= RWI Scenarios '''old''' =

== Introduction ==

Systematic and human-centric access to knowledge is critical for solving today’s problems – on individual, organisational and global levels. To develop new solutions and enable innovation, it is essential to interlink people, organisations and information in a "network of knowledge". This interlinking needs to be supported on the Internet, in and among organisations and people, in the real world, and between the virtual and real worlds. Although knowledge is inherently strongly interconnected, this interconnectedness is not reflected in the currently available infrastructures. Sensors are a central building block in this scenario because they allow us to bridge the gap  between information systems and the real world. Until now the virtual world of information sources and the real world have always been separated. However, information

in the virtual world may influence activities in the real world and vice versa,

but these influences are usually indirect and not immediate outside application-specific solution scenarios.

In contrast to this, imagine a world where:

* Cars know where the traffic jams are and traffic can be managed based on real-time input about the traffic situation.

* Medical data monitored through body sensor networks is automatically included into a patient’s electronic health care record. Should a critical condition be detected by these sensors, the patient can be physically located and the closest doctor on duty can be guided to the patient, whilst preparing the necessary resources in the hospital the patient is to be transferred to.

* Your calendar knows how long the queue is at your physician.

* Your travel planner knows that the train is delayed before you go to the train station.

* Power networks are managed most efficiently by sensors and enable the on-demand delivery of energy both for the citizen and among providers and countries.

* Computers have a big carbon footprint - both in terms of production and operation - comparable to global air traffic. Using sensors will help to use energy more efficiently and only if needed to enable sustainable computing.

To develop the right tools and methods for enabling networked knowledge on a global scale is an enormous and extremely important challenge. Only by interconnecting this global knowledge and by creating the right collaboration methods can we hope to tackle current and future problems. Imagine a world with networked global knowledge and collaboration, where problems like climate change would be tackled far more effectively, resulting in proactive collective action. Gartner predicts that "''By 2015, wirelessly networked sensors in everything we own will form a new Web. But it will only be of value if the ‘terabyte torrent’ of data it generates can be collected, analyzed and interpreted.''" Making  sensor-generated information usable as a new and key source of knowledge will require its integration into the existing information space of the Web. The Real World Internet will be one of the key enablers for this.

==What if the Transport sector was sensorised?==

''This scenario is taken from the SENSEI project, D.1.1 Scenario Portfolio. Audiovisual version is available [http://www.apoka.com/sensei/Sensei.swf here] look for Multimodal Traveler.''

----

*Trains, busses, ferries, etc are all equipped with a system that monitors their location and use, recording when and where passengers get on and off. Based on this information use patterns emerge, that can be used to predict required routes and capacity for public transport on a dynamic basis and timetables will become a thing of the past.

*Cars are equipped with sensors measuring the traffic conditions as well as weather conditions. An automatic drive system can also take over in case of congested areas or bad weather, minimising the spacing between cars and keeping them moving at an optimal speed. 

*Use of public transport is monitored and a system based on carbon credits calculated from the behaviour is used to price people and reward them for the “green behaviour”.

*People can use a carpooling service online to look for suitable car sharing opportunities

===Story===

A driver and two passengers are travelling from a suburb to their workplaces in different parts of the city. They met up in the morning using a web-based service that enables citizens to use proactive car-pooling, depending on their real-time situation and agenda. Each morning the system informs them on whether they will need to take their own car, with whom they will be travelling, and where they will need to pick up and drop off passengers in order to optimise connections with other transport means.

The web-based journey planner receives live information from the road authority on the state of the roads including traffic jams, accidents and various weather conditions such as snowfall, humidity and rainfall. The car also transmits information to the road authority regarding speed, distance travelled, use of windscreen wipers to estimate rainfall for instance, etc. Throughout the journey, this information is continuously updated.

Getting onto the highway is not affected by traffic significantly because the automated car scheme takes over from the human drivers. Cars travel at 90 km/h and are equally spaced at 1.5 metres to increase the car throughput. In the latter part of the journey, the driver regains control of the car when traffic decreases. As they drive on the motorway, the car controls its speed by assessing the traffic situation, road curvature and inclination to optimize both fuel consumption and comfort. The other vehicles on the road are automatically kept at safe distances thanks to proximity sensors. 

As the driver passes a bus stop, the driver is alerted by the dashboard that he must drop off a passenger to let him or her continue their travel using the multimodal public transport system. Light busses, rail/trams, trains and ferries all have public Wi-Fi onboard, and communicate their positions and performances in real time. They work as nodes in a mesh network as do all of the civic vehicles in the city. 

In order to improve travellers' comfort during connection times, stops have become Wi-Fi enabled mini-hubs for numerous activities powered by the solar roof and miniature wind turbines in the stop. Displays indicate not only the presence of the next few buses or trams, but also show local maps and interactive journey planners; these can also be picked up by the users mobile devices.

Sensors track the travellers use of stops and provide real-time data on customer levels across the network. This allows the public transport system, taxis and bicycles to respond to the city’s needs on the fly, and timetables have become a thing of the past as public transport effectively reacts to the patterns of the city. All nodes in this network are connected with each other and share their data.

Travellers can hail a bus or tram in the same way they do a taxi - by indicating with their mobile that they want to get on, or that they will at a particular point/location, or by walking to the stop where the sensors are able to read the presence of a customer. After a certain time, patterns of use emerge that predict usage, meaning the users rarely have to actively ‘hail’ anything.

Ticketing is provided through mobile terminals based on NFC capabilities or sensors placed around that automatically register the access and exit points. 

People are rewarded by lower ticket prices the more frequently they use public transport - prices are effectively recalculated continuously depending on multiple factors (time of day, popularity, length of journey, current usage profile etc.) and all encouraging use of public transport over private. People gain ‘carbon credits’ by using public transport regularly and the credit is carried over into their overall ‘sustainability index’. These credits are taken into account when pricing other services - utilities, council services etc. These are incentives created to motivate citizens to use public transport and more efficient consumption of resources.

==What if patients could be monitored remotely through sensors integrated with Electronic Patient Record systems?==

''This scenario is taken from the Lion-2 project, [http://www.deri.ie/fileadmin/documents/DERI-TR-2008-06-25.pdf Enabling Networked Knowledge]''

Despite the enormous amounts of information the Web has made accessible, we

still lack means to interconnect and link this information in a meaningful

way to lift it from the level of information to the level of knowledge.

Additionally, new sources of information about the physical world become

available through the emerging sensor technologies. This information needs to

be integrated with the existing information on the Web and in information

systems which requires (light-weight) semantics as a core building block.

=== Story ===

Siobhan Hegarty who lives in Galway is pregnant with her

second child. During her first pregnancy Siobhan has suffered from elevated

blood sugar levels which can endanger the unborn child and the mother. The

problem with elevated blood sugar levels in pregnant women is that the

important characteristic which requires fast reaction is the change in the

blood sugar level. Thus measuring it a few times a day is not sufficient but

constant monitoring is required.  Fortunately, mobile sensors are available

which enable Siobhan to leave the hospital while her general practitioner (GP)

still get the relevant information. Siobhan is being equipped with a mobile

blood sugar sensor which can transmit readings via Bluetooth.  The device is

paired with Siobhan's mobile telephone which transmits the sensor readings via

GSM. Additionally she gets a GPS device which records her

position and sends it via her mobile phone.

Siobhan's GP, Dr. James Mooney, enters the necessary monitoring requirements

into his [http://www.care2x.org/ Care2X] healthcare information system 

along with rules when to raise an alarm and to whom. For example, the system

will call Siobhan and warn her via a synthesized voice message, while James is

informed via a text message on his beeper which he wears all the time. The

sensor readings of Siobhan's blood sugar levels and her position are directly fed

back into James's Care2X system.

Let us assume that after some time, Siobhan's blood sugar levels change

dramatically and the alarm rules are set off. Now it is important to get

Siobhan to a doctor as fast as possible, or vice versa, a doctor to Siobhan.

Besides notifying Siobhan and James, the Care2X system accesses the information

system of the hospital and requests a proposal, whether it is better to bring

Siobhan into the hospital via an ambulance or bring a doctor to Siobhan. The

hospital information system which knows the GPS position of all doctors with

matching skills to help Siobhan and of all ambulances produces an optimal plan

based on real-time sensor input from the traffic control system of the

city. Given the current positions of available ambulances and doctors with the

necessary skills, the optimal strategy is to pick up the endocrinologist

Dr. Sarah O'Connor from her home with a nearby ambulance and bring her to

Siobhan.

Unfortunately, while this plan was calculated two important changes to the

scenario have happened: (1) No more readings from Siobhan's GPS are received,

probably because she has entered a building or because the device ran out of

battery and Siobhan does not respond to calls on her mobile and (2) the last

blood sugar readings show some strange and unknown pattern which neither James

nor Sarah can interpret. As a reaction, the system now tries to locate Siobhan

via other means: The system tries to determine her position via triangulation

of her mobile and additionally informs all Bluetooth access points in the

vicinity of her last position to send a message if they recognize any of her

Bluetooth devices.

The strange patterns in the blood sugar readings worry James and Sarah and they

decide to use their country-wide social network of clinical specialists to look

for doctors who probably have already seen similar patterns. Additionally, they

search medical databases on the Web for annotations describing such patterns.

As a result of their search they find information which looks similar to the

pattern they have seen but the result is inconclusive. In parallel, a colleague

of them from Dublin who also participates in the social network they sent the

symptoms to, informs them that the pattern may indicate a malfunction of the

blood sugar sensor and describes his experiences.

In the meantime, Siobhan could be located by a Bluetooth access point. To be on

the safe side the ambulance with Sarah on board is sent to her location and

finds her in good condition. However, an examination reveals that indeed her

blood sugar levels had changed dangerously and Siobhan is treated on the spot.

After this successful intervention James and Sarah annotate the sensor readings

to permanently store their findings. Their findings are stored in James's

Care2X system, the hospital's information system and also made accessible to

other doctors in the national infrastructure along with the actual sensor

readings in a secure and anonymized way.

----

Comment - Srdjan

It would be interesting if creation of social networks between the patients based on their medical status could be arranged. In that case, it would be possible to create groups of people with similar problems kind of in real time and based on their current location. Of course, this social network would then be somehow connected to the social network described above. 

----

== Social Networks and Sensors ==

While sensors link the real and the virtual worlds, social networks link people and can provide insights into the communication links and patterns between people. They have enabled novel developments in communications as well as transforming the Web from a technical infrastructure to a social platform, very much along the lines of the original Web as proposed by Tim Berners-Lee, which is now often referred to as the Social Web. The Social Web and more specifically relationships among people in social networks may provide interesting starting points to address pressing questions when it comes to privacy and security concerns in the operation of large sensor infrastructures, specifically when interlinked with information systems.

=== Story ===

Noelia lives with her husband and two kids in a suburb of Valencia. Noelia is a communicative person who likes to interact with people and for who "green values" are important. The introduction of a corporate social network in her company has motivated her to get more into the world of virtual communities and she tries to use this opportunity to organize her daily live more efficiently and pursue her interests outside work which are in the area of environmental protection. Noelia has built up an extensive private social network already using a number of dedicated social networking sites. The corporate social network of her company which offers people to freely link and announce their skills and professional profiles now gives her the additional possibility to learn more about her co-workers and their skills, which often is an invaluable asset when it comes to solving urgent problems quickly especially when skills not noted or known in the corporate organization are needed. Profiles and social networks allow Noelia to easily define her interests and skills along with a network of people whom she interacts with and trusts at various levels.

Noelia now uses this environment for multiple purposes which simplify her everyday live. First, Noelia's phone which is equipped with a GPS receiver, makes her position available in her profile in the various networks. This enables her family to know where she is and when she will be at home, work or at other places of interest, for example, when picking up her children from school they know when their mother will arrive. A similar scenario applies when her secretary needs to know where she or somebody would like to know whether she will be in a meeting in time (based on her calendar and physical position). Access to her position - which is a quite sensitive information - is restricted based on her profile and her trust relationships in her social networks. This provides an implicit grouping and access control mechanism, for example, her family can always access her exact position (and vice versa, so that Noelia is notified if she is close to one of her family members in the city - an opportunity for a quick chat or coffee), her secretary during working hours, while her company generally is only allowed to know whether she is in Valencia or not.

Besides using her social network as a means for implicit access control, Noelia also uses her phone as an "environmental sensor". As part of her work assignment she is responsible for improving the working environment of her co-workers and ensure that the necessary legal requirements are met. To do this in respect to noise Noelia's phone acts as a noise sensor via the phones microphone. The company encourages people to enable that functionality on their phones, so that phones along with position information (via GPS, Bluetooth, WLAN) can help to detect noisy locations and users can rate them, so that the company may take action ("social sensing"). This data can be augmented by scanning for both Wi-Fi and Bluetooth devices nearby to provide an approximation for how calm a particular location is. Once again, the location of the device can be gathered via GPS if available or via Wi-Fi positioning techniques. In the ideal case where microphone, Bluetooth, Wi-Fi and location data is available from all smart phones within a building then a simple query can be sent to the smart phones in order to find an appropriate "calm place". However, in situations where there is information missing we can treat people as sensors and issue a query to them. For instance if we know that Noelia is in a quiet place but we don't have location details for her, we can send him an SMS to retrieve her location. To actually find a calm place, a social version of "expanding ring search" could be used, i.e., query your direct network, and if a satisfying answer is not found, then expand the search perimeter to people via one indirection in the social network (probably at the cost of less accurate information because of access rights), etc. There is an incentive to expand the social network and the sensor network access to retrieve better data and more qualified query answers.

== Worker in a Plant ==

''This scenario is taken from the SENSEI project, D.1.1 Scenario Portfolio. Audiovisual version is available [http://www.apoka.com/sensei/Sensei.swf here] look for Worker in a Plant.''

=== Story ===

Alice, Bernd, Cécile, and David (all blue collar workers) and Mr. Z (plant manager) are working for an aircraft manufacturer. In the early morning Alice, Bernd, Cécile, and David arrive at the plant. Before they can start working and enter the manufacturing area, a scan is performed to check their identity and whether all required objects are present on or around the workers. This is for their own and others safety. If not all of the required items are detected then an alert is raised.

In addition, an alarm is raised if they carry forbidden objects such as camera (confidentiality issue) or hazardous products (e.g. lighter or matches). The system indicates the number of people inside the plant at any time and the period of time they had each been inside.

In assembly line K26, one of Bernd and Cécile’s tasks is to assemble the interior equipment of the cabin. The screwdriver automatically adjusts to the task by automatically setting the required torque. All the ongoing tasks are coordinated by the system to ensure everyone’s safety and quality of work.

Alice operates the crane that bring s new parts to the assembly area. As Alice might not see all of the workers in the area, the system defines a safety area that only specific workers are allowed to enter. If non-authorised person enter the area an alarm is raised and the lifting operation is stopped at once. By monitoring all tasks, the system prevents any conflicts. It ensures the safety of the workers in the cabin and around the aircraft as well as all lifting areas.

After assembly tasks are completed a tests are performed. A failure is detected: A part failed in the test and has to be taken out again. Consequently the system triggers some activities. Mr. Z is immediately informed about the failure. The system gathers all relevant information and (based on these information) suggests three options to fix the testing failure. Mr. Z chooses option 2. 

The system coordinates all steps to fix the failure. It informs David, a forklift driver, to carry a new part to the assembly line. The forklift guides David’s way. The forklift’s gas pedal starts to tremble to signalize David if he enters an area he is not allowed in, if he takes a wrong direction, or if the part is about to fall off the forklift. 

Bernd and Cécile remove the faulty component and replace it with the new one that has been delivered by David. After another test run, no failure is detected. The assembly was completely successful. Mr. Z receives a message that the failure has been fixed and everything is running fine.

== Technical challenges ==

'''Large-scale and open semantic infrastructures and flexible abstractions'''

are required to enable the large-scale design, deployment and integration of

sensor/actuator networks and their data. The integration has to happen on both

the technical (data and network access) as well as on the semantic level

(''What does the (stream) data provided actually mean?''). The infrastructure

has to be open and easily extensible to address the heterogeneity issues which

go far beyond those seen to date on the Internet.  The infrastructure will draw

on key enabling technologies such as (semantic) overlay networks using P2P

technology to achieve scalability and light-weight semantic formats based on

RDF and microformats.

'''Query processing, reasoning, and planning''' based on real-world

sensor information will be core functionalities to exploit the full potential

of Semantic Reality. The key research problems to overcome are the very large

scale, the number of distributed information sources, the time-dependency of

the produced data (streams), and the fact that the data is unreliable and

noisy. For query processing this means to support distributed query processing

and load-balancing at large scales with only incomplete views on the state of

the overall system. In this context, distributed event-based infrastructures

are of specific interest (''reactive'' queries). Users should be able to

register expressive, semantic ''patterns'' of interest and be notified by the

system as soon as information satisfying their interests becomes available.

Also, new approaches for distributed reasoning and reasoning on time-dependent

information, taking into account modalities and being based on an open-world

assumption will be necessary. The size and the physical distribution of data

will require new approaches combing logical and statistical approaches which

will have to trade logical correctness with statistical guarantees and

expressiveness with scalability. Essentially, the goal is to enable ''The World

is the Database'' scenarios with support for structured querying, integrated

views (real-world information with virtual information), aggregation and

analyses, and open, distributed reasoning over large, incomplete, and

approximate data sets.

'''Cross-layer integration and optimization''' will play a central

role due to the extremely heterogeneous environment -- a wide range of sensing

devices with very heterogeneous hardware and processing characteristics;

information systems and architectures along with virtual information streams

which considerably increase complexity - and the various and often

contradicting requirements on the different system levels. For example, sensor

networks are optimized for life-time and offer only primitive programming and

query models. If this is combined with the ''wrong'' distribution approach,

e.g., a distributed hash table for discovery and the ''wrong'' distributed

query processing approach which does not limit expressiveness of queries, this

will lead to an inefficient system design and limit the life-time of sensors by

draining their power sources because of incompatible processing strategies at

the different levels.

'''Semantic description and annotation''' of sensors, sensor data and

other data streams will enable the flexible integration of information and

(distributed) discovery of information. For scalability, integrity, and privacy

reasons this has to be supported in a distributed fashion, for example, through

semantic peer-to-peer systems. A prerequisite for discovery is the meaningful

semantic description of sensors and sensor data by the manufacturer and by the

user; for example, by the manufacturer through IEEE 1451 standard compliant

Transducer Electronic Data Sheet (TEDS) which essentially give

a (non-semantic) description of the sensor that can very easily be ontologized,

or via an ontologized subset of SensorML which provides

standard models and an XML encoding for describing sensors and measurement

processes, and by the user by extending these basic descriptions with

annotations adding more information, meaning, and links to other information.

Especially the annotation of sensor data itself will be highly relevant to

understand the meaning of the produced data and share this knowledge.

Visualization environments to support the annotation process will be of high

importance. Such environments may support simple graphical annotation up to

annotation with claims and findings in the case of scientific data. This

derived knowledge then can be used again in the discovery process and will help

to prevent ''data graveyards'' where interesting (measurement) information is

available but cannot be used because the knowledge about its existence and

meaning has been lost (the typical ''PhD student finishes'' syndrome). Due to

the possibly large sizes of the produced data this poses additional scalability

problems. As discovery, semantic annotation has to be supported in a

distributed fashion, for example, by distributed semantic Wikis.

'''Emergent semantics, self-organization, and plug-and-play''' are

required to build working systems at the envisioned large scales where top-down

system control, configuration, and enforcement of standards will be a very hard

problem or even impossible. As we can see from the current community processes

on the Web, a lot of successful de-facto standards develop bottom-up.

Conversely, these processes support the incremental development of standards

and knowledge. The system must be able to self-organize and adopt its behavior

in a plug-and-play fashion within organizational boundaries based on semantic

understanding and agreement.  Semantic understanding and agreements in turn

will depend on dynamic processes which support (semi-)automatic assessment of

the levels of agreement and their correctness. Such emergent semantic

agreements can then be used as the basis for standardization (ontologies).

Conversely, semantic formats can be advanced through such processes.

'''Semantically enriched social network and collaboration infrastructures'''

enable the targeted delivery of knowledge and information based on context

description and actual user needs.  The ubiquity of information requires means

to filter and direct data streams on a need-to-know basis.  The definition of

user profiles, needs and contexts are key features enabling targeted

information delivery and avoiding overload. Social networking information

enables both -- information sharing and information filtering based on

interests and information needs.

'''Development support and tools''' along with experimental platforms

and simulation tools will be necessary for efficient application development

and testing. This means the availability of visual programming tools which

support the developer in designing the acquisition, combination and integration

of data. These designs then can be compiled down to the required target

platforms (both sensor and back-end platforms, e.g., for business processes).

To test applications, experimental testbeds along the lines of PlanetLab

are essential as many of the characteristics

of Semantic Reality systems require experimental evaluation under real-world

conditions especially in terms of scale and distribution. To further evaluate

applications, the integration of experiments and simulations should be

supported in a seamless way, i.e., a test of an application in an experimental

testbed should support the inclusion of simulation without changes to the

application code. This means that parts of an application (or the complete

application) should be able to run on an experimental testbed or on a simulator

or any combination of those. On the application level modern paradigms such as

service-oriented architectures, service mash-ups and Web 2.0-like

functionalities should be available and be supported.

'''Integrity, confidentiality, reputation, and privacy''' are the key

security requirements for business users and consumers. The provided

information has to be resistant against technical errors and attacks, has to be

stored and transported in a secure way, has to come from authentic and

trustworthy sources and must ensure the privacy of its providers and users.

Physical distribution can be beneficial here as it helps to avoid the creation

of ``Big Brother'' scenarios which consumers and legislators would not

tolerate.

'''Vertical integration of business processes''' <=>

middleware <=> sensor/actuator networks relying on the above

technologies and functionalities will then unleash the full potential of

Semantic Reality. Sensor information, coming both from virtual and physical

sources, are a key requirement for agile business processes requiring minimal

human intervention.

Comments:

*The system described above consists of a vast number of heterogeneous connected nodes. Each vehicle will have multiple sensors connected and can send different information. The challenges are:

**Data volume? Is it a lot? Where does the information need to go? Can it be kept local or does it need to be transmitted to a central server?

***The timetable replacement scenario requires a central processing of some sort for the pattern recognition; however the automatic drive system can rely on local information.

**Diversity of data and meta data? What is the meta data compared to the actual data? Each data needs to be tagged with additional information to make sense, i.e. location and time tags. In addition, the data needs to be categorised and converted, e.g. windscreen wipers to rainfall.

***There will be many manufacturers for sensors each with slightly different or even radically different meaning and ontology and respective transformations need to be in place.

*Mobility – each of the nodes in the system is highly mobile

*Identity/security – although most of the data can be anonymous, there should be mechanisms in place to ensure this for private use. For public transport certain identifiers are necessary, e.g. bus number 7 on route 7.

*…

== Roadmap - Smart Places ==

===Story===

This section presents some SENSEI applications in the city application space.

The major issues of the future have to be tackled in cities: environment, security and well-being. To meet these needs, sensors and actuators will thrive preferably there thanks to economies of scale. This will take the form of mapping the physical space into the Internet by allowing the public to interact, locally or remotely, with the physical environment through the Internet via the use of mobile devices. <br/>

'''City information model'''<br/>

Alice lives in an urban area where a City Information Model (CIM) is applied. The design of buildings and urban fabric - such as pedestrian walkways, cycle paths and heavier infrastructure like sewers, rail lines, and bus corridors - is all shaped by side effects. The city government operates the CIM, but it is also accessible for third parties via a series of Application Programming Interfaces (API), even though some information is confidential. In the future, nothing can be built legally unless it is compatible with CIM. 

The status and performance of the building, which Alice lives in, is continuously reported in real time. The facilities management services - fed by WS&ANs in the residential or commerical buildings - communicate with each other and CIM, sharing energy in the most cost-effective and resource-efficient fashion. They automatically trade surplus energy with each other and prices are calculated to match supply and demand. In this sense, planning and design is an ongoing social process, in which the performance of each item is being reported in real-time and compared with others. Population changes can be inferred, as can movement patterns, environmental performance, as well as the overall efficiency of products and buildings. 

When taking the underground to go to work, Alice moves through ticketing barriers and walks over terrain that feels like taut, soft responsive material - these are connected to arrays of piezo pads that generate and store electricity produced by the vibration and pressure of thousands of commuters. By harvesting the traces of mobile devices carried by commuters the transit commissioners capture information on the use of the subway. Pedestrians are channeled through the station in an optimal fashion. Gates open and close and signage alters its messages in response to the live signals from the ticketing barriers and motion detectors over the station entrance. In turn, each transit system in the wider city is communicating with the subway, such that the volume of passengers delivered by buses and bikes can be factored into the behaviour of the station.

'''Smart places'''<br/>

Alice visits the local shopping mall with a well-prepared agenda for shopping, visiting the post office, and walking around for one hour. As she walks by a shop she visits frequently, her smart phone is identified by the shop customer presence agent who informs the shop business agent, which finds a running order request from Alice. The shop business agent finds out a change in the order status. The business agent actuator notifies Alice that the special fitness shoes she has ordered have been delivered. Consequently, Alice decides to change her schedule and to visit the fitness center to try on the new shoes.

Her personal activity assistant (PA) automatically checks the options on her agenda: 

*the post office e-ticketing system presence sensor checks the current queue in the post office and based on Alice's location in the shopping mall suggests a slot in 15 minutes-time to her. 

*Meanwhile, Alice's PA has contacted the fitness center for a one-hour training session. The fitness center business agent checks on the status of all present customers using the same equipment that Alice would like to use. It contacts the personal agents of the other customers and asks for the latest activity update. In some cases there has been a scheduling change and the equipment will free up earlier. The fitness center business agent sends a one-hour training slot to Alice in 30 minutes-time.

*Alice's PA checks this appointment against the post office time slot and Alice’s current location and then proposes she postpone one of the appointments. 

*Alice goes to her fitness training and Alice’s PA rearranges a new time slot with the post office. 

On the way to the fitness center, Alice's PA contacts the home fitness server and downloads the latest fitness programs and performance indexes to her phone. The fitness center program agent receives the request from Alice and adjusts the equipment to her preferences. Alice's new shoes are integrating several sensors such as a pressure sensor and a step counter. Due to a prior knee injury, Alice carries a knee activity load sensor. When the load sensor identifies any exceeded limits, it sends a message to Alice’s health control agent to alter the training conditions. During the training it also monitors her overall performance using sensors for measuring heart beat, blood pressure or humidity, and continuously controls and adapts Alice’s workout. It also compares Alice’s personal best with others in the center either anonymously or publicly depending on her preference. When she ends her training the recorded training information is sent to Alice’s home fitness server via her mobile phone.

When Alices leaves the fitness center, an icon indicates that a friend is nearby and she decides to see who it is. Her smart phone shows her position on a floor plan and Bob, who has opted to share his position with her, is also visible on her map. He is nearby surfing online at the Internet café. She invites him for lunch and uses the map to select a restaurant and reserves a table for two in half an hour. She uses the restaurant menu system ahead of time to order two Nicoise salads. 

Before meeting Bob at the restaurant, she realizes she has enough time to do her groceries in the supermarket using a shopping list in her smart phone. The supermarket customer shopping assistant navigates Alice to the correct location of the items on her list. When she sees a special Dutch sauce that she loves, she checks with her home server and the fridge status to see if there is any sauce left. The home RFID reader does not detect it, so Alice purchases the sauce. Her shopping cart aggregates and displays the goods’ prices using RFID tag information. The shopping car handle vibrates as she walks past a shelf with some cans of tomato soup that she frequently buys, and a display draws her attention to the cans that are on sale today. She puts two cans in the cart. The “You Shop, We Drop” service will synchronize the delivery of the groceries to Alice’s home by anticipating her public transport journey time. 

Once again her PA shifts her place in the post office queue to allow Alice to finish her lunch.  After lunch with Bob, when there are only three persons left in the queue, her phone beeps to indicate that her turn is coming up soon. Since she still is on the other end of the mall and won't make it back in time to the post office, the queuing system automatically moves her two positions back. As she finally enters the post office, her turn comes up and her name is displayed at the appropriate counter. 

'''Networked inhabitants''' <br/>

It is 6 am, Cayce wakes up. The luminosity sensor in her blinds activates the sensor in her coffee machine. She checks her RSS feeds for the latest updates from her self-selected media news sources, workplace news, and building unit notifications. The penthouse units of her building have exceeded their monthly energy allocation. Alice knows this means their energy bills will get hit with an extra charge for exceeding their quota. 

She notes in her building's peer-to-peer network that units 2023, 1011 and 5007 are carpooling to her work area and have an extra space available. She IMs Mark, from 5007, for a spot in the hybrid, because he typically updates his music rotation, does not transport furballs, and is leaving in 20 minutes time, well ahead of rush hour.

Alice quickly checks her mobile as she packs up her work bag. Because of regular traffic congestion she scans the SENSEI-GoogleEarth mash-up for the best route to work, the latest weather update, and notices from work mates. She notes that Peter and Allison are opting to work from home again. They are both saving up carbon credit for a trip to the coast. A message from her fridge alerts her to the fact that she is all out of coffee, yoghurt and fresh vegetables. A single request will be issued and coordinated with all other unit requests in her building block from Fresh Foods and delivered to her unit locker later in the evening. 

Mark sends her a visual to let her know where he is waiting in the parking lot. The intelligent traffic system routes them, including Alice destination updates. Behind the wheel, Mark notices that according to his real-time metro city feed and his urban driver network, there has just been an accident on that route, and he has downloaded an alternative route. They are on their way. Anticipated driving time is approximately 16 minutes.

As they make their way down Central Ave Alice notices the ads changing on her mobile. This week Starbucks has her favourite Peruvian beans in stock and Nike's 10 KM Spring Run is offering a discount to all participants. Alice signs-up: she is immediately sent an e-coupon for her preferred style of Air Pegasus shoes along with the story of how the shoes were manufactured and the total amount of carbon calories. She validates the purchase which will deduct an amount from her carbon credit. 

They are now nearing their first destination. Mark whistles because the building information is displayed on his digital dashboard as they drive down the block of high rises. Looks like you have some work to do on your company's energy consumption Pedro, Mark teases his backseat passenger. Mark drops Alice off by the front of her building. As Alice enters the sliding doors she gets an instant message telling her there is a parcel waiting for her and that her 10 AM call has been rescheduled to tomorrow. She absent-mindedly looks up and scans the streaming ticker for the resource management performance of her organization among the other listed companies in the building. She only notices when they are not on target.

===Roadmap===

Three scenarios – Smart Places, Networke Inhabitants, City Information Model - cover three deployment phases that describe a ''now'', ''new'' and ''next'' time horizon. The three scenarios of the Smart City application space involve different levels of societal changes, business innovation and technical feasibility. The three phases are not discreet, but show a continuous timeline which depends on the context of the actual end use:

1. The first phase – Now - is shaped by "Smart Spaces" scenario which is the most evolutionary from a societal point of view and the most incremental from  technological point of view since it is the less horizontal (the infrastructure of a shopping mall is used for applications dedicated to the shopping mall actors/consumers)<br/>

2. The second phase – New - is shaped by "Networked Inhabitants" scenario is more futuristic from the socio economics point of view and more innovative from the technology side since it figures the deployment of connexions between different separate areas in the city and it starts to integrate different entities apart from shopping malls and commercial areas: e.g. home WSAN infrastructures.<br/>

3. The third phase – Next - is mostly shaped by the "City information model" scenario which is the most holistic one from the point of view of the society changes and which proposes a fully horizontal vision of SENSEI with integration of all types of WSANs infrastructures in the city for the provision of a unlimited scope of applications regulating a new type of city. This a disruptive vision compared to the existing Internet technology.<br/>
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NOW - Smart Places <br/>

Smart Places is a realistic and feasible scenario in the short term since it involves a set of services provided to the users within the mall limited area. This scenario can be considered as incremental from the technological point of view since it is a first step towards next scenarios that will involve a broader horizontalisation scale. It uses networking of existing and trivial WSAN independent solutions (video cameras, antitheft gates, temperature, bar codes stock control, etc.). In terms of context awareness, it is mainly based on consumers' real-time geo-positioning, physical condition and user profile (dynamic profile taking into account e.g. their agenda, shopping list, list of contacts/friends, etc.).

From a business perspective, it involves the shopping malls or downtown pedestrian commercial areas federated by a common business interest or even a common business entity. 

From societal perspective it consists in providing solutions adapted to a user lifestyle which is similar to the current lifestyle in western cities and which is limited to services enhancing their traditional relationship with their existing community.

----

NEW - Networked Inhabitants <br/>

The Networked Inhabitants scenario is innovative from the technology perspective since it involves the networking of various personal events through communication networks and the horizontal exploitation of wireless sensor and actuator networks. It relies on the improvement of the existing infrastructure (e.g. addition of new WSANs and WSANs embedded by users). New sensor nodes and WSANs are added in order to enlarge the scope of the sensed phenomena. The quality of the sensed information is made uniform in order to ensure a continuity of services to the consumers.

From a business perspective, additional shopping malls or commercial areas of the city are connected together in order to offer to the consumer a broader and ubiquitous scope of services, commercial offers, loyalty solutions, etc.: <br/>

1. customers connect their residential context aware infrastructure to the network.<br/>

2. virtual supermarkets become proxies for network of storekeepers. <br/>

3. the service providers (business actors of the retailing network) propose to their customers to combine the monitoring of their needs (and even their loyalty coupons) with other consumers living in the same area. <br/>

4. government's increasing taxation on goods depending on the carbon emission it requires for production and shipping. <br/>

5. changes in the consumption behaviours - especially changes in terms of more personalisation and adjustment of purchases to real time consumers' needs and wants - lead to new business practices.<br/>

From the user and societal point of view, it involves a new generation of applications that will impact deeply the users' behaviours, mobility, sense of sustainability and relationships.

----

NEXT - City Information Model <br/>

City Information Model is the most futuristic scenario from technology perspective, it involves a global coverage and networking of the city and events by communication networks and WSANs. Horizontalisation is optimised through using and reusing non dedicated WSANs for the purpose of exponential amount of applications. Micro energy generation and biomimetic systems becomes commonplace. 

From business perspective, dynamic supply and demand increases distributed just in time provision. Experience economy reduces “stuff” in stores and increases uptake of “you shop we drop” services. Micro transactions and demand for behavioural intelligence pulls data provision markets New business actors such as the transport sector (public transport, taxi, car traffic etc.) enter the network in order to provide new generation of services to the citizens and to regulate the prices depending on energy savings and carbon emission related to their purchases: 

*Real-time consumers journeys are optimised to use them for direct supplies. 

*Prices are calculated depending on the transport means used by the consumers to get their purchases. If consumers use public transport to go shopping, they pay lowers prices 

*online purchases are encouraged in order to devote transports only to deliveries (development of delivery services such as "you shop, we drop" where the consumer does not need to bring back the goods by himself, so he can use public transports or even more purchase on line) 

*the user is rewarded when he uses green transport, even more when using transport means in which he contributes to produce energy.

From user and societal point of view, it involves a holistic vision where new generation of applications will profoundly change the societal organisation and will impact deeply the users' behaviours and values. Local authorities become real time data providers. City planners and construction companies design buildings considering the context information models including inhabitants' supplies constraints and transports constraints: urban plans and buildings are optimised to generate minimum traffic, to save maximum energy and to reduce carbon emission. For that purpose, facility management applications of residential buildings and office buildings are connected to the retailing and transport networks. Resource constraints require the optimised execution of city systems. The initiative of public authorities to make it compulsory for the citizens/consumers and stakeholders to apply a CIM is necessary.  Regulatory bodies have to legislate in order to encourage using such a model to everybody (e.g. like in CIM scenario where nothing can be built out of the CIM scope). Tax and rewarding incentives for citizens and business actors - e.g. carbon emission credit - become as important as the € credit.

== Internet of Energy ==

=== High Level Goal ===

Europe and the rest of the world share common aims of providing abundant clean, secure and affordable energy. Therefore, future goals include improving energy efficiency, increasing penetration of renewable energies, diversifying and decentralising Europe's energy mix and enhancing competitiveness of European industry. This paradigm shift will reshape Europe's energy map as well as the associated business domains. Innovative new technologies and concepts will emerge as we move towards a more dynamic, service-based, market-driven infrastructure, where energy efficiency and savings can be better addressed though interactive distribution networks. A fully liberalised market will advance legacy processes, improve energy sustainability and security, create new business opportunities and have a positive impact on the citizens' everyday life.
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=== Vision ===

In the future service-based Internet of energy, several alternative energy providers, legacy providers and households are interconnected. Via smart meters, one is able to interact with a service based infrastructure and perform actions such as selling and buying electricity. More advanced services are envisaged that will take advantage of the near real-time information flows among all participants. Furthermore the energy consuming/producing devices will be no more considered as black-boxes but will also get interconnected, which will provide fine-grained info e.g. energy optimization per device. ''Future Internet could play a key role'' in realising this vision.
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=== Challenges ===

New, highly distributed business processes will need to be established to accommodate these market evolutions and fully integrate the distributed electricity sources. The traditionally static customer process will increasingly be superseded by a very dynamic, decentralised and market-oriented process where a growing number of providers and consumers interact. A new generation of fully interactive ICT infrastructure has to be developed to support the optimal exploitation of these changed, complex business processes and to enable the efficient functioning of the deregulated energy market for the benefit of European citizens and businesses. The architecture of such distributed system landscapes must be designed and validated, standards need to be created and widely supported, and comprehensive and reliable IT applications will need to be implemented. All of these as seen as integrated parts of a Real World Internet.

Future distributed energy systems should be robust, self-managed, self-sustained and enable dynamic reorganisation and coordination of services and markets. Therefore the Internet-based infrastructure should be tightly linked to the energy domain, and be used to support the development of new mechanisms for coordinating real-time demand and responses in the electricity market - i.e. the consumption and feeding-in of power and the resulting interlinked commercial transactions. Transaction platforms will serve as electronic marketplaces facilitating the commercial activity associated with the purchase and sale of electricity and its derivatives, not only for utility companies but also for decentralised consumers and producers. 

Intelligent, interactive energy-management systems will be needed for an infrastructure capable of supporting the deregulated energy market. Intelligent electronic meters will have to be installed for millions of households and companies, connected to the future transaction platforms. These 'e-meters' will be able to provide almost real-time data that in turn will have an significant impact on existing and future energy management models since they can now be based on real-world and real-time data. Policy and decision makers will have fast access to the data necessary for effective market regulation and competitive business models. Households and companies will be able to react to fluctuations in the market by increasing or decreasing consumption or production, thus directly contributing to increased energy efficiency.

Large-scale research efforts will have to deal with the opportunities and challenges associated with goal of closely relating ICT and the energy domain. They will entail the development of an appropriate security, safety and risk concept and architecture for an electronically-based energy market. In addition, an interoperability framework will need to be developed to enable the interoperation of the abundance of interfaces and systems that will inevitably result from a highly decentralised electronically-based energy market. Apart from robustness, resilience, trust and security, extended support for networked and managed businesses and service convergence across a multiplicity of environments should be achieved.

Today, we are at the dawn of an era that we would describe as the 'Internet of Energy', which will be a key part of the Future Internet and closely coupled with the Real World Internet.  Existing efforts in the energy domain can be compared to the Internet-based ICT efforts of the 1970s and early 1980s. Once a highly distributed and service-based interactive energy infrastructure is in place, we will see new innovative concepts and technologies flourishing that will empower us with new capabilities and tools to attack old problems. However, many challenges lie ahead in the next ten years. 

=== R&D Directions ===

Development of an appropriate security, safety and risk concept and architecture for an electronically-based energy market will be the core. In addition, an interoperability framework will need to be developed to enable the interoperation of the abundance of interfaces and systems that will inevitably result from a highly decentralised electronically-based energy market. Service architectures, platforms, methods and tools focusing on a network-centred approach will need to be developed to support the networked enterprise. Understanding and managing the complexity of a critical infrastructure such as the energy sector is crucial and implies systemic risk analysis, resilient distributed information and process control frameworks.

----

Comment (Stamatis):  I decided not to repeat in detail some general requirements that are common to all scenarios here.
