanitarian aid efforts. The relief
effort is complicated by both the security situation and the
damage caused to the local transport network by the flood
water. A number of land routes in the region of the disaster
have been blocked by rising flood water, which affects the
overland transport of aid supplies. In addition, the security
situation makes both land-based and airborne vehicles
vulnerable to enemy fire, thereby making some transport
routes hazardous and others impassable. As the crisis
develops over the next few days there are reports of a
number of outbreaks of water borne diseases and the
possibility of an epidemic becomes a realistic possibility.

FIGURE 1. AKTiveSA domain scenario.

knowledge sources, including public domain resources (such
as websites), military publications (e.g. doctrinal publications)
and SME input.

Our knowledge acquisition efforts provided information
about the types of events, entities and contingencies that
were likely to be important for operationally-effective
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decision-making in humanitarian assistance missions.
Example focus areas for knowledge acquisition included:

(i) information about the extent of involvement of mili-
tary agencies in humanitarian assistance missions
(particularly in situations where humanitarian aid is
provided against a backdrop of ongoing military
conflict);

(i) information about the nature of the inter-operation
between military and humanitarian agencies and the
role of coordinating agencies, such as the UN, in facili-
tating such inter-operation;

(iii) information about the types of planning decisions
likely to be made in situations similar to those
described in the domain scenario (Fig. 1);

(iv) information about the information requirements of key
decision makers, e.g. the disposition of military assets,
the integrity of transportation routes, the number of
people affected by humanitarian incidents, the location
of mines and unexploded ordnance, etc.

The knowledge elicited in this phase contributed to the
development of the domain ontologies described in Section
4.2, and it also provided some insight into the information
needs of key decision-makers, e.g. the need for information
about the security situation en route to (or in the vicinity of)
a humanitarian incident. This information contributed to
some aspects of the design of the AKTiveSA TDS (e.g. it pro-
vided constraints on what information was required to support
situation awareness and decision-making); however, most
design decisions relating to the functionality and user interface
of the AKTiveSA TDS were made in conjunction with mili-
tary stakeholders at a later stage in the project.

During the course of knowledge acquisition, extensive use
was made of PCPACK, a dedicated knowledge capture tool
marketed by Epistemics.” While this tool proved useful in
terms of acquiring and structuring domain knowledge, the
native representational format adopted by PCPACK is not
(currently) compliant with W3C-endorsed ontology recom-
mendations. This presented something of a problem since
we required a migration route to Web Ontology Language
(OWL)-based representations without reneging on the distinc-
tive representational and visualization capabilities afforded by
PCPACK. Fortunately, some degree of automatic migration
can be accomplished since PCPACK-based knowledge reposi-
tories are stored in XML format. Nevertheless, the ontology
migration initiative proved only partially successful due to
the nature of the logical formalisms used by OWL (the
problem here is that frame-based knowledge structures
cannot easily be converted into the property centric forma-
lisms countenanced by description logic languages). The
resulting strategy consisted of a partial translation of primarily
taxonomic information to OWL named classes. While a

Shttp:/www.epistemics.co.uk/

number of useful tools exist for editing OWL ontologies,
most notably the Protégé OWL plugin [19], we have found
such environments largely unsuitable in terms of re-presenting
knowledge content back to SMEs (who are largely unfamiliar
with knowledge engineering techniques). Clearly such experi-
ences highlight the need for tools and methodologies that
enable software-assisted knowledge acquisition, while preser-
ving the semantic expressivity of ontology-based formalisms.

4.1.2. Knowledge modelling

Due to our need to inter-operate with stakeholder groups,
largely unfamiliar with knowledge engineering methods and
techniques, we relied on the CommonKADS methodology
[17] as a means of developing initial semi-formal knowledge
models. Such models reside at a level of formality and seman-
tic resolution that is intermediate between that of the initial
knowledge capture products and the subsequent OWL-based
representations. The knowledge model component of the
CommonKADS model suite provides formalisms for the rep-
resentation of both static conceptual structures and rule-based
contingencies that inhere in the problem domain. On the basis
of past experiences, we have found that the level of represen-
tational detail afforded by the CommonKADS knowledge
model is ideal in terms of enabling communication between
stakeholder groups without reneging on the commitment to
provide detailed, machine-readable representations of
domain-relevant knowledge [20, 21].

4.1.3. Ontology formalization

The final phase of the knowledge engineering life-cycle entailed
the development of a number of formal ontologies to represent
distinct aspects of the problem domain. Due to the desired
support for a variety of knowledge-based processes within
AKTiveSA, we required the use of a suitably rich and expressive
medium for knowledge representation. Recently, attempts to
provide a set of representational formalisms for the communi-
cation of ontological structures within the framework of the
Semantic Web have coalesced around the OWL [18, 22, 23].
We elected to use this language as the representational
medium for our ontology engineering activities, in part due to
its endorsement by the W3C, its close alignment with Resource
Description Framework (RDF) and its level of semantic expres-
sivity, which supports a variety of types of automated reasoning,
e.g. subsumption reasoning. The actual ontologies were devel-
oped using the Protégé ontology editor with the OWL plugin
[24]. The CommonKADS and PCPACK knowledge models
were used as the basis for ontology development, and, as
described above, some degree of automatic migration was
accomplished in the case of PCPACK models.

4.2. Domain ontologies

The knowledge infrastructure of the current problem domain
transcends a wide variety of domain areas, e.g. meteorology,
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geography, transportation, military conflict, humanitarian
relief, etc., and this is reflected in the scope (and scale) of
the ontologies developed for the AKTiveSA initiative. These
ontologies target the following knowledge areas:

(i) Geography: This ontology deals with all the geo-
graphical aspects of the problem domain. It encom-
passes a wide variety of conceptualizations including
terrain features, transport routes, rivers, shorelines,
terrain elevation data, etc.

(i) Transportation: This ontology covers all aspects of
transportation in the problem domain. This overlaps,
to some extent, with the geography ontology in the
sense that transportation routes, e.g. airways and
roads, may also be considered elements of the geo-
graphical (geo-spatial) domain.

(iii) Meteorology: This ontology deals with all aspects of
the climate and weather. The meteorology ontology
is important in enabling the system to interpret and
utilize information derived from local weather
reports and forecasts as well as long term data about
regional rainfall, snowfall, seasonal temperature, etc.

(iv) Humanitarian aid: This ontology covers information
of relevance to humanitarian operations, i.e. humani-
tarian hazards (e.g. floods), humanitarian organiza-
tions, humanitarian aid programs, humanitarian aid
workers, etc.

(v) Military: This ontology includes relevant conceptual-
isations in the military domain, including tactical
operational areas and zones, military platforms,
intelligence information, weapons, etc.

(vi) Equipment: This ontology details the various equip-
ment items that may be used in the course of both
military and humanitarian operations. It has sub-
stantial overlaps with the content of both humanitarian
aid and military ontologies.

(vil) Organizations: The organization ontology provides an
ontological characterization of various organizations.
It includes military organizations, (e.g. the North
Atlantic Treaty Organization — NATO), research and
monitoring organizations, (e.g. the National Oceanic
and Atmospheric Administration — NOAA), religious
organizations and sects, and terrorist organizations.
Humanitarian organizations are detailed in the humani-
tarian aid ontology, which imports the constructs
defined in the organization ontology.

(viii) Weapons: The weapons ontology is an extension of the
military ontology and deals with aspects of weapons
systems, including typology and operational status.

4.3. Knowledge web

The results of the knowledge engineering initiative were pre-
sented in the form of a knowledge web (Fig. 2). This provided
a web-based medium for browsing both domain ontologies

hin [¥| @ ca [[CL

ﬁog AKTiveSA
AKTiveSA Knowledge Web
HOME PROJECT SCENARIO KNOWLEDGE AFGHANISTAN CONTACTS

AKTiveSA Knowledge Web

Welcome to the AKTiveSA Knowledge Web: the
information A:Er\tarfnrthe AKTivesA initiative. This web
detailed

bout all aspects of the
o

daoe
the AKTiveSA application domain is also presented in
the fnrm Df a dumam nntu\ngy Whmh makas explicit

conceptuizations

Knowledge Project

the dumam Access furthe ormation
St

mmatwe

Read aboutthe
humanitarian relief scenario
= developed as part of the
AKTiveSa project. more info

Learn about Afghanistan - &
* the zetting for the AKTiveSa)
sCenario. more info 3

FIGURE 2. AKTiveSA knowledge web.

and knowledge sources. The knowledge web was used by
military SMEs as part of the knowledge validation process.

5. TECHNICAL DEMONSTRATOR SYSTEM

To showcase the role played by semantically enriched rep-
resentations in supporting information integration and situa-
tion awareness, we developed the AKTiveSA TDS (Fig. 3).
The AKTiveSA TDS comprises a suite of applications and
technology components, including a knowledge repository,
military symbology browser, Semantic Web Application
Programmatic Interface, and scenario generation utility. These
components have been described in some detail elsewhere
[9] and we do not attempt to describe them further here.
This section is devoted to a specific component of the
AKTiveSA technology portfolio, namely the AKTiveSA
TDS Client, a Windows desktop application that allows
users to interact with semantically enriched information
content via a graphically rich user interface. Subsequent
sections describe various features of this application.

5.1. Earth Browser

The AKTiveSA TDS Client is built around a NASA com-
ponent, called Worldwind.® This control co-opts both photo-
realistic satellite imagery with digital terrain elevation data
to provide, what is in effect, a 3-D model of the Earth’s
surface. The adapted WorldWind component is called the
Earth Browser in the context of the AKTiveSA TDS Client
(Fig. 4). It allows a user to navigate and visualize any area

®http:/worldwind.arc.nasa.gov/
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FIGURE 4. Earth Browser.

of the Earth’s surface using a variety of navigation controls.
The user has complete control of the camera view angle and
zoom level using a navigation control palette; similar effects
can be accomplished using mouse and keyboard input.

i |'l'{;blr1 et

5.2. Semantic filters

Semantic filters are used to define selective visualizations of
the operational environment; they dictate what types of enti-
ties will be displayed in the Earth Browser. A semantic filter
could for example be used to selectively display objects of a
particular type, or objects with particular characteristics.
Ultimately, all semantic filters are implemented as SPARQL
queries that periodically execute against the back-end
AKTiveSA knowledge repository. The SPARQL query corre-
sponding to each filter is defined using a special interface com-
ponent (Fig. 5), which allows a user to browse the taxonomic
hierarchy of the ontology using a display mechanism inspired
by a navigational technology, called mSpace [25]. The user
can select multiple classes from the taxonomic hierarchy
using this interface component and then specify that these
classes be used as part of the semantic filter. The user can
also control the frequency with which the query, associated
with the filter, is invoked by specifying a time interval for
information updates. Once defined, semantic filters appear as
toggle buttons in a stack control adjacent to the Earth
Browser. These can be toggled on or off by the user to create
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FIGURE 5. Semantic filter component.

complex filtering criteria that juxtapose particular types of
information content.

At the present time, the user is restricted to using the
concept hierarchy to define semantic filters. An extension of
this approach would allow the user to define more complex
types of filter, e.g. earthquakes that exceed a certain magni-
tude, or refugee convoys that are within a certain radius of a
particular settlement. Unfortunately, these more complicated
filters draw on the full capabilities of the SPARQL query
language and this introduces a potential training overhead
for the end user. One potential resolution of this difficulty is
to allow users to graphically select properties of particular
objects; another is to provide graphical query designers that
simplify the process of creating complex queries. Both
approaches have their drawbacks: graphical query designers
may be just as difficult to use as the underlying query
language, and the selection of OWL properties presupposes
that an ontology imposes constraints on the association
between classes and properties.” Future development of the
semantic filter capability will, at a minimum, provide a text-
based control for SPARQL query construction and we are
also considering options for simplified graphical query editors.

5.3. Compass Bar

The Compass Bar control (Fig. 6) aids user navigation and
spatial orientation within the Earth Browser by representing
directional information using compass-like controls. The
directional location of objects, such as military platforms, is

"This is not, in fact, how OWL works. The domains and ranges of OWL
properties should not be viewed as constraints to be checked; they are used
as axioms in subsumption reasoning processes.

FIGURE 6. Compass Bar control.

represented on the Compass Bar using a small icon, and the
user can navigate to objects in the Earth Browser by simply
clicking on this icon. The information contents of the
Compass Bar are continuously updated as the user navigates
around the Earth Browser.

5.4. Annotation Toolkit

The Annotation Toolkit consists of a tool palette providing
access to tools and utilities that can be used to create new
knowledge objects and annotate existing ones. At the
present time, the Annotation Toolkit supports the creation of
new entities and allows users to annotate geographic regions
in the Earth Browser. Future extensions of this capability
could provide support for a collaborative form of map annota-
tion similar to that seen in the case of WikiMapia.®

5.5. Property Inspector

The Property Inspector displays information about an object
previously selected in the Earth Browser. The aim of the
Property Inspector is to provide quick access to task-relevant
information for target objects of interest; however, in the
current version of the AKTiveSA TDS Client, the information
content of the Property Inspector is not modifiable by the
end-user — the control simply provides access to a fixed set
of properties for each type of selectable object, e.g. positional
and platform status information. In order to adapt the Property
Inspector to suit the task-variant information requirements of
particular end-users we need to give users control over what
information should be displayed in the Property Inspector.
The best strategy for this, at the present time, seems to be a
semantic query editor or property selection user interface com-
ponent, similar to that discussed in Section 5.2.

The information contents of the Property Inspector are
driven by SPARQL queries that periodically query the
back-end knowledge repository for object-specific infor-
mation. The refresh rate for the Property Inspector is currently
fixed, but future implementations will provide a variable
refresh rate based on user requirements.

8http:/wikimapia.org/
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FIGURE 7. Information pane (ontology visualization mode).

5.6. General Information Pane

The General Information Pane (Fig. 7) displays general infor-
mation about scenario objects and resources. It also hosts a
copy of the knowledge web described in Section 4.3. The
General Information Pane operates in a number of modes:

(1) Resource explorer mode: In this mode the General
Information Pane lists any information resources
(e.g. images, videos, text files) that are associated
with selected objects in the Earth Browser.

(i1) Resource detail mode: In this mode the General Infor-
mation Pane displays a specific information resource.
This could assume the form of a web page, an image,
or a video/audio clip. The General Information Pane
is based on a web browser control, so it can, in prin-
ciple, display any type of information resource
natively supported by a standard web browser, such
as Internet Explorer.

(iii) Ontology visualization mode: In this mode (Fig. 7) the
General Information Pane displays the ontological rep-
resentation of a selected object. All ontology elements
within the AKTiveSA ontology are serialized as Hyper-
text Mark-Up Language (HTML), which, in general,
provides a better format for end-user browsing.

(iv) Knowledge web mode: In this mode the General Infor-
mation Pane displays the knowledge web associated
with the AKTiveSA project (Section 4.3).

(v) Information sources list mode: In this mode the
General Information Pane displays the information
sources for a selected object.

5.7. RDF Site Summary ticker

The AKTiveSA TDS Client includes an RDF Site Summary
(RSS) ticker control (Fig. 8), which is designed to display infor-
mation from various user-selected news feeds. The summary

Add N

Feed Name Feed URL

http:/icnin. comirss xmi

Number of ltems

4 BEC Midde East

FIGURE 8. RSS ticker control.

for each news item is displayed in a scrolling marquee at the
bottom of the user interface and each summary is associated
with a ‘More Information Button’, which, when clicked, will
open a dialogue box to display the entire news article. Items
that have already been displayed in this way are rendered
using a white font, while items that have not previously been
displayed are rendered using a red font.

5.8. Map Overlays

Map Overlays represent visual information about areas of the
terrain as rendered in the Earth Browser. Map Overlays can
include vector-based graphics for region-based information,
such as population density or language distribution maps.
They can also include additional satellite imagery layers.
Such overlays provide a means to easily extend the types of
information content that can be displayed using the Earth
Browser component.

The AKTiveSA TDS includes a limited number of Map
Overlay products for the Afghanistan region. These include
vector maps for seismicity, population density, language dis-
tribution, annual precipitation, natural disaster vulnerability,
and land mines/UXO contamination. Such products permit
the juxtaposition of scenario-specific information with back-
ground Geographic Information System data products for the
Afghanistan region.

5.9. Timeline manipulation

The AKTiveSA TDS Client provides two means to manipulate
the scenario timeline in order to gain a view of both past and
future (predicted) states. The Movement Toolbar displays a
visible movement trail, which indicates the past and predicted
movement of a selected entity (e.g. a military unit) within the
Earth Browser display. This visual aid facilitates an under-
standing of the temporal evolution of the current situation
picture, both in terms of past situations and (likely) future situa-
tions. A second tool, the Time Gesture Tool, compliments the
Movement Toolbar by allowing users to use simple input ges-
tures to alter the current time setting. Horizontal movements
from left to right across the screen, using either the mouse
(or fingers on a touch-screen interface) advances the temporal
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position forward in time, whereas a gesture from right to left
will cause the time setting to regress. Combining horizontal
gestures with vertical gestures allows the speed of temporal
progress to be manipulated: a movement from the bottom of
the screen to the top will increase the speed at which the
time changes, allowing for large jumps in temporal position;
movements from the top of the screen to the bottom will
decrease the speed at which the time changes, allowing for
fine-tuning of the temporal setting.

6. REASONING SUBSYSTEM

The AKTiveSA TDS technology portfolio originally included a
reasoning subsystem to implement situation-relevant inferential
processes. Our aim was to support rule execution using an
inference engine component and provide decision support to
end-users in three specific task areas:

(1) Needs assessment: An assessment of what needs to be
done in terms of relief actions and humanitarian aid
requirements in order to minimize further harm and
alleviate human suffering.

(ii) Relief planning: The actual planning of a relief effort
in terms sourcing, delivery and dissemination of aid
supplies.

(iii) Future vulnerability assessment. An assessment, or
prediction, of the long term implications of the disaster
with respect to future humanitarian action.

We successfully developed an inference engine component
by adapting the C Language Integrated Production System
(CLIPS®) expert system shell and we subsequently used the
CLIPS programming language to represent domain-specific
rules. Unfortunately, however, a number of problems
emerged which served to limit the overall utility of the reason-
ing component. Firstly, the CLIPS inference engine required
all triples to be retrieved from the back-end knowledge repo-
sitory, converted to CLIPS fact assertions and then loaded into
the execution environment. This introduced a significant over-
head in terms of component initialization, especially in a
networked, client-server environment. The problem might
have been extenuated by restricting the number of RDF triples
to be loaded into the execution environment; however, the
various AKTiveSA ontologies were so inter-connected that
semantically-insular ontology subcomponents could not be
extracted: the need for logical consistency checking and
subsumption reasoning necessitated the retrieval of all
triples. This may be a general characteristic of semantically-
expressive knowledge models and, to some extent, it argues
in favour of simpler, more modular ontology components.

A second drawback of the reasoning subsystem concerned
the performance overhead associated with rule execution. In

“http:/www.ghg.net/clips/CLIPS.html

this case, the total time taken for reasoning processes to com-
plete was, generally, not acceptable (some processes took in
excess of 12 h to complete), and, in most cases, the reasoning
process did not complete in what could be regarded as an
operationally-useful timeframe (i.e. on the order of minutes).
One reason for this performance overhead was the number
of rule firings made during the reasoning process. The seman-
tic expressivity of ontologies, at least OWL ontologies, sup-
ports a large number of rule firings following fact assertion
because even a small change to the knowledge infrastructure
(i.e. the assertion of a single fact) can have semantically-
significant implications. Fact assertion may, for example,
result in the re-computation of the entire taxonomic hierarchy.
Strategies for resolving this problem in future versions of the
AKTiveSA TDS include, but are not necessarily limited to the
following:

(i) optimization of the inference engine to support faster

rule execution;

(ii) intelligent caching of temporary reasoning results;

(iii) progressive minimization of semantic expressivity
(i.e. the removal of specific axioms) until a reasonable
performance threshold has been attained;

(iv) modularization of ontology components to reduce
inter-connectedness; and

(v) more precise control over the firing of specific rule
subsets, i.e. only allowing certain rules to fire in a par-
ticular reasoning context.

Future research will explore which of these techniques is the
most preferable for our purposes in terms of implementing
semantically enabled decision support capabilities.

7. SYSTEM EVALUATION

Efforts to provide technological support for enhanced situation
awareness need to be evaluated in the context of end-user
trials. We have not, as yet, conducted such trials with human
subjects, but we are currently collaborating with the Univer-
sity of Cardiff to determine how such trials might be under-
taken. One of the approaches adopted by the University of
Cardiff measures the recall of scenario-relevant information
following periods of user interaction with the target system.
A number of other measurement techniques for situation
awareness have also been proposed, including SAGAT [26,
27], SPAM [28] and SART [29], and we aim to examine
and assess the relative suitability of these techniques in
subsequent system evaluation studies.

8. FUTURE WORK

The capabilities of the AKTiveSA TDS will be refined and
extended in future development cycles. This section provides
an overview of our current development objectives.
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8.1. Mobile capabilities

8.1.1.  Portable devices

The use of portable devices to access information content is
pretty much commonplace in today’s society. While the
AKTiveSA TDS is optimized for large displays and desktop
computing environments, there is no reason why the software
could not be ported to mobile devices supporting managed
DirectX applications. One aspect of our future work will there-
fore be to implement mobile versions of the AKTiveSA TDS
Client application.

8.1.2.  Mobile information access

NEC relies on the integrity of communication networks for the
purposes of large-scale information dissemination and
sharing. However, the increasing emphasis on mobile, ad
hoc, and wireless networks within military operational con-
texts presents a number of challenges for NEC. One feature
of mobile communications technology, for example, is inter-
mittent network access — the tendency for a mobile device
to periodically lose connectivity in areas of poor network cove-
rage. This problem is significant in countries such as
Afghanistan, where infrastructure development may be poor
or undermined by recent military conflict, and this necessitates
a consideration of mechanisms to support operators in
occasionally connected operational environments.

One approach to the problem of intermittent network access
is provided by data charging techniques [30]. Data charging
emphasizes the use of intelligent forward caching mechanisms
to pull or push relevant data to mobile devices during periods
of high connectivity. This aims to preserve user access to
task-relevant information content during subsequent periods
of network disconnection. The main challenge with data char-
ging concerns the identification and representation of factors
that influence the selection of relevant information. Factors
such as problem-solving goals, information requirements,
trust ratings (there may be little point in downloading dis-
trusted information), access history (we may be able to infer
needs or preferences based on past patterns of information
access), the features of the mobile display device (there is
no point in downloading information to a display device if
the device cannot subsequently display that information to
the user) and the profile of the end user may all contribute
to adaptive data charging mechanisms [31]. Since such mecha-
nisms are crucial for situation awareness in mobile computing
contexts, we intend to explore the notion of adaptive data
charging for mobile information access as part of our future
development activities.

8.2. Virtual adviser

SPARQL queries can be used to represent events or infor-
mation contingencies of interest to the user, but at present
the mechanisms for alerting users to information that satisfies

a query, within the context of the AKTiveSA TDS, are some-
what limited: the user is alerted to new information primarily
via the RSS ticker control (Section 5.7). Future development
initiatives should aim to provide a much richer set of
options for user alerts and notifications, including emails,
SMS messages, popup dialogues, etc. One additional possi-
bility is to implement a virtual adviser component [32] corres-
ponding to an animated ‘talking head’. This component can be
used to provide vocalization services for text content and, in
most cases, the viscemes, phonemes and emotional tone of
the character can be dynamically specified to provide
a pseudo-realistic ‘conversational’ context for information
exchange about scenario events and information contin-
gencies. In light of the well-known facilitative effects of multi-
modal stimuli on dual task performance [33], the exploitation
of the auditory modality may support an effective broadening
of end-user information processing capacity, especially since
the dominant information presentation strategy at present is
to exploit the visual modality. The ability to influence the
emotional tone of informational messages may be of further
value in terms of controlling shifts in attentional focus. Evi-
dence suggests, for example, that emotionally salient stimuli
(e.g. angry faces) are more effective in attracting and eliciting
attention than neutral or novel stimuli [34].

8.3. Resource classification

The web is an unruly place: information content is liable to
change, resource locations are frequently modified, existing
information all too quickly becomes redundant, and new infor-
mation is made available at a rate that makes effective manual
tracking and monitoring effectively impossible. How are we to
deal with such complexity and dynamism? How, in particular,
are we to manage the information space such that information
consumers are always aware of new information that speaks
directly to their problem-solving specific needs, interests and
concerns? This is a fundamental problem with large-scale
information repositories, such as the WWW, because often
the information content of resources is not accessible in a
format that can be easily aligned with the kind of conceptual
glosses that drive search queries. Current strategies for infor-
mation search and retrieval, such as keyword searches, are
very popular, but they do not avail themselves of the ability
to exploit semantic generalizations and they are vulnerable
to the vagaries of language style, linguistic variation and trans-
literation. The result is that important sources of information
are lost in the noise of irrelevant links or may not even be
returned as part of the search results. One approach to address-
ing the limitations of keyword searches is to use explicit
semantic characterizations of resource content — the strategy
adopted by the Semantic Web community. Explicit semantic
annotations of information content and information resources
are, however, somewhat rare on the WWW and such annota-
tions show no sign of being readily available in the near
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Thinge

FIGURE 9. Treemap visualization.

future. Given the inadequacy of keyword searches and the
paucity of explicit semantic annotations of resource content,
alternative strategies for resource discovery and classification
are required.

One such strategy involves the use of sophisticated analytic
techniques that aim to automatically classify resources and
their associated information content with respect to semanti-
cally circumscribed topic categories and hierarchies.
Machine learning (ML) techniques are particularly good at
automatically identifying patterns in data and have recently
been applied to text classification problems [35, 36]. The
aim of these techniques is to exploit statistical regularities in
a training corpus in order to gain a predictive toehold on
the classification of novel, previously unseen, resources. A
number of studies have demonstrated improvements in ML-
based text classification following the integration of back-
ground knowledge and semantic constraints. Thie et al. [36],
for example, have provided evidence to suggest that improved
background knowledge, specifying additional synonym and
parent/concept relationships, can be used to improve the
correct classification of resources, whilst avoiding a cor-
relative increase in false-positive scores.

Our aim in the context of the DIF DTC Phase I SEMIOTIKS
cluster project is to investigate these enhanced capabilities for
resource classification using a combination of text analytic
techniques and advanced knowledge technologies. Resource
classification techniques could provide the basis for sophisti-
cated information management capabilities that organize
complex information spaces and facilitate information retrieval.
In terms of visualizing such spaces, we have considered the use
of interactive treemap displays (Fig. 9), which provide a mech-
anism for the space-constrained visualization of hierarchical
structures [37], e.g. concept hierachies. Treemap displays
could be used to allow a user to progressively drill down on

more semantically specific areas of a large document space
and may provide a useful visualization capability for the
outcome of resource classification processes.

8.4. Content acquisition

One of the shortcomings of the AKTiveSA TDS is its inability
to dynamically extract information content from unstructured
textual sources in order to update its knowledge bases with
respect to situation-relevant information. Ideally, what is
required is a knowledge extraction capability in which rele-
vant domain knowledge can be automatically extracted from
source documents. We are currently exploring an ability to
augment textual resources with semantic annotations in
order to identify the entities contained in the resource docu-
ment [38, 39]; however, we also intend to explore an
additional capability for the extraction of relational infor-
mation. While the extraction of relational information is
significantly more complex than entity recognition, the
advantage of the technique is that it provides a much richer
substrate for information fusion and knowledge processing,
especially in situations where information content is dispersed
across multiple source documents. In order to capture rela-
tional information we intend to exploit previous work within
the Advanced Knowledge Technologies (AKT'?) initiative,
particularly with respect to systems such as Artequakt [40].
Other approaches to content acquisition are also available,
e.g. natural language techniques [41] and the scraping of
publicly available data from institutional websites [42],
and we intend to explore these techniques as part of our
future research and development activities.

8.5. Interaction and visualization

As part of the continued development of the AKTiveSA TDS,
our research into optimal modes of information access, data
visualization and user interaction will continue. One relatively
recent innovation is the development of a multi-touch screen
prototype based on the principle of Frustrated Total Internal
Reflection [43]. While single-touch screens are relatively
commonplace, multi-touch sensing capabilities enable a user
to interact with a display using more than one finger at a
time. This can be useful for bi-manual operations, such as
using the radial expansion of two digits from a central point
to zoom into a map display. Multi-touch capabilities opens
up a whole new spectrum of human—computer interaction
issues, e.g. how to design affordances that support tactile
manipulation of screen elements in a relatively intuitive
manner. Multi-touch displays can also support multiple user
interaction, which is useful for collaborative working in
larger interaction scenarios, such as interactive walls and
tabletop displays.

http:/www.aktors.org/akt/
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9. CONCLUSIONS

Despite the introduction of new communications technologies
and the availability of large-scale information environments,
enhancements in situation awareness are not necessarily gua-
ranteed. The rapid advance of information and communications
technology has greatly expanded the range and quantity of
information available to knowledge workers; however, situ-
ation awareness demands more than just the ability to access
information content; it also requires an ability to align retrieve,
filter and aggregate information with respect to goal-relevant
information requirements.

In terms of addressing these concerns we believe the
Semantic Web has much to offer, especially in terms of
facilitating information exchange, enabling information
retrieval (from semantically, lexically and physically dispa-
rate information sources), filtering information with respect
to dimensions of semantic relevance, and integrating infor-
mation from multiple semantically heterogeneous source
locations.

User interface design is also critical. In the course of user
interface design, special attention needs to be devoted to the
accessibility of information content, the mechanisms used to
alert and notify end-users to specific events, the stimuli used
to switch and sustain attentional focus, the representational
devices used to convey information and the strategies for
manipulating and restructuring information within the
context of the user interface display. The AKTiveSA initiative
has explored the impact of semantic technologies and
advanced user interface design on the potential for enhanced
situation awareness within a specific operational context,
that of humanitarian and disaster relief operations. The
research and development effort has revealed a number of sig-
nificant challenges in this respect. These include the perform-
ance overheads associated with reasoning processes, the
difficulty in representing end-user information requirements
via semantic query languages, such as SPARQL, and the chal-
lenges of real-time knowledge extraction (and integration)
from distributed, unstructured textual resources. The resol-
ution of these challenges, and the continued refinement/exten-
sion of the AKTiveSA TDS, will be the focus of future
development efforts to be carried forward into the second
phase of the DIF DTC research programme.
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