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Executive Summary

The role of the Intergovernmental Committee on Surveying and Mapping has been refined to be the Spatial Data Infrastructure (SDI) committee of the Australian and New Zealand Land Information Council (ANZLIC).   As a consequence ICSM is reviewing the thrust and direction of the Australian Spatial Data Infrastructure (ASDI) to ensure it continues to support current and future users.

An ASDI workshop was held in Melbourne on 31 August 2006 to try to develop a new or refined direction for the ASDI and identify any issues implementing that vision.   

The workshop suggested that the new vision for the ASDI be:

Spatially Enabling Australia

This vision sees the spatial dimension playing a ubiquitous role in a digital world which we currently call Virtual Australia.   In many cases the users would not know or care that there is a spatial dimension, they will just have their question answered or service provided.

The workshop raised 10 issues to be dealt with in moving to a Spatially Enabled Australia.   They were:

1.
The Name ASDI

To a greater or lesser extent each of the words in the acronym has been questioned either directly or by implication.   The name ASDI was seen as limiting and perhaps should be replaced.

2.
A National Vision

A clearly articulated, shared, national, vision will be important to moving efficiently into the future.   The vision must be shared across all sectors.

3.
Preparation to Deliver the Vision

Preparation for a virtual environment in the future will require action now if its arrival is not to be delayed.  

4.
The Current Data and Systems are Assets that will help

The virtual world requires the existing data, for at least the foreseeable future.  Similarly current discovery systems such as the ASDD are critical but need a radical reengineering.  

5.
Capacity Building

The capacity of the spatial industry to resource this vision has been questioned.  There is widespread concern about the number of skilled professionals available to the industry.

6.
The Business

The ASDI will need to adapt to new business approaches.  In some circumstances it may need to create them.  

7.
Collaboration, Partnerships and Coordination

It is clear these will become even more important in the future.   

8.
Access

Access will remain important. But it will grow beyond the (relatively) simple access to data to include application to application access using web services and APIs

9.
Governance

Governance will remain an issue, with particular concern over policy, Standards, institutional arrangements, and operational frameworks.  

10.
The Practical Realities

There are a range of practical realities that need to continue being addressed.  These include fundamental information/data and if possible common requirements across all sectors, metadata, access, products, assessment of performance, best practice, funding.

Comments

ICSM welcomes comments on this paper and on the future direction of the ASDI.   Comment can be sent to:

ICSM Executive Officer

GPO Box 378

Canberra ACT 2601

Email icsm@ga.gov.au

Background

The role of the Intergovernmental Committee on Surveying and Mapping has been refined to be the Spatial Data Infrastructure (SDI) committee of the Australian and New Zealand Land Information Council (ANZLIC).   As a consequence ICSM is reviewing the thrust and direction of the Australian Spatial Data Infrastructure (ASDI) to ensure it continues to support current and future users.

ICSM prepared a discussion paper on the spatial data environment, likely future challenges, and a possible solution.   This paper was considered at the March 2006 ICSM meeting.   A number of suggestions were made on the paper’s content.  It was agreed that the next steps were to hold an ASDI workshop to try to develop a direction for the ASDI and identify any issues for implementing the vision.   

A workshop of key players
 was held in Melbourne on 31 August 2006.  An updated version of the ICSM paper was circulated to the attendees as introductory material.

The workshop was structured to include presentations from Professor Ian Williamson The University of Melbourne, Mr Bruce Thompson, Victorian Department of Sustainability and Environment, Mr Peter Ramm, Victorian Department of Sustainability and Environment and Mr Peter Murphy Tasmania Department of Primary Industries, Water and Environment.

This report is a summary of the workshop.

Summary of Presentations

Several presentations were made to the workshop in order to provide a background and context for the discussions.   These presentations are summarised below.

Ian Williamson, The University of Melbourne

Ian is Director of the Centre for Spatial Data Infrastructure and Land Information.   His presentation outlined the current state of global research on SDIs.  A selection of the points he made follow:

Introduction

Ian saw SDI research as a very board area probably including all geomatics and spatial science research.   Whilst Ian’s group were primarily focused on large scale land administration, he recognised the need to work with others outside his department on areas such as sensor networks
.

To further illustrate the breadth of research Ian referred to a new international journal on SDIs.  Its coverage includes spatial and network technologies, distributed spatial databases and metadata, data mining and data retrieval, informational policies and institutional issues and the applications of SDIs.  

Trend Towards Virtual Environment
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This slide provides a useful depiction of the development of SDIs and suggests that the next generation focuses on the delivery of a virtual environment.

Closer Collaborative Relationships
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Understanding the Collaboration Continuum

Co-operation

• No formal rules

• Minimal resources

• Independent power

• Vague goals
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• Few rules

• Limited resources
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• Agency goals
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• High degree of formality

• High resource commitment

• Interagency control

• Collective goals

(McDougall et al 2004)


Ian used this model to emphasis the increased importance of working together in the future.   It suggests that the closer collaborative relationships will dominate in the future.

He suggested a way forward noting the following.

· Recognise SDI is a new and evolving concept

· Research will be central to the growth of SDIs in Australia and will be an increasing focus (with socio-technical, socio-economic, policy aspects)

· SDI development is multi-disciplinary with policy, legal, institutional and technical dimensions 

· SDI is moving to a virtual environment supported by an enabling platform driven by the needs for spatially enabling society (including government)

· Virtual Australia is a vision and ASDI should be the enabling platform to achieve this vision

Summary’

Ian’s general thrust was that SDIS were about spatially enabling society and government within a knowledge based society.   The challenges he saw included the governance of SDIs, data sharing, and the creation of enabling platforms.

Bruce Thompson (DSE Vic)

Bruce Thompson is the Director of Spatial Information Infrastructure in the Department of Sustainability and Environment.  He is Victoria’s ANZLIC member.

Bruce’s presentation focused on Virtual Australia.   

Background

He noted that, in 1991 Professor David Gelernter proposed the idea of ‘mirror worlds’; complete digital models of some part of reality — complete cities, countries … perhaps even the whole world. Gelernter’s mirror worlds are two way.   Changes in the real world are instantaneously updated into the digital world, and changes to the digital world enforce changes in the real world.

In 2001 Gartner developed the concept of the Supranet to describe the overlap of the physical and virtual worlds.  In the Supranet:
· many physical objects will be coded and … uniquely identifiable

· intelligent devices will be embedded in physical objects of all sorts …

· intelligent devices will increasingly be networked via (mostly) wireless Internet

· as a consequence all [non-trivial] physical objects, animals and human beings carrying intelligent devices will also be networked, in addition to being identifiable.
Key Elements

Bruce then moved on to define the key elements of Virtual Australia as

· know

· identity: intrinsic or inherent; and

· sensed: acquired from the environment

· think

· communicate

Conclusion

His conclusion was that

· Virtual Australia represents the convergence of information, computing and communication in autonomous devices

· know: basic inherent knowledge of what and where and when, and the capacity to acquire and sense

· think: basic processing of this information

· communicate: basic capacity to pass on this information.

· Based on a Service Orientated Architecture

· web services and web devices and applications .

· spatial information is part of a range of components to be deployed.

Peter Murphy

Peter Murphy is the Director of Geospatial Information and Surveyor General of Tasmania and a member of ICSM.  He summarised the ICSM work to date.

Following the delegation of responsibility for the ASDI to ICSM, a working group completed an initial review of the origins and progress with ASDI initiatives.  It noted that ANZLIC had evaluated progress in priority areas in 2003 – 2004.
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This evaluation on the success of the ASDI against these priority areas showed progress towards the goals set in 1996.   It showed some successes.  But it also showed more work was required, particularly on data quality.

The ICSM working group saw a changed environment that led to the concept of Virtual Australia.  It would include: 

· Complete, correct and current information

· Natural and built environment

· Related affordable spatial applications

· Any time, any place

The implication of this concept included:

· Broader than mapping

· Location important

· Three dimensions

· Visualisation increasingly important

· Better institutional arrangements

· Manage variations in detail

When comparing Virtual Australia with the ASDI it was noted that Virtual Australia

· Looks beyond current technologies & arrangements 

· Includes universal access to data about many objects

· Understands need for ongoing adaption

· Not constrained by previous paradigms

· Goes beyond information access

· Includes service and business delivery

· Requires a platform for tools and functions

· Enables sharing of data, business goals, strategies, processes, operations and value-added products

The conclusion noted that

· The ASDI: 

· Was a good achievable model, but it was a product of the 1990s

· It dealt best with mostly static data for government & spatial professionals

· New ASDI directions needed to deal with:

· Service & business delivery

· Access to information as well as data

· Robust and easy sharing arrangements

· Greater cost flexibility

· Stronger institutional arrangements

· Open source interoperable platform

· Service delivery tools and functions

· Cater for novice end users

· Real time location information

Many of these points were also covered in previous presentations.

Summary of the thrust of Presentations

All the presentations saw the concept of an SDI evolving broadly in line with the model in Williamson’s slide on the Continuum of SDI development, that is towards a virtual environment.

Williamson and Thompson in particular painted a very broad picture of the virtual environment, well beyond the traditional spatial areas.  Thompson’s example of this approach being used in building compliance shows that significant reform, efficiencies and compliance improvement is possible.

ICSM’s comparison of the Virtual environment to the traditional SDI environment argued that the virtual environment will produce greater demands in the future and significantly change and expand the use of spatial data.

In overview, all presentations saw the SDI’s future as the virtual world.

ASDI Scope and Issues

Those who attended were asked to fill out a questionnaire on the scope of an ASDI vision and any issues associated with the vision.   The results are aggregated in Annex A

There wasn’t any detailed consideration of these points by the workshop.  However they do represent what the individuals thought was important under the headings of 

· definitely being included in a new ASDI Vision

· probably being included in a new ASDI Vision

· more information and/or debate required

· probably being excluded in a new ASDI Vision

· definitely being excluded in a new ASDI Vision

· ASDI Vision Issues

What Should be In

The 18 people attending saw the following as being definitely or probably being included in a new ASDI Vision.

· Collaboration and partnerships (10)

· Virtual Australia  (9) 

· Governance (6).  However their individual views of the elements that were important varied.

· Spatially enabling society, government etc (4).  Arguably this is the same or very similar to Virtual Australia.

· More effort was required in marketing and promoting the ASDI (4)

· The scope of the ASDI was seen as being very broad reaching into eGovernment, ecommerce and society in general.   However there was a view that it was (or should be) underpinned by government.

· Many of the responses listed desirable characteristics of an ASDI and they included ease of use, sound data, flexibility, facilitation of Application to Application transactions, and meeting users needs now and in the future.

What Should be Out

The 18 people attending saw the following as being definitely or probably being excluded in a new ASDI Vision

· Technology based Vision (6)

· A data focus (5)

· Funding and pricing models (3)

· A range of restrictions to the efficient operation of an ASDI were raised including restrictive licensing, pricing, duplication, proprietary formats, being supply driven and being overly prescriptive

Issues/Observations

· Majority of data in the Virtual Australia model will not be created by spatial people – public or private sector.

· The issue around collaboration / partnerships included engagement of the parties outside government, respective roles, and how to ensure long term viable collaboration.

· Moving the focus from the supply side to the demand side

· A shared understanding about who will contribute the core elements in a VA model 

· The flexibility in a vision so that it can survive rapid changes expected in the environment.

· How to improve discovery of data, should a national portal be built for example

· Ensuring the use of International Standards

· What sort of Assessment framework was required to measure progress.

· Development of a Road Map to move to the vision.

· Delivery mechanism (technological, institutional, policy, etc)

· Industry capacity building.

General Direction

Most saw a broad virtual environment as being included in any new ASDI vision with the two major articulations being “Virtual Australia” and “Spatially Enabling Society.   Most agreed with Williamson that partnerships and collaboration would play a major role.  Governance remained an issue as did matters such as ease of use, sound data, flexibility, facilitation of Application to Application transactions, and meeting users needs now and in the future

A working Vision for the ASDI

The workshop suggested that the new vision for the ASDI be:

Spatially Enabling Australia

This vision sees the spatial dimension playing a ubiquitous role in a digital world which we currently call Virtual Australia.   In many cases the users would not know or care that there is a spatial dimension, they will just have their question answered or service provided.

The virtual world is all embracing; it covers the surface, what’s above it and what’s below it.   It flows seamlessly between land and water.

Whilst Spatial will always be special to us, to the users and system engineers it is no more important than any other input, all of which are essential to answer any particular question or provide any particular service. 

No one group or even sector will build this virtual environment; it will be a collective effort with each sector playing a key and indispensable role.  Similarly no one group, or organisation will “own” it.   In many respects it will be like the internet model.  Key processes and protocols are defined and rigorously enforced.  For example, feature or object identifiers must be unique.  Anything which is not unique is not tolerated.

In this world spatial data remains important as part of the content, but the communication protocols between applications are also important, as is the 4th index, location.

This then is the beacon on the hill.  It won’t be delivered quickly, although it will probably come much quicker than some imagine.

The 10 Key Issues

To get from now to then, a number of matters need to be dealt with.

1.
What’s in a Name?

Plenty if the name is ASDI.   To a greater or lesser extent each of the words has been questioned either directly or by implication.   

Australian - The future digital world was seen as being seamless or holistic.  There was no difference between water and land, built and natural.  By implication it is global.   

Spatial - It mixes spatial with non spatial with both being essential to success.   

Data - The data element leads to a focus on data only within the ASDI.  In some minds the ASDI is the data component of the virtual world.  In other minds the ASDI expands and becomes the virtual world.   It moves far beyond the data focus.

Infrastructure - And infrastructure was seen as being very fixed, well aligned with the data side, but not so well aligned with the requirements of a virtual world.

Perhaps a new name is required.

2.
A National Vision

A clearly articulated, shared, national, vision will be important to moving efficiently into the future.   The workshop on which this document is based was part of the process.  However much more needs to be done and so the articulation of the vision in this document will change and be refined as a consequence of further discussion.

The vision has to be shared across all sectors which will require meaningful and extensive consultation, marketing and promotion.

3.
Preparation to Deliver the Vision

Preparation for a virtual environment in the future will require action now if its arrival is not to be delayed.   Possible areas for work are Thompson’s 4th index - location, unique identifiers, and the processes by which data and applications communicate.

A specific activity will be required to identify the exact nature of this work, who is best doing it, and what others have already done, or are likely to do.

4.
The Current Data and Systems are Assets that will help

The virtual world requires the existing data, for at least the foreseeable future.  Sensor networks may change that over time because they will know about themselves, their location and status and be able communicate that.   However their introduction is likely to focus on point information such as fire extinguishers, valuable assets such as yachts and cars rather than mass dataset like roads and property.

Similarly current discovery systems such as the ASDD are critical but need a radical reengineering.

There should be no throwing the baby out with the bath water in undue hast to move to the future.  A good governance model is the key to this.

Approaches such as Publish, Find, Bind, and a national information portal could help improve the impact and reach of the existing spatial data.

5.
Capacity Building

The capacity of the spatial industry to resource this vision has been questioned.  There is widespread concern about the number of skilled professionals available to the industry.

It is equally important to ensure continuing viability of the private sector together with a sound research base.

6.
The Business

Current business models and established views are being challenged by approaches being used in applications such as Google Earth.  The ASDI will need to adapt to new business approaches.  In some circumstances it may need to create them.

The business drivers may be relatively unchanged in that they will still rely on a clear, cost effective benefit, ease of use, fitness for purpose (and particularly the needs to meet differing requirements) and stakeholder management.   

7.
Collaboration, Partnerships and Coordination

It is clear these will become even more important in the future than they are now.   Significant progress has already been made in this area driven, in part, by the Action Agenda.

There is now a sound base to build on, driven by mutual benefit rather than funder/supplier arrangements. 

8.
Access

Access will remain important. But it will grow beyond the simple (relatively) access to data to include application to application access using web services and APIs.  It will also include a transaction basis where a query is asked and small amount of information is supplied in return.  

In short it will have a process orientation – services, people, capacity, applications – enabling delivery of information.

9.
Governance

Governance will remain an issue, with particular concern over policy, standards, institutional arrangements, and operational frameworks.   There may be a role for legislation to facilitate or mandate some (few) key elements.

10.
The Practical Realities

There are a range of practical realities that need to continue being addressed.  These include fundamental information/data and if possible common requirements across all sectors, metadata, access, products, assessment of performance, best practice, funding.

There is a continuing need to ensure existing data and services can be discovered and evaluated by potential users.   The issues of awareness, communication, promotion and championing remain.

Conclusion

The workshop has developed a new working vision for the ASDI:

Spatially Enabling Australia

In doing so, it has accepted that there is a need to refresh the ASDI vision and name in order to facilitate the migration to a virtual environment.

The workshop identified 10 issues needing to be addressed to deliver the vision.

The Next Steps

The outcomes of this workshop are a valuable contribution.    However these results now need to more widely tested throughout the spatial community.   The initial steps are:

· Circulation of this draft report to the workshop attendees and to ICSM, the workshop sponsor.   The responses will be used to refine the report.

· The Draft report will also be presented by Dr John Busby of OSDM to the ANZLIC Contact Officers’ Meeting in Perth on Wednesday 13 Sep 2006.
· The report will also be used to report to the TransTasman Conference in Cairns on 22 Sep 2006 and to gain feedback from that conference.

· ICSM will consider this report in November 2006.

· ICSM will make a presentation to ANZLIC on the directions in this report together with the feedback to date.

Annex A

Summary of Questionnaire on ASDI Scope and Issues

	
	Definitely Included in a new ASDI Vision
	Probably Included in a new ASDI Vision
	More Information and/or debate required
	Probably Excluded in a new ASDI Vision
	Definitely Excluded in a new ASDI Vision
	ASDI Vision Issues

	Virtual Australia


	· Virtual Australia (4 mentions) concept 

· with a focus on core data, access and pricing

· ROADMAP how to get there

· Know, think, communicate – recognising that the environment has changed and will continue to change

· ASDI is an enabling platform to support Virtual Australia  (2 mentions)
	· Virtual Australia as a goal

· ASDII as an enabling platform to deliver Virtual Australia  vision
	· 
	· 
	· 
	· Majority of data in the Virtual Australia  model will not be created by spatial people – public or private sector

	Spatial Enabling


	· Spatially enabling society government business and the community – what it will do for these communities (4 mentions)
	
	
	
	
	

	Collaboration / Partnerships


	· Collaboration between government, private sector and academia (3 mentions) 

· Collaboration between industry and govt

· Collaboration (3 mentions)
	· Leadership roles of govt, private sector and academia/research sectors

· Role of partnerships, collaborations etc

· Relative roles of Government, Private and Academic

· Engaging private sector
	· long term collaboration

· Spatial data frameworks, roles and responsibilities across government, private and academia

· 
	· 
	· 
	· Engagement of industry and users contribution of government, commonwealth and academic sectors

· 

	Governance


	· Governance – standards, policy, legal

· A governance model to deliver and maintain fundamental data sets

· Governance arrangements


	· Mandate & governance or producing metadata to describe data services, models, publications ASDI

· Re-define custodian arrangements

· Clear identification of points of truth, single authorities sources
	· Governance on who will implement a ASDI, for how long and what support it will get

· Custodians are access & distribution points acting on behalf points of truth
	· 
	· Development of custodial models focussed on communities of interest

· 
	· Breaking down silos – inter-jurisdictional, inter-agency, even within agencies

· 

	Scope


	· Australian – ie a national focus

· Whole of government

· Underpinned by government

· Principles of e-Commerce

· e-Government interoperability
	· The dimensions of ASDI – socio-economic, socio-technical, legal, policy and institutional

· e-Commerce aspects
	· 
	· 
	· 
	· 

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Characteristics


	· Businesses processes, frameworks

· Interoperability – both technology & semantics

· Leadership – roadmap

· SDI as a moving target (dynamic nature)

· Based on an operational architecture (publish-find-bind)

· Information meeting needs
Ease of Use

· One stop shop for discovery distribution of spatial data and services – including users ability to determine fitness for use of the data, service, resources etc

· Ease of use

· Metadata – especially to resource discovery (data, tools, models, services etc)

Data

· Data quality – fundamental data sets

· What are the fundamental data and information requirements
· Feature level (object level)

· Support for fine grained transformations

Flexibility

· 
	· Both data and service delivery focused

· Demand (now and anticipated future) focused

· Inter SDI interoperability

· Fundamental minimum requirements and reference to Standards

· Digital Rights Management

Ease of Use

Data

· 3D data

· Pick up some legacy elements of the early concept of the ASDI – ie fundamental data

Flexibility

· More flexibility to adapt to changing needs, technologies, business models (3 mentions)

User Driven

· Demand driven – service oriented


	· 
	· Not how we get there 

Ease of Use

Data

· Data focus

· Concept of data sets

· Concept of fundamental datasets

Flexibility

User Driven

Technology

· Developing on technology and technical solutions

· Not about technology and tools

· Technical requirements

· Google Earth, unless it uses International Standards for interoperability with other services

Barriers to efficient Operation

· Stove pipes of information

· Restrictive pricing regimes

· Restrictive licensing regimes

· Detailed specifics

· Duplication of data and technology developments


	· Interpretability – this could be addressed/or is being addressed by technology developments

· Geo-parochialism assumptions about market requirements – find out proprietary technology interests

Ease of Use

Data

· Data focused

· Concept of national datasets which are dumed down to the ‘quality’ of the worst input

Flexibility

User Driven

Technology

· Embedded processes and technology processes

· Technology

Enforcement

· ASDI – telling people whereto go!

Enshrining components in legislation
Barriers to efficient Operation

· Proprietary formats and services that do not meet international standards


	· Using International Standards

· Assessment framework

· Development of a Road Map

· Delivery mechanism (technological, institutional, policy, etc)

· Capacity building – education

· A major research commitment

· Un-coordinated efforts

DISCUSSIONs:

· Ignorance

· Publish / Find / Bind needs all the bits in place to work

Ease of Use

· One stop site to discover all ASDI components

· National information portal  and  Application to Application capabilities

· ‘Join the dots’
Flexibility

· Creative flexibility to meet needs

· Planning in a rapidly changing environment

User Driven

· ASDI is a supply chain – should not be demand driven, not supply driven  While this is repeatedly stated, the actions tends to continue to focus on supply side

	Clarity


	· Clear definitions of why ASDI is required – what is the outcome it is to achieve

· Clear directions and convenience

· Identification of components necessary to achieve outcomes

· The relationship between ASDI and Virtual Australia  
	· How and when ASDI will be delivered

· More defined role for private sector and academia 

· Role of Google Earth

Data

· Identifying and filling data gaps

· Identifying priority data (fundamental data sets)

· What are the fundamental data and information requirements – ie required by more than one sector


	· What the ASDI will look like

· Define the ASDI ‘PLATFORM’

· Is clearing house concept still relevant

· Will the Google Earth business model become pre-eminent or is it just one of the many which will continue

· Discussion of data (the details)

· Semantics

· How database centric should it be?

· How do we get there and over what time period

· Standards – so many to choose form – which do we use and how do they link together

· ICSM’s role
	· 
	· 
	· Who is responsible for what

· Gap between levels of understanding within & between interest groups

· No practical leadership

· No long term vision for funding formal acceptance of geospatial data and processing as components of critical infrastructure for knowledge economy and e-government

· Need a clear definition of what ASDI is.  Is it the ‘infrastructure’ that supports spatial data or an infrastructure that is based on spatial data? 

· 

	Promotion


	· Communication of ASDI benefits

· Greater market awareness and promotion

· ASDI Some means to encourage diversity among SDI’s but still have best data available to all – national education and awareness campaign
	· Communication framework for education needs


	· National and continual awareness of ASDI services

· Relative importance of a new Vision as opposed to improving the data

· Structure of working group to promote and drive ASDI 

· Marketing
	· 
	· 
	· Marketing/promotion

· Capitalising on window of opportunity with Gary Nairn

· Long term support and awareness strategies for ASDI

· 

	Funding / Pricing
	
	· Data pricing not a hindrance

· Encouragement for funding

· 
	· Funding

· Funding for implementation
	· Funding & pricing models
	· Funding & pricing models 

· Pricing
	· Funding specific to ASDI 

· Funding

· Don’t fret too much about funding or mechanic of ASDI – this is a role for existing organisations – eg ICSM, ANZLIC etc.  There is a need to match to government business driver to secure funding for developing the ASDI.  ASDI is the framework that co-operative work can be funded.

	Misc
	· 
	· capacity building – govt/private

· target the business drivers – govt/private

· Revisit access regimes

· 
	· Step wise implementation so that problems & issues are sorted out as we go

· Need a roadmap

· Lowering barriers to data access (onerous access arrangements, costs etc)
	· 
	· 
	· Focuses on doing things that can be delivered now, in the medium term and the long term

Need realistic goals that consider the constraints and impediments that
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� Refer Annex B for attendance list


� Sensor networks have the power to revolutionise data collection and reporting.   The sensors will deliver real time knowledge of the events being sensed.   A knowledge of location will be important to many reports generated by sensor networks
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