Today’s RFID systems demand for low-profile structure, mobility and cost effectiveness. At the same time they face heavy restraints like, the deficiency of storage which is large enough, the deficiency of powerful computational elements, a low bandwidth communication infrastructure and limited power resources. In addition to this, the performance aims can hardly be kept aloof from the circumstances and environment possessing diverse kinds of real-world uncertainties which form neighborhood of RFID systems in which they operate. As a consequence, these systems are resisted to perform up to the best of their capabilities. With this scenario, it becomes an unsaid responsibility to identify and address the performance issues arising in RFID systems. In this thesis, techniques for such performance issues in the existing RFID systems are designed and presented. The byproduct of these proposed accelerating techniques results in pacing towards the performance objectives of such systems which include low cost, fast identification and data reliability etc. One of the most crucial advantages associated with these proposed techniques is that they provide performance enhancement in RFID systems without the time and expense of upgrading hardware. An architecture accommodating these accelerating techniques has also been designed and proposed. Also, an implementation of the RFID architecture so proposed as working RFID model at application layer has been performed.

The primary focus and objective of this research is to expose and address the performance issues associated with the existing RFID systems along with implementation of the a novel architecture for the current RFID systems at application layer. These issues are currently hindering the growth of RFID technology and resisting it from gaining everyday acceptance. From the results derived in this thesis, RFID can then be effectively applied to consumer applications as well as to enterprises while gaining momentum in acceptance.
Across the globe, the major performance challenges faced by the RFID (Radio Frequency Identification) technology are uncertainty appearing in the RFID data, the communication overhead posed by the technology in its reader tag talking, and collisions. These issues are intentionally stopping the RFID to deliver its best. My research theme is to device scalable methods and algorithms of high performance which helps the technology excel and applicable across diverse domains.

More precisely, following are the closely knit dimensions of this research goal:

Research Goals:

G1. How to control the uncertainty appearing in the RFID Data?

G2. How to effectively utilize the time gap when an RFID reader is waiting for the RFID tag to respond to an earlier transmitted command after pre computation of one or more commands and what technique to apply in such a realistic scenario?

G3. What technique must be designed to address anti-collision in RFID Tags which not only support a large number of tags that overlap in time but also provides a unique encryption scheme?

G4. Design and proposal of an architecture which is capable of simulating the RFID scenario and accommodating at least one of the goals stated above.

G5. Implementation of the proposed application layer oriented novel architecture for RFID.

G1: How to control the uncertainty appearing in the RFID Data?

Despite of elephantine research on RFID data management like proposal of smoothing algorithms etc., the issue of unreliable readings is not addressed from the point of fuzzy control methodology in the literature. This establishes an apparent demand to address this issue for the enhancement and improvement of the technology. This part of the work in particular proposes a fuzzy methodology for monitoring or controlling the amount of uncertainty occurring in the raw RFID data. In the proposed approach, a fuzzy model called RFID fuzzy inference system was designed and simulated which was fed up the input parameters noise (false positive reads) and detection rate (of the reader, which in our case was at most 200 tags per interrogation cycle). Based on these input parameters, inference rules and RFID specific membership functions were designed.  The results of the simulations indicate the effect of firing of the rules in the proposed fuzzy RFID uncertain readings simulation technique. It also visualizes the entire implication process of noise and detection rate influencing the RFID readings from beginning till the end. The simulation results also showed that the amount of uncertainty in the RFID readings (for example embedded with noise and detection rate) can be controlled and it can be used to handle uncertainty in RFID data for use in business applications to improve the performance of RFID systems. This implementation has been done in Matlab version 7.0.1. 

G2: How to effectively utilize the time gap when an RFID reader is waiting for the RFID tag to respond to an earlier transmitted command (after pre computation of one or more commands and what technique to apply in such a realistic scenario)?
Another of the crucial rebellious issues currently prevailing in the RFID systems is that of the large communication time in an RFID system. Primarily our work focuses on the time gap utilization when an RFID reader is waiting for the RFID tag to respond back. In fact, much of work has been established on RFID systems performance and RFID communication, but an accelerating technique like the one proposed in this work is found missing in the literature. The proposed genetic algorithm is designed to minimize the overall time required for pre-scheduling of all the available commands in RFID reader systems. Simulation results were carried out in Matlab 7.0.1. The termination criterion of the proposed genetic algorithm was the population size of 100. The simulation results revealed that the difference between the deadline times required to process the reads and the scheduling time of the commands is minimized as the proposed genetic algorithm reaches a satisfactory fitness level. Hence, the proposed genetic technique for RFID reader commands scheduling clearly contributes to performance enhancement in RFID systems.

G3: What technique must be designed to address anti-collision in RFID Tags which not only support a large number of tags that overlap in time but also provides a unique encryption scheme?

In sensing scenarios where a huge number of tags need to be identified, one of the most challenging performance issues associated is that of tag collision. It has been observed that although on RFID anti-collision protocols, a lot of work has been done, but indeed a very few empirical investigations have been undertaken in respect of the same in order to quantify the benefits of patching the Code Division Multiple Access technology. Taking the advantage of the fact stated above, this section of the work aims to figure out the simulation results drawn in order to analyze the data load impact on existing standardized RFID anti-collision protocols, proposes a novel CDMA based anti-collision deterministic algorithm, draw simulation results to validate the proposed algorithm and then performs its performance comparison with the existing RFID anti-collision protocols. The Simulation Analysis of Existing RFID anti-collision protocols (ISO 18000-3 Mode1 and ISO 18000-3 Mode 1”Extended Mode”) was performed. Simulation results with and without conveyor experience have also been carried out in the detailed description of this work. The Evaluation of Data Load Impact on existing RFID anti-collision protocols (18000-3 Mode-1 and 18000-3 Mode-1 “Extended Mode”) was also done. Next part of this work aimed towards proposing a new CDMA based anti-collision algorithm for RFID tags and comparing its performance with the ISO 18000-3 mode 1 “extended mode protocol. In addition, the analysis of the conveyor experience of the existing RFID protocols (ISO 18000-3 Mode 1 and ISO 18000-3 Mode 1 “Extended Mode” protocol) was carried out. Both these cases of mobilization of tags concluded that the ISO 18000-3 mode 1 “Extended Mode protocol” outperformed its counterpart. Hence in this case as well the later outperforms than the former. These implementations have been carried out using the SimTag simulator and Microsoft Excel package. Then a Code Division Multiple Access based anti-collision deterministic algorithm for RFID tags was proposed as a part of this work. In the proposed algorithm, the separation of the signals was made by correlating the received signal with the locally generated code of the desired tag and the auto-correlation function (ACF) plots were derived to prove the effectiveness of the algorithm. The use of CDMA technology in the proposed protocol directly refers to an implicit encryption scheme which serves as an added advantage. This implementation has been achieved in Matlab 7.0.1. At last, the performance comparison of the proposed protocol and the existing ISO 18000-3 mode 1”extended mode protocol has been carried out.
G4. Design and proposal of an architecture which is capable of simulating the RFID scenario and accommodating at least one of the goals stated above.

This part of the work proposes an Application layer oriented architecture to implementation accepting one of the techniques proposed earlier, namely, using fuzzy methodology to control the uncertainty in the RFID data. The proposed architecture work focuses on the modeling of application layer of RFID systems. This architecture assumes inputs from an RFID emulator in the RFID scenario to appreciate the reduction of development cost and time. The output of this stage is Raw RFID Events which are further being passed on to the Sensor Abstraction Layer. The events so generated by this machine may be then fed as an input to the sensor abstraction layer or directly to the data processing subsystem of the RFID Middleware. Now, since the RFID scanning is in real time and always on, and the RFID observations have implicit meanings along with the temporal and streaming property of RFID data which have to be processed on the fly, the a real time data processing layer framework is designed and accommodated in the proposed architecture to automate the transformation of physical RFID observations into the virtual counterparts in the virtual world linked to business applications and even green IT applications. This data processing layer has its own storage capabilities and is incorporated with embedded intelligent queries fires by an expert user. The complex event processing engine in the proposed architecture produces intelligent output to the Application interface here which may be directly consumed by the business applications for greater purposes.

G5. Implementation of the proposed application layer oriented novel architecture for RFID.

This part of the work focuses on the implementation of the proposed application layer oriented novel architecture for RFID systems. While performing this implementation, a number of optimizations have been kept in mind for the efficiency of RFID applications designed following this architecture. 

Implementation of the proposed Architecture

The implementation of the architecture has been carried out. The soft wares which are used to implement the proposed application layer oriented architecture for RFID are Open Source.  This work focuses on integrating, detailing and implementation of the RFID application layer oriented architecture proposed above. Here, in this work a virtual shopping mall namely, All-In-One Mall (AIOM) has been created. An Intelligent RFID application has been designed which takes input in the form of raw RFID events from the sensor abstraction layer and forwards it to the data processing unit of the proposed architecture for further processing. At this stage intelligence is embedded to accommodate expert user queries and further the mined rules are finally forwarded to the RFID complex event processing engine for subscribing, streaming and listening of the real time RFID events. Tag read duplicity elimination has also been incorporated. The comparison of the proposed work has been carried out with existing work. 

This research work proposes diverse set of accelerating techniques (addressing the RFID issues) like fuzzy methodology for handling uncertainty in RFID data, genetic algorithm for optimizing waiting time in RFID reader systems and Code Division Multiple Access based anti-collision algorithm for passive RFID tags. This work further proposes an application layer oriented architecture for RFID systems. This work also presents the implementation results of the proposed application layer oriented architecture for RFID systems while incorporating the fuzzy methodology of handling uncertainty in RFID data. The results of the research work concludes that the proposed accelerating techniques can be implemented and melded in the architecture of RFID systems and may also be provided as pack of web services over the internet to be applicable to various kinds of RFID applications. 

The thesis is laid out as follows:

In Chapter 1, an introduction to thesis is presented along with the problem statement, objectives and methodology along with justification of pursuing the topic of RFID in light of covering its journey from rags to riches.  

In Chapter 2, an insight into the RFID technology is presented. Brief history of the organization responsible for the widespread use of the technology is presented. What RFID technology holds 

is unfolded as a part of this chapter. The relative advantages of RFID over the barcode technology are exposed here. The ISO and EPC Standards associated with the technology are described as a part of this chapter. At last some of the possible futuristic applications of the RFID technology are discussed.

In Chapter 3, Literature survey is presented and issues in existing RFID systems have been highlighted which are hindering the growth of the technology leading to the formulation of the research problem.

In Chapter 4, a fuzzy methodology has been proposed for addressing the issue of uncertainty in the RFID data and simulation results are drawn. Results and conclusion of the proposed methodology are discussed in the end.

In Chapter 5, a genetic algorithm namely RFGeni has been proposed for pre-scheduling of commands in RFID reader systems. Its representation using flowchart and working has also been presented in this chapter. The simulation results corresponding to the proposed algorithm have been carried out and depicted at the end of this chapter. Advantages and limitations of the proposed RFGeni have as well been highlighted.

In Chapter 6, apart from the problem formulation, the data load impact on existing RFID anti-collision protocols namely ISO 18000-3 Mode 1 and ISO 18000-3 Mode 1 “Extended Mode” protocol have been computed. A comparison has also been carried out between these two protocols. The subsequent section in this chapter presents a proposed deterministic algorithm using CDMA technology to overcome the problems faced by the existing earlier stated anti-collision algorithms for passive RFID tags. The proposed algorithm is given the name RFAC. The performances of the devised algorithms have been compared with the ISO 18000-3 anti-collision protocols and their advantages are cited over the existing ones. 

In Chapter 7, application layer oriented novel application layer oriented architecture has been proposed for the RFID systems and the implementation of this architecture accommodating one of the proposed techniques has been carried out. 

In Chapter 8, a conclusion about the thesis is presented, the limitations are described and recommendations for future research are presented.
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