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Abstract

This paper shows how MobiComp [1] - a context management infrastructure conceived by the University of Kent and further developed within the framework of EPOCH - can be deployed to support visitors and management of museums, sites and landscapes by integrating heterogeneous technologies within the same operational environment. The Infrastructure is currently being demonstrated at the Interactive Salon, an exhibition of new technology for Cultural Heritage held at the StadsMuseum in Stockholm, within the framework of EPOCH.

MobiComp is an active and shared repository of structured information that smoothly supports the delivery of information services to the actors in a Cultural Heritage scenario. It achieves this by providing a common source for all information about the changing situations (or context) of visitors, devices and cultural heritage objects. 

MobiComp can support both indoor and outdoor location technologies in a unified manner. In this paper the focus is on an indoor location, the Museum, and the actors are the visitors, the Museum staff, equipment and exhibits. The services discussed include visitor guiding, tracking and counting, environmental monitoring, and managing the issue and return of multimedia context-aware guide devices. 

The guides are based on several types of mobile devices, each different in nature and supported by a wide range of location and sensing technologies. MobiComp allows for straightforward comparisons between location methods and may suggest how best to combine location and orientation solutions to achieve the best cost-performance trade off.   

The aim of the MobiComp-based presentation at the Interactive Salon is to encourage dialogue between the public and the specialists in communication and cultural heritage by exposing some of the work-in-progress towards the next generation of IT based systems. These may be deployed within a 3 to 5 year time span to support new approaches to managing and accessing cultural heritage. 
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Interactive Salon exhibition at StadsMuseum, Stockholm
1. Introduction

Imagine a museum, archaeological site or cultural landscape in which visitors and staff can find information about their surroundings and the objects on view, wherever they are. The information provided is tailored to their individual circumstances and needs. Staff may require different information from visitors, but visitors are not a homogeneous group. Adults and children, novices and experts, disabled and able-bodied, first-time and returning visitors all arrive with different knowledge, capabilities and expectations. The depth of information, its style of presentation and the delivery medium may all be varied to suit the needs and expectations of the individual. 

Smart Environments and Ambient Intelligence are amongst the terms used by computer science researchers to describe this vision. Unlike today’s computing environment centred on the desktop computer, numerous sensors, detectable objects and computing devices are distributed throughout the environment. These small devices may be in fixed locations, attached to portable objects, or carried by individuals. Information is shared between them because they communicate with each other through a network. They form a high-density, localised form of the World Wide Web. Unlike many existing museum and site systems which often use only a single technology – audio guides, handheld computers with infrared beacons, kiosks, etc. – our approach employs a variety of technologies to create an integrated guide and monitoring system based on a common software infrastructure. Appropriate technologies may be selected to suit organizational needs and those of different visitor profiles. The MobiComp installation provides a multi-technology guide to the Interactive Salon exhibits. A variety of sensor systems – infrared, radio, optical – track visitor activity, whilst others monitor environmental conditions – temperature, humidity, vibration – around the exhibits. Information is delivered by a range of devices from the classic kiosk, through handheld computers, to the visitor’s own mobile phone. The MobiComp infrastructure underlying this demonstration is an experimental system developed with the support of the EPOCH Network (http://www.epoch-net.org). When complete, it will be released as open source software.
2. Context Management
In order to achieve the above mentioned scenario, sensors and any context sources data need to be managed by an appropriate infrastructure, generic with respect to the device, the sensors set, the user interface and multimedia contents.
Sensors embedded in wearable mobile devices and hidden in the environment can gather information to support visitors and staff at museums and outdoor heritage sites. 

Emerging mobile devices already benefit by the addition of sensors to their set of traditional conventional resources. Sensors like cameras, compass, gyroscopes, accelerometers, GPS, RF based devices and many others may provide inputs to context and activity recognition facilities. These, in turn, may affect the information presented to the visitor. Based on the user’s position and context, appropriate content can be automatically selected for display. To properly exploit the sensory devices distributed through the environment, a context management infrastructure is required. The figure below depicts this scenario.
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3. MobiComp infrastructure

Building on earlier work in context-aware field recording tools [43], MobiComp was originally developed to support context sharing in a range of mobile applications [44], [45]. The current version provides a simple API for building distributed ubiquitous computing and context-aware applications. 

The core element of the infrastructure is the ContextService (figure 6), a simple interface to a tuplespace [46], [47], extended with event notification. This acts as a store for context elements and enables coordination between the components of context-aware applications. The approach here is similar to that employed in several other ubiquitous computing support infrastructures, for example the Stanford Event Heap [48]. The storage components behind the ContextService interface may be configured to support different scales of context-aware applications: for simple, stand-alone, applications, for multiple applications on a single device, or for distributed storage. In the latter case, servers at well-known addresses can be employed as proxies for mobile devices where their network connections (e.g. via GSM/GPRS) prevent direct requests from the Internet to the device. 

The ContextService interface provides put, get and remove methods to support the tuplespace model, registration and notification methods to support an event-based model and avoid the need for continuous polling for interesting events. In addition, a general query interface is being developed to enable clients to enquire about the content of the store, retrieve element schemas, and to extent the simple ‘get’ interface with general-purpose XQuery 
[49] requests. Context producers (Trackers) register their availability and capabilities by putting appropriate elements into the tuplespace. Their purpose is to collect raw context data from sensors such as GPS receivers, other dynamic sources such as the noise classifier described above, or static sources such as configuration files for device capabilities and user-preferences. Trackers transform their input into context elements which are then put into the tuplespace.  



 The Kent MobiComp infrastructure
Context elements take the form of a subject-predicate-object triple, relating an entity identifier to a, possibly complex, named context value. Additionally, elements carry a production timestamp, a default validity period, and a privacy level indicating how they may be disseminated through the ContextService. The object part of a context element may be arbitrarily complex, and different trackers might produce elements with similar names but different semantics. Equally, similar information may be packaged in different forms. As a first step towards wider interoperability, Trackers are required to supply XML Schema fragments for each element they may produce as part of their initial registration with the ContextService.

Element communication between infrastructure components takes the form of XML documents based on the ConteXtML 
schema which has been developed to support the infrastructure. Typical location, velocity and noise classification elements are shown in figure 7.
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ConteXtML representation of MobiComp context elements for location, velocity and noise classification
ContextListener components consume context elements. They typically register an interest in one or more entities and/or particular elements and receive event notifications whenever a corresponding element is put into, or removed from, the tuplespace. On receiving a notification, the listener may get the element from the tuplespace and use it as required. Context aggregators may be constructed by combining Tracker and Listener functions. Here, the Tracker monitors events from the ContextService, rather than a sensor device, and applies a transformation before returning a new element to the tuplespace. Aggregators can combine several low-level sensor elements to produce an element at a higher level of abstraction. For example, information from temperature, door, window, and light sensors might be used to determine room occupancy. Other aggregators may perform simple transformation services, such as converting latitude and longitude coordinates from a GPS sensor to coordinates on an appropriate local or national grid. Many non-trivial context-aware applications take the form of complex context aggregators, for example, the FieldMap application described in [45]. 

4. Context entities and properties in StadsMuseum experimental scenario
This figure shows some of the entities and properties used within the demonstration. These inform MobiComp about the current actors in our scenarios and which of their properties may be used to provide the required services.

The model is smoothly expandable and represents a possible starting point for the definition of a context ontology for Cultural Heritage applications.

This ontology will be mapped onto the CIDOC Conceptual Reference Model (CRM) as part of the EPOCH Common Infra-structure Work Package 3.3.
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Context entities and properties in StadsMuseum experimental scenario
5. Location and personalisation approaches

The key to providing a visitor with relevant information is knowing where they are, what they are looking at, what they know about, and what they are interested in. Location and activity recognition on mobile devices may expand the capabilities of a system, make the user interface more effective and optimise the use of resources. 

At the core is a context management infrastructure, such as that provided by MobiComp, which supports application specific policies and behaviour.

In the course of the Interactive Salon, we will demonstrate systems using a wide range of sensing technologies to provide information on visitor location and activity. The characteristics of such technologies make them more or less suitable for different display environments. Unlike many existing systems, MobiComp is not tied to a single technology, so sensory devices may be chosen to suit particular situations and mixed to provide the best match between organisational needs and those of different visitor profiles. 

Some of location techniques currently used in MobiComp are:
· Absolute client-side localization systems (e.g.: GPS)
· Beacon-like devices or tags (Semacode, Object recognition, IR, Bluetooth, WiFi)

· Inertial Tracking Systems (e.g.: ITS 
from ARCES - University of Bologna [x])
· Vision Tracking Systems (e.g.: VTS from ARCES - University of Bologna)
This broad range of technologies should address requirements and constraints in different scenarios. For example, if absolute/inertial location systems cannot be used due to physical structure difficulties (e.g.: “urban canyons” in modern cities) then tag-based localization (IR, semacodes, RFID, etc.) can provide surrogate of locations with tags spread in the environment, typically one tag for each object of interest. In this case, the location could be better defined as co-location of two entities, the active one (e.g.: the visitor) and the passive one (e.g.: the artifact). MobiComp, being not tailored specifically to one particular technology, is therefore suitable for being used in a broad range of “space structures” (e.g.: indoor, outdoor, structured, unstructured, 2D/3D, …) in Cultural Heritage sites.

In principle, any device type and location technology may have a different Spatial Reference System (SRS); also, every site may have its own SRS for its exhibits. For example, GPS makes usually use of WGS84 (World Geodetic System 1984) reference system, while other location technology can use “local” reference system (e.g.: metric or pixel based, with different maps, different axes orientation, vector- or raster- based maps). In order to deploy a system adaptable to heterogeneous types of devices, location techniques and physical spaces, a generic method to manage locations (and history of locations: trajectories) associated with the correct SRS is needed. MobiComp address this problem defining an expandable set of well-known SRSs. Hence, transparent comparison, transformation (e.g.: rotation, translation, scaling) and mapping of locations onto different systems are possible. As a consequence, heterogeneous devices, applications and services can be made interoperable in the same target SRS.
At architecture level, collaboration among localization techniques, cultural databases and geographic information systems is needed for correctly manage, interpret and use data gathered from the environment. To this aim, MobiComp defines well-known widely accepted standards (e.g.: CIDOC CRM for describing cultural objects, OpenGIS format for spatial representation, XML for data interchange, …) to be used in such applications.

Location, along with other physical indicators (e.g.: orientation, co-location, …), user preferences and device capabilities are among main concepts that could allow MobiComp to deliver context-based contents and services, as explained in following section. 
6. Context-based services
MobiComp devices and sensors support services both for museum management and for visitors. Only a few of the many possible services are demonstrated here. Many more could be added.

6.1 Services for Museum Management
· Museum Environmental Monitor

MobiComp applications may be used to monitor environmental conditions in and around the exhibits. Temperature, humidity, vibration and other sensors may be networked together with the Museum Presence Monitor to provide an overall picture of activity in the exhibition space.
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Museum Environmental Monitor

· Museum Presence Monitor

A visitor counting system notifies MobiComp that a new person has entered the museum. In turn, other applications can be notified of these changes. The monitor presented at the Interactive Salon is based on a stereo vision system developed at ARCES
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Museum Presence Monitor
· Museum Desk

Visitors who wish to use a context aware guide can register with the MobiComp Museum Desk. They supply some details and select the guide that they wish to use. This information is then available to all other MobiComp applications from the VisitorGuide to museum management.

Preferences specified at registration allow visitors to remain anonymous, or to sign up for post-visit online services.

· Visitor Tracking System

Site curators may need a “live” view of all visitors inside the museum (e.g.: trajectories and visiting times). Hence, it is possible delivering to users customized services as well as monitoring “hot spots” inside the museum (e.g.: exhibits more visited) and also have an understanding of visitor behaviors. To this aim, a Visitor Tracking System has been deployed leveraging on MobiComp infrastructure, in order to provide collection, management and a graphical view of visitors’ paths inside the site. 
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Visitor Tracking System

6.2 Services for the visitor

· Museum Guides 

Guides are provided, which use multimedia, context aware mobile devices. Content may be provided automatically according to the device location and orientation, or manually by pressing keys. A visitor walking through the galleries obtains information about the exhibits as well as orientation support. Many types of guides are possible and several examples will be demonstrated at different times during the period of the Interactive Salon.
These will include several versions of the MobiComp Visitor Guide:
· PDAs demonstrating multiple location technologies to identify the information that should be delivered to a visitor. 

· A Tablet PC with a computer vision object recognition system developed at ETH, Zurich which identifies museum objects using a camera and presents information about them.

· Information delivered to the visitor’s own Smart Phone by software that can be downloaded to the phone at the museum desk.

· WHYRE® - an experimental purpose-built hands-free, sensory augmented, wearable computer designed to provide multimedia enhancement to museum and archaeological site visits.
7. Examples

In the following pictures, some examples of applications developed for StadsMuseum exhibitions are presented:
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Example: context change recognition from location/orientation in MobiComp infrastructure


[image: image10]
Example: Visual Tag “Beacon”
in MobiComp infrastructure
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Example: ETH Object Recognition as a Beacon in MobiComp infrastructure

8. Conclusions and future works
In this paper, an infrastructure that allows the management of context data within a distributed computing infrastructure has been presented. Furthermore, proof-of-concept applications that make use of such an infrastructure have been shown. 
Based on MobiComp and actual applications prototypes, a comprehensive infrastructure will be built to support all the following activities:

· Data collection

· Research

· Collection management

· Conservation (?)
· Public & scholarly dissemination

This project, called CIMAD, is funded by EPOCH Network of Excellence within the Newton activity (New Tools Needed) and will leverage on MobiComp infrastructure for developing a modular framework for composing applications within a broad range of devices, sensing elements and interface/user requirements.  To this aim, an “Application Builder” will be built to provide semi-automatic tools for composing application skeletons for the above mentioned activities. 

Furthermore, overall architecture will follow EPOCH guidelines and will be made compliant with international standards (e.g.: CIDOC CRM, XML, RDF). MobiComp will be further improved with the following features:
· XML Schema: Syntactic definition of minimal set of elements

· Context Ontology: Semantic definition of minimal set of classes and properties

· Clearly-defined extension mechanism. New sensor trackers, applications, etc… define new Schema and Ontology fragments as required
· “Cultural Heritage Data Object” (CHDO) format to store (and geographically locate) objects and contents within the cultural site. 
With this effort, we expect this framework to be used (and expanded with further development activities) by a community of developers and practitioners, within CIMAD developers’ community, EPOCH partners and within Cultural Heritage domain actors.
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<?xml version="1.0" encoding="UTF-8"?>


<context xmlns="http://www.mobicomp.org/ConteXtML/">


<contextElement privacy="public" timestamp="2004-09-


24T11:18:45" lifetime="600">


<subject>4da941681d39c92095e73fc59f2</subject>


<predicate>location.point</predicate>


<object type="SpatialObject">


<spatial srs="BNG" source="GPS"><point>


<x>553264.4</x><y>252387.3</y><z>98.3</z>


</point></spatial></object>


</contextElement>


<contextElement privacy="public" timestamp="2004-09-


24T11:18:45" lifetime="120">


<subject>4da941681d39c92095e73fc59f2</subject>


<predicate>velocity</predicate>


<object type="Velocity">


<velocity source="GPS">


<speed unit="m/s">13.8</speed>


<dir>266.0</dir></velocity></object>


</contextElement>


<contextElement privacy="public" timestamp="2004-09-


24T11:18:52" lifetime="600">


<subject>4da941681d39c92095e73fc59f2</subject>


<predicate>environment.noise</predicate>


<predicate>environment.noise</predicate>


<object type="NoiseClassification">


<NoiseClass id="noise-20040924111849">


<start>2004-09-24T11:18:49</start>


<end>2004-09-24T11:18:52</end>


<model> http://.../personal.xml"</model>


<process> http://sll12.../contextaware/noiserec.xml</process>


<source> http://sll12../contextaware/…/mymic</source>


<signal> http://sll12.../contextaware/…/n31053.wav</signal>


<signal-codec>audio/pcm</signal-codec>


<confidence>0.725</confidence>


<medium>acoustic</medium>


<device>Samsung-mp3</device>


<mode>noise</mode>


<environment>car</environment>


</NoiseClass></object>


</contextElement>


</context>
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�To be checked and defined by Tullio and Nick


�To be shortened


�From the Stockholm catalog: 


- ask for permission!?


- do we need (or want to) shorten it?


�From “Acoustic environment as an indicator of social and


physical context”, just a starting point for describing MobiComp. - - Maybe to be extended  with current efforts in defining Ontology CIDOC CRM and format XML/RDF/…


- to be shortened?


�Xpath?


�Compatible with some schema? CIDOC CRM


�This should be simplified and made compatible to this case study: presence monitor, tracking, …


�We should simulate a tracking view…. 


�Some descriptions for  the examples shown to be added
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