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01 Introduction

Understanding the behaviour of ecosystems requires persistent and multi-modal observation. Advances in sensor technology and distributed computing, coupled with the development of open standards that facilitate sensor/sensor
network interoperability, are contributing to the emergence of a phenomenon known as the ‘Sensar Web'. This phenomenon can be described as an advanced Spatial Data Infrastructure (SDI) in which different sensors and sensor
nefworks are combined to create a macro-instrument with massive sensing capability. The Sensor Web opens up avenues to fast assimilafion of data from various sensors and fo accurate analysis and informed decision making
[1]. In this poster, we present a reference architecture for the Sensor Web that could serve as a potential candidate SDI for the South African Environmental Observation Nefwark (SAEON). This architecture is a hybrid of the Foundation
for Infelligent Physical Agents (FIPA) and Open Geospatial Consorfium (OGC) standard archifectures.

02 OGC Sensor Web Enablement

Sensor Web Enablement (SWE) is an OGC initiative that exfends the 0GC Web services framework[2] by providing additional services
for infegrating web-connected sensors and sensor systems. The SWE architecture is designed to enable the creation of web-accessible §!
sensor assets through common interfaces and encodings[3]. Sensor assets may include the sensors themselves, observation archives,
spatial databases, simulations, and algorithms for processing observations. Figure 1 illusirates the inferaction between SWE web services.

Though promising, SWE has major drawbacks with respect fo automation,scalability, interoperability and deployment and/or discovery

of applications [4].

03 Sensor Web Agent Platform

The Meraka Institute is developing a service-oriented multi-agent system architecture for the Sensor Web known as SWAP (Sensor Web
Agent Platform). Our goal is to implement an adaptfable sensor network that can reconfigure itself fo answer user-defined queries about
the stafe of the environment. SWAP incorporates the following key concepts into its architecture: ontologies, process models, choreography,
directories and facilitators, service-Level agreements and quality of service measures[5]. The SWAP abstract architecture is
split info three layers: Sensor Layer, Knowledge Layer and Application Layer (Figure 2). The Sensor Layer deals with components
working directly on physical or virtual sensors in a fight or loose coupling. The Knowledge Layer conlains re-usable simulafion and
processing components that can be dynamically assembled by Workflow Agents to deliver a variety of end-user applicafions. The
Application Layer contains the user-interface that allows human users or other client machines to inferact with the system.

04 Infrastructure Components

The abstract architecture is underpinned by the FIPA Agent Discovery Service Specification[6].
This specification describes standard infrastructure compenents that facilitate the discovery and
consumption of agent and non-agent services. Figure 3 illustrates the agent/service framework
used by SWAP: Applications register their capabilities with the Application Facilitator so that
these may be discovered by User Agents. Likewise, Service Agents need fo register their capabilities
with the Directory Facilitator so that User Agents may discover and consume fheir services.
Simililarly, Non-Agent Services register their capabilities with the Service Direclory so that User
Agents and Service Agents can discover and consume their services. User Agents are end-users
that consume Non-Agent Services, Agent Services and Applications. User Agents connect to
ontology servers, other agenis and applications using adapters provided by Ontology/Adapter
Agents. By infegrating SWE services as Non-Agent Services, standardised OGC components can
be incorporated info SWAP. Service Agents differ from Non-Agent Services in that they are more
autonomous and able to communicate and reason with other agents.

05 Ontological Framework

An ontology is a formal explicit specification of a shared conceptualisation [7].
Conceptualisation refers to an absiract model of some phenomenon in which the relevant
concepis of that phenomenon are described. Explicit means that the fypes of concepts used,
and the constraints on their use are explicitly defined. Formal refers o the fact that the onfology
should be machine-readable. Shared refiects the notion that an ontalogy captures consensual
knowledge i.e. it is not private of some individual but accepted by a group [8]. Ontologies will
provide explicit descriptions of all components within SWAP I.e. sensors and sensor data,
simulation models, algorithms and applications, and how these components can be infegrated
and used by Workflow and User Agenis. SWAP differentiates three levels of oniologies: upper
ontologies, domain and generic task ontologies, and application ontologies (Figure 4). Developers
of Sensor Web applications will typically use domain and generic task onfologies to specify new
application ontologies.

06 Use Case Scenario
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Figurel: SWE Service Interaction Diagram
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We are presently developing a generic application that will allow
ordinary users to set up custom sensor alert services without having
fo worry about any of the underlying sensor fechnology. Examples
include a wildfire alert service, landcover change alert service,
drought-onset alert service, flood warning alert service, and a traffic
congestion alert service. For this fo work, however, requires supporfing
domain and generic task ontologies. The Sequence Diagram
presented in Figure 5 explains how the proposed application will
waork. Essentially, the application will provide users with an inferface
for creating an application/process onfology that drives the sensor
alert workflow agent.

07 Conclusion

One of the major drawbacks of service-orienfed SDI architectures
is their passiveness. Services respond fo requests sent by consumers
but remain passive at all other times. SWAP will create a more acfive
SDI that adapts to changes in its environment by integrating models
and ideas produced by the Al community and it will allow domain
experts and/or application providers fo deploy new applications
simply by formalising their knowledge as an ontology and making
it available fo the system.

Figure 4: Onfology Levels
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Figure 5: Sensor Alert Service Sequence Diagram
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