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The Wireless Sensor Networks (WSNs) are low transmission rate, low energy cost and self-organizing networks that consist of large numbers of multi-hop transmitting capability sensors nodes. Nowadays, the WSNs have got lot of development and are widely used in recent years. But there are still many problems to be improved or solved, including how to publish data of WSNs, how to integrate data from different WSNs, and how to solve the "sink neighborhood problem".

Chapter 1 Introduction

Background

The wireless sensor networks (WSNs) are a kind of self-configuring networks which consist of large numbers of low-cost, low-power, multi-functional wireless sensors nodes. These wireless sensors nodes, which are small in size, are capable of sensing and reacting to specific physical or environmental conditions, such as temperature, sound, pressure, speed, humidity, and so on. These sensor nodes have the wireless communication ability in short distances and pass their data through the network to their desired locations. In a WSN, the position of wireless sensor nodes need not be pre-determined, what is more, a wireless sensor node may join in or leave the network very quickly and unpredictably [START_REF] Akyildiz | Wireless sensor networks: a survey[END_REF] .

WSN provides a bridge between the real physical and virtual worlds. It allows the ability to observe the previously unobservable place and environment at a fine resolution over large scales. Its characteristics give the WSN a wide range of applications, ranging from science to industry, to agriculture, to transportation, to civil infrastructure, to health care, to security. Figure 1-1 shows some applications of WSNs. The WSNs have got lot of development. But WSN is based on IEEE 802.15.4 standard, which is specially set for low-rate wireless personal area networks (LR-WPANs) that are quite different from Internet. To develop WSNs, The first problem is how to publish data of WSNs to Internet [START_REF] Shi | A Service-oriented Model for Wireless Sensor Networks with Internet[END_REF] .

Then, over time, a fuller picture of the environment can be built up by analyzing the historic values sensed with sensing devices, and relating these to the dynamically changing current values, thus enabling a better understanding of both current and evolving conditions. Thus, some applications would demand data from different WSNs. For example, on forecasting the tidal surges, to effectively predict when a surge is going to take place requires gathering data from a wide variety of sources published by independent autonomous sensor networks that monitor the status of the sea. Therefore, to develop sensor networks, requires the abilities that enable the interoperability of sensor data to support re-use of existing sensor networks, and relating the sensor data with stored data.

Besides, WSNs use sink nodes to interact with remote users. The sink nodes are a kind of special wireless sensor nodes, which are considered as rich in resource of energy and memory, and more powerful processing ability. Since ordinary nodes only have a short communication distance, in order to deliver their data to destination node, one node would have to depend on the help of other nodes to pass its data. This multi-hop communication style cause the "sink neighborhood problem", which means the neighbor nodes will "dead" more quickly than the other nodes because the neighbor nodes take lots of burden on transmitting data packets.

As a result, the other nodes would lose connection with the sink nodes, and the network could not publish data to the Internet. On the other hand, since ordinary node depends on sink node to publish data, this would reduce flexibility on using the sensing node.

The project, which is provided by Irstea (National Research Institute of Science and Technology for Environment and Agriculture), is aiming to solve these problems. This project would develop a publish system for WSN to meet the demand to check the data efficiently and user-friendly at one hand. At another hand, research the method to integrate information of different WSNs and solve the "sink neighborhood problem".

The purpose of project

The purpose of the project is to solve the problems in WSNs.

Since WSN is quite different from the Internet, and publish data of WSN to Internet is the first problem when doing WSN development. We introduce a data publish system of WSN, which make it possible for users to check information of the whole network and each wireless sensor node. What is more, we enhance the system with subscribing function, which enable user to subscribe his interested sensors, a little bit like the working process of Twitter, so as to convenient for checking data.

In order to fulfill interoperability of sensor data to support re-use of existing sensor networks, and relating the sensor data with stored data, we introduce Semantic Web technology into WSN. As a key feature of the Web 3.0, Semantic Web technology will not only benefit for enhancing the interoperability, but also make data readable and understandable by computers, so as to make it possible for computer to reason, besides, Semantic Web technology will enable semantic query, which makes query more reasonable for humans. At last, solving the "sink neighborhood problem" will extend the working hours of WSNs. In order to solve this problem, we considering exempting sink node from the network. As far as we see, exempting sink node will solve the "sink neighborhood problem" fundamentally. Additionally, this new method would give every sensing node more flexibility.

The architecture of a traditional WSN is showed in the left of Figure 12, and in its right, is our considering method that publishing data without sink node. 

Wireless sensor network

Recent developments in semiconductor, networking and material science technologies are making great contribution to the ubiquitous advance of wireless sensor networks (WSNs). These technologies combined together are driving a new generation of WSNs which differ very much from wireless networks developed and deployed as recently as to a decade ago. Today, the state-of-the-art WSNs cost lower to arrange and maintain, works longer and robustly in life cycle. They are finding their way into plenty of applications in our homes, work places, living and nature environments. The WSNs have bought new method of getting information, control devices, which give much convenience to our lives. Table 1-1 summarizes several examples of how WSNs can enhance productivity, reduce cost and even save lives. into big company, they began making promotion to the usage of WSNs in industrial applications. After that, both of the academia and industry joined together to solve the research and engineering challenges of WSN and made some initiatives and built standards organizations, such as ZigBee Alliance, arming not only to reduce the cost and energy per wireless sensor, but also to simplify the development process and maintenance works. So all this makes it possible to use WSN in light industrial and consumer applications. Although, wireless sensor nodes are different in functions and shapes, they share the same hardware architectures. All wireless sensor nodes are made up of four basic components: a sensing unit, a processing unit, a transceiver unit and a power unit [START_REF] Akyildiz | Wireless sensor networks: a survey[END_REF] . Figure 1 What is more, a small storage unit is generally associated with the processing unit, which is used to store the programs and collected data. The transceiver unit is used to send and receive message, so as to connect the node to the network. The power unit is the most important components of a wireless sensor node, since the lifetime of a wireless sensor network counts so much on the lifetime of the power resources of its wireless sensor nodes, but the power is so limited due to the size limitations of sensor node. A power unit may be supported by a power generator unit to supply the power.

Figure 1-6 Architecture of wireless sensor node [START_REF] Akyildiz | Wireless sensor networks: a survey[END_REF] Except the four basic units, a location finding system unit is fixed in most wireless sensor nodes, since the knowledge of position is required by many of the proposed WSN routing protocols to corporate with other nodes by a majority of sensing tasks. A "moving unit" is also an optional unit, especially used in the scenario to move wireless sensor nodes. There are also other subunits fixed depending on the applications.

Today, low cost Reduced Instruction Set Computer (RISC) microcontrollers with a small memory size, about 100 KB, used for the program and data are employed by current low-end sensors. To deal with the application size restrictions imposed by the chip memory, an external flash memory may be added working as a secondary storage. Common on-board I/O buses are used. When comes to the design of transceiver equipment, two approaches have been adopted. One expandable approach, pioneered by Crossbow (see Figure 1-7), is to stacked one transceiver boards on top of the main microcontroller board through an expansion bus. The other approach, followed by Moteiv, (see Figure 12345678) is to fix or solder transceiver directly on the microcontroller board. This means the available options are very limited and there is very less generality and expandability. However, the on-board transceiver cost less to produce and are more robust than standalone one. Another very important element is the operating system. The role of this one is to promote the interaction for application programmers with the wireless sensor hardware by providing a safe and user-friendly abstraction of hardware resources.

The most widely used and specifically designed operating system for WSNs is the open-source TinyOS, which has been ported to over a dozen platforms and numerous sensor boards, including Moteiv motes, Crossbow motes and so on.

TinyOS is a simple, lightweight operating system which is written in nesC Language, which is a special extension of the C programming language optimized for the memory limits of WSN [START_REF] Gay | The nesC Language: A Holistic Approach to Networked Embedded Systems[END_REF] . TinyOS has several important features: a component-based architecture, a simple event-based concurrency model, and split-phase operations.

TinyOS programs and the operating system itself are made up of components, each of which is a computational entity that is responsible for one or more interfaces independently. This component-based architecture makes programmers more efficiency in developing and innovating. Besides, the component-based architecture greatly reduces the code size, so as to meet the severe memory constraints of a wireless sensor node. Components offer three computational abstractions: commands, events, and tasks [START_REF] Levis | Ambient intelligence: TinyOS-An operating system for sensor networks[END_REF] . A command is, as a matter of fact, a request to a component to ask for some service, such as starting a computation, and an event is mostly responsible for signaling the completion of that service.

Commands and events cannot be postponed, while tasks are basic functions executed by the TinyOS scheduler, which can be postponed by commands and events handlers. Normally, the TinyOS scheduler executes one task after another in a first-in-first-out (FIFO) order. Since tasks in TinyOS do not preempt each other, TinyOS splits up long running tasks into shorter running tasks, and poste themselves after one piece of the computation is finished, in order to give time-critical tasks the opportunity to run in between the split-up piece of tasks.

Another open-source OS specifically designed for WSNs is Contiki [START_REF] Dunkels | Contiki-a lightweight and Flexible Operating System for Tiny Networked Sensors[END_REF] . A Alliance were set up.

Except the TinyOS and Contiki,there are other operating systems developed for WSNs. For example, the Nut/OS operating system that runs on Btnodes. It offers no preemptive multithreading where a scheduled thread maintains processor control until it voluntarily relinquishes terminates or blocks on a lengthy I/O operation.

Figure 1-9 Sensor nodes scattered in a sensor field [START_REF] Dunkels | Contiki-a lightweight and Flexible Operating System for Tiny Networked Sensors[END_REF] Finally, we talk about how a WSN works. The wireless sensor nodes are usually deployed in a sensor field as shown in Figure 1-9 [START_REF] Dunkels | Contiki-a lightweight and Flexible Operating System for Tiny Networked Sensors[END_REF] . Usually those sensor nodes report the results of their sensing to a small number (in most cases, only one) of special nodes called sinks. Each of these wireless sensor nodes transmit their collected data to the sink node, which eventually passes those data to the end users.

The sink node may communicate with the task manager node via Internet or a satellite through a gateway.

However, the traditional centralized topology through sink node causes various issues, which the main is the difference in energy consumption, observed at the level of the wireless sensors related to their position towards the sink node. To be exactly, because the nodes closed to the sink node will take more propagating load, the energy consumption load will be much heavier than the ones which are far from the sink. Since WSN is always deployed in a human inaccessible environment and changing battery or charging the energy is impossible for a large WSN, the dead nodes which means the energy used up nodes near the sink node may cause the WSN inaccessible.

Some methods have been proposed to address this problem, caused by the communication load concentration. For example, Dubois-Ferriere et al., proposed a data gathering scheme for WSNs with multiple sinks [START_REF] Dubois-Ferriere | Efficient and practical query scoping in sensor networks[END_REF] . In this scheme, each wireless sensor node choose the nearest accessible sink node as its data destination.

Compared with the case that only one sink node is existing in WSN, there is a real reduction of communication load for the sensor nodes around the sink node.

Internet of Things

The Internet of Things (IoT) refers to uniquely identifiable objects and their virtual representations in an Internet-like structure. IoT is getting great interests in recent years in the scenario of modern wireless telecommunications. The concept of IoT can be considered as the result of convergence of different three visions [START_REF] Giusto | The Internet of Things: 20th Tyrrhenian Workshop on Digital Communications[END_REF] .

From "Things oriented" perspective, IoT emphasizes the usage of Radio-Frequency Identification (RFID) tags in things, so as to make everything identifiable. From the Internet Ø [START_REF] Gershenfeld | The Internet of things[END_REF] reduces the complexity of the IP stack to achieve a protocol designed to route ''IP over anything". Recent years, a lot of attention has been paid

to the integration of RFID tags into IPv6 networks [START_REF] Ma | Mobile RFID with IPv6 for phone service[END_REF] and methods that integrate RFID identifiers and IPv6 addresses have been proposed.

The consortium CASAGRAS (Coordination and Support Action for Global RFID-related Activities and Standardization) [START_REF] Dunkels | Internet Protocol for Smart Objects (IPSO) Alliance[END_REF] proposed an IoT vision statement that is far beyond the "RFID centric". Its members emphasize in ''a world where things can automatically communicate to computers and each other providing services to the benefit of the human kind".

In IPSO [START_REF] Hui | 6LoWPAN: Incorporating IEEE 802.15.4 into the IP Architecture-Internet Protocol for Smart Objects (IPSO) Alliance[END_REF] , the authors talked about incorporating IEEE 802. A further vision correlated with the IoT is the so called ''Web of Things" [START_REF] Guinard | Towards the web of things: web mashups for embedded devices. 2nd Workshop on Mashups, Enterprise Mashups and Lightweight Composition on the Web[END_REF] ,

according to which Web standards are re-used to connect and integrate into the Web everyday-life objects that contain an embedded device or computer.

Semantic Web

The World Wide Web (WWW) develops in an amazing speed ever since it was born in 1989, bringing about the information explosion. However, the majority of information on the Internet is presented for humans to read, computers cannot catch the meaning of the information in web pages. So as to provide a machine understandable representation of web information, Tim Berners-Lee, the inventor of the World Wide Web, puts forward the idea of the Semantic Web [START_REF] Berners-Lee | The Semantic Web: A new form of Web content that is meaningful to computers will unleash a revolution of new possibilities[END_REF] . He said "the Semantic Web is an extension of the current web in which information is given well defined meaning, better enabling computers and people to work in cooperation".

The Semantic Web brings structure to the meaningful content of Web pages, so that software applications that roam from page to page can readily carry out sophisticated tasks for users [START_REF] Berners-Lee | The Semantic Web: A new form of Web content that is meaningful to computers will unleash a revolution of new possibilities[END_REF] .

To develop Semantic Web, Berners-Lee proposed the Semantic Web architecture [START_REF] Berners-Lee | The Semantic Web: A new form of Web content that is meaningful to computers will unleash a revolution of new possibilities[END_REF] , which shows the technologies, tools, and standards used and their semantic levels in the Semantic Web. Figure 1-10 illustrates this architecture.

The Semantic Web architecture starts from Unicode and Universal Resource Identifier (URI). Unicode defined a unique number for each character, which do not relay on the underlying platform, program, or language. A URI is a formatted character string playing the role of identifying abstract or physical resource [START_REF] Berners-Lee | Uniform Resource Identifier (URI): Generic Syntax[END_REF] .

The Extensible Markup Language (XML) is a markup language that defines a minimum number of rules for the representation of information by defining own tags of users and add arbitrary structure to the document. XML was designed to carry data in a software-independent and hardware-independent way, meanwhile human-readable and machine-readable [START_REF] Bray | Extensible Markup Language (XML) 1.0. World Wide Web Consortium[END_REF] .An XML schema, which is written in XML, is used to describe a type of XML document, defining the legal building blocks, expressing the structure and content of that XML documents. XML Schemas support for data types, as one of the greatest characteristic, which make it easier to describe permissible document content, such as the elements, attributes, and data types [START_REF] Gao | W3C XML Schema Definition Language (XSD) 1.1[END_REF] . Written in XML, RDF is a framework for describing or modeling information which is stored in web resources. RDF puts statements about web resources with a URI in a sequence of expressions called RDF triples, which is in the form of subject-predicate-object or resource-property-value [START_REF] Bao | rdf:PlainLiteral: A Datatype for RDF Plain Literals (Second Edition)[END_REF] , and is written using XML tags. The predicate denotes characteristics or aspects of the resource and expresses a relationship between the subject and the object. The verbs can also be identified by URIs. That is to say that anyone could define a new verb or new concept, just by putting a URI for it, and it could be found somewhere on the Web. The resources presented in the form of RDF triples make it possible that particular automated software can understand it and can access and use the machine-readable information, in turn of providing great efficiency and certainty for users to deal with the information. Accompanied with the RDF triple, a graph, RDF graph, is proposed to indicate a set of triples in the format of a node and directed-arc (see Figure 1 -11).

The nodes stand for the subjects and objects, while the directed-arcs represent the relation that links from subjects to objects. Since each triple is a statement, and each triple can draw a node and directed-arc diagram, so the meaning of an RDF graph is the conjunction of all the statements corresponding to the triples it contains.

Moreover, RDF Schema is used to structure RDF resources, by introducing classes with certain properties and values. It can be used in metadata exchanging, acting as the bridge between human-readable and machine-processable vocabularies [START_REF] Brickley | RDF Vocabulary Description Language 1.0: RDF Schema[END_REF] . The next layer in the Semantic Web architecture is the ontology layer.

Ontology clearly and fully expresses a conceptualization [START_REF] Gruber | Toward Principles for the Design of Ontologies Used for Knowledge Sharing[END_REF] which officially states precisely the relations among terms. The most representative kind of ontology for the Web has a set of inference rules and taxonomy. For Web use, classes, subclasses and relations among entities are a tool which is very powerful. When we create many programs collecting Web content from varied sources, processing the information and exchanging the results with other programs, the real power of the Semantic Web will be converted into reality. When the data come along with semantics, even agents that were not definitely proposed to work together can deliver data among themselves. Digital signatures will be another important feature.

Digital signatures are encrypted blocks of data. Computers and agents can use digital signatures to confirm that the added information has been supplied by a particular safe source. With the development of semantic sensor networks, a number of ontologies describing the sensor networks domain have been brought forth in these years. Therefore, considering the need of standardization regarding sensor networks ontologies, an incubator group from W3C has been formed with the purpose of developing ontologies for sensor networks -referred to as Semantic Sensor Network (SSN) ontology-and search for appropriate methods for enhancing available standards with semantic technologies.

The three last layers are the logic, proof, and trust, which have not been significantly explored. And some of the layers rely on the digital signature component to ensure security.

Linked data

With the development of the World Wide Web, our daily lives have been so

enmeshed with the Web that the desire for direct access to raw data which is currently available on the Web is growing [START_REF] Heath | Linked Data: Evolving the Web into a Global Data Space[END_REF] . The Linked Data is birth to solve the problem, using the Web to make a connection between related data which wasn't linked before, or using the Web to improve the efficiency or accuracy for existing Linked Data using other solutions. It is used to exposing, sharing, and connecting pieces of data, information, and knowledge on the Web, using standard Web technologies such as HTTP, RDF and URIs. Since RDF and URI are the key technologies of semantic web, Linked data is very much like the semantic web, which is designed not to serve web pages for human readers, but to share information in a way that can be read by computers automatically. The links may come from different sources, such as diverse as databases maintained by two organizations.

The Vivo project, originally developed at Cornell, is a remarkable effort in the topic of Linked Data and the Semantic Web. VIVO provide a service to discover researchers across institutions. After the user fills in his researcher interests, activities, and accomplishment, the system will present him the research and scholarship of his interests. VIVO supports the functions of browsing and search, which returns results for rapid retrieval of desired information. Content may be maintained manually in any local VIVO installation.

In addition, there have been many other applications of Linked Data technology. For example, the US Census has published tables in the form of RDF triples on the web. [START_REF] Tauberer | Census: 1 Billion RDF Triples[END_REF] . Data from Eurostat have been re-published in Linked Data form in a project that resulted in the creation of SCOVO (the Core Statistical Vocabulary) [START_REF] Michael | The Statistical Core Vocabulary (SCOVO)[END_REF] .

Since Linked Data has been adopted by a significant number of individuals and organizations as a way to publish their data, a global data space, which is named the Web of Data [START_REF] Bizer | Linked data-the story so far[END_REF] , is born as a result. The Web of Data establishes a giant global graph [START_REF] Berners-Lee | Giant global graph[END_REF] which of billions of RDF statements is consisted from a great quantity of sources involving different aspect of topics, such as book, scientific publications, music, films, television, companies, geographic locations, people, radio programs, genes, drugs and clinical trials, proteins, census results, statistical data, online communities and reviews, etc. The origins of this Web of Data count on the efforts of the Semantic Web research community, and the activities of the W3C Linking

Open Data (LOD) project [START_REF] Bizer | State of the LOD Cloud[END_REF] , which founded in January 2007, made the greatest contribution on its improvement.

The aim of the LOD project was first to identifying the Open Data. Open data are existing data sets, which are available to the public. The second job is to convert the Open Data to RDF and set RDF links between data items from different data sources. The last step of this work is to publish them on the Web in the form of Linked Data. Figure 1-12 shows the relations between Linked Data, Open Data and the project concerned Linked Open Data. As a point of principle, anyone who publishes data according to the Linked Data principles can join in the LOD project. This openness may be the crucial factor for the success of this project. Figure 1-13 and Figure 1-14 demonstrates how the number of data sets published on the Web as Linked Data has grown since the beginning of the Linking Open Data project [START_REF] Henson | SemSOS: Semantic Sensor Observation Service[END_REF] . Each node in the diagram represents a distinct data set published as Linked Data. The arcs indicate the existence of links between items in the two data sets. Heavier arcs correspond to a greater number of links, while bidirectional arcs indicate that outward links to the other exist in each data set. The graphic shown in this figure is available online at http://lod-cloud.net. Updated versions of the graphic will be published on this website in regular intervals.

Sensor Web Enablement

A sensor web refers to the sensor networks that can be connected to the Web.

And using standard protocol, the sensor data can be accessed by application program interfaces (APIs). Sensor Web Enablement (SWE) builds a unique framework of open standards for operating Web-connected sensor systems of all types [START_REF] Botts | OGC Sensor Web Enablement: Overview And High Level Architecture[END_REF] . SWE standards are developed and maintained by members of Open Geospatial Consortium (OGC), which is an international industry consortium

focusing on developing open standards for geospatial and location services [START_REF] Korth | The Web of Data: Creating Machine-Accessible Information[END_REF] .

Figure 1-15 Sensor web usage Figure 1-15 shows the usage of sensor web [START_REF] Keßler | Semantic Rules for Context-Aware Geo-graphical Information Retrieval[END_REF] . The functionality of a sensor web, which OGC has targeted within, includes:

Detection and observation of sensor systems.

Deciding the capabilities and measurement quality of a sensor.

Accessing to sensor parameters.

Acquisition of the real-time or time-series observations.

Publishing of and subscription to alerts to be issued by sensors or sensor services.

Several standards defined for sensor web are put forward to enable the sensor web through the SWE efforts. Standards make it possible not only to develop the applications in an efficient way, but also to simplify the maintenance work. What is more, the standards also make it easy to do future expansions. The main OGC Standards that have been built and adopted in the SWE framework include the following:

Observations & Measurements Schema (O&M) -providing a standard model used to represent and exchange results that have been observed from sensor system and sensor-related processing, and structure those results in XML.

Sensor Model Language (SensorML) -providing an information model used to discover and task sensors, and exploit the observations of sensors.

SensorML defines everything as process models, which defines the inputs, outputs, parameters, and method for that process. With the help of XML Schema, SensorML can provide additional metadata, be helpful for nodes discovery, system constraints identifying, properties describing.

Transducer Markup Language (TransducerML or TML) -providing a method for describing information about hardware response characteristics of transducers. TML also provides an efficient and effective way to capture, transport and archive transducer data, using the XML descriptions.

Sensor Observations Service (SOS)

-providing an open interface for a web service to get observations of a sensor system. SOS makes it possible to manage deployed sensors and to retrieve sensor observation data.

Sensor Planning Service (SPS)

-providing an open interface for requesting, determining the feasibility of collecting data from sensors and submitting the collection requests.

Sensor Alert Service (SAS) -allowing sensors nodes to publish and subscribe alerts from other sensors or advertise its describing metadata respectively.

Web Notification Services (WNS) -Standard web service interface for conducting asynchronous messages or alerts delivery with one or more other services SAS and SPS web services and other elements of service.

An exemplary case-study of the application of SWE in a real-world hydrological deployment scenario is shown in Figure 1-16 and is based on what has been described in the paper "Sensor Web in Practice" [START_REF] Jirka | Sensor Web in Practice-Building Productive Systems[END_REF] . The SWE services are applied to manage a network of hydrological sensors (e.g., water gauges, weather stations, or cameras observing critical facilities) by providing access to sensor data, by realizing event handling, and by enabling interoperable tasking of sensors. The described deployment can be easily adapted to other real-world deployments of sensor networks.

In recent years, the SWE based sensor web infrastructures has been deployed in various projects and applications which demonstrates the practicability and suitability of the SWE standards. The architecture of the OSIRIS project has been based on SWE standards [START_REF] Jirka | Applying OGC Sensor Web Enablement to Risk Monitoring and Disaster Management[END_REF] .

SOS, SAS and SPS were enhanced and used in a broad range of use cases ranging from forest fire fighting [START_REF] Echterhoff | Applying the Sensor Web Enablement Architecture to Reliable Fire Detection[END_REF] , to air pollution monitoring by attaching sensors to busses [START_REF] Tacyniak | Combining Pollution Measurements with GPS Position Data for Air Quality Monitoring in Urban Environments Making Use of Smart Systems and SWE Technologies[END_REF] . The SANY project [START_REF] Bleier | An Open Service Architecture for Sensor Networks[END_REF] dealt with environmental and risk management. It aimed at improving the interoperability of in-situ sensors and sensor networks to enable the reuse of data and services [START_REF] Schimak | Sensors Anywhere-Sensor Web Enablement in Risk Management Applications[END_REF] . Within the GENESIS project, the SWE services have been applied in practical scenarios ranging from air quality to fresh and coastal water quality. A special focus has been put on sensor discovery and concepts for event based architectures. The INTAMAP project developed a real-time processing service for the interpolation of observations provided via SOS [START_REF] Pebesma | Design and Implementation of an Interoperable Automated Interpolation Web Service[END_REF] . The EO2Heaven project contributes to a better understanding of the complex relationships between environmental changes and their impact on human health by building a spatial information infrastructure which applies SWE services to monitor human exposure to environmental pollution and for an early detection of infections. The ESS project develops an infrastructure based on SOS, SPS, and SES to provide real-time information to crisis managers during abnormal events to improve the management between forces on the ground (e.g., police and firefighters)

and the control centers. The UncertWeb project is dedicated to integrate quantified uncertainty into web based environmental model chains which also involves the incorporation of the uncertainty assessment into O&M and SensorML.

Semantic Sensor Network

The Semantic Sensor Web (SSW) is a combination of Semantic Web and sensor technologies. SSW builds on Sensor Web Enablement (SWE), current standardization efforts within the Open Geospatial Consortium (OGC), and extends them with Semantic Web technologies to enhance the ability of descriptions and access to sensor data.

Blending the sensor web with Semantic Web technologies is attractive for several reasons [START_REF] Sheth | Semantic Sensor Web[END_REF] . From a sensor web perspective, it is desirable to enrich the SWE services by semantic annotations [START_REF] Maué | Semantic annotations in OGC standards[END_REF] and ontologies to reduce ambiguity and to provide machine-readable descriptions of the provided data, the underlying processes, as well as the relevant instruments. This would improve interoperability for automatic service chaining, enable search beyond code lists, and support the reuse of sensor data [START_REF] Janowicz | Semantic Enablement for Spatial Data Infrastructures[END_REF] . From a Semantic Web and Linked Data perspective, semantically enabled SWE services such as the Sensor Observation Service (SOS) are rich sources of data to increase static knowledge about the world with dynamic sensor observations. Stream Reasoning engines and applications can be used to mine for specific patterns and to detect change. Recent examples include weather warning systems [START_REF] Sheth | Semantic Sensor Web[END_REF][START_REF] Henson | SemSOS: Semantic Sensor Observation Service[END_REF] or context-aware mobile decision support systems [START_REF] Keßler | Semantic Rules for Context-Aware Geo-graphical Information Retrieval[END_REF] .

Finally, many applications such as Web mashups benefit from a URI-based access to sensor observations encoded using accepted standards such as the Resource Description Framework (RDF). The sensor web community has recently adopted the Linked Data principles [START_REF] Bizer | Linked data-the story so far[END_REF] to use URIs as reference and for search as well as RDF and SPARQL for storage, access, and querying. First attempts have been made

to provide Linked Sensor Data [START_REF] Patni | Linked sensor data[END_REF] and to serve them via RESTful interfaces as transparent encapsulations of existing SWE services.

Main content and organization of the thesis

This thesis talks about the method to solve the problems in WSNs. We introduce how to design and implement a data publishing system of the WSNs.

Then we talk about how to integrate Semantic Web technology to WSNs, at last we introduce a method to publish data of WSNs without sink node.

The chapter 1 of the thesis introduces the background and related researches.

In chapter 2, we talk about the requirements of the system in the order of the problems we want to solve. In chapter 3, we explain how to publish data of WSN in detail, and introduce how to integrate the Semantic Web technology. Besides we analysis the "sink neighborhood problem" and introduce our method of publish data without using sink node. In chapter 4, we talk about the implementation and results

of the tests applied to the proposed system.

Chapter 2 System Requirement Analysis

The goal of the system

A Wireless Sensor Network (WSN) is a network which consists of a large number of wireless sensor nodes, which are small autonomous devices that have wireless communication ability to automatically organize themselves to form a multi-hop network. WSNs provide a promising infrastructure to sense their surrounding environmental phenomena through the set of transducers imbedded or plugged on the sensor board [START_REF] Baronti | Wireless Sensor Networks: a Survey on the State of the Art and the 802.15.4 and ZigBee Standards[END_REF] .

Since WSN is quite different from the Internet, publishing data of WSN to Internet is the first problem when doing WSN development. A WSN may apply a great amount of wireless sensor node for different end users, so the convenience that a user finds his interesting data from so many nodes and sensors is an important factor to be taken into consideration. To fulfill the demand, we will develop a data publishing system of WSN, which makes it possible for users to check information of the whole network and each wireless sensor node. What is more, we enhance the system with subscribing function, which enable user to subscribe his interested sensors, a little bit like the working process of Twitter, so as to convenient for checking data.

The development of WSN requires the abilities that enable the interoperability of sensor data to support re-use of existing sensor networks, and relating the sensor data with stored data. On the other hand, the Semantic Web brings the data and documents with machine-readable descriptions and makes links between different data source on the Web which enables the interoperability. So in order to fulfill this demand, we introduce Semantic Web technology into WSN as the second goal of our project.

Traditional WSNs use sink nodes to interact with remote users, to collect data and assign tasks. The sink nodes are a kind of special sensor nodes, which are considered as rich in resource of energy and memory, and more powerful processing ability. These sink nodes may also have special hardware components to support communication with the Internet. Because of wireless sensor nodes are always deployed in large numbers and in inaccessible environments, to recharge or replace their batteries is generally impossible. Whenever a node uses up its energy, it is unable to fulfill its detection and communication responsibilities any longer, so this node is considered as a "dead" node [START_REF] Basagni | Controlled sink mobility for prolonging wireless sensor networks lifetime[END_REF] . Since collected data from all the sensors are delivered to the sink, nodes that are closer to the sink have to bear greater burden. More specifically, when a sink is positioned statically, the neighbor nodes of the sink, which communicate directly with it, are likely to exhaust their energy more quickly than the other nodes. Not only because they spend energy on propagating data to the sink node of their own, but also for relaying data from other nodes to the sink. This problem was termed the "sink neighborhood problem" in [START_REF] Basagni | Controlled sink mobility for prolonging wireless sensor networks lifetime[END_REF] .

When all the neighbor nodes are dead, the sink will get isolated from the rest of the network, and the WSN will be inaccessible, though most of the wireless sensor nodes are still at work. Besides, an ordinary node has to relay on sink node to publish their data, this would reduce flexibility on using the sensing node. So, try to find a solution to solve the "sink neighborhood problem", to be further, try to find a way publishing data of WSN without using sink node, is the final goal of the project.

To make a summary, there are three goals need to be realized in this system, including:

1) Develop a data-publishing system of WSN.

2) Find a way to publish data of WSN based on the Semantic Web technology.

3) Researching on how to publish data of WSN without using sink node.

Requirement of WSN data publishing system

Since the project has three goals, so we discuss the requirements of each goal separately. In this part, we mainly talk about the requirement of the data publishing system of WSN.

Dataflow diagram

To analysis the requirement, we first draw out the dataflow diagram at the primary level to get a basic knowledge about the flow-in and flow-out data of the system. the goal of the system. We know that data is collected by wireless sensors and transmitted to the system. After some process, the data, at one hand, is sent to a database and stored into it. At the other hand, the data is published to the users.

When users make use of the system, they can either view the data collected by the wireless sensors, or send commands to the system. According to the commands, the system will decide whether to send the commands to the database to ask for data, or send to the wireless sensors to set the parameter.

The functional requirements

To make a reflection on the system, the desired WSN data-publishing system is a Browser-Server architecture Web application up on the WSN. The functionality of server is to gather and store data from the distributed wireless sensors, and provide users the service to access those data, while the Browsers are used to observe and request information from server.

At the server point of view, how to obtain the data from those wireless sensors and store those data detected by those sensors is the key part of the system. What is more, as a WSN, the characteristics to self-organizing multi-hop network should be enhanced by the up layer data-publishing system, as well as the energy and task managements.

Since different users may get access to the system with different level of requirements, a user management sub-system should be developed as a main component of the system, to distinguish different users, so that to provide them suitable permission to the system. It is not hard to imagine that there should be three kinds of users, namely, the administrator, the registered user, and the visitor.

To fulfill the data-publishing system, the most important part of the system is how to display the collected data in user-friendly pages to different kinds of users.

Because administrators are more concerned about the status of the WSN, and how to manage the system, and set the parameters of each wireless sensor node, the functions available for administrators will be the superset of the functions for registered users. These latter are more interested in the data collected by the wireless sensors, especially the sensors that they have subscribed. Let alone the visitor who have fewest functions demands.

To make a summary, the WSN data-publishing system that needs to be realized should have the functions, including: sensor detection, sensor management, data collection and storage, data publishing, user management, data subscribing, and error reporting.

Sensor detection function

Since a WSN is a self-organizing node network, when the management system just starts to run, it should detect the available wireless sensor nodes and their location in the detected region. Since a wireless sensor may move itself away from its initial location, or it may run out of energy, or because the environmental condition of the region of deployment is very poor or complex, a sensor can be "dead" and out of connection for various reasons. Likewise, new sensors could be deployed progressively in the same area. So, the dynamic changes require the system be sensitive about the sensors' leaving and joining in actions. Meanwhile, the data-publishing system should be aware of the status of a sensor.

Sensor management function

The data-publishing system should have the ability to control the behavior of sensor node. When a new wireless sensor node joins the WSN , or when an in-used sensor node changes its sensing task, the data-publishing system could set new parameters for the sensor node, so as to control what kind of phenomenon to sense and how often the sensor node do the sensing work. What is more, the data-publishing system could have the ability to control the routing strategy, the energy conservation strategy, and so on, which goes beyond the requirements of this project. In practice, this sensor management work is carried out by the administrators of the system.

Data collection and storage function

After the WSN is deployed, wireless sensor nodes may begin to sense its surrounding environment, and send the collected data to the data-publishing system.

A wireless sensor node may have different transducers and all it sensed data could be collected by the data-publishing system, regardless of what kind of data have been sensed. After the data is received, the system will transfer those data into a MySQL database management system (DBMS) to store them.

In this system, we assume that all the wireless sensor nodes could sense temperature and its battery volume.

User management function

WSNs are developed for human beings to collect information about some phenomena in a monitoring region. Users of the data-publishing system would be sorted into three kinds. They are administrator, registered user and visitor.

Administrators have the authority to send commands to control the WSNs, to add and delete registered users. Visitors can just look at the data of a public sensor node, if they want to subscribe some certain wireless sensor node's data, they must register to become a registered user.

User register and login function

To register the system, users can get extra subscribing service from the data-publishing system, so that they can read their interested information directly.

Thus, the users will not brother by the other large amount of information they do not care. What is more, to become an administrator of the system, the status of a registered user is a necessary condition.

Associated to with the registering function, a login function is need so that the registered user as well as the administrators can log into the system.

From a security point of view, a user may want to change his or her password, so a function for changing password is also a necessary part of the system.

Data publishing function

After the data is collected by the data-publishing system, they will be published on Web pages. With the difference of user status, different data form will be shown, according if you are an administrator, a registered user, or just a visitor.

Data subscribing function

Data subscribing function allows registered users to subscribe information published by their interested wireless sensor nodes. Registered users can choose their interested wireless sensor nodes from the sensor node list to subscribe to their pages. When choosing the wireless sensor nodes, the registered user can also specify which of collected data of the wireless sensor to subscribes. For example, he can select only temperature from a specific wireless sensor node, or just the battery volume, or both of the two kinds of data.

A sub-function of the subscribing function is the unsubscribing, since the requirement of a user may change, they may want to unsubscribe the wireless sensor nodes they used to subscribe.

Data inquiring function

A wireless sensor node can record a serial of data with the time flies. The front pages only contain a few tips of the latest data, so that one cannot know the data of the past. So an inquiring service is provided for users to get certain desired data.

Error reporting function

The error reporting function is used to log and report errors caused by hardware or software of the system. These error reports and error logs will be helpful to maintain the data-publishing system. Each of these modules has sub-functions. The sensor management module is used for managing wireless sensor nodes. Sub-function, "Node parameter setting" is used for setting the parameters of the wireless sensor nodes. These parameters could influence how a wireless sensor collects the data. The network management module provides the WSN self-organizing ability and allows the network to detect sensors' status. The publishing/subscribing management module has three sub-functions, namely: the "Data publishing", "Data subscribing", and "Data unsubscribing". The data-publishing system will publish different data to different users according to his subscription. Then the data management module is a collection of "Data storage" and "Data querying" sub-functions. At last, the "Register", the "Login", and the "Changing password" sub-function are combined in the user management module.

System structure chart

Use case diagram

In order to make clear the interaction between the actors with then system, and the activities that an actor does in the system, we draw the use case diagram which is showed in Figure 23. There are actually five kinds of actors in total, namely: the visitor, the registered user, the administrator, the WSN system and the database system.

A Visitor could choose to register himself into the system. He could also visit the wireless sensor node in the system.

A registered user can login to the system, change his password numbers, visit the wireless sensor node, subscribe and unsubscribe wireless sensors of his interest.

An administrator can all things that a registered user can do, besides, he can modify the parameter(s) of a wireless sensor, so as to affect the behaviours of the WSN.

The WSN, and the database work as actors because they are the outside system that could interact with the publishind system.

A WSN manages the network and wireless sensors which provide data for the system.

A database stores all the data in the system, and provide other users and system with data.

The non-functional requirements 2.2.5.1 Hardware requirements

Because of the environmental conditions, the wireless sensors and the gateway are the Libelium Waspmotes and the Meshlium.

Other requirements

The system should satisfy these non-functional requirements:

1) The interval of data collecting should be set at every 10 minutes as a default.

2) The system should tolerate large volume of visiting. We set the quantity as 10000 per minute.

3) The system should response any query from the users in less than 1 second. If the desired wireless sensor node is sleeping, the system gives back the last published data of the node.

4) Data should be stored in database and published on the Internet as soon as it has been collected. 8) When publishing the data, the percentage of errors causing from transmitting should be less than 1 per cent. 9) Data collected by wireless sensors cannot be changed after being stored in the database.

Requirement of Semantic based WSN

Semantic technologies can assist in managing, querying, and combining sensors and observation data, thus allowing users to operate at abstraction levels above the technical details of format and integration, instead working with domain concepts and restrictions on quality. Machine-interpretable semantics allows autonomous or semi-autonomous agents to assist in collecting, processing, reasoning about, and acting on sensors and their observations. To publish data of WSN based on Semantic Web technology, the functional and non-functional requirements are listed below: 1) Identify relevant sources of data.

2) Access sensor data in near real-time.

3) Link the data to Linked open Data. 4) Combine and correlate data from disparate sources with differing modalities (i.e., a stream of sensor data with contextual data stored in a database). 5) Enable users and data providers to work with their conceptualization of the data. 6) Enable different access of Internet serves to the data in database, such as a SPARQL client, Web Browser in HTML.

Requirement of Sink exempted WSN

From the perspective of networks, WSNs generally follow the communication paradigm of ad hoc which has been well-established. That is data delivery between any two nodes follows a multi-hop route. In ad hoc networks, any two nodes can be source and destination of data packets, while, what makes it different, in WSNs, is that data collected by the wireless sensor nodes are sent to one or more data collection points which is called the sink nodes. So far, several protocols have been proposed to extend the ability of data delivery and dissemination in WSNs. One of the main aims of these solutions is to minimize the energy consumption of a node, which most of the cost is due to radio communications, in order to increase the time that the network is able to perform its intended operations, and fulfill its responsibilities. Independently of all the energy-efficient techniques developed at the different layers of the nodes protocol stack, the ultimate problem arises from the process of delivering the data collected by all the sensors to the sink nodes. The nodes which are closer to the sink nodes consume energy, on one hand, to transmit their own data to the sink. At another hand, they have to relay the data from any other node to the sink node. As a result, they are imposed with greater burden and run out of energy faster. This problem, which termed the "sink neighborhood problem" [START_REF] Basagni | Controlled sink mobility for prolonging wireless sensor networks lifetime[END_REF] , will lead to a premature disconnection of the network.

The ultimate goal of the system is to find a solution to publish data of WSN without using the sink node, the functional and non-functional requirements involved in this publishing system should be as the following:

1) Sink node should be avoided in the system.

2) If a Wireless Local Area Networks (WLAN) exists, each single sensor node could connect to Internet directly.

3) Each node could act as a router to pass data of other nodes. 4) If a wireless sensor node could not connect to Internet directly, it could pass its data to other node multi-hops to help it publish data.

5) The helping node is chosen by the networks in some decision scheme which benefit the total energy cost and a single node energy cost of the whole network.

Brief summary

In this part, we have discussed the goal of the system, which three steps of walks is required to be done, from the engineering works to the researching works.

We talk about the function and non-function requirements for a WSN data-publishing system, which is the first goal of our system. Then we introduce the requirements of developing the semantic-based WSN and sink-exempted WSN.

Since the first goal meet the requirement of an engineering work, while the other two is more a research work than engineering, we introduce the data-publishing system of WSN more.

Chapter 3 System Design

As what we have discussed in chapter 2, the system requirement analysis, to accomplish the goal of the system, three steps of work are needed to do, so we will talk about the system design in three parts corresponding. First of all, we explain how to design the WSN data-publishing system. Then, at the second part of this chapter, we introduce how to enhance the data-publishing system with Semantic Web technologies. In the end, we talk about how to publish the data avoid the usage of a sink node.

As a matter of the hardware restriction, we use the Libelium Meshlium as the gate-way, and Libelium Waspmote as the wireless sensor node. All the system is designed based on these equipments.

Design of WSN data-publishing system

The architecture for the WSN data-publishing system is shown in Figure 3-1.

At the bottom of the architecture is the WSN. The protocol stack in a wireless sensor is also showed in Figure 3-1, which uses IEEE802.15.4 as the Mac layer protocol and ZigBee as the communication protocol. What is more, a certain routing protocol is running on top of the protocol stack to decide the routing behavior. The wireless sensors take the responsibility of data collecting, and then sending the data to Internet. Between the Internet and the WSN, a gateway is used. Because in telecommunications, when two networks with different communication protocols want to communicate with each other, gateway provide the interface for one network to another. The management system runs on the Internet and is taking the charge to manage the sensors, data, users, network, and publishing and subscribing functions. The functions of these components have been introduced in chapter 2, the system requirement analysis. The management system is also connected to a database, used to store the data collected by the wireless sensors and the information about the network and users. On top of the Internet, with the help of different Web browsers, different users could get different published data according to their status and could interact with the system. In the following parts, we will talk about some key techniques which are very important in designing the data-publishing system.

ZigBee network management

The network management component is working on the Internet, but it act smore as a display of the WSN condition on the wireless sensor network layer.

Looking at the WSN layer at the bottom of the system architecture, the key to support the system is to manage the ZigBee network.

ZigBee is a wireless mesh network standard, building for low-cost, low-power, low-data rate applications. ZigBee is built at the top of IEEE 802.15 standards.

ZigBee networks belong to personal area networks or PANs category.

ZigBee, which we use, works on 2.4GHz band, with 16 channels available to use. Each network is defined with a unique PAN identifier. Both 64-bit (extended) PAN ID and 16-bit PAN ID is supported by the Waspmote ZigBee Modules. In all data transmissions, the 16-bit PAN ID could be used, while the 64-bit PAN ID is used during a node is joining the network in order to resolve potential conflicts problems that may occur in 16-bit PAN ID.

When starting the wireless network, Meshlium, which is called "Coordinator" in the Meshlium technology guide, will select a channel and a PAN ID (both 64-bit and 16-bit) at first. The PAN ID should be unique to distinguish a network from others. When other nodes get into the network, all the nodes should have the same PAN ID. As with the selection of channel, an energy scan will be carried out to find the channel with less energy by the Coordinator, at the beginning stage of the network. When the Waspmotes, which act as router or an end device, want to join a network, they perform an active scan to find any Coordinator or router available to join.

To maintain the network's association, the scan duration need to be set. At the startup, coordinator does an active and energy scans on each channel to determine an acceptable channel and PAN ID. In a similar way end device or router will perform an active scan on each channel to locate an available router or coordinator to join. Network. In fact, at the bottom of the flowchart, when an end device meets all the restrictions, it will send a join request. This process makes it appear to the network, and mutually, make the network detect its existence.

As to send packets inside the network, ZigBee uses 16-bit address for the purpose of reducing overhead. If the 16-bit address of a destination node is known, it will be specified in the packet. So, once the route has been discovered, the transmission will start. Because the network address may change and a ZigBee device cannot transmit data with other devices that the network address it does not know. For this reason, an 'Address Discovery' process will be executed to discover the 16-bit network address before transmitting the data. The 'Address Discovery' process counts on the fact that the 64-bit address is assigned by the manufacturer so that unique to each ZigBee device and is generally known to others. So if a ZigBee device needs to communicate with a 16-bit address unknown device, it start a broadcast transmissions throughout the entire network. For this broadcast, the 64-bit address of the desired device is putting in to the packet. Any device in the network receiving the broadcast transmission would make a comparison between the received 64-bit address in the broadcasting packet with the 64-bit address itself. If the addresses match, the device replies a packet to the initiator, to tell the network address that the initiator wanted. After this response arrives at the initiator, they could communicate with each other.

It's worth noting that ZigBee creates a mesh routing network to deliver data between the source device and the destination one. Data packets in mesh routing are propagated from source to their destination through multiple hops. Both coordinators and Routers can make a contribution to the routes between source and destination devices. The process to find an appropriate route is called route discovery. The route discovery process in Meshlium and Waspmote is based on the AODV (Ad-hoc on demand Distance Vector routing) protocol.

ZigBee network data storage

In our scenario, When the ZigBee network sets up, Waspmotes will detect the surrounding environment to provide the data that they can sense. Because a Meshlium is used as the gateway to connect the ZigBee network with the Internet, all the collected data would flow through this Meshlium to Internet.

In order to store the data collected by the ZigBee network, a Meshlium performs three different storage options with the ZigBee frames captured: Local File System, Local Data Base, and External Data Base (see Figure 34). As a matter of fact, there is a Linux operating system in Meshlium. Either to store the ZigBee frames in a local file system or to store them in a local data base, the ZigBee frames are stored in a Meshlium, which makes it work as a server when you login the system, and ask for those frames.

The option of External Data Base allows user to store the information captured in a data base that runs in the Internet.

On account of the convenience that storing the sensor data will allow more freedom on data management, we choose to store the captured data on our local database MySQL.

Publishing and subscribing function Design

The ZigBee network management fulfills the functions to maintain the ZigBee network to collect data. The data collected by Waspmotes is transmitted to the Internet and stored in the database through a Meshlium. Then the upper system, implemented on the Internet layer will take the responsibility to interact with people who are interested with the system. The majority of the interacting work is based on the operation of the database, adding or deleting information, selecting or modifying the data, including the publishing and subscribing functions.

To start the work, a website is designed as the access windows to the data-publishing system for users. When visitors visit the website of the system, they will see the sensor-list. All the sensors that are available to collect data will be listed on this sensor-list. A visitor may look at the sensor-list and find which sensor he is interested in. Then, the visitor may select that sensor to see its information and history data. But, as a visitor, he has to repeat the process of selecting sensors then watching data, every time he visits the webpage. A register system is provided. So, a visitor can register to be the registered user. As a registered user, the system will provide an account for him, and his own webpage. A registered user can subscribe the sensors information from the sensor-list. If a registered user completes an operation this way, the system will publish his subscribed sensor data to his personal page. A subscribed sensor-list will also be presented on the registered user's personal page. So, every time when the registered user gets on to the data-publishing system, he can watch the sensor data that he is interested from his own page. What is more, when a registered visitor has no interest of some certain sensors, he can unsubscribe them, and find new interesting sensors from the mainpage.

As an administrator, he has all the functions that a registered user has. What makes it difference, is that he has extra authority to manage ordinary registered users and manage the ZigBee network. To manage a ZigBee network through the Internet as another key technology in the system, which we will talk about later. 

Database design

In order to store the data of the system, some tables need to be created. Figure 3-6 shows the entity-relationship model. The entities are user, node, sensor and the records. And a node contains some sensors to form a wireless sensor node. A sensor node would record data at a fixed frequency. A user would subscribe some wireless sensor nodes as he likes. reasonable to merge a node and its sensors as one entity. As a solution, we use a "Sensor" table to store all kinds of sensors, and a "Node" table to store the information about nodes. Since the node is unique with the 64_bit address, so we choose it as the primary key of the node table . A sensing task would be uniquely identified by the 64 bit address of a node and the sensor Id, which we call it sensor_node_id. As a result of that, we can use the sensor_node_id, as well as the time parameter, as the primary key of the record table. A user can do the subscribing to a certain sensing task. the subscribing process is just to make a record in the subscribing table, which contains the user id and the sensor_node_id.

These tables are drawn below.

Sensor type table ( Since all nodes contain a ZigBee module, and the 64_bit_address of the ZigBee module is unique, so this parameter is chosen to work as the primary key. Other attributes include the "16_node_addr" which means the 16_bit address used to communicate in the ZigBee network, the "Node_name" which is used as the name of the ZigBee module in the ZigBee network, "PIN_ID" which is also used in the ZigBee network and, the last, "Report_fre" which is short of the report frequency and determines how often the sensor has to report the data to the Internet. 

The ID of a wireless sensor_node, used to identify a sensing task Sensing_time Yes datatime The time the sensing performances Sensing_data not null varchar (20) Record the collected record Table 3-5 is the User table, which is used to record the information of users.

There are three attributes, expect for the "User_Id" which work as the primary key.

These attributes are "User_name" that store the name of a user, the "User_code" which stores the password of the user, the "User_type" which identifies if the user is an ordinary user or an administrator one. 

Design of Sink exempted WSN

The aim of publishing data onto Internet without a sink node is to solve the communication load concentration problem, to be precise, termed as the "sink neighborhood problem". Since it is a research work, we cannot analysis this problem as the software engineering. In this part, we will first talk about the related work about solving the "sink neighborhood problem". Then, we will talk about 6LowPAN (IPv6 Low power Wireless Personal Area Networks). At last, we

propose a solution about how to publish data without using a sink node.

Related work

In order to solve the "sink neighborhood problem", a data gathering scheme for a WSN with multiple sinks has been proposed [START_REF] Dubois-Ferriere | Efficient and practical query scoping in sensor networks[END_REF] . In this scheme, each sensor node sends the data that it has collected to the nearest sink node. In comparison with the case of only one sink node in the WSN, the communication load of sensor nodes close to a sink node is reduced. In the existing studies, however, an important design problem for the long-term operation of a WSN, which is the effective locations of the sink nodes, has not been discussed.

In a related paper [START_REF] Yoshimura | An Effective Allocation Scheme for Sink Nodes in Wireless Sensor Networks Using Suppression PSO[END_REF] , the author discussed a method of reducing the communication load on wireless sensor nodes by effectively placing a limited number of sink nodes in an observation area. As a technique of solving effective locations for sink nodes, the author presented a new search algorithm named the "suppression particle swarm optimization algorithm" [START_REF] Kennedy | Particle swarm optimization[END_REF] . This algorithm is based on the particle swarm optimization algorithm that is one of the swarm intelligence algorithms [START_REF] Nakano | A Sink Node Allocation Scheme in Wireless Sensor Networks Using Suppression Particle Swarm Optimization[END_REF] . The suppression particle swarm optimization algorithm can provide plural effective allocation sets for the sink nodes so that total hops in all wireless sensor nodes are minimized.

Another way to obviate the sink neighborhood problem is to exploit the mobility of some of the network components. The sink neighborhood problem is the result of the static sink neighbor nodes undertaking so much communication responsibility. As it is, changing the neighbors of the sink will balance the energy consumption throughout the network. Taking the mobility into consideration, the network is called Dynamic Wireless Sensor Networks (DWSN) [START_REF] Puthal | Dynamic Model for Efficient Data Collection in Wireless Sensor Networks with Mobile Sink[END_REF] .

DWSN can be considered from multiple perspectives. Taking account of the number of sink nodes, DWSN can be divided into two classes. The first class is DWSN with single sink [START_REF] Shi | Movement-assisted data gathering scheme with load-balance for sensor networks[END_REF] . The second class is DWSN with multiple sinks [START_REF] Long | Selection scheme of mobile sinks in wireless sensor networks[END_REF] .

DWSN with single sink have strong reliability. However, DWSN with multiple sinks have weak reliability but large coverage and more energy consumption.

Taking consideration of the mobile element, DWSN can be divided into three classes. The first class is DWSN with mobile data gathering nodes, which means that there are data gathering nodes used to transfer data between wireless sensor nodes and sink. The second class is DWSN with mobile relay nodes [START_REF] Srinivasan | Using mobile relays to prolong the lifetime of wireless sensor networks[END_REF] , which means that relay nodes move between wireless sensor nodes and sinks to relay data.

The third class is DWSN with mobile sinks [START_REF] Shi | Movement-assisted data gathering scheme with load-balance for sensor networks[END_REF][START_REF] Long | Selection scheme of mobile sinks in wireless sensor networks[END_REF][START_REF] Basagni | Controlled sink mobility for prolonging wireless sensor networks lifetime[END_REF] , which means that sinks move in the network area to gather data but wireless sensor nodes are fixed. In DWSN with mobile node, the latency to deliver the data is longer, but it avoids the sink neighborhood problem. While moving, the nodes would require extra power from their already limited energy resource. The most promising way of changing the sink's neighbors is to have the sink moving to different parts of the deployment area, while keeping the sensors static.

Luo et al. proposed a routing protocol, called MobiRoute. It suggested for

WSNs with a path predictable mobile sink to prolong the network lifetime and improve the packet deliver ratio, where the sink sojourns at some anchor points and the pause time is much longer than the movement time. Accordingly, the mobile sink has enough time to collect data, which is different from our scenario. Moreover, in MobiRoute all wireless sensor nodes need to know the topological changes caused by the sink mobility. While in their approach, only the one hop neighbors need to know the change of the sink location and the members just send their data to their respective neighbors chosen in advance [START_REF] Luo | MobiRoute: Routing towards a Mobile Sink for Improving Lifetime in Sensor Networks[END_REF] .

Rao et al. explored the idea of using a network assisted sink navigation and data collection framework to perform k-hop sensor data collection without node localization services. They proposed a solution framework and developed distributed algorithms which allow the sensor network to: identify a subset of nodes as sink navigation agent and data collection points, compute a sink navigation path using ANT based distributed TSP solution, identify Designated Gateways (DGs)

and routing paths from sensors to DGs, and dynamically navigate a sink by the navigation agents along the computed path [START_REF] Rao | Joint routing and navigation protocols for data harvesting in sensor networks[END_REF] .

G. Xing proposed a rendezvous based data collection approach in which a subset of nodes serves as the rendezvous points that buffer and aggregate data originated from sources and transfer them to the base station when it arrives [START_REF] Xing | Rendezvous design algorithms for wireless sensor networks with a mobile base station[END_REF] .

This approach combines the advantages of controlled mobility and in-network data caching and can achieve a desirable balance between network energy saving and data collection delay. However, a major performance bottleneck of such WSNs is the significantly increased latency in data collection due to the low movement speed of mobile base stations.

By using multiple sinks, the communication load of sink node's neighbors can be reduced with carefully arranging the position of sink nodes, so that mitigates the sink neighbor problems, and extend the lifetime of WSNs. However, it is not practical when the environment is complex and human inaccessible, and the sink neighbor problem is not eliminated in fact. By controlling the sink movements, sink neighbor problem is obviated to some extent, and remarkable lifetime improvements can be obtained. But the movements of sink may cost a lot, and it needs extra participation of humans.

Because of the weakness of the existing methods, we are considering to exempt sink nodes from the WSNs when publishing data. The new method will not only solve the sink neighbor problem fundamentally, but also provide great vitality to every single wireless sensor enabling it the communication ability with outer networks of WSNs.

Challenges to exempt sink nodes

To publish data of a WSN without sink nodes, the greatest challenge is how to couple the IEEE 802. program ROM [START_REF] Hui | Extending IP to Low-Power, Wireless Personal Area Networks[END_REF] .

Architecture of sink exempted WSN

To exempt sink node requires each ordinary node has the ability to communicate with external networks. Different external networks require different hardware supports. In order to meet the needs of wireless communication capabilities, our job is to make each node in the WPAN communication via Wi-Fi.

When a node in a Wi-Fi covered area, the nodes can directly publish data through Wi-Fi. When a node is not in Wi-Fi covered area, the node passes its data to the node that can communicate with external networks via the multi-hop transmission mechanism. The node is selected by specific routing algorithm. In addition, because Wi-Fi communication need to consume more resources, so the node within the Wi-Fi coverage, have a choice to pass information to one or a few nodes, this time, these nodes play as the role of the sink. These nodes are also selected through the choice of a specific routing algorithm which balances the energy consumption of the entire networks.

The architecture of new method is shown in Figure 3-11. The choice of which node is the routing algorithm decision.

So, when WSN is setting up, every node will check if it is in the Wi-Fi covered zone. If the answer is yes, it could communicate with Internet directly. But if the answer is no, it has to find a destination node to pass its data to that node through multi-hops.

Hardware design

In order to publish data without using a sink node, new hardware is demanded.

For one thing, the (wireless) sensor node must have special hardware to support IEEE 802.15.4 protocol. For another, there should be antenna with specific frequency to communicate with other kinds of wireless networks. Since the series of IEEE 802.11.x standards which are designed by the IEEE to support wireless network, are so widely used. As a result, in our design, we make the new note support the Wi-Fi-communication, so as to connect to the Internet.

We use the expandable approach, like Crossbow, to design our new sensors, in which the main board contains all the components used to communicate in IEEE 802.15.4 link layer, and a plug-in board is added with the components to communicate with the outer network, to be specific, the 802.11.x network.

The simple architecture of the new sensor node, taking the main and plug-in board together, is showed in Figure 3 following the header. Peculiarly, when the "M" (Mesh Delivery flag) or "B" (Broadcast flag) bit is set to 1, there will be a MB or Broadcast field between the IPv6 datagram and the head. prot_type: protocol type, 8bits, it points out the protocol types behind the header.

1) ) ) ) Non fragmentation Datagram Format

M: Mesh Delivery flag bit, 1 bit. If it is "1" then it will be the "Mesh Delivery" fragment that comes close behind the header.

B: Broadcast flag bit, 1 bit. If it is "1" then it will be the "Broadcast" fragment that comes close behind the header.

rsv: Reserved Field, every bit is 0.

2) ) ) ) Fragmentation Datagram Format

If an adaptation layer datagram contains the header of an adaptation layer and an IPv6 datagram, it cannot be transmitted in a single integrated IEEE 802.15.4 frame. Then, the payload needs to be fragmented. The format at this time is listed below: M: Mesh Delivery flag bit, 1 bit. If it is "1" then it will be the "Mesh Delivery" fragment that comes close behind the header.

B: Broadcast flag bit, 1 bit. If it is "1" then it will be the "Broadcast" fragment that comes close behind the header. 

Data transmitting process

When a wireless sensor node transmits its data, it will first affirm that if the payload can be transmitted in a single frame. When doing the fragmentation work, as with the first fragment, the "LF" field is set to "01", meaning that it is the first fragment. The "Prot_type" is set to "1", meaning that the IPv6 protocol is used. Since it is the first fragment, the "offset" is set to "0" and there is no "fragment_offset" field. The "datagram_tag" is set as what is used now, and the "datagram_size" field is filled with the length of the first datagram. If the node needs mesh routing, then Mesh Delivery field needs to be right behind the header and ahead of the first fragment.

As with the other fragment, the "LF" field is set to "11" or "10", meaning that it is the middle fragment of the last fragment. The "fragment_offset" field is set according to the offset of the starting byte in the primitive datagram. What need to notice is that the offset is calculated every 8 bytes, so the max payload of every fragment must be aligning in 8 bytes, that is to say that the actually maximum length of the packet is only 88 bytes long. more transmitting and publishing work, which will use up its energy quickly. So, taking all of these constraints together, for a node that is not in the Wi-Fi covered zone, how to select a destination node to publish its data is quite a complex problem that remains further researching. What is more, security is another important topic in WSN. If we want to put our new method into practice, a specific security method which is suitable to the 6LowPAN architecture must be introduced. But it is still a blank field in our work and needs great improvement.

Key techniques

To fulfill different levels of the functions, different kinds of techniques are used.

When developing the data-publishing system in the first level, the key technique is the developing of Libelium Waspmote and Meshlium to set up and maintain the network. Another important technique is the Over the Air Programming (OTAP).

This technique enables the upgrade and change of firmware versions without physical access. Thanks to the OTAP, the administrator can manage the wireless sensor work in remote.

When it comes to enhance the data-publishing system, three key techniques are XML, RDF and ontology. XML was designed to carry data in a way that is independent from software and hardware, and can be read both by humans and also by machines. RDF is written in XML. It is a framework for describing resources on the Web, and it can be used to create a machine-readable description about any kind of resource. Ontology allows you to define contextual relationships behind a defined vocabulary. It is the cornerstone of defining a knowledge domain.

At last, in research on how to publish data of a WSN without using a sink node, 6LowPAN is needed. It could connect the Internet with the IEEE 802.15.4 network and assign an IP address to (wireless) sensor to make it identified. New hardware is also in demand to support 6LowPAN.

Brief summary

In the chapter, we talked about how to design a data-publishing system for the WSN, and how to enhance a WSN with semantic technologies. At last, we introduced a method to exempt the sink node form the WSN.

4.1.1.1Meshlium

Meshlium (see Figure 4 Meshlium Xtreme includes a friendly Open Source web application that can be controlled from any browser or Smartphone and allows to configure it in just 3 simple steps, deciding even data destination, either locally or in a Cloud data base.

Developers have also the opportunity to run their own applications in Meshlium which runs a Linux distribution including the main runtime libraries to execute C++, Java or PHP.

A robust aluminium waterproof enclosure ensures the perfect state of the router in case of outdoor projects where sensors are placed outside such as Smart Parking or Smart Cities applications.

Meshlium Xtreme is CE and FCC certified and it is ideally suited to be the gateway for WSNs implemented with Libelium's award-winning Waspmote platform.

Waspmote

Waspmote (see Figure 4-3) is an open source wireless sensor platform specially focused on the implementation of low consumption modes which allows the wireless sensor nodes ("motes") to be completely autonomous, which is battery powered. Lifetime of Waspmote wireless sensor nodes may go from 1 to 5 years depending on the duty cycle and the radio used. Waspmote is based on a modular architecture. The idea is to integrate only the modules needed in each device optimizing costs. For this reason all the modules (radios, sensor boards, etc) plug in Waspmote through sockets. 

X-CTU

X-CTU is a Windows-based application provided by Digi. This program was designed to interact with the firmware files found on Digi's RF products and to provide a simple-to-use graphical user interface to them. In this project, we need to use this software to modify, for example, the configuration of the Waspmote gateway. 

Key Interfaces of the software system

In this part, we show the four interfaces, which combined together are the core of the system. These interfaces are webpages of the mainpage, the sensor, the registered user and the administrator.

The mainpage of the system

The mainpage contains the information of the system, the navigation to the system's different parts. All the sensors are listed in the home page, and are waiting to be check from different users. Users can select a sensor to see it detail information and it history data. The mainpage provides links to register and login. A registered user that has logged into the system can subscribe the data of different sensors. The appearance of the mainpage is shown in Figure 45678. 

The sensor page

In the sensor page, the sensor information is showed at the top and the history data of the sensor is showed in the middle. This data is all published with the parameter of time, to make it unique. The appearance of the sensor page is shown in 

The personal page of a registered user

The personal page is a page that belongs to a registered user. At the top of the page, there is information about the user. Then, at the middle part, is the sensor list that the registered user has subscribed. The user can unsubscribe a wireless sensor directly on his personal page. There are also links to pages to each of those sensors.

At the bottom part of the page, there is an information pool, where fresh data that are collected by the subscribed sensors are published on the pool. And the pool keeps refresh itself to let the latest information shows up. This is quite like the popular tiny blog, Twitter. The main difference between this system and Twitter is that, in Twitter, is human beings that send the information, but in this system, all Twitters are sensors. Figure 4-10 shows the outlook of a personal home page. From these tests, we can see that the system is sensitive to the ZigBee network.

Tests on the sensor page

For this task, we just check the data collection and transmission of 2 wireless sensors watching if their records are correct or not. Table 4-5 shows the procedure. We do this experiment with 2 sensors with more data and we get the same results. It turns out that there is no error in the display of the information.

Tests on the personal page of a registered user

For this part, we just test that the page is correctly update following the arrival of news data. Table 4-6 gives those results. After doing many tests, we see no mistakes on the publishing of the subscribed sensor data.

Tests on the administrator page

The administrator page contains two types of data: the sensor and the user lists.

Tests on the administrator page aims at evaluating the sensitivity of the system to the ZigBee networks and the registration of new users. In other words, is to test if these two different lists will be updated as soon as the wireless sensor nodes and the number of users are changing. The testing steps are the same that we have done during the tests of the mainpage. The results on the sensor list are shown in table 4-7. 

Brief summary

In this part, we have talked about the hardware and software environment for developing the data-publishing system. We gave the most important two flowchart of the system, to make the design clear. Afterwards, we introduced the interfaces of our working. We took out four web pages which are in correspondence with the class diagram. At last, we gave some evaluation of our system to validate the correctness of our design.

Conclusion

Nowadays, the WSNs have got lot of developments and are widely used in recent years. But there are still many problems to deal with, including how to publish data of WSN, how to integrate data from different WSNs, and how to solve the "sink neighborhood" problem.

In this thesis, we established a data publishing system of WSNs with Libelium Waspmote wireless sensors and the Libelium Meshlium gateway. The system allows Waspmotes, belonging to a ZigBee network, to publish their data on the Internet. This system also allows users to subscribe to the data of any of his interested sensors. The publishing/subscribing manner could bring great benefits in the way to view and to query the data of a WSN. At last, the system has been tested. And, the system seems sensitive and convenient for users to view the data of a WSN.

In addition, this thesis introduced a method to publish data based on the Semantic Web technology. SSN ontology is used to describe the information of the WSN.

What is more, this thesis introduced how to publishing the data of a WSN without using a sink node, that is to enable every sensor node the ability to communicate with the outside networks. This is realized by introducing 6LowPAN technology to a specially designed sensor node with two communication modules. This method may help to solve the "sink neighborhood" problem, and provide more flexibility for each node.

Since the time is short, more work should be done to make the semantic-based data publishing system more powerful and user-friendly. As the hardware restriction, new method has not been tested. And, there are still some problems, especially the routing algorithm and security scheme require further investigations.
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 1 Figure 1-3 shows the rough trend of the cost and market size of WSNs when markets vary from military to consumer. What is more, the figure also contrasts the market condition between the past and present.
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  -6 shows the classical architecture of a wireless sensor node. The sensing unit consists of a set of sensors through which the information about the surrounding environment is obtained. Besides, analog to digital converter (ADC) is an often subunit of the sensing unit. Those sensors produce analog signals based on the observed phenomenon. The signals are converted to digital signals by the ADC, and then provided to the processing unit. The processing unit takes the role of the head in one wireless sensor node. It manages not only the working procedures to carry out the assigned sensing tasks in cooperation with the other nodes, but also the energy management plan.
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 222 Figure2-2 shows the structure chart of the system. The system mainly contains five modules, including the sensor management module, the network management module, the publishing/subscribing management module, the data management module and the user management module.
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 5 Data collected by a wireless sensor should be stored at least for one year.

6 )

 6 Data collected by a wireless sensor should be backed up every one month in case of unexpected data lose. 7) Work log of the system should be backed up every one month in case of unexpected data loss.
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 3332 Figure 3-2 Flowchart of starting the ZigBee network
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 3 Figure 3-5 shows the class diagram of the system on top of the ZigBee network. There are classes to fulfill the subscribing and publishing functions in the diagram. The class Mainpage is used to build up the home page of the data-publishing system. There are different operations in the class so as to call different functions to guide users to different pages, such as the login page, or the register page, or to show different information. What is worth mentioning is that the function ShowSensorList in the class MainPage is used to list all the available sensors in the ZigBee network. What is in fact is that the ShowSensorList function is calling the same-name public function in the class WSNInfo, which is used to manage the sensor information in the network. WSNInfo has a one-to-many relation with the class of Sensor. The class Sensor is the abstract of a wireless sensor. Each object of the Sensor class represents a Waspmote sensor in the ZigBee network. It provides
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 33 Figure 3-16 Datagram format of fragmentation

  rsv: Reserved Field, every bit is "0". Datagram_size: the length of the payload, 11 bits. The maximal length could be as long as 2048 bytes which is long enough to meet the demand of IPv6 of 1280 bytes of MTU to transmit in IEEE 802.15.4 link layer. Datagram_tag: fragment identifier, 9 bits. All the datagram_tags are the same if the fragments belong to the same datagram. fragment_offset: offset of the fragment in a payload, 8 bits. This field only appears in the second and behind fragments. It is used to point out the offset according to the original datagram.
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 3 Figure 3-19 Flowchart of data receiving process in sink exempted WSN
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 2 is a multiprotocol router for WSNs designed to connect ZigBee, Wi-Fi and Bluetooth sensors to the Internet through 3G connectivity. It allows to send the information gathered by hundreds of wireless sensor nodes at the same time, as it counts with an unprecedented "upload to the Cloud" bandwidth of 5.5 Mb/s -more than 10 times faster than compared with traditional GPRS gateways. The 3G interface in Meshlium Xtreme connects Worldwide to WCDMA and HSPA networks as it uses different frequency bands (850/900/1800/1900/2100MHz) depending on the carrier and country regulations, allowing a massive transfer of all the data acquired by the sensors of the network. "Meshlium may communicate with ZigBee, Wi-Fi and Bluetooth wireless sensor nodes and then send the information collected to the Cloud by either 3G or Ethernet interfaces depending on the communication available at any time" says David Gascón, Libelium's CTO. "Its modular architecture allows customers to choose only the needed communication radios to ensure a cost-effective solution for each Internet of Things project" he adds.
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Table 1 -

 1 1 Applications and benefits of WSNs

	Application	Benefit
	Measure micro-climates on farms	Increase crop yield per square km
		Steer traffic away from jams, accidents and construction
	Monitor traffic on road systems	
		zones; alert emergency services
	Detect human presence in homes	
		Reduce wasted power in HVAC and lighting
	and offices	
	Electrical/gas/water metering	Optimize utility distribution systems and reduce

inefficiencies As many advanced technologies, the birth of WSNs is the result of military and heavy industrial applications, quite different from the light industrial and consumer WSN applications that are popular today. The first wireless network, which has some similarity with the WSN that used at present, is the Sound Surveillance System (SOSUS). The SOSUS was developed by the United States Military in the 1950s, and it was used to track and detect the foreign submarines. Then, with the development of the Internet, the United States Defense Advanced Research Projects Agency (DARPA) initiated the Distributed Sensor Network (DSN) program in 1980, in order to explore the challenges in distributed/wireless sensor networks. With the efforts made by the some American universities, DSN had got great progression and soon WSN technology established its place in academia and civilian scientific research. Governments and universities ultimately started to use WSNs in applications such as air quality monitoring, forest fire detection, natural disaster prevention, weather stations and structural monitoring. Then, as students entered

Table 3 -

 3 1) is used to record different sensing types. Only two kinds of attributes, namely sensor_id and sensor_type are in this table. The sensor_id works as the primary key.

Table 3 -

 3 1 Sensor table

		Primary		
	Attribute Name		Type	Description
		Key		
	Sensor_id	Yes	int(11)	Identifier (ID) of a Sensor
	Sensor_type	not null	varchar(20)	Sensor type

Table 3 -

 3 2 shows the Node table. This table stores the information of nodes.

Table 3 -

 3 2 Node table

	Attribute Name	Primary	Type	Description
		Key		
	64_node_addr	yes	int(10)	64_bit_address of the ZigBee module
	16_node_addr	not null	int(10)	16_bit_address of the ZigBee module
	Node_name	not null	varchar(20)	Name of the node
	PAN_ID	not null	int(10)	Used in ZigBee network to communicate
	Report_fre	not null	int(10)	Identify the time interval in minute to
				report a sensing data

Table 3 -

 3 3 shows the wireless Sensor Nodes table. As what has been explained,

	the "Sensor_Node_id" is used to identify a sensing task. The other two attributes are
	the "64_node_addr" and "Sensor_id", the key of table 3-2 and table 3-1
	respectively.

Table 3 -

 3 3 Sensor_Node table

		Primary		
	Attribute Name		Type	Description
		Key		
				The ID of a wireless sensor node, used to
	Sensor_node_id	Yes	int(11)	identify a sensing take
	64_node_addr	not null	int(11)	64_bit_address of the ZigBee module
	Sensor_id	not null	varchar(20)	Identifier (ID) of a Sensor

Table 3 -

 3 4 shows the Record table. Two attributes, sensor_node_id and sensing time, work together as the primary key. The sensing data store the data collected by the sensing task.

Table 3 -

 3 4 Record table

	Attribute Name	Primary	Type	Description
		Key		
	Sensor_node_id	Yes	int	

Table 3 -

 3 5 User table Identify the user is an administrator or not Finally, the table 3-6 shows the Subscribing table. It stores the subscribing relations between sensing tasks and users.

		Primary		
	Attribute Name		Type	Description
		Key		
	User_id	Yes	int(11)	The ID of an user
	User_name	not null	varchar(20)	Name of an user
	User_code	not null	varchar(20)	password of an user
	User_type	not null	varchar(10)	

Table 3 -

 3 6 Subscribing table

	Attribute Name	Primary	Type	Description
		Key		
	User _id	key	int(11)	Id of a user
	Sensor_node_id	key	int(20)	Id of a sensing task

  15.4 links, which is used in the WSNs, and the IP-based links that dominate the Internet. IEEE 802.15.4 was designed specifically for long-lived application domains that require numerous low-cost nodes, and these constraints limit the capability of LR-PAN links and the microcontrollers to which they're attached. Throughput is limited to 250 kbps in the 2.4-GHz band and 20 or 40 kbps in other bands. The frame length of IEEE802.15.4 is limited to 127 bytes and the MAC header will be 25 bytes long. Then, the maximum payload of the frame would only be 102 bytes.When taking the security into account, different security algorithm will takes different length, such as the AES-CCM-128 needs 21 bytes, the AES-CCM-64 needs 13 bytes and AES-CCM-32 needs 8bytes. So, the remained space would be as short as 81 bytes, which will be far smaller than the IPv6 packet size of 1280bytes. So, the first problem is to solve the encapsulation one.Then, IEEE 802.15.4 defines short 16-bit link addresses, in addition to IEEE EUI-64 addresses, to reduce header overhead and memory requirements, in comparison with IP addresses that are used in Internet. To publish data on Internet without using a sink node, the address problems is well worth consideration.Besides, the security scheme in IEEE802.15.4 is somehow a little easy for Internet environment, so how to ensure the security is another problem.

	What should not be neglected when designing a new publishing method is that
	the communication range is short (tens of meters), for transmission power
	increasing exponentially with range extension. What is more, the associated
	microcontrollers typically have about 8 Kbytes of data RAM and 64 Kbytes

  -12. There are two communication modules and a allocator. The allocator will assign task for different communication modules according to the routing plan and the network condition. Each of the communication modules has a MCU (Micro Controller Unit, MCU), namely MCU1 and MCU2. MCU1 connects with the IEEE 802.15.4 interface, and takes the responsibility of LR-PAN communication. MCU2 connects with the IEEE 802.11.x interface, and takes the responsibility of WLAN communication. The IEEE 802.15.4 MAC protocol will run on MCU1, and the 6LowPAN adaptation layer will run in MCU2. In order to communicate with TCP/IP based WLAN and WSN, a bridge is needed to connect IEEE802.15.4 link layer and IP network layer. Hence, we data unit is smaller than the MTU of the MAC layer (102 bytes). While nonfragmentation is used when the data unit is larger than the MTU of the MAC layer. When a IPv6 datagram needs to be transmitted through the link layer of IEEE 802.15.4, it should be packaged in a 6LowPAN adaptation layer datagram. That is to say, the IPv6 datagram acts as the data of the adaptation layer datagram,

		Internet			WSN	
			Sensor Node			
			Allocator			
			MCU2	MCU1		
	RF	SPI	802.11.x	802.15.4	SPI	RF
		Figure 3-12 Architecture of a new sensor node	
	3.2.5 Protocol stack				

Table 3

 3 

		-7 Meaning of Link Fragment
	LF	meaning
	00	No fragmentation
	01	The first fragment
	10	The last fragment
	11	The middle fragment
	prot_type: protocol type, 8bits. It points out the protocol types behind the
	header.	

  To operator the Waspmotes, the libelium company provides a special designed Integrated Development Environment, called Waspmote Pro IDE. The latest vison of the IDE is Waspmote Pro IDE -v0.3. Figure 4-4 gives a look of the appearance of it. This Integrated Development Environment (IDE) is used for writing the code and uploading it to Waspmote and Waspmote Plug & Sense! It also used to monitor serial output and for debugging. This IDE contains the Waspmote API (the API is the set of all libraries Waspmote needs for compiling programs). New API versions are released instantly by Libelium whenever improvements are made or bugs fixed.

	4.1.2 Software environment
	4.1.2.1 Waspmote Pro IDE
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 4 3 Result when Sensor_B moves away

	No	Name	Sensing Info	Sensing Info
	1	Sensor_C	temperature	Battery
	2	Sensor_D	temperature	Battery

Table 4 -

 4 4 Result when Sensor_C moves away

	No	Name	Sensing Info	Sensing Info
	1	Sensor_D	temperature	Battery

Table 4 -

 4 5 Testing result of the sensor page

	No	Time	Sensing data
	1	Aug 10 13:13:03 GMT 2013	temperature 28
	2	Aug 10 13:13:02 GMT 2013	temperature 28
	3	Aug 10 13:13:01 GMT 2013	temperature 29
	4	Aug 10 13:13:00 GMT 2013	temperature 29
	5	Aug 10 13:12:59 GMT 2013	temperature 29
	6	Aug 10 13:12:58 GMT 2013	temperature 29
	7	Aug 10 13:12:57 GMT 2013	temperature 29
	8	Aug 10 13:12:56 GMT 2013	temperature 29
	9	Aug 10 13:12:55 GMT 2013	temperature 29
		Aug 10 13:12:54 GMT 2013	temperature 29
		Aug 10 13:12:53 GMT 2013	temperature 29
		Aug 10 13:12:52 GMT 2013	temperature 29
		Aug 10 13:12:51 GMT 2013	temperature 29
		Aug 10 13:12:50 GMT 2013	temperature 29
		Aug 10 13:12:49 GMT 2013	temperature 29

Table 4 -

 4 6 Testing result of the publishing function

	No.	Time	Sensing data	Sensor
	1	Aug 10 13:13:03 GMT 2013	temperature 28	Sensor_B
	2	Aug 10 13:13:02 GMT 2013	temperature 28	Sensor_B
	3	Aug 10 13:13:02 GMT 2013	temperature 29	Sensor_A
	4	Aug 10 13:13:02 GMT 2013	temperature 29	Sensor_C
	5	Aug 10 13:13:02 GMT 2013	Battery 88%	Sensor_A
	6	Aug 10 13:13:01 GMT 2013	temperature 29	Sensor_B
	7	Aug 10 13:13:00 GMT 2013	temperature 29	Sensor_B
	8	Aug 10 13:13:00 GMT 2013	temperature 29	Sensor_A
	9	Aug 10 13:13:00 GMT 2013	temperature 29	Sensor_C
	10	Aug 10 13:13:00 GMT 2013	Battery 88%	Sensor_A
	11	Aug 10 13:12:59 GMT 2013	temperature 29	Sensor_B
	12	Aug 10 13:12:58 GMT 2013	temperature 29	Sensor_B
	13	Aug 10 13:12:58 GMT 2013	temperature 29	Sensor_A
	14	Aug 10 13:12:58 GMT 2013	temperature 29	Sensor_C
	15	Aug 10 13:12:58 GMT 2013	Battery 88%	Sensor_A

Table 4 -

 4 7 Testing result of the administrator page

	No	Name	Sensing Info
	1	Sensor_B	temperature battery
	2	Sensor_A	temperature battery
	3	Sensor_C	temperature battery
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introduce the 6LoWPAN which provides a WSN node with IP communication capabilities. It puts an adaptation layer above the IEEE802.15.4 link layer and provides the ability of TCP/IP communication above the adaptation layer. The protocol stack with 6LowPAN involved is showed in Figure 3 At last, the Application Layer runs different applications.

Adaptation layer functions

The adaptation layer is an IETF proposed standard and provides header compression to reduce transmission overhead, fragmentation to support the IPv6 minimum maximum transmission unit (MTU) requirement, and support delivering an IPv6 datagram over multiple radio hops.

To be exact, the functions of the adaptation layer are described below: [START_REF] Hui | IPv6 in Low-Power Wireless Networks[END_REF] . Besides, compressing the header of IPv6, upper protocols, such as UDP, TCP and ICMPv6 could also be compressed.

2) Fragmentation and Reassembling: the protocol data units of IEEE 802.15.4 packets may be as small as 81 bytes. This is obviously far below the minimum IPv6 packet size of 1280 bytes. So IPv6 packets are fragmented into multiple link-level frames to accommodate the IPv6 minimum MTU requirement.

3) Multicast support:IPv6 includes scoped multicast as an integral part of its architecture. Core IPv6 components, such as Neighbor Discovery (ND) [START_REF] Narten | Neighbor Discovery for IP version 6 (IPv6)[END_REF] , use link-local scoped multicast for address resolution, duplicate address detection MAC layer does not take charge of maintaining the topology of the network. As a result, the adaptation layer takes this responsibility. What is more, every node in 6LowPAN has an unique EUI-64 address, but 64-bits address is too space-cost for the limited resources, which will increase the length of datagram. As a result, a more suitable scheme is to use the 16-bits address in the PAN, which calls for the adaptation layer that has the ability to assign the node with meaningful 16-bits addresses automatically.

5) Routing: the IEEE 802.15.4 MAC layer does not define routing protocol.

The adaptation layer will provide routing scheme for nodes to transmit message.

The adaptation layer is the foundation of the 6LowPAN, and some characteristics of the 6LowPAN are based on the foundation. 

6LoWPAN Datagram Format

Because the 6LowPAN has characteristics of low-power, low-bandwidth in order to decrease the length of datagram, the header has been divided into two kinds: one uses the fragmentation, and the other does not. Fragmentation is used when the When all the fragments of a datagram are sent, the "datagram_tag" increases itself, and when it reach 511, then will be set to 0.

The process of data transmitting is shown in figure 3 

Data receiving process

When receiving the data, the LF field in the head of adaption layer is used to judge if it is a fragmented packet. If it is not, it will be received directly. Or a reassembling process is needed.

When the adaptation layer received a fragment, it judges which datagram the fragmentation belongs to according to the destination MAC address and the head field of the "datagram_tag" in the adaptation layer.

If a datagram is divided into many fragments, then the adaptation layer reassembles the fragments as the method below.

a. If it is the first fragment of some datagram, the node records the origin MAC destination and "datagram_tag" field. Pay attention that the origin MAC address should be the origin address in the adaptation layer. If there is a Mesh Delivery field, the origin address is the Originator Address in the Mesh Delivery field.

b. If there have already other fragments of some datagram, the fragments will be reassembled according to the value of the "fragment_offset" attribute. If there receive a fragment that have no reduplication, but the same "datagram_tag" with other fragments, then it will be saved. If there are some overlaps with other fragments, then it will be discarded. The reason to do this way is to simplify the working process by considering that once the case happens, there must something wrong with the original node and the receiving action should be stopped.

c. If a node receives all the fragments, it reassembles all the fragments and provides the primitive datagram to the upper layer. At the same time, it deletes the MAC record and the "datagram_tag" value produced in step (a).

When a fragmented datagram is reassembled, there would be a reassembling queue to maintain the received fragments and some information (origin MAC address and datagram_tag). Meanwhile, to avoid waiting too long time for a non-arrived fragment, there should be a timer set up after the adaptation layer received the first fragment of one datagram. Say the timer is set to 15 seconds, and if 15 seconds have passed, the node would delete all the fragments and information in the reassembling queue corresponding to the expected datagram.

The process of data receiving is shown in figure 3-19.

Problems remained

The biggest problem of the new communication scheme comes from the routing protocol, which determines the network conditions and the energy consumption of the entire network.

We know that the nearest the node is to the Wi-Fi center, the better communication condition the node will get to communicate. And, compared with the IEEE 802.15.4 communication, IEEE 802.11.x communication would cost more energy. Besides, if a node is located at the edge of the Wi-Fi zone, it may undertake

Chapter 4 System Implementation and Testing

In this part, we will firstly talk about the implementation condition of the system. Then we do some experiments to test the system.

The environment of system implementation

To fulfill the system, both hardware and software environment need to be set up. Since the system focus on the research and design the data-publishing system of the WSN, sensors and gateway are quite important and necessary the system. So the hardware environment will be much concerned with the wireless sensors. So as to publish data on the Internet, a web development environment is needed.

Hardware environment

In this project, we use Waspmote as the wireless sensor nodes and Meshlium as the gateway. Figure 4-1 shows the appearances of the two kinds of hardware. 

Other software environment

The operating system is Windows 7. The web server is based on Apache 2.2 and MySQL 5.1 is used as the database management system.

The Programming languages used are: C language that is used in the development on the Waspmote, HTML+CSS+PHP which are combined together to develop the webpages. To develop HTML and CSS, Adobe Dreamweaver is used.

As with PHP, I simply used the NotePad++ and PHP version 5.3. Besides, Jena is used to deal with semantic.

Key program flow charts

In consideration of the importance, the data publishing process and the sensor subscribing process is the critical key of the system. As a result of that, we will present two program flow charts in this part. One is the flowchart of data publishing process. And, the other is the sensor subscribing process.

Flowchart of data publishing process

Wireless sensors are working in networks different from Internet, as a result of that, the data collected by the sensors could not be easily accessed. When it comes to publish data on the Internet, the endeavor is, in fact, on how to store the data on an Internet accessible database. The flowchart of data publishing process is shown in Figure 456.

When a Waspmote wants to join a network, the first thing it does is to start a scan channel process to detect the available channel. The 'Extended PAN ID' of the device is valid depending on the router 'Extended PAN ID'. If router 'Extended PAN ID' is set to zero, any value will be valid. If not, it has to be the same to be a valid value. Then it will check if the parameter 'Node Join Time' has not expired.

What needs to be satisfied is that the discovered device is operating in one of the scanned channels that the Waspmote gets at the first step. After that what must to be satisfied is that the discovered device is operating with the same ZigBee stack profile as with the mote itself. And if the security police is the same in both the discovered device and the Waspmote, the node would send a requirement to join in the network. After receiving a join response, the Waspmode will ultimately connect to the WSN. As to publish its data, the network must be accessible from the Internet.

If it is satisfied, the Waspmode would try to transmit the data to the accessible point, which is the gateway in fact, and store the data in the Internet available database server. Once the data is stored, we can say that, the data has been published. 

Flowchart of user subscribing sensor data

To fulfill the subscribing functions, it requires the users to have a status of registered user. If the user is only a visitor, he can only observe data but cannot

The administrator Page

When an administrator gets on his page, he can see the sensor list and user list.

He can modify the parameter of a wireless sensor. For example, set the sensor' name, the frequency to detect data, or some other parameters. On his pages, there are also list of registered users, and the administrator has the ability to modify a user's information as well. An example of the administrator page is shown in Figure 4-11. Figure 4-12 shows a popup window when an administrator tries to modify the information of a wireless sensor. 

System Testing

To test the system, we use different amount of sensors and we check if the pages show the proper information.

Tests on the mainpage

Since the mainpage shows the sensor list, the aim of the tests on the mainpage is to see if this page is sensitive to changes in the network. We first add wireless sensor nodes to the network, and we can see that once a wireless sensor node join in the network, the mainpage will change and add the sensor into the sensor list. Then, we move sensors out of the network, and we will see that the sensor list in the mainpage is modified according to the corresponding change.

Table 4-1 shows the result of these different tests. We first add four sensors one by one to the network and they will show up in the sensor list in the same order as they join it. Table 4-1 shows the result of this process. Then, we move the sensor out of the sensing area, in the order of Sensor_A, Sensor_B, Sensor_C and Sensor_D. And, we check the modifications on the sensor list in the same order (see Table 4-2, Table 4-3 and Table 4-4).