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1. Project outline and goals

1.1. Project overview

Current day ‘Global Warming’ represents one of major changes to our social and environmental well being. One key element of climate change is the response of glaciers, and yet this area is poorly understood even though glaciers represent 77% of world fresh water supplies, are a major source of renewable energy, and can be directly related to sea level change. Although many glaciers in the world are retreating due to global temperature rises, some others are advancing because increased warming has lead to increased precipitation. In addition, the behaviour of many glaciers are dominated by subglacial processes, e.g. if the West Antarctic Ice Sheet (WAIS) were to melt, this would rise sea level by 5 m. but 90% of the ice discharge is drained through the Sipple Coast ice streams whose motion is not directly related to mass balance changes, but due to the presence of weak deforming bed. Understanding mass balance changes and sub-glacial dynamics are a major challenge in glaciology. 

Although understanding glacier behaviour is vital for local hydroelectric schemes and understanding global sea level rises, few studies have been attempted due to the inaccessibility of glaciers and previous technological barriers. The aim of this project is to be able to monitor glacier behaviour via different sensors and link them together into an intelligent web of resources. Probes will be placed on and under glaciers and data collected from them by a base station on the surface. Measurements will include snow melt, temperature, pressure and subglacial movement. Sensor locations will be measured by using transponders and an array of antennas, while surface sensors will determine their own location using the measurement of distances between probes and a small number of base-stations. These devices will need to take advantage of ad hoc pervasive networking, especially in the fields of localization techniques, artificial intelligence and ad-hoc routing to facilitate fast and efficient gathering of data and ensuring it is fed back to web-servers in the UK. 

The pervasive computing research required in order to carry out this project involves a variety of topics. The sensors themselves have to be capable of running on a finite power source for at least a year, storing data, communicating safely and reporting on their status. They must communicate to each other and with base stations robustly and respond to position signals. The base stations must communicate back to a permanent server somehow. All these systems are not permanent ideal components but are expected to fail and have communication problems but must still eventually get their data to a safe place on a server. The techniques, core software and hardware will provide important lessons for the centre’s other projects. It will also draw on important research, from British Telecom for example, in order to make a realistic solution.

Once perfected, these systems need a reliable way to work together and send data back to laboratories for analysis. Satellite imagery is used together with sensor data to give wide-area velocities for the surface. Ad-hoc radio networks, combined with wide area networking including the use of GSM and satellite phones will be investigated. The issue of low power is extremely important in sensor webs and is highly dependant on the communication protocols used. For example some sensors will only "wake-up" from a low power state at certain times rather than staying connected indefinitely. The data handling is just as important to engineer, as a probe may be destroyed at any time it needs to ensure its data survives. Thus the adaptivity of the information fabric is an important area of research. Techniques to allow a roving device in the area to interrogate the sensor web and find out its status and other information without disrupting its performance will also be investigated. Position is clearly an important measurement in many of these systems and is currently carried out using relatively inaccurate GPS or relatively expensive DGPS. We can envisage from research carried out by BT that in the future the communication network itself can be used to help or replace the GPS. This allows a significant reduction in the cost of individual sensor devices allowing a much more thorough monitoring of the sub-glacial environment to be carried out.

This project builds on four successful initial research elements: a) the pump priming provided by the Royal Society Paul Instrument Fund to Dr Kirk Martinez and Dr Jane Hart (University of Southampton) to make a new instrument to monitor the sub-glacial environment. b) the SECOS project via Prof. Ian Marshall (BT), c) catchment monitoring projects by Intelisys, who have experience of environmental sensing in harsh conditions and; d) the innovative research on InSAR to produce glacier surface velocities achieved by Andrew Ford (University of Utah) on the Seward Glacier, Alaska. GLACSWEB will for the first time, bring together all the elements to produce a glacial sensor-web; a term which highlights the distributed yet unified nature of the information they generate. This research is widely applicable to other environmental monitoring systems: results will be applicable to other projects in the Centre: core components and designs can be shared.

1.2. Goals achieved on successful completion

· The development of a new sensor web technology for glacial monitoring.

· The design of position sensing technology for slowly moving sensors.

· The integration of pervasive computing with sensor webs.

2. Exploiting the results

2.1. Current state of the art

Most current studies of subglacial studies used instruments that are attached by wires to the surface of the glacier. Although these provide interesting results, the technique itself has disturbed the environment and it is difficult to separate out instrument effects from subglacial processes.

NASA is developing a ‘CRYOBOT’ to explore lake Vostok in Antarctica (Subglacial Lake) and the moon Europa. But this is an expensive self-drilling device which will transmit video and environmental data from a fixed source. This is different from the probes to be designed in this project which are designed to be low-cost and move like a real pebble. However, the probes from this project have the potential to be complimentary to the NASA work and could be used by them.

2.2. How this project will advance the state of the art

Wire free probes such as these have not been produced before. Robustness algorithms through the use of adaptive control will lead to advances applicable in environmental monitoring. Ad-hoc communication techniques will also be new in this field. Practical research in construction, equipment monitoring and installation will be novel as well. The Glaciological research will lead the field as no previous wire-free (and hence undisturbed environment) experiments have been carried out.

3. Project detail

3.1. Work packages

Here are the main work packages with each leader shown in brackets

1. System design and development (Dr Kirk Martinez) 

1.1. Design, construction and testing of prototype communication devices with built-in transponders for location measurement. Encapsulation within probes with a small number of sensors. A microcontroller in the probe will manage the analogue to digital converter, amplifiers, channel selection and data transmission to the base station. Orthogonal tilt sensors will measure the changes in orientation. The sampled data will be transmitted regularly and the system will go into a low power sleep state in between measurements. A small high-density power source will be chosen in order to maintain the system for at least two years. Due to the low data capacity required for a set of readings the data rate of the transmission can be very low and considerable error protection or duplication can be added. Permanent data storage will be investigated in case of base station failure. Synchronised connection periods and delays for transmissions will be investigated. Probes will receive commands and transmit status data. The probe case will be strong enough to survive under the ice while allowing the transmission of information and the sensors to take readings. They may be plastic cases or drilled rocks. The base station positioned on the glacier surface will also save power between receiving and storing the data from probes. It will use a system of aerials to triangulate the probe positions. This will involve design and testing to capture the probe signals. An internal GPS will provide base station coordinates together with a fixed base differential GPS unit. The base station will transmit the data regularly (once a week) back to a server in the UK via satellite phone. This may be done via a second base station at the foot of the glacier with a better power supply. Antenna design throughout will also be important.

1.2. Design and construction of second generation system – this will build on the first system, and allow probes to be identified between different glaciers. More advanced control based on experience will be implemented and the real results and robustness found in the first trail will be exploited. The use of Ultra Wideband and other more advanced technologies will be considered at this stage.

2. Ad-hoc networking (Prof. Ian Marshall)

2.1. The establishment of an autonomous technique for determination of relative position by very low cost devices by referencing a smaller number of more costly devices using GPS technology. This enables high spatial resolution and measurement of subglacial deformation. 

2.2. The development of lightweight ad-hoc radio communication which are currently being developed in collaboration with the SECOS project.

2.3. The development of ad-hoc routing techniques to enable the sensor web to function in such a way to maximise the lifetime of the devices contained within it. Such techniques are anticipated to significantly reduce the power drain imposed on devices when communicating data back to the base-station.

2.4. The development of ‘collaborative behaviour’ between individual devices within the sensor-web whereby devices autonomously decide on their individual role such that the performance of the sensor-web as a whole is improved. This could be in response to user policies, such as the variation required in measurement for data to be regarded as different and therefore worth reporting separately.  So, where sensors find themselves essentially collecting identical readings, they could diversify their behaviour to make another contribution to the network, such as measuring a different quantity, or relaying data.  At times of rapid and extraordinary change in one measurable quantity, perhaps this measurement should take priority. These behaviours may result in sacrifice of individual devices where such action is in the best interests of the network as a whole.

2.5. The development of power-saving strategies such as power-down when data forwarding is not expected, and data aggregation in regions of the network with high device density and low information content.

2.6. The development of techniques for transmission frequency allocation and the determination of the timing of broadcasts to eliminate data loss due to broadcast collisions.

2.7. All of these points need to be co-ordinated and implemented in as lightweight a manner as possible, with the precise application or user preferences, influencing the balance of choices for optimal performance.  The clear objective is to enable the hardware and power source incorporated into devices to be reduced, consequently providing a reduction to the cost of an individual device. The cost savings will allow a much denser network to be deployed than has been possible in the past, allowing a previously un-paralleled level of granularity in the measurements taken to be achieved.   The other clear objective is to provide scientists with the most useful data possible, given the obvious constraints of limited time and spatial coverage.

3. Large-scale sensor network (Dr Nathan Boyd)

3.1. Design and construction of catchment monitoring system for mass balance (supraglacial ablation and accumulation measurements). With large scale networks it is possible to gain an accurate representation of a system, which allows greater understanding of both natural and artificial systems and enables far better management of these resources. This subsystem will measure surface data including snowfall and ice melting using a large number of sensors which will communicate with the main base station.
4. Remote Sensing (Andrew Ford)

4.1. Digital Elevation Model of the glacial area to be made and combined with SAR data to calculate glacier velocity. This data will be merged with the base station motion data obtained from their GPS.

5. Field trials (Dr Jane K. Hart)

5.1. The main test sites will be on the Jostedalsbreen Ice Cap in Norway, which is the largest in mainland Europe. Initial small scale field test on the Briksdalsbreen Glacier. This involves taking heavy equipment onto the glacier and a period of drilling and installation. On-site monitoring and testing will also be carried out, including the use of a bore-hole camera to check installation.

5.2. Tests and trials of the surface sensor network will be carried out in the Peak District in the first year. This will test the system’s viability at an accessible site, especially in terms of practicalities such as weatherproofing and communications. (Intelisys)
5.3. Large scale field test plus collection of prototype and installation of final systems into a series of glaciers of Jostedalsbreen Ice Cap (Briksdalsbreen, Bødalsbreen, Bergsetbreen). Monitoring and on-site experiments over the course of the next year.

6. Data analysis and publications (Dr Jane K. Hart)
6.1. Regular meetings will be held for the participants

6.2. Results will be presented in a series of academic refereed journal articles, academic conferences. In addition the media will be approached, and the data will be ‘live’ on the web for both an academic and public audience.

3.2. Deliverables and milestones

	Work Packages and costs
	May- Oct 2003
	Nov 03 – April 2004  
	May - Oct 2004
	Nov 04 – April 2005

	Probe Development
	
£29853a + £20000c
	
£13033b 
	
£13033b 
	£13032b  

	Ad-hoc networking
	
£70000
	£70000
	£70000
	£70000

	3.

Large scale sensor net
	
£12375
	£12375
	£12375
	£12375

	4.

Remote Sensing
	
£3000d
	
	
	

	5.

Field Testing
	
£11644e
	
	
£12725f
	

	6.

Data Analysis
	
£1000g 
	
£400g + £1000h
	
£1000h
	
£100g

	TOTAL
	£147962
	£96808
	£109223
	£95507


JS = Joe Stefanov, RO = Royan Ong


    = Group meeting in Soton
= Group meeting at BT, 
= Group meeting at Intelisys

= Conference

3.3. Project costs

	Partner
	Salaries and overheads
	Equipment
	Other
	Total

	University of Southampton
	68951
	0
	  51 049
	120 000

	BT
	280 k
	0
	0
	280 000

	Intelisys
	0
	0
	  49 500
	  49 500

	TOTAL
	348 951
	0
	100 549
	449 500


3.3.1. Salaries (University of Southampton)
a) 6 months Senior Research Fellow – Dr Joe Stefanov - for the development of the first and Second Generation probes
£20,447 x 46% =  












£29853a
b) 1 year PDRA (08) - Dr Royan Ong - for the development of the first and Second Generation probes:


(£25,999 x 1.03) x 46% =    










£39098b 
3.3.2. Capital costs (University of Southampton)
Probe and base station components - Mechanical and Electronics Workshops time (4 months) £8450; Electronics (processors, radio ICs, A/Ds, amplifiers, transmitters, receivers, sensors, power, communications equipment, miscellaneous) £8550; Mechanical components (incl. cases, aerials, fasteners, ice screws) £3000 =  
£20000c
3.3.3. Critical Intellectual Property required

No new IPR rights need to be purchased

3.3.4. Other costs (University of Southampton)
a) Topographic data









 


£3000d
b) Field season 1 - (Ferry £930; Air fare (London to Bergen £250 x 2) £500; 

4WD hire £1500; Helicopter hire £4000; Mileage (1200 mls @ 27p/ml x 2) £324, 

Subsistence (£40 x 28 x 4) £4480










£11734e
c) Field season 2: (Ferry £930; Air fare (London to Bergen £250 x 3) £750; 

4WD hire £1500; car hire £1390, Helicopter hire £5000; Mileage (1500 mls @ 27p/ml x 2) £810, 

Subsistence (£40 x 28 x 5) £5600 










£12815f
d) Meetings – (May 2003 – Soton AF £1000; July 2003 –Soton; Nov 2003 – Martlesham (KM, JH, RO) £100, Jan 2004 – Manchester (KM,JH,RO) £300; May 2004 – Soton; July 2004 – Soton; Nov 2004 – Martlesham (KM,JH,RO), £100; April 2004 – Soton)














£1500g
e) Conferences – (International Geophysical Union, San Francisco, Dec 2003 – JH £1000; International Conference on Pervasive Computing  2004 – KM, £1000) 









£2000h
3.4. Additionality

This project would not be possible without this DTI funding. Its interdisciplinary nature requires cross-subject funding which is otherwise difficult to achieve and the level of support from BT would be difficult to achieve in other funding schemes.

4. Project resources

4.1. Financial support

Inputs: 

Contribution from British Telecom
£200,000




Contribution from Intelisys

£ 24,750

Contribution from DTI


£224,750 

TOTAL 

£449,500
Expediture:

British Telecom 



£280,000 – outlined in Annex A section 2



Intelisys




£  49,500 – outlined in Annex B section 2

University of Southampton

£120,000 – outlined section 3.3





TOTAL

£449,500
4.2. Expertise of key workers

Dr Kirk Martinez is a Lecturer in the Dept. of Electronics and Computer Science. He specialises in digital imaging and pervasive computing. His current research is on content-based retrieval of 3D objects, augmented reality and pervasive computing. He also has ten years experience in hardware design for glacial fieldwork. He is a member of the IEEE and holder of a Royal Society Paul Instrument fund grant on smart probes.

Dr Jane Hart is a Senior Lecturer in the Dept. of Geography. She specialises in subglacial processes and has published over forty papers in that area. Her current research into autonomous sub-glacial probes, together with the ECS dept. continues many successful NERC-funded research projects. She has also made an award winning CDROM on the glacial environment using novel computer-aided teaching techniques. She has been President of the British Branch of the International Glaciological Society and President of the INQUA Glacio Tectonic work group and committee member of the Quaternary Research Association.

Prof. Ian Marshall is a research manager with BTexact technologies, and director of the BT/South Bank communication systems research centre. He is currently also a part time Royal society Industry fellow at University College London. His primary research interest is in the automated control and management of complex systems. Over the last 10 years he has published widely on policy based network & service management, application layer active networking, internet traffic statistics, WWW systems planning and distributed middleware. His current research projects focus on two main areas; i) the use of pervasive computing to monitor natural systems (coastal erosion, fish stocks, climate, river pollution, geohazard), and ii) the use of low level intelligence to enable context-aware autonomous decision making in pervasive infrastructures. This research has a strong focus on supporting real applications and enabling non-technical end users. Currently much of the work is focused on the use of nature-inspired decentralised adaptive algorithms: http://www.adastral.ucl.ac.uk/sensornets/ 

Andrew Ford is an Assistant Professor in the Department of Geography, University of Utah. He has recently submitted his Ph.D. on InSAR as a joint ECS/Geography (University of Southampton). Previously he held a Postdoctoral Position working on InSAR. He is one of the few researchers with the skill to development glacier velocities from this very recent technology.

Dr Joe Stefanov is a Senior Research Fellow in the Communications Research Group at Southampton. During the last 15 years he has been working on a number of industrial contracts involving the design and development of RF communication equipment.
Dr Royan Ong would be the PDRA on this project. He has a degree and an electronics PhD from the University of Leicester. He is currently working on a Royal Society Paul Instrument Fund project on the development of subglacial probes. He therefore has the ideal expertise for this research project.

Dr Nathan Boyd –Environmental scientist and manager of Intelisys Ltd., responsible for product sales and monitoring network design.  Has experience of product / enclosure design and manufacture.

4.3. Own Intellectual Property

BT holds Two European patents filed on the subject of device location in sensor networks in 2002, and a range of earlier patents on approaches to autonomous control of pervasive networks.  BT will licence these patents on fair and reasonable terms to any exploiter of the techniques developed in this project

5. Project outcomes

5.1. Potential benefits to UK industry

The growth of the environmental monitoring market will lead to new products and services which can benefit UK industry. It is vital that the UK is involved in the initial R & D in this field to take a lead in the development of products for both the UK and International market (outlined below).
Markets for environmental monitoring are driven by legislation and most directly by the need to comply with legislation.  Consequently, another application of an improved monitoring network is in pollution control where source, pathway and receptors are well known and legislation, therefore, in place.  Intelisys already service this market directly and through distributors.  In the short term the project will allow expansion of the market by decreasing costs in applications where extensive monitoring networks are already used.   More importantly, in the medium term the availability of the proposed network technology will allow this type of monitoring to become specified by regulatory bodies in order to achieve legislative compliance.  The market for the technology is composed of an existing sector and a much larger one that can be generated by working closely with regulators in demonstrating the efficacy of the technology.

For example Intelisys are involved in the DTI SMART funded, development of a landfill gas monitoring device.  This can benefit from the GLACSWEB project results and be exploited in the brownfield monitoring market. This type of spatial monitoring network has until now not been possible and the large market that exists for landfill / brownfield monitoring will be one initial target for sales.  Intelisys are also involved (with Severn Trent Water plc) in developing a sensor for mains water quality monitoring, incorporation of this project technology into these devices will disproportionately add value to their deployment. 

5.2. Potential benefits to UK public

This project combines the most resent research in sensor technology to monitor and understand glacial processes. These will lead to a better understanding of the cause of climate change and can help develop forecasting for future sea level rise.

The development of environmental monitoring products in the UK will benefit the UK economy and the public well being. The University of Southampton has a good record of commercial exploitation and has several centres devoted to this. One example is the IT Innovation centre, which is ideally placed to offer services in this area. 

5.3. Estimated market size

In terms of pure research groups such as the international glaciological community, NASA/JPL there is a medium sized market for complete packages. The international Hydroelectric market is an example of the directly related commercial sectors. This market has will rapidly grow in the future due to installation in ‘developing counties’ and the increased use of renewable energy supplies. This technology could probably be also developed for use in other inhospitable environments (such as landslides, the open Ocean or volcanic areas) which would open up an even larger market.
5.4. Competition in this sector

5.4.1. UK companies

As this is the first development of its kind there are no major competitors at this time.

5.4.2. companies abroad

NASA, specifically the Jet Propulsion Laboratory’s Sensor Webs Project, is producing sub-glacial probes but for a different application and budget (large expensive probes for space exploration). They have produced sensors for agricultural applications. So although there is an overlap in terms of some techniques they are more complementary than competitive.

5.4.3. Relative standing of local UK industry

There is considerable standing in telecommunications industries in the UK, as well as in sensor development. This project will stimulate these overlapping areas.

5.4.4. Anticipated effect of this project on this standing

This project will make the UK one of the leaders in this area.

Annex A – Collaborator BT exact Technologies

6. Involvement in the project

6.1. Deliverables and milestones

Work with the hardware experts, provided by Southampton, to integrate the theoretical techniques already developed by BT onto the devices as they are built. This will require considerable collaboration and communication between groups at the design stage. A decision as to exactly what technologies will be incorporated into each of the stage 1 and stage 2 sensors will have to be made at a suitably early point in the project. The exact details of that decision will depend on the stability of the technology as estimated by computer simulation and the exact properties of the network required by the glaciologists. It is likely that stage two sensors have more new technologies embedded in them. This would imply that stage 2 sensors are cheaper than stage 1 sensors. Throughout the project it will be necessary for BT to advise the hardware specialists in design of the sensors. There will also be some dialogue to investigate what the likely impact of limitations on the specifications of the sensors will be on the ability of the sensor network to function as required. The role of BT will not cease at the design stage of the project, help will also be available to interpret the data as it is returned. It is likely that the behaviours of some sensors will not be as anticipated. Expertise will be provided to attempt to minimise any such disruption. The milestones below all have an associated report

Initial simulation – 6 months

Initial implementation- 1 year

Integration – 18months

Field Trials – 2 years

6.2. Expertise provided as a resource

The research group within BTexact has already been researching the problems associated with deployment of sensor networks from a theoretical point of view for some time. Novel techniques for self- determination of location within a sensor network have been developed and recently published. There is also experience in routing algorithms in general and, in particular, routing algorithms within ad-hoc networks. Artificial intelligence arising from collaborative behaviour between simple devices within networks has been studied by members of the research group for a long time and applications of these observed behaviours have recently been applied to the field of sensor networks. It is envisaged that all of the previous research will be directly applicable to the problems that will be encountered on this project.

Prof. Ian Marshall is a research manager with BTexact technologies, and director of the BT/South Bank communication systems research centre. He is currently also a part time Royal society Industry fellow at University College London. His primary research interest is in the automated control and management of complex systems. 

David Robinson (BT) graduated from Oxford with an MRes in Geophysics in 2000.  He has spent 2 years working on automated protocols for device location and ad-hoc routing with BT research.  Dave has filed 2 patents and has published several papers on these topics.

Dr Jane Tateson (BT) obtained her doctorate (Chemistry) from Oxford in 1999.  Since then she has been developing ad-hoc routing protocols and algorithms in BT, and has filed 3 patents

7. Costs of involvement

7.1. Salaries

36 person months =£280k

12 months BT researcher – Dave Robinson – for system development, integration and field testing








£90000 

24 months BT researchers – Dave Robinson, Jane Tateson, Ian Marshall – for ad-hoc networking















£190000
7.2. Capital costs

0

7.3. Other costs

0

8. Outcome

8.1. Effect of project success on own competitiveness

BT’s core revenues are potentially threatened by growth of pervasive computing in the next 20-30 years. Sensor-webs are the first potential application of pervasive computing to become commercially viable. Although sensor networks are currently a diversion from BT’s major markets it is anticipated that experience gained at this early stage will be of great importance in the future. In the medium to short-term, it is anticipated that BT could become a major contributor to the sensor networks community. If technologies developed by BT are shown to be effective in the real-world situation described here, it will mark BT out as being a pioneering company in this area. Although it is not anticipated that this will result in BT offering all the necessary components required to construct a completely self-organising sensor network, BT will be seen as an essential collaborator by other interested companies, e.g. sensor manufacturers.

8.2. Expected route to market

Through collaboration with other companies or by licensing technology to other companies. As outlined above, BT does not see the Earth systems monitoring market as being significant enough to devote the necessary funds to establish itself as a sensor manufacturer and distributor. It does envisage that the network infrastructure can be developed in such a way so as to enable sensor manufacturers to incorporate a level of behaviour that would previously have been impossible. This research should help BT to become a leader in the field of pervasive computing, which will be of considerable importance in the more distant future. 

Annex B Collaborator Intelisys Ltd.

9. Involvement in the project

9.1. Deliverables and milestones

9.1.1. Year 1
3 months Equipment will be fully specified (sensor ranges, depth ratings etc.)

6 months Communications method and off the shelf communication PCB components finalised

6 months - Delivery of software.

9 months - Finish protocol for communications between processor chip and communications chip. 

9 months Enclosure / sensing section designed and prototyped

9 – 12 months Manufacturing processes and materials finalised

9 – 12 months Laboratory testing of prototypes

9.1.2. Year 2 

1 – 11 Months continuous testing of communications at both sites

1 month – Delivery of test units specified above

2 month – Field installation of equipment

2 - 12 months – Field monitoring / system testing and calibration

11 months – Reporting of results

12 months - Bring Product to Market

9.2. Expertise provided as a resource

Dr John Argirakis – 12 years of design experience in both electrical and electronic systems including firmware and software, has designed the Sentry datalogger system including all modules and variants over the last 6 years.  High level of experience in design and implementation of micro-controller based systems (196Kx, PIC).  Specialised knowledge of miniature low power systems for data acquisition.

Dr Stephen Boult – 14 years experience of hydrology and hydrochemistry, has taught environmental science to MSc and BSc students and is Principle Investigator on NERC projects investigating changes in hydraulic conductivity with sub-surface microbial growth (Micro2Macro) and monitoring water quality (URGENT).

Dr Nathan Boyd – Environmental scientist and manager of Intelisys Ltd., responsible for product sales and monitoring network design.  Has experience of product / enclosure design and manufacture.

10. Costs of involvement

Project meetings and progress reports - 8 days 

Refinement of datalogger firmware and communications. - 15 days

Deliverable units for field deployment:

Unit 1: Pylon mounted communications unit with GSM or VHF coms, and data storage / control system.

Unit 2: Disposable sensor package (temperature and location).  Low power datalogger.

Unit 3: Enhanced disposable sensor package (temperature, location and electrical conductivity) with low power datalogger.  System fitted with data storage.

	Site 2
	Number
	Cost
	Total

	Unit 1
	1
	1500
	1500

	Unit 2
	0
	1500
	0

	Unit 3
	12
	1900
	22800

	 
	 
	Total (£)
	24300


Installation, calibration and monitoring

48 days @ £250 = 
         £6000

Total days

= 50 @ £250 (inc overheads)

Total cost

= £12500

Project Total Costs over two years = 

£49500

Intelisys Ltd. 50% = 




£24750



DTI   50% =





£24750

11. Outcome

11.1. Effect of project success on own competitiveness

Intelisys currently provides robust data logging solutions to universities, research institutes and the environment agency mainly for river and ground water monitoring.  It is perceived that this project will enable Intelisys to expand the scope of its products to encompass monitoring of both the land and sea, and to gain truly extensive and integrated low cost networks across both environments.  Currently communication with Intelisys products is either via a PC or GSM, but with the versatility of both the communications and low cost nature of the self organising networks, proposed within this project, Intelisys hopes to change perspectives on the viability of scope of such systems.  Consequently, Intelisys hopes that the control and communications protocols within this project will become an industry standard and push Intelisys to the forefront of extensive monitoring.

11.2. Expected route to market

Initially the product will be applied to Intelisys’s existing markets for use in areas such as catchment monitoring and flood protection.  However, due to the nature of the product, and the systems versatility, the sensor packages can easy be substituted in manufacture to apply the product to monitor a wide range of environment parameters, from atmospheric gases to rainfall.  Of particular importance to Intelisys is the monitoring of ground water levels and this simple but intelligent communication system would be helpful in organising the sampling and data reporting.  Furthermore Intelisys is currently moving into mains water supply monitoring and will be looking to apply this system to form integrated networks of mains water analysis.  Consequently, Intelisys would be looking to integrate extensive networks of catchment and groundwater monitoring directly to the mains water supply to gain a full and quantitative assessment of water budgets, thus providing water companies with the complete picture that they require to properly utilise the water resources.
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