	Project Title : Principles and  Experimental Implementation toward Energy-Efficient Design of Wireless Networks 

	A promise of “anytime, anywhere” access to sensing, information gathering and communication has been expected from wireless networks for many years. In order to create sufficiently reliable and robust networks to realize this vision, nodes need to use their battery as energy efficiently as possible. At the same time, energy-efficient designs are critical in terms of the reduction of greenhouse gas emissions. There is a gap between this vision and existing technologies in terms of the collection, dissemination, and accessibility of the often heterogeneous types of data over wireless networks under energy constraints: For example, it is not possible to build the large scale machine-to-machine (M2M) network structure, also called the "Internet of Things", by scaling existing architectures. One of the most important reasons behind this gap is that networking aspects of communication have not been developed to the same degree of maturity as the physical layer aspects.

Information theory has, in addition to providing a scientific background for the design of high-performance point to point communication systems, also guided the design of practical systems that perform close to optimal. However,  for networks, capacity achieving techniques are lacking- let alone a good understanding of capacity itself. Today, wireless networking architectures are generally based on heuristic methods. 

This project aims to develop original theories and techniques related to network aspects of communication (especially packet scheduling, link scheduling and routing) making effective use of recent results of information theory related to physical layer design. Energy efficiency will be one of the most important themes that underlie this work. In particular, optimal packet transmission scheduling techniques, and optimal routing algorithms will be developed under energy-harvesting multi-user communication system models. On the other hand, the performance criteria such as high throughput and low packet delay will be important elements of the performance analysis and problem formulation. For example, the problem of throughput maximization in multi-user wireless channels under finite buffer constraints, which is an open problem, will be approached with buffer partitioning techniques.

While aiming for fundamental results, a second goal of the project is to implement some of these results in a real-life system. The experimental work will use the outputs of our theoretical research and the general insight gained from it. One of our goals in this direction is to obtain the first ever implementation of lazy scheduling. Another experimental goal is to build an energy-efficient sensor network prototype that can perform object detection, localization and tracking. Design parameters include the sensor deployment, sampling frequency setting, sleep-wakeup scheduling, as well as routing and scheduling. The prototype network will use magnetic sensors, on which there are relatively few results reported in the literature.

For many sensor types, including the magnetic sensors to be used in the proposed prototype, the tracking problem has an interesting formulation: The detection range is much smaller than the RF communication range, and as a result the target is not always in sensor coverage while moving in the field. Therefore, the formation and dissemination of probabilistic belief distribution, and execution of the required filters constitutes a significant portion of the computational burden in the nodes. While this project does not aim to make original contributions to signal processing aspects such as detection, tracking, and data fusion per se, cooperation and exchange of ideas with research groups working on those aspects is planned. Such cooperation is expected to lead to synergies that will contribute to the understanding in both fields of research.

The proposed work will be carried out by a team consisting of graduate students and the project leader at METU. Undergraduate students will also be encouraged to participate in the project. Also, collaboration with researchers from different institutions  will be carried out. Specifically, we will collaborate with a group at the University of Maryland, USA, on energy harvesting scheduling,  with researchers from the Space Technologies Research Institute of TÜBİTAK and Özyeğin University on ferromagnetic target detection, and tracking. Results will be published in prestigious International conferences, such as ISIT and WiOPT, as well as journals, and influence the syllabus of the course EE749 at METU. Moreover, we believe that the testbed resulting from the project- being the first WSN testbed in METU- can catalyze future research collaborations.
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